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General introduction
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The HIV pandemic has been one of the most devastating public health threats in recent 
history. After emerging as a new human pathogen during the mid-20th century, the virus 
spread rapidly, infecting more than 79 million people worldwide, of whom 36 million have 
died due to its consequences. In the late 1990s, HIV related mortality peaked worldwide, with 
over 2 million deaths annually. The pandemic was especially severe in sub-Saharan Africa, 
where over 10% of the population was infected in many countries, and the high mortality 
rates had altogether reduced overall life expectancies. However, scientific breakthroughs 
coupled with an unprecedented global effort to control the pandemic have substantially 
expanded worldwide access to a wide range of biomedical and behavioural interventions to 
treat and prevent HIV infection, sparking optimism that the end of the pandemic could be in 
sight. Nowadays, about 75% of all people living with HIV worldwide are receiving life-saving 
treatment, even in the poorest countries of the world, and the number of new infections has 
been declining tremendously. In a landmark General Assembly on HIV and AIDS in 2016, the 
United Nations endorsed the ambitious commitment to end the pandemic by 2030. While 
progress towards this noble endeavour has been substantial, many obstacles still exist in 
reaching sustainable control of the pandemic. In this thesis, I present scientific research 
on the epidemiology of HIV and the potential of health systems innovations, which might 
contribute to overcoming some of these obstacles, and thereby help to ensure that we are 
truly living in the last decade of HIV.

1.1 HIV AND AIDS

Pathogenesis
The Human Immunodeficiency Virus (HIV) is a retrovirus that targets and seriously impairs 
the immune system after infection, increasing a person’s vulnerability to other pathogens 
[1]. HIV is mainly transmitted sexually, but can also be transmitted from mother to child dur-
ing pregnancy, through sharing needles for medical purposes or injecting drugs, or through 
blood transfusions [1]. After entering the body, the virus attacks CD4-receptor carrying cells, 
i.e. white blood cells that are crucial in the immune response against infectious pathogens 
(Figure 1) [2]. The virus then replicates in the host cells, releasing new virus particles into 
the body.

Short flu-like illness, overall malaise, tiredness and a body rash can occur 2-6 weeks after 
infection. This ‘acute phase’ is characterised by high viral loads in the body, as the virus is 
able to replicate and infect CD4 cells unimpeded [3,4]. After this period, HIV may be asymp-
tomatic for years and viral loads are often lower, but virus replication continues. This process 
gradually decreases circulating CD4 counts in the body; weakening the patients’ immune 
system [5–7]. When left untreated, this gradual weakening eventually leads to acquired im-
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munodeficiency syndrome (AIDS), typically after about 10 years post-infection [8–10]. At this 
stage, symptoms can include weight loss, chronic diarrhoea [1], and a range of opportunistic 
infections such as tuberculosis, pneumonia, herpes simplex, and mucosal candidiasis [11]. 
Untreated AIDS leads to death in all cases, often about a year after onset of symptoms [9].

Antiretroviral therapy
HIV is treated with combination antiretroviral therapy (ART), which prevents the development 
of AIDS and reduces premature mortality [12], but does not cure the infection. ART consists 
of several antiretroviral pharmaceuticals that prevent HIV from replicating by targeting dif-
ferent parts of the virus replication cycle. As a result, the amount of viral particles circulating 
in a patient’s body (i.e. the viral load) is reduced, allowing for  immune system recovery 
[9,12] and an increase in CD4 cells after a few months [13]. Successful treatment improves 
the overall health of patients and prolongs survival. Nowadays, average life expectancy of 
individuals living with HIV who receive treatment is comparable to life expectancy among 
HIV-negative people [14–16]. Adverse effects of treatment reduced substantially with new 
treatment regimens and are often mild and temporary (e.g. nausea, vomiting, skin rash) [17]. 
Long-term adverse effects present in less than 10% of people living with HIV on treatment 
and include diabetes and other metabolic complications, atherosclerotic cardiovascular 
disease, kidney dysfunction, osteoporosis, weight loss or gain and insomnia [17–19].

Figure 1. Schematic overview of the HIV replication cycle. Source: Engelman et al., Nature, 2012 (https://www.nature.
com/articles/nrmicro2747) [2].
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In addition to a positive effect on survival, the ART-induced reduction in a patient’s viral load 
also significantly decreases their infectivity [20,21]. Different trials and observational studies 
made evident that ART successfully reduces onward HIV transmission from mother-to-child 
during pregnancy by around 50% [22,23] and from infected to uninfected adult through 
unprotected sex acts by more than 90% [24,25]. In turn, modelling studies have shown that 
under these efficacy assumptions, widespread access to ART in sub-Saharan Africa could 
substantially reduce overall incidence [26–28], or even eliminate HIV transmission altogether 
[29,30]. Since then, providing ART to people living with HIV is not only motivated by the 
benefits for individual patients, but also by its potential to effectively curb the spread of HIV 
[31,32].

HIV prevention
Next to ART, several other biomedical interventions are effective in protecting against HIV 
infection. Condoms are highly effective in reducing the risk of contracting HIV during sexual 
intercourse, reducing HIV incidence in serodiscordant sex acts by about 80% to 90% when 
used consistently [33,34]. Furthermore, several randomised trials have found that voluntary 
medical male circumcision (VMMC) reduces the individual-level risk of female-to-male HIV 
transmission via sexual intercourse by approximately 60% [35–37]. Finally, pre-exposure 
prophylaxis (PrEP) and post-exposure prophylaxis (PEP) with antiretroviral medicines are 
available for HIV prevention for HIV-negative people before or after high-risk exposure, 
respectively [38,39].

In addition, behavioural and structural interventions can reduce HIV transmission. Behav-
ioural interventions focus on, for instance, reducing the number of sexual (high-risk) partners 
and promoting consistent condom use during risky sexual intercourse among adolescents 
and sex workers and their clients, or promoting the use of clean needles and syringes and 
oral opiate substitution therapy (e.g., methadone) among injecting drug users [40]. More 
structural interventions focus on improving societal challenges such as reducing poverty, 
improving education and knowledge about HIV, empowering women, reducing (gender) 
inequalities, and fighting HIV-related stigma [41,42]. Such interventions could lead to earlier 
diagnosis and treatment of people living with HIV and increased uptake of interventions to 
prevent onward transmission of HIV.

1.2 HIV EPIDEMIOLOGY

The HIV virus likely has its origins in the jungle of the Democratic Republic of Congo, where 
it spilled over from chimpanzees and other apes to local wildlife hunters around the 1920s 
[43–45]. The virus was first discovered in 1983 [46], when young people, mostly men who 
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have sex with men, died due to unexplained severe immunodeficiencies in  New York [47], 
San Francisco [48,49], and other large cities in the Unites States [50–52]. Shortly thereafter, 
cases were identified in Africa, Europe, Asia, and many other parts of the world, where 
the virus presumably was already present [53]. By the end of 1985, at least one case was 
identified in every region of the world [54,55]. By 1990, over 2 million people were being 
diagnosed with HIV annually [56,57], mostly in sub-Saharan Africa. AIDS was the number 
one cause of death among young men and women (aged 25-44 years) in multiple countries 
across the world [58,59]. Since the start of the pandemic, more than 79 million people have 
been infected with HIV globally (Figure 2), of whom over a third died due to AIDS [9,60].

At present, around 37 million people are living with HIV globally, with sub-Saharan Africa 
still being the most affected area. Roughly 70% of all people currently living with HIV reside 
on the subcontinent [61]. Especially countries in Eastern and Southern Africa are the worst 
affected by the pandemic, where over 10% or even 20% of the general adult population is 
living with HIV in some of the countries (Figure 3). Whereas epidemics in sub-Saharan Africa 
are aging—meaning that the population living with HIV gets older, while less new infections 
occur—HIV transmission continues to be high in some areas and populations. In this thesis, 
I present studies on two key features of HIV epidemiology on the subcontinent, for which 
better knowledge could substantially improve our efforts to control transmission: geospatial 
heterogeneity of HIV transmission, and the role of so-called “key populations”.

Europe Central Asia 
Eastern Europe Central
Australasia
High-income Asia Pacific
High-income North America
Southern Latin America 
Western Europe 
Latin America 
Caribbean Andean
Central Latin America
Tropical Latin America
North Africa and Middle East
South Asia 
East Asia 
Southeast Asia Oceania
Central sub-Saharan Africa
Eastern sub-Saharan Africa
Southern sub-Saharan Africa
Western sub-Saharan Africa

Figure 2. Incidence of new HIV infections from 1980 to 2015. Source: Global Burden of Disease HIV Collaborators, 
Lancet HIV, 2015 [56].
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Geospatial heterogeneity in HIV prevalence and transmission
The HIV prevalence in sub-Saharan Africa is not uniformly distributed across and within 
countries, but highly geographically heterogeneous: high-risk foci (also called ‘hotspots’) 
alternate with lower risk areas leading to large fluctuations in disease occurrence within 
countries. Figure 4 illustrates that, while national-level HIV prevalence estimates (Figure 4a) 
can give some indication of the HIV burden, provincial (Figure 4b), district (Figure 4c) or 5-km 
grid level (Figure 4d) level prevalence estimates show that this burden is hardly ever evenly 
distributed within countries. [62]. This geographic variation in disease occurrence is not 
unique to HIV, and is observed in many other infectious and non-communicable diseases. 
It can be the result of underlying spatial variation in risk and protective factors, for instance 
environmental factors (e.g., climate conditions that affect the density of mosquitos transmit-
ting malaria [63] and sandflies transmitting leishmaniasis [64], or air quality variations that 
are related to asthma [65]) or the availability and uptake of preventive interventions (e.g., 
vaccination coverage for measles [66] or presence of mass drug administration programmes 
in schools to treat and prevent soil transmitted helminths [67]).

While some knowledge exists on the determinants of geospatial heterogeneity for HIV (e.g. 
variations in sexual behaviour or the presence of high-risk populations [68,69]), it is not fully 
understood which factors are most important in driving heterogeneity in HIV transmission 
in sub-Saharan Africa and how these factors differ from location to location. Filling this gap 
in knowledge could help targeting the right interventions at the right people at the right 

Figure 3. Share of the adult population (15-49 years) infected with HIV by country, 2017 (latest estimates). Source: 
Institute for Health Metrics and Evaluation (IHME) through Our World in Data (https://ourworldindata.org/hiv-aids).
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places, thereby enhancing the eff ectiveness of control policies, and also improving their 
effi  ciency.

In this thesis, I employ geographical information systems (GIS) technologies to study geo-
spatial heterogeneity in HIV transmission and prevalence using open-source population 
surveys from Eastern and Southern Africa.

Geographical information systems (GIS) technologies are computer systems that allow for 
analysing and displaying geographically referenced information [70]. Geospatial model-
ling uses GIS to represent and analyse spatial associations and patterns of georeferenced 
information on diverse topics [70]. Geospatial modelling is increasingly being used in public 

Figure 4. Estimated HIV prevalence in 2017 at the (a) national level, (b) administrative subdivision 1 level, (c) 
administrative level 2, and (d) by 5 km2 [62].
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health and medicine, and can help to better understand the spatial variation of disease and 
its relationship to environmental factors and the health care system [70,71]. The most im-
portant GIS applications in public health are: (1) models to map the distribution of clusters 
(or ‘hotspots’) of disease and adverse health events, much like the famous analysis by John 
Snow in 1854 when a cholera outbreak hit the city of London, England [72]); (2) models to 
examine potential associations with risk- and protective factors and the effects of present 
interventions; and (3) models to predict disease occurrence at unmeasured locations using 
data on associated underlying risk and protective factors [70,71,73]. With GIS, such model 
analyses can be visualised through maps in order to derive insights about observed and 
predicted disease occurrences. In turn, this information can be used for health systems 
optimisation and resource allocation strategies [74].

Open-source population surveys that collect data on disease biomarkers and associated 
risk factors and that georeferenced the locations of data collection are very suitable for the 
analyses described above. The quantity and quality of such surveys increased rapidly over 
the last two decades. For HIV, Demographic and Health Surveys (DHSs) collected under the 
USAID Demographic and Health Survey Programme provide such data [75]. This programme 
conducts national, population-level surveys in low-income and middle-income countries 
(LMICs), with more than 400 completed surveys in over 90 different countries, among which 
44 countries in sub-Saharan Africa. Per country and survey round, approximately 350 loca-
tions are randomly sampled throughout the country of interest, weighted based on the 
underlying population density per area. At each location, adult residents of about 25 house-
holds are sampled and interviewed about a wide range of behavioural, socioeconomic, and 
epidemiological parameters. In addition, they are tested for various diseases and health 
indicators, including voluntary HIV tests. GPS coordinates of sample locations are randomly 
displaced up to 2 km for urban and up to 5 km for rural sample locations, to ensure confi-
dentiality of participants.

Next to that, technological advancements in collection and storage of satellite and remote-
sensing data allow for accurate estimations of population density and data on environmental 
factors, such as temperature, vegetation, soil composition and water quality [76]. These data 
can be analysed together with population-based survey data to explore how such factors 
influence disease occurrence and transmission.

The availability of the DHSs and geospatial modelling techniques allow for fine-scale iden-
tification of high HIV prevalence areas among the general population. However, prevalence 
estimates do not reveal when persons have been infected, and thus high prevalence levels 
among adults do not necessarily reflect where transmission took place. However, areas with 
high rates of transmission could be approximated by looking at young adults. They are 
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most likely recently infected and, therefore, high prevalence areas among this subpopula-
tion could signal ongoing transmission. This way, the available cross-sectional survey data, 
in combination with open-source environmental data, can be utilised to pinpoint areas with 
high levels of transmission and to explore to what extent sexual behavioural, socioeconomic 
and environmental factors explain the geospatial heterogeneity in prevalence and transmis-
sion.

Next to potential behavioural, socioeconomic, and environmental risk factors, variance in 
the uptake and effectiveness of interventions for HIV prevention and control could partly 
explain geospatial heterogeneity. For instance, information on HIV status and male circum-
cision status can be utilised to estimate the population-level impact of male circumcision, 
a procedure promoted among males in sub-Saharan Africa to curb HIV transmission. The 
effect of VMMC on individual-level HIV risk prevention in men is well-researched through 
conducted randomised-controlled trials [35–37], but the population-level impact of both 
traditional and medical circumcision practices on the HIV epidemic is still poorly known. 
However, male circumcision might be less effective outside of trials due differences in per-
formance of the procedure (outside of trials, and for medical versus traditional circumcision) 
and variations in target populations and risk behaviours [77,78]. The cross-sectional nature 
of the DHSs makes it challenging to arrive at definite statements about the causal relation-
ship between being circumcised and having HIV; after all, we do not know whether male 
circumcision preceded HIV acquisition in the sampled men. Quasi-experimental methods 
such as household fixed-effect model can be used to estimate the real-world impact of 
being circumcised on HIV status among men in sub-Saharan Africa countries and compare 
effect sizes for the different African regions.

Key populations
Worldwide, more than half of new HIV infections are among so-called key populations: 
subpopulations known to be at a higher risk of acquiring HIV – i.e. sex workers, men who 
have sex with men, transgender people, and injecting drug users [61,79]. Over 95% of new 
HIV infections in Eastern Europe and Central Asia, in the Middle East and North Africa, in 
Western and Central Europe and North America, and in Asia and the Pacific; and over 60% 
in Latin America and the Caribbean, and in West and Central Africa are estimated to occur 
among these populations [80]. Given that HIV occurrence in these countries accumulates 
among key populations, the epidemics are commonly classified as “concentrated”. The only 
region in which key populations are estimated to hold a substantially lower relative share of 
total incidence is Eastern and Southern Africa. Here, only about 13% of new infections are 
estimated to occur among key populations, and 15% among their sexual partners [80]. The 
epidemics in these countries are often characterised as “generalised”, as an estimated 72% 
of all infections occur among the so-called general population. However, prevalence levels 
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among key populations in these generalised epidemics are often still extremely high. For 
instance, HIV prevalence among adult female sex workers in Zimbabwe was estimated to 
be over 50% between 2018 and 2020 [81,82], while HIV prevalence among the Zimbabwean 
general population was about 15% at that time [75].

The association between geospatial heterogeneity in HIV prevalence among the general 
population and among key populations is, thus far, just partially known. Earlier it was found 
that ‘upstream’ transmission  (i.e. transmission from key populations to the general popula-
tion) in sex work remains important in African HIV epidemics, especially boosted by seasonal 
(migrant) labour in cities, mining areas and areas with growing economies, in turn associated 
with high demands for sex work [83,84]. However, the magnitude of importance of sex work 
in fuelling HIV epidemics in sub-Saharan Africa and the impact on geospatial heterogeneity 
of HIV prevalence are poorly understood. In order to effectively end the HIV pandemic, it 
is essential that we gain a better understanding of how important key populations are in 
driving the HIV epidemic. Geospatial mapping of hotspots for key populations and general 
population prevalence can provide more insight into whether there is a direct link between 
key populations and general population prevalence, or whether this relationship is more 
complex.

When aiming to end the HIV epidemic in both the concentrated and generalised epidemics 
of sub-Saharan Africa, interventions for key populations are an essential component. Such 
interventions may not only reduce the relatively high disease prevalence among key popula-
tions, but potentially also decrease transmission to the general population. However, many 
barriers remain in place to successfully scale up services for key populations in sub-Saharan 
Africa. Stigma and discrimination related to people’s positive HIV status is still common, 
and discrimination is especially prominent towards the different key populations [85]. Key 
populations can also experience social exclusion, reinforced in many African countries by 
punitive laws and policies; for instance, those prohibiting same-sex relationships and sex 
work [86,87].

Due to discrimination and social and legal exclusion, key populations often stay under the 
radar, making it difficult to know how large existing key population groups and their HIV 
service needs are, and therefore nearly impossible to adequately scale-up treatment and 
prevention services [88,89]. For female sex workers, recent recognition of their importance 
has resulted in the scale-up of effective prevention and treatment interventions across 
sub-Saharan Africa, thereby curbing transmission substantially [90]. However, many other 
key populations, such as men who have sex with men, transgender people, and male and 
transgender sex workers remain largely underserved and hidden [91].
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Developing effective targets, policies and interventions for these populations requires 
estimations of population sizes and HIV prevalence across countries and regions in sub-
Saharan Africa. However, current estimates for men who have sex with men provided by the 
Joint United Nations Programme on HIV/AIDS (UNAIDS) largely rely on country-reported 
numbers from a single survey or expert opinion - and are potentially biased [92] - while 
estimates for transgender people, and male sex workers and transgender sex workers are 
by and large absent [91]. Summarising and extrapolating HIV prevalence estimates from 
recent existing scientific literature to estimate country-specific HIV prevalences for these key 
populations in sub-Saharan Africa could help improve our understanding of the current HIV 
prevalence among these populations.

1.3 OPTIMISING HIV SERVICE DELIVERY TOWARDS 
ENDING THE PANDEMIC

The goal of ending the HIV pandemic can likely only be achieved through the scale-up of 
effective, affordable, efficient, and sustainable HIV treatment and prevention services across 
the globe [93]. An unprecedented response to the pandemic by the global community over 
the past decades has led to an impressive increase in access to ART. In 2020, it was estimated 
that about 27 million people were accessing ART; covering 73% of all people living with HIV 
[80]. Nevertheless, questions remain on how to reach the ‘last mile’ of HIV control – i.e., to 
ensure treatment access for all and reach zero new infections by 2030 – in the context of 
challenging financial and health systems constraints, and changing global health landscapes.

ART was first discovered in 1996, but the high costs and complexity of the treatment initially 
restricted access to wealthier counties and populations. However, by the early 2000s, the 
continuing spread of HIV and the ever-increasing mortality rates in LMICs, especially sub-
Saharan Africa, prompted the international community to respond. The Global Fund to Fight 
AIDS, Tuberculosis and Malaria was a created in 2002 as a large multi-country financing 
initiative aimed at, among others, the scale-up of ART in resource limited settings [94,95]. In 
2003, US president George W. Bush announced the creation of the United States President’s 
Emergency Plan for AIDS Relief (PEPFAR), a billion-dollar plan to make ART accessible for 
countries with a high number of HIV infections, at that time predominantly the US and 
countries in Eastern and Southern Africa [96]. Following these developments, in 2003 the 
WHO announced the “3 by 5” initiative, a global goal to bring treatment to 3 million people 
in resource limited countries by 2005 [97].

To enable the rapid large-scale delivery of ART, stand-alone healthcare delivery systems for 
HIV were built throughout sub-Saharan Africa and other regions affected by the pandemic 
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to scale-up access to testing and treatment [98,99]. Eff orts resulted in a rapid increase in the 
number of clinics off ering ART in the 30 highest-burden countries; from about 300 clinics in 
2004 to over 6400 clinics in 2009 [100,101]. By 2005, about 1 million people in LMICs were 
receiving ART in low resource settings. Although a great achievement, the ambitious “3 by 
5” target was not reached and access to HIV treatment continues to fall short of the growing 
need [102]. Still, a substantial reduction in AIDS-related deaths was seen globally after the 
initial scale-up of ART, from about 1.900.000 in 2005 to about 1.000.000 in 2015 and 680.000 
in 2020 (Figure 5) [103], and this number continues to decline [100,103,104].

Due to the high costs of treatment and limited availability in early years, ART could initially 
not be prescribed to all people living with HIV during the start of the scale-up. Instead, 
initiation after diagnosis was guided by the level of immunosuppression of the patient, 
indicated by CD4 counts in the blood. In the early 2000s, ART was initiated once an indi-
vidual’s CD4 count fell below 200 cells/µL (in contrast to around 1100 cells/µL in healthy 
individuals). However, as evidence on the benefi ts of earlier treatment initiation for both 
individual patients and overall epidemiological dynamics started emerging [21,105–107], 
the WHO began to gradually expand its treatment recommendations. Treatment initiation 
eligibility criteria were fi rst expanded to people with CD4 cell counts below 350 cells/µL in 
the 2009 guidelines [108], and further to people with CD4 cell counts below 500 cells/µL 
in the 2013 guidelines [109]. Following the release of the Strategic Timing of Antiretroviral 
Therapy (START) trial fi ndings in 2015 [110], which demonstrated that treatment initiation at 
CD4 cell counts above 500 cells/µL would provide benefi ts to individual patients [107], the 
WHO released its landmark 2016 guidelines, recommending immediate ART initiation after 
diagnosis regardless of the level of immunosuppression [111]. As evidence on the potential 
benefi ts of earlier treatment on the epidemic as a whole was mounting [21,105,106], these 
guidelines increasingly emphasised that earlier treatment initiation is not only benefi cial for 
the individual patient, but also an important tool in reaching epidemic control.

AIDS-related deaths, global, 2000–2020, and 2020 and 2025 targets
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Figure 5. AIDS-related deaths, global, 1990–2020. Source: UNAIDS epidemiological estimates, 2021 (https://AIDSinfo.
unAIDS.org/) [103].
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Current global targets
Current global targets for control of the HIV pandemic within the wider context of inter-
national health are captured within two broad targets: reaching ‘95-95-95’; and ‘getting 
to zero’. These are part of the so-called Fast-Track commitments, which were adopted by 
the UN member states during the 2016 Political Declaration of the United Nations General 
Assembly on HIV and AIDS [112,113]. The first target, 95-95-95, aims for near-universal and 
effective coverage with HIV testing and treatment for people living with HIV [114–116]. 
This target calls for 95% of people living with HIV to know their status, 95% of all people 
with diagnosed HIV to receive sustained ART, and 95% of all people receiving antiretroviral 
therapy to have viral suppression by 2030. This target follows the intermediate “90-90-90” 
targets for HIV treatment that was set for 2020 [114]. The second target, ‘getting to zero’, 
aims to achieve “less than 200,000 new HIV infections worldwide, zero AIDS-related deaths, 
and zero discrimination by the end of 2030, as well as access to combination prevention for 
at least 90% of all key populations in the HIV response [116,117].

The international commitment towards ending the HIV pandemic is further emphasised by 
its explicit incorporation into the Sustainable Development Goals (SDGs). The SDGs were 
launched in 2015, replacing the Millennium Development Goals (MDGs), and call for 17 
ambitious goals to be achieved by 2030 for a prosperous future for people and the planet. 
SDG 3 calls to “ensure healthy lives and promote wellbeing for all at all ages” and SDG 
3.3 specifically calls to “end AIDS as a public health threat by 2030”. However, despite the 
progress in service delivery for HIV over the last decade, the HIV response in sub-Saharan 
Africa was not sufficient to bring testing, treatment and care to all people in need [89], and 
two key challenges need to be met so that these ambitious global targets are achieved: the 
persistent and increasing health systems and funding constraints; and a changing global 
health landscape towards universal, integrated care.

Health systems and funding constraints
Only 14 countries in the world met the interim 90-90-90 targets in 2020: Australia, Botswana, 
Cambodia, Eswatini, Ireland, Namibia, The Netherlands, Rwanda, Spain, Switzerland, Thai-
land, Uganda, Zambia and Zimbabwe [80,89,103,118–120]. Arguably, reaching the 90-90-90 
target was easier for some countries than for others. In Australia, Ireland, The Netherlands, 
Spain, and Switzerland a relatively large share of (financial) resources were available for HIV/
AIDS and prevalence levels have always been low. In Cambodia and Thailand overall preva-
lence were already low, but the majority of cases were among key populations who largely 
live under the radar in their countries. In Botswana, Eswatini, Namibia, Rwanda, Uganda, 
Zambia and Zimbabwe HIV prevalence levels were relatively high while domestic (financial) 
resources were low. Meanwhile, other countries were off-track, with often large gaps in HIV 
testing and treatment provision [89]. Globally, an estimated 81% of people living with HIV 
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knew their HIV status, 82% of the people who know their status were on ART, and 88% of 
people on ART were virally suppressed by the end of 2019 (Figure 6) [89,121,122]. Short-
comings in reaching the 90-90-90 have been attributed earlier to the rapid rise in people 
needing testing and treatment in combination with insufficient access to services due to 
insufficient utilisation of healthcare workers and inability to provide sufficient services for 
children and key populations [121].

Up to around 2012, 95% of service delivery for HIV in sub-Saharan Africa was clinic-based 
[117,123]. However, the ever-growing need for scale-up of ART programmes has increased 
the pressure on current health systems and has therefore made purely clinic-based delivery 
increasingly unsustainable. Different service delivery strategies were introduced in later 
years to further scale-up testing and treatment on the subcontinent to respond to the high 
health service demands, changing needs and decreasing funding. For instance, self-testing 
and home-based testing via community-level outreaches were introduced to expand testing 
rates by taking service delivery out of clinical settings [124–126]. HIV services were also 
extended to other types of healthcare clinics—such as maternal and child healthcare clinics 
[127,128] and tuberculosis clinics [129,130]—by integrating the different services at these 
locations; aiming to improve care of HIV-patients and widen access to services [131,132]. 
Since 2015, the WHO endorses “differentiated service delivery” for HIV [133,134], a client-
centred approach that simplifies and adapts HIV services across the cascade-of-care, such 
as allowing for less frequent ART pick-ups and offering support from community adherence 
peer-groups [135,136]. Alternative healthcare delivery strategies can thus release pressure 
from clinics and specialists as well as enable better healthcare reach for the people through 
task shifting and decentralisation.

On top of these service delivery challenges, the available funding for HIV programming 
has been declining. Annual international donor funding for HIV, comprising about 40% of 

HIV testing and treatment cascade, global, 2019
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all funding for HIV for LMICs [137], has declined by about $100 million since the 2008-09 
economic recession. Whereas funding steadily increased until the economic crisis, it has 
declined by about 30% between 2012 and 2015 and has flatlined in the years after (Figure 
7) [95,138,139]. Next to the 2008-09 economic recession, further reasons for this decline 
are the loss of global momentum to fight HIV that was sparked by the initial MDGs [137] 
and reduced priority of donor countries to invest in Official Development Assistance (ODA) 
for foreign countries [140]. Although most LMICs are transitioning towards domestic public 
funding because of shrinking donor funding, with The Global Fund and PEPFAR as main con-
tributors, ODA remains an essential component of HIV financing, especially in sub-Saharan 
Africa. Additional cuts to development assistance could hasten this decline, and risk slowing 
progress in the HIV response [140].

The coronavirus disease 2019 (COVID-19) pandemic has put further financial strain on the 
HIV response [141]. Since the start of the COVID-19 pandemic, healthcare workers, financial 
resources and research and policy attention have been diverted from HIV efforts to fight the 
COVID-19 pandemic. Furthermore, strict lockdown measures have disrupted access to HIV 
prevention, treatment and care—possibly causing a resurge in HIV incidence and mortal-
ity and exacerbating social and economic inequalities in access to HIV services [142,143]. 
Potentially even more devasting are the effects on the financing of the HIV response. The 
COVID-19 pandemic produced an economic crisis characterised as the worst since the Great 
Depression in the 1930s [141]. Both domestic and donor funding are put under enormous 

Figure 7. Development assistance for health between 1990 and 2019, red bars represent the development as-
sistance for HIV/AIDS. Source: Global Burden of Disease Health Financing Collaborator Network, Lancet, 2020 [95].
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pressure, as economies have shrunk, and donor countries increasingly divert funding to-
wards domestic goals.

These developments can have devastating effects on donor and domestic healthcare financ-
ing for the years to come, including for HIV. Hence, next to ensuring short-term HIV service 
continuation, we need to quantify how big the impact of the COVID-19 pandemic on HIV 
funding gaps will be and find suitable mitigation strategies to ensure continued service 
delivery in the future, especially in the countries with the largest ART programs. Mitigating 
these financial and health systems challenges in the HIV response and ensuring that we stay 
on track to reaching the ambitious targets of ending the epidemic by 2030 requires rapid 
innovations of service delivery strategies and financing schemes. Summarising and discuss-
ing the range of available service delivery strategies could help policymakers in deciding on 
which interventions to implement.

HIV control and universal health coverage through health service 
integration
Efforts towards ending the HIV pandemic by meeting international targets need to be 
embedded within the context of the SDGs and broader global health goals. Next to the 
ambitious HIV targets, the SDGs urge that people should have access to a wider range of af-
fordable and high-quality health services by 2030 through ‘universal health coverage’ (UHC) 
[94,144]. For the HIV response, UHC represents a paradigm shift towards offering patient-
centred high-quality health services beyond HIV testing and treatment and “promoting 
wellness rather than mere survival” [145]. Moving towards UHC for many countries requires 
restructuring and reshaping healthcare systems to improve availability, accessibility, and 
capacity of health services. A promising way to achieve this, is health service integration.

Health service integration is defined as the joining of two or more health services that were 
previously separated in some way (for instance, delivered by different health workers or at 
different locations) [146,147]. In sub-Saharan Africa, it often entails the merging of two or 
more previously vertical healthcare programmes (e.g., for HIV and tuberculosis) [127,129,130] 
or adding additional services into vertical systems to broaden the scope of the offered ser-
vices (e.g., offering hypertension and diabetes screening at HIV clinics) [128,147]. Although 
integration of HIV services and other health services has been implemented and studied 
widely in Africa’s health systems, the impacts on the HIV care cascade, health outcomes, and 
cost-effectiveness, and how potential benefits of integration depend on local contexts have 
never been systematically summarised and analysed.

Improving our knowledge on the effects of service integration on a range of service delivery 
and health outcomes for HIV and other diseases would provide valuable information to 
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inform policy and implementation strategies aimed at improving the reach, quality, impact 
and sustainability of the HIV response while moving towards the future ambition of UHC. 
Nevertheless, local policymakers will always be faced with the inherent context specific 
nature of the association between implementation and impact.  Accelerating progress in the 
HIV response necessitates optimal application of available service delivery models, requiring 
knowledge on what determines suitability of certain integration models in different contexts, 
especially those with the highest service needs and lowest resources.

1.4 AIM AND RESEARCH QUESTIONS

The overarching aim of this thesis is to describe and improve our understanding of HIV 
epidemiology in sub-Saharan Africa, and to provide insight into which health systems in-
novations could mitigate global challenges in the HIV response. To achieve this aim, we have 
formulated the following four research questions:
1) Where is the HIV burden highest in sub-Saharan Africa, the epicentre of the pandemic, 

and what drives the geographical heterogeneity in HIV transmission and prevalence on 
the subcontinent?

2) What is the HIV burden among key populations and how does this contribute to the HIV 
epidemiology in sub-Saharan Africa?

3) Which service delivery and financing innovations could mitigate current global chal-
lenges in the HIV response?

4) How can HIV service integration contribute to optimising the HIV response and reaching 
universal health coverage?

1.5 OUTLINE OF THIS THESIS

This thesis focusses on mapping geographical heterogeneity in HIV epidemiology and re-
searching the potential underlying dynamics as well as strategies for innovating healthcare 
delivery and financing for HIV control to face the new challenging and changing global and 
local needs are explored. This thesis covers the following chapters:

In Chapter 2, we identify and characterise areas of high HIV prevalence and transmission 
among the general population in 7 sub-Saharan African countries by geographic mapping 
using geolocated nationally representative cross-sectional DHS data. In Chapter 3, the real-
world impact of male circumcision on HIV prevalence is assessed for different regions in 
sub-Saharan Africa, using a household fixed-effects analysis on nationally-representative 
survey data. Chapters 2 and 3 together address the first research question. In Chapter 4 
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we present the findings from a systematic review and meta-analysis to estimate HIV preva-
lence levels among different key populations—men who have sex with men, transgender 
people, and male and transgender sex workers—in sub-Saharan Africa; and compare the 
key population prevalence estimates to prevalence estimates from the general population 
in matched geographical areas. Using nationally representative cross-sectional survey data 
and data on sex work locations, we explore the potential link between sex workers and 
HIV risk in the general population nearby sex work locations in Zimbabwe in Chapter 5, to 
determine whether locations of sex work hotspots are directly affecting general population 
HIV prevalence. Chapters 4 and 5, together with insights from Chapter 2, address the second 
research question.

In Chapter 6, we set out and discuss which delivery model innovations could support sus-
tainable HIV treatment and give an overview of implemented models in different African 
contexts. The potential impact of the COVID-19-related economic crisis on financing of the 
HIV response in the 10 countries with the largest treatment programmes is estimated using 
different forecasting scenarios in Chapter 7. Chapters 6 and 7 together provide insights 
to answer the third research question. The effects of integrating HIV services and other 
health services on uptake of healthcare, HIV and non-HIV health indicators and economic 
outcomes are systematically reviewed in Chapter 8. Finally, Chapter 9 outlines which policy 
decisions could be taken when quantitative evidence on integration is absent or incomplete. 
Chapters 8 and 9 together address the fourth research question.

The answers to the research questions, a personal view about achieving the HIV targets, and 
overall conclusions and recommendations are provided in Chapter 10.
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ABSTRACT

Background: In the generalised epidemics of sub-Saharan Africa, human immunodeficiency 
virus (HIV) prevalence shows patterns of clustered micro-epidemics. We mapped and char-
acterised these high-prevalence areas for young adults (15–29 years of age), as a proxy for 
areas with high levels of transmission, for 7 countries in Eastern and Southern Africa: Kenya, 
Malawi, Mozambique, Tanzania, Uganda, Zambia, and Zimbabwe.

Methods and findings: We used geolocated survey data from the most recent United 
States Agency for International Development (USAID) Demographic and Health Surveys 
(DHSs) and AIDS indicator surveys (AISs) (collected between 2008–2009 and 2015–2016), 
which included about 113,000 adults—of which there were about 53,000 young adults 
(27,000 women, 28,000 men)—from over 3,500 sample locations. First, ordinary kriging was 
applied to predict HIV prevalence at unmeasured locations. Second, we explored to what 
extent behavioural, socioeconomic, and environmental factors explain HIV prevalence at 
the individual- and sample-location level, by developing a series of multilevel multivariable 
logistic regression models and geospatially visualising unexplained model heterogeneity. 
National-level HIV prevalence for young adults ranged from 2.2% in Tanzania to 7.7% in 
Mozambique. However, at the subnational level, we found areas with prevalence among 
young adults as high as 11% or 15% alternating with areas with prevalence between 0% 
and 2%, suggesting the existence of areas with high levels of transmission. Overall, 15.6% 
of heterogeneity could be explained by an interplay of known behavioural, socioeconomic, 
and environmental factors. Maps of the interpolated random effect estimates show that 
environmental variables, representing indicators of economic activity, were most powerful 
in explaining high-prevalence areas. Main study limitations were the inability to infer causal-
ity due to the cross-sectional nature of the surveys and the likely under-sampling of key 
populations in the surveys.

Conclusions: We found that, among young adults, micro-epidemics of relatively high HIV 
prevalence alternate with areas of very low prevalence, clearly illustrating the existence of 
areas with high levels of transmission. These areas are partially characterised by high eco-
nomic activity, relatively high socioeconomic status, and risky sexual behaviour. Localised 
HIV prevention interventions specifically tailored to the populations at risk will be essential 
to curb transmission. More fine-scale geospatial mapping of key populations—such as sex 
workers and migrant populations—could help us further understand the drivers of these 
areas with high levels of transmission and help us determine how they fuel the generalised 
epidemics in sub-Saharan Africa.
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AUTHOR SUMMARY

Why was this study done?
• Previous studies showed that heterogeneity in HIV prevalence exists among the general 

population in Eastern and Southern Africa; the geographic area most severely affected 
by the HIV pandemic.

• Whereas HIV prevalence among adults does not reveal when persons have been in-
fected, young adults are most likely recently infected and, therefore, high prevalence 
areas among this subpopulation can proxy locations of ongoing transmission.

• The underlying determinants of these high HIV prevalence areas among young adults 
are poorly understood and can help to shape spatially targeted and risk-group tailored 
interventions to reduce transmission.

What did the researchers do and find?
• We found clear areas of high prevalence in young adults in between vast regions with 

relatively low prevalence for all seven countries in Eastern and Southern Africa.
• HIV prevalence in young adults was partly explained by an interplay of behavioural, 

socioeconomic and environmental (i.e., economic activity) factors, and especially envi-
ronmental factors were predictive of high transmission locations.

What do these finding mean?
• Our findings, together with the existing evidence, indicate that key population dynamics, 

especially related to seasonal and economic migration and associated sex work, might 
play a major role in fuelling HIV transmission.

• In further reducing HIV transmission in Eastern and Southern Africa, areas of high HIV 
prevalence in young adults should be priority areas for tailored HIV prevention interven-
tions towards reaching the fast-track commitments to end the HIV epidemic by 2030.
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INTRODUCTION

Sustainable Development Goal (SDG) 3 “to ensure healthy lives and promote well-being 
for all at all ages” [1], together with the Joint United Nations Programme on HIV/AIDS 
(UNAIDS) fast-track strategy, explicitly call to end the pandemic by 2030 [2]. In 2017, about 
37 million people were living with human immunodeficiency virus (HIV) worldwide, of whom 
70% residing in sub-Saharan Africa [3]. Especially the countries in Eastern and Southern 
Africa are severely affected by the pandemic, with general population prevalences ranging 
from 5% in Tanzania to 27% in Swaziland [3]. Mounting evidence suggests that these HIV 
epidemics are heterogeneous [4,5], and that the transmission of HIV is largely concentrated 
across clustered micro-epidemics of different scales [6,7]. As these high prevalence areas 
are likely important drivers of the epidemic [8,9], identifying their location and underlying 
determinants is essential to further optimise HIV prevention and treatment interventions.

Although mapping overall HIV prevalence in the adult population gives an adequate indica-
tion of treatment service needs [4,5], it is not straightforward to use such data to inform 
policy makers on areas with high levels of transmission, as many, especially older, adults 
were infected many years prior to any survey, and possibly at other locations. Mapping 
heterogeneity of HIV prevalence in young adults, who are most likely to have been recently 
infected, will more directly pinpoint areas of high HIV transmission [10]. Furthermore, iden-
tifying underlying determinants of heterogeneity in HIV prevalence among young adults 
in the high endemic countries can help shape spatially targeted and risk-group tailored 
interventions to reduce transmission.

We identified areas of high HIV prevalence in young adults (women 15-24 years and men 15-
29 years) for seven countries in Eastern and Southern Africa (Kenya, Malawi, Mozambique, 
Tanzania, Uganda, Zambia, and Zimbabwe), using geolocated HIV prevalence data from De-
mographic and Health Surveys (DHSs) and AIDS Indicator Surveys (AISs). Next, we explored 
to what extent sexual behavioural, socioeconomic and environmental factors explain the 
geospatial heterogeneity in young adults, and what heterogeneity remains unexplained.

METHODS

Data
DHS is a programme of national, population-level surveys in which individuals are interviewed 
about- and tested for a wide range of behavioural, socioeconomic and epidemiological 
parameters. The AIS and many DHS surveys include voluntary HIV testing in adults. Approxi-
mately 350 sample locations (primary sampling units) are randomly sampled throughout the 
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country of interest, and at each location residents of about 25 households are sampled. All 
individuals that were at home during one of the visits and were between 15 and 49 (women) 
or 54 years of age (men) were eligible for the survey. GPS coordinates of sample locations 
are randomly displaced up to 2 km for urban and up to 5 km for rural sample locations, 
to ensure confidentiality of participants. Sample weights are incorporated in the DHS to 
translate unbalanced sampling into national representative data. In our study, we used these 
sample weights to estimate national HIV prevalence among adults and young adults for 
all seven countries. For the other analyses, we combined data of multiple countries and 
explored local level variances, and thus did not use the sampling weights. More details on 
survey protocols and questionnaires can be found on the DHS website (https://dhsprogram.
com/).

We extracted data from countries in Eastern and Southern African that had a DHS or AIS 
conducted and for which behavioural data, geographical coordinates of the sample loca-
tions, and HIV biomarker surveys were available. In case of multiple eligible surveys for a 
country, we selected the most recent one. The countries and surveys chosen for this study 
were: Kenya (years 2008-2009), Malawi (2015-2016), Mozambique (2009), Tanzania (2011-
2012), Uganda (2011), Zambia (2013-2014), and Zimbabwe (2015). The overall study area 
with DHS sample locations for each country included in the study are shown in Supple-
mentary Figure 1. We selected all adults (women 15-49 years and men 15-54 years) and 
sub selected young adults (women 15-24 years and men 15-29 years). The discrepancy in 
age cut-off reflects the common age-difference in sexual debut and relationships between 
women and men [11].

A typical DHS survey dataset contains over 250 variables. For the purpose or our study, we 
only extracted individual-level candidate variables that were deemed of interest, based on 
findings from previous studies [4,6,8,12–15]: age, sex, HIV status, educational level, wealth 
index, primary occupation, whether the person is a de jure household member (usual resi-
dent) or de facto household member (slept in the household last night) as proxy for mobility, 
number of lifetime sexual partners, number of sexual partners during the past 12 months, 
having had a sexually transmitted infection (STI) or signs of an STI during the past 12 months, 
condom use during last intercourse, male circumcision and paid sexual intercourse during 
the past 12 months (only men). HIV status is determined by testing a blood sample from a 
finger prick with an enzyme-linked immunosorbent assay (ELISA). The other variables were 
self-reported by participants via the survey questionnaires.

We used the following environmental variables at sample locations: urban versus rural 
classification, population density, proximity to highways, proximity to (major) cities with 
more than 250 000 inhabitants, proximity to border crossings and major ports, enhanced 
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vegetation index (EVI) and global human footprint (GHF). EVI reflects the vegetation in an 
area, where low values represent areas with no or little green vegetation (e.g. big cities) 
and high values represent areas where vegetation is more abundant (e.g. agricultural land, 
forests, grassland), and can be used as proxy for degree of urbanisation [4]. GHF represents 
the relative human influence and economic activity, incorporating nine layers covering in-
frastructure, land use, population density, and access (coastlines, roads, railroads, navigable 
rivers). Areas of large human influence and high levels of economic activity are characterised 
by high GHF values. Population density estimates were originally obtained from WorldPop 
(https://www.worldpop.org/), data from 2010, the most recent year, were utilised. EVI and 
GHF were available from National Aeronautics and Space Administration (NASA) Earth 
Observatory Group (http://sedac.ciesin.columbia.edu/). EVI data were available for 2010 and 
GHF for 2005. Because DHS sample locations are to some extent randomly displaced, the 
DHS programme has made population density, EVI, and GHF available at each un-displaced 
DHS sample location. Locations of major cities were extracted from the World Population 
Review website (www.worldpopulationreview.com/worldcities/), and highways were derived 
from GADM national infrastructure shape files (http://www.gadm.org/) based on Google 
Maps. Locations of border crossings and major ports were obtained through the Southern 
Africa Integrated Regional Transport Programme report (2010) [16]. The shortest Euclidean 
distances from each DHS sample location to the nearest highway, major city and border 
crossing or port were calculated. An overview and description of all included variables can 
be found in the supplementary information (Supplementary Table 2). Maps of the included 
environmental variables are provided in Supplementary Figure 2A to 2G.

Statistical analyses
Our study was explorative in nature, and we did not have a formal pre-specified analysis 
plan. First, we determined the spatial distribution in HIV prevalence among adults and 
young adults by interpolating logit-transformed DHS sample location-level HIV prevalence 
data using ordinary kriging [17]. Kriging is an interpolation method based on the spatial 
autocorrelation of variables [18]. Spatial autocorrelation was measured by means of Moran’s 
I, using the inverse distance between sample locations as weights. Spatial autocorrelation 
structures were obtained through fitting semivariograms, where the average squared 
difference in HIV prevalence between each pair of data points (on the y-axis) is plotted 
against the corresponding distance between the point-pairs (on the x-axis). The overall 
relation between HIV prevalence and distance was estimated by fitting an exponential 
curve through these points. We used this model to create continuous surface maps of HIV 
prevalence, where the HIV prevalence at each five km2 grid cell was estimated using the 
above method. The equations and model estimates are provided in the supplementary 
information (Supplementary Equations 1). To enhance the power of our study, we decided 
to not stratify the kriging by sex in the main analysis. However, we also present sex-specific 
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maps of kriged HIV prevalence (Supplementary Figure 5). We compared the sex-specific 
surfaces of HIV prevalence by means of mapping the square root of the squared difference 
in HIV prevalence, to illustrate the absolute differences in HIV prevalence (per 5 km2 grid 
cell) (Supplementary Figure 6A), and by plotting the predicted HIV prevalence (per 5 km 
grid cell) of women against the predicted HIV prevalence of men (Supplementary Figure 
6C). Both comparisons show that there are only minor differences in terms of the locations 
of high HIV prevalence for both sexes.

Second, we developed a series of multiple multilevel logistic regression models to determine 
to what extent behavioural, socioeconomic and environmental determinants of HIV can 
explain individual and location-level HIV prevalence among young adults. Missing values 
(up to 2.6%) were checked to be missing at random and, if so, imputed using multiple 
imputation. First, bivariate associations were tested, and excluded all variables with a p-
value of larger than 0.1. We then developed multiple models using a stepwise approach. In 
the first step, we fitted an ‘empty’ model, with HIV prevalence as the dependent variable and 
only age and sex fixed-effects, and location random effects as predictors. In the second step, 
we used stepwise forward selection to construct three separate multiple regression models 
for behavioural, socioeconomic and environmental factors respectively, out of the nested 
model. Likelihood tests were used to determine whether the addition of a variable improved 
the statistical fit of the regression models significantly (p<0.05). In the third step, we used 
the same stepwise forward selection to construct a full model containing both behavioural, 
socioeconomic and environmental factors. We did not adjust for country-level confounding 
in the main analysis, because we expect the associations between HIV and the predictor 
variables to be similar across countries. However, we did perform a sensitivity analysis in 
which we added country fixed-effects to the final model. We compared the marginal and 
conditional R2 of the models at each step. The marginal R2 indicates how much of the HIV 
heterogeneity is explained by the fixed factors in the model. The conditional R2 represents 
the amount of heterogeneity explained by both fixed and random factors in the model. By 
comparing both R2 values, we assessed how much of HIV heterogeneity is explained by the 
fixed factors in the models, and how much is additionally captured by the location-level 
random effect in each model [19]. We translated variance of random effects into Median 
Odds Ratios (MORs) as an indicator geographical heterogeneity. For each model, the MOR 
would be equal to 1.0 if there were no differences in probability to being HIV infected per 
sample location, and can be interpreted as the increase in (median) HIV risk that is associ-
ated with moving from a location with a low random effect to a location with a high random 
effect. See elsewhere for a more detailed explanation [20]. The MOR equation is provided in 
the supplementary information (Supplementary Equations 1). The final model is also fitted 
as modified Poisson (with robust variance) for easier interpretation of the estimates, here as 
relative risks (RRs) instead of odds ratios (ORs).
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Third, we extracted and compared the location-specific random effect estimates from the 
empty model, the three separate models for behavioural, socioeconomic and environmental 
factors, and the ‘full’ regression model. We kriged random effect estimates from the five 
models to visualise to what extent the variables in the different models explain the geospa-
tial HIV heterogeneity and areas with a high HIV prevalence.

Next to the main analyses, we performed an internal validation of our regression models and 
an external validation of our kriging results. The internal validation was done using non-ran-
dom cross-validation [21,22] to check for each country individually how much heterogeneity 
(indicated by the conditional R2) was explained by the final regression model. For the external 
validation, we searched peer-reviewed literature reporting on age-stratified HIV prevalence 
estimates in population-based cohorts, such as those part of the ALPHA network [23], situ-
ated in one of the countries of our study. We compared our predicted HIV prevalence among 
young adults, obtained through kriging, with the estimates from these cohorts.

All analyses were done using in ArcGIS Pro version 2.3 and R version 3.4.3. Reporting of 
study design and analysis followed STROBE RECORD guidelines [24].

RESULTS

Our study included 112,785 adults, of which 53,234 young adults (25,536 women, 27,698 
men), from 3,665 different sample locations throughout the seven countries. The number of 
individuals included in the study and location-level HIV prevalence in the study population 
for adults and young adults are provided in Figure 1. Among adults, the mean country-level 
HIV prevalence ranges from 5.4% (Tanzania) to 14.4% (Zimbabwe). Among young adults, 
mean country-level HIV prevalences are generally lower, ranging from 2.2% (Tanzania) to 
7.7% (Mozambique), while the median HIV prevalences are (close to) zero. This reflects the 
fact that most sample locations have very low HIV prevalence, and only a minority of sample 
locations has high prevalence. HIV prevalence among adults and young adults is strongly 
spatially clustered (p-value <0.001), the observed Moran’s I index values were 0.13 and 0.05 
respectively (on a scale going from -1, fully scattered, to 1, fully clustered). A detailed overview 
of the Moran’s I and (logit-transformed) HIV prevalence density plots can be found in the 
supplementary information (Supplementary Table 2 and Supplementary Figures 3 and 4).

Figure 2 shows the geospatial distribution of HIV prevalence in adults (panel A) and young 
adults (panel B) in seven countries of Eastern and Southern Africa. All countries showed 
substantial levels of heterogeneity in HIV prevalence at the subnational level. Overall, HIV 
prevalence is higher among adults, with high prevalence areas being in the same locations, 
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but larger and more spread out compared to young adults (illustrated by the large red and 
purple areas). Geospatial heterogeneity in HIV prevalence among young adults was more 
profound than among adults in most of the countries in our analysis, illustrated by clear 
concentrated micro-epidemics (red and purple areas) located in between areas of very low 
prevalence (white, yellow and orange areas). In both Zambia and Zimbabwe, high prevalence 
areas of over 15% HIV prevalence in young adults were found. The national HIV preva-
lence among young adults in Malawi is about 3.6%, yet our analysis identified several high 
prevalence areas where HIV prevalence reached levels of up to 11%, in particular around the 
highways and major cities in the South. Similarly, in Kenya HIV prevalence in young adults is 
about 3.9% nationally, yet prevalence around Lake Victoria reach levels of over 15%. Maps 
and scatterplots illustrating the more detailed differences in HIV prevalence (per 5 km2 grid 
cell) between adults and young adults are provided in Supplementary Figure 6.

According to the resulting best fitting multiple multilevel logistic regression model on 
the association between HIV status and sexual behavioural variables in young adults, the 

Figure 2. Continuous surface maps of HIV prevalence in adults (women 15-49 years and men 15-54 years) (A) and 
young adults (women 15-24 years and men 15-29 years) (B) for seven countries in Eastern and Southern Africa. 
Predicted geographical distribution of HIV prevalence resulted from interpolating data on HIV prevalence in geolocated 
sample locations derived from the most recent DHS or AIS in each country - using ordinary kriging. Major cities (more 
than 250 000 inhabitants) were indicated on the maps. To enhance comparison between both panels, we applied the 
same legend for HIV prevalence levels. The HIV prevalence maps for women and men separately are provided in the 
supplementary information (Supplementary Figure 4). Data obtained through https://dhsprogram.com/.
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following variables were strongly associated with being infected with HIV: having 10 or 
more reported lifetime sex partners, having had an STI or STI symptoms over the past 12 
months, condom use during last intercourse, and not being circumcised (men only). Edu-
cational level, wealth index and occupation were variables associated with HIV in the final 
socioeconomic model. The highest level of education was most protective (adjusted Odds 
Ratio {aOR} 0.52 [0.26; 0.78], p-value <0.001), while being from asset quintile 4, the second 
wealthiest quintile, was associated with the highest risk of HIV (aOR 1.46 [1.31; 1.62], p-value 
<0.001). Several variables were significantly associated with HIV in the environmental model. 
Young adults living in rural sample locations were less likely to be infected with HIV than 
those with urban residence: in cities the overall HIV prevalence among adults was over 7%, 
compared to below 4% in rural settings. Also, population density, proximity to nearest major 
city, EVI and GHF at location of a DHS cluster showed a significant association with HIV. 
HIV prevalence levels were highest (about 6%) in areas with the highest population density 
(more than 500 people per km2), but was also relatively high (about 5%) in areas with the 
lowest population density (less than 25 people per km2). HIV prevalence levels did not 
differ considerably between sample locations with different levels of greenness (indicated 
by the EVI). Living in an area with a relatively high GHF, as proxy for economic activity, was 
associated with a high HIV risk (aOR 1.68 [1.41; 1.94], p-value <0.001): HIV prevalence levels 
for the highest two levels of GHF were almost 7%, compared to around 4% at the lower 
levels. The best fitting combined ‘full’ model contains both behavioural, socioeconomic, and 
environmental variables: lifetime number of sex partners, STIs, male circumcision, education, 
type of residence, EVI, and GHF. A complete overview of the bivariate models, nested model 
(only adjusted for age and sex), best fitting models and final model can be found in the 
supplementary information (Supplementary Tables 3 to 8 and Supplementary Figure 7). 
Finally, the combined ‘full’ model was also fitted as a modified Poisson regression model, 
resulting in adjusted relative risks (aRRs) that were comparable to the respective aORs from 
the logistic regression model (Supplementary Table 9).

The maps in Figure 3 show the interpolated random effects estimates – i.e. the unexplained 
heterogeneity in HIV prevalence – for the five models. The white areas represent locations 
where relatively most heterogeneity is explained by the model. The red and purple areas 
represent locations where relatively the least heterogeneity is explained. As expected, ran-
dom effect estimates in the nested model were highest in high prevalence areas (panel A), 
and decline as fixed-effects are added to the models (panels B to E). Interpolated random 
effects estimates from the combined model (panel B) are substantially reduced. However, 
the geospatial heterogeneity in many areas with a high prevalence remains unexplained, for 
example, around Lake Victoria (1), at the major ports of Mozambique (2-4), at Plumtree (5), 
around Mongu (6) and the Copperbelt (7) and Nchelenge (8) districts in Zambia. In most of 
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Figure 3. Maps present the interpolated random effect estimates of the nested ‘empty’ logistic regression model 
(A), best fitting logistic regression model (B), and the separate models including only sexual behavioural (C), 
socioeconomic (D) and environmental variables (E) among young adults (women 15-24 years and men 15-29 
years) for seven countries in Eastern and Southern Africa. For the nested ‘empty’ model (A), random effect estimates 
reflect HIV prevalence levels among young adults (see Figure 2B). For the other models (B to E), random effect estimates 
are lower at (some of the) areas with high HIV prevalence levels, indicating that the additional variables in each model to 
some extent explain HIV heterogeneity at these locations. Circles point out high prevalence areas of HIV among young 
adults: around Lake Victoria (1); around Nacala (and Pemba) port (2); around Beira (and Quelimane) port (3); around 
Maputo city and port (4); around Plumtree border crossing (5); around Mongu city (6); in the Copperbelt mining area (7); 
and in Nchelenge district (8). 
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these locations, environmental variables were better at explaining heterogeneity (panel E) 
than sexual behavioural or socioeconomic variables (panels C and D respectively).

The results in Table 1 show that, looking at the nested ‘empty’ model, 7.2% (marginal R2) 
of the 26.3% (conditional R2) of the HIV heterogeneity could be explained by age and sex 
alone. The remaining variance captured by the model (19.1%) is attributed to location-level 
random effects. Environmental fixed-effects explain most of the heterogeneity in HIV preva-
lence among young adults (marginal R2 11.4%, conditional R2 26.8%), higher than sexual 
behavioural (marginal R2 10.2%, conditional R2 27.8%) or socioeconomic (marginal R2 8.6%, 
conditional R2 25.8%) fixed-effects. According to the R2 of the combined ‘full’ best fitting 
model, HIV heterogeneity could be best explained (marginal R2 15.6%, conditional R2 29.6%) 
by an interplay of sexual behavioural, socioeconomic and environmental variables. The MOR 
of the nested model is 2.41, whereas the MOR of the final model is 1.94. This illustrates that, 
although some of the location-level heterogeneity is captured by the model fixed-effect co-
variates, almost two-thirds of the heterogeneity in HIV prevalence at sample locations could 
still not be explained by the covariates in the model. Overall, environmental fixed-effects 
reduce the location-level heterogeneity more than sexual behavioural and socioeconomic 
fixed-effects (MORs of 1.95, 2.35, and 2.30 respectively). Adjusting for country improves 
the model fit, but does not change the importance of the different predictors and does not 
considerably increase the degree of explained heterogeneity (marginal R2 17.9%, conditional 
R2 29.3%), see Supplementary Table 10.

DISCUSSION

Our findings showed that substantial levels of spatial heterogeneity in HIV prevalence exists 
among adults and young adults throughout all seven Eastern and Southern African countries 
analysed in this study. Especially in young adults, micro-epidemics of relatively high preva-
lence alternated with areas of very low prevalence, clearly illustrating the existence of areas 

Table 1. Overview of the heterogeneity (R2) explained by the best fitting multilevel multiple logistic regression 
models and random effects Median Odds Ratio (MOR).

Conditional 
R2 – total 
heterogeneity 
explained by 
model (%)

Marginal R2 – 
heterogeneity 
explained by 
included fixed 
effects (%)

Random effect 
R2 – location-level 
heterogeneity 
captured by model 
(%)

Median Odds 
Ratio (MOR)

Nested ‘empty’ model 26.3 7.2 19.1 2.41

Sexual behavioural model 27.8 10.2 17.6 2.35

Socioeconomic model 25.8 8.6 17.2 2.30

Environmental model 26.8 11.4 15.4 1.95

Combined ‘full’ model 29.6 15.6 14.0 1.94
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with high levels of transmission. HIV prevalence heterogeneity could for 15.6% (marginal 
R2) be explained by an interplay of behavioural, socioeconomic and environmental factors, 
including number of sex partners, STIs, global human footprint, and urbanisation. Maps of 
interpolated random effect estimates at each sample location showed that environmental 
predictors were better at specifically predicting HIV prevalence at the high prevalence areas 
than sexual behavioural or socioeconomic variables, yet substantial heterogeneity at other 
high prevalence areas remains unexplained.

The geospatial patterns of HIV prevalence heterogeneity among adults shown in our study 
(Figure 2A) are very comparable to patterns shown in other recent studies in which other 
methods for spatial interpolation were used [4,5], confirming that our approach was suitable 
for creating reliable estimates.  As an external validation for our geospatial patterns of HIV 
prevalence in young adults, we compared our estimates to the estimates from multiple 
small-scale surveillance sites from the ALPHA network [23]. We found that most estimates 
are comparable, but our estimates were lower for the Rakai (Uganda) and Manicaland (Zim-
babwe) areas (Supplementary Figure 8). Both areas are characterised by well-known high 
levels of HIV transmission and relatively low numbers of sample locations in the utilised data 
with varying prevalence levels, possibly leading to underestimation of the HIV prevalence. 
This indicates that our approach of kriging, in which prevalence at a specific location is esti-
mated by the prevalence in surrounding clusters as a function of the distance between the 
location and surrounding clusters, may have resulted in an underestimation (i.e., smoothing) 
of HIV prevalence estimates, especially in high prevalence areas.

Our finding that environmental factors were the most important determinants of geospatial 
heterogeneity plausible, since all high HIV prevalence areas among young adults are in 
locations with known high levels of economic activity; characterised by high production 
and flow of goods and services [25,26]. This suggests that high-risk dynamics (involving 
seasonal work and commercial sex) in these areas might be important in generating this 
heterogeneity [27,28]. For instance, the fishing communities around Lake Victoria in Uganda 
(circle 1 in Figure 3) have frequently been reported as sites with high levels of transactional 
sex and HIV [29,30]. Furthermore, many high prevalence areas in our analyses cluster around 
border crossings, major highways or major ports (e.g., circles 2 to 5 in Figure 3). Also long 
distance truck driving and associated commercial sex have been documented as important 
contributors to HIV transmission [27,29]. In addition, some of the high prevalence areas are 
in regions known to have high levels of migration, either work-related (seasonal) migration 
or other types of migration. For example, the Copperbelt mining area (circle 7 in Figure 3) 
or Nchelenge district in Zambia (circle 8 in Figure 3) in Zambia, which is known for its active 
fishing industry and a big refugee settlement. Mining and fishing areas have long been 
recognised as high risk settings for HIV transmission, as domestic or foreign male workers 



Mapping and characterising areas with high HIV transmission 53

often work long stints, separated from their families surrounded by an active sex industry 
[29–33].

Individual HIV prevalence in young adults was strongly associated with the reported number 
of lifetime sex partners and reported prevalence of STIs or STI symptoms, providing further 
evidence that geospatial clustering of HIV is linked to the clustering of risk behaviour, across 
all countries [12]. We found that individuals who reported having used a condom during the 
last sex act had an increased risk of being infected with HIV. This is a well-known counter-
intuitive finding, and reflects the fact that condom use tends to be higher (yet sometimes 
insufficient) among people with riskier sexual behaviour, or reflects bias due to the fact 
that people who are aware of their positive HIV status are more likely to use a condom, to 
protect their partner [34]. This finding highlights the need to stimulate condom use, but 
more importantly, to increase access to effective HIV prevention interventions more broadly. 
Our finding that having education beyond the primary level seems to be strongly protective 
against HIV, is consistent with observations in the literature [13], and suggests that structural 
interventions to improve educational attainment [14] could help reduce HIV transmission in 
adolescent women.

Our results have important implications for the planning of prevention and treatment pro-
grams. High HIV prevalence areas in young adults are likely areas of high transmission [10], 
requiring prioritisation of tailored prevention interventions. Our key findings that (i) high 
HIV prevalence areas among young adults are located at economically active or developing 
areas and that (ii) HIV among young adults is driven by risky sexual behaviour; indicate that 
preventive interventions targeted at young adults at these specific locations could strongly 
impact HIV transmission. Prevention programmes aimed at improving exposure and up-
take of effective prevention interventions for young adults [35,36] – such as pre-exposure 
prophylaxis (PrEP) [37], condoms [38], or voluntary male medical circumcision programmes 
[15,39] – should be prioritised in these areas. Also, intervention programmes for young 
adults should aim at early diagnosis and treatment initiation of those who get infected 
with HIV, by creating accessible, affordable and youth-friendly HIV testing and counselling 
services [35,40]. Furthermore, governments typically have prior knowledge about future 
economic developments. Improving the resilience of affected populations against the asso-
ciated health risks could be considered as an integral part of such development. Moreover, 
as the population in these areas is likely to be highly mobile [41,42], effective prevention 
for young adults in high prevalence areas may not only affect the local HIV epidemics, but 
also the wider epidemic. Ultimately, our results demonstrate that the decade-old mantra 
of “know your epidemic, know your response” [43] is still highly relevant for sub-Saharan 
Africa. Our study found important common denominators that are associated with increased 
HIV risk in areas with high levels of transmission, but it will be essential for policy makers 
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to specifically evaluate the behavioural and socioeconomic context, and the interventions 
already in place at specific high-risk settings, to tailor interventions appropriately.

To our knowledge, we are the first to utilise geolocated HIV prevalence data from young 
adults specifically, to explore geospatial heterogeneity in the HIV epidemics of Eastern and 
Southern Africa and identify potential areas with high levels of transmission. Previously, 
Cuadros et al. proposed a co-kriging approach to estimate sub-national HIV prevalence 
estimates, incorporating HIV prevalence and environmental determinants [4], yet they did 
not stratify by age. In addition, Palk and Blower recently showed that places of high HIV 
prevalence in adults (aged 15-49 years) in Malawi are associated with reported higher 
rates of high-risk sex, defined as the number of lifetime partners [12]. Our results show 
that heterogeneity in HIV is associated with a range of sexual behavioural, socioeconomic 
and environmental variables, and that these are highly affected by age. Therefore, a stan-
dardised approach to map heterogeneity of an HIV epidemic should take age stratifications 
into account, and future studies on geospatial heterogeneity and its drivers should include 
behavioural, socioeconomic and environmental determinants.

Our results have limitations. First, DHSs are cross-sectional data designed to give an impres-
sion of HIV prevalence and behaviour among the general population; and thus, high-risk 
subpopulations such as female sex workers, men who have sex with men, and mobile popu-
lations such as truck drivers and seasonal workers, are thought to be underrepresented in 
these surveys. Therefore, we cannot make definitive conclusions on economic activity and 
key populations driving HIV transmission in at these locations. Nevertheless, our analyses 
showed that high HIV prevalence areas in DHS data, especially among young adults, were al-
most invariably located near economically active areas suggesting that these key population 
dynamics are still visible through general population-based surveys. Extending DHS surveys 
with other data sources that allow for mapping of key populations or performing incidence 
essays on HIV samples will allow for more accurate identification of HIV transmission areas 
and can further enhance our understanding of the epidemic. Second, DHS sampling loca-
tions are randomly selected, based on the underlying population density within a country. 
Consequently, very few locations were sampled from areas with large nature and wildlife 
conservation reserves, such as in Northern Kenya, Central Tanzania, and Northern and South-
western Mozambique, and our interpolated prevalence estimates for such areas should be 
interpreted with caution. Designing alternative sampling techniques that over-sample areas 
with low densities could increase reliability of interpolated survey results. Third, we used 
survey data from a relatively wide range of years; 2008-2009 to 2015-2016. This time period 
in the study coincides with major initiatives to curb the pandemic, in particular the scale-up 
of antiretroviral treatment, as well as voluntary male circumcision campaigns and other HIV 
prevention interventions. Although these initiatives were potentially disproportionally tar-
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geted at high transmission areas, we expect that the disproportionate impact would not be 
so extreme that it completely alters the locations of high transmission areas. Furthermore, 
although the scale-up of these interventions may have reduced HIV incidence, the associa-
tions between HIV and the hypothesised main drivers of HIV transmission – the (sexual) 
behavioural, socioeconomic and environmental factors explored in this study – likely did 
not change substantially by these interventions. Fourth, explorative statistical analyses 
always run the risk of identifying patterns of random noise [44]. However, we believe this 
risk to be extremely low in our study, due to the very large sample size (n = 53,234), the 
rigid pre-selection of variables based on substantive knowledge, and the directions and 
magnitudes of association between the included covariates and HIV found in our study are 
in line with of findings from previous studies [2–5]. In addition, we performed non-random 
cross-validation by testing the final fitted model for each country separately. Reassuringly 
we found that, despite the differences in underlying epidemic and scale-up of interventions 
across countries, the conditional R2 of the model was strikingly similar for six out of the eight 
countries in our analysis, ranging between 23.5% and 36.0% (compared to 29.6% in the main 
analysis). Only the conditional R2 for Kenya (45.0%) and Zimbabwe (17.6%) deviated a little 
bit more from the combined model, yet not to an alarming extend (Supplementary Table 
11).

In conclusion, our findings show that consistent clustering of HIV prevalence exists among 
young adults in seven high burden countries in Eastern and Southern Africa, with clearly 
identifiable high prevalence areas. This heterogeneity is driven by an interplay of behav-
ioural, socioeconomic and environmental factors, and the locations of high prevalence 
areas suggest that key population dynamics, especially related to seasonal and economic 
migration and associated sex work, play a major role. In further reducing HIV transmission in 
Eastern and Southern Africa, areas of high HIV prevalence in young adults could be priority 
areas for tailored HIV prevention interventions in line with SDG3 and UNAIDS targets to end 
the HIV pandemic by 2030.
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SUPPORTING INFORMATION TO CHAPTER 2

Supplementary Figure 1. Overview of the study area in sub-Saharan Africa (top right panel) and the Demographic 
and Health and AIDS Indicator Survey sample locations (blue dots) for the seven countries included in this study: 
Kenya (n = 394), Malawi (n = 847)1, Mozambique (n = 270), Tanzania (n = 570) 1, Uganda (n = 470) 1, Zambia (n = 
719), and Zimbabwe (n = 400). 1AIDS Indicator Survey (AIS).
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Supplementary Figure 2A. Map presents whether the sample location is classified as urban or rural.
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Supplementary Figure 2B. Map presents the population density for the study area.
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Supplementary Figure 2C. Map presents the proximity from each sample location to the nearest highway.
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Supplementary Figure 2D. Map presents the proximity from each sample location to the nearest major city (more 
than 250 000 inhabitants).



Mapping and characterising areas with high HIV transmission 67

Supplementary Figure 2E. Map presents the proximity from each sample location to the nearest border crossing 
or major port.
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Supplementary Figure 2F. Map presents the enhanced vegetation index (EVI) for the study area.



Mapping and characterising areas with high HIV transmission 69

Supplementary Figure 2G. Map presents the global human footprint (GHF) for the study area.
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Supplementary Figure 3. Density plots illustrating the overall sample location-level distributions of HIV preva-
lence among adults (A), young adults (B), women (C), and men (D) for each country included in this study.
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Supplementary Figure 4. Density plots illustrating the overall logit-transformed sample location-level distribu-
tions of HIV prevalence among adults (A), young adults (B), women (C), and men (D) for each country included 
in this study, as used for fitting semivariograms and ordinary kriging. The logit-transformed HIV prevalence of -6 
(on the x-axis) represents a prevalence of 0%, -5 of 1%, -4 of 2%, -3 of 5%, -2 of 12%, -1 of 27%, 0 of 50%, and 1 of 73%.
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Supplementary Table 2. Spatial autocorrelation of HIV prevalence at the sample location-level, estimated by 
Moran’s I index.

Observed value Standard deviation p-value

Adults

 Countries overall 0.13 0.002 <0.001 ***

 Kenya 0.11 0.009 <0.001 ***

 Malawi 0.10 0.005 <0.001 ***

 Mozambique 0.24 0.016 <0.001 ***

 Tanzania 0.12 0.007 <0.001 ***

 Uganda 0.06 0.007 <0.001 ***

 Zambia 0.12 0.008 <0.001 ***

 Zimbabwe 0.02 0.012 0.024 *

Young adults

 Countries overall 0.05 0.002 <0.001 ***

 Kenya 0.05 0.009 <0.001 ***

 Malawi 0.02 0.005 <0.001 ***

 Mozambique 0.05 0.016 <0.001 ***

 Tanzania 0.03 0.007 <0.001 ***

 Uganda 0.01 0.007 <0.001 ***

 Zambia 0.05 0.008 <0.001 ***

 Zimbabwe 0.02 0.012 0.067 .

Women

 Countries overall 0.11 0.002 <0.001 ***

 Kenya 0.09 0.009 <0.001 ***

 Malawi 0.09 0.005 <0.001 ***

 Mozambique 0.22 0.016 <0.001 ***

 Tanzania 0.11 0.007 <0.001 ***

 Uganda 0.08 0.007 <0.001 ***

 Zambia 0.12 0.008 <0.001 ***

 Zimbabwe 0.03 0.012 0.002 **

Men

 Countries overall 0.08 0.002 <0.001 ***

 Kenya 0.06 0.009 <0.001 ***

 Malawi 0.05 0.005 <0.001 ***

 Mozambique 0.12 0.016 <0.001 ***

 Tanzania 0.06 0.007 <0.001 ***

 Uganda 0.01 0.007 0.140

 Zambia 0.06 0.008 <0.001 ***

 Zimbabwe 0.02 0.012 0.077 .

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Supplementary Table 3. Bivariate logistic regression models of HIV status and behavioural, socioeconomic and 
environmental variables in young adults (women 15-24 years and men 15-29 years of age) in seven countries of 
Eastern and Southern Africa, adjusted for age and sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV 
prevalence (%) aOR [95% CI] p-value

Lifetime number of sex partners

 None 16,532 2.4 1

 1-3 27,739 5.6 1.60 [1.48; 1.73] <0.001 ***

 4-9 7,002 7.3 2.53 [2.37; 2.69] <0.001 ***

 10+ 1,961 8.5 3.18 [2.96; 3.39] <0.001 ***

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.33 [2.23; 2.44] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 1.82 [1.71; 1.92] <0.001 ***

 25-29 7,100 7.0 2.71 [2.55; 2.86] <0.001 ***

Number of sex partners past 12 months

 None 21,802 3.2 1

 1 27,206 6.1 1.35 [1.24; 1.45] <0.001 ***

 2-3 3,902 6.5 1.67 [1.50; 1.84] <0.001 ***

 4+ 324 6.5 1.77 [1.29; 2.25] 0.019 *

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.09 [1.99; 2.19] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.05 [1.94; 2.15] <0.001 ***

 25-29 7,100 7.0 3.30 [3.15; 3.45] <0.001 ***

STI or signs of STI past 12 months

 No 49,351 4.6 1

 Yes 3,883 9.1 1.82 [1.69; 1.95] <0.001 ***

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.13 [2.03; 3.92] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.22 [2.12; 2.31] <0.001 ***

 25-29 7,100 7.0 3.78 [3646; 3.92] <0.001 ***
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Supplementary Table 3. Bivariate logistic regression models of HIV status and behavioural, socioeconomic and 
environmental variables in young adults (women 15-24 years and men 15-29 years of age) in seven countries of 
Eastern and Southern Africa, adjusted for age and sex. Data obtained through (https://dhsprogram.com/). (continued)

Covariate
Young adults

N HIV 
prevalence (%) aOR [95% CI] p-value

Condom used last sexual intercourse

 No 44,167 4.7 1

 Yes 9,067 6.2 1.35 [1.24; 1.45] <0.001 ***

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.17 [2.07; 2.27] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.27 [2.17; 2.36] <0.001 ***

 25-29 7,100 7.0 3.96 [3.82; 4.10] <0.001 ***

Circumcised (only men)

 No 17,250 4.6 1

 Yes 10,448 2.9 0.65 [0.51; 0.79] <0.001 ***

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.19 [2.08; 2.29] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.32 [2.23; 2.41] <0.001 ***

 25-29 7,100 7.0 3.95 [3.81; 4.09] <0.001 ***

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 4. Multiple multilevel nested ‘empty’ logistic regression model of HIV status in young adults 
(women 15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern Africa, adjusted for 
age and sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV prevalence 
(%) aOR [95% CI] p-value

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.08 [1.98; 2.18] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.31 [2.22; 2.41] <0.001 ***

 25-29 7,100 7.0 3.97 [3.83; 4.10] <0.001 ***

Model summary: AIC = 19,822.9; BIC = 19,867.3; logLik = -9,906.4; DF = 53,229; Deviance = 19,812.9
Random effect (CLUST.ID): Variance = 0.852; SD = 0.923

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 5. Multiple multilevel logistic regression model of HIV status and behavioural variables 
in young adults (women 15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern 
Africa, adjusted for age and sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV prevalence 
(%) aOR [95% CI] p-value

Lifetime number of sex partners

 None 16,532 2.4 1

 1-3 27,739 5.6 1.45 [1.32; 1.58] <0.001 ***

 4-9 7,002 7.3 2.20 [2.03; 2.37] <0.001 ***

 10+ 1,961 8.5 2.74 [2.51; 2.96] <0.001 ***

STI or signs of STI past 12 months

 No 49,351 4.6 1

 Yes 3,883 9.1 1.57 [1.44; 1.70] <0.001 ***

Condom used last sexual 
intercourse

 No 44,167 4.7 1

 Yes 9,067 6.2 1.17 [1.07; 1.28] 0.004 **

Circumcised (only men)

 No 17,250 4.6 1

 Yes 10,448 2.9 0.62 [0.47; 0.76] <0.001 ***

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.03 [1.91; 2.12] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 1.81 [1.70; 1.91] <0.001 ***

 25-29 7,100 7.0 2.72 [2.57; 2.88] <0.001 ***

Model summary: AIC = 19,579.0; BIC = 19,676.4; logLik = -9,778.5; DF = 53,223; Deviance = 19,557.0
Random effect (CLUST.ID): Variance = 0.801; SD = 0.895

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 6. Multiple multilevel logistic regression model of HIV status and socioeconomic variables 
in young adults (women 15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern 
Africa, adjusted for age and sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV 
prevalence (%) aOR [95% CI] p-value

Education

 No education 2,410 5.2 1.00 [0.80; 1.20] 0.997

 Primary 25,013 4.8 1

 Secondary 23,956 5.1 0.83 [0.73; 0.93] <0.001 ***

 Higher 1,855 4.5 0.52 [0.26; 0.78] <0.001 ***

Wealth index

 1 ‘poorest’ 8,102 3.8 1

 2 9,307 3.8 1.00 [0.84; 1.17] 0.973

 3 10,027 4.8 1.26 [1.10; 1.42] 0.004 **

 4 11,691 5.9 1.46 [1.31; 1.62] <0.001 ***

 5 ‘wealthiest’ 14,107 5.6 1.42 [1.25; 1.59] <0.001 ***

Occupation

 Not working 21,467 4.5 1

 Professional/technical/managerial 1,857 5.8 1.04 [0.81; 1.27] 0.733

 Clerical 310 6.8 1.10 [0.62; 1.57] 0.706

 Sales 3,619 9.0 1.38 [1.23; 1.52] <0.001 ***

 Agricultural – self employed 7,975 4.4 0.90 [0.75; 1.05] 0.174

 Agricultural – employee 7,055 3.2 0.72 [0.55; 0.89] <0.001 ***

 Household/domestic 1,053 6.3 1.19 [0.91; 1.46] 0.225

 Services 2,154 7.5 1.38 [1.31; 1.57] <0.001 ***

 Skilled manual 3,474 6.1 1.15 [0.98; 1.33] 0.114

 Unskilled manual 4,008 4.6 0.91 [0.72; 1.09] 0.280

 Don’t know 262 3.1 1.07 [0.04; 1.44] 0.348

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.02 [1.92; 2.12] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 2.32 [2.22; 2.42] <0.001 ***

 25-29 7,100 7.0 2.98 [2.83; 4.13] <0.001 ***

Model summary: AIC = 19,723.6; BIC = 19,991.0; logLik = -9,839.8; DF = 53,212; Deviance = 19,679.6
Random effect (CLUST.ID): Variance = 0.763; SD = 0.874

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 7. Multiple multilevel logistic regression model of HIV status and environmental variables 
in young adults (women 15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern 
Africa, adjusted for age and sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV prevalence 
(%) aOR [95% CI] p-value

Type of place of residence
 Urban 18,519 7.2 1
 Rural 34,715 3.7 0.53 [0.36; 0.69] <0.001 ***
Population density (km2)
 ≤25 12,673 5.3 1.45 [1.26; 1.64] <0.001 ***
 >25 - ≤50 6,996 4.2 1.20 [0.98; 1.41] 0.099 .
 >50 - ≤100 4,650 3.2 0.90 [0.66; 1.15] 0.414
 >100 - ≤250 8,182 4.0 1
 >250 - ≤500 6,602 4.4 0.91 [0.69; 1.12] 0.376
 >500 14,131 6.4 1.08 [0.87; 1.30] 0.461
Proximity nearest major city (km)
 ≤10 6,114 5.9 0.77 [0.55; 1.00] 0.026 *
 >10 - ≤50 6,221 4.5 0.91 [0.73; 1.09] 0.313
 >50 - ≤100 7,986 5.1 1.16 [1.01; 1.32] 0.052 .
 >100 - ≤500 31,879 4.7 1
 >500 1,034 9.4 1.98 [1.65; 2.30] <0.001 ***
Enhanced vegetation index (EVI)
 ≤51 (water bodies, no DHS clusters here) N/A N/A N/A N/A
 >51 - ≤76 495 4.1 0.52 [-0.10; 1.13] 0.035 *
 >76 - ≤102 1,724 4.1 0.63 [0.31; 0.96] 0.006 **
 >102 - ≤137 9,405 5.1 0.88 [0.72; 1.04] 0.106
 >137 - ≤181 22,949 5.0 1
 >181 - ≤250 18,661 4.9 1.16 [1.03; 1.29] 0.024 *
Global human footprint (GHF) (%)
 ≤17 2,028 4.3 0.96 [0.67; 1.25] 0.800
 >17 - ≤29 15,924 3.8 1
 >29 - ≤41 18,675 4.3 1.28 [1.14; 1.43] <0.001 ***
 >41 - ≤57 6,359 6.7 1.43 [1.20; 1.66] 0.003 **
 >57 - ≤100 10,248 6.9 1.68 [1.41; 1.94] <0.001 ***
Sex
 Male 27,698 4.0 1
 Female 25,536 6.0 2.08 [1.98; 2.18] <0.001 ***
Age (per 5-year age group)
 15-19 25,586 3.0 1
 20-24 20,548 6.7 2.30 [2.20; 2.39] <0.001 ***
 25-29 7,100 7.0 3.92 [3.78; 4.06] <0.001 ***
Model summary: AIC = 19,138.0; BIC = 19,351.2; logLik = -9,545.0; DF = 53,210; Deviance = 19,090.0
Random effect (CLUST.ID): Variance = 0.528; SD = 0.727

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 8. Combined ‘full’ multiple multilevel logistic regression model of HIV status and behav-
ioural, socioeconomic and environmental variables in young adults (women 15-24 years and men 15-29 years of 
age) for seven countries of Eastern and Southern Africa, adjusted for age and sex. Data obtained through (https://
dhsprogram.com/).

Covariate
Young adults

N HIV 
prevalence (%) aOR [95% CI] p-value

Lifetime number of sex partners

 None 16,532 2.4 1

 1-3 27,739 5.6 1.53 [1.40; 1.66] <0.001 ***

 4-9 7,002 7.3 2.30 [2.14; 2.46] <0.001 ***

 10+ 1,961 8.5 2.87 [2.65; 3.09] <0.001 ***

STI or signs of STI past 12 months

 No 49,351 4.6 1

 Yes 3,883 9.1 1.57 [1.44; 1.70] <0.001 ***

Circumcised (only men)

 No 17,250 4.6 1

 Yes 10,448 2.9 0.61 [0.47; 0.76] <0.001 ***

Education

 No education 2,410 5.2 0.99 [0.79; 1.20] 0.947

 Primary 25,013 4.8 1

 Secondary 23,956 5.1 0.84 [0.74; 0.93] <0.001 ***

 Higher 1,855 4.5 0.52 [0.27; 0.77] <0.001 ***

Type of place of residence

 Urban 18,519 7.2 1

 Rural 34,715 3.7 0.46 [0.29; 0.62] <0.001 ***

Enhanced vegetation index (EVI)

 ≤51 (water bodies, no DHS clusters here) N/A N/A N/A N/A

 >51 - ≤76 495 4.1 0.52 [-0.12; 1.15] 0.041 *

 >76 - ≤102 1,724 4.1 0.65 [0.32; 0.97] 0.009 **

 >102 - ≤137 9,405 5.1 0.85 [0.70; 1.01] 0.042 *

 >137 - ≤181 22,949 5.0 1

 >181 - ≤250 18,661 4.9 1.17 [1.04; 1.29] 0.015 *

Global human footprint (GHF) (%)

 ≤17 2,028 4.3 1.13 [0.84; 1.41] 0.418

 >17 - ≤29 15,924 3.8 1

 >29 - ≤41 18,675 4.3 1.15 [1.01; 1.29] 0.055 .

 >41 - ≤57 6,359 6.7 1.23 [1.02; 1.44] 0.051 .

 >57 - ≤100 10,248 6.9 1.28 [1.06; 1.50] 0.024 *

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.04 [1.91; 2.15] <0.001 ***
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Supplementary Table 8. Combined ‘full’ multiple multilevel logistic regression model of HIV status and behav-
ioural, socioeconomic and environmental variables in young adults (women 15-24 years and men 15-29 years of 
age) for seven countries of Eastern and Southern Africa, adjusted for age and sex. Data obtained through (https://
dhsprogram.com/). (continued)

Covariate
Young adults

N HIV 
prevalence (%) aOR [95% CI] p-value

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 1.82 [1.72; 1.93] <0.001 ***

 25-29 7,100 7.0 2.75 [2.60; 2.90] <0.001 ***

Model summary: AIC = 19,369.8; BIC = 19,565.2; logLik = -9,662.9; DF = 53,212; Deviance = 19,325.8
Random effect (CLUST.ID): Variance = 0.688; SD = 0.830

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aOR = adjusted Odds Ratio, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression mode
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Supplementary Table 9. Combined ‘full’ multiple multilevel model as modified Poisson regression (with robust 
variance) of HIV status and behavioural, socioeconomic and environmental variables in young adults (women 
15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern Africa, adjusted for age and 
sex. Data obtained through (https://dhsprogram.com/).

Covariate
Young adults

N HIV prevalence 
(%) aRR [95% CI] p-value

Lifetime number of sex partners

 None 16,532 2.4 1

 1-3 27,739 5.6 1.52 [1.39; 1.64] <0.001 ***

 4-9 7,002 7.3 2.18 [2.03; 2.34] <0.001 ***

 10+ 1,961 8.5 2.63 [2.42; 2.84] <0.001 ***

STI or signs of STI past 12 months

 No 49,351 4.6 1

 Yes 3,883 9.1 1.46 [1.34; 1.58] <0.001 ***

Circumcised (only men)

 No 17,250 4.6 1

 Yes 10,448 2.9 0.64 [0.50; 0.77] <0.001 ***

Education

 No education 2,410 5.2 0.98 [0.79; 1.17] 0.812

 Primary 25,013 4.8 1

 Secondary 23,956 5.1 0.85 [0.77; 0.94] <0.001 ***

 Higher 1,855 4.5 0.54 [0.30; 0.78] <0.001 ***

Type of place of residence

 Urban 18,519 7.2 1

 Rural 34,715 3.7 0.50 [0.35; 0.65] <0.001 ***

Enhanced vegetation index (EVI)

 ≤51 (water bodies, no DHS clusters here) N/A N/A N/A N/A

 >51 - ≤76 495 4.1 0.61 [0.05; 1.17] 0.087 .

 >76 - ≤102 1,724 4.1 0.70 [0.41; 1.00] 0.019 *

 >102 - ≤137 9,405 5.1 0.87 [0.73; 1.01] 0.055 .

 >137 - ≤181 22,949 5.0 1

 >181 - ≤250 18,661 4.9 1.17 [1.05; 1.22] 0.007 **

Global human footprint (GHF) (%)

 ≤17 2,028 4.3 1.09 [0.82; 1.35] 0.537

 >17 - ≤29 15,924 3.8 1

 >29 - ≤41 18,675 4.3 1.13 [1.00; 1.26] 0.062 .

 >41 - ≤57 6,359 6.7 1.21 [1.02; 1.39] 0.053 .

 >57 - ≤100 10,248 6.9 1.25 [1.05; 1.44] 0.023 *

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.03 [1.94; 2.12] <0.001 ***
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Supplementary Table 9. Combined ‘full’ multiple multilevel model as modified Poisson regression (with robust 
variance) of HIV status and behavioural, socioeconomic and environmental variables in young adults (women 
15-24 years and men 15-29 years of age) for seven countries of Eastern and Southern Africa, adjusted for age and 
sex. Data obtained through (https://dhsprogram.com/). (continued)

Covariate
Young adults

N HIV prevalence 
(%) aRR [95% CI] p-value

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 1.72 [1.62; 1.82] <0.001 ***

 25-29 7,100 7.0 2.51 [2.36; 2.65] <0.001 ***

Model summary: AIC = 19,685.2; BIC = 19,880.7; logLik = -9,820.6; DF = 53,212; Deviance = 19,641.2
Random effect (CLUST.ID): Variance = 0.473; SD = 0.688

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
N = Number of observations, aRR = adjusted Relative Risk, CI = Confidence Interval, AIC = Akaike Information Criterion, 
BIC = Bayesian Information Criterion, logLik = log likelihood, DF = Degrees of Freedom, SD = Standard Deviation, N/A = 
Not Applicable, ‘-’ = Covariate not present in regression model
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Supplementary Table 10. Combined ‘full’ multiple multilevel logistic regression model of HIV status and behav-
ioural, socioeconomic and environmental variables in young adults (women 15-24 years and men 15-29 years of 
age) for seven countries of Eastern and Southern Africa, adjusted for age, sex, and country. Data obtained through 
(https://dhsprogram.com/).

Covariate

Young adults

N
HIV 

prevalence 
(%)

aOR [95% CI] p-value

Lifetime number of sex partners

 None 16,532 2.4 1

 1-3 27,739 5.6 1.47 [1.35; 1.60] <0.001 ***

 4-9 7,002 7.3 2.18 [2.02; 2.35] <0.001 ***

 10+ 1,961 8.5 2.66 [2.44; 2.88] <0.001 ***

STI or signs of STI past 12 months

 No 49,351 4.6 1

 Yes 3,883 9.1 1.69 [1.56; 1.86] <0.001 ***

Circumcised (only men)

 No 17,250 4.6 1

 Yes 10,448 2.9 0.68 [0.53; 0.83] <0.001 ***

Education

 No education 2,410 5.2 1.01 [0.81; 1.21] 0.923

 Primary 25,013 4.8 1

 Secondary 23,956 5.1 0.77 [0.67; 0.86] <0.001 ***

 Higher 1,855 4.5 0.49 [0.24; 0.74] <0.001 ***

Type of place of residence

 Urban 18,519 7.2 1

 Rural 34,715 3.7 0.57 [0.40; 0.73] <0.001 ***

Global human footprint (GHF) (%)

 ≤17 2,028 4.3 0.95 [0.67; 1.23] 0.743

 >17 - ≤29 15,924 3.8 1

 >29 - ≤41 18,675 4.3 1.25 [1.11; 1.39] 0.001 **

 >41 - ≤57 6,359 6.7 1.25 [1.05; 1.45] 0.029 *

 >57 - ≤100 10,248 6.9 1.16 [0.95; 1.36] 0.162

Sex

 Male 27,698 4.0 1

 Female 25,536 6.0 2.05 [1.92; 2.15] <0.001 ***

Age (per 5-year age group)

 15-19 25,586 3.0 1

 20-24 20,548 6.7 1.85 [1.74; 1.95] <0.001 ***

 25-29 7,100 7.0 2.81 [2.66; 2.96] <0.001 ***

Country

 Kenya 3,286 3.8 1
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Supplementary Table 10. Combined ‘full’ multiple multilevel logistic regression model of HIV status and behav-
ioural, socioeconomic and environmental variables in young adults (women 15-24 years and men 15-29 years of 
age) for seven countries of Eastern and Southern Africa, adjusted for age, sex, and country. Data obtained through 
(https://dhsprogram.com/). (continued)

Covariate

Young adults

N
HIV 

prevalence 
(%)

aOR [95% CI] p-value

 Malawi 7,097 3.6 0.88 [0.63; 1.13] 0.304

 Mozambique 4,129 8.6 1.84 [1.58; 2.09] <0.001 ***

 Tanzania 8,262 1.8 0.49 [0.22; 0.76] <0.001 ***

 Uganda 9,297 3.6 0.82 [0.57; 1.07] 0.115

 Zambia 13,416 7.3 1.87 [1.64; 2.10] <0.001 ***

 Zimbabwe 7,747 5.6 1.55 [1.31; 1.80] <0.001 ***

Model summary: AIC = 19,138.0; BIC = 19,351.2; logLik = -9,545.0; DF = 53,210; Deviance = 19,090.0
Random effect (CLUST.ID): Variance = 0.5277; SD = 0.7265
Marginal R2 = 17.9, conditional R2 = 29.3

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Supplementary Table 11. Overview of the heterogeneity (R2) explained by the full final logistic regression model 
(see S8 Table), for each country separately.

Country Conditional R2 – total heterogeneity 
explained by model (%)

Marginal R2 – heterogeneity explained 
by included fixed-effects (%)

Kenya 45.0 35.1

Malawi 31.3 16.2

Mozambique 27.3 17.8

Tanzania 36.0 20.8

Uganda 23.5 15.7

Zambia 31.6 21.5

Zimbabwe 17.6 13.0
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Supplementary Figure 6. Maps and scatterplots illustrating the difference in HIV prevalence (per 5 km2 grid cell) 
between women and men (A and C respectively) and between adults and young adults (B and D respectively), for 
seven countries of Eastern and Southern Africa. 

A HIV prevalence difference: women vs. men B HIV prevalence difference: adults vs. young adults

C HIV prevalence per 5 km2grid cell: women vs. men D      HIV prevalence per 5 km2grid cell: adults vs. young adults
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Supplementary Figure 7. Plots illustrating the observed versus the predicted sample location-level HIV preva-
lence (A) and the observed versus the predicted number of HIV cases (B) among young adults (women 15-24 
years and men 15-29 years) for the combined ‘full’ best fitting multiple multilevel regression model per DHS 
sample location for seven countries of Eastern and Southern Africa (also see S8 Table).

A B
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Supplementary Figure 8. Map of HIV prevalence estimates for young adults, as interpolated in this study, and 
HIV prevalence estimates for young adults as reported from seven population-based cohorts at small-scale geo-
graphical sites (ALPHA network) within the area covered by this study. 

Young adults

Karonga, Malawi
Prevalence young adults 
ALPHA = ~3%
Our study =  ≤2%

Kisesa, Tanzania
Prevalence young adults 
ALPHA = ~2%
Our study =  ≤2%

Manicaland, Zimbabwe
Prevalence young adults 
ALPHA = ~8%
Our study =  >2% - ≤4%

Kisumu, Kenya
Prevalence young adults 
ALPHA = ~11%
Our study = >4%- ≤ 7%  to >15%

Rakai, Uganda
Prevalence young adults 
ALPHA = ~10% 
Our study = ≤2% to >4% - ≤ 7%

Masaka, Uganda
Prevalence young adults 
ALPHA = ~2%
Our study = ≤2% to >2% - ≤ 4%
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ABSTRACT

Background: Male medical circumcision reduces the individual-level risk of HIV acquisi-
tion by approximately 60% in randomised-controlled trials. However, little is known about 
the ‘real-world’ long-term effect of male circumcision, including voluntary medical male 
circumcision (VMMC), on the cumulative risk of HIV infection. We estimate these effects for 
the first time using a quasi-experimental study design, household fixed-effects analysis, for 
sub-Saharan Africa, the world region with the largest burden of HIV.

Methods: We pooled individual-level data from the nationally-representative Demographic 
and Health Surveys (DHS) and AIDS Indicator Surveys (AIS) across all sub-Saharan African 
countries in which the surveys included data on both male circumcision and HIV status. 
We estimated the effect of men’s circumcision status on HIV status using modified Poisson 
regression models with household fixed-effects, which control for unobserved and observed 
confounding shared by men living in the same household, and additional individual-level 
controls for demographic characteristics, socioeconomic factors, and sexual behaviour.

Results: We included individual data from 279,351 male participants in 48 nationally-rep-
resentative surveys conducted in 29 countries between 2003 and 2018. Mean survey-level 
male circumcision prevalence was 65.9% (median 84.5%, interquartile range (IQR) 28.8%–
68.1%) and mean survey-level HIV prevalence was 5.6% (median 2.5%, IQR 1.2%–10.2%). 
Circumcised men had 0.81 times (95% CI 0.73–0.89) the risk of living with HIV compared 
to uncircumcised men, implying a 19% (11%–27%) real-world reduction in HIV risk at the 
population level.

Conclusions: The ‘real-world’, long-term effect of male circumcision on the risk of HIV infec-
tion has been significant during the recent era of HIV antiretroviral treatment (ART) scale-up 
to very high coverage levels in sub-Saharan Africa. Increased political and financial commit-
ment to VMMC would likely lead to further substantial reductions in HIV prevalence in the 
long term, in particular in the majority of countries in sub-Saharan Africa where circumcision 
coverage remains far below universal levels.

Key words: Male circumcision, voluntary medical male circumcision (VMMC), HIV preven-
tion, survey data, quasi-experimental, sub-Saharan Africa
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KEY MESSAGES

• Medical male circumcision has been highly efficacious in reducing HIV acquisition in 
clinical trials, but the evidence on ‘real-world’ long-term effects of male circumcision 
on the risk of HIV infection remains sparse, and traditional circumcision also confers 
protective effects on HIV acquisition.

• In our study of 279,351 men observed in 48 nationally-representative surveys in 29 coun-
tries we employ a robust quasi-experimental design, household fixed-effects analysis, to 
establish the effect of both medical and traditional circumcision on cumulative risk of 
HIV infection, over the period 2003-2018.

• Male circumcision reduced the risk of HIV infection by approximately one-fifth among 
men in sub-Saharan Africa during the period of antiretroviral treatment (ART) scale-up 
and treatment-as-prevention.

• Increased investments in male circumcision campaigns would likely substantially reduce 
HIV prevalence in sub-Saharan African countries where circumcision coverage remains 
low.
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INTRODUCTION

Randomised-controlled trials in Uganda, Kenya, and South Africa have established the ef-
ficacy of medical male circumcision [1,2] in reducing HIV incidence [3–6], and it is likely that 
men who have been circumcised as part of traditional cultural practices also benefit from 
protective effects against HIV [7–9]. The World Health Organisation (WHO) and The Joint 
United Nations Programme on HIV/AIDS (UNAIDS) thus recommend voluntary medical male 
circumcision (VMMC) in uncircumcised men living in countries suffering from high burdens 
of HIV [2,10].

While the causal efficacy of male circumcision in randomised-controlled trials has to be es-
tablished in terms of incident HIV infection, the ultimate aim of male circumcision campaigns 
is to reduce the burden of HIV in a population, i.e., HIV prevalence. Strong protective effects 
of circumcision on HIV acquisition are not meaningful if they ultimately do not lead to sub-
stantial long-term reductions in HIV prevalence and thus the burden of HIV and HIV treat-
ment needs in a population [10,11]. Randomised-controlled trials cannot be used to measure 
the long-term real-life effects of male circumcision on HIV prevalence in entire countries. The 
strongest approaches to causal inference available are thus quasi-experimental methods 
[12–14]. While mathematical models can try predict the effects of male circumcision on HIV 
prevalence, these predictions may not materialise in real-world implementation of circumci-
sion, because these models are necessarily reductionist in their representation of reality and 
because empirical data on phenomena they do capture are not available or inaccurate [15].

We aim to advance the extant literature on the real-life effectiveness of male circumci-
sion for HIV prevention in two important ways. First, we determine the effects of male 
circumcision on the cumulative risk of HIV infection, which is the individual-level correlate 
to population-level measure of HIV prevalence. For the effect estimation we use a strong 
method of causal inference, household fixed-effects analysis [12,13,16,17]. By including a 
fixed-effect for each household in our analysis, we control for all unobserved and observed 
confounding at the level of the household – including household culture, household social 
position, the distance of a person’s residence to other men who are circumcised, the distance 
of a person’s residence to traditional healers and circumcision infrastructures, household 
income and expenditures. This type of analysis controlling for all unobserved confounding 
at the household level comes at the price of large reductions in statistical efficiency and 
we thus require large sample sizes for effect estimation. We achieve such sample sizes by 
pooling 48 national surveys from 29 countries. Second, we quantify the real-life long-term 
effects of male circumcision on the cumulative risk of HIV infection in the world region that 
is most heavily affected by HIV during the era of antiretroviral treatment (ART) scale-up and 
treatment-as-prevention. The surveys we used cover the period 2003 to 2018.We estimate 
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the effect of all circumcision types, both medical and traditional, on the cumulative risk of 
HIV infection.

Our results will thus provide important insight to policy makers on the real-life effect of 
male circumcision on HIV burdens and treatment needs in the era of HIV treatment-as-
prevention. Such results, if effects are large, can boost political and financial commitment to 
an efficacious prevention intervention that to this date has not been as vigorously supported 
as might have been expected based on the successful efficacy randomised-controlled trials, 
leading to male circumcision coverage being below major global policy goals [2,18–20].

METHODS

Setting
Our analyses focused on countries across sub-Saharan Africa. HIV prevalence among people 
ages 15-49 years is 6.7% in Eastern and Southern Africa and 1.4% in Western and Central Af-
rica [21]. Male circumcision prevalence is over 95% in settings where traditional circumcision 
is common practice – e.g., Western and Central Africa, but generally less than 40% in settings 
where it is not common practice – e.g., most of Eastern and Southern Africa [22]. From 2008-
2012, national VMMC campaigns were initiated and scaled-up in 14 countries including: 
Kenya, Malawi, South Africa, Swaziland and Zambia starting in 2008; Ethiopia, Mozambique, 
Namibia, Rwanda, Tanzania and Zimbabwe starting in 2009; Uganda and Rwanda starting in 
2010; and Lesotho starting in 2012 [23].

Survey data
We used individual-level, cross-sectional Demographic and Health Survey (DHS) and AIDS 
Indicator Survey (AIS) data for our analyses. The DHSs are nationally-representative house-
hold surveys that include a wide range of socioeconomic, (sexual) behavioural, and epide-
miological variables. The AISs are nationally-representative household surveys that were 
developed in addition to the DHS to measure additional indicators for effective monitoring 
of national HIV programmes. In both DHS and AIS, around 350 sample locations or ‘clusters’ 
are randomly sampled throughout the country. Within each cluster, around 25 households 
are sampled and all willing residents in the household are independently interviewed. Self-
reported male circumcision is included in most men’s questionnaires in both DHS and AIS 
surveys. Most DHS and AIS in sub-Saharan Africa also include HIV status data. HIV status is 
determined via voluntary, blood-based HIV testing that uses an enzyme-linked immunosor-
bent assay (ELISA). More details on survey protocols and questionnaires can be found on 
the DHS website (https://dhsprogram.com/). The DHS and AIS have been completed in 44 
sub-Saharan African countries.
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We included all DHSs and AISs that (i) were conducted between 2000 and 2020 in sub-
Saharan African countries and (ii) contained both male circumcision and HIV status data 
in the same survey in our analysis. This resulted in a dataset that comprised 48 surveys 
from 29 countries. An overview of the available surveys by country, year, and survey type 
are provided in Table 1 and Supplementary Figure 1. A flow chart of the data selection is 
provided in Supplementary Figure 2.

Variables
Our main variables of interest are male circumcision (self-reported as circumcised or not 
circumcised, not restricted by type of circumcision) and HIV status (based on ELISA blood 
test results; HIV-positive or HIV-negative). The effect size we are estimating by relating these 
variables to each other in regressions is the effect of male circumcision on the cumulative 
risk of HIV infection up to the average age at which men participated in the surveys in this 
study. We extracted the following additional variables from the DHS and AIS data: sociode-
mographic variables (age, educational attainment, marital status, and household wealth); 
sexual behaviour – (number of lifetime sex partners, number of sex partners in the past 12 
months, and diagnosed sexual transmitted infection (STI) or signs of a STI (genital sore/ulcer 
or genital discharge) in the past 12 months); and variables on circumcision status and type 
of circumcision (medical or traditional)).

Statistical analyses
We used household fixed-effects analysis [12,13,24,25] to estimate the effect of male cir-
cumcision on the cumulative risk of HIV infection among men 15 years or older. Household 
fixed-effects control for all unobserved and observed confounding at the level of the house-
hold, i.e., all factors that are shared by men belonging to the same household, including 
household culture, household social position, the distance of a person’s residence to other 
men who are circumcised, the distance of a person’s residence to traditional healers and 
circumcision infrastructures, household income and expenditures. Since household fixed-
effects control for unobserved confounding, just like randomised-controlled trials, they 
are often classified as quasi-experiments [13]. While household fixed-effects control for all 
confounding at the household level, including unobserved confounding, they do not con-
trol for confounding at the individual level. We have thus included the following potential 
individual-level variables in our analysis: socioeconomic variables (age, highest completed 
education, marital status) and sexual behaviour (number of lifetime sex partners and having 
had an STI or symptoms of an STI in the past 12 months). We regress the outcome, HIV 
status, on the explanatory variables using modified Poisson models, because the risk ratios 
that Poisson models generate are easier to understand and interpret than the odds ratios 
that other binary models generate [26].
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The household fixed-effects regression has the form:

ln(Yih) = α + βMCih + γXih + μh + εih

where Yih is the HIV status of man i from household h. MCih is the man i’s self-reported 
circumcision. β is the main parameter of interest in this study: the conditional association 
between male circumcision and HIV status. Xih is a vector of man i’s characteristics. μh is the 
household fixed-effect and ɛih is the error term.

Sensitivity analyses
We ran different sensitivity analyses to verify robustness of our estimates: (1) an unadjusted 
model, (2) a model that only adjusted for age, and (3) a model that adjusted for age and 
educational attainment, and (4) a model adjusted for age, educational level and marital 
status. We also compared our findings from the main model to the outcomes from applying 
the model on only the sub-sample of men who live in the same household but differ in male 
circumcision status (discordant men).

Sub-group analyses
We performed various sub-group analyses to test the robustness of our outcomes and esti-
mate potential heterogeneity in effect sizes across different sub-groups of interest. First, we 
conducted separate analyses for men from Central, Eastern, Southern, and Western Africa 
(regions according to the African Union [27]) to understand how effects vary in relation to 
the geographical location of the participants in our study (i.e., Western and Central Africa 
with higher proportions of traditional circumcision versus Eastern and Southern Africa with 
higher proportions of VMMC). Second, we conducted separate analyses for younger (aged 
15-34 years) and older (aged 35-54 years) men to explore possible effect modification by 
age. Third, we performed separate analyses for surveys conducted at times when VMMC 
campaigns were in place (i.e., launched at least one year before collection of the survey data) 
versus when no VMMC campaigns were in place to understand the effect of circumcision 
during times of VMMC access. We obtained data on the start dates of VMMC campaigns 
from the latest available WHO and UNAIDS VMMC progress report [28], an overview is 
provided in Supplementary Table 1. The priority region for VMMC is shown in Supple-
mentary Figure 3. We conducted separate analyses by family relatedness, i.e., for brothers 
living in the same household, to explore possible biological heterogeneities in the effect of 
male circumcision on HIV status. Finally, we stratified by national-level HIV prevalence and 
national-level antiretroviral treatment coverage in the opposite sex (i.e., women) to assess 
possible biases from antiretroviral treatment (ART).
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Table 1. Survey characteristics by African region. Unweighted HIV and circumcision prevalence estimates.

African region, country Survey 
year(s)

Sample 
size (N)

Survey 
type

HIV-positive 
men (HIV 

prevalence)

Circumcised 
men 

(circumcision 
prevalence)

Central Africa

Burundi 2010 4,078 DHS 56 (1.4%) 1,450 (35.6%)

2016-17 7,377 DHS 53 (0.7%) 3,191 (43.3%)

Chad 2014-15 4,925 DHS 61 (1.2%) 4,748 (96.8%)

Congo DR 2007 4,305 DHS 43 (1.0%) 4,167 (97.1%)

Gabon 2012 5,502 DHS 168 (3.1%) 5,460 (99.3%)

Eastern Africa

Ethiopia 2011* 13,015 DHS 182 (1.4%) 11,987 (92.3%)

2016* 11,327 DHS 115 (1.0%) 10,443 (92.5%)

Kenya 2008-09* 3,095 DHS 154 (5.0%) 2,597 (83.9%)

Rwanda 2005 4,728 DHS 115 (2.4%) 929 (19.7%)

2010* 6,296 DHS 154 (2.4%) 853 (13.6%)

2014-15* 6,191 DHS 161 (2.6%) 1,803 (29.1%)

Tanzania 2007-08 6,333 AIS 199 (3.1%) 4,822 (76.4%)

Uganda 2011* 9,920 AIS 595 (6.0%) 2,753 (27.8%)

Southern Africa

Angola 2015-16 5,150 DHS 70 (1.4%) 4,953 (96.6%)

Eswatini 2006-07 3,602 DHS 704 (19.5%) 298 (8.3%)

Lesotho 2004 2,797 DHS 415 (18.6%) 1,433 (51.4%)

2009 3,075 DHS 543 (17.7%) 1,724 (56.1%)

2014* 2,775 DHS 527 (19.0%) 2,066 (74.5%)

Malawi 2010* 6,512 DHS 530 (8.1%) 1,203 (18.5%)

2015-16* 6,855 DHS 477 (7.2%) 1,738 (25.4%)

Mozambique 2009* 4,404 AIS 442 (10.0%) 2,259 (51.4%)

2015* 4,436 AIS 480 (10.9%) 2,667 (60.2%)

Namibia 2013* 3,874 DHS 419 (10.8%) 995 (25.8%)

South Africa 2016* 2,136 DHS 310 (14.5%) 1,170 (54.9%)

Zambia 2007 5,161 DHS 649 (12.6%) 805 (15.6%)

2013-14* 13,574 DHS 1,573 (11.6%) 3,316 (24.5%)

2018* 11,547 DHS 925 (8.0%) 3,642 (31.6%)

Zimbabwe 2005 5,566 DHS 782 (14.1%) 593 (10.7%)

2010-11* 7,480 DHS 811 (13.4%) 696 (9.4%)

2015* 7,420 DHS 889 (12.0%) 1,205 (16.3%)

Western Africa

Burkina Faso 2003 3,605 DHS 46 (1.4%) 3,069 (85.1%)

2010 7,039 DHS 60 (0.9%) 6,119 (87.0%)

Cameroon 2004 5,044 DHS 215 (3.1%) 4,782 (94.9%)



Real-world effect of male circumcision on HIV infection 99

Data management and analyses were done using R version 3.6.2 and Stata version 15.0, 
maps were created using ArcGIS version 2.3.0.

RESULTS

We obtained individual-level data from 29 countries and 48 surveys between 2003 and 2018 
(Table 1). In the sample of complete-case analysis, 344,832 men from 241,447 different 
households were included. The number of men per survey ranged from 2,136 men (South 
Africa, 2016) to 19,650 men (Cote d’Ivoire, 2015-16). For 279,351 men, both circumcision 
and HIV status were available. These men resided in 195,803 different households; 94,609 
men (33.9%) came from households where two or more men were included in the data 
subset. The mean age of men in the sample was 30.4 years (standard deviation 11.6 years). 
Survey-level mean (unweighted) HIV prevalence levels varied by African region, ranging 
from 0.5% to 3.1% in Central Africa, 0.5% to 3.9% in Western Africa, 1.0% to 6.0% in Eastern 

Table 1. Survey characteristics by African region. Unweighted HIV and circumcision prevalence estimates. (continued)

African region, country Survey 
year(s)

Sample 
size (N)

Survey 
type

HIV-positive 
men (HIV 

prevalence)

Circumcised 
men 

(circumcision 
prevalence)

2011 6,948 DHS 759 (3.9%) 6,629 (95.5%)

Cote d’Ivoire 2005 19,650 AIS 127 (2.9%) 18,798 (96.2%)

2011-12 4,352 DHS 43 (1.3%) 4,197 (96.5%)

Ghana 2003 5,015 DHS 45 (1.1%) 4,648 (92.7%)

2014 4,161 DHS 35 (1.2%) 3,860 (92.8%)

Guinea 2005 2,930 DHS 56 (1.5%) 2,896 (98.9%)

Liberia 2007 5,207 DHS 58 (1.1%) 5,093 (98.7%)

2013 3,805 DHS 45 (1.2%) 3,767 (99.2%)

Mali 2006 3,886 DHS 32 (1.0%) 3,789 (97.6%)

2012-13 3,751 DHS 31 (0.8%) 3,680 (98.3%)

Niger 2006 3,232 DHS 32 (1.0%) 3,215 (99.5%)

Senegal 2005 3,251 DHS 13 (0.4%) 3,185 (98.1%)

Sierra Leone 2008 3,009 DHS 32 (1.1%) 2,900 (97.9%)

2013 6,735 DHS 81 (1.2%) 6,694 (99.6%)

Togo 2013-14 4,365 DHS 72 (1.6%) 4,240 (97.1%)

Sub-Saharan Africa (all data)

Survey-level mean, 
median
(IQR)

N/A 344,832 N/A 15,652 (4.7%) 181,696 (64.7%)

* Data collected in country and year when voluntary medical male circumcision (VMMC) campaigns in place.
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Table 2. Characteristics of our data sample.

All included 
men

N (% of total)

Number of men 
living with HIV

(HIV
prevalence, %)

Number of 
circumcised men

(circumcision 
prevalence, %)

Sample size 344,832 15,952 (4.7) 183,460 (64.7)

HIV status
 Positive
 Negative

15,952 (4.7)
322,794 (95.3)

N/A
N/A

6,257 (42.6)
175,004 (66.1)

Male circumcision status
 Circumcised
 Not circumcised

183,460 (64.7)
100,088 (35.3)

6,257 (3.4)
8,440 (8.4)

N/A
N/A

Sociodemographic characteristics

Age (per 10-year age group)
 15-24
 25-34
 35-44
 45-54
 55+

132,724 (38.5)
91,326 (26.5)
67,968 (19.7)
42,206 (12.2)
10,608 (3.1)

2,045 (1.6)
4,963 (5.5)
5,468 (8.2)
2,976 (7.2)

500 (4.7)

67,435 (61.9)
49,928 (66.4)
37,309 (67.1)
23,105 (66.0)
5,683 (65.0)

Highest education
 No education
 Primary
 Secondary
 Post-secondary

75,403 (21.9)
129,201 (37.5)
120,958 (35.1)

19,245 (5.6)

1,859 (2.5)
6,648 (5.2)
6,398 (5.4)
1,046 (5.6)

48,779 (82.0)
59,434 (55.2)
63,559 (63.7)
11,680 (71.0)

Socioeconomic status
 1 ‘Poorest’
 2
 3
 4
 5 ‘Wealthiest’

66,980 (19.4)
66,485 (19.3)
65,708 (19.1)
67,275 (19.5)
78,381 (22.7)

2,422 (3.7)
2,698 (4.1)
2,970 (4.6)
3,707 (5.6)
4,155 (5.5)

35,093 (64.9)
34,643 (63.9)
33,607 (62.2)
34,781 (62.7)
45,335 (69.0)

Marital status
 Never married
 Currently married
 Previously married

141,046 (41.6)
184,183 (54.3)

13,941 (4.1)

2,917 (2.1)
10,880 (6.0)
1,885 (13.8)

73,539 (62.8)
101,967 (66.0)

7,953 (66.2)

Family relatedness

 Brothers (living in the same household) 73,010 (22.5) 1,865 (2.6) 35,633 (48.8)

 Other 250,959 (77.5) 13,262 (5.3) 127,231 (50.7)

(Sexual) behavioural characteristics

Lifetime sex partners
 None
 1-2
 3-6
 7+

97,150 (29.2)
89,459 (26.9)
88,331 (26.5)
58,127 (17.5)

1,973 (2.1)
2,375 (2.7)
5,809 (6.6)
4,910 (8.5)

50,756 (65.6)
44,379 (59.8)
45,619 (61.5)
34,485 (72.5)

Had STI during past 12 months
 Yes
 No

18,541 (5.4)
325,962 (94.6)

1,819 (9.9)
14,122 (4.4)

10,010 (63.8)
173,321 (64.8)

Ever engaged in transactional sex
 Yes
 No

19,794 (11.1)
159,146 (88.9)

1,844 (9.5)
7,213 (4.6)

9,392 (58.8)
84,905 (64.3)
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Africa, and 1.4% to 19.5% in Southern Africa. Unweighted self-reported mean male circumci-
sion prevalence ranged from 8.9% to 96.6% in Southern Africa, 13.6% to 92.5% in Eastern 
Africa, 35.6% to 99.3% in Central Africa, and 85.1% to 99.6% in Western Africa.

The sociodemographic characteristics for the men included in the sample – broken down by 
HIV-positive men (4.7%, n=15,952) and circumcised men (64.7%, n=183,460) – are presented 
in Table 2. HIV prevalence was lower in circumcised (3.5%, n=6,257) versus uncircumcised 
(8.6%, n=8,440) men. In the sample, 38.5% (n=132,724) of men were between 15-24 years of 
age and HIV prevalence was lowest among this age group (1.6%) and highest among men 
35-44 years of age (8.2%), followed by men 45-54 years (7.2%). There was little variation in 
circumcision prevalence by age group.

The African regions and included countries are shown in Supplementary Figure 3. The 
prevalence of circumcision among men in sub-Saharan Africa is shown in Figure 1: panels 
A, B and C. Male circumcision varied widely across countries and across the African regions. 
In Western and Central Africa, circumcision prevalence was consistently high: over 85% of 
men, or in some countries over 98% of men, were circumcised. In Eastern and Southern 
Africa, larger variability in circumcision prevalence was observed: with prevalence levels 
of below 30% or 60% in the majority of the Southern African countries (e.g., in Malawi, 
Zambia, Zimbabwe, Namibia, South Africa, and Lesotho), but circumcision prevalence levels 
of above 60% in Ethiopia and Kenya. The prevalence of HIV among men in sub-Saharan 
Africa is shown in Figure 1: panels D, E and F. HIV prevalence was highest (above 15%) in 

Table 2. Characteristics of our data sample. (continued)

All included 
men

N (% of total)

Number of men 
living with HIV

(HIV
prevalence, %)

Number of 
circumcised men

(circumcision 
prevalence, %)

Survey characteristics

Region
 Central Africa
 Eastern Africa
 Southern Africa
 Western Africa

41,388 (12.0)
83,661 (24.3)
98,768 (28.6)

121,015 (35.1)

599 (1.5)
2,401 (3.0)

10,789 (11.2)
2,163 (1.8)

20,125 (73.8)
39,247 (61.0)
32,527 (33.8)
91,561 (95.7)

Time of survey
 Between 2000-2004
 Between 2005-2009
 Between 2010-2014
 Between 2015-2019

40,308 (11.7)
106,046 (30.8)
136,072 (39.5)
62,406 (18.1)

1,451 (3.9)
4,965 (4.7)
6,111 (4.5)
3,425 (5.5)

28,853 (88.1)
71,250 (76.3)
60,358 (57.3)
22,999 (44.1)

National VMMC campaigns in place
 Yes
 No

127,751 (39.4)
196,218 (60.6)

8,963 (7.0)
6,164 (3.1)

51,240 (40.1)
111,624 (56.9)
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Eswatini and Lesotho. Namibia, South Africa, Zimbabwe, Malawi, and Mozambique had an 
HIV prevalence of between 10% and 15%. HIV prevalence was generally low below 1% or 
below 2%, in countries throughout Western and Central Africa.

Figure 1 shows geographical maps visualising national-level male circumcision prevalence 
and HIV prevalence from the DHSs and AISs in our sample. If multiple surveys were available 
for a country, the mean weighted prevalence levels were displayed. In our main analysis, the 
adjusted risk ratio (aRR) for living with HIV was 0.81 (95% confidence interval (CI) 0.73–0.89) 
among circumcised men compared to for uncircumcised men in sub-Saharan Africa, which 

Table 2. The estimated effect of male circumcision on living with HIV among men (15 years and older) in sub-
Saharan Africa.

Main model – adjusted for age, educational level, marital 
status and sexual behaviour

Variable aRR [95% CI] p-value

Male circumcision status
 Circumcised
 Not circumcised

0.81 [0.73–0.89]
1 (ref)

<0.001
-

Age
 15-24
 25-34
 35-44
 45-54
 55+

1 (ref)
2.30 [2.06–2.57]
2.92 [2.57–3.32]
3.10 [2.70–3.57]
2.15 [1.71–2.71]

-
<0.001
<0.001
<0.001
<0.001

Highest education
 No education
 Primary
 Secondary
 Post-secondary

1.06 [0.94–1.21]
1 (ref)
1.00 [0.92–1.09]
1.00 [0.85–1.17]

0.309
-
0.941
0.961

Marital status
 Never married
 Currently married
 Previously married

1 (ref)
1.51 [1.36–1.68]
2.01 [1.77–2.28]

-
<0.001
<0.001

Lifetime sex partners
 None
 1-2
 3-6
 7+

0.99 [0.86–1.14]
1 (ref)
1.20 [1.08–1.32]
1.30 [1.16–1.45]

0.902
-
<0.001
<0.001

Had STI during past 12 months
 Yes
 No

1 (ref)
1.45 [1.30–1.61]

-
<0.001

Model summary
 N (observations)
 Pseudo R2

18,836
0.239

Adjusted risk ratios (aRR) are shown with 95% confidence intervals (CIs). The analysis includes household-level fixed-ef-
fects. Schooling levels are defined as the highest level of education attained. Previously married includes being divorced, 
separated, or widowed. The number of observations (N) includes men from all households where at least two circumci-
sion discordant men (i.e., at least one man circumcised and one uncircumcised).
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corresponds to a 19% (95% CI 11%–27%) real-world reduction in HIV risk at the population 
level (Table 2). These findings were confirmed in the other four sensitivity analyses, which 
resulted in similar outcomes (Supplementary Table 2) as well as in the main model based 
on the sub-sample of men living in the same household but with discordant circumcision 
status (Supplementary Table 3).

The estimated HIV risk reduction for circumcised men varied somewhat across regions, 
although smaller stratified samples prohibit precise comparison: Eastern Africa (aRR 0.63, 
95% CI 0.46–0.85), Southern Africa (aRR 0.81, 95% CI 0.72–0.91), Central Africa (aRR 0.88, 
95% CI 0.43–1.82), Western Africa (aRR 0.84, 95% CI 0.60–1.16) (Figure 2). Outcomes from 
the other three sub-group analyses (age, prevalence of a national VMMC campaign, and 
brothers) are shown in Supplementary Table 4. Male circumcision decreased the cumula-
tive risk of HIV infection for both younger (≤34 years) and older men (≥35 years), but was 
significant in younger men (aRR 0.79, 95% CI 0.69–0.91) and not in older men (aRR 0.82, 95% 
CI 0.63–1.06). Male circumcision significantly reduced the cumulative risk of HIV infection 

Figure 2. Population-wide effect of male circumcision on living with HIV for men (15 years or older) in the pooled 
sub-Saharan Africa sample and by African region. The figure shows the adjusted risk ratios (aRRs) and 95% confidence 
intervals (CIs) from modified Poisson regression models with household fixed-effects. All models were adjusted for age 
(by 10-year age group), educational level, and marital status. The RRs represent the effects of male circumcision on the 
cumulative risk of HIV infection. The full regression output and sub-group analyses are presented in Table 2 and Supple-
mentary Table 4 respectively. Data available via https://dhsprogram.com/.
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in country-years with VMMC campaigns in place (aRR 0.75, 95% CI 0.66–0.85), but did not 
significantly affect HIV infection risk in country-years without VMMC campaigns (aRR 0.98, 
95% CI 0.83–1.15). In the sub-group analysis of brothers, the circumcision effect estimate 
was similar to the estimate in the main analysis (aRR 0.78, 95% CI 0.66–0.91).

We checked the representativeness of our sample by comparing men from circumcision 
status discordant households with men in the overall population (Supplementary Table 5). 

DISCUSSION

In this quasi-experimental analysis using nationally-representative data from 48 surveys in 
29 sub-Saharan African countries, male circumcision reduced the cumulative risk of HIV 
infection in men by one-fifth. Our findings provide robust causal evidence on the real-
life long-term effect of male circumcision in the largest study of individual-level data on 
male circumcision effects to date. Our findings further emphasise the potential of male 
circumcision for reducing the long-term burden of HIV in sub-Saharan Africa, the world 
region where two-thirds of people living with HIV reside [29]. Importantly, the large real-life, 
long-term effect that our study establishes emerged during the scale-up of ART to very 
high levels of coverage in sub-Saharan African (2003-2018). Male circumcision could have 
strong complementary preventive effects to ART and thus remain an important preventive 
intervention in the context of treatment-as-prevention.

Our study is the first to empirically estimate the ‘real-world’ effect of male circumcision on 
the risk of HIV infection using extensive individual-level nationally-representative survey 
data from sub-Saharan Africa, and by applying modified Poisson regression models with 
household fixed-effects. Existing observational studies on the impact of male circumcision 
often determined the impact on HIV incidence instead of prevalence, and were often con-
ducted at smaller geographical scales, using cross-sectional, case-control or cohort study 
designs [34–37]. An earlier meta-analysis, synthesising evidence from 27 observational 
studies that quantified the association between (traditional or medical) male circumcision 
and HIV status in sub-Saharan Africa, showed adjusted risk reductions of between 48% and 
58% (depending on adjustment for possible confounders) [38]. The review showed that the 
association was much stronger among men at high risk of acquiring HIV—such as truck 
drivers, sex work clients, and STI clinic attendees—with an overall adjusted risk reduction of 
71% (59%–80%), compared to 44% (30%–56%) among men in ‘the general population’ [38]. 
Mathematical modelling studies show that high coverage of antiretroviral therapy (ART) and 
male circumcision, the two main interventions intended to curb the spread of HIV, could 
substantially reduce HIV incidence and HIV prevalence could potentially even lead to elimi-
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nation.[39,40] In Botswana and Kenya, two countries severely impact by the HIV pandemic, 
80% uptake of male circumcision is predicted to reduce HIV prevalence by 45-67%, while 
50% uptake would lead to 25-41% prevalence reductions [39].

Our analyses showed lower protective effects of male circumcision for Western and Central 
African countries and, generally, for countries without VMMC campaigns in place (at time 
of the survey being conducted). This may be attributed to a discrepancy in risk reduction 
from traditional male circumcision as compared to VMMC. Also, protective effects might 
be higher in settings with higher HIV incidence levels. Prospective cohort studies from rural 
Uganda [30] and rural Kenya [7,31], showed traditional male circumcision to be associated 
with an around 2-fold decrease in HIV acquisition, relative to the 3-fold decrease found in 
the randomised-controlled trials that implemented VMMC. However, similar studies from 
Central, Southern and Western Africa are lacking. Experimental and observational studies 
on the effectiveness of traditional male circumcision compared to VMMC on HIV incidence 
in different contexts outside of Eastern Africa should point out whether there is effect 
heterogeneity between studies from the different African regions. Although circumcision 
modality (traditional or medical) was available for some of the men included in our pooled 
data sample, missingness was very high (69.1%) and hence a household fixed-effect analysis 
not reliable due to the low number households with men who showed circumcision status 
discordance when selecting for traditional circumcision. Therefore, we cannot make definite 
conclusion on the effects of VMMC programmes on HIV prevalence. While there might be a 
real-life effect of male circumcision on HIV incidence, this might not (yet) be reflected in HIV 
prevalence levels, due to the relatively recent scale-up of VMMC programmes and young 
target population [32]. One of the major advantages of male circumcision, compared to 
other HIV prevention interventions, is that its effectiveness does not rely on repeated and 
consistent behaviours [33].

We confirm that male circumcision should be recognised as an important means to re-
duce the risk of HIV acquisition in men, and thereby indirectly also protecting women and 
children from HIV infection [41]. We recommend the continued promotion of VMMC as a 
public health intervention in sub-Saharan Africa, but want to underscore the importance 
of promoting VMMC alongside other effective behavioural and biomedical prevention 
interventions (e.g., treatment-as-prevention and pre-exposure prophylaxis). Overall, medical 
male circumcision should primarily be rolled-out in communities with high HIV incidence 
and prevalence levels where male circumcision is not traditionally done, and could be tar-
geted at men at higher risk of acquiring HIV such as truck drivers, sex work clients and men 
who have sex with men [42].
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This study has a number of limitations. First, multivariable regression analyses with house-
hold fixed-effects can only provide hints on causal inference, but not claim causality with the 
same strength as randomised-controlled trials. Using this model, we control for all observed 
and unobserved household-level confounding), but there is limited control of individual-
level confounding (i.e. unobserved individual-level confounding is not accounted for, but 
observed individual-level confounding is through the included model co-variates) [13,24]. 
Although fixed-effect models have been widely applied in econometrics and economics 
[25], the use in global health is relatively new, and findings should be interpreted in the light 
of existing evidence from traditional study designs. We believe that the use of household 
fixed-effect regression models on large (pooled) cross-sectional datasets forms a very 
promising complement to randomised-controlled trials (which are causally strong, but often 
conducted at small geographical scales and with weak external validity) and observational 
studies (which are often conducted at larger geographical scales, but associative rather than 
causal). Second, the sample represents a random selection of men 15 years or older with at 
least one other men in the same households in this age range with discordant circumcision 
status. Selection of households with discordant male circumcision status could have biased 
the circumcision effect estimates compared to the unobserved circumcision effect in the 
entire population. We checked the representativeness of our sample for all men 15 years 
or older in the surveys by comparing observed characteristics of the men included in our 
analyses with men in the overall population (Supplementary Table 5). As expected, due 
to likely higher rates in medical circumcision (as compared to traditional circumcision) in 
discordant households, men from discordant households were more often HIV-positive, 
younger, higher educated, and wealthier, but discrepancies were modest.

In conclusion, our findings indicate that male circumcision substantially reduces the risk of 
HIV infection among men in sub-Saharan Africa in the ‘real-world’ context of ART scale-up 
and treatment-as-prevention. These findings underpin the importance of scaling up VMMC, 
alongside other HIV prevention interventions, as an important element of HIV control and 
elimination strategies. Given overall low levels of male circumcision coverage in many coun-
tries in sub-Saharan Africa, the potential for impact of male circumcision on HIV burdens 
remains large.
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SUPPORTING INFORMATION TO CHAPTER 3

Supplementary Figure 1. Data availability by country and year. Surveys were included when self-reported male 
circumcision status and HIV blood-test result were available for men between 15 years of age and 49 years or older.
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Supplementary Figure 2. Flow chart of the data selection. 
Available Demographic 
and Health Surveys (DHS) 
and AIDS Indicator 
Surveys (AIS) conducted in 
sub-Saharan Africa 
between 2000 and 2020  

Western Africa 
14 countries,     
41 surveys 

Eastern Africa 
13 countries,     
44 surveys 

Central Africa 
7 countries,      
14 surveys 

Southern Africa 
4 countries,        
8 surveys 

Sub-Saharan 
Africa, overall 
38 countries,    
107 surveys 

Surveys that include both 
HIV and male 
circumcision indicators 
 

12 countries,     
24 surveys, 
121,015 males 

5 countries,      
12 surveys, 
83,661 males 

5 countries,         
7 surveys,  
41,388 males 

9 countries,      
18 surveys, 
98,768 males 

31 countries,    
61 surveys, 
344,832 males 
 

All men with known HIV 
and circumcision status  
 

94,604 males 63,687 males 27,239 males 93,821 males 279,351 males 

Two or more adult men 
per household 

28,495 males 22,306 males 10,600 males 33,208 males 94,609 males 

Two or more adult men per 
household where at least 
one man is uncircumcised 
and one is circumcised 
(discordant households) 
 

2,041 males 4,079 males 2,763 males 7,963 males 16,846 males 

Supplementary Table 1. Start year of voluntary medical male circumcision (VMMC) campaigns Eastern and South-
ern Africa – for the countries that were included in this study. Source: WHO and UNAIDS VMMC progress report 
(https://www.who.int/publications/i/item/voluntary-medical-male-circumcision-progress-brief-2019).

Country Start year of campaigns

Ethiopia 2009

Kenya 2008

Lesotho 2012

Malawi 2008

Mozambique 2009

Namibia 2009

Rwanda 2010

South Africa 2008

Eswatini 2008

Uganda 2010

Tanzania 2009

Zambia 2008

Zimbabwe 2009
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Supplementary Figure 3. Maps show the African Regions and countries with national voluntary medical male 
circumcision (VMMC) campaigns.
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Supplementary Table 3. Modified Poisson regression model of the estimated effect of male circumcision on living 
with HIV among men (15 years and older) in sub-Saharan Africa, based on the sub-sample of men who live in the 
same household but differ in male circumcision status (discordant men).

Model – adjusted for age, educational level, and marital 
status

Variable aRR [95% CI] p-value

Male circumcision status
 Circumcised
 Not circumcised

0.80 [0.73–0.88]
1 (ref)

<0.001
-

Age
 15-24
 25-34
 35-44
 45-54
 55+

1 (ref)
2.34 [1.92–2.86]
3.01 [2.39–3.79]
3.19 [2.50–4.06]
2.01 [1.40–2.88]

-
<0.001
<0.001
<0.001
<0.001

Highest education
 No education
 Primary
 Secondary
 Post-secondary

1.05 [0.85–1.30]
1 (ref)
0.96 [0.83–1.10]
1.07 [0.82–1.40]

0.651
-
0.536
0.594

Marital status
 Never married
 Currently married
 Previously married

1
1.53 [1.26–1.86]
1.86 [1.48–2.33]

-
<0.001
<0.001

Model summary
 N (observations)
 Residual DF
 Pseudo R2

7,759
6,669
0.277
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Supplementary Table 5. Comparison of data characteristics for all men included in the surveys versus men from 
circumcision discordant households.

All men
N (%)

Discordant 
circumcision 

status - N (%)

Sample size 344,832 18,182

HIV status
 Positive
 Negative

15,952 (4.7%)
322,794 (95.3%)

1,078 (6.0%)
16,855 (94.0%)

Male circumcision status
 Circumcised
 Not circumcised

183,460 (64.7%)
100,088 (35.3%)

9,184 (53.8%)
7,904 (46.3%)

Sociodemographic characteristics

Age (per 10-year age group)
 34 or younger
 35 and older

224,050 (65.0%)
120,782 (35.0%)

13,065 (71.9%)
5,117 (28.1%)

Highest education
 No education
 Primary
 Secondary
 Post-secondary

75,403 (21.9%)
129,201 (37.5%)
120,958 (35.1%)

19,245 (5.6%)

2,117 (11.6%)
7,138 (39.3%)
7,673 (42.2%)
1,253 (6.9%)

Socioeconomic status
 1 ‘Poorest’
 2
 3
 4
 5 ‘Wealthiest’

66,980 (19.4%)
66,485 (19.3%)
65,708 (19.1%)
67,275 (19.5%)
78,381 (22.7%)

2,737 (15.1%)
2,935 (16.1%)
3,159 (17.4%)
3,714 (20.4%)
5,637 (31.0%)

Marital status
 Never married
 Currently married
 Previously married

141,046 (41.6%)
184,183 (54.3%)

13,941 (4.1%)

10,771 (59.2%)
6,639 (36.5%)

772 (4.3%)

(Sexual) behavioural 
characteristics

Lifetime sex partners
 None
 1-2
 3-6
 7+

97,150 (29.2%)
89,459 (26.9%)
88,331 (26.5%)
58,127 (17.5%)

5,964 (33.7%)
4,166 (23.6%)
4,373 (24.7%)
3,179 (18.0%)

Had STI during past 12 months
 Yes
 No

18,541 (5.4%)
325,962 (94.6%)

1,072 (5.9%)
17,096 (94.1%)

Ever engaged in transactional sex
 Yes
 No

19,794 (11.1%)
159,146 (88.9%)

994 (12.3%)
7,066 (87.7%)

Survey characteristics

Region
 Central Africa
 Eastern Africa
 Southern Africa
 Western Africa

41,388 (12.0%)
83,661 (24.3%)
98,768 (28.6%)

121,015 (35.1%)

3,689 (20.3%)
4,147 (22.8%)
8,197 (45.1%)
2,149 (11.8%)
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Supplementary Table 5. Comparison of data characteristics for all men included in the surveys versus men from 
circumcision discordant households. (continued)

All men
N (%)

Discordant 
circumcision 

status - N (%)

Time of survey
 Between 2000-2004
 Between 2005-2009
 Between 2010-2014
 Between 2015-2019

40,308 (11.7%)
106,046 (30.8%)
136,072 (39.5%)
62,406 (18.1%)

1,390 (7.6%)
5,537 (30.45%)
6,068 (33.4%)
5,187 (28.5%)
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Supplementary Table 6. Comparison of data characteristics for circumcised men from single-men households, 
circumcised men from multiple-men households, uncircumcised men from single-men households, and uncir-
cumcised men from multiple-men households.

Circumcised 
men from 

single-men 
households

N (%)

Circumcised 
men from 

multiple-men 
households

N (%)

Uncircumcised 
men from 

single-men 
households

N (%)

Uncircumcised 
men from 

multiple-men 
households

N (%)

Sample size 122,532 59,164 65,038 36,814

HIV status
 Positive
 Negative

116,614 (3.6%)
4,410 (96.4%)

1,462 (2.5%)
57,016 (97.5%)

6,366 (10.0%)
57,352 (90.0%)

2,459 (6.8%)
33,672 (93.2%)

Sociodemographic characteristics

Age (per 10-year age 
group)
 34 or younger
 35 and older

73,801 (60.2%)
48,731 (39.8%)

42,644 (72.1%)
16,520 (27.9%)

40,943 (63.0%)
24,095 (37.0%) 26,801 (72.8%)

10,013 (27.2%)

Highest education
 No education
 Primary
 Secondary
 Post-secondary

36,723 (30.0%)
39,270 (32.1%)
38,887 (31.7%)

7,647 (6.2%)

12,016 (20.3%)
19,569 (33.1%)
23,656 (40.0%)

3,920 (6.6%)

7,720 (11.9%)
31,515 (48.5%)
22,563 (34.7%)

3,235 (5.0%)

3,043 (8.3%)
17,414 (47.3%)
14,704 (39.9%)

1,652 (4.5%)

Socioeconomic status
 1 ‘Poorest’
 2
 3
 4
 5 ‘Wealthiest’

25,748 (21.0%)
24,519 (20.0%)
22,748 (18.6%)
22,084 (18.0%)
27,432 (22.4%)

8,982 (15.2%)
9,764 (16.5%)

10,583 (17.9%)
12,239 (20.7%)
17,596 (29.4%)

13,919 (21.4%)
13,444 (20.7%)
13,035 (20.4%)
13,008 (20.0%)
11,632 (17.9%)

5,453 (14.8%)
6,462 (17.6%)
7,636 (20.7%)
8,179 (22.2%)
9,082 (24.7%)

Marital status
 Never married
 Currently married
 Previously married

78,995 (64.5%)
38,031 (31.0%)

5,506 (4.5%)

21,469 (36.3%)
35,359 (59.8%)

2,335 (4.0%)

41,757 (64.2%)
20,407 (31.4%)

2,872 (4.4%)

12,172 (34.5%)
23,344 (63.4%)

1,298 (3.5%)

(Sexual) behavioural characteristics

Lifetime sex partners
 None
 1-2
 3-6
 7+

27,562 (23.7%)
31,506 (27.0%)
32,508 (27.9%)
24,988 (21.4%)

23,156 (40.7%)
12,375 (21.7%)
12,331 (21.7%)
9,089 (16.0%)

12,916 (20.3%)
20,840 (32.8%)
20,417 (32.1%)
9,443 (14.8%)

13,742 (38.0%)
9,505 (26.3%)
8,898 (24.6%)
4,056 (11.2%)

Had STI during past 12 
months
 Yes
 No

6,969 (5.7%)
115,472 (94.3%)

2,893 (4.9%)
56,233 (95.1%)

4,033 (6.2%)
60,951 (93.8%) 1,801 (4.9%)

34,976 (95.1%)

Ever engaged in 
transactional sex
 Yes
 No

6,497 (9.9%)
59,264 (90.1%)

2,895 (10.2%)
25,640 (89.9%)

4,558 (12.2%)
32,912 (87.8%)

2,028 (12.4%)
14,280 (87.6%)
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Supplementary Table 6. Comparison of data characteristics for circumcised men from single-men households, 
circumcised men from multiple-men households, uncircumcised men from single-men households, and uncir-
cumcised men from multiple-men households. (continued)

Circumcised 
men from 

single-men 
households

N (%)

Circumcised 
men from 

multiple-men 
households

N (%)

Uncircumcised 
men from 

single-men 
households

N (%)

Uncircumcised 
men from 

multiple-men 
households

N (%)

Survey characteristics

Region
 Central Africa
 Eastern Africa
 Southern Africa
 Western Africa

12,192 (10.0%)
25,896 (21.1%)
20,340 (16.6%)
64,104 (52.3%)

7,933 (13.4%)
13,351 (22.6%)
10,423 (17.6%)
27,457 (46.4%)

4,459 (6.9%)
15,943 (24.5%)
41,855 (64.4%)

2,781 (4.3%)

2,683 (7.3%)
9,194 (25.0%)

23,555 (64.0%)
1,382 (3.8%)

Time of survey
 Between 2000-2004
 Between 2005-2009
 Between 2010-2014
 Between 2015-2019

18,891 (15.4%)
50,256 (41.0%)
38,568 (31.5%)
14,817 (12.1%)

9,962 (16.8%)
19,231 (32.5%)
21,790 (36.3%)
8,181 (13.8%)

2,416 (3.7%)
15,420 (23.7%)
28,368 (43.6%)
18,834 (29.0%)

1,499 (4.1%)
8,449 (23.0%)

16,578 (45.0%)
10,288 (28.0%)
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SUMMARY

Introduction: Developing effective targets, policies, and services for key populations re-
quires estimations of population sizes and HIV prevalence across countries and regions. 
We estimated the relative and absolute HIV prevalence among men who have sex with men 
(MSM), transgender women and -men, and male and transgender sex workers (MSW and 
TGSW) in countries in sub-Saharan African.

Methods: We performed a systematic review of peer-reviewed studies assessing HIV 
prevalence in MSM, transgender-women and -men, MSW and TGSW in sub-Saharan Africa 
between 2010 and 2021, following PRISMA guidelines. We searched Embase, Medline Epub, 
Africa Index Medicus, Africa Journal Online, Web of Science and Google Scholar. We calcu-
lated HIV prevalence ratios (PRs) between the study prevalence, and the geospatial-, sex, 
time, and age-matched general population prevalence. We extrapolated results for MSM 
and transgender women to estimate the HIV prevalence and the number of people living 
with HIV for each country in sub-Saharan Africa using pooled review results, and regression 
approximations for countries with no peer-reviewed data.

Results and discussion: We found 44 articles assessing HIV prevalence in MSM, ten in 
transgender women, five in MSW, and zero in transgender men and TGSW. HIV prevalence 
among MSM and transgender women was significantly higher compared to the general 
population: PRs of 11.3 [CI: 9.9-12.9] for MSM and 8.1 [CI: 6.9-9.6] for transgender women in 
Western and Central Africa, and respectively 1.9 [CI: 1.7-2.0] and 2.1 [CI: 1.9-2.4] in Eastern 
and Southern Africa. HIV prevalence among MSW was significantly higher in both Nigeria 
(PR: 12.4 [CI: 7.3-21.0]) and Kenya (PR: 8.6 [CI: 4.6-15.6]). Extrapolating our findings for MSM 
and transgender women resulted in an estimated HIV prevalence of 15% or higher in MSM 
for about 60% of all sub-Saharan African countries, and for transgender women for all but 
two countries.

Conclusions: HIV prevalence among MSM and transgender women throughout sub-
Saharan Africa is alarmingly high. This high prevalence, coupled with the specific risks and 
vulnerabilities faced by these populations, highlights the urgent need for risk-group tailored 
prevention and treatment interventions across the subcontinent. There is a clear gap in 
knowledge on HIV prevalence among transgender men, MSW, and TGSW in sub-Saharan 
Africa.
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RESEARCH IN CONTEXT

Evidence before this study: Cisgender men who have sex with men (MSM), transgender 
people, cisgender men sex workers (MSW), and transgender sex workers (TGSW) are well 
established as people at higher risk for HIV. We searched PubMed for systematic reviews 
published between January 2010 and March 2021 that estimated the HIV prevalence 
among these key populations in sub-Saharan Africa, using the terms “HIV”, “prevalence” or 
“burden”, “sub-Saharan Africa”, and “MSM”, “transgender” or “sex worker” (or similar). One 
study, published in 2019, estimated the HIV prevalence among MSM in sub-Saharan Africa 
based on peer-reviewed studies that reported country-level HIV prevalence levels from a 
number of sub-Saharan African countries. However, this study did not match location and 
age composition when calculating risk ratios. We did not identify any reviews that assessed 
HIV prevalence among transgender people, MSW, and TGSW in sub-Saharan Africa. A study 
from 2012 estimated the worldwide HIV burden among transgender women, but did not 
include studies from sub-Saharan Africa. The Joint United Nations Programme on HIV/AIDS 
(UNAIDS) does report HIV prevalence in MSM and transgender people, yet, these estimates 
largely rely on country-reported numbers, which are often either missing, or based on a 
single population survey estimate.

Added value of this study: To our knowledge, this study is the first to provide a compre-
hensive overview and estimates of the HIV prevalence among MSM, transgender women, 
and MSW in sub-Saharan Africa. The data is derived from peer-reviewed literature, and 
provides a valuable addition to, and validation of, UNAIDS estimates for MSM, and is the 
first to provide such estimates for transgender women. Finally, we highlight a clear gap in 
knowledge on HIV burdens among transgender men, MSW, and TGSW on the subcontinent, 
as no peer-reviewed studies with primary data on HIV prevalence in these populations were 
found.

Implications of all the available evidence: Our results demonstrate that the HIV burden 
among MSM, transgender women and male sex workers in sub-Saharan Africa is alarm-
ingly high, which re-enforces the pressing need to improve HIV treatment and prevention 
services for these high-risk populations and address structural barriers to health care and 
prevention. Our results provide important insights for policy makers that can help improve 
availability of- and access to HIV services for these high-risk populations.
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INTRODUCTION

Sub-Saharan Africa is the epicentre of the HIV pandemic, with about 21 million people 
living with HIV [1]. Especially countries in Eastern and Southern Africa (ESA) are faced with 
so-called generalised epidemics, affecting large parts of the general population, while HIV 
prevalence in Western and Central African (WCA) countries is mostly concentrated amongst 
people at higher risk for HIV [1]. The successful roll-out of HIV treatment and prevention 
programmes across the subcontinent over the past decades has curbed transmission among 
the general population and female sex workers in many settings [2-4]. However, stigma and 
criminalisation cause barriers in access for other key populations, such as cisgender men 
who have sex with men (MSM), transgender people, and cisgender male and transgender 
sex workers (MSW and TGSW) [5-9]. Currently, an estimated 54% of all new HIV infections 
worldwide occur among key populations and their sex partners [10], and compared to 
the general population, the average risk for HIV infection is about 20 times higher for sex 
workers and MSM, and about 10 times higher for transgender people [10]. For MSM, par-
ticular risk factors include condomless anal sex, discrimination, and criminalisation in many 
sub-Saharan African settings [11, 12], while for transgender people, further HIV risks are 
added due to needle sharing for hormonal therapy, and transgender people are particularly 
vulnerable for social isolation and stigma in many countries [12, 13]. Male and transgender 
sex workers are additionally faced with the increased risks of being engaged in commercial 
sex, i.e., having many sexual partners [8, 13].

Developing effective targets, policies and interventions requires estimations of population 
sizes and HIV prevalence across countries and regions [14]. Furthermore, such information 
could improve our understanding of the relative importance of these key populations in 
the HIV epidemic, thereby improving mathematical modelling projections on the impact 
of interventions for each key population and for the general epidemic. However, current 
population size and HIV prevalence estimates for MSM provided by UNAIDS largely rely 
on country-reported numbers from a single survey or expert opinion - and are poten-
tially biased [15] - while estimates for transgender people, and MSW and TGSW are mostly 
completely absent. Summarising and extrapolating HIV prevalence estimates from recent 
scientific literature to estimate country-specific HIV prevalences for these key populations 
in sub-Saharan Africa could help fill this knowledge gap, by improving our understanding 
of the current HIV prevalence among these populations. While previous systematic reviews 
have included a limited number of studies from sub-Saharan Africa [11, 20-22], these reviews 
have been conducted almost a decade ago. Several studies have been published since then, 
and current prevalence is likely very different from the time those reviews were conducted, 
as the rapid scale-up of ART and other prevention interventions across the subcontinent has 
substantially changed HIV epidemiology over the past decade.
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The aim of this study was to estimate the recent relative and absolute HIV prevalence for 
MSM, transgender-women and -men, MSW, and TGSW in sub-Saharan Africa. We first 
systematically reviewed peer-reviewed studies on the prevalence of HIV in each of these 
key populations, and then estimated the relative HIV prevalence by comparing prevalence 
estimates to geospatial-, sex, time, and age-matched estimates of HIV prevalence in the 
general population. We then applied pooled estimates of relative risk and prevalence to 
country specific HIV epidemics to estimate the country-specific HIV prevalence per risk 
group for each country in sub-Saharan Africa.

METHODS

Search strategy and selection criteria
We followed PRISMA guidelines for systematic reviews and meta-analyses [19]. We searched 
Embase, Medline Epub, Africa Index Medicus, Africa Journal Online, Web of Science and Google 
Scholar to identify studies that report HIV prevalence among MSM, transgender-women 
and -men, MSW and/or TGSW in sub-Saharan African countries, in peer reviewed literature 
reporting on data collected between January 1st 2010 and October 22th 2021. We choose 
this time period to strike a balance between the accuracy of our estimates of the current 
prevalence and relative risks in each key population versus the power to perform any mean-
ingful meta-analyses. We constructed search strings in collaboration with a medical librarian 
(see Supplementary File S1 for the complete search strategy). We used Medical Subject 
Headings (MeSH) terms and “all fields” terms comprising sex work (“sex worker”, “prostitute“), 
LGBT people (“MSM”, “transgender”, “gay”), HIV/AIDS, prevalence (“cross-sectional study”, 
“incidence”, “odds ratio”) and sub-Saharan Africa. After an initial search in June 2018, the 
search has been updated in July 2020 to include the most recent publications, and again in 
October 2021 to include more recent publications and the regional databases Africa Index 
Medicus and Africa Journal Online. In both cases, no changes were made to the search terms.

We included peer-reviewed studies that reported HIV prevalence or data from which HIV 
prevalence could be derived among MSM, transgender people, MSW and/or TGSW, of a 
site in at least one country in sub-Saharan Africa, had a cross-sectional or cohort study 
design, and were published in English or French. We excluded studies that: (1) were based 
on self-reported HIV status; (2) assessed subgroups of the study population (i.e., prisoners, 
drug-using MSM, MSW among an MSM population), as estimates from such subgroups 
are likely biased towards higher HIV prevalence levels, making them not generalizable to 
the entire study population; (3) were a secondary analysis of previously collected data; (4) 
did not provide a prevalence estimate; (5) were based on data collected before 2010; and 
(6) failed to correctly define the different key populations (see Supplementary Panel 1). 
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Different studies conducted at the same location were included to maximise power, except 
if they were based on the same dataset. In that case, we included the study presenting the 
greatest total number of people tested.

Two independent reviewers (MK and LvN) performed screening of titles and abstracts of 
retrieved records. For those deemed eligible based on the set inclusion and exclusion cri-
teria, full texts were examined to determine full eligibility. Any disagreements between the 
independent reviewers were resolved by consensus with the senior author (JACH).

Data extraction and meta-analyses
Two authors independently extracted the following study characteristics: population stud-
ied, study location, study year, study design, recruitment method, number of participants, 
age distribution, type of HIV test, and HIV prevalence with 95% confidence intervals (CIs). 
When the HIV prevalence and/or 95% CIs were not reported directly, we calculated these 
using the reported absolute numbers. The corresponding authors of studies were contacted 
if additional study information was required.

For each study, we calculated a prevalence ratio (PR) of HIV prevalence in the key population 
of interest, compared to the HIV prevalence in the general population. We derived general 
population HIV prevalence data from Demographic Health Surveys (DHSs) and AIDS Indica-
tor Surveys (AISs), which are nationally-representative household surveys that often include 
voluntary HIV testing in adults, and have been systematically performed in many countries 
in sub-Saharan Africa [21]. Typically, a DHS or AIS is performed at around 350 randomly 
selected sample-locations in each country, and all members of about 25 households at each 
location are invited to participate [22]. These data were the only available general popula-
tion HIV prevalence data that could be geospatially matched with locations of the studies in 
our review, and are generally assumed to be fairly representative of general population level 
HIV prevalence estimates [23, 24].

For each study in our review, we first geo-located the study site, and then selected DHSs/
AISs sample locations from the survey conducted closest to the year of data collection in the 
study, with a maximum difference of three years. If, after contacting corresponding authors, 
year of data collection was still missing, the most reasonable DHS/AIS was selected based 
on the publication date of the study. We selected all sample locations within a five-kilometre 
radius from the study site, and calculated the general population HIV prevalence in the 
selected sample locations, standardised to the study population by age composition and 
gender (i.e., only males when comparing to MSM and MSW prevalence, and males and 
females when comparing to transgender women).
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For studies without DHS/AISs data collected within three years before or after the study, we 
extracted local HIV prevalence estimates from the study by Dwyer-Lindgren et al. [22]. They 
estimated yearly five by five-kilometre HIV prevalence for the whole of sub-Saharan Africa 
from 2000 to 2017, for females and males (15-49 years) combined. They estimated HIV preva-
lence based on a variety of data sources, including local studies, antenatal care surveys, and 
population-based surveys, and age- and sex- standardisation was not possible with these data.

We calculated the PR as the ratio between the prevalence among the key population in the 
study and the prevalence in the general population at that location. A pooled prevalence 
and PR, stratified by country and region (WCA and ESA) was calculated by summing absolute 
numbers of all studies and calculating a combined prevalence and PR. We stratified by re-
gion to control for potential effect modification, as PRs may differ for the more concentrated 
epidemics in WCA versus the mixed and generalised epidemics in ESA.

For MSM and transgender women, the total number of studies identified allowed us to 
extrapolate HIV prevalence derived from our review to crudely estimate the country-specific 
prevalence in five percentage point intervals (0 to 5%, 5% to 10%, 10% to 15%, 15% to 20%, 
and >20%) for all countries in sub-Saharan Africa. For the countries for which we had data 
and a sufficient number of people tested (n≥80 for MSM and n≥50 for transgender people), 
we divided them into the prevalence categories using the pooled country estimated preva-
lence. For the countries for which we had no data or an insufficient number of people tested 
(n<80 for MSM and n<50 for transgender people), we estimated the HIV prevalence in MSM 
and transgender women through a regression approximation. The cut-off value of 80 and 
50 participants, respectively were arbitrarily chosen to ensure that studies with very small 
sample sizes would not dilute our regression analyses, and to ensure that countries would 
not be categorised based on a single study with a very small sample size.

The regression approximation was performed as follows. We first determined the relation-
ship between the HIV prevalence in the study population and general HIV prevalence for 
all studies in our review by fitting a logistic Deming regression, with the HIV prevalence in 
the studies as the dependent variable, and corresponding HIV prevalence in the general 
population as the independent variable. We then applied this function to the country-level 
general urban population HIV prevalence for countries for which we had insufficient peer-
reviewed data, as all peer-reviewed studies were conducted in urban settings. The general 
urban population HIV prevalence for each country was estimated by multiplying general 
population HIV prevalence estimates derived from UNAIDS 2020 [26] with a country-specific 
ratio of urban total HIV prevalence derived from DHS [21], and an average urban total HIV 
prevalence over all countries for countries without DHS data. The function for MSM is log 
odds(y)=-1.96 + 0.021x (p=0.07), and the function for transgender women is log odds(y) 
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= -1.64 + 0.059x (p=0.05), where y = HIV prevalence in the key population, and x = HIV 
prevalence in the general population. We did not stratify our regression approximation by 
region. Yet the regression models inherently capture prevalence heterogeneities across the 
regions, as the model is fitted using general population HIV prevalence as a predictor.

After estimating the relative HIV prevalence for each country, we roughly estimated the 
country-specific absolute HIV prevalence. We first applied estimates of the proportion of 
MSM (1.0% to 4.0%) and transgender women (0.5% to 1.0%) within populations [29] to the 
United Nations population size estimates [28] the develop rough population size estimates 
for the key populations. We then multiplied these with prevalence estimates for the key 
population, assuming rural and urban HIV prevalence levels to be the same. See Appendix 
Panel 2 for a detailed description of the applied approach.

We performed several sensitivity and validation analyses on our prevalence estimations. 
First, we determined the impact of preferring DHS data over data from Dwyer-Lindgren et al. 
[27] as a source for HIV prevalence in the local general population by running our analyses 
using both DHS and Dwyer-Lindgren et al. [27] data for studies where this was possible and 
compared the resulting PRs. Second, we tested the validity of our regression approxima-
tion by applying the model to countries where we had used pooled peer-reviewed data to 
estimate country-level prevalence and compared the outcomes. Third, we tested whether 
the year of data collection, legal or illegal status of same-sex relationships and an indicator 
for the severity of anti-LGBT laws [31] could explain some of the observed heterogeneity 
in the relationship between key- and general population HIV prevalence by testing them 
as predictors in a logistic regression model. Fourth, we determined whether UNAIDS [26] 
reported point estimates of prevalence, based on grey literature, fell within the prevalence 
category assigned to each country based on our estimates.

All analyses were done using R version 4.0.0 and ArcGIS Pro version 2.5.0.

Role of funding source, interests and registration
The study’s funder had no role in study design, data collection, data analysis, data inter-
pretation, writing, or submitting of the report. Independent authors declare no competing 
interests. The review was not registered.

RESULTS

Our search identified 9,476 articles, of which 2,587 were unique records (Figure 1). Based on the 
screening of title and abstract, 207 full texts were retrieved, of which 48 met our inclusion criteria 
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[12, 32-78]. Most studies were excluded because they either only collected self-reported HIV 
status, re-analysed previously collected data that was already part of the review or provided data 
collected pre-2010. We did not fi nd studies with confl ated gender group defi nitions. A complete 
overview of each literature search is given in Appendix Table 1. Risk of bias was assessed using 
Joanna Briggs Institute (JBI) critical appraisal checklist (see Appendix Table 1) [20]. The majority 
of publications (91.7%, 44/48) provided HIV prevalence data on MSM (Appendix Table S3), 
compared to 20.8% (10/48) on transgender women (Appendix Table S4) and 10.4% (5/48) on 
MSW (Appendix Table S5). No articles were identifi ed with relevant data on transgender men 
or TGSW. The 48 articles covered 21 of the 47 sub-Saharan African countries (44.7%); ten in WCA 
and 11 in ESA (Figure 2). The fi ve studies that assessed HIV prevalence in MSW covered only two 
countries: Nigeria and Kenya [40, 51, 76-78]. All studies were performed in urban settings, and all 
were deemed of suffi  cient quality based on the JBI critical appraisal checklist (Appendix Table 1).

99,,447766 potentially eligible studies 
identified through database searches
identified through database 66,,888899 excluded

     55,,449944 duplicates 
     11,,339955 studies published before 2010

22,,558877 titles or abstracts reviewed 

220077 full-text studies assessed for 
eligibility

22,,338800 studies excluded

4488 studies with prevalence data on 
at least one of defined the key 
populations included in systematic 
review
     4444 on cisgender men who have
     sex with men

     1100 on transgender women 
     44 on cisgender men sex workers
     00 on transgender men
     00 on transgender sex workers
  

115599 excluded due to self-reported HIV 
status, secondary analysis of reported 
data on high-risk subgroups, data 
collected before 2010, or other reasons

Figure 1. Flow chart of study selection disposition.
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Study-, country-, and region-specific PRs for HIV in MSM, compared to the general male 
population, are shown in Figure 3 for WCA and in Figure 4 for ESA. The reported HIV preva-
lence among MSM in WCA ranged between 4.3% in Angola to 51.0% in Senegal. Prevalence 
was significantly higher in 27 of the 29 study locations, with a weighted average PR of 11.3 
(95% CI: 9.9–12.9). In ESA (Figure 4), the prevalence ranged from 7.5% in Mozambique to 
36.0% in South Africa. Only 24 out of the 46 study locations showed a significantly higher 
HIV prevalence among MSM, with a weighted average PR of 1.9 (95% CI: 1.7–2.0).

Study- country- and region-specific PRs for transgender women are shown in Figure 5. In 
WCA, the prevalence ranged from 4.0 in Burkina Faso to 50.0 in the Gambia. Seven out of 
9 study locations showed significantly higher HIV prevalence among transgender women, 
with PRs ranging from 1.6 to 86.7 (upper panel in Figure 5). The weighted average PR was 

Figure 2. Locations of the included studies on HIV prevalence in men who have sex with men (MSM), transgender 
women (TGW), and male sex workers (MSW) in sub-Saharan Africa. ESA countries = eastern and southern African 
countries; WCA countries = western and central African countries.
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8.1 (95% CI: 6.9–9.6). For ESA, the prevalence ranged from 9.4% in Rwanda to 63.5% in 
South Africa. Ten out of 14 study locations showed a significantly higher prevalence among 
transgender women, with PRs ranging from 0.5 to 4.7 and a weighted average PR of 2.1 (95% 
CI: 1.9–2.4; lower panel in Figure 5).
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Figure 3. HIV prevalence and prevalence ratio (PR) for men who have sex with men (MSM) per study place, coun-
try, and region in west and central Africa (WCA). Grey squares represent individual study locations, and weighted 
averages for country and region level are in blue and red. PRs are relative risks compared to the geospatially matched 
general male population aged 15-49. MSM = men who have sex with men; 95% CI = 95% confidence interval. 
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LLeessootthhoo 331155 1188..00 2299..44 00..66  [[00..44––00..99]]

Maseru43, 2014 315 18.0 29.4 0.6 [0.4–0.9]
MMaallaawwii 22,,555522 1188..00 1144..22 11..33  [[11..00––11..66]]

Blantyre44, 2011-14 338 12.5 26.5 0.5 [0.3–0.8]
Chikwawa44, 2011-14 350 20.5 8.6 2.4 [1.6–3.6]
Mangochi44, 2011-14 351 22.4 15.2 1.5 [0.7–3.3]
Mulanje44, 2011-14 349 24.5 17.3 1.4 [0.7–3.0]
Lilongwe44, 2011-14 362 17.7 4.3 4.1 [0.8–20.3]
Lilongwe44, 2011-14 353 4.1 4.2 1.0 [0.2–5.4]

Nkhata Bay44, 2011-14 350 20.6 18.9 1.1 [0.5–2.3]

Blantyre41, 2015-16 99 30.3 24.7 1.2 [0.8–1.9]
MMoozzaammbbiiqquuee 11,,443333 77..55 88..99 00..88  [[00..66––11..22]]

Maputo47, 2011 496 8.2 12.8 0.6 [0.4–1.0]
Beira47, 2011 584 9.1 11.1 0.8 [0.4–1.6]
Nampula/Na47, 2011 353 3.7 5.9 0.6 [0.3–1.3]

RRwwaannddaa 11,,447799 1100..55 33..99 22..77  [[22..11––33..55]]

Kigali53, 2016-17 345 19.4 5.8 3.3 [2.1–5.2]
Kigali52, 2015 227 4.4 5.8 0.8 [0.4–1.6]
Rubavu52, 2015 64 7.8 1.8 4.3 [1.2–15.2]
Ruhanga52, 2015 62 4.8 1.4 3.4 [0.8–14.3]
Musanze52, 2015 44 4.6 1.3 3.5 [0.6–19.8]
Huye52, 2015 107 3.7 3.2 1.2 [0.3–4.2]
Kigali54, 2018 630 10.2 5.4 1.9 [1.1–3.2]

SSoouutthh  AAffrriiccaa 11,,774455 3366..00 1133..11 22..77  [[22..44––33..11]]

Cape Town57, - 153 30.7 7.4 4.1 [2.6–6.5]

Johannesburg58, 2017 233 40.8 16.3 2.5 [1.9–3.4]

Durban57, - 69 27.5 10.9 2.5 [1.5–4.2]

Gert Sibande59, 2012-13 18 28.3 16.8 1.7 [0.8–3.7]

Ehlanzeni59, 2012-13 195 13.7 16.8 0.8 [0.5–1.3]
Tshwane60, 2011-13 480 30.1 9.1 3.3 [2.3–4.9]
C.T./Port E.61, 2015-16 263 42.0 13.1 3.2 [2.3–4.4]
Cape Town41, 2015-16 140 44.3 10.9 4.1 [2.8–5.9]
Soweto41, 2015-16 194 60.9 16.8 3.6 [2.8–4.8]

TTaannzzaanniiaa  22,,441111 1144..44 22..99 55..00  [[33..88––66..66]]

Dar es Salaam63, 2012 172 30.2 4.1 7.4 [4.1–13.3]

Tanga63, 2013 90 11.1 2.3 4.9 [1.9–12.5]
Unganja64, 2011 339 2.6 0.6 4.7 [0.9–23.9]
Dodoma66, 2014 387 17.4 2.2 7.9 [3.6–17.1]
Dar es Salaam67, 2014 646 22.3 3.7 6.1 [3.4–11.0]
Dar es Salaam65, 2017 777 8.3 4.6 1.8 [1.0–3.2]

UUggaannddaa 660077 1122..22 44..55 22..77  [[11..66––44..77]]

Kampala71, 2012-13 607 12.2 4.5 2.7 [1.6–4.7]
ZZiimmbbaabbwwee 11,,117766 2211..11 1144..22 11..55  [[11..22––11..99]]

Harare72, 2019 416 17.1 12.4 1.4 [1.0–2.0]
Bulawayo72, 2019 760 23.3 16.0 1.5 [1.1–1.9]

EESSAA 1144,,770011 1177..88 99..66 11..99  [[11..77––22..00]]

Figure 4. HIV prevalence and prevalence ratio (PR) for men who have sex with men (MSM) per study place, coun-
try, and region in eastern and southern Africa (ESA). Grey squares represent individual study locations, and weighted 
averages for country and region level are in blue and red. PRs are relative risks compared to the geospatially matched 
general male population aged 15-49. MSM = men who have sex with men; 95% CI = 95% confidence interval. 
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Figure 5. HIV prevalence and prevalence ratio (PR) for transgender women (TGW) per study place, country, and 
region in west and central Africa (WCA) and eastern and southern Africa (ESA). Grey squares represent individual 
study locations, and weighted averages for country and region level are in blue and red. PRs are relative risks compared 
to the geospatially matched general female population aged 15-49. TGW = transgender women; WCA = western and 
central Africa; ESA = eastern and southern Africa; 95% CI = 95% confidence interval.
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Study-, country- and region-specific PRs for MSW are shown in Figure 6. For MSW, all five 
study locations showed a significantly higher prevalence compared to the general popula-
tion, with an overall PR of 8.6 (95% CI 4.6; 15.8) for Nigeria (upper panel of Figure 6) and 12.4 
(95% CI: 7.3–21.0) for Kenya (lower panel of Figure 6).

We had sufficient data points for both MSM and transgender women to extrapolate our 
findings to estimate HIV prevalence for the two populations in for countries in sub-Saharan 
Africa for which we found no studies, using a regression approximation (Supplementary 
Figures 1 and 2; Supplementary Tables 6 to 9). The resulting estimated country-specific 
HIV prevalence among MSM and transgender women for all countries in sub-Saharan Africa 
are presented in Figure 7C and Figure 7F and are compared to general population preva-
lence (Figure 7A and 7D) and UNAIDS estimations (Figure 7B and Figure 7E). For MSM, we 
estimated an HIV prevalence of 15-20% for 31 out of the 47 countries (66%) and a prevalence 
of ≥20% for seven countries (15%). For transgender women, the estimated HIV prevalence 
was above 15% for all but two countries and was ≥20% for 16 out of 47 countries (34%). For 
only 11 out of the 37 countries (30%), the UNAIDS point estimate fell within the prevalence 
categories assigned to those countries in our study (Figure 7 and Supplementary Table 12 
and Table 13). For most countries (20 out of 37), our estimated HIV prevalence for MSM was 
higher than those published by UNAIDS. Two of the seven countries with UNAIDS reported 
prevalence data on transgender women. Two matched our estimates, three were higher, and 
two were lower. Our estimations roughly translate into about 600,000 to 2.2 million MSM 
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Figure 6. HIV prevalence and prevalence ratio (PR) for male sex workers (MSW) per study place, country, and 
region in west and central Africa (WCA) and eastern and southern Africa (ESA). Grey squares represent individual 
study locations, and weighted averages for country and region level are in blue and red. PRs are relative risks compared 
to the geospatially matched general male population aged 15-49. MSW = male sex worker; WCA = western and central 
Africa; ESA = eastern and southern Africa; 95% CI = 95% confidence interval.
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and 400,000 to 800,000 transgender women currently living with HIV in sub-Saharan Africa 
(see Supplementary Table 10 and Table 11 for more details).

Our sensitivity analysis showed that the impact of choosing DHS data over data from Dwyer-
Lindgren et al. had little impact on estimated PRs, as none were significantly different in 
settings where we could do both (see Supplementary Table 16). Furthermore, year of 
survey was borderline significantly associated with a higher HIV prevalence among MSM 
(p=0.04) and not significant for TGW (p=0.12), while legal status of same-sex relationships 
and severity of anti-LGBT laws were not significantly associated for both MSM (p=0.9 and 0.5 
respectively) and TGW (p=0.08 and 0.3 respectively) (Supplementary Table 7 and Supple-
mentary Table 9). When validating regression approximations against data-based country 
prevalence estimates, we found that only about 20% of countries would end up in the same 
prevalence category (see Supplementary Tables 14 and 15).

Figure 7. Maps of country level HIV prevalence levels for the general population (left column), UNAIDS reported 
prevalence in MSM and transgender women (middle column) and estimated HIV prevalence among MSM and 
transgender women based on peer-reviewed literature (right column). The peer-reviewed literature estimations 
are based on the country level weighted HIV prevalence derived from the included studies in the systematic literature 
search. For countries for which we did not find sufficient data, we estimated the country-level prevalence using a logistic 
Deming regression model fitted to the relationship between key-population and general population HIV prevalence in 
peer-reviewed literature. 
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DISCUSSION

Our systematic review identified 44 articles assessing HIV prevalence in MSM, ten in trans-
gender women, five in MSW, and zero in transgender men and TGSW in sub-Saharan Africa 
since 2010. Prevalence among MSM and transgender women was significantly higher than 
the general population, with PRs for MSM and transgender women ranging from 11.3 and 
8.1 respectively in Western and Central Africa, to 1.9 and 2.1 in Eastern and Southern Africa. 
Furthermore, the prevalence among MSW was also significantly higher in both Nigeria (PR: 
12.4 [CI: 7.3-21.0]) and Kenya (PR: 8.6 [CI: 4.6-15.6]), the only two countries with data on 
MSW. Extrapolating our findings to country- and region-specific estimates resulted in an es-
timated HIV prevalence of 15-20% among MSM for roughly half of the sub-Saharan African 
countries and seven countries with an estimated HIV prevalence of ≥20%. For transgender 
women, we estimated an HIV prevalence of 15-20% or ≥20% for all but two countries. These 
estimates roughly translate into about 600,000 to 2.2 million MSM and 400,000 to 800,000 
transgender women currently living with HIV in sub-Saharan Africa.

Our study is a major update of earlier reviews of studies on the HIV prevalence among MSM 
and transgender women in sub-Saharan Africa [11, 20-22]. In addition, we are the first to 
extrapolate geospatial, age, time and sex-matched associations with the general population 
HIV prevalence in each study to estimate the HIV prevalence among MSM and transgender 
women in all countries in sub-Saharan Africa. It is encouraging that our findings on the 
prevalence ratio in sub-Saharan Africa are consistent with those from Hessou et al. [80] for 
MSM (a PR for Western Central Africa of 14.5 versus 11.3 in our study, and 3.4 for Eastern 
Africa and 1.2 for Southern Africa versus 1.9 for Eastern Southern Africa in our study), and in 
line with global estimates on HIV prevalences among transgender people [21].

Our estimates and extrapolations are important when assessing country-level needs and 
targets for key-population-specific services, and estimating the required resources to meet 
those needs and targets. Annual HIV epidemic updates published by UNAIDS [26] provide 
HIV prevalence estimates for the majority of sub-Saharan African countries on MSM, usually 
based on country-reported results from a single survey that has not undergone peer-review, 
or even based on expert opinion alone. These estimates fitted within the same prevalence 
categories estimated by our study for only about 30% of all countries, highlighting the need 
to consider incorporating peer-reviewed evidence in the prevalence estimation exercise for 
these populations. UNAIDS estimates on the prevalence in transgender people are available 
for only a few countries, and no information exists on MSW and TGSW.

Even though it was not possible to extrapolate the findings of MSW to country- and region-
specific estimates; the PR for MSW compared to MSM, was higher from Kenya (respectively 
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8.6 vs 2.6) and comparable for Nigeria (respectively 12.4 vs 13.7), suggesting similar or 
higher country- and region HIV levels for MSW. For TGSW and transgender men, we did not 
find any scientific literature showing how these groups are still highly underrepresented as a 
key population in HIV research and programming. We highly recommend more quantitative 
research into the population sizes, HIV prevalence, risks, service needs and uptake for MSW, 
transgender women and men, and TGSW throughout sub-Saharan Africa.

While our results do not cover access to services, limited data on access to services for MSM 
and transgender people suggests that access to treatment is extremely poor compared to 
the general population. A study that tested for antiretroviral adherence in 183 HIV-infected 
MSM and transgender women in several sub-Saharan African countries found that only 34% 
had antiretroviral residues in their blood, and 18% of those were not virally suppressed [81]. 
In addition, a systematic review by Stannah et al. [31] showed that, although HIV testing 
among MSM had increased significantly over the past decade, pooled estimates showed 
only about 23% of MSM living with HIV to be on treatment. A rough back-of-the-envelope 
calculation using these findings and our results shows that if treatment coverage for MSM 
is indeed only about 25%, about 500,000 to 1.7 million MSM in sub-Saharan Africa require 
treatment but are not receiving it. Likewise, effective pre-exposure prophylaxis (PrEP) ser-
vices roll out remains challenging. While motivation to use PrEP seems high [79], Wahome et 
al. found low levels of PrEP adherence and the absence of an effect on HIV incidence among 
MSM in sub-Saharan Africa [80]. Despite a lack of peer-reviewed data, it seems reason-
able to assume similar or even poorer access to HIV prevention and treatment for MSW, 
transgender people, and TGSW compared to MSM [84]. Failure to provide adequate services 
to these key populations could result in higher rates of morbidity, mortality, and onward 
transmission [82]. It is essential that these services are sensitive to the unique vulnerabilities 
and needs of each group [9], and should coincide with minimising structural barriers against 
LGBT+ people and sex workers at personal, societal and institutional level [9, 13, 21].

Our study has several limitations. First, we only incorporated peer-reviewed studies. We 
decided not to directly include grey literature in developing our estimates due to the likely 
heterogeneity in quality and large risk of bias in provided estimates. Our comparison between 
estimates derived from peer-reviewed literature (our review) and grey literature (UNAIDS 
estimates) confirms the high levels of heterogeneity between the two. Nevertheless, our 
peer-review-based estimates should also be cautiously interpreted in light of data limita-
tions, selection biases and small sample sizes in the individual studies. Second, the majority 
of the included studies used respondent-driven sampling (RDS) as their recruitment method. 
RDS has been described as the preferred sampling method for populations without a readily 
available sampling frame, though it has potential limitations [66, 86-88]. For example, most 
studies did not report on additional important indicators, such as to which extent the sample 
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was part of the same social network [83]. People in a highly interconnected social network 
might not be representative of the population as a whole, as people who are not part of 
these networks may have different underlying characteristics and risks than those within 
the network. However, it is difficult to determine the direction of the potential bias, as we 
do not have a reliable gold standard from, e.g., a population-based survey. Third, for some 
studies, we could not sex- and age-match general population level prevalence to calculate 
a PR, as no DHS surveys [21] were conducted within a three-year time window around the 
study. We used estimated HIV prevalence in all adults aged 15 to 49 years as published by 
Dwyer-Lindgren et al. [27] instead. However, it is reassuring that, for areas where we could 
use both, reverting to PRs using data from Dwyer-Lindgren et al. [27] did not result in any 
major deviations in estimated PRs (Supplementary Table 16). Fourth, age standardisation 
was often based on relatively broad age ranges (e.g., interquartile ranges) reported by the 
individual studies. It is likely to assume that within broad standardisation categories, the age 
distribution among the key populations was relatively younger than the general population, 
resulting in an underestimation of the actual PRs. Fifth, our estimates for countries where 
we had no data are based on a statistical model derived from the systematic review. The 
sole independent predictor is HIV prevalence in the general population. These estimations 
should be interpreted with caution, as the regression approximation correctly predicted the 
data-based prevalence categories for countries with sufficient peer-reviewed data only 20% 
of the time (Supplementary Table 14 and Supplementary Table 15). However, while we 
place higher confidence in estimates based on peer-reviewed directly, it should be noted that 
these can also be based on relatively sparse numbers of observations, making a predicted 
prevalence based on pooling estimates across countries in a regression approximation not 
necessarily less valid. Sixth, we did not control for the year of data collection in our main 
analysis. Yet we observed a borderline significant trend towards higher prevalence in later 
years for MSM in our sensitivity analysis (p=0.04) (Supplementary Table 7). This suggests 
that by pooling the ten years covered by our review, we may have slightly underestimated 
the current PRs and HIV prevalence among MSM in sub-Saharan Africa. However, whether 
this trend in time reflects an actual divergent trend in prevalence due to increased incidence 
and/or survival, or is caused by improved sampling approaches by which researchers are 
increasingly better at finding higher-risk individuals, is difficult to determine. Seventh, all 
study locations were urban settings, and our PRs and estimations are therefore based on 
HIV prevalences in urban settings. We, therefore, assumed HIV prevalence for MSM and 
transgender women to be the same for rural settings when extrapolating our findings to 
national-level estimates.

Conclusions
We show that the current HIV prevalence in MSM and transgender women in sub-Saharan 
Africa is alarmingly and consistently high across all African regions and countries. This 
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high prevalence, coupled with the specific risks and vulnerabilities that these populations 
face, highlights the urgent need for risk-group tailored prevention and treatment interven-
tions across the subcontinent. The lack of studies on HIV prevalences in several countries, 
especially among transgender people and cisgender male- and transgender sex workers, 
highlights the need for more research.
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SUPPORTING INFORMATION TO CHAPTER 4

Supplementary File 1. Systematic literature search
Date of searches
Initial search: 4 June 2018, updated search: 22 October 2021

Search terms
Search terms based on Embase format
(‘LGBT people’/exp OR ‘sex worker’/de OR (LGBT* OR GLBT* OR transgender* OR transsexual* OR MSM OR sexwork* OR 
prostitute* OR ((sex OR escort) NEAR/4 (work* OR sell* OR money OR gift* OR surviv* OR transaction* OR men OR man)) 
OR ((money OR call) NEAR/3 (boy*)) OR gay OR ((cross) NEXT/1 (dress*)) OR ((drag) NEXT/1 (queen*)) OR genderqueer* 
OR ((gender) NEXT/1 (queer OR nonconforming)) OR homosexual* OR bisexual*):ab,ti,kw) AND (‘Human immunode-
ficiency virus infection’/exp OR (HIV OR AIDS OR ((human) NEXT/1 (immunodeficiency) NEXT/1 (virus))):ab,ti,kw) AND 
(‘prevalence’/exp OR ‘cross-sectional study’/de OR ‘incidence’/exp OR ‘odds ratio’/de OR ‘risk factor’/de OR (Prevalen* 
OR “cross-sectional” OR incidence* OR ((risk* OR odds) NEAR/1 (factor* OR relative OR ratio*))):ab,ti,kw) AND (‘Africa 
south of the Sahara’/exp OR (((black OR Central OR South) NEAR/3 (Africa*)) OR ‘sub-Saharan’ OR subSaharan* OR 
Angola OR Benin OR Botswana OR ‘Burkina Faso’ OR Burundi OR Cameroon OR ‘Cape Verde’ OR Chad OR Comoro* OR 
Congo OR ((Cote) NEAR/3 (Ivoir*)) OR Djibouti OR Eritrea OR Ethiopia OR Gabon OR Gambia OR Ghana OR Guinea OR 
Kenya OR Lesotho OR Liberia OR Madagascar OR Malawi OR Mali OR Mayotte OR Mozambique OR Namibia OR Niger 
OR Nigeria OR Rwanda OR Sahel OR Senegal OR ‘Sierra Leone’ OR Somalia OR Sudan OR Swaziland OR Tanzania OR Togo 
OR Uganda OR Zambia OR Zimbabwe):ab,ti,kw) NOT (‘Conference Abstract’ OR Editorial)/it
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Supplementary Panel 1. Terminology; Men who have sex with men (MSM), transgender men and women and 
cisgender men and transgender sex workers (MSW and TGSW).
The terminology we used for the classifications and definitions of our study groups are derived from ILGA Europe (2), 
and consists of four concepts; sex, gender identity, sexual orientation, and type of sex partners. Sex is the biological sex 
assigned at birth (male or female). Gender identity refers to the combination of sex and gender of a person (how a person 
feels, e.g., man, woman, or other), and can be cisgender (gender and sex at birth are typically aligned) or transgender 
(gender and sex at birth are not typically aligned), and is independent of gender affirming treatment or surgery. Sexual 
orientation describes a person’s capacity for profound affection, emotional and sexual attraction to, and intimate and 
sexual relations with, individuals of a different gender or the same gender or more than one gender and the most com-
mon orientations are heterosexual (other gender), homosexual (same gender), bisexual (more than one gender). Queer 
is an umbrella term used to express a spectrum of gender identities and sexual orientations beyond the binary. Type of 
sex partners is about sexual behaviour and describes who a person has sex with, which does not have to be limited by 
sexual orientation. Besides sex assigned at birth, all concepts can naturally fluctuate over time on a personal level. In our 
study, we classified men who have sex with men (MSM) as cisgender men who have men sex partners, but may have 
other type of sex partners as well. Transgender men are people who identify as men and were female sex assigned at 
birth, and transgender women are people who identify as women and were male sex assigned at birth. Being transgender 
does not define a person’s sexual orientation or sexual behaviour. Transgender men and -women can work as sex worker 
(transgender sex workers (TGSW)), and cisgender men can work as sex worker (cisgender male sex workers), regardless 
of their sexual orientation and type of sex partners. We here refer to “male” sex workers rather than “men” as this is the 
commonly accepted term for this group.

We have only included studies in this review based on these terms. For example, we assessed the HIV prevalence among 
the full spectrum of MSW, or cisgender men sex workers, meaning; male sex assigned at birth, identifying as man and 
offering sex. These MSW can have various sexual orientations (for example: heterosexual, homosexual or bisexual) and 
various types of clients (male, female or both). MSW in sub-population of MSM would therefore not be a representative 
sample of all MSW, and it is not possible assess to which extend and in which direction the HIV prevalence is influenced 
by the fact that a study only included MSW who are MSM. Future research should focus on clearly and appropriately 
defining the groups.
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Supplementary Figure 2. Association between the HIV prevalence in the general population and in transgender 
women (TGW). Each black dot represents a unique data point from peer-reviewed studies with at least 80 participants, 
red dashed line represents the fitted logistic Deming regression used for extrapolation.

Supplementary Figure 1. Association between the HIV prevalence in the general population and in MSM. Each 
black dot represents a unique data point from peer-reviewed studies with at least 80 participants, red dashed line repre-
sents the fitted logistic Deming regression used for extrapolation.
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Supplementary Table 6. Logistic Deming regression of the relationship between HIV prevalence in the general 
population and in MSM (used for extrapolation).

Exponentiated coefficient 95% CI p-value

Intercept 0.18 0.12; 0.27 <0.0001

HIV prevalence in general population (continuous) 1.02 0.99; 1.05 0.07

Supplementary Table 7: Univariate logistic regression on relationship between HIV prevalence in MSM and po-
tential confounders.

Exponentiated 
intercept

Exponentiated 
coefficient

95% CI p-value

Year of data collection (continuous) 1.11 e-98 1.12 1.00; 1.23 0.04

Anti LGBT legislation index* (continuous) 0.25 0.97 0.91; 1.05 0.53

Legalisation of same-sex relations** (bivariate) 0.21 1.02 0.59; 1.76 0.92

* The anti LGBT legislation index is based on a score from 0-14, with 0 meaning low anti LGBT legislation and 14 meaning 
high anti-LGBT legislation. Values directly derived from Stannah et al. [54].
** Whether same sex relations are legal or illegal. The reference category is “illegal” Values directly derived from Stannah 
et al. (54).

Supplementary Table 8. Logistic Deming regression of the relationship between HIV prevalence in the general 
population and in transgender women (used for extrapolation).

Exponentiated coefficient 95% CI p-value

Intercept 0.19 0.07; 0.43 <0.0001

HIV prevalence in general population (continuous) 1.06 0.99; 1.18 0.05

Supplementary Table 9.  Univariate logistic regression on relationship between HIV prevalence in transgender 
women and potential confounders.

Exponentiated 
intercept

Exponentiated 
coefficient

95% CI p-value

Year of data collection (continuous) 7.65e-137 1.17 0.88; 1.55 0.26

Anti LGBT legislation index* (continuous) 0.36 0.99 0.80; 1.23 0.95

Legalisation of same-sex relations** (bivariate) 0.27 2.19 0.53; 9.14 0.25

* The anti LGBT legislation index is based on a score from 0-14, with 0 meaning low anti LGBT legislation and 14 meaning 
high anti-LGBT legislation. Values directly derived from Stannah et al. (54).
** Whether same sex relations are legal or illegal. The reference category is “illegal” Values directly derived from Stannah 
et al. (54).
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Supplementary Table 12. Comparison of UNAIDS estimations versus estimations from this study for men who 
have sex with men (MSM). An assessment of whether the point estimate of the HIV prevalence from UNAIDS falls within 
the HIV prevalence range derived from our study.

Men who have sex with men 
(MSM)

HIV 
prevalence 
UNAIDS (%) 
point estimate

HIV prevalence 
from this study
category

Source of 
data for 
estimation 
from this 
study

Comparison 
UNAIDS is 
lower/ equal/
higher 
compared our 
study

Region / Country

Western and central Africa (WCA)

Angola 2.0 <5% Study Equal

Benin 7.0 15% - 20% Model Lower

Burkina Faso 1.9 5% - 10% Study Lower

Cabo Verde 15% - 20% Model

Cameroon 20.6 ≥20% Study Equal

Central African Republic 6.5 ≥20% Study Lower

Chad 15% - 20% Model

Congo 41.2 15% - 20% Model Higher

Cote d’Ivoire 7.7 ≥20% Study Lower

Democratic Republic of the Congo 7.1 15% - 20% Model Lower

Equatorial Guinea 15% - 20% Model

Gabon 15% - 20% Model

Gambia 34.4 5% - 10% Study Higher

Ghana 18.0 15% - 20% Model Equal

Guinea 11.4 15% - 20% Model Lower

Guinea-Bissau 3.0 15% - 20% Model Lower

Liberia 19.8 15% - 20% Model Equal

Mali 12.6 15% - 20% Study Lower

Mauritania 23.4 15% - 20% Model Higher

Niger 6.4 15% - 20% Model Lower

Nigeria 20.9 ≥20% Study Equal

Sao Tome and Principe 3.2 15% - 20% Model Lower

Senegal 27.6 ≥20% Study Equal

Sierra Leone 14.0 15% - 20% Model Lower

Sudan (and South Sudan) 0.8 15% - 20% Model Lower

Togo 22.0 15% - 20% Study Higher

East and southern Africa (ESA)

Botswana 14.8 10% - 15% Study Equal

Burundi 4.8 15% - 20% Model Lower

Comoros 15% - 20% Model
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Supplementary Table 12. Comparison of UNAIDS estimations versus estimations from this study for men who 
have sex with men (MSM). An assessment of whether the point estimate of the HIV prevalence from UNAIDS falls within 
the HIV prevalence range derived from our study. (continued)

Men who have sex with men 
(MSM)

HIV 
prevalence 
UNAIDS (%) 
point estimate

HIV prevalence 
from this study
category

Source of 
data for 
estimation 
from this 
study

Comparison 
UNAIDS is 
lower/ equal/
higher 
compared our 
study

Djibouti 14.2 15% - 20% Model Lower

Eritrea 15% - 20% Model

Eswatini 27.2 10% - 15% Study Higher

Ethiopia 15% - 20% Model

Kenya 18.2 15% - 20% Study Equal

Lesotho 32.9 15% - 20% Study Higher

Madagascar 14.9 15% - 20% Model Lower

Malawi 12.9 15% - 20% Study Lower

Mauritius 17.2 15% - 20% Model Equal

Mozambique 5% - 10% Study

Namibia 7.8 15% - 20% Model Lower

Rwanda 4.0 10% - 15% Study Lower

Somalia 15% - 20% Model

South Africa 18.1 ≥20% Study Lower

Tanzania 8.4 10% - 15% Study Lower

Uganda 13.2 10% - 15% Study Equal

Zambia 15% - 20% Model

Zimbabwe 21.1 ≥20% Study Equal
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Supplementary Table 13. Comparison of UNAIDS estimations versus estimations from this study for transgender 
women. An assessment of whether the point estimate of the HIV prevalence from UNAIDS falls within the HIV prevalence 
range derived from our study.

Transgender women

HIV 
prevalence 
UNAIDS (%) 
point estimate

HIV prevalence 
from this study
category

Source of 
data for 
estimation 
from this 
study

Comparison 
UNAIDS is 
lower/ equal/
higher 
compared our 
study

Region / Country

Western and central Africa (WCA)

Angola  15% - 20% Model

Benin 26.4 15% - 20% Model Higher

Burkina Faso  0% - 5% Study

Cabo Verde  15% - 20% Model

Cameroon  15% - 20% Model

Central African Republic  15% - 20% Model

Chad  15% - 20% Model

Congo  15% - 20% Model

Cote d’Ivoire 24.7 ≥20% Study Equal

Democratic Republic of the Congo  15% - 20% Model

Equatorial Guinea  ≥20% Model

Gabon  15% - 20% Model

Gambia  15% - 20% Model

Ghana  15% - 20% Model

Guinea  15% - 20% Model

Guinea-Bissau  ≥20% Model

Liberia  15% - 20% Model

Mali 14.6 15% - 20% Model Lower

Mauritania  15% - 20% Model

Niger  15% - 20% Model

Nigeria 19.8 ≥20% Study Lower

Sao Tome and Principe  15% - 20% Model

Senegal  ≥20% Study

Sierra Leone 22.4 15% - 20% Model Higher

Sudan (and South Sudan)  15% - 20% Model

Togo  15% - 20% Study

East and southern Africa (ESA)

Botswana  ≥20% Model

Burundi  15% - 20% Model
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Supplementary Table 13. Comparison of UNAIDS estimations versus estimations from this study for transgender 
women. An assessment of whether the point estimate of the HIV prevalence from UNAIDS falls within the HIV prevalence 
range derived from our study. (continued)

Transgender women

HIV 
prevalence 
UNAIDS (%) 
point estimate

HIV prevalence 
from this study
category

Source of 
data for 
estimation 
from this 
study

Comparison 
UNAIDS is 
lower/ equal/
higher 
compared our 
study

Comoros  15% - 20% Model

Djibouti  15% - 20% Model

Eritrea  15% - 20% Model

Eswatini  10% - 15% Study

Ethiopia  15% - 20% Model

Kenya  ≥20% Study

Lesotho  ≥20% Model

Madagascar  15% - 20% Model

Malawi  ≥20% Study

Mauritius 28.4 15% - 20% Model Higher

Mozambique  ≥20% Model

Namibia  ≥20% Model

Rwanda  5% - 10% Study

Somalia  15% - 20% Model

South Africa  ≥20% Study

Tanzania  ≥20% Model

Uganda  ≥20% Model

Zambia  ≥20% Model

Zimbabwe 27.5 ≥20% Study Equal
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Supplementary Table 14. Comparison of estimations derived from study data to estimations derived regression 
model for men who have sex with men (MSM). An assessment of the use of the regression model for studies for which 
we have study data and whether the estimation from the regression model still falls within the HIV prevalence category 
range.

Men who have sex with men 
(MSM)

HIV prevalence 
regression model 
(%)
point estimate

HIV prevalence 
derived from 
studies
category

Comparison
regression model is 
lower/ equal/
higher compared data 
derived from studies

Region / Country

Western and central Africa (WCA)

Angola 16.0 <5% Higher

Benin

Burkina Faso 15.9 5% - 10% Higher

Cabo Verde

Cameroon 16.1 ≥20% Lower

Central African Republic 16.5 ≥20% Lower

Chad

Congo

Cote d’Ivoire 16.0 ≥20% Lower

Democratic Republic of the Congo

Equatorial Guinea

Gabon

Gambia 15.9 5% - 10% Higher

Ghana

Guinea

Guinea-Bissau

Liberia

Mali 15.9 15% - 20% Equal

Mauritania

Niger

Nigeria 16.0 ≥20% Lower

Sao Tome and Principe

Senegal 15.6 ≥20% Lower

Sierra Leone

Sudan (and South Sudan)

Togo 16.1 15% - 20% Equal

East and southern Africa (ESA)

Botswana 22.6 10% - 15% Higher

Burundi
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Supplementary Table 14. Comparison of estimations derived from study data to estimations derived regression 
model for men who have sex with men (MSM). An assessment of the use of the regression model for studies for which 
we have study data and whether the estimation from the regression model still falls within the HIV prevalence category 
range. (continued)

Men who have sex with men 
(MSM)

HIV prevalence 
regression model 
(%)
point estimate

HIV prevalence 
derived from 
studies
category

Comparison
regression model is 
lower/ equal/
higher compared data 
derived from studies

Comoros

Djibouti

Eritrea

Eswatini 22.7 10% - 15% Higher

Ethiopia

Kenya 16.5 15% - 20% Equal

Lesotho 21.8 15% - 20% Higher

Madagascar

Malawi 18.4 15% - 20% Equal

Mauritius

Mozambique 18.8 5% - 10% Higher

Namibia

Rwanda 16.6 10% - 15% Higher

Somalia

South Africa 19.8 ≥20% Lower

Tanzania 16.9 10% - 15% Higher

Uganda 17.4 10% - 15% Higher

Zambia

Zimbabwe 18.4 ≥20% Lower
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Supplementary Table 15. Comparison of estimations derived from study data to estimations derived regression 
model for transgender women. An assessment of the use of the regression model for studies for which we have study 
data and whether the estimation from the regression model still falls within the HIV prevalence category range.

Men who have sex with men 
(MSM)

HIV prevalence 
regression model 
(%)
point estimate

HIV prevalence 
derived from 
studies category

Comparison 
regression model is 
lower/ equal/
higher compared data 
derived from studies

Region / Country

Western and central Africa (WCA)

Angola

Benin

Burkina Faso 17.4 0% - 5% Higher

Cabo Verde

Cameroon

Central African Republic

Chad

Congo

Cote d’Ivoire 18.3 ≥20% Lower

Democratic Republic of the Congo

Equatorial Guinea

Gabon

Gambia

Ghana

Guinea

Guinea-Bissau

Liberia

Mali

Mauritania

Niger

Nigeria 17.8 ≥20% Lower

Sao Tome and Principe

Senegal 16.4 ≥20% Lower

Sierra Leone

Sudan (and South Sudan)

Togo 18.7 15% - 20% Equal

East and southern Africa (ESA)

Botswana

Burundi

Comoros

Djibouti
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Supplementary Table 15. Comparison of estimations derived from study data to estimations derived regres-
sion model for transgender women. An assessment of the use of the regression model for studies for which we have 
study data and whether the estimation from the regression model still falls within the HIV prevalence category range. 
(continued)

Men who have sex with men 
(MSM)

HIV prevalence 
regression model 
(%)
point estimate

HIV prevalence 
derived from 
studies category

Comparison 
regression model is 
lower/ equal/
higher compared data 
derived from studies

Eritrea

Eswatini 56.9 10% - 15% Higher

Ethiopia

Kenya 20.5 ≥20% Equal

Lesotho

Madagascar

Malawi 30.0 ≥20% Equal

Mauritius

Mozambique

Namibia

Rwanda 20.8 5% - 10% Higher

Somalia

South Africa 38.1 ≥20% Equal

Tanzania

Uganda

Zambia

Zimbabwe 28.6 ≥20% Equal
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Supplementary Panel 2. Association between the HIV prevalence in the general population and in key popula-
tions.
For MSM (men who have sex with men) and transgender women (TGW), the total number of studies identified allowed us 
to extrapolate country and regional specific RRs derived from our meta-analyses to crudely estimate the country specific 
prevalence and number of people living with HIV aged 15-49 years for both populations for each country in sub-Saharan 
Africa. We first determined the relationship between the study prevalence and general population HIV prevalence for the 
two populations by fitting a logistic Deming regression, weighted by study size, through all data points, i.e., log odds(y) 
= α + βx, with x = HIV prevalence in the general population and y = prevalence in MSM or TGW. Only studies with a 
sample size >80 were included. The resulting regression functions are presented in Supplementary Figure 1 (MSM) 
and Supplementary Figure 2 (TGW). For MSM and TGW the β coefficient appeared borderline significant (p<0.1) with, 
p=0.07 and p=0.05. The resulting the functions were: log odds(y) = -1.96 + 0.021x (for MSM), and log odds(y) = -1.64 + 
0.059x (for TGW).

In addition, we tested whether year of data collection, legal or illegal status of same sex relationships, and an indicator 
for the severity of anti LGBT laws could explain some of the observed heterogeneity in the relationship between key- and 
general population HIV prevalence by testing them as predictors in a logistic regression model.

To estimate the HIV prevalence for MSM and TGW for each country for which we did not have data or did not have suf-
ficient data (number of people tested <80) we then applied the functions to the urban general population HIV prevalence 
(we used the urban prevalence because all studies were derived from urban areas and thus compared to local urban 
DHS prevalence). For MSM we used the general population prevalence amongst males aged 15-49, and for transgender 
women we used the general population prevalence amongst males and females aged 15-49, derived from UNAIDS 2020. 
The general population prevalence was then multiplied by an urban prevalence factor based on the ratio between the 
general population prevalence and the urban general population prevalence derived from DHS/AIS surveys, and for 
countries without DHS/AIS surveys an average of 1.44 was used, which is the average from all available sub-Saharan 
African countries. For the countries for which we had sufficient data, we used the country estimated prevalence in MSM 
and TGW as presented in the forest plots (Manuscript Figure 3-5).

Next, we estimated total country-specific population sizes by applying estimates of the proportion of MSM (range: 
1%-4%) and transgender women (range: 0.5%-1%) within populations to the United Nations population size estimates, 
and determined country-specific absolute HIV burden among by multiplying prevalence estimates with population size 
estimates.
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188 Chapter 5

ABSTRACT

Objective: Sex work sites have been hypothesised to be at the root of the observed 
heterogeneity in HIV prevalence in sub-Saharan Africa. We determined if proximity to sex 
work sites is associated with HIV prevalence among the general population in Zimbabwe, a 
country with one of the highest HIV prevalence in the world.

Methods: In this cross-sectional study we use a unique combination of nationally repre-
sentative geolocated individual-level data from 16,121 adults (age 15–49 years) from 400 
sample locations and the locations of 55 sex work sites throughout Zimbabwe; covering an 
estimated 95% of all female sex workers in the country. We calculated the shortest distance 
by road from each survey sample location to the nearest sex work site, for all sites and by 
type of sex work site, and conducted univariate and multivariate multilevel logistic regres-
sions to determine the association between distance to sex work sites and HIV seropositivity, 
controlling for age, sex, male circumcision status, number of lifetime sex partners, being a 
client of female sex workers or being a stable partner of a client of female sex workers.

Results: We found no significant association between HIV seroprevalence and proximity to 
the nearest sex work site among the general population in Zimbabwe, regardless of which 
type of site is closest (city site adjusted odds ratio {aOR} 1.010 [95% confidence interval {CI} 
0.992–1.028]; economic growth point site aOR 0.982 [95% CI 0.962–1.002]; international site 
aOR 0.995 [95% CI 0.979–1.012]; seasonal site aOR 0.987 [95% CI 0.968–1.006] and transport 
site aOR 1.007 [95% CI 0.987–1.028]). Individual-level indicators of sex work were signifi-
cantly associated with HIV seropositivity: being a client of female sex workers (aOR 1.445 
[95% CI 1.188–1.745]); nine or more partners versus having one to three lifetime partners 
(aOR 2.072 [95% CI 1.654–2.596]).

Conclusions: Sex work sites do not seem to directly affect HIV prevalence among the gen-
eral population in surrounding areas. Prevention and control interventions for HIV at these 
locations should primarily focus on sex workers and their clients, with special emphasis on 
including and retaining mobile sex workers and clients into services.
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INTRODUCTION

About two thirds of people living with HIV worldwide reside in sub-Saharan Africa [1], with 
many countries still experiencing high incidence and prevalence levels in the general popu-
lation. Throughout the subcontinent, the epidemic is geographically heterogeneous with 
localised areas of high transmission around big cities, truck route pit-stops and locations 
with high levels of economic activity [2]. Sex work has often been hypothesised to be at 
the root of the observed geographical heterogeneity [3,4], as sites where sex workers offer 
their services, here called ‘sex work sites’, are oftentimes also situated at locations with 
high economic activity. However, whether the presence of sex work sites is associated with 
higher HIV prevalence in the general population, and thus can directly explain the observed 
geographical heterogeneity in the epidemic, has never been empirically tested.

Zimbabwe is one of the countries with the highest HIV burden worldwide. Although inci-
dence levels have decreased by 44% over the past decade [1,5], the decline seems to have 
stalled in recent years [6]. HIV prevalence among female sex workers is over 50% according 
to the latest estimates (2018–2020) by the Centre for Sexual Health and HIV/AIDS Research 
(CeSHHAR) Zimbabwe [7], an organisation focused on HIV implementation research and 
responsible for running Zimbabwe’s nationally scaled healthcare programme for female 
sex workers on behalf of the Zimbabwean government (www.ceshhar.org). CeSHHAR runs 
(mobile) clinics throughout Zimbabwe, offering services at 36 sex work sites [7]. Data on the 
locations and typology of sex work sites, together with nationally representative geolocated 
survey data from the Demographic and Health Survey (DHS) on HIV prevalence and risk 
behaviour in the general population [2,8] create the unique opportunity to test whether the 
HIV prevalence in the general population of Zimbabwe is higher among those living in close 
proximity to sex work sites.

We determined if geospatial heterogeneity in HIV prevalence in the general population in 
Zimbabwe is associated with proximity to sex work sites. We first calculated travel distance 
between DHS sample locations and known sex work sites, and used univariate and multivari-
ate logistic regression models to determine the association between distance to the nearest 
sex work site and HIV prevalence, controlling for demographic and sexual behavioural fac-
tors.
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METHODS

Data - CeSHHAR
CeSHHAR has registered the locations and characteristics of 55 sex work sites throughout 
Zimbabwe, from 2015 to 2017 [7], and GPS coordinates of each site were collected via 
Google Maps Coordinates [9]. Sex work sites are described as ‘hotspots’ for sex work, and 
one sex work site can consist of multiple venues where sex work takes place, such as bars, 
shebeens, streets, brothels, beer halls, sport bars, nightclubs, parking lots at border cross-
ings, truck stops, mining areas or marketplaces. For example, the city Harare is identified 
as one sex work site but consists of a huge variety of sex work venues throughout the city, 
from parking lots to hotels. The sex work sites are originally identified based on expert 
opinion and reported by Fearon et al. [7]. They include 36 CeSHHAR sites, as well as 19 
additional sex work locations identified in a structured workshop with experts, based on 
reached consensus on the presence of each of those sex work locations per province. The 
identified sex work sites cover an estimated 95% of all female sex workers, based on the 
calculations by Fearon et al. [7], who counted the numbers of female sex workers at the dif-
ferent CeSHHAR sites during various times to calculate the proportion of female sex workers 
among the general population at each site (using existing size population size data), which 
were then used to estimate the number of female sex workers at non-CeSHHAR sites [7]. All 
55 sex work sites were primarily identified as locations where female sex workers provide 
their services, but the sites might also be utilised by male and transgender sex workers. As 
different sex work sites might attract different types of clients with a different connection to 
the surrounding general population, we added a stratified analysis using five sex work site 
categories, based on expert opinion: city (city or regional capital), economic growth point 
(rural area with rapid economic growth), international (tourism, international business and 
border crossing), seasonal (mining, farming, fishing, university or army base) or transport 
(truck stop, transport hub or border crossing) [7]. Sites that fitted in multiple classifications 
were included in each relevant category up to a maximum of three categories per site. This 
way, a sex work site that was classified as, for example, truck stop and mining area was 
included as both a transport site and a seasonal site.

Data - DHS
We used the 2015 DHS from Zimbabwe, which includes voluntary HIV testing in the general 
population, and overlaps with the timeframes in which sex work sites were identified, clas-
sified and localised. The survey was conducted using standard DHS methodology; 400 loca-
tions (primary sampling units) were randomly sampled throughout the country, weighted by 
the population density per area, and about 25 randomly selected households were included 
at each sample location. HIV status was determined in the DHS by testing a blood sample 
from a finger prick using enzyme-linked immunosorbent assay. GPS coordinates of sample 
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locations were randomly displaced up to 2 km for urban and up to 5 km for rural locations, 
to ensure confidentiality of participants. All males and females aged 15–49 years with avail-
able HIV test results were included in our analysis.

Besides HIV status and GPS data, we included several demographic and (sexual) behavioural 
variables in our analyses: age, sex, male circumcision, number of lifetime sex partners, being 
a client of female sex workers or being a stable partner of someone who reported to be a 
client of female sex workers. Clients of female sex workers were defined based on whether 
a man had ever, or in the last year, paid for sexual intercourse. Men who reported to have 
offered gifts and goods in exchange for sex, instead of money, were not defined as clients 
of female sex workers in our analysis, due to lack of coherency comparing those answers to 
the other female sex work-related questions. Missing values for lifetime sex partners (136 
values, 0.84% of all values) were imputed using multiple imputation [10].

In addition to the variables directly extracted from the DHS, for each sample location we 
estimated the proportion of all men being a client of female sex workers, the proportion 
of all women being a female sex worker within 50 km radius around the sample location, 
and the human mobility level of people at each sample location. The proportions were 
determined to indicate the proportion of people directly engaging in sex work among the 
general population, as the relative size (i.e., number of sex workers relative to the population 
density of the area) is likely more important than absolute size (i.e., the estimated number 
of sex workers) [7,11]. We calculated the proportion of clients of female sex workers as the 
fraction of all 15- to 49-year-old men at each sample location, as proxy for utility of com-
mercial sex work among men at the sample location. We estimated the proportion of female 
sex workers among the female population around each DHS sample location (in a 50-km 
radius) by dividing the number of female sex workers in the area, based on sex work site 
size estimates from the CeSHHAR database [7], by the total female population in the area, 
based on population estimates provided by the WorldPop project [12] and ZimStat [13]. The 
estimates are provided in Supplementary Figure 1. We hypothesised that human mobility 
might influence the association between distance to a sex work site and HIV prevalence, 
as human mobility is often associated with higher HIV risk and mobile individuals might 
engage in sex work at different locations than where they (or their families) live long-term 
[3,14,15]. We therefore estimated the human mobility level of individuals in the DHS data 
based on combining three DHS variables; whether an individual was identified as being 
mobile in the past year through either being a seasonal worker; being away from home 
for at least 1 month; or being away from home more than two times in the past 12 months, 
with an individual being identified as ‘mobile’ when at least one out of three were answered 
with ‘yes’. The prevalence of human mobility was then aggregated per DHS sample location, 
where sample locations with a human mobility prevalence of 50% or more were marked as 
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locations with high human mobility, and sample locations with less than 50% were marked 
as locations with low human mobility. More details on survey protocols and questionnaires 
can be found on the DHS website (https://dhsprogram.com/).

Statistical analysis
We applied Ordinary Kriging to predict and visualise geospatial heterogeneity in HIV preva-
lence among adults throughout Zimbabwe. This is a commonly used geospatial method 
that could be used to estimate the best linear unbiased prediction of HIV prevalence at 
unsampled locations, based on HIV prevalence levels from known data points, which in 
our study were the sample locations from the DHS data [16].  Using this method, an HIV 
prevalence estimate was predicted for every 5-by-5 km grid cell in Zimbabwe. The method 
is described in more detail elsewhere [2].

Next, we determined the distance between DHS sample locations and sex work sites, calcu-
lated as the shortest distance from each DHS sample location to the nearest sex work site 
via paved and unpaved roads in kilometres (roads available via Open Street Map [17]). We 
applied these distances to each individual in the DHS data based on their sample location. 
The proximity calculation is illustrated in Supplementary Figure 2.

To determine the association between HIV prevalence among the general population and 
proximity to sex work sites, we performed individual-level and multilevel logistic regression 
analyses with HIV status (positive or negative) as dependent variable and the proximity 
to the nearest sex work site (distance to any sex work site as well as by type of site, e.g., 
distance to the nearest city site and distance to the nearest economic growth point site) as 
independent variables.

We first plotted the untransformed association between travel distance to sex work site, 
and both HIV prevalence at each sample location, and proportion of men reporting being 
clients of female sex workers at each sample location. We then tested the univariate associa-
tion between general population HIV status and proximity to sex work sites using logistic 
regression using a square root transformed proximity variable as the variable most closely 
resembled a normal distribution using this transformation. However, we also explored as-
sociations with categorical, untransformed continuous, and log-transformed proximity vari-
ables (Supplementary Figure 3). The associations between HIV status and all demographic 
and sexual behavioural variables included in this study were also first assessed univariately.

In the multivariate analysis, the association between travel distance to sex work sites and 
HIV status was adjusted for individual-level and sample location-level demographic and 
sexual behavioural risk factors related to sex work: age, sex, male circumcision, lifetime sex 
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partners and being identified as a client of female sex workers, estimated proportion of 
female sex workers at each sample location, urban or rural classification of each sample 
location, and population mobility score of each sample location. The DHS sample location 
was included as a random effect. The final multilevel multivariate model was developed 
using a backward selection procedure, where all variables that did not significantly improve 
the model fit (tested using likelihood tests, p > 0.05) were excluded. Finally, we separately 
fitted univariate and multivariate models stratified by sample location mobility score and 
urban/rural classification to examine potential effect modification. We used R software ver-
sion 4.0.1 and ArcGIS Pro version 2.3 to perform the analyses.

Ethics approval
Ethics approval was arranged by USAID (https://dhsprogram.com/Methodology/Protecting-
the-Privacy-of-DHS-Survey-Respondents.cfm). No separate consent was required to use the 
anonymised data.

RESULTS

A total of 16,121 individuals from the DHS data were included in our study (Supplementary 
Table 1). The overall HIV prevalence in the study population was 14.7% (11.2% among men; 
17.5% among women). Over one in five men (21.6%, N = 1529) reported to have ever visited 
a female sex worker, and about half of them (11.6%, N = 822) reported to have visited a 
female sex worker during the past year. HIV prevalence among men who ever visited a 
female sex worker was 20.5% versus 8.6% for men who never did. Less than half of the study 
population (41.8%) lived in urban areas, where HIV prevalence was higher as compared to 
rural areas: 19.9% vs. 11.0%. HIV prevalence was comparable between people with low and 
high mobility scores (14.5% vs. 15.0%, respectively). HIV prevalence levels for the general 
population and by subpopulation, that is, men, women and young people (15–24 years), 
stable partners of clients of female sex workers, clients of female sex workers and female sex 
workers, are shown in Supplementary Figure 5.

The geographical spread of HIV among the general population was highly heterogeneous 
(Figure 1A). Prevalence varied from just below 7% in north Zimbabwe and the eastern and 
north-western borders, to over 21% and 24% at border crossings with South Africa and 
Botswana respectively. Prevalence was also high (above 18%) in the Victoria Falls area, north 
of Harare (mining), and in the surrounding areas of Bulawayo (mining area, transport route).

The geographical locations and primary classification of the 55 sex work sites as registered 
by CeSHHAR are shown in Figure 1B. The nine city sites were located in or close to Harare, 
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Zimbabwe’s capital, and in or close to the other four bigger cities: Bulawayo and Gweru in 
central Zimbabwe; and Mutare, and Marondera in northeast Zimbabwe. The nine economic 
growth point sites and 32 seasonal sites were mostly located in the rural areas of the country. 
Ten international sites were located at border crossings with Botswana (Plumtree), Mozam-
bique (Mokumbura and Nyampanda), South Africa (Beitbridge), and Zambia (Chirundu and 
Kariba) and around tourist locations (Victoria falls) and the large cities. Twenty-one transport 
sites were mostly located on the national truck routes throughout the country as well as at 
the international border crossings.

Figure 2A shows the association between sample location-level HIV prevalence and un-
transformed distance to the nearest sex work site. There was a large variation in both general 
population HIV prevalence per sample location, ranging from 0% to 55%, and proximity to 
nearest sex work site, ranging from 360 m to 220 km, yet there was no statistically significant 
association between the two variables (p=0.77). Similarly, Figure 2B shows that there was no 
significant association between the proportion of clients of female sex workers at a sample 
location, ranging from 0% to 28%, and proximity to nearest sex work site (p=0.92). Scat-
terplots of the association between HIV prevalence and square root-transformed proximity 
to the nearest sex work site by type of site are shown in Supplementary Figure 4.

Zimbabwe

AA HHIIVV  pprreevvaalleennccee  aammoonngg  tthhee  ggeenneerraall  ppooppuullaattiioonn  ((1155--4499  yyeeaarrss)) BB LLooccaattiioonn  aanndd  ccllaassssiiffiiccaattiioonn  ooff  sseexx  wwoorrkk  ssiitteess

Figure 1. HIV prevalence among the general population in Zimbabwe (panel A) and female sex work (FSW) sites 
in Zimbabwe by type (panel B). HIV prevalence estimates are acquired using Ordinary Kriging (shown by 5 km2) and 
are based on the Zimbabwe 2015 DHS data of males and females (aged 15-49 years). DHS data obtained though https://
dhsprogram.com/. Sex work site locations are obtained via CeSHHAR Zimbabwe (http://ceshhar.org/). Twenty-one sites 
were identified as transport sites, 32 as seasonal sites, 10 as international sites, nine as city sites and nine as economic 
growth point sites.



HIV risk in the general population near sex work sites 195

Table 1 shows the univariate and multivariate associations between square root transformed 
proximity to sex work sites and demographic and behavioural covariates, and individual HIV 
status. Univariately, proximity to the nearest sex work site overall was not associated with 
HIV prevalence (odds ratio {OR} = 0.995 [95% confidence interval {CI} 0.976–1.013], p=0.563). 
When stratified by type of sex work site, only distance to economic growth point sites was 
borderline significantly associated with HIV status (OR = 0.984 [0.968–1.000]; p=0.050), with 
increasing distance being associated with lower HIV prevalence.

When controlling for demographic and behavioural variables in the multivariate models, 
proximity to sex work sites remained not significantly associated with HIV seropositivity in 
the general population for any sex work site type: city site adjusted odds ratio (aOR) = 1.010 
[95% CI 0.992–1.028], p=0.290; economic growth point site aOR = 0.982 [95% CI 0.962–1.002], 
p=0.088; international site aOR = 0.995 [95% CI 0.979–1.012], p=0.564; seasonal site aOR = 
0.987 [95% CI 0.968–1.006], p=0.176 and transport site aOR = 1.007 [95% CI 0.987–1.028], 
p=0.500. In contrast, individual-level covariates indicative of high-risk behaviour and engag-

PPrriimmaarryy  ccllaassssiiffiiccaattiioonn  ooff  ssiittee
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Figure 2.  HIV prevalence among the general population (age 15-49 years) (panel A) and the proportion of all men 
who ever visited a FSW (panel B) in relation to proximity to the nearest sex work site, by DHS sample location. 
Colours represent the primary classification of the sex work site. Sizes of the bubbles represent the number of individuals 
in each DHS sample location, numbers shown in legend are approximations. Dashed lines represent smoothed general-
ized logistic regression fits for the associations, for all types of sex work sites together. Four outliers, with a proximity to 
the nearest sex work site of over 140 km, were excluded.
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ing in commercial sex were significantly associated with HIV prevalence. Reported to have 
ever engaged in transactional sex (men only) showed a 44% increase in the odds of living 
with HIV (aOR = 1.445 [95% CI 1.188–1.745], p < 0.001). Similarly, reporting nine or more 
lifetime sexual partners were associated with an over twofold increase in the odds of living 
with HIV compared to reporting 1–3 lifetime partners (aOR = 2.072 [95% CI 1.654–2.596], p 
< 0.001). Being circumcised showed a 35% decrease in odds of living with HIV (aOR = 0.654 
[95% CI 0.495–0.865], p=0.003).

Multivariate logistic regression models stratified by rural/urban classification or stratified by 
mobility score of the DHS sample locations showed similar outcomes on the associations 
between proximity to sex work sites and HIV seropositivity (Supplementary Tables 2 and 3). 
Only for the urban sample, proximity to economic growth points was significantly associated 
with HIV seropositivity in the multilevel model (aOR 0.953 [95% CI 0.925–0.981], p=0.001).

DISCUSSION

Our analysis of 55 sex work sites and 16,121 individuals from 400 DHS sample locations 
across Zimbabwe showed no apparent association between proximity to the nearest sex 
work site and HIV seropositivity among the general population, regardless of which type 
of sex work site was closest. In contrast, individual-level indicators of engagement in sex 
work and high-risk behaviour were significantly associated with HIV seropositivity, with ever 
having been a client of female sex workers being associated with a 1½ times increase in the 
odds of living with HIV, and having nine or more lifetime partners being associated with a 
more than two-fold increase in the odds of living with HIV compared to reporting one to 
three lifetime partners.

Geospatial analyses are increasingly being used to illustrate and explain the heterogeneous 
spread of HIV [2,8,18]. For example, Palk and Blower showed that the heterogeneous spread 
of HIV in Malawi is associated with having a high number of lifetime sex partners [18]. Like-
wise, in a previous study across seven countries in East and Southern Africa, we showed that 
the large geographic heterogeneity in HIV prevalence among young adults could be linked 
to areas of high economic activity [2]. In these and other studies, female sex work was univo-
cally hypothesised as an important underlying driver of the geospatial HIV heterogeneity 
[2,18–20]. However, this hypothesis was never tested empirically due to the lack of suitable 
data on locations of sex work sites, female sex workers, and clients of female sex workers 
in areas with nationally representative survey data available. In household surveys such as 
the DHS, female sex workers are often not identifiable as being a sex worker [21]. Clients 
are identifiable, although reliant on self-reported behaviour. Using our unique combina-



HIV risk in the general population near sex work sites 199

tion of geolocated individual-level survey data on HIV seropositivity and risk in the general 
population, and the mapped locations of over 95% of all sex work sites in Zimbabwe, we 
showed that the hypothesised direct link between proximity to sex work site locations and 
heterogeneity in HIV prevalence among the general population does not hold for the situ-
ation in Zimbabwe.

It is important to note that our results do not refute the well-grounded notion that sex 
work is a major driver of HIV transmission in Zimbabwe and other settings with generalised 
epidemics [20,22]. On the contrary, our findings clearly demonstrate that at an individual 
level, indicators of practising commercial sex as a client are significantly associated with 
increased risks for HIV. The lack of a geospatial association between sex work sites and HIV 
prevalence could be explained by a combination of mobility of both female sex workers and 
clients [14,23], and maturity of the HIV epidemic [22]. Historically, HIV prevalence has been 
associated with proximity to busy transport routes, truck drivers and migrant mining labour 
[24–33], which are often locations for sex work sites [34]. However, as epidemics mature, 
HIV increasingly spreads from transmission hotspots to other areas through bridging popu-
lations, diluting the measurable association between HIV prevalence and distance to the 
hotspots. Furthermore, population mobility is a known key factor among both sex workers 
and their clients, and the places where they engage in sex are often not equal to places 
where they live [35]. A previous study on female sex workers in Zimbabwe found that around 
20% of female sex workers travelled at least a couple of times a year over smaller distances, 
and 10% travelled long-distance while staying away from home for weeks or sometimes 
months [14]. Clients also do not usually visit female sex workers close to where they live, but 
rather visit female sex workers when they spend some time away from home [22]. This is also 
supported by our study, where we found a clear association between proximity to sex work 
sites and the prevalence of clients of female sex workers among the general population.

Our findings show that effective programmatic planning of the HIV response cannot solely 
depend on the observed geospatial heterogeneity in HIV prevalence, as previously sug-
gested [2,8,18]. While planning testing and treatment services based on geospatial distribu-
tion of HIV prevalence within the general population would still suffice, allocating services 
for key populations requires careful mapping of hotspots and sites independent of general 
population HIV prevalence levels [7,36]. It is essential to better understand what other factors 
drive the observed geospatial heterogeneity in HIV prevalence—for example, clustering of 
cultural, geographical or socioeconomic factors, or heterogeneities in access to and uptake 
of interventions—so that interventions can be tailored accordingly.

The lack of a spill-over effect of HIV to the general population in areas surrounding sex work 
sites emphasises that interventions at these areas should primarily be focused on female 
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sex workers and their clients, preferably through people-centred HIV services specifically for 
female sex workers and clients at the sex work site where they provide and use the services, 
with peer-outreach as a central aspect of implementation [37]. Including sex workers in the 
design of such interventions and hiring them as staff members is recommended to improve 
the effectiveness and acceptability by ensuring that services are sensitive and acceptable 
to the target population [37]. Given the often-high mobility levels of these subpopulations, 
good accessibility of services is crucial, especially since female sex workers and clients might 
prefer to access HIV clinics at places away from home or utilise several different clinics 
depending on where they work and engage in commercial sex. Finally, the increased HIV 
risk among stable partners of clients of female sex workers highlights the need of focused 
interventions for this specific subpopulation. Reaching partners of clients of female sex 
workers might be challenging, as the sex worker-visiting partner might be not open to 
disclose information on engagement in commercial sex to the stable partner. Nevertheless, 
targeted HIV services for clients of female sex workers could, for example, include their 
stable partners or include discussing condom use with stable partners.

Our study had some limitations. While the overall number of respondents in the DHS be-
tween 15- and 49-years accepting HIV testing was relatively high at 85% [38], the proportion 
of male respondents was slightly lower; 81% compared to 88% among women. It is often 
hypothesised that those who decline have higher HIV risk [39]. However, younger people 
(15–34 years), who are generally at higher risk of acquiring HIV, were somewhat more likely 
to participate in HIV testing in the 2015 DHS in Zimbabwe. Also in rural areas, with often 
higher proportions of clients, response rates were generally higher. We therefore do not ex-
pect selective non-respondence to have influenced our findings substantially. Furthermore, 
the sex work sites from the CeSHHAR data were determined based on clinic data collected 
between 2015 and 2017 as well as locations identified through expert opinion [7], and it is 
perceivable that some sex work sites in Zimbabwe may not have been captured in our data. 
Since the DHS are cross-sectional data containing HIV status with no information on lag-
time since seropositive status, we cannot make definite claims about causal effects between 
proximity to sex work sites and HIV risk. Next, there can be underreporting of the amount of 
sex work visits, or selective non-respondence from the people who visit female sex workers, 
but it is very unlikely that this potential bias negates the qualitative interference from our 
study findings, as we did find that reported visiting of female sex workers was associated 
with increased HIV prevalence. Finally, it is important to note that this work was focused 
on female sex workers and their clients only, because there were no data available on sex 
workers who identify as cisgender male, transgender women and transgender men, their 
clients, and their sex work sites. This does not mean these groups do not exist in Zimbabwe. 
For example, male sex work in Zimbabwe was described by Tsang et al. [40]. It is perceivable 
that most of these sex workers would work at, or close by, the sex work sites for female sex 
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workers, and it is therefore unlikely that knowing the locations of non-cisgender female sex 
workers would alter the qualitative inference of our results.

Conclusions
We found no evidence of an association between the proximity of sex work sites and HIV 
seroprevalence in Zimbabwe. Programmatic planning of (key population) interventions to 
curb HIV transmission can therefore not be taken merely based on geospatial heterogeneity 
of the epidemic, but requires careful mapping and considerations of transmission dynamics 
related to key populations implicitly. The absence of a geospatial association could be ex-
plained by the mobile nature of both female sex workers and their clients, as individual-level 
indicators of sex work were still significantly associated with HIV. Given that spill-over of 
HIV into the general population surrounding sex work sites seems limited, prevention and 
control interventions for HIV at these sites should primarily focus on sex workers and clients, 
with special emphasis on including and retaining mobile sex workers and their clients into 
services.
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SUPPORTING INFORMATION TO CHAPTER 5

Supplementary Figure 1. Percentage of female sex workers (FSWs) as proportion of the female population per 
sex work site in Zimbabwe. FSW size estimates come from the CeSHHAR database [12], female population density 
data are based on population estimates provided by the WorldPop project (https://www.worldpop.org/). Each blue circle 
represents a sex work site, the size indicated the proportion of FSWs in the underlying female population. 
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Supplementary Figure 2. Example of the calculation of distance and time from the Zimbabwe 2015 DHS sample 
location to the nearest sex work site over road. DHS sample locations are represented by black dots and sex work 
locations by orange squares. Each orange line represents a distance calculation from a DHS sample location to the near-
est sex work site by road. 



HIV risk in the general population near sex work sites 207

Supplementary Figure 3. Association between proximity to the nearest sex work site and HIV prevalence among 
the general population (by the DHS sample location in Zimbabwe in 2015), explored as continuous (panel A), 
logarithmic (panel B), and square root (panel C). The colours represent the primary classification of the sex work site.  
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Supplementary Table 1. Characteristics of the DHS data, Zimbabwe, 2015. Data obtained through https://dhspro-
gram.com/.

Characteristics N; % HIV prevalence

All individuals
N=16,121

All HIV-positive individuals
N=2,373 HIV+ (14.7%)

Sex
 Male
 Female

7,069 (43.8%)
9,052 (56.2%)

11.2% (791 HIV+)
17.5% (1,582 HIV+)

Age
 mean [SD]
 15-24 years
 25-34 years
 35+ years

27.2 [9.3]
6,739 (41.8%)
4,922 (30.6%)
4,460 (27.7%)

34.2 [8.3]
5.1% (349 HIV+)
16.7% (822 HIV+)
27.0% (1,202 HIV+)

Place of residence
 De Jure (i.e., usual resident)
 De Facto (i.e., slept at residence last night)

15,448 (95.8%)
16,121 (100%)

14.5% (2,284 HIV+)
14.7% (2,373 HIV+)

HIV status
 Positive
 Negative

2,373 (14.7%)
13,748 (85.3%)

N/A
N/A

Sex work client, ever (males only) 
 Yes
 No

1,529 (21.6%)
5,540 (78.4%)

20.5% (313 HIV+)
8.6% (478 HIV+)

Sex work client, in the last year (males only)
 Yes
 No

822 (11.6%)
6,247 (88.4%)

19.7% (162 HIV+)
10.1% (629 HIV+)

Current partner of sex work client (females only)
 Yes
 No

787 (4.9%)
8,265 (95.1%)

19.7% (155 HIV+)
17.3% (1,427 HIV+)

Lifetime number of sex partners
 mean [SD]
 None
 1-3
 4-9
 9+

2.7 [6.4]
3,309 (20.5%)
9,651 (59.9%)
2,251 (14.0%)
910 (5.6%)

4.6 [9.3]
3.4% (106 HIV+)
16.0% (1,543 HIV+)
22.8% (513 HIV+)
23.2% (211 HIV+)

Condom used last sex
 Yes
 No

2,926 (18.2%)
13,195 (81.8%)

29.9% (875 HIV+)
11.4% (1,498 HIV+)

Circumcised (males only)
 Yes
 No

1,150 (16.3%)
5,916 (83.7%)

7.4% (85 HIV+)
11.9% (706 HIV+)

Type of place of residence
 Urban
 Rural

6,737 (41.8%)
9,384 (58.2%)

19.9% (1,340 HIV+)
11.0% (1,033 HIV+)

Human mobility in the last year
 Low
 High

8,505 (52.8%)
7,616 (47.2%)

14.5% (1,231 HIV+)
15.0% (1,142 HIV+)
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Supplementary Figure 5. HIV prevalence in Zimbabwe among different subpopulation groups. Female sex work-
ers data are obtained from CeSHHAR data, Zimbabwe, July 2018 – June 2020. Other subpopulation data are obtained 
from the DHS 2015 through https://dhsprogram.com/. HIV prevalence is highest among FSWs (47.6% [44.7%-50.4%]), 
followed by FSW clients (20.5% [18.2%-22.8%]) and current stable partners of FSW clients (19.7% [16.7%-22.7%]). HIV 
prevalence among the general population is 14.7% [14.1%-15.3%], among all women 17.7% [16.7%-18.4%], among all 
men 11.2% [10.4%-12.0%], and among young people (15-24 years) 5.2% [4.7%-5.7%]. 
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ABSTRACT

The rapid scale-up of antiretroviral treatment (ART) for HIV since the mid-2000s, mostly 
through disease-specific or “vertical” programmes, has been a highly successful undertaking, 
which averted millions of deaths and prevented many new infections. However, the dynam-
ics of the HIV epidemic and changing political and financial commitment to fight the disease 
will likely require new models for the delivery of ART over the coming decades if the prom-
ises of universal treatment are to be met. Delivery model innovations for ART are intended 
to improve both the effectiveness and efficiency of the HIV treatment cascade, reaching 
new people who require ART and providing ART to more people without an increase in re-
sources. We describe twelve models for ART delivery, which could be achieved through five 
categories of delivery innovations: integrating ART (“vertical ART plus”, “partially-integrated 
ART” and “fully-integrated ART”); modifying steps in the ART value chain (“professional 
task-shifted ART”, “people task-shifted ART” and “technology-supported ART”); eliminating 
steps in the ART value chain (“immediate ART” and “less frequent ART pick-up”); changing 
ART locations (“private-sector ART”, “traditional-sector ART” and “ART outside the health 
sector”); and keeping the status quo (“vertical ART”). The different delivery model innova-
tions are not mutually exclusive and several could be combined, such as “vertical ART plus” 
with “task-shifted ART”. Suitability of the models will highly depend on local and national 
contexts, including existing health systems resources, available funding, and type of HIV 
epidemic. Future implementation research needs to identify which models are the best fit 
for different contexts.
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BACKGROUND

The rapid scale-up of antiretroviral treatment (ART) for HIV since the mid-2000s has been 
an unprecedented achievement in public health. The rapid expansion of access to treatment 
– mostly through vertical programmes funded by international donor organisations [1] – 
has averted millions of deaths and prevented many infections in low- and middle-income 
countries (LMICs) [2–4]. Despite the success of the current HIV response, there are three 
important reasons why now is the time to rethink the delivery models for HIV treatment for 
the coming decades.

First, major global donors are slowly pulling back. The HIV epidemic predominantly affects 
resource-poor communities, mostly in sub-Saharan Africa. Here, the lack of sufficient health 
facilities and the push for a rapid scale-up of HIV services resulted in the creation of vertical 
ART delivery systems. These services are predominantly funded and sustained by interna-
tional donor organisations, like the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) 
and the Global Fund to Fight AIDS, Tuberculosis and Malaria. Yet, while the number of 
people on lifelong ART continues to increase [5], the available funding falls short. Although 
overall health aid is higher than ever before [6], donor HIV spending in LMICs has declined 
by more than $1 billion annually since 2015 [1,7]. These shortages threaten the sustainability 
of the international AIDS response.

Second, non-communicable diseases (NCDs), such as diabetes, cardiovascular diseases and 
cancer, have been recognised as a growing source of morbidity and mortality in LMICs with 
generalised HIV epidemics [8]. As people with HIV are living longer due to successful ART 
[9], NCDs have become a leading cause of comorbidity for this population [10–12].

Third, the global health agenda is increasingly pushing for a shift from vertical programmes 
towards more integrated service delivery within the general health system. The sustainable 
development goals emphasise targets that call for ending the HIV, tuberculosis, and malaria 
epidemics; transforming maternal and child health; tackling the growing burden of NCDs; 
and reaching larger numbers of people for universal-test-and-treat programmes, all of 
which should be achieved through universal health coverage (UHC) [13,14].

Financial, epidemiological and political sustainability will need to be at the core of every 
country’s future HIV response [15,16], triggering a need for innovative health systems 
thinking. Sustainable delivery models should allow for tailored country-owned ART delivery 
models that aim for overall cost reduction while ensuring high quality care, as well as reach-
ing people living with HIV that the current programmes do not reach – these are important 
but ambitious demands on future ART delivery models.
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In this paper, we propose twelve models – based on fi ve delivery model innovations – for 
ART delivery, which could respond to the current challenges and opportunities. First, we 
suggest integration of ART with other health services. Integration can be achieved to dif-
ferent degrees – adding health services to vertical ART (model 1), partial integration of ART 
with other vertical health programmes (model 2), or full integration of ART into primary 
healthcare (model 3). Second, we propose modifying one or several steps in the healthcare 
value chain – through task-shifting of ART delivery to lower-level health workers (model 4) 
or to patients, family members, or community members (model 5), or through ART delivery 
supported by technology (model 6). Third, we describe models where steps in the healthcare 
value chain would be eliminated – through immediate ART initiation following a positive 
HIV test (model 7) or less frequent ART delivery for patients who are stable on treatment 
(model 8). The fourth innovation is based on using new places for ART delivery, which could 
be private health facilities (model 9), traditional healers (model 10), or locations outside 
the healthcare system (model 11). Of course, one important delivery model is the status 
quo, i.e., vertical ART services provided apart from other health services (model 12). All 
delivery model innovations need to be benchmarked against the performance of the status 
quo, which over the past two decades has proven to be highly successful. An overview of 
the described delivery model innovations and related ART delivery models is presented in 
Figure 1.

INTEGRATING ART

This delivery model innovation comprises models where ART delivery is off ered together 
with other health services. This includes integrating care for other diseases with the care 
already available for HIV patients in the status quo delivery models (model 1 – ‘vertical 
ART plus’), combining diff erent vertical systems like tuberculosis or maternal health with 
HIV care (model 2 – ‘partially-integrated ART’), or full integration of HIV care within the 
general primary healthcare system (model 3 – ‘fully-integrated ART)’. These models have 
the potential to lead to effi  ciency gains for the healthcare system, due to shared use of 
staff  and physical resources. Integrated models can also increase the effi  ciency of patients’ 
healthcare utilisation: for comorbid HIV patients, care will be available in one clinic visit 
rather than several visits to diff erent clinics. At the same time, it is plausible that integrated 
care increases average costs per treatment, because of diseconomies of scope. Vertical 
care ensures maximal learning and procedural effi  ciency because patients are very similar. 
Integrated care implies more dissimilar patients, which reduces learning eff ects and the 
potential to optimally prepare and organise the resources for care provision.
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Model 1 – ‘vertical ART plus’
In the vertical ART plus model, ART delivery remains separate from the general health sys-
tem, but other health services will be off ered at the clinic alongside HIV services. Frequent 
comorbidities of people living with HIV are tuberculosis [17,18], NCDs such as diabetes and 
hypertension [18], as well as depression and other mental health issues [19]. With com-
pletely vertical HIV service provision, these comorbidities are often neglected, and people 
living with HIV need to visit multiple health facilities to access all the required care. Vertical 
ART plus services could capitalise on the foundations built with the HIV response to improve 
the effi  ciency and coverage of care and treatment of these comorbidities. Furthermore, 
screening might be off ered along with HIV services, which is already done sometimes for 
cervical cancer in young female HIV patients and for the most common NCDs in older HIV 
patients [20]. Vertical ART plus may be more cost-eff ective than purely vertical services as 
resources are shared, translating to increased technical effi  ciency (i.e. minimalising staff  and 
resources while maximising service delivery) [20]. However, the vertical ART plus model may 
result in inequalities in access to care, as HIV negative people who require healthcare are not 
covered here and will need to seek services elsewhere.
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Figure 1. Wheel of ART delivery model innovations.
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Model 2 – ‘partially-integrated ART’
This model comprises partial integration of ART delivery with other existing vertical health-
care programmes, of which well-known examples are integration with programmes for 
tuberculosis [21,22], sexual and reproductive health [23], and NCDs [10,20]. More recently, 
HIV service integration with mental health programmes has also been explored [24,25]. 
Generally, this form of integration allows for operational efficiency gains (i.e. optimised 
service delivery due to specialised staff and well-functioning work flows for example) and 
is most beneficial when target populations of both programmes largely overlap. In contrast 
to the vertical ART plus model, services are not exclusively available for people living with 
HIV. Partial integration of ART delivery with other health programmes can be realised at 
different levels, from complete integration of location, resources and personnel to solely 
linking both vertical programmes, through strengthened referral. The advantages of this 
model are highly dependent on the level of integration and context. Similar to the vertical 
ART plus model, this model has the potential for technical efficiency gains. Depending on 
the context, also allocative efficiency gains (i.e., optimal allocation of services based on the 
patients’ needs) might be achieved. However, this model does not entail UHC and thus still 
produces inequalities in access to care.

Model 3 – ‘fully-integrated ART’
This integration model can be defined as ART service provision at the same location and with 
the same (human) resources as primary healthcare [26]. Decentralised ART delivery allows 
people to access all types of healthcare, regardless of their HIV status, thereby tackling 
issues of inequality and stigma associated with more vertical systems [27].

Whether efficiency is higher compared to more vertical systems will largely depend on the 
local context and disease burden. On the one hand, shared resources and shared workload 
among the staff could enhance technical efficiency and allocative efficiency of the general 
health system. Furthermore, due to easier referral and access to other health services, up-
take of ART will likely increase, at a lower cost [28]. On the other hand, diseconomies of 
scope may result in less efficient ART delivery, as heath workers and other personnel now 
need to shift focus between treating a wide variety of patients rather than specialising and 
optimising care for a specific group of patients. In addition, in high-burden areas, the high 
numbers of HIV infected people requiring care might overburden the health system and 
crowd-out other patients. Finally, a fully integrated ART delivery model might be detrimental 
for care and prevention for specific key populations, such as sex workers, injecting drug 
users, or men who have sex with men (MSM). In many cases these – often marginalised – 
populations have poorer access to general healthcare, and benefit greatly from specifically 
tailored services.
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MODIFYING STEPS IN THE ART VALUE CHAIN

This delivery model innovation is aimed at modifying different essential steps of the value 
chain [29] of ART delivery to increase and improve delivery while ensuring low costs. This 
can be achieved by shifting the offered HIV services to lower health workers (model 4 – 
‘professional task-shifted ART’), other people or the patients themselves (model 5 – ‘people 
task-shifted ART’), or technology supported ART delivery (model 6 – ‘technology-supported 
ART’). By bringing services closer to the population, these models may increase ART cover-
age, and could bolster retention and adherence to ART at relatively low costs. When de-
signed well, this type of innovation might alleviate pressure from the busy clinics providing 
HIV treatment. The effects on quality of care and patient satisfaction highly depend on the 
type of model and the specific content and context of modification.

Model 4 – ‘professional task-shifted ART’
Health workers have been one – or the – ‘binding constraint’ even early in the history of 
the ART scale-up in sub-Saharan Africa [30–32]. Ever since the introduction of nurse-led 
treatment initiation [33], various task-shifting strategies have been explored to overcome 
this constraint and to increase the efficiency and sustainability of ART delivery. In the profes-
sional task-shifted ART model, HIV testing and ART delivery are partly shifted from nurses 
to health extension workers or community health workers (CHWs), for example through 
home-based testing or mobile testing [34,35] and CHW-led ART delivery [36]. Clinics are 
often busy, and task-shifting and task-sharing can reduce the work load of highly trained 
health professionals, allowing them to provide other complex and essential care. In addition, 
costs will remain relatively low compared to fully centralised ART delivery. Community-
based testing and service provision increases the number of people reached, that might 
otherwise not know their status or would not have access to sufficient treatment [37,38]. 
Professional task-shifting can thus lead to higher ART coverage and operational efficiency 
gains. Shifting services to CHWs can be realised in both vertical and integrated systems, 
as CHWs can be associated with either specific HIV clinics or the general health system. 
In fact, community-based delivery does not need to be unique to HIV, and CHWs may 
also be able to provide pregnancy and maternal care [39–41], screen for hypertension, and 
distribute chronic medication to those in need, or provide counselling on where to access 
other required health services. Nevertheless, specialised HIV doctors and nurses will still be 
essential when dealing with more complex cases, such as people with poor viral suppression, 
resistance, or complex comorbidities.

Model 5 – ‘people task-shifted ART’
People task-shifted ART delivery involves the local community or even the patients them-
selves. For instance, HIV positive peers within the community can bolster linkage, retention 
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and adherence to ART through adherence clubs, community ART distribution points, or 
non-traditional community-oriented care for patients who are stable on treatment [42,43]. 
Peer educator-led ART refill groups in South Africa, community ART distribution points in the 
Democratic Republic of Congo and patient-led community ART groups in Mozambique are 
other examples of successful ‘people task-shifted ART’ [35]. These initiatives enable patients 
to visit clinics less, saving time and travel costs, while peer-groups motivate each other to 
adhere to their medication. As international donor funding for HIV continues to decline and 
the number of HIV infected people on ART continues to grow, shifting care to the commu-
nity or the individual is a logical consideration to improve efficiency and sustainability of the 
HIV response, while also freeing-up resources for other diseases. However, this model, like 
other task-shifting initiatives, comes with several disadvantages. Generally, shifting services 
away from the clinics will challenge quality-control. In addition, bringing care closer to home 
might affect privacy of patients and therewith discourage patients from seeking care due to 
HIV-related stigma.

Model 6 – ‘technology-supported ART’
Technology-supported ART can include a wide range of technologies, all aimed at reducing 
work, shifting work away from health workers or supporting patients or CHWs in their rou-
tines. Previously explored examples are drone delivery of HIV test kits and other medicines 
in Malawi [44], and mobile fully-equipped ART clinics in Eswatini [45]. Another example is 
the strategic placement of electronic pick-up machines, where patients can register with a 
patient-card to receive a tailored treatment package. Also, smartphone apps are increas-
ingly developed to stimulate adherence and simplify monitoring, for example by providing 
laboratory test results, treatment schemes and information on side effects. However, active 
usage of these apps seems challenging, according to a randomised-controlled trial among 
HIV patients registered at an urban clinic in South Africa [46]. Tablet-based apps for patient 
registry and monitoring are an example for new technology-support initiatives for CHWs. 
Although new technologies generally seem promising, in many cases sufficient training is 
needed to use the technologies adequately. Moreover, the tools are generally costly, risking 
theft and damage.

ELIMINATING STEPS IN THE ART VALUE CHAIN

Eliminating steps in the ART value chain comprises of either providing immediate ART after 
diagnosis (model 7 – ‘immediate ART’) or less frequent ART pick-ups for stable patients 
(model 8 – ‘less frequent ART pick-up’). Both models can be desirable for the patient, while 
also saving costs for the health system due to less frequent visits. The main challenge of this 
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innovation lies in sustaining good quality of HIV care over time with less frequent patient-
provider interaction.

Model 7 – ‘immediate ART’
It is important that people who test positive for HIV must contact care services in a timely 
manner. However, care-seeking behaviour is highly heterogenous, leading to delay until 
receiving the first treatment [47]. For instance, if people test positive outside of the central 
HIV services, for example, through community-based HIV testing, they are often referred 
to clinics that are busy, not well equipped, and far away. To overcome treatment delays, 
CHWs could be equipped with ART supply packages to offer to patients directly. Evidence 
from four trials conducted in African settings suggests that treatment outcomes are similar, 
compared to outcomes of linkage to care programmes [48]. A potential downside of this 
strategy is lack of adherence [48], possibly due to insufficient counselling. Also, CHWs would 
need to have additional training to provide patients with all the information they need, for 
example on treatment schemes and important side effects. When people are tested in the 
health clinic, a follow-up appointment often needs to be scheduled to distribute ART. Here, 
same-day ART delivery could be a solution. A study conducted in an urban setting in Haiti 
showed that same-day ART delivery leads to an increase in adherence as well as better 
treatment outcomes [49].

Model 8 – ‘less frequent ART pick-up’
Currently, many medical protocols require HIV patients to visit a clinic every one to three 
months. This is very time consuming and costly both for the patient and the health system. 
Alternative monitoring and ART pick-up schemes have been proposed, for example in 
Uganda, where patients are only required to visit their clinic once every six months [50]. Al-
though this model might save costs, the danger lies in the infrequent monitoring of patients. 
Therefore, this model is only suitable for patients who are stable on treatment.

CHANGING ART LOCATIONS

This delivery model innovation is based on the use of new places for ART delivery, such 
as private health facilities (model 9 – ‘private-sector ART’), traditional healers (model 10 – 
‘traditional-sector ART’) or places outside of the healthcare system (model 11 – ‘ART outside 
the health sector’), including supermarkets, train stations and faith-based organisations. By 
offering ART at places that are easier to reach, these innovations can increase recruitment, 
adherence and retention to ART. Suitability of these models highly depends on the context. 
Primary challenges that should be taken into account when considering these models are 
ensuring quality of care and privacy of the patients.
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Model 9 – ‘private-sector ART’
In the context of a well-developed private healthcare sector, the integration of ART delivery 
into the private sector can be considered. This could be the integration of ART delivery 
into the general health services provided by big privately-owned hospitals, but also ART 
distribution via private physicians or pharmacies. Although ART delivery might be improved 
for patients from higher socioeconomic classes, this distribution method would generally 
be relatively expensive. Unless treatment costs could be covered using alternative financing 
strategies, this model likely leads to increased inequality in access to ART, and therefore 
should not be implemented as a stand-alone solution.

Model 10 – ‘traditional-sector ART’
In some high burden countries, traditional medicine plays a central role in society. People 
infected with HIV might visit their traditional healer first, before seeking professional care. 
Traditional healers could be used to deliver ART, screen for HIV or do adherence counselling, 
therewith using their (often) trustworthy image and big network within the community. 
However, this model needs to be considered with caution. Community healers could have 
profit motives, and generally it would be challenging to guarantee the quality of the services 
being offered. In addition, traditional healers follow different believes compared to allo-
pathic medicine: not all of them would be open to supporting allopathic medicine practices, 
and they provide care that may not be conductive to the clinical success of ART.

Model 11 – ‘ART outside the health sector’
Alternatively, ART could be delivered at places outside of the health sectors, at public or 
frequently visited places. Suitable places would be supermarkets, train stations and faith-
based organisations, as well as other places that are easy to access for a vast majority of the 
population. However, this type of distribution strategy needs to be very well thought out in 
order to secure the privacy of patients and ensure good quality of care.

KEEPING THE STATUS QUO

Another option is to maintain the status quo, keeping ART delivery models as they currently 
are (model 12 – ‘vertical ART’). In this case, HIV services will continue to be provided apart 
from the general health systems. There are many good arguments for this choice. Gener-
ally, vertical delivery implies high operational efficiency, due to high levels of expertise and 
standardised work flows. Also, the current delivery models have proven to be successful, and 
the risk of adapting or changing this model must be considered carefully. Furthermore, the 
current models have already evolved and are often well-adapted to local contexts. However, 
solely maintaining this model may not be feasible in resource limited contexts.
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Model 12 – ‘vertical ART’
In vertical systems, experienced doctors, nurses and other health workers work exclusively 
with HIV infected people, and therefore likely offer higher quality of care due to specialisation 
while doing their work more efficiently (i.e. economies of scale) in high-burden areas [27,51]. 
In these contexts, this approach allows for possible cost reduction, as well as enhanced qual-
ity of ART delivery. In contrast, a disease-specific service provision model in low-burden ar-
eas will likely suffer from diseconomies of scale and scope due to excess capacity. Therefore, 
although operational efficiency might be high due to specialised personnel, referral chains, 
and logistics, the technical and allocative efficiency of disease-specific service delivery is 
highly dependent on the local disease burden. In addition, disease specific models may 
introduce inequalities in access to care, both in low and high-burden settings, as services for 
other diseases may remain inadequate [13,52]. HIV patients receiving care at the ART clinic 
might need to seek care for other conditions, such as hypertension or diabetes, elsewhere.

Table 1. Overview of the definitions and examples of models for ART delivery based on five delivery model in-
novations.

INNOVATION DELIVERY 
MODEL

DEFINITION EXAMPLES

Integrate 
with other 
health 
services

Vertical-plus 
ART

Other services 
are provided 
within vertical ART 
services

-  Anti-hypertensive care, diabetes prevention and 
other NCD services provided with ART services in 
Kenya, Uganda and Nigeria [20]

-  Depression care offered with ART in the Unites 
States [53]

Partially-
integrated 
ART

Integration with 
other vertical 
health services

-  Integration with tuberculosis services in sub-
Saharan Africa, South America and Asia [21,22]

-  Integration with sexual and reproductive health [23]
-  Integration with NCD services in sub-Saharan Africa 

[10,20]

Fully-
integrated 
ART

Integration of ART 
services into the 
general primary 
healthcare system

-  Integration of HIV care with primary healthcare 
services in rural Kenya [26], and Malawi [28]

Modify steps 
in the value 
chain

Professional 
task-shifted 
ART

Shifting the 
delivery of ART 
from highly to 
less trained health 
professionals

-  Community health workers delivering ART in 
Tanzania [38]

-  Community health workers delivering prevention of 
mother-to-child transmission services in Tanzania 
[54]

-  Expanding testing and linkage to care through 
community health workers in Uganda [34], Rwanda 
and Malawi [37]

People task-
shifted ART

Shifting the 
delivery of ART 
from healthcare 
professionals to 
lay people

-  Improving adherence trough peer-support among 
pregnant women in South Africa [55].

-  Peer educator-led ART refill groups in South Africa, 
community ART distribution points in DRC and 
patient-led community ART groups in Mozambique 
are other examples of successful task-shifting 
models [35]
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DISCUSSION

We proposed five categories of ‘delivery model innovations’ for ART, translated into twelve 
concrete ART delivery models. None of these proposed models will be a ‘silver bullet’ for 
the world. Rather, suitability of the models will highly depend on the epidemic, health sys-
tems, political and cultural contexts [56]. For instance, countries with generalised epidemics 
may continue to benefit from a degree of ‘verticality’ in the delivery of ART, because in 
many communities in these countries there are sufficiently large numbers of HIV patients 
to keep vertical delivery structures fully and constantly occupied. In countries with more 
concentrated epidemics, among key populations such as sex workers and MSM for example, 
specific vertical services might be essential to be able to offer specialised care, tackle stigma, 
and promote easier access to health care for these vulnerable groups. In contrast, HIV care 

Table 1. Overview of the definitions and examples of models for ART delivery based on five delivery model in-
novations. (continued)

INNOVATION DELIVERY 
MODEL

DEFINITION EXAMPLES

Technology-
supported 
ART

ART delivery using 
technological 
innovations

-  Drone delivery of HIV test kits in rural Malawi [44]
-  Mobile fully-equipped ART clinics in Eswatini [45].

Eliminate 
steps in the 
value chain

Immediate 
ART

ART services 
provided 
immediately 
following a 
positive HIV test

-  CHWs providing ART packages after HIV testing and 
counseling, in several African settings [48]

-  Same-day delivery in urban clinics of Haiti [49]

Less frequent 
ART

Decreased 
frequency of ART 
provision

-  Shift from 1-2 to 6 month clinic visits in Uganda [50]

Use new 
places

Private-sector 
ART

ART delivery in 
private healthcare 
facilities

-  ART delivery at private hospitals, physician practices 
or pharmacies

Traditional-
sector ART

ART delivery 
supported by 
traditional healers

-  ART delivery by traditional healers

ART in places 
outside the 
health sectors

ART delivery 
outside of the 
healthcare system

-  ART delivery at supermarkets, train stations or faith-
based organisations

Status quo Vertical ART ART delivery 
remains separate 
from other 
health services, 
in current places, 
and using current 
technologies

Abbreviations: ART = antiretroviral treatment; CHWs = community health workers; NCDs = non-communicable diseases; 
SSA = sub-Saharan Africa
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for the general population may be more efficiently provided as part of general internal 
medicine and family health services.

Moreover, even within regions or countries with similar epidemics and health systems con-
texts, multiple innovations might be needed to achieve near-universal ART coverage and 
optimised ART retention and adherence [57]. Communities living in remote areas would, for 
example, benefit from implementation of task-shifted and technology supported ART deliv-
ery, as this would increase test-and-treat coverage as well as decrease travel time and costs 
for people already receiving treatment. For patient groups that are mobile, such as truck 
drivers and seasonal migrants, less frequent ART delivery could be a solution to increase ad-
herence. Other important facets that need to be taken into account while designing the best 
ART delivery strategies are: the available funding, previous successes in the HIV response (of 
which trends in HIV incidence and current ART coverage are important markers), burden of 
other diseases, HIV/AIDS-related stigma and political commitment.

Generally, while it is plausible that delivery model innovations can lead to major improve-
ments in the effectiveness and efficiency of the HIV treatment cascade, we should keep in 
mind that it is also possible that such innovations fail and the envisioned improvements do 
not materialise. The status quo should not be hastily abandoned for innovations; careful 
vetting of novel models through implementation science and causal impact evaluations 
should come before any large-scale replacement of the current ART delivery programmes.

Optimally tailoring ART delivery to the current financial, epidemiological, and political con-
text will likely not only require innovations in service delivery, but also in the methods used 
to determine resource allocation. Here science can play an important role. First, delivery 
models need to be identified and designed with beneficiaries, healthcare providers, and 
community stakeholders. Based on outcomes of ART delivery model’ comparisons and 
evaluations from various contexts, a framework can be designed to support evidence-based 
decision making. Complementary models for people-centred services can be developed for 
each context of the framework. Second, the proposed delivery models need to be tested in 
prototype and pilot studies – here science can support, by designing studies that allow for 
causal impact evaluations.

Also, mathematical modelling can be of value for optimising resource allocation for ART. 
However, these models are also largely disease specific, and generally ignore the general 
epidemiological and health system context of a specific area. Resource allocation within the 
UHC era will increasingly require multi-disease mathematical models that can also capture 
health system dynamics and constraints [12,58].
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The proposed delivery model innovations can be utilised similarly to reshape other tradi-
tionally vertically delivered health services, e.g., tuberculosis or family planning services.

Conclusions and future perspectives
ART delivery model innovations need to be carefully vetted and evaluated for their potential 
to increase ART coverage and efficiency. The suitability of the proposed models will depend 
on local and national contexts. Thus, local design studies are required to determine the most 
promising delivery model innovations and their precise forms. Prototyping and pilot studies 
are needed to put these models to the test before large-scale implementation. The promise 
of ART delivery model innovations is large and implementation science, causal evaluation 
and mathematical modelling studies can ensure that it is fulfilled.
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BACKGROUND

The global response to the HIV pandemic since the 2000s has been an unprecedented suc-
cess, with rapid scale-up of HIV prevention and antiretroviral treatment (ART) programmes 
[1]. Although most low-and-middle-income countries are transitioning towards domestic 
public funding because of shrinking donor funding, Official Development Assistance (ODA) 
remains an essential component of HIV financing, especially in sub-Saharan Africa [2].

The coronavirus disease 2019 (COVID-19) pandemic produced an economic crisis charac-
terised as the worst since the Great Depression in the 1930s [3]. The International Monetary 
Fund (IMF) estimates that reduced economic output and trade because of COVID-19 – and 
its impactful countermeasures, such as lockdowns and curfews – will shrink the world gross 
domestic product (GDP) by 4.4% in 2020, and will only gradually recover over the next years 
[4]. These declines can have devastating effects on donor and domestic healthcare financing 
for the years to come, including for HIV.

ESTIMATING THE IMPACT

We estimated the potential impact of the global recession on HIV financing in the 10 countries 
with the largest ART programmes in sub-Saharan Africa – Ethiopia, Malawi, Mozambique, 
Tanzania, Uganda, Kenya, Nigeria, Zambia, Zimbabwe, and South Africa – over the next 5 
years to illustrate potential gaps due to the economic crises, and propose urgent mitiga-
tion strategies to ensure continued service delivery. Together, these countries account for 
roughly 70% of HIV-infected people worldwide [5] and spend an estimated US$7.5 billion 
on HIV annually, of which almost two-thirds (i.e., about US$ 4.7 billion) comes from ODA [6].

We used IMF economic projections on GDP growth and published estimates of current 
domestic spending and ODA for HIV in each country [4,5]. We first calculated the share of 
GDP spend on HIV from domestic sources, and the proportional share of ODA from donor 
countries. We then developed four scenarios to reflect possible effects of GDP declines 
and political choices in HIV financing, and calculated the net difference to a no-COVID-19 
counterfactual using IMF country-specific economic projections from before the pandemic 
(Figure 1).

Figure 1 shows the projected net difference in country-specific HIV/AIDS budget over the 
next 5 years for four scenarios, compared with a no-COVID-19 counterfactual, for Ethiopia, 
Malawi, Mozambique, Tanzania, and Uganda (low-income), Kenya, Nigeria, Zambia, and 
Zimbabwe (lower-middle-income), and South Africa (upper-middle-income). Estimates were 
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generated using data on projected country-specifi c GDP growth from the IMF [4], and latest 
data on country-specifi c domestic and donor funding for HIV/AIDS as provided by the Joint 
United Nations Programme on HIV/AIDS (UNAIDS) [5]. All estimates are reported in 2019 
US$. If the share of GDP designated for HIV in both domestic and donor countries remains 
unchanged, we estimate a gap of about US$1.9 billion over 2020–2024, a decline of about 
5% compared with funding over 2015–2019 (Figure 1, scenario 1).

If the share of GDP designated for HIV falls by an initial 10% in both domestic and external 
sources in 2020 and 5% in the subsequent years – representing a shift of funding to other 
sectors, such as COVID-19-related healthcare, economic relief funds, or payment of govern-
ment debts – we estimate a cumulative gap of US$4.1 billion, amounting to a decline of 
about 11% in total funding for HIV (Figure 1, scenario 2).

Compensating for gaps in ODA would require substantial increases in domestic HIV funding: 
by roughly 10% (upper middle-income countries), 15% (lower middle-income countries) or 
20% (lower income countries) (Figure 1, scenario 3). Even in an extremely optimistic scenario, 
in which the absolute amount of donor funding remains unchanged, domestic HIV spending 
would need to increase by about 5% to maintain current funding levels (Figure 1, scenario 

Figure 1. Estimated impact of the coronavirus disease 2019-related global recession on HIV fi nancing in the 10 
countries with the largest HIV programs in sub-Saharan Africa. Figure shows the projected net diff erence in country-
specifi c HIV/AIDS budget over the next fi ve years for four scenarios, compared to a no-COVID-19 counterfactual, for 
Ethiopia, Malawi, Mozambique, Tanzania, and Uganda (low-income), Kenya, Nigeria, Zambia, and Zimbabwe (lower-
middle-income), and South Africa (upper-middle-income). Estimates were generated using data on projected country-
specifi c GDP growth from the IMF [4], and latest data on country-specifi c domestic and donor funding for HIV/AIDS as 
provided by UNAIDS [5]. All estimates are reported in 2019 US$.
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4). Such increases appear unlikely, as most of these countries already struggled to expand 
domestic HIV funding in the pre-COVID-19 era [6].

Although it is challenging to speculate which of these scenarios will predominate, current 
events suggest that our most pessimistic scenario, including additional cuts in donor fund-
ing on top of the budget declines caused by GDP fluctuations (scenario 2), is at least partly 
unfolding. The UK government recently announced to consider temporarily cutting foreign 
aid spending from 0.7% to 0.5% of gross national income [7], a decline of over 25%, and 
other donor countries may follow suit. For nine out of the 10 countries studied, 77–94% 
of funding for care and treatment comes from ODA [6]; making these political decisions a 
direct threat to continuation of ART programs. The only exception is South Africa, where 
only 18% of the HIV budget stems from ODA and continuation largely depends on local 
political decisions. However, as South Africa has been severely affected by the pandemic, 
reprioritisation of domestic resources may well be necessary to finance the COVID-19 re-
sponse and economic recovery.

If we assume scenario 2 to unfold, we can roughly calculate the detrimental effects on 
service provision for HIV-infected people. For the 10 countries in our analysis, about US$3 
billion [6], enabled 13.6 million people to receive life-saving ART pre-COVID-19 [5]. If relative 
funding distributions between treatment and prevention are maintained, the most extreme 
funding shortfalls of $850 million for 2021 (11% compared with 2019) in scenario 2 could, 
therefore, mean that approximately 1.5 million people enrolled in HIV care could not be 
served any longer.

Interruption of ART could have direct implications for the health of HIV-infected people: 
potentially resulting in increased incidence of AIDS-defining illnesses, treatment resistance, 
and AIDS-related mortality. Moreover, extended lockdowns could lead to decreased ART 
adherence because of poor access and drug stock-outs, and many outreach programmes for 
key populations have been reduced or halted. Several mathematical modelers forecast that, 
of all interventions currently in place for HIV prevention and control, interruption of ART 
delivery because of COVID-19 will have the biggest impact on relative changes in mortality, 
and, together with interrupted condom availability, the biggest impact on relative changes 
in incidence [8]. Whereas shifting funding within limited HIV budgets away from prevention 
programmes to ensure treatment continuation during the crisis might seem to be an attrac-
tive short-term solution, this could have a detrimental impact on the HIV epidemic in the 
long-run.
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COMPLEXITY OF HIV FINANCING

The complex nature of HIV financing makes creating accurate predictions challenging, 
and our estimates should thus be interpreted as cautionary rather than predictive. In our 
analyses, we explored the effects of the COVID-19-related recession on HIV financing by 
making a simplified assumption of a linear relationship between country-specific GDP and 
HIV financing. Although this seems reasonable, validating our assumption against past ob-
servations (e.g., trends in GDP versus trends in HIV financing) is complex, as detailed yearly 
country-level data is not always available.

Next to the direct GDP-dependent effects of COVID-19 countermeasures, several political 
decisions and indirect economic disruptions might further adversely affect HIV financing. 
First, aid distribution for HIV might increasingly be prioritised for low-income countries 
alone. Although this might mean that the poorest countries in the world are slightly more 
protected, lower middle-income and upper middle-income countries would need an ac-
celerated process towards country-ownership. Second, several non-governmental financing 
schemes will be disproportionally affected by the pandemic. For instance, the air tax levy 
used to finance Unitaid, accounting for approximately 6% of the Global Fund to Fight AIDS, 
Tuberculosis and Malaria budget [9], will be severely affected by air travel restrictions. Third, 
financial gaps and shifts in sources indirectly supporting the HIV response, such as inter-
national research funding or the announcement by the USA to halt funding to the WHO 
[10], might adversely affect the HIV response and its financing for years to come. Fourth, 
domestic funding for HIV may be affected by the severity of the COVID-19 pandemic in the 
African nations and the political response. The proportion of the population infected with 
COVID-19, the strength and resilience of the local health system to respond to the COVID-19 
pandemic, and the political structure and leadership in a country are all factors that are likely 
to influence the level of funding appropriated to fight HIV.

THE NEED FOR FINANCING INNOVATIONS

Regardless of how the financial and political complexities unfold and affect prevention and 
treatment programmes in the individual countries, it is critical to implement mitigation 
strategies to compensate for the financial gaps. First, continuation of HIV service delivery 
could be ensured and efficiency improved through accelerated implementation of differen-
tiated care – by enabling less frequent ART pick-ups [11], shifting tasks to community health 
workers [12], integrating HIV/COVID-19 prevention [13], and focusing on prevention for key 
populations. Second, resources could be pooled at regional level (facilitated for instance 
through the Southern African Development Community) to better leverage emergency 
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funding, sharing of human capital and knowledge, and expertise in health programme 
management. Third, integration with other health services could improve efficiency, and si-
multaneously accelerate progress towards universal health coverage [14,15]. Integration will 
also force a conversation about reprioritisation across all health areas, essential to overcome 
the broader health system challenges introduced through the COVID-19 pandemic. Most 
importantly, mitigation strategies should strengthen the HIV response by using existing 
resources more efficiently, rather than shifting funding from other resources to fill gaps, so 
that health service provision for other population needs is not endangered.

CONCLUSIONS

The COVID-19 pandemic is putting acute pressure on HIV programmes in high-burden 
countries. With potential declines in funding of as much as 5% or 11%, the scale-up of HIV 
prevention and treatment in sub-Saharan Africa could come to halt or even reverse. But, 
as with any major crisis, the pressure to innovate under challenging circumstances could 
ultimately result in an HIV response and general health system that is more integrated, 
efficient and sustainable, improving resilience to future crises, and bolstering efforts to end 
the HIV pandemic by 2030.
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ABSTRACT

Background: Integration of HIV services with other health services has been proposed as an 
important strategy to boost the sustainability of the global HIV response. We conducted a 
systematic and comprehensive synthesis of the existing scientific evidence on the impact of 
service integration on the HIV care cascade, health outcomes, and cost-effectiveness.

Methods and findings: We reviewed the global quantitative empirical evidence on integra-
tion published between 1 January 2010 and 10 September 2021. We included experimental 
and observational studies that featured both an integration intervention and a comparator 
in our review. Of the 7,118 unique peer-reviewed English-language studies that our search 
algorithm identified, 114 met all of our selection criteria for data extraction. Most of the 
studies (90) were conducted in sub-Saharan Africa, primarily in East Africa (55) and Southern 
Africa (24). The most common forms of integration were (i) HIV testing and counselling added 
to non-HIV services and (ii) non-HIV services added to antiretroviral therapy (ART). The most 
commonly integrated non-HIV services were maternal and child healthcare, tuberculosis 
testing and treatment, primary healthcare, family planning, and sexual and reproductive 
health services. HIV care cascade outcomes tended to be better in integrated services: up-
take of HIV testing and counselling (pooled risk ratio (RR) across 37 studies: 1.67 [1.41–1.99], 
p<0.001), ART initiation coverage (pooled RR across 19 studies: 1.42 [1.16–1.75], p=0.002), 
time until ART initiation (pooled RR across 5 studies: 0.45 [0.20–1.00], p=0.050), retention 
in HIV care (pooled RR across 19 studies: 1.68 [1.05–2.69], p=0.031), and viral suppression 
(pooled RR across 9 studies: 1.19 [1.03–1.37], p=0.025). Also, treatment success for non-HIV-
related diseases and conditions and the uptake of non-HIV services were commonly higher 
in integrated services. We did not find any significant differences for the following outcomes 
in our meta-analyses: HIV testing yield, ART adherence, and HIV-free survival among infants, 
and HIV and non-HIV mortality. We could not conduct meta-analyses for several outcomes 
(HIV infections averted, costs, and cost-effectiveness), because our systematic review did not 
identify sufficient poolable studies. Study limitations included possible publication bias of 
studies with significant or favourable findings and comparatively weak evidence from some 
world regions and on integration of services for key populations in the HIV response.

Conclusion: Integration of HIV services and other health services tends to improve health 
and health systems outcomes. Despite some scientific limitations, the global evidence shows 
that service integration can be a valuable strategy to boost the sustainability of the HIV 
response and contribute to the goal of “ending AIDS by 2030”, while simultaneously sup-
porting progress towards universal health coverage.
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AUTHOR SUMMARY

Why was this study done?
•	 The rapid scale-up of HIV testing and antiretroviral therapy (ART) in many countries and 

communities over the past two decades has been largely achieved with stand-alone HIV 
programmes.

•	 Increasing life expectancy and the side effects of ART are leading to more co-morbidities 
among people living with HIV, suggesting that ART programmes that also offer other 
treatments could improve both healthcare effectiveness and patient experience.

•	 Other reasons for integration include the hope that joint delivery of services will increase 
coverage and reduce costs.

•	 The global evidence on integration of HIV services and other health services, to our 
knowledge, has never been synthesised and it is thus unclear what the empirical effects 
of integration are.

What did the researchers do and find?
•	 We conducted a systematic review and meta-analysis to synthesise the results of inte-

grating HIV services and other health services on HIV care cascade outcomes (testing, 
linkage to care, treatment initiation, treatment adherence, retention, and viral suppres-
sion), HIV health outcomes (new infections and mortality), non-HIV health outcomes, 
and costs and cost-effectiveness.

•	 In most of the 114 studies that our systematic review identified most outcomes were 
better in integrated compared to separate services.

What do these findings mean?
•	 Integration of HIV services and other health services tends to improve health and health 

systems outcomes.
•	 The success of integration strategies is highly context-specific and more evidence is 

needed on integration in specific geographical areas and for the key populations in the 
HIV response.

•	 Despite such limitations, our systematic review and meta-analyses support the case 
for integration as a valuable and viable strategy to boost the sustainability of the HIV 
response and contribute to the goal of “ending AIDS by 2030”, while simultaneously 
supporting progress towards universal health coverage.
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INTRODUCTION

Ambitious goals guide the global HIV response. The 2016 political declaration of the 
United Nations General Assembly on HIV and AIDS [1] reinforced the commitment of the 
international community to reach the “getting to zero” targets: zero new HIV infections, 
zero AIDS-related deaths and zero discrimination by 2030 [2,3]. The so-called fast-track 
commitments for HIV prevention aim to achieve access to combination prevention for 90% 
of all key populations in the HIV response (e.g., young women and adolescent girls, men 
who have sex with men, transgender people, sex workers and their clients, people who 
inject drugs, and prisoners) by the end of 2020 [2]. The UNAIDS “95-95-95 targets” focus on 
near-universal and effective coverage with HIV testing and antiretroviral treatment (ART) for 
people living with HIV (PLHIV) [4]. Despite progress, these ambitious goals remain elusive in 
many countries [5,6]. Political and financial support for the global HIV response stagnated 
or even declined in recent years [7,8]. At the same time, the number of PLHIV needing 
treatment is expected to further rise in the future [9,10]. The economic shock and health 
financing crisis triggered by the coronavirus disease 2019 (COVID-19) pandemic has further 
reduced political attention to HIV and will likely further widen the gap between the funding 
required and available to achieve the global HIV goals [11].

The rapid global scale-up of HIV testing, prevention and treatment services over the past 
two decades has been largely achieved with stand-alone programmes operating separately 
from other health system functions [12]. At the same time, increasing life expectancy [13,14] 
and the side effects of ART have led to more co-morbidities among PLHIV [15], suggesting 
that more integrated ART programmes could improve the HIV patient’s experience and 
healthcare effectiveness. From the perspective of programmes that currently do not include 
HIV services, such as testing or treatment, integrating HIV services may lead to powerful 
benefits for patient, such as HIV status knowledge and needed ART.

In the broadest sense, integration is the joining of two or more health services that were 
previously separated in some way (for instance, delivered by different health workers or 
at different locations). The specific integration that was the topic of our systematic review 
and meta-analyses is the joining of health services for HIV and at least one other disease or 
condition [16,17].

Integration could improve or worsen aspects of health services. From the perspective of pa-
tients and clients, benefits of integration could reduce the time and inconvenience of utilis-
ing healthcare for several diseases or conditions, and thus improve the patient experience 
[17,18]. From the perspective of the providers and funders of care, integration could improve 
processes and resource allocation [19,20]. For example, integrating the delivery of different 
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services that one and the same patient needs could increase access [19] and continuity of 
care [21,22], and improve the clinical coordination of treatments for different diseases and 
thus health outcomes [23–25]. Integration could also reduce the costs of services because 
of synergies in joint delivery [19,20]. However, it is also plausible that integration increases 
costs, because joint delivery of services for multiple diseases reduces specialisation and the 
efficiency gains that it brings. Another plausible risk of integration includes overburdening 
healthcare providers [12,26], especially in areas with high HIV prevalence.

We performed a systematic review and meta-analysis of existing empirical quantitative evi-
dence on the integration of HIV services and other health services. We included all empirical 
quantitative studies that compared outcomes in an intervention and a comparator group, 
independent of how the intervention and comparator groups were assigned, defined and 
measured. The reason for the broad scope of study designs that we included in our system-
atic review is that in our fields of study – health systems, health services and implementation 
research – experiments are overall rare, while observational study designs are common. We 
hope that our evidence synthesis will inform policy and implementation strategies aimed 
at improving the reach, quality, impact and sustainability of HIV and other health services.

METHODS

Search strategy and selection criteria
We followed the PRISMA [27] guidelines for systematic reviews and meta-analyses. We 
searched Embase, Medline Ovid (database behind PubMed), Web of Science, EconLit 
(ProQuest), Cochrane CENTRAL Library, and Google Scholar to identify articles published 
between 1 January 2010 and 28 January 2020, and manually searched the reference lists 
of identified studies. The search was updated on 10 September 2021 to include studies 
up to this date. Search strings were constructed in collaboration with a medical librarian 
(see Supplementary File 1 for the full search strategy). We used Medical Subject Headings 
(MeSH) terms and “all fields” terms comprising the themes healthcare integration, HIV/AIDS, 
utility, health, economic and healthcare quality outcome indicators, and target populations. 
We included all populations in our systematic review, such as the general population and 
PLHIV. In addition, we specifically included terms for several key populations in the HIV 
response in our systematic search algorithm (men who have sex with men, transgender 
people, sexual and gender minorities, and sex workers) to ensure that we did not miss 
studies of integration targeting these populations (Supplementary File 1) [5]. Database 
searches were restricted to studies in English.
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We included full-text peer-reviewed experimental and observational studies that provided 
quantitative empirical evidence on integration with both an intervention and a comparator 
group. We included studies on HIV care cascade outcomes (testing, linkage to care, treat-
ment initiation, treatment adherence, retention, and viral suppression), HIV health outcomes 
(new infections and mortality), non-HIV health outcomes, and costs and cost-effectiveness. 
These outcomes align with the five factors of the RE-AIM framework to evaluate public 
health impact of health systems interventions [28,29]: (i) reach – HIV testing and counselling, 
(ii) effectiveness – viral suppression and health outcomes, (iii) adoption – cost-effectiveness, 
(iv) implementation – linkage to care, treatment initiation, treatment retention and adher-
ence, and (v) maintenance – costs.

Reasons for excluding studies were (i) no integration intervention including an HIV service, 
(ii) integration of health systems functions other than health services, (iii) no outcome of 
interest, (iv) no empirical evidence (e.g., editorials, perspectives, reviews, modelling stud-
ies), (v) no comparator group, (vi) non-published/non-peer reviewed literature, (vii) study 
protocols, or (viii) studies whose full text was not available. All included studies reported on 
integration at the point of care, but integration could also have included “above-patient” 
and “above-site” levels including healthcare providers, infrastructure, resources, monitoring, 
evaluation, and supply chain and management [16,30]. Studies concerning all facility types 
were included; from hospitals to community-level services.

Three independent reviewers (CAB, MO, and AS) screened the titles and abstracts of the 
primary studies that our search algorithm identified, and for those records that were eligible 
based on our inclusion and exclusion criteria, we examined full texts to determine eligibility 
for data extraction. We resolved any disagreements between the independent reviewers by 
consensus in a discussion with another member of our author team. We did not provide the 
protocol online; the review was not pre-registered.

Data analysis
Two authors (MO and AS) independently extracted the following study data: (i) general 
information (title, authors, year of publication, journal), (ii) study characteristics (study ob-
jectives and aims, study design, study population, study size, study time and duration), (iii) 
geographical location and population, (v) intervention (description, rationale for integration, 
degree of integration, healthcare level of integration), (v) comparator, (vi) outcomes, (vii) 
results, and (viii) contextual factors. We performed a quality assessment of the primary stud-
ies that our systematic search identified using the Grades of Recommendation, Assessment, 
Development and Evaluation (GRADE) tool [31]. For studies that did not find that integration 
improves outcomes, we searched the journal articles for reasons for this finding.
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We expressed results (i) as risk ratios (RRs) for both HIV and non-HIV care cascade and 
health outcomes, (ii) as number of infections averted new HIV infections, and (iii) in 2018 
US$ for costs and the cost components of incremental cost-effectiveness ratios (ICERs). We 
did meta-analyses for those outcomes for which pooling of results was meaningful (i.e., for 
the results in (i)), because the integration interventions studied were the same or functionally 
similar. We pooled results using inverse-variance weighting. We estimated the proportion 
of variation across studies that was due to heterogeneity of results rather than chance (I² 
statistic) [32]. We also did meta-analyses for the subset of experimental studies only. All 
data analyses were done using R version 3.6.3 [33]. Ethical approval was not required for this 
study because we only used secondary data extracted from published studies.

RESULTS

Our search identified a total of 7,118 unique publications, of which 114 met the inclusion cri-
teria (Supplementary Figure 1) [34–147]. Of the 114 included studies, 39 were experimental 
and 75 were observational. Figure 1 shows the geographical location and year of publica-
tion of the included studies by type of health service. Most of the studies were conducted 
in East Africa (55 studies) and Southern Africa (24 studies): primarily in Kenya (20 studies), 
South Africa (18 studies), Zambia (8 studies), Malawi (8 studies), and Uganda (8 studies). The 
most common services integrated with HIV services were maternal and child health (MCH) 
(28 studies), tuberculosis (TB) (16 studies), family planning (16 studies), primary healthcare 
(14 studies), and sexual and reproductive health (SRH) or sexually transmitted infections 
(STI) services (13 studies). The most common intervention was integration of HIV testing 
and counselling into non-HIV services (46 studies), followed by integration of additional 
services into ART (28 studies) and integration of ART into non-HIV programmes (21 studies). 
Fifty studies focussed on the general population, 40 studies on women or children and 22 
studies on at least one of the key populations in the HIV response. Studies duration differed 
widely (Supplementary Figure 2). While the median study duration was 2 years, 28 studies 
were three years or longer, 8 studies were five years or longer, and the maximum dura-
tion among all studies was 8 years. Supplementary Table 1 shows distributions of study 
characteristics across all studies; Supplementary Table 2 shows the study characteristics for 
each individual study; and Supplementary Table 3 shows the GRADE assessment. Table 1 
shows a summary of key findings.
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HIV cascade-of-care
HIV testing and counselling uptake was significantly higher across different health services 
based on all 37 studies (pooled RR 1.67 [95% CI 1.41–1.99], p<0.001, Figure 2A), including 
in all 11 experimental studies (pooled RR 1.42 [95% CI 1.28–1.58], p<0.001). One study – 
evaluating integration of HIV, hypertension, and diabetes screening in rural South Africa 
– reported lower uptake of HIV testing, which the authors attributed to a lack of human 
resources and inadequate staff training [56]. Integration yielded a higher percentage of 
HIV-positive people in 4 out of 10 studies and a lower percentage in the remaining studies 
(Figure 2B).

ART initiation was significantly higher based on all 19 studies (pooled RR 1.42 [95% CI 
1.16–1.75], p=0.002, Figure 3A), but non-significantly higher based on the 6 experimental 
studies only (pooled RR 1.50 [95% CI 0.97–2.33], p=0.064). Two studies that examined inte-
gration of HIV testing and counselling with MCH reported lower initiation rates of ART and 
prevention of mother-to-child-transmission, which the authors attributed to poor linkage to 
HIV services beyond testing and counselling [34,98]. People initiated ART significantly faster 
in integrated programmes, measured in 5 studies, all of which reported on integration with 
TB or MCH services (pooled RR 0.45 [95% CI 0.20–1.00], p=0.050, Figure 3B).

Retention in care was significantly higher in integrated programmes based on all 19 studies 
(pooled RR 1.68 [95% CI 1.05–2.69], p=0.031; Figure 4A), but non-significantly higher in 
integrated programmes based on the 7 experimental studies only (pooled RR 1.46 [95% 
CI 0.67–3.17], p=0.282). ART adherence was non-significantly higher based on all 7 studies 
(pooled RR 1.13 [95% CI 0.95–1.34], p=0.146; Figure 4B) and based on the 3 experimental 
studies only (pooled RR 1.06 [95% CI 0.91–1.23], p=0.245). One study reported lower reten-
tion and adherence in integrated antenatal care and HIV services, which the researchers 
attributed to non-retention when women who initiated ART in antenatal care eventually had 
to switch from ART in antenatal care to ART in stand-alone HIV services [82]. Viral suppres-
sion was significantly higher in integrated programmes based on all 9 studies (pooled RR 
1.19 [95% CI 1.03–1.37], p=0.025; Figure 4C), and borderline significantly higher based on 
the 6 experimental studies only (pooled RR 1.23 [95% CI 1.00–1.51], p=0.054). One study 
reported no significant difference in viral suppression between integrated and separate 
services, which the researchers attributed to the scarcity of staff to provide HIV services and 
insufficient adherence support in the integrated programmes [37].

New HIV infections, HIV-related mortality, and stigma
HIV-free survival among infants was only modestly and non-significantly higher in integrated 
programmes based on all 5 studies (pooled RR 1.04 [95% CI 0.98–1.11], p=0.135; Figure 5A), 
but it was significantly higher based on the 2 experimental studies only (pooled RR 1.11 
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[95% CI 1.03–1.20], p=0.033). Reported explanations for the moderate improvements in HIV-
free survival outcomes were a low overall prevalence of mother-to-child transmission of HIV 
[97,105], as well as national scale-up of ART for prevention of mother-to-child-transmission 
[126] and other events promoting HIV testing and treatment initiation during the interven-
tion period [105]. The number of HIV infections averted in integrated compared to separate 
services was similar in 2 studies and higher in 2 other studies (Figure 5B). AIDS-related 
mortality, measured in 8 studies, was non-significantly lower in integrated programmes 
(pooled RR 0.72 [95% CI 0.47–1.11], p=0.118; Figure 5C). The increased mortality in in-
tegrated services in one study was attributed to weak implementation of integration and 
lack of coordination of integrated service delivery, affecting overall quality of care [78]. One 
study provided quantitative comparative outcomes related to the third UNAIDS “getting 
to zero” target of “zero discrimination” [3]. In this study, the integrated delivery of clinical 
HIV services and psychosocial interventions for adolescents in Zambia was significantly as-
sociated with reduced stigma (adjusted prevalence rate ratio 0.49 [95% CI 0.28–0.88]) and 
reduced negative community attitudes towards HIV (adjusted prevalence rate ratio 0.77 
[95% CI 0.62–0.96]) [145].

Non-HIV-related outcomes
Uptake of other health services, measured in 32 studies, was significantly higher in inte-
grated programmes (pooled RR 2.42 [95% CI 1.59–3.66], p<0.001; Figure 6). In two studies, 
uptake of non-HIV services was significantly lower in integrated services, which the authors 
attributed to high HIV client loads, insufficient staff training to provide broader service 
packages, and insufficient human resource capacity to provide additional services [45,108]. 
Treatment success for other diseases or conditions than HIV, measured in 21 studies, was 
significantly higher in integrated programmes (pooled RR 1.56 [95% CI 1.11–2.20], p=0.014; 
Figure 7A). Mortality from other causes than HIV (either TB or viral hepatitis), measured in 
6 studies, was non-significantly lower in integrated programmes (pooled RR 0.43 [95% CI 
0.16–1.17], p=0.083; Figure 7B).

Costs and cost-effectiveness
We found that costs of basic HIV and non-HIV services, measured in 10 studies, tended 
to be lower in integrated programmes (Figure 8). The ICERs of integrated services were 
universally positive, showing a wide range from approximately 2018 US$ 10 to over US$ 
3000 per DALY averted or QALY gained (Figure 8E).
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Figure 2. Results of integration of HIV services: (A) uptake of HIV testing and counselling and (B) yield of people 
tested HIV-positive. Outcomes are related to the “fi rst 95” of the 95-95-95 targets for the HIV cascade-of-care. Each 
estimate indicates the size of the relationship between integration exposure and outcome. We measure these relation-
ships as risk ratios; asterisks indicate statistically signifi cant results. The diamond at the bottom of each panel shows the 
overall random-eff ects meta-analytical estimate. Abbreviations: CI = confi dence interval; FSWs = female sex workers; 
MSM = men who have sex with men; PLHIV = people living with HIV; PWID = people who inject drugs; RR = risk ratio; 
USA = United States of America.
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Figure 3. Results of integration of HIV services: (A) antiretroviral therapy (ART) initiation and (B) time until ART 
initiation. Outcomes are related to the “second 95” of the 95-95-95 HIV cascade-of-care. Each estimate indicates the size 
of the relationship between integration exposure and outcome. We measure these relationships as risk ratios; asterisks 
indicate statistically signifi cant results. The diamond at the bottom of each panel shows the overall random-eff ects meta-
analytical estimate. Abbreviations: ART = antiretroviral therapy; CI = confi dence interval; DRC = Democratic Republic of 
the Congo; MSM = men who have sex with men; PLHIV = people living with HIV; PWID = people who inject drugs; RR = 
risk ratio; USA = United States of America. 
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Figure 4. Results of integration of HIV services for people living with HIV (PLHIV): (A) retention in care, (B) anti-
retroviral therapy (ART) adherence, and (C) viral suppression of those on ART. Outcomes are related to the “third 95” 
of the 95-95-95 HIV cascade-of-care. Each estimate indicates the size of the relationship between integration exposure 
and outcome. We measure these relationships as risk ratios; asterisks indicate statistically signifi cant results. The diamond 
at the bottom of each panel shows the overall random-eff ects meta-analytical estimate. Abbreviations: ART = antiretrovi-
ral therapy; CI = confi dence interval; FSWs = female sex workers; MSM = men who have sex with men; PLHIV = people liv-
ing with HIV; PWID = people who inject drugs; RR = risk ratio; SSA = sub-Saharan Africa; USA = United States of America. 
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Figure 5. Results of HIV services integration: (A) HIV-free survival, (B) HIV infections averted, and (C) AIDS-
related mortality. Outcomes are related to the “getting to zero” targets for HIV/AIDS. Each estimate in panel A and C 
indicates the eff ect size as derived from a single study, either directly, or by recalculating reported outcomes. Each esti-
mate indicates the size of the relationship between integration exposure and outcome. We measure these relationships 
as risk ratios; asterisks indicate statistically signifi cant results. The diamond at the bottom of each panel shows the overall 
random-eff ects meta-analytical estimate. Infections averted (panel B) are displayed by 100-person years. Abbreviations: 
CI = confi dence interval; PLHIV = people living with HIV; PWID = people who inject drugs; RR = risk ratio; SSA = sub-
Saharan Africa; USA = United States of America.
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Figure 6. Results of HIV services integration: uptake of non-HIV health services. Each estimate indicates the ef-
fect size as derived from a single study, either directly, or through recalculating reported outcomes, and represents the 
relative risk ratio.  Each estimate indicates the size of the relationship between integration exposure and outcome. We 
measure these relationships as risk ratios; asterisks indicate statistically signifi cant results. The diamond at the bottom 
of each panel shows the overall random-eff ects meta-analytical estimate. Abbreviations: CI = confi dence interval; DRC 
= Democratic Republic of the Congo; FSWs = female sex workers; PLHIV = people living with HIV; PWID = people who 
inject drugs; RR = risk ratio; SRH = sexual and reproductive healthcare; SSA = sub-Saharan Africa; USA = United States 
of America.
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Figure 7. Results of HIV services integration: (A) treatment success for non-HIV related diseases and/or condi-
tions and (B) non-AIDS-related mortality. Each estimate indicates the size of the relationship between integration 
exposure and outcome. We measure these relationships as risk ratios; asterisks indicate statistically signifi cant results. 
The diamond at the bottom of each panel shows the overall random-eff ects meta-analytical estimate. Abbreviations: CI 
= confi dence interval; DRC = Democratic Republic of the Congo; FSWs = female sex workers; PLHIV = people living with 
HIV; PWID = people who inject drugs; RR = risk ratio; SRH = sexual and reproductive healthcare; SSA = sub-Saharan 
Africa; USA = United States of America.
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Figure 8. Results of integration of HIV services and economic outcomes: Costs of (A) HIV services only, (B) non-
HIV services only, (C) HIV and non-HIV services combined, and (D) integrated non-HIV with HIV services as 
compared to HIV services only. (E) Cost-eff ectiveness as incremental cost-eff ectiveness ratios (ICERs). Each cost 
estimate indicates the eff ect size as derived from a single study, either directly, or through recalculating reported out-
comes. The estimates represent the costs of services in integrated compared to separate services. The ICERs measure the 
cost-eff ectiveness of integration, compared to the cost-eff ectiveness of stand-alone HIV service delivery as reported in 
the studies. Abbreviations: ART = antiretroviral therapy; ICER = incremental cost-eff ectiveness ratio; PWID = people who 
inject drugs; USA = United States of America.
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DISCUSSION

Our systematic review of integration of HIV services and other health services identified 
114 relevant empirical peer-reviewed studies. Generally, outcomes were better in integrated 
compared to separate services: the meta-analytical averages for HIV testing and counselling, 
ART initiation, retention in HIV care, and viral suppression rates were all higher in integrated 
services. Similarly, uptake of non-HIV health services and non-HIV health outcomes were on 
average better in integrated services.

To our knowledge, this is the first systematic review and meta-analysis that quantifies the 
global evidence on integration of HIV services and other health services on a broad scope 
of health systems and health outcomes. Our systematic review was comprehensive in four 
important aspects. First, we included both directions of integration: HIV services integrated 
into services for other diseases or conditions and services for diseases other than HIV – such 
as depression or hypertension screening and treatment – integrated into HIV services [26,30]. 
Second, we designed our search algorithm such that it identified all primary studies on the 
integration of HIV services with any other types of services. Third, we included a broad scope 
of outcomes in our review: HIV care cascade outcomes (testing, linkage to care, treatment 
initiation, treatment adherence, retention, and viral suppression), HIV health outcomes 
(new infections and mortality), non-HIV health outcomes, and costs and cost-effectiveness. 
Fourth, we included all study types as long as the study included a comparator of some sort 
for effect or impact estimation, i.e., we included experimental and observational quasi- and 
non-experimental studies in our review. Our results are broadly in line with earlier find-
ings from systematic and scoping reviews on integration of services with narrower scopes 
of integration interventions or outcomes. Previous reviews on integration of HIV and TB 
[148,149], MCH [22,150], family planning [151–153], SRH [154], primary healthcare [155], 
non-communicable disease treatments [23,151], and mental health services [156] generally 
found that integration led to improved service uptake and better health outcomes, but 
that high-quality evidence was limited [148,151–153,157–159]. Our synthesis also broadly 
concurs with the previous literature that integration evidence is particularly scarce  for key 
populations [154], cost-effectiveness outcomes [156], and long-term impacts of integration 
[19,20,151,156,160–162].

Our results should be useful for policy makers, practitioners and researchers concerned with 
health systems structures and processes supporting HIV services over the coming decades. 
Whether or not to integrate services and how to design integrated delivery models will likely 
depend on a wide range of factors, including the existing health system, resources, and 
the HIV and other disease burdens. Although integration was generally successful, several 
specific integration interventions failed to improve outcomes. We identified several reasons 
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why integration interventions were not successful. Integration failed to improve outcomes 
when it resulted in increased flows of more diverse patients in already overburdened health 
systems [45,108]. When integration remained limited to individual stages in care cascades 
(for instance, when integration focused only on adding HIV testing or ART initiation) 
health outcomes did not improve in some studies, because of losses in other stages of 
the care cascades (such as retention and adherence) [34,82,98]. Other major reasons for 
integration failures were (i) imperfect fidelity of integration implementation (e.g., because 
of limited availability, training, or coordination of health workers) and (ii) low quality of care 
[45,56,78,82,108]. Overall, the studies identified in our review rarely reported on implemen-
tation fidelity, and if they did, fidelity was typically not quantified [45,78,82,98,108]. Future 
research should aim to capture both the fidelity of integration interventions, as well as 
meaningful and necessary local adaptations.

Quality of care is a is a critical element of studies of health services integration – it is plausible 
that integration either increases quality of care (because integration ensures that individual 
patients receive services that are well-coordinated across multiple healthcare needs) or de-
creases quality of care (because integration decreases the specialisation of service delivery 
structures and processes, leading to lower average quality of care of individual services). 
A key indicator of clinical quality of HIV care, viral suppression [163–165], consistently 
improved across different integration interventions covered in our systematic review, but 
with widely varying effect sizes. Data on other important aspects of quality of care were not 
available in the studies we identified in your systematic review. In particular, the studies cov-
ered did not provide estimates of the relationships between integration interventions and 
subjective perceptions of quality of care, the patient experience, and patient satisfaction. 
Such measures of peoples’ and patients’ subjective evaluations of health services are impor-
tant – fundamentally, because they operationalise the health systems outcomes of “patient 
satisfaction” [166] and “responsiveness” [167], and instrumentally, because subjective evalu-
ations influence health services uptake, retention and adherence [168]. Future studies of 
integration of HIV services and other health services should include subjective measures 
and more detailed objective measures of quality of care. One promising approach for this 
purpose are patient reported outcome and experience measures (PROMs and PREMs) [169] 
and in particular PROM and PREM elicitation via digital devices.

Another important objective on the global HIV agenda is “zero discrimination” [3], we explic-
itly searched for outcomes of integration interventions related to discriminations and stigma, 
but found only one article that provided quantitative evidence [145]. However, emerging 
evidence suggests that interventions explicitly aimed at achieving ‘zero discrimination’ 
may produce greater population health benefits in jurisdictions with inequities in access to 
care [170,171]. Such evidence will be important because integration could plausibly reduce 
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discrimination by “normalising” HIV services [172], but it may also cause discrimination, e.g., 
by reducing privacy of vulnerable people [173,174]. Only 22 out of the 114 studies reported 
outcomes for key populations, demonstrating important knowledge gaps [159,175–181].

The current empirical evidence-base on the impact of integration on costs and cost-
effectiveness of integration does not provide insights into whether integration could 
indeed result in the hypothesised mitigation of the impact of declining resources for HIV. 
Our review showed that empirical evidence on costs and cost-effectiveness of integration 
is limited and highly heterogeneous in terms of measured outcomes. For instance, some 
studies only reported HIV-related costs pre- and post-integration, while others reported 
only non-HIV costs. Furthermore, the complex trade-off between per-patient efficiency 
gains versus overall programmatic costs requires careful attention when implementing 
integration strategies, yet are rarely combined. The existing empirical cost-effectiveness 
analyses [40,67,94] and modelling studies [182–191], show that, even if per-patient costs 
of service delivery go down, the increase in patient volume due to integration increases 
overall programme costs and resource needs. Finally, none of the studies assessed the 
overall healthcare quality impact of integration alongside changes in costs, yet especially if 
resources are more stretched due to integration, per-patient costs may be lower, but so be 
quality of care. Advancing our understanding of the economic impacts of integration will 
require more experimental or quasi-experimental studies that combine top-down macro-
costing and bottom-up micro-costing approaches, with quality and impact estimates of 
service delivery, e.g., through measuring health outcomes and satisfaction surveys among 
patients and providers [192,193].

Our study had several limitations. First, as with any systematic review, the outcomes of 
our review are prone to publication bias, because studies reporting clearly positive find-
ings may be more likely to be published than studies reporting null or negative findings. 
Second, the exclusion of case reports and “grey” literature (e.g., project reports, conference 
abstracts) may have limited the range of evidence, especially for novel integration models. 
For example, our review excluded descriptions of HIV services integration into primary 
healthcare in Latin America [194], provision of hormone therapy alongside HIV services for 
transgender people [173], and HPV vaccination programmes integrated into HIV prevention 
and testing at secondary schools. Third, the experimental and observational primary studies 
that we synthesise in our meta-analysis may be biased. Findings from experimental studies 
provide the highest quality comparison, but may not be generalisable outside research set-
tings. Evidence from quasi-experimental studies could remedy this situation by providing 
evidence with both high internal and high external validity [195,196]. Although some studies 
had relatively long study durations (4 years or more), none of them specifically reported 
on sustainment of the effects of integration. Despite these limitations, for many outcomes 
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our synthesis is encouraging, because the magnitudes of effects were large and consistent 
across the different study types.

In conclusion, our results support the integration of HIV services with other health services. 
The evidence indicates that integration of HIV testing and counselling services into non-HIV 
health programmes for people at risk of acquiring HIV and integration of non-HIV services 
into ART programmes for PLHIV, tends to lead to improved services uptake and health 
benefits for HIV and other diseases or conditions. However, the effects of integrating HIV 
services into broader health systems and the economic impacts of integration are less clear 
and require further study. In addition, integration success will depend on a wide range of 
determinants and path dependencies, such as local epidemics and health systems structures 
and processes. Despite the need for more studies on specific integration opportunities 
and key populations, it seems likely that integration of HIV and other health services can 
contribute to reaching the UNAIDS target of ending AIDS by 2030, while simultaneously 
meeting other UHC targets.
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SUPPORTING INFORMATION TO CHAPTER 8
Supplementary File 1. Search strategy.

Searches performed 28 January 2020, updated searches performed 10 September 2021; search terms were adapt-
ed to fit requirements by each database.

1. (‘integrated health care system’/de OR ((integrat* OR coordinat* OR interdisciplin* OR inter-disciplin*) NEAR/8 (ser-
vice* OR care OR healthcare OR deliver* OR hospital* OR public-health OR program* OR health-system* OR routine* OR 
intervention* OR centre* OR center*)):ab,ti OR (deliver* NEAR/3 model*):ti)

2. AND (‘Human immunodeficiency virus infection’/exp OR ‘Human immunodeficiency virus’/exp OR ‘acquired immune 
deficiency syndrome’/exp OR ‘highly active antiretroviral therapy’/exp OR (hiv OR AIDS OR haart OR (Human NEAR/3 (im-
munodeficien* OR immuno-deficien* OR immune-deficien*) NEAR/3 virus*) OR (acquir* NEAR/3 (immunodeficien* OR 
immuno-deficien* OR immune-deficien*) NEAR/3 syndrome*) OR antiretroviral-therap* OR anti-retroviral-therap*):ab,ti)
3. AND (‘economic aspect’/exp OR economics/de OR ‘health economics’/exp OR ‘cost’/de OR ‘health care cost’/exp OR 
‘disability-adjusted life year’/de OR ‘quality adjusted life year’/de OR ‘health care utilization’/exp OR ‘facilities and ser-
vices utilization’/de OR ‘health care quality’/de OR ‘clinical effectiveness’/de OR ‘health equity’/de OR ‘clinical indicator’/
de OR benchmarking/de OR ‘personnel management’/de OR ‘quality improvement study’/de OR ‘total quality manage-
ment’/de OR ‘feasibility study’/de OR (economic* OR cost OR costs OR financ* OR ((disabilit* OR qualit*) NEAR/3 adjust* 
NEAR/3 (life-year* OR lifeyear*)) OR daly* OR qaly* OR ((service* OR healthcare OR care OR equipment* OR supplies* 
OR procedure* OR technique*) NEAR/3 (utili* OR uptake*)) OR ((clinical* OR care OR healthcare OR service*) NEAR/3 
(effectiv* OR efficien* OR indicator*)) OR ((qualit* OR performance*) NEAR/3 (indicator* OR measure* OR improve* OR 
management*)) OR equity OR benchmark* OR ((personnel OR staff) NEAR/3 (management* OR utili*)) OR utilization* OR 
utilization* OR feasib* OR sustainab*):Ab,ti OR quality:ti) NOT ([Conference Abstract]/lim)

4. AND (‘Human immunodeficiency virus infection’/exp OR ‘Human immunodeficiency virus’/exp OR ‘acquired immune 
deficiency syndrome’/exp OR ‘highly active antiretroviral therapy’/exp OR ‘transgender’/exp OR ‘sex worker’/exp OR 
‘prostitution’/exp OR ‘men who have sex with men’/de OR ‘sexual and gender minority’/exp OR (hiv OR AIDS OR haart 
OR (Human NEAR/3 (immunodeficien* OR immuno-deficien* OR immune-deficien*) NEAR/3 virus*) OR (acquir* NEAR/3 
(immunodeficien* OR immuno-deficien* OR immune-deficien*) NEAR/3 syndrome*) OR antiretroviral-therap* OR anti-
retroviral-therap* OR transgender* OR trans-gender* OR trans-people* OR sex-work* OR sex-traffick* OR prostitut* OR 
((men-who OR men-having OR men-reporting) NEAR/3 sex-with-men) OR lgbtq):ab,ti)

5. AND [English]/
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Supplementary Figure 1. Flow chart of study selection.
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Supplementary Figure 2. Study durations of the included primary studies. Figure shows the duration of studies on 
the X-axis (by bins, each indicating minimum up to and including the maximum duration) and the number of studies per 
bin on the Y-axis.
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Supplementary Table 1. Characteristics of included primary studies.
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All included studies 114 60 54

Study design

Experimental studies: randomised-controlled trials 13 6 7 

Experimental studies: cluster-randomised-controlled trials 17 10 7 

Experimental studies: non-randomised trials 9 7 2 

Quasi-experimental studies: pre-post intervention studies, time series analyses 26 16 11 

Observational comparison studies: prospective or retrospective cohort studies 36 15 21 

Observational comparison studies: cross-sectional studies 11 6 6 

Geographical region

Eastern and Southern Africa 79 42 7 

Western and Central Europe and North America 13 7 7 

Southeast Asia and the Pacific 11 6 6 

West and Central Africa 5 3 2 

Eastern Europe and Central Asia 4 2 2 

Health service area

Maternal and child healthcare 28 16 13 

Tuberculosis 16 6 10 

Primary healthcare 14 5 9 

Family planning 16 14 2 

Sexual and reproductive health and STIs 13 10 3 

Substance use therapy 9 4 6 

Non-communicable diseases 5 2 3 

Mental health 5 0 5 

Viral hepatitis 3 2 1 

HPV/cervical cancer 3 1 2 

Target population

General population or PLHIV within the general population (e.g., HIV/TB co-infected people) 50 26 24 

Women and/or children 40 22 19 

Adolescents 6 4 2 

Men who have sex with men (MSM) 4 3 1 

Transgender people 0 0 0 
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Supplementary Table 1. Characteristics of included primary studies. (continued)
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Sex workers 2 0 2 

People who inject drugs (PWID) 8 4 5 

Prisoners and incarcerated people 1 1 0 

Migrants and displaced people 1 0 1 

Direction of integration

HIV services into non-HIV programmes (including broader primary healthcare programmes) 67 46 21

Non-HIV services into HIV programmes 36 9 29

Bi-directional integration (or newly set-up services) 9 5 4

Healthcare setting

Hospital(s), outpatient clinic(s), emergency clinic(s) 22 12 10 

Local public health clinic(s) 51 22 30 

Community-level 20 10 11 

Multiple settings, other type(s) of setting(s) 19 16 3 

Urban/rural

Urban 38 21 18 

Semi-urban 7 3 4 

Rural 25 13 13 

Mixed 29 20 9 

Unknown 13 3 10 
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services.

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Akinleye et al. 
(2017) [34]

Maternal and 
child healthcare

Pregnant women 
and children below 
five years

Nigeria (Benue 
State) 2014 Cross-sectional 

study

Integration of HIV testing and PMTCT 
services into MCH weeks (mainly ANC 
provision)

Community-level (rural)
50,253 (at 
multiple 
sites)

(1) New HIV cases 
identified
(2) Linkage to PMTCT
(3) Service uptake

Akker et al. 
(2012) [35]

Maternal and 
child healthcare, 
family planning, 
SRH and STIs

Women attending 
reproductive health 
services

Malawi (Thyolo) 2005-10 Pre-post study
Integration of PMTCT into MCH, family 
planning and SRH
services

Local public health 
clinic(s) (unknown)

53,330 (at 
multiple 
sites)

(1) Uptake of SRH, 
antenatal services
(2) HIV incidence among 
infants
(3) Utilisation of PMTCT 
services

Aliyu et al. (2016) 
[50]

Maternal and 
child healthcare

HIV-positive 
pregnant women 
presenting for 
antenatal care

Nigeria (Niger 
State) 2013-14 Randomized 

controlled trial

Integration of HIV testing and 
counselling, CD4 testing, PMTCT, infant 
feeding, home-based primary care and 
early infant HIV testing at primary and 
secondary level healthcare facilities

Local public health 
clinic(s) (rural)

369 (at 12 
sites)

(1) ART adherence
(2) Retention in care

Ameh et al. 
(2017) [61] NCDs PLHIV accessing HIV 

care
South Africa 
(Bushbuckridge) 2011-13

Pre-post study 
(controlled 
interrupted 
time-series)

Integration of chronic disease 
management into ART programmes at 
primary healthcare clinics

Local public health 
clinic(s) (rural)

870 (at 21 
sites)

(1) Control of CD4 counts
(2) Control of 
hypertension

Ansa et al. (2012) 
[72] Tuberculosis

TB-positive people 
already accessing TB 
services

Ghana (Eastern 
region) 2006-08 Pre-post study

Integration of collaborative HIV/
TB activities into existing TB services 
through one-stop-shop, partially 
integrated site or referral site

Hospital(s) (urban, rural) 1,330 (at 3 
sites)

(1) TB health outcomes
(2) Retention in care

Bailey et al. 
(2017) [83]

Maternal and 
child healthcare

Parents and male 
infants

Kenya (Homa Bay 
County) 2014-16

Non-
randomised 
trial

Integration of HIV screening and 
community-level early infant male 
circumcision (EIMC) promotion and 
provision into MCH services

Community-level (urban, 
rural)

2,117 (at 16 
sites)

(1) EIMC acceptability
(2) EIMC uptake

Bergmann et al. 
(2017) [94]

Maternal and 
child healthcare; 
nutrition

HIV-exposed infants 
under five years of 
age

Malawi, 
Mozambique 2011-13

Pre-post 
intervention 
study

Integration of HIV testing, PMTCT and 
nutrition service delivery into one-
stop-shops with additional innovative 
healthcare components (e.g., male 
motivators, SMS services)

Multiple settings 
(unknown)

N/A (at 
multiple 
sites)

(1) Numbers of lives 
saved,
(2) Infections averted
(3) Undernutrition cases 
cured
(4) Cost-effectiveness
(5) Enrolment in ART 
programmes

Bindoria et al. 
(2014) [105]

Primary 
healthcare Pregnant women India (Maharashtra) 2010-12 Pre-post study

Integration of HIV screening into 
primary healthcare clinics providing 
antenatal services and linkage to ART 
delivery programmes

Local public health 
clinic(s) (rural)

105,650 (at 
36 sites)

(1) Feasibility
(2) Relative benefits
(3) Incremental cost-
effectiveness ratio

Broughton et al. 
(2016) [116]

Primary 
healthcare; non-
communicable 
diseases

PLHIV Uganda (Mityana 
and Nakaseke) 2013-14

Pre-post 
intervention 
study 
(difference-in-
difference)

Integration of a chronic disease care 
model into ART programmes

Local public health 
clinic(s) (rural)

102 (at 3 
sites

(1) ART adherence
(2) CD4 counts
(3) Incremental cost-
effectiveness ratio
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services.

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Akinleye et al. 
(2017) [34]

Maternal and 
child healthcare

Pregnant women 
and children below 
five years

Nigeria (Benue 
State) 2014 Cross-sectional 

study

Integration of HIV testing and PMTCT 
services into MCH weeks (mainly ANC 
provision)

Community-level (rural)
50,253 (at 
multiple 
sites)

(1) New HIV cases 
identified
(2) Linkage to PMTCT
(3) Service uptake

Akker et al. 
(2012) [35]

Maternal and 
child healthcare, 
family planning, 
SRH and STIs

Women attending 
reproductive health 
services

Malawi (Thyolo) 2005-10 Pre-post study
Integration of PMTCT into MCH, family 
planning and SRH
services

Local public health 
clinic(s) (unknown)

53,330 (at 
multiple 
sites)

(1) Uptake of SRH, 
antenatal services
(2) HIV incidence among 
infants
(3) Utilisation of PMTCT 
services

Aliyu et al. (2016) 
[50]

Maternal and 
child healthcare

HIV-positive 
pregnant women 
presenting for 
antenatal care

Nigeria (Niger 
State) 2013-14 Randomized 

controlled trial

Integration of HIV testing and 
counselling, CD4 testing, PMTCT, infant 
feeding, home-based primary care and 
early infant HIV testing at primary and 
secondary level healthcare facilities

Local public health 
clinic(s) (rural)

369 (at 12 
sites)

(1) ART adherence
(2) Retention in care

Ameh et al. 
(2017) [61] NCDs PLHIV accessing HIV 

care
South Africa 
(Bushbuckridge) 2011-13

Pre-post study 
(controlled 
interrupted 
time-series)

Integration of chronic disease 
management into ART programmes at 
primary healthcare clinics

Local public health 
clinic(s) (rural)

870 (at 21 
sites)

(1) Control of CD4 counts
(2) Control of 
hypertension

Ansa et al. (2012) 
[72] Tuberculosis

TB-positive people 
already accessing TB 
services

Ghana (Eastern 
region) 2006-08 Pre-post study

Integration of collaborative HIV/
TB activities into existing TB services 
through one-stop-shop, partially 
integrated site or referral site

Hospital(s) (urban, rural) 1,330 (at 3 
sites)

(1) TB health outcomes
(2) Retention in care

Bailey et al. 
(2017) [83]

Maternal and 
child healthcare

Parents and male 
infants

Kenya (Homa Bay 
County) 2014-16

Non-
randomised 
trial

Integration of HIV screening and 
community-level early infant male 
circumcision (EIMC) promotion and 
provision into MCH services

Community-level (urban, 
rural)

2,117 (at 16 
sites)

(1) EIMC acceptability
(2) EIMC uptake

Bergmann et al. 
(2017) [94]

Maternal and 
child healthcare; 
nutrition

HIV-exposed infants 
under five years of 
age

Malawi, 
Mozambique 2011-13

Pre-post 
intervention 
study

Integration of HIV testing, PMTCT and 
nutrition service delivery into one-
stop-shops with additional innovative 
healthcare components (e.g., male 
motivators, SMS services)

Multiple settings 
(unknown)

N/A (at 
multiple 
sites)

(1) Numbers of lives 
saved,
(2) Infections averted
(3) Undernutrition cases 
cured
(4) Cost-effectiveness
(5) Enrolment in ART 
programmes

Bindoria et al. 
(2014) [105]

Primary 
healthcare Pregnant women India (Maharashtra) 2010-12 Pre-post study

Integration of HIV screening into 
primary healthcare clinics providing 
antenatal services and linkage to ART 
delivery programmes

Local public health 
clinic(s) (rural)

105,650 (at 
36 sites)

(1) Feasibility
(2) Relative benefits
(3) Incremental cost-
effectiveness ratio

Broughton et al. 
(2016) [116]

Primary 
healthcare; non-
communicable 
diseases

PLHIV Uganda (Mityana 
and Nakaseke) 2013-14

Pre-post 
intervention 
study 
(difference-in-
difference)

Integration of a chronic disease care 
model into ART programmes

Local public health 
clinic(s) (rural)

102 (at 3 
sites

(1) ART adherence
(2) CD4 counts
(3) Incremental cost-
effectiveness ratio
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Brunie et al. 
(2016) [127] Family planning

General population 
accessing family 
planning services

Uganda 2012-13

Cluster-
randomised-
controlled 
study

Integration of HIV testing and 
counselling into existing family planning 
services

Community-level (rural) 137 (at 1 
site)

(1) Feasibility
(2) Acceptability
(3) Quality of care

Brunie et al. 
(2017) [36] Family planning

General population 
accessing family 
planning services

Uganda 2012-13

Cluster-
randomised-
controlled 
study

Integration of HIV testing and 
counselling into existing family planning 
services

Community-level (rural) 256 (at 1 
site)

(1) Feasibility
(2) Acceptability
(3) Uptake of HIV and FP 
services
(4) Time spent on 
healthcare provision

Busza et al. 
(2019) [41]

Mental health; 
SRH and STIs; 
PrEP

Female sex workers Zimbabwe 2014-16 Randomised-
controlled trial

Integration of HIV testing, ART, 
adherence counselling, PrEP, 
psychosocial support, into existing SRH 
services (SAPPH-IRe trial, Sisters with
a Voice)

Community-level (semi-
urban)

8,231 (at 28 
sites)

(1) HIV-tests performed
(2) Number of new HIV-
cases diagnosed
(3) Programme 
implementation fidelity

Carrico et al. 
(2019) [42] Mental health PLHIV who fall under 

MSM and/or PWID
USA (San 
Francisco) 2013-17 Randomised-

controlled trial

Integration of positive affect 
intervention or attention-control 
programmes into ART adherence 
programmes, financial incentives for 
abstinence

Community-level (urban) 110 (at 1 
site)

(1) HIV viral load at 6, 12 
and 15 months
(2) Risk of unsuppressed 
HIV RNA (>200 copies/
mL) over 15 months
(3) Positive affect, self-
reported frequency of 
stimulant use at 6 and 12 
months

Chan et al. (2010) 
[43]

Primary 
healthcare

PLHIV registered for 
ART services

Malawi (Zomba 
District) 2008 Retrospective 

cohort study

Integration of ART services into 
broader basic primary care clinics – 
decentralised model

Local public health 
clinic(s) (rural)

8,093 (at 24 
sites)

(1) (Equity in) access to 
HIV services
(2) ART adherence
(3) AIDS-related mortality

Chan et al. (2016) 
[44]

Maternal and 
child healthcare; 
PMTCT

Pregnant women 
seeking ANC at 
primary health 
facilities

Malawi (Zomba 
District) 2011-12 Cohort study

Integration of multi-disease testing, 
ANC into HIV pogrammes (HIV testing 
and counselling, ART provision)

Local public health 
clinic(s) (rural)

10,528 (at 
23 sites)

(1) ART uptake rates
(2) Retention rates

Chen et al. (2020) 
[140] Family planning

Women visiting 
routine HIV care and 
treatment

Kenya 2016 Cross-sectional 
study

Integration of family planning services 
into HIV clinics

Local public health 
clinic(s) (mixed)

(at 108 
sites)

(1) Volume of integrated 
family planning services 
into HIV services
(2) Uptake of 
contraceptives

Church et al. 
(2015) [45]

SRH and STIs; 
family planning

Female (of 
reproductive age) 
and male (all ages) 
HIV service clients

Eswatini (Manzini) 2009
Non-
randomised 
trial

Integration of different SRH and family 
planning delivery models into HIV care

Local public health 
clinic(s) (semi-urban)

602 (at 4 
clinics)

(1) Unmet family 
planning service needs
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Brunie et al. 
(2016) [127] Family planning

General population 
accessing family 
planning services

Uganda 2012-13

Cluster-
randomised-
controlled 
study

Integration of HIV testing and 
counselling into existing family planning 
services

Community-level (rural) 137 (at 1 
site)

(1) Feasibility
(2) Acceptability
(3) Quality of care

Brunie et al. 
(2017) [36] Family planning

General population 
accessing family 
planning services

Uganda 2012-13

Cluster-
randomised-
controlled 
study

Integration of HIV testing and 
counselling into existing family planning 
services

Community-level (rural) 256 (at 1 
site)

(1) Feasibility
(2) Acceptability
(3) Uptake of HIV and FP 
services
(4) Time spent on 
healthcare provision

Busza et al. 
(2019) [41]

Mental health; 
SRH and STIs; 
PrEP

Female sex workers Zimbabwe 2014-16 Randomised-
controlled trial

Integration of HIV testing, ART, 
adherence counselling, PrEP, 
psychosocial support, into existing SRH 
services (SAPPH-IRe trial, Sisters with
a Voice)

Community-level (semi-
urban)

8,231 (at 28 
sites)

(1) HIV-tests performed
(2) Number of new HIV-
cases diagnosed
(3) Programme 
implementation fidelity

Carrico et al. 
(2019) [42] Mental health PLHIV who fall under 

MSM and/or PWID
USA (San 
Francisco) 2013-17 Randomised-

controlled trial

Integration of positive affect 
intervention or attention-control 
programmes into ART adherence 
programmes, financial incentives for 
abstinence

Community-level (urban) 110 (at 1 
site)

(1) HIV viral load at 6, 12 
and 15 months
(2) Risk of unsuppressed 
HIV RNA (>200 copies/
mL) over 15 months
(3) Positive affect, self-
reported frequency of 
stimulant use at 6 and 12 
months

Chan et al. (2010) 
[43]

Primary 
healthcare

PLHIV registered for 
ART services

Malawi (Zomba 
District) 2008 Retrospective 

cohort study

Integration of ART services into 
broader basic primary care clinics – 
decentralised model

Local public health 
clinic(s) (rural)

8,093 (at 24 
sites)

(1) (Equity in) access to 
HIV services
(2) ART adherence
(3) AIDS-related mortality

Chan et al. (2016) 
[44]

Maternal and 
child healthcare; 
PMTCT

Pregnant women 
seeking ANC at 
primary health 
facilities

Malawi (Zomba 
District) 2011-12 Cohort study

Integration of multi-disease testing, 
ANC into HIV pogrammes (HIV testing 
and counselling, ART provision)

Local public health 
clinic(s) (rural)

10,528 (at 
23 sites)

(1) ART uptake rates
(2) Retention rates

Chen et al. (2020) 
[140] Family planning

Women visiting 
routine HIV care and 
treatment

Kenya 2016 Cross-sectional 
study

Integration of family planning services 
into HIV clinics

Local public health 
clinic(s) (mixed)

(at 108 
sites)

(1) Volume of integrated 
family planning services 
into HIV services
(2) Uptake of 
contraceptives

Church et al. 
(2015) [45]

SRH and STIs; 
family planning

Female (of 
reproductive age) 
and male (all ages) 
HIV service clients

Eswatini (Manzini) 2009
Non-
randomised 
trial

Integration of different SRH and family 
planning delivery models into HIV care

Local public health 
clinic(s) (semi-urban)

602 (at 4 
clinics)

(1) Unmet family 
planning service needs
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Ciampa et al. 
(2011) [46]

Maternal and 
child healthcare

HIV-positive 
pregnant women 
and/or women 
with young infants 
presenting at MCH 
services

Mozambique 
(Zambezia 
Province)

2009-10 Cohort Study Integration of HIV testing of exposed 
infants into MCH locations Hospital(s) (rural) 395 (at 2 

sites)

(1) Retention in care of 
infants
(2) Infant testing timing

Click et al. (2012) 
[47] Tuberculosis Children registered 

at TB clinics Ethiopia 2007-09 Pre-post study Integration of HIV testing into TB 
services Multiple settings (mixed) 496 (at 8 

sites)

(1) Documented HIV
rapid test results among 
children

Coleman et al. 
(2012) [48] Mental health

PLHIV: HIV patients 
suffering from 
depression

USA (Boston) 2004-10
Pre-post 
intervention 
study

Integration of depression care into ART 
programmes Hospital(s) (unknown) 124 (at 1 

site)

(1) Depression score
(2) HIV viral loads and 
CD4 counts
(3) Antidepressant 
prescription

Conradie et al. 
(2013) [49] Tuberculosis

HIV/TB co-infected 
patients presenting 
at ART clinics

South Africa 
(Breede Valley) 2009-10 Retrospective 

cohort study
Integration of TB care into ART services 
at infectious disease clinic

Local public health 
clinic(s) (unknown)

100 (at 1 
site)

(1) TB treatment 
completion
(2) TB treatment success
(3) TB mortality

Criniti et al. 
(2011) [51] Family planning

Women visiting 
urban family 
planning and adult 
HIV care clinic in 
the same university 
system

USA (Philadelphia, 
Pennsylvania) 2007-09 Cohort study

Integration of routine HIV testing and 
counselling into family planning services 
with gynaecologic and prenatal care 
services and psychosocial support

Hospital(s) (urban) 2,185 (at 1 
site)

(1) Percentage of patients 
with HIV test in the last 
12 months
(2) Testing acceptance 
rate
(3) New HIV cases 
identified
(4) Feasibility and 
Acceptability

Deo et al. (2012) 
[52]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-09 Prospective 

cohort study

Integration of HIV testing and treatment 
services into outpatient care at a 
primary care facility

Outpatient-clinic(s) 
(urban)

80 (at 1 
site) (1) Patient waiting times

De la Flor et al. 
(2017) [79] Viral hepatitis

Prisoners and 
incarcerated people: 
inmates entering jail

USA (Dallas, Texas) 2015-16 Pre-post study Opt-out testing for HIV into routine 
HCV testing during intake Other (urban) 3,155 (at 1 

site)

(1) Service uptake
(2) New HIV/HCV cases 
identified

Digre et al. 
(2021) [141]

SRH and STIs; 
PrEP STI clinics USA (Mississippi) 2016-18 Pre-post study Integration of HIV testing and PrEP for 

partners at STI clinics
Local public health 
clinic(s) (urban) (at 3 sites)

(1) Uptake of HIV services
(2) Marginal costs per 
case

Dovel et al. 
(2020) [142]

Outpatient 
services Outpatient clinics

Malawi (Central 
and Southern 
areas)

2017-18
Cluster-
randomised-
controlled trial

Integration of HIV self-testing into 
outpatient clinics

Local public health 
clinic(s) and hospitals 
(mixed)

5,885 (at 15 
sites)

(1) Uptake HIV testing
(2) Costs
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Ciampa et al. 
(2011) [46]

Maternal and 
child healthcare

HIV-positive 
pregnant women 
and/or women 
with young infants 
presenting at MCH 
services

Mozambique 
(Zambezia 
Province)

2009-10 Cohort Study Integration of HIV testing of exposed 
infants into MCH locations Hospital(s) (rural) 395 (at 2 

sites)

(1) Retention in care of 
infants
(2) Infant testing timing

Click et al. (2012) 
[47] Tuberculosis Children registered 

at TB clinics Ethiopia 2007-09 Pre-post study Integration of HIV testing into TB 
services Multiple settings (mixed) 496 (at 8 

sites)

(1) Documented HIV
rapid test results among 
children

Coleman et al. 
(2012) [48] Mental health

PLHIV: HIV patients 
suffering from 
depression

USA (Boston) 2004-10
Pre-post 
intervention 
study

Integration of depression care into ART 
programmes Hospital(s) (unknown) 124 (at 1 

site)

(1) Depression score
(2) HIV viral loads and 
CD4 counts
(3) Antidepressant 
prescription

Conradie et al. 
(2013) [49] Tuberculosis

HIV/TB co-infected 
patients presenting 
at ART clinics

South Africa 
(Breede Valley) 2009-10 Retrospective 

cohort study
Integration of TB care into ART services 
at infectious disease clinic

Local public health 
clinic(s) (unknown)

100 (at 1 
site)

(1) TB treatment 
completion
(2) TB treatment success
(3) TB mortality

Criniti et al. 
(2011) [51] Family planning

Women visiting 
urban family 
planning and adult 
HIV care clinic in 
the same university 
system

USA (Philadelphia, 
Pennsylvania) 2007-09 Cohort study

Integration of routine HIV testing and 
counselling into family planning services 
with gynaecologic and prenatal care 
services and psychosocial support

Hospital(s) (urban) 2,185 (at 1 
site)

(1) Percentage of patients 
with HIV test in the last 
12 months
(2) Testing acceptance 
rate
(3) New HIV cases 
identified
(4) Feasibility and 
Acceptability

Deo et al. (2012) 
[52]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-09 Prospective 

cohort study

Integration of HIV testing and treatment 
services into outpatient care at a 
primary care facility

Outpatient-clinic(s) 
(urban)

80 (at 1 
site) (1) Patient waiting times

De la Flor et al. 
(2017) [79] Viral hepatitis

Prisoners and 
incarcerated people: 
inmates entering jail

USA (Dallas, Texas) 2015-16 Pre-post study Opt-out testing for HIV into routine 
HCV testing during intake Other (urban) 3,155 (at 1 

site)

(1) Service uptake
(2) New HIV/HCV cases 
identified

Digre et al. 
(2021) [141]

SRH and STIs; 
PrEP STI clinics USA (Mississippi) 2016-18 Pre-post study Integration of HIV testing and PrEP for 

partners at STI clinics
Local public health 
clinic(s) (urban) (at 3 sites)

(1) Uptake of HIV services
(2) Marginal costs per 
case

Dovel et al. 
(2020) [142]

Outpatient 
services Outpatient clinics

Malawi (Central 
and Southern 
areas)

2017-18
Cluster-
randomised-
controlled trial

Integration of HIV self-testing into 
outpatient clinics

Local public health 
clinic(s) and hospitals 
(mixed)

5,885 (at 15 
sites)

(1) Uptake HIV testing
(2) Costs
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Ezeanolue et al. 
(2015) [53]

Maternal and 
child healthcare; 
PMTCT

Women and infants 
who are HIV-positive 
or HIV-exposed

USA (Las Vegas, 
Nevada) 2007-12 Retrospective 

cohort study

Integration of prenatal care and in-
facility delivery services into HIV testing 
and treatment services

Local public health 
clinic(s) (urban)

131 (at 1 
site)

(1) Adequacy of prenatal 
care
(2) Appropriate ART use
(3) caesarean section 
uptake
(4) Mother-to-child HIV 
transmission rate

Geelhoed et al. 
(2013) [54]

Maternal and 
child healthcare; 
PMTCT

HIV-positive women 
and their HIV-
exposed infants

Mozambique (Tete 
Province) 2009-10

Cluster-
randomised-
controlled trial

Reorganising HIV testing and 
counselling and ART provision and MCH 
services into one-stop shops

Local public health 
clinic(s) (rural)

2,559 (at 6 
sites)

(1) Feasibility
(2) Utilisation rates
(3) Retention rates
(4) Service Quality

Gilbert et al. 
(2018) [55]

Viral hepatitis; 
treatment for 
substance use 
disorders

HIV/HCV co-infected 
PWID: people using 
heroin or other 
opioids and their 
HIV/HCV-negative 
injection partners

Kazakhstan 
(Almaty) 2009-13 Randomised-

controlled trial
Five-session couple-based HIV/HCV and 
overdose prevention intervention Community-level (urban) 479 (at 1 

site)

(1) Non-fatal overdose 
rates, heroin/opioid 
injection use
(2) Drug treatment 
attendance rates, 
naloxone use
(3) Overdose death rates

Golovaty et al. 
(2018) [56]

Non-
communicable 
diseases

General population: 
adult inhabitants of 
rural community

South Africa 
(KwaZulu-Natal) 2012-15

Cross-sectional 
study nested 
in prospective 
cohort study

Integration of NCD screening and 
linkage to HIV care into home-based 
HIV testing and counselling

Community-level (rural) 570 (in one 
community)

(1) Incremental costs
(2) Efficiency of utilised 
resources

Greig et al. 
(2012) [57]

Primary 
healthcare; 
tuberculosis; SRH 
and STIs

HIV-positive migrant 
and refugee patients 
on ART

Sub-Saharan Africa 
(9 countries) 2003-10 Retrospective 

cohort study

Integration of ART programmes into 
general healthcare clinics (through 
Medicines Sans Frontiers services)

Community-level (rural) 15,403 (at 
17 sites)

(1) AIDS-related mortality
(2) Risk of loss to follow-
up

Guillaine et al. 
(2017) [58]

Maternal and 
child healthcare

HIV-positive 
mothers and their 
infants

Rwanda (Southern 
Kayonza and 
Kirehe Districts)

2012-13 Retrospective 
cohort study

Integration of maternal and child health 
services for HIV-positive women and 
their children – bi-directional

Local public health 
clinic(s) (rural)

185 (at 2 
clinics)

(1) Service utilisation
(2) Retention rates
(3) Linkage to routine 
services
(4) Clinical outcomes

Hankin et al. 
(2016) [59]

Primary 
healthcare General population USA 2008-13 Retrospective 

cohort study

Integration of non-targeted routine 
HIV screening into emergency triage 
process

Emergency clinic(s) 
(urban)

~120,000 
(at 1 site)

(1) Number of HIV tests
(2) New diagnoses
(3) Feasibility

Haraka et al. 
(2015) [60] Tuberculosis

HIV-positive patients 
without prior history 
of TB

Tanzania (Ifakara, 
Morogoro) 2005-13 Pre-post study

Integration of one-stop-shop TB testing 
and treatment into ART programmes 
(Kilombero Ulanga Antiretroviral Cohort, 
KIULARCO)

Community-level (rural) 5,123
(1) Incident TB cases 
among HIV patients
(2) TB ascertainment

Harding et al. 
(2012) [62]

Primary 
healthcare; non-
communicable 
diseases

PLHIV presenting 
with pain symptoms

Tanzania (North 
East region) 2009-10

Prospective 
longitudinal 
controlled-
intervention 
study

Integration of HIV outpatient palliative 
care into ART provision services

Outpatient-clinic(s) 
(unknown)

128 (at 1 
site)

(1) Odds of reporting 
pain
(2) Treatment success
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Ezeanolue et al. 
(2015) [53]

Maternal and 
child healthcare; 
PMTCT

Women and infants 
who are HIV-positive 
or HIV-exposed

USA (Las Vegas, 
Nevada) 2007-12 Retrospective 

cohort study

Integration of prenatal care and in-
facility delivery services into HIV testing 
and treatment services

Local public health 
clinic(s) (urban)

131 (at 1 
site)

(1) Adequacy of prenatal 
care
(2) Appropriate ART use
(3) caesarean section 
uptake
(4) Mother-to-child HIV 
transmission rate

Geelhoed et al. 
(2013) [54]

Maternal and 
child healthcare; 
PMTCT

HIV-positive women 
and their HIV-
exposed infants

Mozambique (Tete 
Province) 2009-10

Cluster-
randomised-
controlled trial

Reorganising HIV testing and 
counselling and ART provision and MCH 
services into one-stop shops

Local public health 
clinic(s) (rural)

2,559 (at 6 
sites)

(1) Feasibility
(2) Utilisation rates
(3) Retention rates
(4) Service Quality

Gilbert et al. 
(2018) [55]

Viral hepatitis; 
treatment for 
substance use 
disorders

HIV/HCV co-infected 
PWID: people using 
heroin or other 
opioids and their 
HIV/HCV-negative 
injection partners

Kazakhstan 
(Almaty) 2009-13 Randomised-

controlled trial
Five-session couple-based HIV/HCV and 
overdose prevention intervention Community-level (urban) 479 (at 1 

site)

(1) Non-fatal overdose 
rates, heroin/opioid 
injection use
(2) Drug treatment 
attendance rates, 
naloxone use
(3) Overdose death rates

Golovaty et al. 
(2018) [56]

Non-
communicable 
diseases

General population: 
adult inhabitants of 
rural community

South Africa 
(KwaZulu-Natal) 2012-15

Cross-sectional 
study nested 
in prospective 
cohort study

Integration of NCD screening and 
linkage to HIV care into home-based 
HIV testing and counselling

Community-level (rural) 570 (in one 
community)

(1) Incremental costs
(2) Efficiency of utilised 
resources

Greig et al. 
(2012) [57]

Primary 
healthcare; 
tuberculosis; SRH 
and STIs

HIV-positive migrant 
and refugee patients 
on ART

Sub-Saharan Africa 
(9 countries) 2003-10 Retrospective 

cohort study

Integration of ART programmes into 
general healthcare clinics (through 
Medicines Sans Frontiers services)

Community-level (rural) 15,403 (at 
17 sites)

(1) AIDS-related mortality
(2) Risk of loss to follow-
up

Guillaine et al. 
(2017) [58]

Maternal and 
child healthcare

HIV-positive 
mothers and their 
infants

Rwanda (Southern 
Kayonza and 
Kirehe Districts)

2012-13 Retrospective 
cohort study

Integration of maternal and child health 
services for HIV-positive women and 
their children – bi-directional

Local public health 
clinic(s) (rural)

185 (at 2 
clinics)

(1) Service utilisation
(2) Retention rates
(3) Linkage to routine 
services
(4) Clinical outcomes

Hankin et al. 
(2016) [59]

Primary 
healthcare General population USA 2008-13 Retrospective 

cohort study

Integration of non-targeted routine 
HIV screening into emergency triage 
process

Emergency clinic(s) 
(urban)

~120,000 
(at 1 site)

(1) Number of HIV tests
(2) New diagnoses
(3) Feasibility

Haraka et al. 
(2015) [60] Tuberculosis

HIV-positive patients 
without prior history 
of TB

Tanzania (Ifakara, 
Morogoro) 2005-13 Pre-post study

Integration of one-stop-shop TB testing 
and treatment into ART programmes 
(Kilombero Ulanga Antiretroviral Cohort, 
KIULARCO)

Community-level (rural) 5,123
(1) Incident TB cases 
among HIV patients
(2) TB ascertainment

Harding et al. 
(2012) [62]

Primary 
healthcare; non-
communicable 
diseases

PLHIV presenting 
with pain symptoms

Tanzania (North 
East region) 2009-10

Prospective 
longitudinal 
controlled-
intervention 
study

Integration of HIV outpatient palliative 
care into ART provision services

Outpatient-clinic(s) 
(unknown)

128 (at 1 
site)

(1) Odds of reporting 
pain
(2) Treatment success
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Hemmer et al. 
(2015) [63] Tuberculosis TB and HIV patients Cameroon (Littoral 

Province) 2007-09 Pre-post study
Integration of HIV services into national 
TB programmes Local public health 

clinic(s) (urban, rural)
~16,000 (at 
30 sites)

(1) HIV testing rates
(2) Treatment prescribing 
rate for TB/HIV-patients
(3) Mortality of newly 
recruited TB patients

Herce et al. 
(2018) [64] Tuberculosis TB-positive PLHIV Zambia (Lusaka) 2011-12 Pre-post study

Integration of HIV testing and treatment 
into one-stop-shop TB treatment and 
care

Local public health 
clinic(s) (urban)

473 (at 2 
sites)

(1) Linkage to HIV care
(2) Early ART uptake
(3) TB treatment success

Herlihy et al. 
(2015) [65]

Maternal and 
child healthcare

HIV-positive 
pregnant 
women visiting 
governmental ANC 
clinics

Zambia (Southern 
Province) 2011-13 Cohort study Integration of PMTCT into MCH services 

with community-based follow-up
Local public health 
clinic(s) (rural)

1,134 (at 1 
site)

(1) CD4-testing rates
(2) Proportion ART-
eligible
(3) HIV-exposed infant 
testing rates at 6 months

Hermans et al. 
(2012) [66] Tuberculosis PLHIV presenting at 

large HIV clinic Uganda (Kampala) 2007-09 Pre-post study
Integration of TB testing and treatment 
services into one-stop-shop ART 
programmes and outpatient care

Local public health 
clinic(s) (urban)

712 (at 1 
site)

(1) ART initiation
(2) CD4 counts
(3) TB treatment success

Hewett et al. 
(2016) [67]

Family planning; 
SRH and STIs

Adults accessing 
family planning, 
HIV testing and/or 
VMMC services

Zambia (Lusaka 
and Chipata) 2013-15 Randomised 

trial

Integration of HIV testing and 
counselling with SRH services, family 
planning, VMMC, cervical cancer 
screening – bi-directional models with 
referral to full integration

Local public health 
clinic(s) (urban)

3,963 (at 3 
sites)

(1) Uptake of services
(2) Cost-effectiveness

Hung et al. 
(2016) [68]

Primary 
healthcare; 
treatment for 
substance use 
disorders

HIV-positive PWID 
and HIV-negative 
PWID

Vietnam (Ho Chi 
Minh City) 2013-14 Pre-post study

Integration of co-located voluntary HIV 
counselling and testing, treatment and 
methadone maintenance therapy using 
different integration models

Outpatient-clinic(s) 
(urban)

8,228 (at 7 
sites)

(1) Linkage
(2) ART initiation
(3) Adherence

Jacobson et al. 
(2015) [69] Tuberculosis

HIV/TB co-infected 
patients initiating 
treatment for TB

South Africa 
(KwaZulu-Natal) 2012-13 Retrospective 

cohort study

Integration of one-stop-shop HIV and 
TB treatment and care into primary 
health clinics or referral from HIV clinics 
– decentralised approach

Local public health 
clinic(s) (rural) 657 (1) TB treatment success

(2) Retention in care

Johns et al. 
(2017) [70]

Primary 
healthcare

Population of 
Chernigiv, Northern 
Ukraine

Ukraine (Chernigiv 
Province) 2013-15

Pre-post study 
(difference-in-
difference)

Integration of HIV testing and 
counselling into primary healthcare

Outpatient-clinic(s) 
(urban, rural)

86,000 (at 
20 sites)

(1) Incremental costs
(2) Number of newly 
detected HIV cases

Kanyuuru et al. 
(2015) [71]

Maternal and 
child healthcare

Pregnant women 
and their infants

Kenya (Bondo 
District) 2010-12

Pre-post 
intervention 
study

Integration of MCH, HIV and 
immunisation services into routine 
community programmes

Local public health 
clinic(s) (unknown)

People 
from 329 
villages

(1) Uptake of prenatal 
services
(2) Uptake of HIV testing
(3) Access to care

Katz et al. (2016) 
[73] SRH and STIs

Men who have sex 
with men presenting 
with STIs

USA (Washington) 2010-14 Cohort study

Integration of HIV testing and 
counselling for MSM with early syphilis, 
gonorrhoea or chlamydial infection and 
partner services into STI services in state 
hospitals

Outpatient-clinic(s) 
(urban)

8,133 (at 
multiple 
sites)

(1) HIV-testing rates for 
patients, partner services
(2) New HIV cases 
identified
(3) Proportion of new 
cases with concurrent STI 
diagnosis
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Hemmer et al. 
(2015) [63] Tuberculosis TB and HIV patients Cameroon (Littoral 

Province) 2007-09 Pre-post study
Integration of HIV services into national 
TB programmes Local public health 

clinic(s) (urban, rural)
~16,000 (at 
30 sites)

(1) HIV testing rates
(2) Treatment prescribing 
rate for TB/HIV-patients
(3) Mortality of newly 
recruited TB patients

Herce et al. 
(2018) [64] Tuberculosis TB-positive PLHIV Zambia (Lusaka) 2011-12 Pre-post study

Integration of HIV testing and treatment 
into one-stop-shop TB treatment and 
care

Local public health 
clinic(s) (urban)

473 (at 2 
sites)

(1) Linkage to HIV care
(2) Early ART uptake
(3) TB treatment success

Herlihy et al. 
(2015) [65]

Maternal and 
child healthcare

HIV-positive 
pregnant 
women visiting 
governmental ANC 
clinics

Zambia (Southern 
Province) 2011-13 Cohort study Integration of PMTCT into MCH services 

with community-based follow-up
Local public health 
clinic(s) (rural)

1,134 (at 1 
site)

(1) CD4-testing rates
(2) Proportion ART-
eligible
(3) HIV-exposed infant 
testing rates at 6 months

Hermans et al. 
(2012) [66] Tuberculosis PLHIV presenting at 

large HIV clinic Uganda (Kampala) 2007-09 Pre-post study
Integration of TB testing and treatment 
services into one-stop-shop ART 
programmes and outpatient care

Local public health 
clinic(s) (urban)

712 (at 1 
site)

(1) ART initiation
(2) CD4 counts
(3) TB treatment success

Hewett et al. 
(2016) [67]

Family planning; 
SRH and STIs

Adults accessing 
family planning, 
HIV testing and/or 
VMMC services

Zambia (Lusaka 
and Chipata) 2013-15 Randomised 

trial

Integration of HIV testing and 
counselling with SRH services, family 
planning, VMMC, cervical cancer 
screening – bi-directional models with 
referral to full integration

Local public health 
clinic(s) (urban)

3,963 (at 3 
sites)

(1) Uptake of services
(2) Cost-effectiveness

Hung et al. 
(2016) [68]

Primary 
healthcare; 
treatment for 
substance use 
disorders

HIV-positive PWID 
and HIV-negative 
PWID

Vietnam (Ho Chi 
Minh City) 2013-14 Pre-post study

Integration of co-located voluntary HIV 
counselling and testing, treatment and 
methadone maintenance therapy using 
different integration models

Outpatient-clinic(s) 
(urban)

8,228 (at 7 
sites)

(1) Linkage
(2) ART initiation
(3) Adherence

Jacobson et al. 
(2015) [69] Tuberculosis

HIV/TB co-infected 
patients initiating 
treatment for TB

South Africa 
(KwaZulu-Natal) 2012-13 Retrospective 

cohort study

Integration of one-stop-shop HIV and 
TB treatment and care into primary 
health clinics or referral from HIV clinics 
– decentralised approach

Local public health 
clinic(s) (rural) 657 (1) TB treatment success

(2) Retention in care

Johns et al. 
(2017) [70]

Primary 
healthcare

Population of 
Chernigiv, Northern 
Ukraine

Ukraine (Chernigiv 
Province) 2013-15

Pre-post study 
(difference-in-
difference)

Integration of HIV testing and 
counselling into primary healthcare

Outpatient-clinic(s) 
(urban, rural)

86,000 (at 
20 sites)

(1) Incremental costs
(2) Number of newly 
detected HIV cases

Kanyuuru et al. 
(2015) [71]

Maternal and 
child healthcare

Pregnant women 
and their infants

Kenya (Bondo 
District) 2010-12

Pre-post 
intervention 
study

Integration of MCH, HIV and 
immunisation services into routine 
community programmes

Local public health 
clinic(s) (unknown)

People 
from 329 
villages

(1) Uptake of prenatal 
services
(2) Uptake of HIV testing
(3) Access to care

Katz et al. (2016) 
[73] SRH and STIs

Men who have sex 
with men presenting 
with STIs

USA (Washington) 2010-14 Cohort study

Integration of HIV testing and 
counselling for MSM with early syphilis, 
gonorrhoea or chlamydial infection and 
partner services into STI services in state 
hospitals

Outpatient-clinic(s) 
(urban)

8,133 (at 
multiple 
sites)

(1) HIV-testing rates for 
patients, partner services
(2) New HIV cases 
identified
(3) Proportion of new 
cases with concurrent STI 
diagnosis
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Kerschberger et 
al. (2012) [74] Tuberculosis

HIV/TB co-infected 
patients registered 
for TB treatment

South Africa (Cape 
Town) 2008-09 Pre-post study

Integration of one-stop-shop HIV and 
TB treatment and care into primary 
healthcare clinic

Local public health 
clinic(s) (semi-urban)

188 (at 1 
site)

(1) ART uptake
(2) Time to ART treatment 
initiation

Kimani et al. 
(2015) [75] Family planning Women receiving 

postnatal care
Kenya (Eastern 
Kenya) 2010

Non-
randomised 
trial

Integration of HIV and family planning 
services into postnatal care at MCH 
clinics (Integra Initiative)

Local public health 
clinic(s) (semi-urban) 1,204

(1) Health services uptake
(2) Effectiveness of 
integration

Kinyua et al. 
(2019) [76]

Maternal and 
child healthcare

HIV-positive 
mothers and their 
HIV-exposed infants

Kenya (Kwale 
County) 2013-16

Pre-post 
intervention 
study

Integration of nutrition assessment, 
counselling and support into PMTCT 
services at HIV clinics through Ministry 
of Health programme

Local public health 
clinic(s) (rural)

837 (at 16 
sites)

(1) Uptake of nutrition 
counselling and support
(2) Retention of mother-
baby-pairs

Kosgei et al. 
(2011) [77] Family planning HIV-positive women Kenya (Western 

Kenya) 2005-09 Retrospective 
cohort study

Integration of family planning into 
routine HIV services

Local public health 
clinic(s) (unknown) 1,031

(1) Uptake of family 
planning
(2) Pregnancy outcomes

Kufa et al. (2018) 
[78] Tuberculosis

People seeking HIV 
and/or TB testing or 
treatment services

South Africa 
(Ekurhuleni District) 2010-13

Cluster-
randomised 
trial

Integration of HIV and TB services into 
primary healthcare clinics

Local public health 
clinic(s) (unknown)

4,182 (at 18 
sites)

(1) Incidence of 
hospitalisation and 
deaths among newly 
diagnosed HIV patients
(2) Proportion of HIV 
patients newly diagnosed 
with TB

Lambdin et al. 
(2013) [80]

Primary 
healthcare ART-naive PLHIV

Mozambique 
(Manica and Sofala 
Provinces)

2006-08 Retrospective 
cohort study

Integration of HIV care and treatment 
into primary healthcare

Local public health 
clinic(s) (urban, rural)

11,775 (at 
17 sites)

(1) Attrition during early 
and late patient follow-
up

Leon et al. (2010) 
[81] SRH and STIs People presenting 

with STI(s)
South Africa (Cape 
Town) 2007

Cluster-
randomised-
controlled trial

Integration of provider-initiated (opt-
out) HIV
testing and counselling into primary 
healthcare clinics mainly offering SRH 
services

Local public health 
clinic(s) (urban)

9,080 (at 21 
sites)

(1) Uptake of HIV testing 
and counselling
(2) Consistency of testing 
across clinics

Van Lettow et al. 
(2014) [82]

Maternal and 
child healthcare

Newly
identified HIV-
positive women

Malawi 2012 Cohort study

Integration of ART and ANC into MCH 
clinics (stand-alone, fully integrated in 
one of the clinics or referrals from MCH 
clinic to ART clinic)

Multiple settings (urban, 
rural)

41,203 (at 
141 sites)

(1) Proportion of women 
tested for HIV
(2) Retention rates

Mansoor et al. 
(2019) [84]

Family planning; 
PrEP

HIV-negative 
women

South Africa 
(KwaZulu-Natal) 2012-14 Randomised-

controlled trial
Integration of PrEP into family planning 
services (CAPRISA 004 trial)

Local public health 
clinic(s) (urban, rural)

372 (at 2 
sites)

(1) Adherence rates
(2) Retention rates, 
number of returned used 
gel applicators
(3) HIV incidence rates

Mantell et al. 
(2017) [85] SRH and STIs People seeking SRH 

care
South Africa (Cape 
Town) 2006-11

Cluster-
randomised-
controlled trial

Integration of SRH
into public sector HIV care services

Local public health 
clinic(s) (urban)

214 (at 1 
site)

(1) Adherence to safer 
sex guidelines
(2) Use of contraceptives 
among HIV-positive 
clients
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Kerschberger et 
al. (2012) [74] Tuberculosis

HIV/TB co-infected 
patients registered 
for TB treatment

South Africa (Cape 
Town) 2008-09 Pre-post study

Integration of one-stop-shop HIV and 
TB treatment and care into primary 
healthcare clinic

Local public health 
clinic(s) (semi-urban)

188 (at 1 
site)

(1) ART uptake
(2) Time to ART treatment 
initiation

Kimani et al. 
(2015) [75] Family planning Women receiving 

postnatal care
Kenya (Eastern 
Kenya) 2010

Non-
randomised 
trial

Integration of HIV and family planning 
services into postnatal care at MCH 
clinics (Integra Initiative)

Local public health 
clinic(s) (semi-urban) 1,204

(1) Health services uptake
(2) Effectiveness of 
integration

Kinyua et al. 
(2019) [76]

Maternal and 
child healthcare

HIV-positive 
mothers and their 
HIV-exposed infants

Kenya (Kwale 
County) 2013-16

Pre-post 
intervention 
study

Integration of nutrition assessment, 
counselling and support into PMTCT 
services at HIV clinics through Ministry 
of Health programme

Local public health 
clinic(s) (rural)

837 (at 16 
sites)

(1) Uptake of nutrition 
counselling and support
(2) Retention of mother-
baby-pairs

Kosgei et al. 
(2011) [77] Family planning HIV-positive women Kenya (Western 

Kenya) 2005-09 Retrospective 
cohort study

Integration of family planning into 
routine HIV services

Local public health 
clinic(s) (unknown) 1,031

(1) Uptake of family 
planning
(2) Pregnancy outcomes

Kufa et al. (2018) 
[78] Tuberculosis

People seeking HIV 
and/or TB testing or 
treatment services

South Africa 
(Ekurhuleni District) 2010-13

Cluster-
randomised 
trial

Integration of HIV and TB services into 
primary healthcare clinics

Local public health 
clinic(s) (unknown)

4,182 (at 18 
sites)

(1) Incidence of 
hospitalisation and 
deaths among newly 
diagnosed HIV patients
(2) Proportion of HIV 
patients newly diagnosed 
with TB

Lambdin et al. 
(2013) [80]

Primary 
healthcare ART-naive PLHIV

Mozambique 
(Manica and Sofala 
Provinces)

2006-08 Retrospective 
cohort study

Integration of HIV care and treatment 
into primary healthcare

Local public health 
clinic(s) (urban, rural)

11,775 (at 
17 sites)

(1) Attrition during early 
and late patient follow-
up

Leon et al. (2010) 
[81] SRH and STIs People presenting 

with STI(s)
South Africa (Cape 
Town) 2007

Cluster-
randomised-
controlled trial

Integration of provider-initiated (opt-
out) HIV
testing and counselling into primary 
healthcare clinics mainly offering SRH 
services

Local public health 
clinic(s) (urban)

9,080 (at 21 
sites)

(1) Uptake of HIV testing 
and counselling
(2) Consistency of testing 
across clinics

Van Lettow et al. 
(2014) [82]

Maternal and 
child healthcare

Newly
identified HIV-
positive women

Malawi 2012 Cohort study

Integration of ART and ANC into MCH 
clinics (stand-alone, fully integrated in 
one of the clinics or referrals from MCH 
clinic to ART clinic)

Multiple settings (urban, 
rural)

41,203 (at 
141 sites)

(1) Proportion of women 
tested for HIV
(2) Retention rates

Mansoor et al. 
(2019) [84]

Family planning; 
PrEP

HIV-negative 
women

South Africa 
(KwaZulu-Natal) 2012-14 Randomised-

controlled trial
Integration of PrEP into family planning 
services (CAPRISA 004 trial)

Local public health 
clinic(s) (urban, rural)

372 (at 2 
sites)

(1) Adherence rates
(2) Retention rates, 
number of returned used 
gel applicators
(3) HIV incidence rates

Mantell et al. 
(2017) [85] SRH and STIs People seeking SRH 

care
South Africa (Cape 
Town) 2006-11

Cluster-
randomised-
controlled trial

Integration of SRH
into public sector HIV care services

Local public health 
clinic(s) (urban)

214 (at 1 
site)

(1) Adherence to safer 
sex guidelines
(2) Use of contraceptives 
among HIV-positive 
clients
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Matulionyte et al. 
(2019) [86]

Other infectious 
diseases

General population: 
hospitalised patients 
and outpatients

Lithuania (Vilnius) 2010-14 Retrospective 
cohort study

Integration of rapid HIV testing into 
infectious disease units at hopitals Hospital(s) (urban) 4,911 (at 1 

site)

(1) HIV prevalence
(2) Cost-effectiveness
(3) Clinical effectiveness
(4) Feasibility

Mavhu et al. 
(2020) [87]

SRH and STIs; 
mental health

HIV-positive 
adolescent girls and 
young women

Zimbabwe (Bindura 
and Shamva) 2016-17

Cluster-
randomised-
controlled 
study

Integration of adherence support, SRH, 
and mental health services into ART 
programmes (Zvandiri project)

Local public health 
clinic(s) (urban, rural)

496 (at 16 
sites)

(1) ART adherence
(2) Viral suppression

Mayhew et al. 
(2017) [88]

SRH and STIs; 
other infectious 
diseases

Users of SRH 
services Kenya 2009-13

Non-
randomised 
trial

Integration of HIV testing and 
counselling into SRH and MCH services 
(Integra Initiative)

Local public health 
clinic(s) (urban, rural)

8,841 (at 17 
sites)

(1) Uptake of services
(2) Workload of 
healthcare staff
(3) Contextual factors 
influencing sustainability 
of integration

McBain et al. 
(2017) [89]

Primary 
healthcare

Newly enrolled HIV-
positive patients

Malawi (Neno 
District) 2013-14

Population-
based 
retrospective 
analysis

Integration of HIV care and surveillance 
into social, community, and nutritional 
support programs

Local public health 
clinic(s) (urban, rural)

129,938 (at 
682 sites)

(1) Survival rate
(2) Cost for care
(3) QALYs gained

Mendelsohn et 
al. (2018) [90]

SRH and STIs; 
family planning

Adolescents visiting 
an integrated 
adolescent youth 
centre clinic or non-
integrated public 
clinic

South Africa (Cape 
Town) 2015 Cohort study

Integration of sexual and reproductive 
health services into educational and 
recreational programmes

Local public health 
clinic(s) (urban)

2,235 (at 2 
sites)

(1) SRH service uptake
(2) HIV-counselling and 
testing uptake
(3) Contraception use 
rates and adherence
(4) HIV-case detection 
rates

Mgbemena et al. 
(2015) [91]

Primary 
healthcare

PLHIV with chronic 
pain USA 2012-13 Prospective 

cohort study

Integration of chronic pain relief 
therapy into a primary care HIV clinic 
setting

Local public health 
clinic(s) (unknown)

27 (at 1 
site)

(1) Pain score reduction
(2) Costs

Miller et al. 
(2018) [92]

Treatment for 
substance use 
disorders; mental 
health

HIV-infected 

PWID (with  1 
uninfected injection 
partner) and their 
partners

Ukraine, Indonesia, 
Vietnam 2015-18 Randomised-

controlled trial

Integration of systems navigation, 
psychosocial counselling, and CD4-
independent ART-initiation into ART 
and opioid replacement therapy (HPTN 
074 Vanguard Trial)

Community-level (urban)
502 (at 
multiple 
sites)

(1) Retention rates
(2) ART, opioid 
replacement therapy use 
rates, Viral suppression 
rates
(3) Mortality
(4) Injection Partner HIV 
incidence

Momplaisir et al. 
(2013) [93]

Primary 
healthcare; non-
communicable 
diseases

HIV-positive and 
-negative patients 
seeking care in 
HIV-integrated, 
specialised HIV or 
general internal 
medicine facilities

USA (Pennsylvania) 2010-11 Cross-sectional 
study

Integration of colourectal and breast 
cancer screening into HIV- and general 
internal medicine clinics

Hospital(s) (urban) 762 (at 3 
sites)

(1) Odds of getting 
cancer screening

Mudzengi et al. 
(2017) [95] Tuberculosis Adults living with TB 

and/or HIV
South Africa 
(Ekurhuleni) 2013 Cross-sectional 

study

Integration of TB-HIV services into
public primary health care clinics 
(MERGE trial)

Local public health 
clinic(s) (urban, rural)

463 (at 18 
sites) (1) Costs of care
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Matulionyte et al. 
(2019) [86]

Other infectious 
diseases

General population: 
hospitalised patients 
and outpatients

Lithuania (Vilnius) 2010-14 Retrospective 
cohort study

Integration of rapid HIV testing into 
infectious disease units at hopitals Hospital(s) (urban) 4,911 (at 1 

site)

(1) HIV prevalence
(2) Cost-effectiveness
(3) Clinical effectiveness
(4) Feasibility

Mavhu et al. 
(2020) [87]

SRH and STIs; 
mental health

HIV-positive 
adolescent girls and 
young women

Zimbabwe (Bindura 
and Shamva) 2016-17

Cluster-
randomised-
controlled 
study

Integration of adherence support, SRH, 
and mental health services into ART 
programmes (Zvandiri project)

Local public health 
clinic(s) (urban, rural)

496 (at 16 
sites)

(1) ART adherence
(2) Viral suppression

Mayhew et al. 
(2017) [88]

SRH and STIs; 
other infectious 
diseases

Users of SRH 
services Kenya 2009-13

Non-
randomised 
trial

Integration of HIV testing and 
counselling into SRH and MCH services 
(Integra Initiative)

Local public health 
clinic(s) (urban, rural)

8,841 (at 17 
sites)

(1) Uptake of services
(2) Workload of 
healthcare staff
(3) Contextual factors 
influencing sustainability 
of integration

McBain et al. 
(2017) [89]

Primary 
healthcare

Newly enrolled HIV-
positive patients

Malawi (Neno 
District) 2013-14

Population-
based 
retrospective 
analysis

Integration of HIV care and surveillance 
into social, community, and nutritional 
support programs

Local public health 
clinic(s) (urban, rural)

129,938 (at 
682 sites)

(1) Survival rate
(2) Cost for care
(3) QALYs gained

Mendelsohn et 
al. (2018) [90]

SRH and STIs; 
family planning

Adolescents visiting 
an integrated 
adolescent youth 
centre clinic or non-
integrated public 
clinic

South Africa (Cape 
Town) 2015 Cohort study

Integration of sexual and reproductive 
health services into educational and 
recreational programmes

Local public health 
clinic(s) (urban)

2,235 (at 2 
sites)

(1) SRH service uptake
(2) HIV-counselling and 
testing uptake
(3) Contraception use 
rates and adherence
(4) HIV-case detection 
rates

Mgbemena et al. 
(2015) [91]

Primary 
healthcare

PLHIV with chronic 
pain USA 2012-13 Prospective 

cohort study

Integration of chronic pain relief 
therapy into a primary care HIV clinic 
setting

Local public health 
clinic(s) (unknown)

27 (at 1 
site)

(1) Pain score reduction
(2) Costs

Miller et al. 
(2018) [92]

Treatment for 
substance use 
disorders; mental 
health

HIV-infected 

PWID (with  1 
uninfected injection 
partner) and their 
partners

Ukraine, Indonesia, 
Vietnam 2015-18 Randomised-

controlled trial

Integration of systems navigation, 
psychosocial counselling, and CD4-
independent ART-initiation into ART 
and opioid replacement therapy (HPTN 
074 Vanguard Trial)

Community-level (urban)
502 (at 
multiple 
sites)

(1) Retention rates
(2) ART, opioid 
replacement therapy use 
rates, Viral suppression 
rates
(3) Mortality
(4) Injection Partner HIV 
incidence

Momplaisir et al. 
(2013) [93]

Primary 
healthcare; non-
communicable 
diseases

HIV-positive and 
-negative patients 
seeking care in 
HIV-integrated, 
specialised HIV or 
general internal 
medicine facilities

USA (Pennsylvania) 2010-11 Cross-sectional 
study

Integration of colourectal and breast 
cancer screening into HIV- and general 
internal medicine clinics

Hospital(s) (urban) 762 (at 3 
sites)

(1) Odds of getting 
cancer screening

Mudzengi et al. 
(2017) [95] Tuberculosis Adults living with TB 

and/or HIV
South Africa 
(Ekurhuleni) 2013 Cross-sectional 

study

Integration of TB-HIV services into
public primary health care clinics 
(MERGE trial)

Local public health 
clinic(s) (urban, rural)

463 (at 18 
sites) (1) Costs of care
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Musarandega et 
al. (2018) [96]

Maternal and 
child healthcare; 
PMTCT

Pregnant women Zimbabwe 
(Hurungwe District) 2014-15 Pre-post study

Integration of provider-
initiated HIV testing into infant health 
services

Local public health 
clinic(s) (urban, rural) 12,556 (at 

33 sites)

(1) Women tested for HIV
(2) Infants tested for HIV
(3) Proportion of HIV-
infected infants

Myer et al. (2018) 
[97]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
women eligible for 
ART in pregnancy, 
presenting with 
their infant(s) after 
delivery

South Africa (Cape 
Town) 2013-14 Randomised-

controlled trial
Integration of ART into postnatal MCH 
services

Local public health 
clinic(s) (urban)

471 (at 1 
site)

(1) ART retention rate
(2) Viral suppression rate
(3) Transmission 
rate, child mortality, 
breastfeeding duration

Nance et al. 
(2017) [98]

Maternal and 
child healthcare

HIV-infected 
postpartum women 
and their children

Tanzania 
(Shinyanga Region) 2014-15

Cluster-
randomised-
controlled trial

Integration of CHW-linkage, ART-
adherence counselling, tracing and 
provision of birth planning tools into 
PMTCT facilities

Community-level (urban, 
rural)

1,830 (at 32 
sites)

(1) Retention in care at 
60, 120 days
(2) ART initiation rates, 
timing
(3) ART adherence rate

Ndagijimana et 
al. (2015) [99] Tuberculosis

Communities from 
Kicukiro and Rulindo
Districts

Rwanda (Kicukiro 
and Rulindo 
Districts)

2006-10 Cohort study Integration of HIV and TB testing, 
treatment and care

Community-level (urban, 
rural)

1,695 (at 12 
sites)

(1) Utility
(2) Quality
(3) TB health outcomes

Ngo et al. (2013) 
[100]

SRH and STIs; 
family planning

Adolescents (15-24) 
visiting integrated 
youth-friendly HIV/
SRH services

Vietnam (five 
provinces) 2006-09 Pre-post study

Integration of HIV-testing, outreach 
activities, referral and counselling 
into SRH and family planning services 
(gynaecological check-ups, STI, family 
planning and ANC services)

Outpatient-clinic(s) 
(urban)

1,314 (at 
multiple 
sites)

(1) Testing rates
(2) Attitudes toward 
testing
(3) HIV knowledge and 
risk perceptions
(4) HIV-related risk 
behaviours

Nsubuga-
Nyombi et al. 
(2019) [101]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
mothers and their 
HIV-exposed infants 
visiting one of 22 
facilities

Uganda (Ninja, 
Kisoro, Manafwa, 
Namutumba, 
Ntungamo, and 
Tororo)

2013-15 Pre-post study Integration of nutrition into PMTCT 
services

Local public health 
clinic(s) (urban, rural)

~2,000 (at 
22 sites)

(1) Infant and young 
children feeding-
counselling rate, 
adherence
(2) Service utilisation 
rates
(3) HIV-exposed infants 
alive at 18 months, 
infection rate

Obure et al. 
(2015) [102] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2010-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Costs per visit

Obure, Sweeney 
et al. (2016) [103] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2008-09 & 
2010-11

Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Healthcare quality
(2) Technical efficiency of 
integration
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Musarandega et 
al. (2018) [96]

Maternal and 
child healthcare; 
PMTCT

Pregnant women Zimbabwe 
(Hurungwe District) 2014-15 Pre-post study

Integration of provider-
initiated HIV testing into infant health 
services

Local public health 
clinic(s) (urban, rural) 12,556 (at 

33 sites)

(1) Women tested for HIV
(2) Infants tested for HIV
(3) Proportion of HIV-
infected infants

Myer et al. (2018) 
[97]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
women eligible for 
ART in pregnancy, 
presenting with 
their infant(s) after 
delivery

South Africa (Cape 
Town) 2013-14 Randomised-

controlled trial
Integration of ART into postnatal MCH 
services

Local public health 
clinic(s) (urban)

471 (at 1 
site)

(1) ART retention rate
(2) Viral suppression rate
(3) Transmission 
rate, child mortality, 
breastfeeding duration

Nance et al. 
(2017) [98]

Maternal and 
child healthcare

HIV-infected 
postpartum women 
and their children

Tanzania 
(Shinyanga Region) 2014-15

Cluster-
randomised-
controlled trial

Integration of CHW-linkage, ART-
adherence counselling, tracing and 
provision of birth planning tools into 
PMTCT facilities

Community-level (urban, 
rural)

1,830 (at 32 
sites)

(1) Retention in care at 
60, 120 days
(2) ART initiation rates, 
timing
(3) ART adherence rate

Ndagijimana et 
al. (2015) [99] Tuberculosis

Communities from 
Kicukiro and Rulindo
Districts

Rwanda (Kicukiro 
and Rulindo 
Districts)

2006-10 Cohort study Integration of HIV and TB testing, 
treatment and care

Community-level (urban, 
rural)

1,695 (at 12 
sites)

(1) Utility
(2) Quality
(3) TB health outcomes

Ngo et al. (2013) 
[100]

SRH and STIs; 
family planning

Adolescents (15-24) 
visiting integrated 
youth-friendly HIV/
SRH services

Vietnam (five 
provinces) 2006-09 Pre-post study

Integration of HIV-testing, outreach 
activities, referral and counselling 
into SRH and family planning services 
(gynaecological check-ups, STI, family 
planning and ANC services)

Outpatient-clinic(s) 
(urban)

1,314 (at 
multiple 
sites)

(1) Testing rates
(2) Attitudes toward 
testing
(3) HIV knowledge and 
risk perceptions
(4) HIV-related risk 
behaviours

Nsubuga-
Nyombi et al. 
(2019) [101]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
mothers and their 
HIV-exposed infants 
visiting one of 22 
facilities

Uganda (Ninja, 
Kisoro, Manafwa, 
Namutumba, 
Ntungamo, and 
Tororo)

2013-15 Pre-post study Integration of nutrition into PMTCT 
services

Local public health 
clinic(s) (urban, rural)

~2,000 (at 
22 sites)

(1) Infant and young 
children feeding-
counselling rate, 
adherence
(2) Service utilisation 
rates
(3) HIV-exposed infants 
alive at 18 months, 
infection rate

Obure et al. 
(2015) [102] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2010-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Costs per visit

Obure, Sweeney 
et al. (2016) [103] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2008-09 & 
2010-11

Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Healthcare quality
(2) Technical efficiency of 
integration
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Obure, Jacobs et 
al. (2016) [104] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2008-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Technical, allocative 
efficiency
(2) Service-specific 
economies of scale

Owiti et al. 
(2015) [106] Tuberculosis

HIV and/or TB 
patients presenting 
at one of 17 rural 
public health 
facilities

Kenya (Western 
region) 2010-12 Pre-post 

cohort study

Integration of HIV into TB-services 
using three models: 1) one-stop-shop 
2) HIV+TB and non-HIV TB clinics and 
3) under-one-roof TB/HIV clinics with 
separate staff for each

Local public health 
clinic(s) (rural)

824 (at 17 
sites)

(1) Uptake of ART
(2) Time to ART initiation
(3) TB treatment success 
among co-infected 
patients

Palma et al. 
(2018) [107]

Non-
communicable 
diseases

PLHIV at risk of 
cardiovascular 
diseases

Eswatini (Manzini) 2015-16 Randomised-
controlled trial

Integration of cardiovascular disease 
screening into HIV clinic visits Hospital(s) (urban) 172 (at 10 

sites)

Impact of screening on:
(1) patient flow
(2) HIV service delivery

Rawat et al. 
(2018) [108]

Non-
communicable 
diseases

PLHIV receiving 
ART in primary 
healthcare clinics

South Africa (Free 
State Province) 2009-13

Quasi-
experimental 
study

Integration of HIV services into primary 
health care

Local public health 
clinic(s) (mixed)

57,958 (at 
131 sites)

(1) Number of patients 
receiving ART
(2) Number of 
new diabetes and 
hypertension patients

Reza-Paul et al. 
(2019) [109]

SRH and STIs; 
HPV, cervical 
cancer

Female sex 
workers visiting a 
community-based 
clinic or partner 
private hospital

India (Mysore) 2013-16 Cohort study

Integration of SRH (STI and cervical 
cancer testing/treatment) and HIV 
services (testing/counselling) into 
general population SRH services 
(DIFFER study)

Community-level (urban)
873 (at 
multiple 
sites)

(1) SRH service uptake 
(condom use, STI and 
cervical cancer testing/
treatment rates)
(2) Proportion of female 
sex workers accessing 
services
(3) HIV-testing rates

Rosen et al. 
(2021) [145] Mental health Adolescents living 

with HIV

Zambia (Central 
and Eastern 
Provinces)

2017 Prospective 
cohort study

Integration of psychosocial, economic 
strengthening, and clinical services 
to HIV- affected households for 
adolescents (Zambia Family (ZAMFAM) 
Project)

Community-level (mixed) 494 house-
holds

(1) Self-reported health 
status
(2) HIV related stigma

Van Rie et al. 
(2014) [110] Tuberculosis TB patients

Democratic 
Republic of Congo 
(Kinshasa city)

2007-09 Prospective 
cohort study

Integration of nurse-centred TB and HIV 
services into a primary health clinic.

Local public health 
clinic(s) (unknown)

4,463 (at 
multiple 
sites)

(1) ART uptake/initiation
(2) CD4 cell counts
(3) TB-related mortality

Roberts el al. 
(2019) [111]

Family planning; 
Maternal and 
child healthcare; 
SRH and STIs; 
PrEP

Adolescent girls 
and young women 
visiting family 
planning and MCH 
clinics

Kenya (Western 
counties) 2017-18 Cross-sectional 

study

Integration of PrEP into family planning 
and mother-child health services (PrIYA 
programme, DREAMS Innovation 
Challenge)

Local public health 
clinic(s) (semi-urban)

24,005 (at 
16 sites)

(1) Average cost per 
patient month of 
supplied PrEP unsing 
different protocols
(2) Unit costs and volume

Rodkjaer et al. 
(2017) [112] Mental health

PLHIV: HIV patients 
with psychological 
challenges

Denmark (Aarhus) N/A Randomised-
controlled trial

Integration of a mental health 
intervention (mind-body approach) into 
care for HIV patients

Hospital(s) (urban) 29 (at 1 
site)

(1) Feasibility
(2) Change of depression 
risk
(3) Level of coping 
self-efficacy, stress, and 
personal growth
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Obure, Jacobs et 
al. (2016) [104] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2008-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Technical, allocative 
efficiency
(2) Service-specific 
economies of scale

Owiti et al. 
(2015) [106] Tuberculosis

HIV and/or TB 
patients presenting 
at one of 17 rural 
public health 
facilities

Kenya (Western 
region) 2010-12 Pre-post 

cohort study

Integration of HIV into TB-services 
using three models: 1) one-stop-shop 
2) HIV+TB and non-HIV TB clinics and 
3) under-one-roof TB/HIV clinics with 
separate staff for each

Local public health 
clinic(s) (rural)

824 (at 17 
sites)

(1) Uptake of ART
(2) Time to ART initiation
(3) TB treatment success 
among co-infected 
patients

Palma et al. 
(2018) [107]

Non-
communicable 
diseases

PLHIV at risk of 
cardiovascular 
diseases

Eswatini (Manzini) 2015-16 Randomised-
controlled trial

Integration of cardiovascular disease 
screening into HIV clinic visits Hospital(s) (urban) 172 (at 10 

sites)

Impact of screening on:
(1) patient flow
(2) HIV service delivery

Rawat et al. 
(2018) [108]

Non-
communicable 
diseases

PLHIV receiving 
ART in primary 
healthcare clinics

South Africa (Free 
State Province) 2009-13

Quasi-
experimental 
study

Integration of HIV services into primary 
health care

Local public health 
clinic(s) (mixed)

57,958 (at 
131 sites)

(1) Number of patients 
receiving ART
(2) Number of 
new diabetes and 
hypertension patients

Reza-Paul et al. 
(2019) [109]

SRH and STIs; 
HPV, cervical 
cancer

Female sex 
workers visiting a 
community-based 
clinic or partner 
private hospital

India (Mysore) 2013-16 Cohort study

Integration of SRH (STI and cervical 
cancer testing/treatment) and HIV 
services (testing/counselling) into 
general population SRH services 
(DIFFER study)

Community-level (urban)
873 (at 
multiple 
sites)

(1) SRH service uptake 
(condom use, STI and 
cervical cancer testing/
treatment rates)
(2) Proportion of female 
sex workers accessing 
services
(3) HIV-testing rates

Rosen et al. 
(2021) [145] Mental health Adolescents living 

with HIV

Zambia (Central 
and Eastern 
Provinces)

2017 Prospective 
cohort study

Integration of psychosocial, economic 
strengthening, and clinical services 
to HIV- affected households for 
adolescents (Zambia Family (ZAMFAM) 
Project)

Community-level (mixed) 494 house-
holds

(1) Self-reported health 
status
(2) HIV related stigma

Van Rie et al. 
(2014) [110] Tuberculosis TB patients

Democratic 
Republic of Congo 
(Kinshasa city)

2007-09 Prospective 
cohort study

Integration of nurse-centred TB and HIV 
services into a primary health clinic.

Local public health 
clinic(s) (unknown)

4,463 (at 
multiple 
sites)

(1) ART uptake/initiation
(2) CD4 cell counts
(3) TB-related mortality

Roberts el al. 
(2019) [111]

Family planning; 
Maternal and 
child healthcare; 
SRH and STIs; 
PrEP

Adolescent girls 
and young women 
visiting family 
planning and MCH 
clinics

Kenya (Western 
counties) 2017-18 Cross-sectional 

study

Integration of PrEP into family planning 
and mother-child health services (PrIYA 
programme, DREAMS Innovation 
Challenge)

Local public health 
clinic(s) (semi-urban)

24,005 (at 
16 sites)

(1) Average cost per 
patient month of 
supplied PrEP unsing 
different protocols
(2) Unit costs and volume

Rodkjaer et al. 
(2017) [112] Mental health

PLHIV: HIV patients 
with psychological 
challenges

Denmark (Aarhus) N/A Randomised-
controlled trial

Integration of a mental health 
intervention (mind-body approach) into 
care for HIV patients

Hospital(s) (urban) 29 (at 1 
site)

(1) Feasibility
(2) Change of depression 
risk
(3) Level of coping 
self-efficacy, stress, and 
personal growth
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Rosenberg et al. 
(2010) [113]

Viral hepatitis; 
mental health

General population; 
PWID –
people from ethnic 
minorities attending 
mental health 
services

USA (Baltimore) 2006-08 Randomised-
controlled trial

Integration of screening/testing for HIV 
and hepatitis, immunisation for hepatitis 
A and B, risk-reduction counselling, 
medical treatment referral and support 
into mental health services

Community-level (urban) 236 (at 4 
sites)

(1) Cost per patient, 
breakdown
(2) Participation, testing 
and immunisation rates
(3) Referral
(4) Knowledge and 
reduction in risk 
behaviour

Rosenberg et al. 
(2018) [114] SRH and STIs Adolescent girls and 

young women Malawi (Lilongwe) 2016-17 Cohort study

Integration of previously stand-alone 
HIV testing, family planning, STI 
syndromic management and condom 
provision plus youth-friendly provision, 
peer-educators and behavioural 
intervention – bi-directional (Girl Power 
Malawi)

Local public health 
clinic(s) (urban)

1,000 (at 4 
sites)

Uptake of (1) HIV-testing, 
including pre- and 
post-test-counselling (2) 
condoms (3) hormonal 
contraception (4) dual 
method contraception (5) 
medical STI consultations

Rutaremwa et al. 
(2016) [115]

Family planning; 
SRH and STIs

Women (15+ years) 
using integrated or 
unintegrated HIV 
and SRH services 
during pregnancy 
and delivery of last 
child

Uganda 2011 Cross-sectional 
study

Integration of HIV into SRH and 
“women” services (data from USAID 
Demographic and Health Surveys)

Multiple settings (urban, 
rural)

9,691 (at 
multiple 
sites)

(1) Service utilisation 
rates

Schulz et al. 
(2013) [117] Tuberculosis

TB/HIV co-infected 
patients presenting 
at TB hospital

South Africa 
(Western Cape) 2009-11 Cohort study Integration of ART into TB services and 

general HIV-care Hospital(s) (urban)
271 (at 
multiple 
sites)

(1) TB treatment success
(2) ART treatment success 
(CD4 counts)

Shade et al. 
(2013) [118] Family planning

Women attending 
HIV and/or family 
planning services

Kenya (Nyanza)
Cluster-
randomised-
controlled trial

Integration of family planning into HIV 
care and treatment clinics

Local public health 
clinic(s) (unknown)

4,135 (at 18 
sites)

(1) Costs
(2) Cost-efficiency
(3) Cost-effectiveness

Shade et al. 
(2020) [143] NCDs General population; 

PLHIV Uganda 2015-16 Retrospective 
cohort study

Integration of hypertension screening 
into HIV clinics for HIV-positive and 
HIV-negative people (SEARCH)

Community-level (rural) 2,425 (at 10 
sites) (1) Additional costs

Shenoi et al. 
(2017) [119] Tuberculosis

Population with 
high burden of HIV 
and TB

South Africa 
(Msinga, KwaZulu-
Natal)

2010-12 Retrospective 
cohort study

Integration of TB intensive case finding 
into HIV intensive case finding and CD4 
testing

Community-level (rural) 5,615 (at 
322 sites)

(1) HIV testing uptake
(2) CD4 cell counts
(3) HIV yield
(4) TB drug resistance

Shin et al. (2020) 
[146]

Maternal and 
child healthcare Women, Children India (Andhra 

Pradesh) 2014-16
2x2 factorial 
intervention 
trial

Integration of nutritional interventions 
for mother-child pairs living with HIV 
visiting HIV clinics

Community-level (rural) 600 (1) Body weight
(2) CD4 counts

Siapka et al. 
(2017) [120] Family planning General population Kenya 2009-11

Pre-post 
intervention 
study

Integration of HIV services into family 
planning counselling and provision 
(Integra Initiative)

Multiple settings (mixed) 3,713 (at 24 
sites)

(1) Duration of 
consultation
(2) Staff workload

Simeone et al. 
(2017) [121]

Treatment for 
substance use 
disorders

PLHIV with 
substance use 
disorders

USA (San 
Francisco) 2015 Cohort study

Integration of HIV-care-continuum 
patient monitoring and intervention-
need recognition into opioid 
replacement therapy

Multiple settings (urban) 65 (3 sites) (1) Retention rates
(2) Viral suppression rates
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Rosenberg et al. 
(2010) [113]

Viral hepatitis; 
mental health

General population; 
PWID –
people from ethnic 
minorities attending 
mental health 
services

USA (Baltimore) 2006-08 Randomised-
controlled trial

Integration of screening/testing for HIV 
and hepatitis, immunisation for hepatitis 
A and B, risk-reduction counselling, 
medical treatment referral and support 
into mental health services

Community-level (urban) 236 (at 4 
sites)

(1) Cost per patient, 
breakdown
(2) Participation, testing 
and immunisation rates
(3) Referral
(4) Knowledge and 
reduction in risk 
behaviour

Rosenberg et al. 
(2018) [114] SRH and STIs Adolescent girls and 

young women Malawi (Lilongwe) 2016-17 Cohort study

Integration of previously stand-alone 
HIV testing, family planning, STI 
syndromic management and condom 
provision plus youth-friendly provision, 
peer-educators and behavioural 
intervention – bi-directional (Girl Power 
Malawi)

Local public health 
clinic(s) (urban)

1,000 (at 4 
sites)

Uptake of (1) HIV-testing, 
including pre- and 
post-test-counselling (2) 
condoms (3) hormonal 
contraception (4) dual 
method contraception (5) 
medical STI consultations

Rutaremwa et al. 
(2016) [115]

Family planning; 
SRH and STIs

Women (15+ years) 
using integrated or 
unintegrated HIV 
and SRH services 
during pregnancy 
and delivery of last 
child

Uganda 2011 Cross-sectional 
study

Integration of HIV into SRH and 
“women” services (data from USAID 
Demographic and Health Surveys)

Multiple settings (urban, 
rural)

9,691 (at 
multiple 
sites)

(1) Service utilisation 
rates

Schulz et al. 
(2013) [117] Tuberculosis

TB/HIV co-infected 
patients presenting 
at TB hospital

South Africa 
(Western Cape) 2009-11 Cohort study Integration of ART into TB services and 

general HIV-care Hospital(s) (urban)
271 (at 
multiple 
sites)

(1) TB treatment success
(2) ART treatment success 
(CD4 counts)

Shade et al. 
(2013) [118] Family planning

Women attending 
HIV and/or family 
planning services

Kenya (Nyanza)
Cluster-
randomised-
controlled trial

Integration of family planning into HIV 
care and treatment clinics

Local public health 
clinic(s) (unknown)

4,135 (at 18 
sites)

(1) Costs
(2) Cost-efficiency
(3) Cost-effectiveness

Shade et al. 
(2020) [143] NCDs General population; 

PLHIV Uganda 2015-16 Retrospective 
cohort study

Integration of hypertension screening 
into HIV clinics for HIV-positive and 
HIV-negative people (SEARCH)

Community-level (rural) 2,425 (at 10 
sites) (1) Additional costs

Shenoi et al. 
(2017) [119] Tuberculosis

Population with 
high burden of HIV 
and TB

South Africa 
(Msinga, KwaZulu-
Natal)

2010-12 Retrospective 
cohort study

Integration of TB intensive case finding 
into HIV intensive case finding and CD4 
testing

Community-level (rural) 5,615 (at 
322 sites)

(1) HIV testing uptake
(2) CD4 cell counts
(3) HIV yield
(4) TB drug resistance

Shin et al. (2020) 
[146]

Maternal and 
child healthcare Women, Children India (Andhra 

Pradesh) 2014-16
2x2 factorial 
intervention 
trial

Integration of nutritional interventions 
for mother-child pairs living with HIV 
visiting HIV clinics

Community-level (rural) 600 (1) Body weight
(2) CD4 counts

Siapka et al. 
(2017) [120] Family planning General population Kenya 2009-11

Pre-post 
intervention 
study

Integration of HIV services into family 
planning counselling and provision 
(Integra Initiative)

Multiple settings (mixed) 3,713 (at 24 
sites)

(1) Duration of 
consultation
(2) Staff workload

Simeone et al. 
(2017) [121]

Treatment for 
substance use 
disorders

PLHIV with 
substance use 
disorders

USA (San 
Francisco) 2015 Cohort study

Integration of HIV-care-continuum 
patient monitoring and intervention-
need recognition into opioid 
replacement therapy

Multiple settings (urban) 65 (3 sites) (1) Retention rates
(2) Viral suppression rates
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Siregar et al. 
(2011) [122] SRH and STIs

People accessing 
voluntary testing 
and counselling

Indonesia 
(Bandung) 2008-09 Cohort study

Integration of voluntary testing and 
counselling into hospital, STI and prison 
clinic services compared to HIV services 
offered at a community clinic

Multiple settings (urban) 1,954 (at 4 
sites)

(1) Service utilisation
(2) Costs
(3) Clinical HIV outcomes

Solomon et al. 
(2019) [123]

Viral hepatitis; 
treatment for 
substance use 
disorders

PWID (and MSM) India 2012-17
Cluster-
randomised 
trial

Integration of HIV testing, prevention, 
and treatment into opioid replacement 
therapy and MSM health services

Other (urban) 12,726 (at 
22 sites)

(1) Self-reported HIV 
testing
(2) Exposure to HIV 
testing

Solomon et al. 
(2020) [124]

Viral hepatitis; 
treatment for 
substance use 
disorders

PWID; MSM India 2013-16 Randomised-
controlled trial

Integration of HCV testing into HIV 
programmes (HIV testing, preventive
services and linkage to ART 
programmes)

Other (urban) ~11,721 (at 
12 sites)

(1) Self-reported HCV 
testing
(2) HCV antibody 
prevalence
(3) HCV treatment 
initiation

Stockton et al. 
(2020) [144] Mental health PLHIV Malawi 2017-18

Pre-post 
intervention 
study

Integration of depression screening into 
routine HIV care

Local public health 
clinic(s) (unknown) 501 (2 sites)

(1) ART initiation
(2) Retention in care
(3) Viral suppression

Sweeney et al. 
(2014) [125] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2010-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Staff workload
(2) Efficiency of service 
delivery

Talama et al. 
(2020) [139]

HPV, cervical 
cancer

Women living with 
HIV Malawi (Neno) 2016-18

Pre-post 
intervention 
study

Integration of cervical cancer screening 
into a dual HIV and non- communicable 
disease clinic

Local public health 
clinic(s) (rural)

749 (at 1 
site)

(1) Detected number 
of women with cervical 
cancer
(2) Number of women 
first time screened for 
cervical cancer

Tomlinson et al. 
(2014) [126]

Maternal and 
child healthcare; 
PMTCT

Pregnant women 
(17+ years) and their 
new-borns

South Africa 
(Umlazi) 2008-10 Randomised-

controlled trial

Integration of a standard care package 
(PMTCT, lactation counselling, new-
born care and systems navigation) into 
home-based MCH services

Community-level (semi-
urban)

4,137 (at 30 
sites)

(1) Exclusive 
breastfeeding rate
(2) HIV-free survival at 12 
weeks
(3) Service utilisation
(4) Infant weight-for-
length z-scores at 12 
weeks

Topp et al. (2010) 
[128]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-09 Cross-sectional 

study
Integration of ART into regular non-HIV 
outpatient department services

Outpatient-clinic(s) 
(urban)

~4,300 (at 2 
sites)

(1) Acceptability
(2) Uptake and adherence
(3) Feasibility
(4) Resource allocation

Topp et al. (2013) 
[129]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-11 Cross-sectional 

study

Integration of HIV services into 
outpatient department services in urban 
primary health care clinics

Outpatient-clinic(s) 
(urban)

~48,000 (at 
12 sites)

(1) Resource and 
allocative efficiencies
(2) Organisational 
advantages
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Siregar et al. 
(2011) [122] SRH and STIs

People accessing 
voluntary testing 
and counselling

Indonesia 
(Bandung) 2008-09 Cohort study

Integration of voluntary testing and 
counselling into hospital, STI and prison 
clinic services compared to HIV services 
offered at a community clinic

Multiple settings (urban) 1,954 (at 4 
sites)

(1) Service utilisation
(2) Costs
(3) Clinical HIV outcomes

Solomon et al. 
(2019) [123]

Viral hepatitis; 
treatment for 
substance use 
disorders

PWID (and MSM) India 2012-17
Cluster-
randomised 
trial

Integration of HIV testing, prevention, 
and treatment into opioid replacement 
therapy and MSM health services

Other (urban) 12,726 (at 
22 sites)

(1) Self-reported HIV 
testing
(2) Exposure to HIV 
testing

Solomon et al. 
(2020) [124]

Viral hepatitis; 
treatment for 
substance use 
disorders

PWID; MSM India 2013-16 Randomised-
controlled trial

Integration of HCV testing into HIV 
programmes (HIV testing, preventive
services and linkage to ART 
programmes)

Other (urban) ~11,721 (at 
12 sites)

(1) Self-reported HCV 
testing
(2) HCV antibody 
prevalence
(3) HCV treatment 
initiation

Stockton et al. 
(2020) [144] Mental health PLHIV Malawi 2017-18

Pre-post 
intervention 
study

Integration of depression screening into 
routine HIV care

Local public health 
clinic(s) (unknown) 501 (2 sites)

(1) ART initiation
(2) Retention in care
(3) Viral suppression

Sweeney et al. 
(2014) [125] SRH and STIs

Patients visiting 
one of 40 non-
government and/
or public health 
facilities

Kenya, Eswatini 2010-11
Non-
randomised 
trial

Integration of HIV counselling, testing, 
treatment and care into family planning, 
ANC, PNC, cervical cancer screening and 
STI screening services (Integra Initiative)

Multiple settings (urban, 
rural)

11,471 (at 
40 sites)

(1) Staff workload
(2) Efficiency of service 
delivery

Talama et al. 
(2020) [139]

HPV, cervical 
cancer

Women living with 
HIV Malawi (Neno) 2016-18

Pre-post 
intervention 
study

Integration of cervical cancer screening 
into a dual HIV and non- communicable 
disease clinic

Local public health 
clinic(s) (rural)

749 (at 1 
site)

(1) Detected number 
of women with cervical 
cancer
(2) Number of women 
first time screened for 
cervical cancer

Tomlinson et al. 
(2014) [126]

Maternal and 
child healthcare; 
PMTCT

Pregnant women 
(17+ years) and their 
new-borns

South Africa 
(Umlazi) 2008-10 Randomised-

controlled trial

Integration of a standard care package 
(PMTCT, lactation counselling, new-
born care and systems navigation) into 
home-based MCH services

Community-level (semi-
urban)

4,137 (at 30 
sites)

(1) Exclusive 
breastfeeding rate
(2) HIV-free survival at 12 
weeks
(3) Service utilisation
(4) Infant weight-for-
length z-scores at 12 
weeks

Topp et al. (2010) 
[128]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-09 Cross-sectional 

study
Integration of ART into regular non-HIV 
outpatient department services

Outpatient-clinic(s) 
(urban)

~4,300 (at 2 
sites)

(1) Acceptability
(2) Uptake and adherence
(3) Feasibility
(4) Resource allocation

Topp et al. (2013) 
[129]

Primary 
healthcare

Outpatient 
department patients Zambia (Lusaka) 2008-11 Cross-sectional 

study

Integration of HIV services into 
outpatient department services in urban 
primary health care clinics

Outpatient-clinic(s) 
(urban)

~48,000 (at 
12 sites)

(1) Resource and 
allocative efficiencies
(2) Organisational 
advantages
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Tran, Jacobs et al. 
(2012) [130]

Treatment for 
substance use 
disorders

HIV-positive drug 
users Vietnam 2009

Cohort study, 
mathematical 
modelling 
study

Integration of ART into methadone 
replacement therapy (same site or 
different site)

Other (urban)
370 (at 
multiple 
sites)

(1) Cost per QALY gained
(2) Incremental cost-
effectiveness ratio

Tran, Houston et 
al. (2012) [131]

Treatment for 
substance use 
disorders

HIV-positive drug 
users Vietnam 2009 Cohort study Methadone maintenance therapy 

integrated into ART programmes Other (urban)
370 (at 
multiple 
sites)

(1) Health-related quality 
of life at baseline, 3, 6 
and 9 months
(2) Methadone therapy 
response Rates

Turan et al. 
(2015) [132]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
pregnant women 
accessing ANC 
services

Kenya 2009-11 Randomised-
controlled trial

Integration of PMTCT/ART into ANC 
clinics (SHAIP trial)

Local public health 
clinic(s) (rural)

1,172 (at 12 
sites)

(1) Maternal HIV-care 
enrolment
(2) HAART initiation rates
(3) Three-month infant 
HIV-testing uptake

Uebel et al. 
(2013) [133]

Primary 
healthcare

Patients receiving 
ART counselling 
and/or treatment

South Africa (Free 
State Province) 2007-08

Cohort study 
during a 
randomised-
controlled trial 
study

Integration of ART, HIV testing/
counselling, prevention services and 
monitoring into primary healthcare

Local public health 
clinic(s) (mixed)

9,252 (at 
~200 sites)

(1) Risk of mortality
(2) Coverage
(3) Access

Vodicka et al. 
(2017) [134]

HPV, cervical 
cancer

Adult women 
attending clinic 
for cervical cancer 
screening

Kenya (Nairobi) 2014

Cross-sectional 
study, 
qualitative 
study

Integration of cervical cancer screening 
(different modalities) into HIV care 
clinics

Hospital(s) (urban) 148 (at 1 
site)

(1) Marginal Costs per 
screening
(2) Cost components

Vodicka et al. 
(2019) [135]

HPV, cervical 
cancer

HIV-positive women 
with pre-cancerous 
cervical lesions

Kenya (Nairobi) 2014 Cross-sectional 
study

Integration of treatment of pre-
cancerous cervical lesions into same-
day HIV care

Hospital(s) (urban) 54 (at 1 
site)

(1) Patient characteristics
(2) Costs per procedure/
treatments, savings

Wagner et al. 
(2021) [138] Family planning Serodiscordant 

couples

Uganda (Wakiso, 
Masaka, Mbale, 
Jinja, Rukugiri, 
Mbarara)

2017-19
Cluster-
randomised-
controlled trial

Integration of family planning services 
into HIV clinics for serodiscordant 
couples (Our Choice)

Local public health 
clinic(s) (mixed)

189 (at 6 
sites)

(1) Uptake of 
contraceptive methods
(2) Costs

Wang et al. 
(2014) [136]

Maternal and 
child healthcare; 
PMTCT; viral 
hepatitis

Women visiting 
participating ANC 
clinics

China (multiple 
counties) 2010-13

Cluster-
randomised 
trial

Integration of free tests for HIV, syphilis, 
hepatitis B and PMTCT into ANC clinics

Multiple settings 
(unknown)

Multiple settings  

4,529 (at 60 
sites)

(1) Testing rates
(2) Mother-to-child 
transmission rates

Wang et al. 
(2015) [137]

Maternal and 
child healthcare; 
other infectious 
diseases

Children below five 
years of age

Zambia (Southern 
Province) 2013

Cluster-
randomised-
controlled trial

Integration of early infant HIV testing 
into an immunisation programme 
(diphtheria, pertussis, and tetanus 
vaccine) with or without operational 
assistance

Local public health 
clinic(s) (urban, rural)

~3,000 (at 
60 sites)

(1) Vaccine doses 
distributed
(2) HIV testing uptake
(3) maternal re-testing 
for HIV

Washington et al. 
(2015) [37]

Maternal and 
child healthcare; 
PMTCT

HIV-positive women 
visiting ANC clinics

Kenya (Nyanza 
Province) 2009-12

Cluster-
randomised-
controlled trial

Integration of HIV services (including 
PMTCT) into antenatal care care clinics 
(SHAIP trial)

Local public health 
clinic(s) (rural)

1,172 (at 12 
sites)

(1) Retention rates
(2) ART initiation rates, 
timing
(3) Maternal and child 
health outcomes
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Tran, Jacobs et al. 
(2012) [130]

Treatment for 
substance use 
disorders

HIV-positive drug 
users Vietnam 2009

Cohort study, 
mathematical 
modelling 
study

Integration of ART into methadone 
replacement therapy (same site or 
different site)

Other (urban)
370 (at 
multiple 
sites)

(1) Cost per QALY gained
(2) Incremental cost-
effectiveness ratio

Tran, Houston et 
al. (2012) [131]

Treatment for 
substance use 
disorders

HIV-positive drug 
users Vietnam 2009 Cohort study Methadone maintenance therapy 

integrated into ART programmes Other (urban)
370 (at 
multiple 
sites)

(1) Health-related quality 
of life at baseline, 3, 6 
and 9 months
(2) Methadone therapy 
response Rates

Turan et al. 
(2015) [132]

Maternal and 
child healthcare; 
PMTCT

HIV-positive 
pregnant women 
accessing ANC 
services

Kenya 2009-11 Randomised-
controlled trial

Integration of PMTCT/ART into ANC 
clinics (SHAIP trial)

Local public health 
clinic(s) (rural)

1,172 (at 12 
sites)

(1) Maternal HIV-care 
enrolment
(2) HAART initiation rates
(3) Three-month infant 
HIV-testing uptake

Uebel et al. 
(2013) [133]

Primary 
healthcare

Patients receiving 
ART counselling 
and/or treatment

South Africa (Free 
State Province) 2007-08

Cohort study 
during a 
randomised-
controlled trial 
study

Integration of ART, HIV testing/
counselling, prevention services and 
monitoring into primary healthcare

Local public health 
clinic(s) (mixed)

9,252 (at 
~200 sites)

(1) Risk of mortality
(2) Coverage
(3) Access

Vodicka et al. 
(2017) [134]

HPV, cervical 
cancer

Adult women 
attending clinic 
for cervical cancer 
screening

Kenya (Nairobi) 2014

Cross-sectional 
study, 
qualitative 
study

Integration of cervical cancer screening 
(different modalities) into HIV care 
clinics

Hospital(s) (urban) 148 (at 1 
site)

(1) Marginal Costs per 
screening
(2) Cost components

Vodicka et al. 
(2019) [135]

HPV, cervical 
cancer

HIV-positive women 
with pre-cancerous 
cervical lesions

Kenya (Nairobi) 2014 Cross-sectional 
study

Integration of treatment of pre-
cancerous cervical lesions into same-
day HIV care

Hospital(s) (urban) 54 (at 1 
site)

(1) Patient characteristics
(2) Costs per procedure/
treatments, savings

Wagner et al. 
(2021) [138] Family planning Serodiscordant 

couples

Uganda (Wakiso, 
Masaka, Mbale, 
Jinja, Rukugiri, 
Mbarara)

2017-19
Cluster-
randomised-
controlled trial

Integration of family planning services 
into HIV clinics for serodiscordant 
couples (Our Choice)

Local public health 
clinic(s) (mixed)

189 (at 6 
sites)

(1) Uptake of 
contraceptive methods
(2) Costs

Wang et al. 
(2014) [136]

Maternal and 
child healthcare; 
PMTCT; viral 
hepatitis

Women visiting 
participating ANC 
clinics

China (multiple 
counties) 2010-13

Cluster-
randomised 
trial

Integration of free tests for HIV, syphilis, 
hepatitis B and PMTCT into ANC clinics

Multiple settings 
(unknown)

Multiple settings  

4,529 (at 60 
sites)

(1) Testing rates
(2) Mother-to-child 
transmission rates

Wang et al. 
(2015) [137]

Maternal and 
child healthcare; 
other infectious 
diseases

Children below five 
years of age

Zambia (Southern 
Province) 2013

Cluster-
randomised-
controlled trial

Integration of early infant HIV testing 
into an immunisation programme 
(diphtheria, pertussis, and tetanus 
vaccine) with or without operational 
assistance

Local public health 
clinic(s) (urban, rural)

~3,000 (at 
60 sites)

(1) Vaccine doses 
distributed
(2) HIV testing uptake
(3) maternal re-testing 
for HIV

Washington et al. 
(2015) [37]

Maternal and 
child healthcare; 
PMTCT

HIV-positive women 
visiting ANC clinics

Kenya (Nyanza 
Province) 2009-12

Cluster-
randomised-
controlled trial

Integration of HIV services (including 
PMTCT) into antenatal care care clinics 
(SHAIP trial)

Local public health 
clinic(s) (rural)

1,172 (at 12 
sites)

(1) Retention rates
(2) ART initiation rates, 
timing
(3) Maternal and child 
health outcomes
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Young et al. 
(2019) [38]

Maternal and 
child healthcare; 
SRH and STIs; 
other infectious 
diseases

Women seeking 
MCH services in 
a high-volume 
dispensary

Kenya (Western 
region) 2014-15

Non-
randomised 
trial, 
mathematical 
modelling 
study

Integration of point-of-care-testing 
(HIV, syphilis, malaria, anaemia) into 
MCH dispensaries

Multiple settings (urban, 
rural)

183 (at 1 
site)

(1) Nurse utilisation
(2) Waiting times

Zang et al. (2016) 
[39]

Primary 
healthcare

Adults seeking 
outpatient care and 
screened positive 
for HIV

China (Guangxi) 2014-15

Modelling 
study based 
on a cluster- 
randomised-
controlled 
trials

Integration of rapid point-of-care HIV 
screening, CD4 and viral load testing, 
linkage to care and ART counselling/
initiation into primary healthcare (CTN-
0056 trial)

Outpatient-clinic(s) 
(urban)

478 (at 12 
sites)

(1) QALY gained
(2) Incremental cost-
effectiveness ratio
(3) ART access

Zulliger et al. 
(2014) [40] SRH and STIs Pregnant women 

attending ANC
South Africa (Cape 
Town) 2011-12 Cohort study

Integration of rapid initiation ART into 
standard ANC care and testing (Rapid 
initiation of ART in Pregnancy (RAP) 
programme)

Local public health 
clinic(s) (semi-urban)

190 (at 
multiple 
sites)

(1) Cost per patient
(2) Cost per QALY saved, 
cost-effectiveness
(3) Perinatal infections 
averted

Schackmann et 
al. (2011) [147]

Treatment for 
substance use 
disorders

HIV-positive patients 
with opioid-
dependence

USA 2005-07 Cohort Study Integration of HIV screening into opioid 
replacement therapy

Community-level 
(unknown)

352 (at 12 
sites)

(1) # of monthly provider 
encounters
(2) Median monthly 
clinic/treatment costs
(3) Cost breakdown

Abbreviations: ANC = antenatal care; ART = antiretroviral therapy; CD4 = cluster of differentiation 4; CHWs = com-
munity health workers; EIMC = early infant male circumcision; HCV = hepatitis C virus; HIV = human immunodeficiency 
virus; MCH = maternal and child healthcare; MSM = men who have sex with men; NCDs = non-communicable diseases; 
PMTCT = prevention-of-mother-to-child-transmission; PNC = postnatal care; PWID = people who inject drugs; PrEP = 
pre-exposure prophylaxis; SRH = sexual and reproductive health; STIs = sexually transmitted infections; TB = tuberculosis; 
VMMC = voluntary male medical circumcision.
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Supplementary Table 2. Characteristics of studies that evaluated outcomes of HIV services integration with other 
health services. (continued)

Author(s) 
and year of 
publication

HIV services 
integration area Target population Location Study 

period Study design Intervention(s), comparison(s) Healthcare setting Sample 
size Outcome measures

Young et al. 
(2019) [38]

Maternal and 
child healthcare; 
SRH and STIs; 
other infectious 
diseases

Women seeking 
MCH services in 
a high-volume 
dispensary

Kenya (Western 
region) 2014-15

Non-
randomised 
trial, 
mathematical 
modelling 
study

Integration of point-of-care-testing 
(HIV, syphilis, malaria, anaemia) into 
MCH dispensaries

Multiple settings (urban, 
rural)

183 (at 1 
site)

(1) Nurse utilisation
(2) Waiting times

Zang et al. (2016) 
[39]

Primary 
healthcare

Adults seeking 
outpatient care and 
screened positive 
for HIV

China (Guangxi) 2014-15

Modelling 
study based 
on a cluster- 
randomised-
controlled 
trials

Integration of rapid point-of-care HIV 
screening, CD4 and viral load testing, 
linkage to care and ART counselling/
initiation into primary healthcare (CTN-
0056 trial)

Outpatient-clinic(s) 
(urban)

478 (at 12 
sites)

(1) QALY gained
(2) Incremental cost-
effectiveness ratio
(3) ART access

Zulliger et al. 
(2014) [40] SRH and STIs Pregnant women 

attending ANC
South Africa (Cape 
Town) 2011-12 Cohort study

Integration of rapid initiation ART into 
standard ANC care and testing (Rapid 
initiation of ART in Pregnancy (RAP) 
programme)

Local public health 
clinic(s) (semi-urban)

190 (at 
multiple 
sites)

(1) Cost per patient
(2) Cost per QALY saved, 
cost-effectiveness
(3) Perinatal infections 
averted

Schackmann et 
al. (2011) [147]

Treatment for 
substance use 
disorders

HIV-positive patients 
with opioid-
dependence

USA 2005-07 Cohort Study Integration of HIV screening into opioid 
replacement therapy

Community-level 
(unknown)

352 (at 12 
sites)

(1) # of monthly provider 
encounters
(2) Median monthly 
clinic/treatment costs
(3) Cost breakdown

Abbreviations: ANC = antenatal care; ART = antiretroviral therapy; CD4 = cluster of differentiation 4; CHWs = com-
munity health workers; EIMC = early infant male circumcision; HCV = hepatitis C virus; HIV = human immunodeficiency 
virus; MCH = maternal and child healthcare; MSM = men who have sex with men; NCDs = non-communicable diseases; 
PMTCT = prevention-of-mother-to-child-transmission; PNC = postnatal care; PWID = people who inject drugs; PrEP = 
pre-exposure prophylaxis; SRH = sexual and reproductive health; STIs = sexually transmitted infections; TB = tuberculosis; 
VMMC = voluntary male medical circumcision.
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Supplementary Table 3. GRADE assessment of the quality of the included studies.

Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Akinleye et al. 
(2017) [34]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to (1) likely risk of bias from small timeslot of intervention, 
upgraded due to large effect sizes and large sample size

Akker et al. 
(2012) [35]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study, downgraded due to risk of bias from type of date; extraction from 
medical records, upgraded due to large effect sizes

Aliyu et al. 
(2016) [50]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Cluster-randomised-controlled trial, high level of evidence

Ameh et al. 
(2017) [61]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time and location differences (2) 
possible imprecision of evidence due to small sample sizes

Ansa et al. 
(2012) [72]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from non-random sample and pre-post set-up 
and (2) indirectness due to difference in intervention (different levels of integration)

Bailey et al. 
(2017) [83]

Likely (-1) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Very low Prospective cohort study downgraded due to (1) likely risk of bias from healthcare facility 
heterogeneity and (2) possible inconsistency due to included self-reported outcomes

Bergmann et al. 
(2017) [94]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time and location differences and (2) 
imprecision of evidence due to indirect cost estimation

Bindoria et al. 
(2014) [105]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) risk of bias from different settings and (2) possible 
indirectness of evidence due to indirect comparison, upgraded due to large affect sizes

Broughton et al. 
(2016) [116]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from different settings (districts) and (2) 
possible imprecision of evidence due to small sample sizes

Brunie et al. 
(2016) [127]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from different settings (districts) and (2) 
possible imprecision of evidence due to small sample sizes

Brunie et al. 
(2017) [36]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Cluster-randomised-controlled trial downgraded due to (1) likely risk of bias due to different 
geographical regions of intervention and control groups and (2) imprecision of evidence due to 
largely qualitative outcomes

Busza et al. 
(2019) [41]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to likely imprecision of evidence due to qualitative 
nature of the outcomes

Carrico et al. 
(2019) [42]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Randomised-controlled trial downgraded due to (1) risk of bias from small sample size and (2) 
impression due to self-reported substance use

Chan et al. 
(2010) [43]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Chan et al. 
(2016) [44]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due to risk of bias from use of non-randomised clinic 
record data, upgraded due to large sample sizes and effect sizes

Chen et al. 
(2020) [140]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Church et al. 
(2015) [45]

Undetected (0) Undetected (0) Likely (-1) Likely (-1) Undetected (0) N/A Low Non-randomised-controlled trial downgraded due to (1) likely indirectness of evidence from 
difference in intervention (degree of integration) and (2) possible imprecision due to qualitative 
nature of observations

Ciampa et al. 
(2011) [46]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Click et al. 
(2012) [47]

Very likely (-2) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to very likely risk of bias from (1) time effects and facility 
heterogeneity and (2) incomplete data

Coleman et al. 
(2012) [48]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to (1) risk of bias from small number of responders 
and (2) likely inconsistency in controlling for relevant determinants

Conradie et al. 
(2013) [49]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due to risk of bias from nonblinded study design (visitors 
of one integrated and one non-integrated clinic), upgraded due to large effect sizes

Criniti et al. 
(2011) [51]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of outcome measures

Deo et al. (2012) 
[52]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, remains low level of evidence
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and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
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Effect size Quality Justification

Akinleye et al. 
(2017) [34]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to (1) likely risk of bias from small timeslot of intervention, 
upgraded due to large effect sizes and large sample size

Akker et al. 
(2012) [35]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study, downgraded due to risk of bias from type of date; extraction from 
medical records, upgraded due to large effect sizes

Aliyu et al. 
(2016) [50]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Cluster-randomised-controlled trial, high level of evidence

Ameh et al. 
(2017) [61]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time and location differences (2) 
possible imprecision of evidence due to small sample sizes

Ansa et al. 
(2012) [72]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from non-random sample and pre-post set-up 
and (2) indirectness due to difference in intervention (different levels of integration)

Bailey et al. 
(2017) [83]

Likely (-1) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Very low Prospective cohort study downgraded due to (1) likely risk of bias from healthcare facility 
heterogeneity and (2) possible inconsistency due to included self-reported outcomes

Bergmann et al. 
(2017) [94]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time and location differences and (2) 
imprecision of evidence due to indirect cost estimation

Bindoria et al. 
(2014) [105]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) risk of bias from different settings and (2) possible 
indirectness of evidence due to indirect comparison, upgraded due to large affect sizes

Broughton et al. 
(2016) [116]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from different settings (districts) and (2) 
possible imprecision of evidence due to small sample sizes

Brunie et al. 
(2016) [127]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from different settings (districts) and (2) 
possible imprecision of evidence due to small sample sizes

Brunie et al. 
(2017) [36]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Cluster-randomised-controlled trial downgraded due to (1) likely risk of bias due to different 
geographical regions of intervention and control groups and (2) imprecision of evidence due to 
largely qualitative outcomes

Busza et al. 
(2019) [41]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to likely imprecision of evidence due to qualitative 
nature of the outcomes

Carrico et al. 
(2019) [42]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Randomised-controlled trial downgraded due to (1) risk of bias from small sample size and (2) 
impression due to self-reported substance use

Chan et al. 
(2010) [43]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Chan et al. 
(2016) [44]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due to risk of bias from use of non-randomised clinic 
record data, upgraded due to large sample sizes and effect sizes

Chen et al. 
(2020) [140]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Church et al. 
(2015) [45]

Undetected (0) Undetected (0) Likely (-1) Likely (-1) Undetected (0) N/A Low Non-randomised-controlled trial downgraded due to (1) likely indirectness of evidence from 
difference in intervention (degree of integration) and (2) possible imprecision due to qualitative 
nature of observations

Ciampa et al. 
(2011) [46]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Click et al. 
(2012) [47]

Very likely (-2) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to very likely risk of bias from (1) time effects and facility 
heterogeneity and (2) incomplete data

Coleman et al. 
(2012) [48]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to (1) risk of bias from small number of responders 
and (2) likely inconsistency in controlling for relevant determinants

Conradie et al. 
(2013) [49]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due to risk of bias from nonblinded study design (visitors 
of one integrated and one non-integrated clinic), upgraded due to large effect sizes

Criniti et al. 
(2011) [51]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of outcome measures

Deo et al. (2012) 
[52]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, remains low level of evidence
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
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Risk of bias Inconsistency Indirectness Imprecision Publication
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De la Flor et al. 
(2017) [79]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effect and (2) incomplete 
comparison

Digre et al. 
(2021) [141]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Dovel et al. 
(2020) [142]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Cluster-randomised-controlled trial, high level of evidence

Ezeanolue et al. 
(2015) [53]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to small sample size likely leading to imprecise evidence

Geelhoed et al. 
(2013) [54]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to qualitative nature of part of the primary evidence

Gilbert et al. 
(2018) [55]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due partially self-reported outcomes

Golovaty et al. 
(2018) [56]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, remains low level of evidence

Greig et al. 
(2012) [57]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to large heterogeneity of health facilities and 
implemented intervention

Guillaine et al. 
(2017) [58]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Hankin et al. 
(2016) [59]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to large heterogeneity of implemented intervention

Haraka et al. 
(2015) [60]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due multiple interventions, upgraded due to large effect 
sizes

Harding et al. 
(2012) [62]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Hemmer et al. 
(2015) [63]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effects and (2) facility-level 
heterogeneity

Herce et al. 
(2018) [64]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Pre-post study, high level of evidence

Herlihy et al. 
(2015) [65]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effects and facility-level 
heterogeneity and (2) multiple tested interventions

Hermans et al. 
(2012) [66]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Hewett et al. 
(2016) [67]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Hung et al. 
(2016) [68]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Jacobson et al. 
(2015) [69]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Johns et al. 
(2017) [70]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely time effects and facility-level heterogeneity

Kanyuuru et al. 
(2015) [71]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) likely risk of bias from time and location differences and (2) 
indirectness of evidence because of intervention differences, upgraded due to large effect sizes.

Katz et al. (2016) 
[73]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence.

Kerschberger et 
al. (2012) [74]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Kimani et al. 
(2015) [75]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to possible risk of bias from participant’ preferences for 
integrated vs. non-integrated health facility
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publication
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De la Flor et al. 
(2017) [79]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effect and (2) incomplete 
comparison

Digre et al. 
(2021) [141]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Dovel et al. 
(2020) [142]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Cluster-randomised-controlled trial, high level of evidence

Ezeanolue et al. 
(2015) [53]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to small sample size likely leading to imprecise evidence

Geelhoed et al. 
(2013) [54]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to qualitative nature of part of the primary evidence

Gilbert et al. 
(2018) [55]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due partially self-reported outcomes

Golovaty et al. 
(2018) [56]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, remains low level of evidence

Greig et al. 
(2012) [57]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to large heterogeneity of health facilities and 
implemented intervention

Guillaine et al. 
(2017) [58]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Hankin et al. 
(2016) [59]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Retrospective cohort study downgraded due to large heterogeneity of implemented intervention

Haraka et al. 
(2015) [60]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Low Retrospective cohort study downgraded due multiple interventions, upgraded due to large effect 
sizes

Harding et al. 
(2012) [62]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Hemmer et al. 
(2015) [63]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effects and (2) facility-level 
heterogeneity

Herce et al. 
(2018) [64]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Pre-post study, high level of evidence

Herlihy et al. 
(2015) [65]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time effects and facility-level 
heterogeneity and (2) multiple tested interventions

Hermans et al. 
(2012) [66]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Hewett et al. 
(2016) [67]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Hung et al. 
(2016) [68]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Jacobson et al. 
(2015) [69]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Johns et al. 
(2017) [70]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely time effects and facility-level heterogeneity

Kanyuuru et al. 
(2015) [71]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) likely risk of bias from time and location differences and (2) 
indirectness of evidence because of intervention differences, upgraded due to large effect sizes.

Katz et al. (2016) 
[73]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence.

Kerschberger et 
al. (2012) [74]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Kimani et al. 
(2015) [75]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to possible risk of bias from participant’ preferences for 
integrated vs. non-integrated health facility
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Risk of bias Inconsistency Indirectness Imprecision Publication
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Kinyua et al. 
(2019) [76]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) likely risk of bias from time effects and (2) facility-level 
heterogeneity, upgraded due to large effect sizes

Kosgei et al. 
(2011) [77]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Kufa et al. (2018) 
[78]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised trial downgraded due to facility-level heterogeneity

Lambdin et al. 
(2013) [80]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Leon et al. 
(2010) [81]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely heterogeneity between facilities and implementation of 
the intervention

Mansoor et al. 
(2019) [84]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Mantell et al. 
(2017) [85]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Matulionyte et 
al. (2019) [86]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Mavhu et al. 
(2020) [87]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Mayhew et al. 
(2017) [188]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups

McBain et al. 
(2017) [89]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Mendelsohn et 
al. (2018) [90]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study downgraded due to likely risk of bias from non-randomised comparison of two very 
different types of health facilities

Miller et al. 
(2018) [92]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to self-reporting of outcomes by participants (ART 
use)

Momplaisir et al. 
(2013) [93]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Mudzengi et al. 
(2017) [95]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Musarandega et 
al. (2018) [96]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time differences and facility 
heterogeneity and (2) comparison of data from different sources

Myer et al. 
(2018) [97]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Nance et al. 
(2017) [98]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Ndagijimana et 
al. (2015) [99]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Cohort study downgraded due to (1) likely risk of bias from facility-level heterogeneity and (2) 
qualitative nature of the evidence

Ngo et al. (2013) 
[100]

Very likely (-2) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to very likely risk of bias due to non-standardised sample groups 
from survey data, upgraded due to large effect size

Nsubuga-
Nyombi et al. 
(2019) [101]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from time differences and facility heterogeneity 
and (2) unclarity with regard to comparability of intervention

Obure et al. 
(2015) [102]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Non-randomised trial downgraded due to (1) likely risk of bias from different types of clinics in 
intervention and comparison groups and (2) likely imprecision of estimated costs (conducted from 
health providers’ perspective)

Obure, Jacobs et 
al. (2016) [104]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Kinyua et al. 
(2019) [76]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to (1) likely risk of bias from time effects and (2) facility-level 
heterogeneity, upgraded due to large effect sizes

Kosgei et al. 
(2011) [77]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Kufa et al. (2018) 
[78]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised trial downgraded due to facility-level heterogeneity

Lambdin et al. 
(2013) [80]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Leon et al. 
(2010) [81]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely heterogeneity between facilities and implementation of 
the intervention

Mansoor et al. 
(2019) [84]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Mantell et al. 
(2017) [85]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Matulionyte et 
al. (2019) [86]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Mavhu et al. 
(2020) [87]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Mayhew et al. 
(2017) [188]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups

McBain et al. 
(2017) [89]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Mendelsohn et 
al. (2018) [90]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study downgraded due to likely risk of bias from non-randomised comparison of two very 
different types of health facilities

Miller et al. 
(2018) [92]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to self-reporting of outcomes by participants (ART 
use)

Momplaisir et al. 
(2013) [93]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Mudzengi et al. 
(2017) [95]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Musarandega et 
al. (2018) [96]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from time differences and facility 
heterogeneity and (2) comparison of data from different sources

Myer et al. 
(2018) [97]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Nance et al. 
(2017) [98]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Ndagijimana et 
al. (2015) [99]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Very low Cohort study downgraded due to (1) likely risk of bias from facility-level heterogeneity and (2) 
qualitative nature of the evidence

Ngo et al. (2013) 
[100]

Very likely (-2) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Pre-post study downgraded due to very likely risk of bias due to non-standardised sample groups 
from survey data, upgraded due to large effect size

Nsubuga-
Nyombi et al. 
(2019) [101]

Likely (-1) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Low Pre-post study downgraded due to (1) risk of bias from time differences and facility heterogeneity 
and (2) unclarity with regard to comparability of intervention

Obure et al. 
(2015) [102]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Non-randomised trial downgraded due to (1) likely risk of bias from different types of clinics in 
intervention and comparison groups and (2) likely imprecision of estimated costs (conducted from 
health providers’ perspective)

Obure, Jacobs et 
al. (2016) [104]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Obure, Sweeney 
et al. (2016) 
[103]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Non-randomised trial downgraded due to (1) likely risk of bias from different types of clinics in 
intervention and comparison groups and (2) likely imprecision of estimated costs (conducted from 
health providers’ perspective)

Owiti et al. 
(2015) [106]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time differences and facility 
heterogeneity

Palma et al. 
(2018) [107]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Rawat et al. 
(2018) [108]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Reza-Paul et al. 
(2019) [109]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Cross-sectional study, upgraded due to large effect size

Rosen et al. 
(2021) [145]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Roberts el al. 
(2019) [111]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to likely imprecision of measured costs, upgraded due to 
large effect size

Rodkjaer et al. 
(2017) [112]

Undetected (0) Likely (-1) Undetected (0) Likely (-1) Undetected (0) N/A Low Randomised-controlled trial downgraded due to (1) imprecision because of small sample size and 
(2) qualitative nature of some of the primary outcomes

Rosenberg et al. 
(2010) [113]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Cohort study upgraded due to nested study design within randomised-controlled trials and 
reported large effect sizes

Rosenberg et al. 
(2018) [114]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Rutaremwa et al. 
(2016) [115]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Schackmann et 
al. (2011) [147]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Schulz et al. 
(2013) [117]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Shade et al. 
(2013) [118]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster randomised-controlled trial downgraded due to likely risk of bias from large facility 
heterogeneity

Shade et al. 
(2020) [143]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Shenoi et al. 
(2017) [119]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Shin et al. (2020) 
[146]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Quasi-experimental study downgraded due to likely heterogeneity between facilities and 
implementation of the intervention

Siapka et al. 
(2017) [120]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from facility differences and different time 
points and (2) wide confidence intervals

Simeone et al. 
(2017) [121]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Siregar et al. 
(2011) [122]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Solomon et al. 
(2019) [123]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Solomon et al. 
(2020) [124]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Stockton et al. 
(2020) [144]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Pre-post study, high level of evidence
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Obure, Sweeney 
et al. (2016) 
[103]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Non-randomised trial downgraded due to (1) likely risk of bias from different types of clinics in 
intervention and comparison groups and (2) likely imprecision of estimated costs (conducted from 
health providers’ perspective)

Owiti et al. 
(2015) [106]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time differences and facility 
heterogeneity

Palma et al. 
(2018) [107]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Rawat et al. 
(2018) [108]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time effects and use of routinely 
collected data

Reza-Paul et al. 
(2019) [109]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Cross-sectional study, upgraded due to large effect size

Rosen et al. 
(2021) [145]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Roberts el al. 
(2019) [111]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to likely imprecision of measured costs, upgraded due to 
large effect size

Rodkjaer et al. 
(2017) [112]

Undetected (0) Likely (-1) Undetected (0) Likely (-1) Undetected (0) N/A Low Randomised-controlled trial downgraded due to (1) imprecision because of small sample size and 
(2) qualitative nature of some of the primary outcomes

Rosenberg et al. 
(2010) [113]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) Large (+1) Moderate Cohort study upgraded due to nested study design within randomised-controlled trials and 
reported large effect sizes

Rosenberg et al. 
(2018) [114]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Rutaremwa et al. 
(2016) [115]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Schackmann et 
al. (2011) [147]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Schulz et al. 
(2013) [117]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Shade et al. 
(2013) [118]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster randomised-controlled trial downgraded due to likely risk of bias from large facility 
heterogeneity

Shade et al. 
(2020) [143]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Shenoi et al. 
(2017) [119]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence

Shin et al. (2020) 
[146]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Quasi-experimental study downgraded due to likely heterogeneity between facilities and 
implementation of the intervention

Siapka et al. 
(2017) [120]

Likely (-1) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Low Pre-post study downgraded due to (1) likely risk of bias from facility differences and different time 
points and (2) wide confidence intervals

Simeone et al. 
(2017) [121]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Siregar et al. 
(2011) [122]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cohort study, low level of evidence

Solomon et al. 
(2019) [123]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Solomon et al. 
(2020) [124]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Stockton et al. 
(2020) [144]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Pre-post study, high level of evidence
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Sweeney et al. 
(2014) [125]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups

Talama et al. 
2020) [139]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely heterogeneity between facilities and implementation of 
the intervention

Tomlinson et al. 
(2014) [126]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial downgraded due to likely risk of bias from facility heterogeneity, 
upgraded due to large effect sizes and indication of confounders that diluted the effect of HIV-
free survival

Topp et al. 
(2010) [128]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Topp et al. 
(2013) [129]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Tran, Jacobs et 
al. (2012) [130]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of cost estimates because of large range of 
assumptions

Tran, Houston et 
al. (2012) [131]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of cost estimates because of large range of 
assumptions

Turan et al. 
(2015) [132]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Uebel et al. 
(2013) [133]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to possible inconsistency in reported outcomes 
from different levels of integration as intervention and assessment if degree of integration by 
questionnaire

Van Lettow et al. 
(2014) [82]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Van Rie et al. 
(2014) [110]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Vodicka et al. 
(2017) [134]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to likely imprecision of measured costs, upgraded due to 
large effect size

Vodicka et al. 
(2019) [135]

Undetected (0) Undetected (0) Likely (-1) Likely (-1) Undetected (0) Large (+1) Very low Cross-sectional study downgraded due to large set of assumptions for modelling component 
(higher likeliness of indirectness and imprecision of the evidence), upgraded due to large effect 
size

Wagner et al. 
(2021) [138]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised trial downgraded due to facility-level heterogeneity

Wang et al. 
(2014) [136]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to likely risk of bias from unblinded 
intervention and control groups

Wang et al. 
(2015) [137]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to wide confidence intervals in service 
uptake

Washington et 
al. (2015) [37]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Young et al. 
(2019) [38]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time differences and facility 
heterogeneity

Zang et al. 
(2016) [39]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to non-empirical nature of some used data 
sources

Zulliger et al. 
(2014) [40]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence
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Supplementary Table 3. GRADE assessment of the quality of the included studies. (continued)
Author(s) 
and year of 
publication

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Effect size Quality Justification

Sweeney et al. 
(2014) [125]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Non-randomised trial downgraded due to likely risk of bias from different types of clinics in 
intervention and comparison groups

Talama et al. 
2020) [139]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely heterogeneity between facilities and implementation of 
the intervention

Tomlinson et al. 
(2014) [126]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial downgraded due to likely risk of bias from facility heterogeneity, 
upgraded due to large effect sizes and indication of confounders that diluted the effect of HIV-
free survival

Topp et al. 
(2010) [128]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Topp et al. 
(2013) [129]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Cross-sectional study, low level of evidence

Tran, Jacobs et 
al. (2012) [130]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of cost estimates because of large range of 
assumptions

Tran, Houston et 
al. (2012) [131]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Very low Cohort study downgraded due to likely imprecision of cost estimates because of large range of 
assumptions

Turan et al. 
(2015) [132]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Uebel et al. 
(2013) [133]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Randomised-controlled trial downgraded due to possible inconsistency in reported outcomes 
from different levels of integration as intervention and assessment if degree of integration by 
questionnaire

Van Lettow et al. 
(2014) [82]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Van Rie et al. 
(2014) [110]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Prospective cohort study, low level of evidence

Vodicka et al. 
(2017) [134]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) Large (+1) Low Cross-sectional study downgraded due to likely imprecision of measured costs, upgraded due to 
large effect size

Vodicka et al. 
(2019) [135]

Undetected (0) Undetected (0) Likely (-1) Likely (-1) Undetected (0) Large (+1) Very low Cross-sectional study downgraded due to large set of assumptions for modelling component 
(higher likeliness of indirectness and imprecision of the evidence), upgraded due to large effect 
size

Wagner et al. 
(2021) [138]

Undetected (0) Undetected (0) Likely (-1) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised trial downgraded due to facility-level heterogeneity

Wang et al. 
(2014) [136]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to likely risk of bias from unblinded 
intervention and control groups

Wang et al. 
(2015) [137]

Undetected (0) Undetected (0) Undetected (0) Likely (-1) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to wide confidence intervals in service 
uptake

Washington et 
al. (2015) [37]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A High Randomised-controlled trial, high level of evidence

Young et al. 
(2019) [38]

Likely (-1) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Pre-post study downgraded due to likely risk of bias from time differences and facility 
heterogeneity

Zang et al. 
(2016) [39]

Undetected (0) Likely (-1) Undetected (0) Undetected (0) Undetected (0) N/A Moderate Cluster-randomised-controlled trial downgraded due to non-empirical nature of some used data 
sources

Zulliger et al. 
(2014) [40]

Undetected (0) Undetected (0) Undetected (0) Undetected (0) Undetected (0) N/A Low Retrospective cohort study, low level of evidence
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SUMMARY POINTS

•	 Sustainable Development Goal 3 aims to “ensure healthy lives and promote well-being 
for all at all ages” and has set a target of achieving global universal health coverage, rep-
resenting a major policy shift away from mostly disease-specific “vertical programmes”.

•	 While health service integration can be a promising strategy to improve healthcare 
coverage, health outcomes, and efficiency, the exact impact of integration in different 
settings is hard to predict, and policy makers need to choose from a large variety of 
integration strategies and opportunities with varying levels of scientific evidence.

•	 Using the case of health service integration for HIV in low- and middle-income countries, 
we outline implementation strategies for integration opportunities with lacking or scarce 
high-level causal evidence, based on existing frameworks and methodologies from 
within and beyond healthcare and implementation science.

•	 Proper use of scientific evidence in other contexts requires adequate and systematic as-
sessments of the transportability of an intervention. Several methods exist that allow for 
judging transferability and comprehensively identifying key context-specific indicators 
across studies that can affect the reported impact of interventions.

•	 When (transferable) evidence is absent, we propose that by drawing on well-established 
design and implementation methodologies – underpinned by ongoing learning and 
iterative improvement of local service delivery strategies – countries could substantially 
improve decision-making even in the absence of scientific evidence.

•	 Reaching the goal of making the HIV response an integral part of a larger, universal, 
people-centred health system that meets the needs and requirements of citizens can be 
facilitated by applying lessons learned from implementation science and novel design 
methodologies.
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INTRODUCTION

The Sustainable Development Goal (SDG) 3 aims to “ensure healthy lives and promote well-
being for all at all ages” [1,2] and has a target of achieving universal health coverage by 
2030 (UHC; SDG 3.8), where all people should have access to affordable and high-quality 
health services [3]. SDG 1, which aims to “end poverty in all forms everywhere”, has a target 
(SDG 1.3) to “implement nationally appropriate social protection systems and measures 
for all”, which requires availability of fiscal space for health and social programmes [2]. The 
SDGs represent a major policy shift away from mostly disease-specific and often Official De-
velopment Assistance-supported ‘vertical programmes’ in health, towards people-centred 
comprehensive approaches to healthcare [4]—where health systems are oriented towards 
promoting health equity by “leaving no one behind” while meeting all essential healthcare 
needs under the UHC umbrella [5].

Policy makers now face the daunting challenge of proposing, adapting, and implement-
ing healthcare interventions tailored to specific contexts and population needs, often with 
limited high-quality scientific evidence on the impact of candidate interventions. Although 
evidence-based medicine remains the gold standard for decision-making in healthcare [6], 
randomised-controlled trials of health system interventions are extremely time-consuming 
and often have low external validity because their results are context-specific [7]. As part of 
the PLOS collection on UNAIDS HIV targets [8], we use the case of health service integra-
tion for HIV in low- and middle-income countries (LMICs) to outline existing frameworks 
and provide guidance on how to best utilise the existing evidence in policymaking and, 
in particular, how to design implementation strategies for integration opportunities where 
high-level causal evidence is scarce or lacking.

The current global evidence-base on HIV service integration
A recent comprehensive systematic review that was undertaken as part of the Joint United 
Nations Programme on HIV/AIDS (UNAIDS) 2021–2025 HIV/AIDS target estimations and 
resource needs exercise, analysed and synthesised the existing evidence on the impact of 
integration of HIV services with other health services [9]. The findings of this study indicate 
that integrated services were mostly associated with better outcomes across a wide range of 
cascades-of-care and health indicators, and provide a comprehensive new evidence base for 
policy. However, the wide variation of implementation design and contexts of implementa-
tions across the studies severely restricts the unadapted transfer of the findings to other 
settings, and reveal gaps in the evidence base for promising integration opportunities and 
in specific geographical settings.
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Judging transferability of the existing evidence
Suitability of evidence for decision-making depends on both the quality of the evidence 
and the usefulness for a new context: results from experiments in one context may or may 
not be useful for policy decisions in another context. As a context is defined by different 
determinants, which can be measured and accounted for to some extend (e.g. geographical 
location, healthcare infrastructure, and economic, political, and social environments [10]), in 
the majority of situations, generalizability to the current location and situation needs to be 
carefully considered and study findings need to be adapted.

Different methods could be applied for judging overall transferability of the available evi-
dence (Table 1). First of all, transferability should be judged by local policymakers, experts, 
and other stakeholders. How does the context in which the evidence for a certain interven-
tion is generated differ from the context in which a policy decision needs to be made, 
e.g., in terms of epidemiology and disease burden, target population, financial and human 
resources, health services in place, and targets for control? Mehrotra et al. (2019) propose a 
“transportability framework” to understand HIV programme effects in different contexts, to 
enable judgement of external validity of interventions and translate this into policy action 
and testable insight [11]. Second, qualitative or mixed-method studies could be conducted 
to explore how tested interventions need to be adapted to be successful in the new setting 
[12,13]. Such a process involves a sequence of steps, generally consisting of: (i) assessing the 
community and target population; (ii) evaluating the evidence base with local policymakers, 
experts, and other stakeholders; (iii) adapting the intervention for suitability in the local 
context; (iv) implementation; (v) monitoring and evaluation [12]. Third, recent statistical 
methods – developed under the heading of “transportability studies” – such as robust 
targeted maximum likelihood estimators [14,15] and inverse odds of sampling weights [16], 
allow for predicting the impact of an intervention in a new setting.

In attempting to understand, identify, and adapt interventions with problems of external 
validity simultaneously, Williams suggests “mechanism mapping” [17] – an approach in 
which the policy’s theory of change is juxtaposed with the underlying contextual assump-
tions needed for each step of this mechanism to operate, and the actual characteristics of 
the policymaker’s context. By identifying specific aspects of the policy that are likely to be 
affected by the difference in context, the approach also directly informs intervention adap-
tation processes. However, such efforts require studies of health service delivery to report 
on important underlying factors in detail, something that is not always done explicitly in the 
published literature. Standardised reporting guidelines like the STROBE guidelines for ob-
servational studies or the STARI guidelines for implementation studies do call for describing 
the setting and generalisability of the findings [18,19], but adaptation and re-interpretation 
of the findings to suit local contexts requires a more comprehensive understanding of the 
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contextual setting where the original study was performed [20,21]. For instance, Schloemer 
et al. (13) found that 44 different criteria influence the transportability of health interventions, 
divided over four overarching themes: (i) population in which the intervention was studied, 
(ii) intervention characteristics, (iii) environmental characteristics, and (iv) the transferability 
process [13]. Maximising transportability of context-specific interventions thus requires a 
comprehensive, systematic approach to reporting key context-specific indicators across 
studies.

Decision-making in the absence of scientific evidence
Transporting and adapting context-specific findings certainly enhances the usefulness of 
context-specific effect studies. Many promising integration opportunities, however, have 
limited to no quantitative scientific evidence on impact. This is especially true for key 
populations in the HIV response, such as transgender people, migrants, men who have 
sex with men, and sex workers; for particular geographic regions, such as Latin America, 
Southeast Asia and the Russian Federation; and for specific disease-based opportunities for 
integration, such as cervical cancer, mental health, or schistosomiasis. By drawing on well-
established design and implementation methodologies – underpinned by ongoing learning 
and iterative improvement of local service delivery strategies – countries could substantially 
improve decision-making even in the absence of scientific evidence (Table 1).

The scope of claims that require evidence should be judiciously made. Cartwright and 
Stegenga (2013) propose to approach the issue from the policy makers’ perspective and 
work backwards; assessing what the likelihood is that a proposed policy will be effective 
in achieving a pre-defined target, and what type of evidence would be relevant for the 
evaluation [22,23].

There are many examples in which integration opportunities are straight-forward, while the 
risks are likely negligible, allowing for implementation even without a solid evidence base. 
For instance, the integration of health services is often a sensible choice when the services 
are targeted at the same end-users, like integrating HIV services and gender-affirming 
therapies for transgender men and women [24] or integrating HIV services and cervical 
cancer screen-and-treat strategies for HIV-infected women [25]. Also, in cases of HIV service 
integration with social programmes, we know many examples of positive impacts, and we 
can question whether we truly need to await the lengthy process of formally testing impact 
before we can implement these elsewhere. For example, we know that adolescents can ben-
efit from integration of youth-friendly health services with social programmes that include 
sex education and mental wellbeing awareness campaigns, like being done by the ‘Youth 
Hub’ in Malawi [26] and the Zvandiri project in Zimbabwe [27].
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When scientific evidence is lacking, but the intervention of interest is already implemented 
in a given or a comparable context, expert evidence surveys can be administered to local 
experts to gather information about their unpublished observations and case series as a 
basis for developing recommendations that are as evidence-based as possible at a particular 
point in time [28].

When scientific evidence is lacking and comparable interventions have yet to be imple-
mented, implementation and testing of understudied integration opportunities can be 
aided by lessons learned in other sectors, such as business or software design. Applying 
systems-thinking processes to integrating the HIV response, e.g., by framing problem defini-
tions and applying context analyses, ideation, creative thinking, prototyping, testing, and 
evaluation, could ensure that the right solutions to context specific problems are generated 
and iteratively refined [29]. Similarly, widely applied agile processes in service sectors, such 
as software development [30], which emphasise the need to collaborate with customers and 
respond to changes in demand in an agile way, seem to be highly relevant and applicable 
when redesigning health systems in the absence of clear scientific knowledge that reflects 
the rapidly changing contexts. Applying incremental, iterative development cycles, in which 
a system is gradually or radically improved as new evidence is emerging, could reduce the 
task of redesigning an entire health system to more manageable and feasible components 
that can be optimised individually [31].

How to arrive at an integrated HIV response
For people-centred approaches to health systems integration to be successful, deliberative 
inclusive processes [36]—in which stakeholders, from international donors to local policy 
makers, service implementers, civil society organisations, and end-users are involved as 
equal partners—should be at the core of decision-making. For example, human-centred de-
sign studies, in which the needs and requirements of the users are systematically analysed, 
could help ensure local needs and preferences are considered throughout the design and 
implementation process [37,38]. Co-creation, or co-design, is a deliberative process defined 
as the collaborative generation of knowledge by academics working alongside stakeholders 
from other sectors [38]. It builds on the foundation that key information and knowledge 
on underlying processes and determinants of success and failure are often well-known by 
implementers and consumers.

While redesigning the HIV response to meet the changing contextual needs, we should also 
ensure that we accelerate the sharing of knowledge within the public domain. Approaches, 
such as ‘A/B testing’ [33,34], i.e. experimental designs in which several variants of a new 
service are randomly offered to people and service uptake and effects are measured in real 
time, could rapidly result in knowledge on preferences, barriers, and enablers of specific 



Evidence-based policy making when evidence is incomplete 333

health service design choices. Furthermore, health system innovations could contain built-in 
trial elements, to ensure rapid impact assessment and knowledge generation alongside real-
world implementation, e.g., through stepped-wedge randomised trials [35,39,40].

DISCUSSION

Health policy makers and funders are tasked with the daunting challenge of redesigning 
the HIV response to meet the current complex epidemiological, financial and political chal-

Table 1. Conceptual framework for evidence-based decision-making on HIV service integration strategies by level 
of evidence.

Level of evidence Evidence base, study types Action

Context-specific 
evidence on 
integration 
interventions

•	 	Local experimental study
•	 	Local implementation study

•	 	Expert judgement
•	 	Epidemiological situation
•	 	Target population
•	 	Financial and human resources
•	 	Health systems in place

Evidence on 
integration 
intervention from 
other contexts

•	 	Experimental studies from 
comparable context

•	 	Observational comparison 
studies from comparable 
contexts

•	 	Experimental or observational 
studies from distinctly different 
contexts and settings

•	 	Assess likelihood that a proposed policy 
will be effective in achieving a pre-defined 
target, and what type of evidence would 
be relevant for the evaluation [22,23]

•	 	Mechanism mapping [17]
•	 	Use “transportability framework” to judge 

transferability of the existing evidence; 
suitability for the context of interest [11]

•	 	Test transportability
•	 	Robust targeted maximum likelihood 

estimators [14,15]
•	 	Intervention adaptation [21]
•	 	E.g., service setting, target population, 

mode of delivery, cultural sensitivity

No scientific 
evidence on impact 
of integration 
intervention available

•	 	Interventions implemented but 
no evidence of impact (yet)

•	 	Interventions not yet 
implemented and no 
experimental or observational 
studies from comparable 
contexts

•	 	Hypothesise merit of intervention for local 
population

•	 	Deliberative ideation of promising 
integration opportunities based on 
local targets, populations, knowledge of 
barriers and enablers

•	 	Perform expert evidence survey to 
collect information about unpublished 
observations and case series for the 
context of interest [28]

•	 	Agile design and implementation
•	 	Systems-thinking processes [29]
•	 	Prototyping
•	 	Agile software development [32]
•	 	A/B testing [33,34]
•	 	Step-wedged randomised trials [35]
•	 	Iterative development cycles [29]
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lenges. By applying lessons learned and methods from a range of scientific fields – such 
as innovation models, systems dynamics models, implementation science, design research, 
and learning systems – policy makers, funders and practitioners could help accelerate and 
maximise the transfer of limited, and often context specific, knowledge on best practices for 
developing integrated HIV services. Furthermore, by expanding the evidence with results 
from widely-applied methods that are not randomised-controlled trials, policy makers could 
help ensure that the HIV response is an integral part of a larger, universal, people-centred 
health system that meets the needs and requirements of citizens. Such a shift in decision-
making design could prove to be key in shaping the HIV response within the UHC agenda 
in rapidly changing contexts.
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The overarching aim of this thesis is to describe and improve our understanding of the 
HIV epidemiology in various sub-Saharan African countries, and to provide insight into 
which health systems innovations could mitigate global challenges in the HIV response. 
Within this context, the previous chapters of this thesis expanded the evidence-base on HIV 
epidemic trends, in both the general population as well as in key populations, and on in-
novative strategies for optimising healthcare systems for HIV/AIDS in high-burden settings. 
This general discussion presents answers to the four research questions proposed in the 
general introduction, followed by my personal reflections on feasibility of reaching the 2030 
global HIV targets. This chapter ends with conclusions and recommendations for policy and 
scientific research based on this thesis.

10.1 ANSWERING THE RESEARCH QUESTIONS

1)  Where is the HIV burden highest in sub-Saharan Africa, the epi-
centre of the pandemic, and what drives the geographical hetero-
geneity in HIV transmission and prevalence on the subcontinent?

  HIV prevalence among adults and young adults is geospatially heterogeneous at the 
subnational level in East and Southern Africa, with high transmission foci (i.e., areas 
with high levels of HIV transmission) mainly centred around areas with high eco-
nomic activity and partially explained by an interplay of behavioural, socioeconomic, 
and environmental factors.

At the subnational level in East and Southern Africa, the two subregions with the highest HIV 
burden globally, we found areas with prevalence among young adults as high as 11% or 15% 
alternating with areas with prevalence levels between 0% and 2%, clearly demonstrating the 
existence of foci with high levels of transmission (Chapter 2). These high transmission foci 
are primarily located around major cities, mining areas, international border crossings, and 
large lakes – which are all areas with high levels of economic activity. We calculated that the 
geographical heterogeneity in HIV transmission could for about 16% be explained by an 
interplay of known (sexual) behaviour, socioeconomic, and environmental factors. Economic 
activity—approximated by the level of urbanisation, population density and the estimated 
global human footprint—was found to drive most of the geographical heterogeneity. People 
in high transmission foci more often were from a relatively high socioeconomic status and 
more often engaged in risky sexual behaviour (Chapter 2).

We also found that male circumcision is associated with geospatial heterogeneity in HIV 
prevalence among men in sub-Saharan Africa (Chapter 2 and 3). National-level male 
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circumcision prevalence among adult men on the subcontinent ranged from about 8% in 
Eswatini to nearly 100% in Sierra Leone with, overall, prevalence levels in West and Central 
Africa were much higher compared to in East and Southern Africa. We found that circum-
cised men had a 19% (11% - 27%) lower risk of living with HIV compared to uncircumcised 
men (Chapter 3). However, the estimated HIV risk reduction for circumcised men varied 
somewhat across regions, although smaller stratified samples for West and Central Africa 
prohibited precise comparison: estimates suggest a significant lower risk of living with HIV 
among circumcised men in East and in Southern Africa of 37% and 19% respectively, but a 
non-significant lower risk in West and in Central of 16% and 12% respectively.

Patterns of geographical heterogeneity in general population HIV prevalence, and risk- and 
protective factors associated with the observed heterogeneity, are comparable to the identi-
fied patterns and associated factors identified in other studies [1–6], despite being estab-
lished using different geospatial methods. Geographical heterogeneity in HIV prevalence in 
Kenya, Malawi, Mozambique and Tanzania has previously been linked to sexual behaviour, 
education level, socioeconomic status, male circumcision status, population density and the 
level of urbanisation [1]. Geographic heterogeneity in HIV prevalence in Malawi was linked 
earlier to the sizes of high-risk groups present at locations—defined by the number of sex 
partners of individuals and overall population density levels—which were highest in urban 
settings [4]. These high-risk groups capture sex workers and their clients, which are known 
to drive up HIV transmission in sub-Saharan African populations [7–9]. Previous studies pre-
dominantly focused on mapping and explaining heterogeneities in HIV prevalence among 
the adult population, and suffered from the limitation that overall prevalence is a poor 
indicator of ongoing transmission, as many adults may have been infected years or even 
decades ago. By design, the cross-sectional nature of the Demographic and Health Surveys 
(DHSs) data prevents us from inferring whether the associated risk- and protective factors 
led to HIV infection, or if HIV infection actually preceded occurrence of those factors. By 
looking at HIV prevalence in young adults, however, we were better able to pinpoint areas 
with high levels of ongoing transmission, as young adults living with HIV are much more 
likely to have been infected relatively recently.

The previous studies were predominantly based on nationally representative cross-sectional 
survey data, sometimes supplemented by HIV or antenatal care clinic data, thus, mobile 
populations and key populations were likely underrepresented [10–12] and indicators related 
to sexual behaviour might have been biased due to the sensitive nature of such questions 
[13,14]. This could have led to biases in the observed HIV prevalence heterogeneity, where 
key populations are underrepresented, and to biases in the association between having HIV 
and engagement in risky sexual behaviour, where the observed association might be weaker 
due to misreporting or underreporting of indicators related to risky sexual behaviour. Fur-
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thermore, the available dataset might miss data on other potentially relevant indicators 
explaining the variation in HIV prevalence. For instance, data on antiretroviral treatment 
(ART) coverage and on HIV preventive interventions is not included in the DHSs, and fine-
scale reliable data on ART and other interventions is not yet widely available – hindering 
researchers from exploring the impact of HIV prevention and control interventions on geo-
graphical heterogeneity in HIV prevalence. Overall, the observed geospatial heterogeneity 
in HIV prevalence can likely never be fully captured by our and other predictive models, 
since there will always be random variation resulting from human individual behaviour [15].

The risk reduction due to men’s circumcision status on HIV status as estimated in our study 
was lower than what could have been expected based on the three conducted randomised-
controlled trials [16–18]. However, there are some important differences between our study 
and the randomised-controlled trials. First, we used HIV prevalence among the adult male 
population as outcome, while the trials all used HIV incidence as the end-point. The trials 
could determine efficacy in reducing HIV acquisition directly, because male circumcision 
always preceded HIV acquisition and randomisation allowed comparability of exposed and 
unexposed men. In contrast, our study uses current circumcision status and HIV prevalence, 
and uses household fixed-effects to account for confounding by all unobserved and ob-
served factors shared by men living in the same household, but not for individual-level con-
founding. There might be unobserved or underreported factors that influence circumcision 
status among men in the same household and contribute to a different risk of having HIV, 
and thus act as confounders, such as factors related to sexual behaviour. Lastly, the cross-
sectional nature of the data prevented us from knowing whether HIV acquisition preceded 
or succeeded circumcision. However, traditional male circumcision is often performed in 
boys before they reach the age where they become sexually active [19,20] and men planning 
to undergo voluntary medical male circumcision (VMMC) are often tested for HIV before the 
procedure is performed to ensure that they are HIV-negative [21]. Therefore, it is unlikely 
that HIV infection preceded male circumcision very often.

Our findings from Chapter 3 should be interpreted with caution and in the light of other 
studies that estimated the population-level impact of male circumcision, including VMMC, 
within and across countries. For example, prospective cohort studies and cross-sectional 
studies estimating the impact of traditional circumcision [22–24] and medical circumcision 
[25–27] on risk of HIV infection, as well as a related systematic review [28], suggest that 
the HIV risk reduction is stronger among men at high risk of acquiring HIV— e.g. truck 
drivers, sex work clients, and STI clinic attendees (71% vs. 50% in the general population) 
[28]. In addition, the efficacy of VMMC is only slightly higher than of traditional circumci-
sion [22–27], where time at circumcision seems to matter most: pre-pubertal circumcision 
significantly reduces HIV acquisition, whereas post-pubertal circumcision did not [22]. Based 
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on these findings, the observed differences in effect sizes of male circumcision between the 
randomised-controlled trials and our fixed-effects study might have been influenced by 
the type of circumcision performed (traditional versus medical) [22–24] and differences in 
sexual behaviour [29,30]. Another aspect that might have influenced efficacy in VMMC trials 
is risk selection; men who are more likely to engage in high-risk sexual behaviour might 
be more likely to undergo VMMC, although this assumption has never been proven. The 
authors of the three randomised-controlled trials [16–18] mention that they did not expect 
risk selection to affect their outcomes. Although male circumcision is hypothesised as one 
of the main contributors to the differences in HIV burdens between West and Central Africa 
and East and Southern Africa [31,32], based on our study, the impact of near-universal male 
circumcision on HIV incidence in East and Southern Africa might not be sufficient to reach 
epidemic control if implemented as a single-intervention approach.

The insights from our studies can help tailor and optimise the HIV response in the following 
ways. First, the identified high HIV prevalence and transmission foci, as well as insights into 
which factors are associated with the presence of these foci, can help optimising resource 
allocation [33]. Following this information, prevention and screening programmes can be 
scaled-up in high transmission foci, specifically for high-risk populations, and ART can be 
scaled-up in HIV prevalence foci with currently low treatment coverage [1,34–36]. Second, 
for sub-Saharan African countries or geographical areas where no or no reliable HIV data 
is available, indicators identified to be associated with the underlying dynamics of the 
HIV epidemic can be utilised to inform geospatial models for identification of HIV high-
transmission or high-prevalence foci, such as recently done by Dwyer-Lindgren et al. [37]. 
Third, modifiable risk factors, such as those related to risky sexual behaviour, could be the 
focus of prevention programmes, especially for young populations. Fourth, VMMC delivery 
should predominantly be rolled-out in communities with the highest HIV burdens where 
male circumcision is not traditionally done and should be promoted alongside other HIV 
prevention interventions [34]. Finally, collecting fine-scale nationally representative data on 
ART uptake and cascade-of-care outcomes as well as on uptake of VMMC and PrEP could 
help to determine the real-life impact of such interventions on curbing the HIV pandemic in 
different regions and epidemic settings.

2)  What is the HIV burden among key populations and how does 
this contribute to the HIV epidemiology in sub-Saharan Africa?

  In both the concentrated epidemics of West and Central Africa as well as in the 
generalised epidemics of East and Southern Africa, the HIV burden among men who 
have sex with men (MSM), transgender women, and female sex workers is alarmingly 
high. However, while individual level indicators of sex work are associated with higher 
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HIV prevalence in the general population, sex work sites do not seem to directly affect 
HIV prevalence among the general population in surrounding areas.

We show that prevalence among MSM, male sex workers and female sex workers and trans-
gender women is significantly higher compared to the general population in many African 
countries, also within countries marked as having ‘generalised’ epidemics (Chapter 4 and 5). 
In West and Central Africa, HIV prevalence is about 11-fold higher among MSM and about 
8-fold higher among transgender women compared to the general population. In East and 
Southern Africa, prevalence is about 2-fold higher among MSM and among transgender 
women compared to among the general population. Finally, we found that prevalence 
among male sex workers is about 12-fold higher in Nigeria and about 9-fold higher in Kenya 
(Chapter 4) and prevalence among female sex workers in Zimbabwe is more than 3-fold 
higher compared to the general population (Chapter 5). Many sex work sites where female 
sex workers offer their services are located in or around areas with high levels of economic 
activity: cities, economic growth areas, international border crossings and transport routes 
(Chapter 5). However, we found no significant association between HIV seroprevalence and 
proximity to the nearest sex work site among the general population in Zimbabwe (Chapter 
5). Nevertheless, key populations and sex work likely still play an important role in the 
African HIV epidemic, as individual-level indicators of engagement in sex work (i.e., being a 
sex work client) and risky sexual behaviour (i.e., having many sex partners, and having had 
an STI or STI symptoms over the past 12 months) were significantly associated with HIV 
seropositivity in our studies (Chapter 2 and 5).

Our and other studies have not been able to fully capture the complex transmission dynam-
ics of the HIV pandemic in sub-Saharan Africa. In previous studies, sex work was univo-
cally hypothesised as an important underlying driver of the geospatial HIV heterogeneity 
[4,38–40]. Our findings clearly demonstrate that at an individual level, indicators of practicing 
commercial sex as a client are significantly associated with increased risks for HIV, but they 
do not confirm that female sex work locations are associated with general population HIV 
transmission foci (or ‘hotspots’) in Zimbabwe and other settings with generalised epidemics. 
This might be due to the challenge to comprehensively capture the dynamic and complex 
nature of the HIV epidemic [12,41,42]; where especially key populations, including sex 
workers and their clients, are often underrepresented or not identifiable in nationally repre-
sentative survey data. They are often mobile populations and may be missed in the cross-
sectional survey data, which commonly rely on home-based surveys [10–12]. Furthermore, 
underreporting or missingness of factors that could help classify who belongs to certain 
key population groups hinders identification of those who do participate in these cross-
sectional surveys [43]. More fine-scale geospatial mapping of key populations—including 
mobile populations [44]—could help to further understand the drivers of these areas with 
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high levels of transmission and help to determine how they fuel the generalised epidemics 
in sub-Saharan Africa.

Our findings substantiate that the focus of the HIV response over the next 5-10 years should 
shift more towards key populations when aiming to reach epidemic control. To this end, 
it is essential to obtain key population specific data, to further understand what puts dif-
ferent population groups at higher risk of HIV infection and to design population-tailored 
prevention and treatment services. While more data have become available on female sex 
workers and MSM in sub-Saharan Africa over the last 10-15 years [45–47], there is still 
very few data available on population size estimates, risk behaviours, HIV exposure and 
access to prevention, testing and care for other key populations in the sub-Saharan African 
HIV epidemics, including male and transgender sex workers [48,49]. An effective method to 
include key populations into data collection surveys is by involving members of the target 
key populations, such as done with CeSHHAR for female sex workers [50,51]. Peer female sex 
workers often know best where to find other sex workers in their community and can create 
trust to include new female sex workers into surveys.

While expanding the empirical evidence base on key populations, it is essential to, in the 
meantime, already design and implement interventions and healthcare services specifically 
tailored to the populations at risk. Empirical evidence demonstrates that interventions tai-
lored to key population needs in African settings are effective in engaging them in preven-
tion and care [52–55], but still to date, the majority of people belonging to key populations 
in sub-Saharan Africa do not have sufficient access to HIV services [49,56,57]. Following 
our work, we argue that, for instance, HIV interventions for MSM should, next to facilitat-
ing better ART uptake and adherence, also focus on improved uptake of PrEP [58,59] and 
interventions offered at sex work locations should primarily focus on sex workers and their 
clients, with special emphasis on including and retaining mobile sex workers and clients into 
services. There are many examples of successful interventions and healthcare programmes 
for key populations in sub-Saharan Africa, often offered by small grass roots organisations 
and other non-governmental organisations. They generally empower key populations 
themselves by having them play an essential role in in the design and implementation of the 
programs. For instance, CeSHHAR adapts service provision to the mobile nature of sex work-
ers, by offering peer-led HIV services in mobile clinics at locations where sex workers work 
[60] and NorthStar Alliance offers HIV service for truck drives and sex workers at large truck 
stops and along busy transport routes [61]. Other small-scale organisations are offering 
community-guided HIV test-and-treat initiatives for female sex workers [62,63] or launching 
community-led peer-support programmes for adolescents [64,65].
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Importantly, many people belonging to key populations still face structural barriers to 
healthcare, caused by stigma, discrimination, and criminalisation stigma and discrimination 
[66–68]. For example, in the past, US Congressional Republicans insisted that PEPFAR-
funded programmes had to focus on abstinence-only until marriage and faithfulness in 
marriage in sub-Saharan Africa, with only limited support going to safe sex promotion and 
services for sex workers and lesbian, gay, bisexual, transgender, intersex (LGBTI) people in 
recipient countries [69]. Furthermore, 27 sub-Saharan African countries have anti-gay laws 
and/or prohibit sex work, posing a significant barrier for MSM and sex workers to access 
regular health services for HIV and other sexually transmitted infections [44,70,71]. These 
legislative and cultural contexts in many sub-Saharan African countries prevent the formal 
implementation of healthcare interventions specifically targeted at key populations and 
existing health services for key populations often still fall outside of the regular publicly 
financed healthcare systems [72]. The key to success of risk-group tailored interventions 
lies in overcoming those structural barriers: lifting discriminating laws and policies around 
the rights of LGBTI people and sex workers [73–75], designing needs-sensitive programmes 
for key populations, and restructuring of healthcare financing to specifically support such 
programmes for key populations.

3)  Which service delivery and financing innovations could mitigate 
current global challenges in the HIV response?

  Healthcare delivery innovations for HIV fall into four value-chain categories—service 
integration, elimination of point-of-care steps, task-shifting, and location-shifting—
and broadly intend to enable HIV service scale-up, differentiation and efficiency. 
The economic consequences of the COVID-19 pandemic highlight the need to also 
innovate financing strategies.

In Chapter 6 we describe five different service delivery models for ART: integrating ART 
with other required health services (“vertical ART plus”, “partially-integrated ART” and “fully-
integrated ART”); modifying steps in the ART value chain (“professional task-shifted ART”, 
“people task-shifted ART” and “technology-supported ART”); eliminating steps in the ART 
value chain (“immediate ART” and “less frequent ART pick-up”); changing ART locations 
(“private-sector ART”, “traditional-sector ART” and “ART outside the health sector”); and 
keeping the status quo (“vertical ART”). The models are intended to increase efficiency in 
ART delivery and to provide ART to more people without an increase in resources, while 
simultaneously differentiating care to offer a broader range of services adapted to the 
patients’ needs. Suitability of the models will highly depend on national and subnational 
contexts, including existing health systems resources, available funding, and type of HIV 
epidemic. For instance, countries with generalised epidemics may continue to benefit from 
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a degree of ‘verticality’ in the delivery of ART, because in many communities within these 
countries there are sufficiently large numbers of HIV patients to keep vertical delivery struc-
tures fully and constantly occupied. In generalised epidemics with lower HIV incidence and 
prevalence levels, HIV services for the general population may be more efficiently provided 
as part of general internal medicine and family health services, or additional health services 
could be added onto existing HIV services to expand the scope of services offered in one 
place. In countries with more concentrated epidemics, among key populations such as sex 
workers and MSM, specific vertical services might be essential to be able to offer specialised 
care, tackle stigma, and promote easier access to health care for these vulnerable groups. 
The promise of ART delivery model innovations is large and implementation science, causal 
evaluation and mathematical modelling studies can help to identify which models are the 
best fit for different contexts.

Many of the outlined innovations for treatment services also apply to HIV prevention and 
testing services. For instance, HIV self-testing or by community healthcare worker-led test-
ing can be offered at home or in the community, which could be integrated with testing 
for other common diseases and conditions, like tuberculosis, hypertension and diabetes 
[76–78]. Likewise, prevention interventions such as PrEP could be offered outside of regular 
clinical settings, such as in pharmacies, as currently done in Kenya [79,80]. Also here, suit-
ability of the delivery interventions and overall effectiveness will depend on local contexts. 
Future implementation research needs to identify which models are the best fit for different 
contexts; and we suggested that delivery models should be put to the test in specific contexts 
before large-scale implementation. This could be done by prototyping and pilot studies 
[81,82], but also Delphi studies (i.e., making systematic use of expert opinions) [83,84] and 
mathematical modelling studies (i.e. predicting health impact based on existing data and 
information on health systems and population context) can help to predict effectiveness of 
alternative service delivery models [85,86].

Innovative financing strategies are required to mitigate HIV funding gaps, among which 
most urgently the funding gaps potentially arising from the economic consequences of the 
COVID-19 pandemic. We estimate declines of as much as 5% to 11% for HIV funding in the 
10 African countries with the largest ART programs, which could have devastating conse-
quences for the scale-up of HIV prevention and treatment in sub-Saharan Africa (Chapter 
7). These funding gaps further exacerbate other negative consequences of the COVID-19 
pandemic on HIV control, e.g., reallocation of HIV healthcare resources for covering CO-
VID-19 testing, diagnosis and emergency care, and disturbances in HIV programs, access to 
facilities, and supply chains due to lockdowns and interruptions in international travel [87]. 
In retrospect, comparing our estimations to the current situation two-and-a-half years after 
the start of the COVID-19 pandemic, we observe that the initial funding gaps were smaller 
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than predicted. However, this is largely due to government-led financial emergency support 
programs, temporarily increased donor commitment by UNAIDS and some of the donor 
countries [88] and artificial economic regulation [89]. While the initial gaps seem limited, 
donor countries currently cope with the largest inflations since the 2008-09 economic crisis 
and unprecedented government debts. This might significantly impact government funding 
in the near future, as has been illustrated by the Global Fund which fell short of its $18-bil-
lion target [90].

We argue that strategies to mitigate the impact of COVID-19 on the HIV response could in-
clude: (1) the implementation of differentiated care, mainly enabling less frequent ART pick-
ups, shifting tasks to community health workers, and integrating HIV/COVID-19 prevention; 
(2) pooling resources and sharing knowledge at the regional, national and international 
level; and (3) integration of HIV programmes with other health services to improve efficiency 
of service delivery and simultaneously force a conversation about reprioritisation across all 
health areas, which is essential to overcome the broader health system challenges intro-
duced through the COVID-19 pandemic. Here, examples of successful financing innovations 
in healthcare and other industries could be implemented to optimise HIV financing, using 
available transferability frameworks.

Whereas COVID-19 caused immediate resource shortages on the short-run, it could, hope-
fully, ultimately result in an HIV response and general health system that is more integrated, 
efficient and sustainable, improving resilience to future crises, and bolstering efforts to end 
the HIV pandemic by 2030. This will require optimal application of available service delivery 
models, requiring knowledge on what determines suitability of certain models in different 
contexts, especially for contexts with the highest service needs and lowest resources. It also 
requires quantitative evidence on the effects of innovating HIV service delivery as well as 
qualitative evidence on patient experiences and preferences. Next to that, thus far, many 
countries struggle to turn universal health coverage (UHC) into reality, partly due to a lack 
of knowledge on feasible and effective ways to structurally improve the existing nationwide 
healthcare systems. Especially in the post-COVID-pandemic phase that we are in now, we 
urgently need studies that can guide the decision-making process on suitable health service 
delivery and health systems reforms for different settings and predict the concomitant 
health gains.

4)  How can HIV service integration contribute to optimising the HIV 
response and reaching universal health coverage?

  Integrating HIV services and other health services has the potential to improve HIV 
service uptake and cascade-of-care outcomes and outcomes for other diseases and 
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conditions. Policy makers, funders and practitioners, by sharing their knowledge and 
best practices, could help maximise the transfer of limited and often context specific 
evidence to ensure that the HIV response becomes an integral part of universal, 
people-centred health systems that meet the needs and requirements of citizens.

Our systematic review (Chapter 8) showed that HIV cascade-of-care outcomes tend to be 
better in integrated services: uptake of HIV testing and counselling (pooled risk ratio {RR} 
across 37 studies: 1.67 [1.41–1.99], p<0.001), ART initiation coverage (pooled RR across 19 
studies: 1.42 [1.16–1.75], p=0.002), time until ART initiation (pooled RR across 5 studies: 0.45 
[0.20–1.00], p=0.050), retention in HIV care (pooled RR across 19 studies: 1.68 [1.05–2.69], 
p=0.031), and viral suppression (pooled RR across 9 studies: 1.19 [1.03–1.37], p=0.025). In 
addition, treatment success for non-HIV-related diseases and conditions and the uptake of 
non-HIV services were commonly higher in integrated services. The most common forms 
of integration identified in the review were HIV testing and counselling added to non-HIV 
services and non-HIV services added to ART programs.

It is important to note that the studies identified in the systematic review were often highly 
context specific, and it remains unclear how transferable the findings are to other health 
systems contexts. However, we also argue that integration strategies could be implemented 
in some settings while high-level causal evidence is lacking or scarce, based on existing 
frameworks and methodologies from within and beyond healthcare and implementation 
science (Chapter 9). Countries cannot await the lengthy process of formally testing im-
pact of potentially suitable interventions before subnational or national implementation. 
Policy makers, funders and practitioners could help accelerate and maximise the transfer 
of the limited—and often context specific—knowledge by discussing which interventions 
might improve healthcare in their local settings. Generally, implementation of integration 
and other service delivery interventions with limited evidence should be promoted if these 
interventions seem promising and come with neglectable risks. In those instances, a “learn-
ing-by-doing” approach can be useful and a good starting point is the use of co-creation 
stakeholder consultations valuable to share knowledge and best practices to optimise local 
HIV responses. The framework that we outline for the case of service integration also applies 
for other service delivery innovations, and potential suitability and effectiveness of certain 
interventions can be judged by reviewing patient needs, consulting expert opinion and 
learning about best practices from similar contexts.

Overall, integration should be seen as a tool to yield improvements both to HIV-related 
and to non-HIV related health outcomes. The focus should be on tailoring health services 
to local (sub)populations needs. In many contexts, existing health systems can be leveraged 
for providing integrated health services, for example by piggy-backing other services onto 
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existing health services at well-established clinics. For instance, in many settings in East and 
Southern Africa, well-functioning HIV clinics are in place, while services for non-communi-
cable diseases (NCDs), such as hypertension and diabetes, are suboptimal despite their high 
and rising prevalences [91–93]. This offers an opportunity to strengthen and expand existing 
HIV health systems to address the increasing NCD burden, while also keeping track of the 
global HIV targets. The broader narrative of integration and health systems expansion is to 
improve UHC by meeting the different healthcare needs of the people they serve by creating 
capacity to address multiple health problems simultaneously [94–96].

Generally, a sustainable HIV response with successful implementation of integration strate-
gies and alternative service delivery models will likely need broader health systems reform. 
Currently, healthcare delivery strategies are often designed and coordinated by the disease 
or healthcare domain [94], resulting in vertical clinics and highly specialised healthcare 
workers. In order to really make healthcare systems more sustainable, such structures need 
to evolve towards more flexible and integrative healthcare delivery strategies and platforms. 
A country that successfully managed to achieve this, is Brazil. Here, the Sistema Único de 
Saúde (SUS), created during the 1980s, is one of the largest universal healthcare systems 
in the world. It provides publicly funded healthcare to all citizens, without requesting out-
of-pocket payments [97]. Digital health solutions could support the transition to integrated 
health systems and UHC, primarily by linking patient registries, mapping patient demand 
and ensuring the availability of essential diagnostics, medicines and medical equipment, 
and training healthcare workers to provide services tailored to their local populations needs 
[98,99].

Ultimately, truly integrated health systems will require healthcare financing reforms. 
Healthcare financing is now often earmarked for specific healthcare programs, to be able 
to measure disease-specific programme outcomes. Although effective for this purpose, 
disease-specific earmarking of funding limits the healthcare reform from vertical disease-
based programmes to broader integrated people-centred programmes [100]. Hence, both 
donor agencies and recipient countries would have to look for alternative ways to finance 
healthcare programmes and enable the shift towards integrated healthcare and, ultimately, 
UHC. Suitable alternative financing models could be, for example, tax/levy–based primary 
healthcare insurance models [101] or social and development impact bonds (i.e., public-
private partnerships that fund effective healthcare programmes through performance-based 
contracts).
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10.2  CAN THE HIV PANDEMIC BE ENDED BY 2030? A 
PERSONAL VIEW

The global HIV response of the last four decades has been an extraordinary journey. To date, 
the HIV pandemic consists of many unique local epidemics with different risk populations, 
transmission dynamics, and varying levels of success in local HIV control. Nevertheless, in all 
epidemic settings, two main epidemiological factors that influence HIV control will generally 
determine whether the current fifth decade will be the last decade of HIV: the share of people 
living with HIV who reach viral suppression and the share of HIV-negative people who have 
access to HIV prevention interventions. I propose that progress in reaching epidemic control 
relies on four key aspects: first, the availability and effectiveness of existing interventions for 
HIV prevention and treatment; second, the potential of innovations that could further curb 
the HIV pandemic, third, optimisation of health systems and health services to scale up and 
facilitate access to those interventions; and, fourth, continued commitment, in particular 
financial commitment, to ensure that suitable interventions can be offered to the people 
who need them, without financial hardship.

The availability and accessibility of evidence-based prevention and treatment interventions 
for HIV, including ART, and their real-world effectiveness, will largely influence our progress 
towards epidemic control. The ambition is to achieve the 95-95-95 targets by 2025 [102]. 
Achieving this target should accelerate substantial reductions in HIV incidence, by lowering 
viral loads in people living with HIV to undetectable levels and thus preventing onward 
transmission to seronegative partners, to ultimately “end AIDS” as a public health threat. The 
hope for significant reductions in HIV incidence from this “treatment as prevention” strategy 
are based on the individual-level effects of treatment on prevention of new HIV infections 
shown in randomised-controlled trials [103,104] and observational studies conducted among 
serodiscordant couples and high-risk communities [105–107], and confirmed by mathemati-
cal modelling studies [108]. However, even though about 75% of people living with HIV were 
accessing ART by the end of 2020 [72], the observed real-world population-level reductions 
in HIV incidence have been disappointing [109]. The disconnect between individual-level 
(as estimated by randomised-controlled trials) and real-world population-level effects of 
treatment (as estimated in cluster randomised trials and quasi-experimental studies) on HIV 
prevention might be explained by behavioural and biological heterogeneities influencing 
the infectiousness of and susceptibility to HIV infection across individuals and communities 
[110]. Whereas treatment remains a crucial pillar of the HIV response to improve the health 
and life-expectancy of people living with HIV, simultaneous emphasis should be placed on 
scaling up interventions for HIV prevention. Here, in generalised epidemic settings as well 
as in concentrated epidemics, the proven most effective strategy is combination preven-
tion, i.e., promoting a combination of biomedical, behavioural, and structural interventions 



General discussion 353

designed to meet the HIV prevention needs, including condom use, VMMC and PrEP, with 
broad population coverage [34].

Next to the already widely applied prevention, diagnosis and treatment interventions for 
HIV, there are several innovations in the pipeline that could help to further curb the HIV 
pandemic. Promising innovations that have been proven effective in recent pilot studies 
and could make a more short-term difference are, for instance, long-acting antiretrovirals 
for treatment [111] and prevention [112,113], HIV self-testing [114], and point-of-care viral 
load monitoring (similar to the widely used blood-glucose testing) [115]. Such interventions 
might be especially useful for harder-to-reach key populations, who could benefit from not 
having to go to health clinics regularly for their HIV services. Since over two decades, there 
is also the hope for discovering a cure for HIV as well as developing a vaccine to prevent 
HIV infection. Discovering a cure for HIV, if accessible to the majority of people living with 
HIV, could prevent many new infections, overcome the current limitations of antiretroviral 
treatment, and could lead to large reductions in required funding needed to reach epidemic 
control [116]. Although research to find a cure has been ongoing, a breakthrough discovery 
is not yet in sight [116]. The development of a vaccine could contribute substantially to 
curbing transmission, especially when (initially) targeted at people with a higher risk of HIV 
exposure, including seronegative people in serodiscordant relationships, sex workers and 
MSM [117]. An HIV vaccine might however not be the silver bullet we would like it to be, 
as substantial changes in prevalence would occur with a delay of one or two decades. Ad-
ditionally, the scale-up of vaccination strategies requires time and substantial funding, and 
optimal implementation can be challenging, as became evident throughout the history of 
the HIV pandemic. Hence, while some believe that the invention of a vaccine will be the only 
way to end AIDS by 2030 [118], I suggest that over the next decade the focus should be on 
efficiently scaling up existing interventions to people who need them most. While a vaccine 
might not be developed and distributed in time to reach epidemic control by 2030, it could 
be a valuable intervention to sustain epidemic control afterwards.

Optimal utilisation of the available prevention, diagnosis and treatment interventions relies 
on efficient and equitable health systems design. In the next decade, the emphasis should 
be on offering people-centred, needs-sensitive health services, including tailored services 
for key populations (e.g., opportunities for accessing services outside of regular clinics, 
anonymous services, differentiated-care packages [119]) and for people living with HIV (e.g., 
services that integrate the management of tuberculosis, cardiovascular diseases [120,121]). 
As financial and human resources remain limited, widely available population-based survey 
data in combination with geospatial modelling and artificial intelligence methods should 
be leveraged to target the right populations at the right places with the right interventions. 
Applying this precision public health approach yields the potential of optimising healthcare 
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delivery [122,123]. Such analyses could, for instance, reveal national and local disparities in 
HIV incidence and prevalence as well as in access to currently available HIV treatment and 
prevention services, allowing to prioritise disadvantaged subpopulations to meet healthcare 
needs and optimally allocate resources. This is especially important when moving towards 
the 95-95-95 cascade-of-care targets, to ensure that high-risk populations, such as sex 
workers, MSM, and mobile populations such as truck drivers, are not left behind as the last, 
say, 5% of individuals not accessing the HIV services they need. Artificial intelligence meth-
ods and geospatial modelling of population-based survey data can also help to improve our 
understanding of changes in HIV transmission dynamics when moving towards epidemic 
control, which, in turn, can inform future HIV prevention and control programmes and their 
subsequent financing.

Sustained financial commitment at the global and national level will be essential to end 
the HIV pandemic. Currently, the world’s economies are under pressure: climate change, 
new pandemics (such as COVID-19), armed conflict and geopolitical tensions, economic 
instabilities and shifting political landscapes will continue to affect overall funding priorities 
and might reduce fiscal space for health investments. This has important consequences for 
the funding of HIV treatment and prevention programmes and for the scientific research 
that should lead to new innovations in the HIV response. To address this challenge, pool-
ing, streamlining, and equitably distributing global health resources, which currently largely 
come from official development assistance provided directly or indirectly by governments 
of high-income countries, could lead to a better alignment of financial resources and 
healthcare needs in different regions and populations [124]. To assess in which direction 
the available funding should flow, funding agencies should allow for country ownership 
in health system design and a bottom-up approach for deciding on priority areas, where 
political representatives and communities from low-income and middle-income economies 
in the Global South should determine funding priorities in their region, rather than decision-
making led by high-income economies based on their local priorities and perspectives. In 
addition, building national scientific funding agencies and strengthening local research 
capacity could contribute to achieving and securing country ownership [125]. Furthermore, 
collaboration across disciplines and sectors—academia, policy makers, industry, and civil 
society—is essential to assure that the HIV response is aligned with other global health and 
development initiatives.

In conclusion, ending the HIV pandemic by 2030 might be within reach if we are able to 
utilise today’s knowledge and technologies to bring suitable interventions to all places and 
all people needing access to HIV prevention and treatment. My hope is that in ten years 
from now, new HIV infections will be uncommon due to optimal use of interventions for HIV 
prevention and that AIDS will have become a rare disease as all people living with HIV will 
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have easy access to effective treatment. We have the opportunities at hand, but we are not 
there yet. Continued commitment to fighting this pandemic, in a world that is continuously 
changing, will be essential to reach the goal of ending HIV.

10.3 CONCLUSIONS AND RECOMMENDATIONS

Conclusions
1. HIV transmission is geographical heterogeneous at the subnational level in sub-Saharan 

Africa, with high-transmission foci largely centred around areas with high economic 
activity.

2. While HIV prevalence among key populations across sub-Saharan Africa is alarmingly 
high, including among key populations engaging in transactional sex, sex work sites do 
not seem to directly affect HIV prevalence among the general population in surrounding 
areas.

3. Innovations in HIV service delivery – integration, elimination of point-of-care steps, task-
shifting, and location-shifting – can boost service scale-up, differentiation, efficiency, 
and sustainability.

4. Integrating HIV services and other health services could, by-and-large, improve HIV 
service uptake and cascade-of-care outcomes as well as outcomes for other diseases 
and conditions, and thus contribute to the goal of “ending AIDS by 2030” while simulta-
neously supporting progress towards UHC.

Recommendations for policy and scientific research
1. Strategies for prevention and control of HIV should take into account local variations in 

HIV burdens and underlying transmission dynamics to better target interventions, and 
should specifically scale-up tailored interventions for key populations.

2. Countries in sub-Saharan Africa that are affected by the HIV pandemic should strive 
towards more integrated HIV services and utilising suitable healthcare delivery innova-
tions, based on current healthcare availability and tailored to local populations’ needs, 
even when (local) evidence is limited.

3. Collecting fine-scale nationally representative data on ART uptake and cascade-of-care 
outcomes, as well as on uptake of (V)MMC and PrEP, could enable better quantification 
of the real-life impact of such interventions on curbing the HIV pandemic in different 
regions and epidemic settings.

4. Future research should focus on better understanding the role of key populations and 
population mobility (e.g., by seasonal workers and truck drivers) in HIV transmission 
dynamics to better understand the clustering of HIV in geographical areas.
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5. Continued collaboration between researchers, policy makers, healthcare providers and 
other stakeholders is essential to assess how broader healthcare systems and attached 
financing mechanisms should be reformed to match the needs of recipients of care while 
dealing with declining resources for global health.
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SUMMARY

The HIV pandemic has been one of the most devastating public health threats in recent 
history, especially in sub-Saharan Africa. The overarching aim of this thesis is to describe 
and improve our understanding of the HIV epidemiology in various sub-Saharan African 
countries, and to provide insight into which health systems innovations could mitigate 
global challenges in the HIV response.

Chapter 1 provides a general introduction into HIV epidemiology, the rise of the global HIV/
AIDS pandemic since the 80s, the discovery and roll-out of antiretroviral therapy (ART) and 
other key interventions in reducing transmission of the virus. We also describe the existence 
of geospatial variations in HIV prevalence and transmission, and the important role of key 
populations in the HIV pandemic. We further describe the history and current status of 
HIV service delivery and HIV financing in sub-Saharan Africa, the subcontinent hardest hit 
by the pandemic. We outline the global HIV targets and introduce two key challenges in 
reaching control of the pandemic: the persistent and increasing health systems and funding 
constraints, and the need for universal, more integrated care to adapt to the shifting popula-
tion demographics and disease burdens. Chapter 1 concludes by introducing geospatial 
modelling and healthcare delivery innovations as potential solutions in reaching sustainable 
control of the HIV pandemic.

The research in this thesis gives answer to the following four research questions:
1. Where is the HIV burden highest in sub-Saharan Africa, the epicentre of the pandemic, 

and what drives the geographical heterogeneity in HIV transmission and prevalence on 
the subcontinent?

2. What is the HIV burden among key populations and how does this contribute to the HIV 
epidemiology in sub-Saharan Africa?

3. Which service delivery and financing innovations could mitigate current global chal-
lenges in the HIV response?

4. How can HIV service integration contribute to optimising the HIV response and reaching 
universal health coverage?

In Chapter 2, we map and characterise high-prevalence areas for young adults (15–29 years 
of age), as a proxy for areas with high levels of transmission in Eastern and Southern Africa, 
where 55% of people living with HIV reside. We use geolocated nationally representative 
survey data, including 113,000 adults from over 3,500 locations throughout Kenya, Malawi, 
Mozambique, Tanzania, Uganda, Zambia, and Zimbabwe, and open-source environmental 
data. We predict HIV prevalence levels at unmeasured locations and explore to what ex-
tent behavioural, socioeconomic, and environmental factors explain HIV prevalence at the 
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individual- and sample-location level. Findings suggest that, among young adults, micro-
epidemics of relatively high HIV prevalence alternate with areas of very low prevalence, 
clearly illustrating the existence of areas with high levels of transmission. These areas are 
partially characterised by high economic activity, relatively high socioeconomic status, and 
risky sexual behaviour.

Chapter 3 describes a quasi-experimental study to quantify the ‘real-life’ impact of male 
circumcision, one of the key interventions in HIV prevention, on HIV status among men in 
sub-Saharan Africa. We pooled individual-level nationally-representative survey data from 
all sub-Saharan African countries that included information on male circumcision status and 
HIV status. Capturing data on 279,351 men from 29 countries, we estimated the effect of 
men’s circumcision status on HIV-seropositivity. We used modified Poisson regression mod-
els with household fixed-effects, to control for heterogeneity in observed and unobserved 
factors that might confound the association shared by men living in the same household. In 
our analysis, the ‘real-world’, long-term impact of male circumcision equates to a 19% [95% 
CI: 11%-27%] reduction in the risk of HIV infection among men in sub-Saharan Africa. These 
findings underpin the importance of scaling up VMMC, alongside other HIV prevention 
interventions, as an important element of HIV control and elimination strategies.

Chapter 4 comprises a systematic review to assess the HIV burdens among men who have 
sex with men, transgender-women and -men, and male and transgender sex workers and 
compare their relative risks of having HIV with the general population in sub-Saharan Africa. 
We included peer-reviewed empirical studies that estimated HIV prevalence levels within 
sub-Saharan African contexts in these populations, which resulted in the inclusion of 44 
articles. We found the prevalence among men who have sex with men, transgender women 
and male sex workers, the populations for whom data estimates were available, to be alarm-
ingly high, and significantly higher than within the general population in both West and 
Central Africa as well as East and Southern Africa. Prevalence among MSM and transgender 
women was significantly higher compared to the general population, with prevalence ratios 
(PRs) of 11.3 [CI: 9.9-12.9] for MSM and 8.1 [CI: 6.9-9.6] for transgender women in Western 
and Central Africa, to respectively 1.9 [CI: 1.7-2.0] and 2.1 [CI: 1.9-2.4] in Eastern and South-
ern Africa. Prevalence among MSW was significantly higher in Nigeria (PR: 12.4 [CI: 7.3-21.0]) 
and Kenya (PR: 8.6 [CI: 4.6-15.6]). This high prevalence, coupled with the specific risks and 
vulnerabilities faced by these populations, highlights the urgent need for risk-group tailored 
prevention and treatment interventions across the subcontinent.

The association between distance to female sex work locations and HIV status in the general 
population is investigated in Chapter 5, for the Zimbabwean setting. We included data 
from 16,121 individuals (aged 15-49 years) from 400 sample locations and the locations 
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of 56 sex work sites throughout Zimbabwe (estimated to be 95% of all sex work sites). 
Univariate and multivariate analyses showed that no significant association exists between 
HIV seroprevalence and proximity to the nearest sex work site among the general popula-
tion in Zimbabwe, regardless of which type of site was closest. The absence of an association 
could be explained by the mobile nature of both female sex workers and their clients, as 
individual-level indicators of sex work were significantly associated with HIV.

In Chapter 6 we provide an overview of delivery model innovations that could support sus-
tainable HIV treatment, by expanding access to treatment and improving efficiency of treat-
ment programmes. We describe twelve models for ART delivery, which could be achieved 
through five categories of delivery innovations: integrating ART, modifying steps in the ART 
value chain, eliminating steps in the ART value chain, changing ART locations, and keeping 
the status quo of vertical treatment delivery. We conclude that suitability of the models will 
highly depend on local and national contexts, including existing health systems resources, 
available funding, and type of HIV epidemic. We emphasise that future implementation 
research needs to identify which models are the best fit for different contexts.

In Chapter 7, we estimate trends in HIV financing in the 10 countries with the largest ART 
programmes in sub-Saharan Africa over the next five years to illustrate potential gaps due 
to the COVID-19-related economic crises, and proposed mitigation strategies to ensure 
continued service delivery for HIV. We illustrated that the COVID-19 pandemic is putting 
acute pressure on HIV programmes in high burden countries and that – with potential de-
clines in funding of as much as 5% or 11% – the scale-up of HIV prevention and treatment 
in sub-Saharan Africa could come to halt or even reverse. Our predictions indicate that it is 
imperative to start considering mitigation strategies for the ensuing financial gaps.

Chapter 8 presents the findings of a systematic review to quantify the impact of service 
integration on the HIV care cascade, health outcomes, and cost-effectiveness. The review 
is based on synthesis of the global empirical evidence of experimental and observational 
studies that featured both an HIV services integration intervention and a comparator. HIV 
cascade-of-care outcomes—uptake of HIV testing and counselling, ART initiation coverage 
and speed, retention in HIV care, treatment adherence, and viral suppression—tended to be 
higher in integrated services. Also, the uptake of non-HIV services was commonly higher, 
HIV-free survival was similar or higher, HIV and non-HIV mortality were lower, and the 
costs of HIV and non-HIV services tended to be lower in integrated services. We conclude 
that, overall, integration of HIV services and other health services tends to improve health 
systems and health outcomes.



372 Chapter 11

Chapter 9 outlines a framework for evidence-based policymaking when evidence is incom-
plete, based on the case of HIV programme integration. Proper use of scientific evidence 
in other contexts requires adequate and systematic assessments of the transportability 
of an intervention. Several methods exist that allow for judging transferability and com-
prehensively identifying key context-specific indicators across studies that can affect the 
reported impact of interventions. We propose that, by drawing on well-established design 
and implementation methodologies, countries could substantially improve decision-making 
even in the absence of local scientific evidence.

We conclude in Chapter 10 that ending the HIV pandemic by 2030 might be within reach if 
we are able utilise today’s knowledge and technologies to bring suitable interventions to all 
places and all people needing access to HIV prevention and treatment. Continued commit-
ment to fighting this pandemic, in a world that is continuously changing, will be essential to 
reach the goal of ending HIV.
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De hiv-pandemie is één van de meest verwoestende bedreigingen voor de volksgezondheid 
uit de recente geschiedenis geweest, vooral in sub-Sahara Afrika. Het overkoepelende doel 
van dit proefschrift is het verbeteren van ons begrip over de hiv-epidemiologie in verschil-
lende landen in sub-Sahara Afrika en het verschaffen van inzicht in welke innovaties in 
gezondheidssystemen de wereldwijde uitdagingen in de hiv-respons kunnen verminderen.

Hoofdstuk 1 geeft een algemene inleiding in de hiv-epidemiologie, de opkomst van de 
wereldwijde hiv/aids-pandemie sinds de jaren 80 en de ontdekking en het opschalen van 
antiretrovirale therapie (ART), en andere belangrijke maatregelen om de overdracht van 
het virus te verminderen. Het hoofdstuk beschrijft ook het fenomeen van waargenomen 
heterogeniteit in hiv-prevalentie en -overdracht en de rol van hoogrisicogroepen in de 
algehele hiv-pandemie. Verder beschrijven we de huidige status van hiv-zorgverlening 
en hiv-zorgfinanciering in sub-Sahara Afrika en de wereldwijde hiv-doelstellingen en in-
troduceren we twee belangrijke uitdagingen om de pandemie onder controle te krijgen: 
de aanhoudende en toenemende financieringsbeperkingen, en tegelijk de behoefte aan 
universele, meer geïntegreerde zorg bij een veranderende bevolkingssamenstelling en 
ziektelast. Hoofdstuk 1 wordt afgesloten met de introductie van geospatiële modellering 
en innovaties in de gezondheidszorg als mogelijke oplossingen voor het bereiken van een 
duurzame beheersing van de hiv-pandemie.

Het onderzoek in dit proefschrift geeft antwoord op de volgende vier onderzoeksvragen:
1. Waar is de hiv-ziektelast het hoogst in sub-Sahara Afrika, het epicentrum van de pande-

mie, en wat drijft de geografische heterogeniteit in hiv-overdracht en -prevalentie op het 
subcontinent?

2. Wat is de hiv-last onder hoogrisicogroepen en hoe draagt die bij aan de hiv-epidemio-
logie in sub-Sahara Afrika?

3. Welke innovaties op het gebied van dienstverlening en financiering kunnen de huidige 
wereldwijde uitdagingen in de hiv-respons verminderen?

4. Hoe kan de integratie van hiv-diensten bijdragen aan het optimaliseren van de hiv-
respons en het bereiken van een universele gezondheidsdekking?

In Hoofdstuk 2 brengen we gebieden met een hoge hiv-prevalentie onder jongvolwasse-
nen (15-29 jaar) in kaart en karakteriseren we deze gebieden als graadmeter voor gebieden 
met hoge hiv-overdracht in Oost- en Zuidelijk Afrika, waar 55% van de mensen met hiv 
woont. We gebruiken geogelokaliseerde, nationaal representatieve enquêtegegevens van 
ongeveer 113 duizend volwassenen uit meer dan 3.500 locaties in Kenia, Malawi, Mozam-
bique, Tanzania, Oeganda, Zambia en Zimbabwe, en open-source milieugegevens. We 
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voorspellen hiv-prevalentieniveaus op niet-gemeten locaties en onderzoeken vervolgens in 
hoeverre gedrags-, sociaaleconomische- en omgevingsfactoren de hiv-prevalentie verklaren 
op individueel niveau en op steekproeflocatieniveau. De bevindingen laten zien dat onder 
jongvolwassenen micro-epidemieën met een relatief hoge hiv-prevalentie worden afgewis-
seld met gebieden met een zeer lage prevalentie, wat duidelijk het bestaan illustreert van 
specifieke gebieden met hoge transmissieniveaus. Deze gebieden worden gekenmerkt door 
een hoge economische activiteit, een relatief hoge sociaaleconomische status en risicovol 
seksueel gedrag.

Hoofdstuk 3 beschrijft een quasi-experimenteel onderzoek naar de kwantificering van 
de feitelijke impact van mannenbesnijdenis - een van de belangrijkste interventies in hiv-
preventie - op de hiv-status onder mannen in sub-Sahara Afrika. We gebruikten nationaal 
representatieve enquêtegegevens uit alle landen in sub-Sahara Afrika waar gegevens over 
de besnijdenisstatus en de hiv-status van mannen zijn vastgelegd. Met de gegevens van 
in totaal 279.351 mannen uit 29 landen schatten we vervolgens het effect van de besnij-
denisstatus van mannen op hiv-seropositiviteit. We gebruikten gemodificeerde Poisson-
regressiemodellen met fixed-effects op niveau van het huishouden, om te corrigeren voor 
heterogeniteit in waargenomen en niet-waargenomen factoren die de associatie zouden 
kunnen verstoren die wordt gedeeld door mannen die in hetzelfde huishouden wonen. In 
onze analyse komt de langetermijnimpact van besnijdenis bij mannen overeen met een 
vermindering van 19% [95% betrouwbaarheidsinterval (BI): 11%-27%] van het risico op 
hiv-infectie bij mannen in sub-Sahara Afrika. Deze bevindingen onderstrepen het belang 
van het verder opschalen van medische mannenbesnijdenis, naast andere hiv-preventie-
interventies, als een essentieel onderdeel van strategieën voor de bestrijding en uiteindelijk 
eliminatie van hiv.

Hoofdstuk 4 omvat een systematische review met als doel de hiv-ziektelast op popula-
tieniveau te bepalen onder mannen die seks hebben met mannen, transgendervrouwen 
en -mannen, en mannelijke en transgender sekswerkers, en hun relatieve risico’s op hiv te 
vergelijken met die van de algemene bevolking in sub-Sahara Afrika. We hebben in totaal 
44 empirische studies geïdentificeerd die een schatting geven van de hiv-prevalentie in 
deze hoogrisicogroepen in sub-Sahara Afrika. De gerapporteerde hiv-prevalenties onder 
mannen die seks hebben met mannen, transgendervrouwen en mannelijke sekswerkers 
bleken alarmerend hoog in zowel West- en Centraal-Afrika als Oost- en Zuidelijk Afrika. 
De prevalentie onder mannen die seks hebben met mannen en transgendervrouwen was 
vele malen hoger in vergelijking met de algemene bevolking, met prevalentieratio’s (PR’s) 
van 11,3 [BI: 9,9-12,9] voor MSM en 8,1 [BI: 6,9-9,6] voor transgendervrouwen in West- en 
Centraal-Afrika, tot respectievelijk 1,9 [BI: 1,7-2,0] en 2,1 [BI: 1,9-2,4] in Oostelijk en Zuidelijk 
Afrika. De prevalentie onder mannelijke sekswerkers was significant hoger in Nigeria (PR: 
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12,4 [BI: 7,3-21,0]) en Kenia (PR: 8,6 [BI: 4,6-15,6]), de enige landen waarover data beschik-
baar was. De hoge prevalenties, in combinatie met de specifieke risico’s en kwetsbaarheden 
waarmee deze bevolkingsgroepen worden geconfronteerd, benadrukken de dringende 
behoefte aan preventie- en behandelingsinterventies op maat voor deze hoogrisicogroepen 
in sub-Sahara Afrika.

Het verband tussen de afstand tot sekswerklocaties van vrouwelijke sekswerkers en de hiv-
status in de algemene bevolking is onderzocht in Hoofdstuk 5, voor de Zimbabwaanse 
setting. We hadden de beschikking over gegevens van 16.121 personen uit de algemene be-
volking (leeftijd 15-49 jaar) uit 400 steekproeflocaties, en de locaties van 56 sekswerksites in 
heel Zimbabwe (ongeveer 95% van alle sekswerksites in het land). Univariate en multivariate 
analyses toonden aan dat er geen significant verband bestaat tussen hiv-prevalentie onder 
de algemene bevolking in Zimbabwe en de nabijheid van de dichtstbijzijnde sekswerklocatie, 
ongeacht het type locatie dat het dichtst in de buurt lag. De afwezigheid van een verband 
kan worden verklaard door het mobiele karakter van zowel vrouwelijke sekswerkers als hun 
klanten, aangezien indicatoren van het aanbieden en gebruiken van sekswerk op individueel 
niveau wel significant verband hielden met hiv.

In Hoofdstuk 6 geven we een overzicht van innovaties in de dienstverlening die duurzame 
hiv-behandeling met ART kunnen ondersteunen, door de toegang tot behandeling te ver-
groten of de efficiëntie te verbeteren. We beschrijven twaalf modellen voor de toediening 
van ART, die kunnen worden gerealiseerd door middel van vijf categorieën van innovaties 
in de dienstverlening: ART integreren, stappen in de ART-waardeketen aanpassen, stappen 
in de ART-waardeketen wegnemen, ART-locaties wijzigen, en de status quo: het behouden 
van verticale behandelingslevering. We concluderen dat de geschiktheid van de modellen in 
hoge mate zal afhangen van de lokale en nationale context, inclusief de bestaande middelen 
van het gezondheidszorgsysteem, de beschikbare financiering, en het type hiv-epidemie. 
We benadrukken dat toekomstig implementatieonderzoek moet uitwijzen welke modellen 
het meest geschikt zijn voor verschillende contexten.

In Hoofdstuk 7 schatten we trends in hiv-financiering voor de komende vijf jaar in de tien 
landen met de grootste ART programma’s in sub-Sahara Afrika, om zo mogelijke hiaten 
als gevolg van de COVID-19-gerelateerde economische crisis te illustreren. Bovendien stel-
len we mitigatiestrategieën voor die ervoor kunnen zorgen dat de dienstverlening voor 
hiv wordt voortgezet. We laten zien dat de COVID-19-pandemie een acute druk legt op 
hiv-programma’s in landen met een hoge ziektelast en dat – met mogelijke dalingen in 
financiering van maar liefst 5% of 11% – de opschaling van hiv-preventie en -behandeling in 
sub-Sahara Afrika tot stilstand kan komen of zelfs kan omkeren. Onze voorspellingen geven 
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aan dat het absoluut noodzakelijk is om mitigatiestrategieën voor de daaruit voortvloeiende 
financiële hiaten te overwegen.

Hoofdstuk 8 presenteert de bevindingen van een systematische review over de impact van 
het integreren van de hiv zorg met andere zorg op de hiv-zorgcascade, gezondheidsresulta-
ten en kosteneffectiviteit. De beoordeling van de impact was gebaseerd op de synthese van 
het wereldwijde empirische bewijs van experimentele en observationele studies die zowel 
een interventie voor de integratie van hiv-diensten als een controle bevatten. De cascade-
uitkomsten van hiv-zorg—gebruik van hiv-testen en -counseling, ART-initiatiedekking en 
-snelheid, behoud van hiv-zorg, therapietrouw en virusonderdrukking—waren over het 
algemeen gunstiger in geïntegreerde diensten. Ook was het gebruik van niet-hiv-diensten 
gewoonlijk hoger, was de hiv-vrije overleving vergelijkbaar of hoger, was de hiv- en niet-
hiv-mortaliteit lager en waren de kosten van hiv- en niet-hiv-diensten over het algemeen 
lager in geïntegreerde diensten. We concluderen dat de integratie van hiv-diensten en 
andere gezondheidsdiensten over het algemeen leidt tot betere gezondheidssystemen en 
gezondheidsresultaten.

Hoofstuk 9 schetst een raamwerk voor op wetenschappelijk bewijs gebaseerde beleids-
vorming in situaties waarin niet altijd duidelijk is of het integreren van zorg werkt, zoals bij 
integratie van hiv-programma’s. Correct gebruik van wetenschappelijk bewijs in andere con-
texten vereist adequate en systematische beoordelingen van de overdraagbaarheid van een 
interventie. Er bestaan verschillende methoden die het mogelijk maken om de overdraag-
baarheid te beoordelen en om de belangrijkste contextspecifieke indicatoren, die verschillen 
tussen studies, te identificeren. Wanneer (overdraagbaar) bewijs ontbreekt, stellen we voor 
dat landen gebruikmaken van gevestigde implementatie- en evaluatie methodologieën.

In Hoofdstuk 10 concluderen we dat het beëindigen van de hiv-pandemie in 2030 mogelijk 
binnen bereik is indien we de kennis en technologieën van vandaag gebruiken om meest 
geschikte interventies aan te bieden aan alle mensen die toegang nodig hebben tot hiv-
preventie en -behandeling wereldwijd. Aanhoudende toewijding voor de bestrijding van 
deze pandemie, in een wereld die voortdurend verandert, zal essentieel zijn om dit ultieme 
doel te kunnen bereiken.
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Department of Public Health, Erasmus MC, Rotterdam 6x 2018–2021 2.0 ECTS

Research presentation at USAID, Zimbabwean Ministry of Health, Harare, 
Zimbabwe Feb 2018 1.0 ECTS

Presentation on geospatial modelling methods at Leprosy Relief 
(Leprastichting) event, Amsterdam Mar 2018 0.5 ECTS

Design and introduction 3-day training programme for data collection 
coordinators and 40 field staff members, Nilphamari, Bangladesh Oct 2018 2.0 ECTS

Research meetings of the Department of Public Health, Erasmus MC, Rotterdam Jun 2019, Feb 
2021 1.0 ECTS
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3-day Joint United Nations Programme on HIV/AIDS (UNAIDS) Expert Meeting 
2025 Target Settings (7 presentations), Rio de Janeiro, Brazil Mar 2020 3.0 ECTS

Poster presentations

Conference on Retroviruses and Opportunistic Infections (CROI), Boston, USA Mar 2020 1.0 ECTS

AIDS Conference, San Francisco, USA (virtual due to COVID-19) Jul 2020 1.0 ECTS

3. Attended conferences, seminars, workshops and other events
(Inter-)national conferences Date Workload

AIDS Conference 2018, Amsterdam Jul 2018 1.0 ECTS

GIS R Conference UK: Applications of GIS and R in environmental and health 
sciences, Newcastle, UK Apr 2019 1.0 ECTS

NTD Modelling Consortium Science Day, online Mar 2020 0.3 ECTS

Global Health Summit 2021, Berlin and online Oct 2021 1.0 ECTS

Seminars

Weekly research seminars of the Department of Public Health, Rotterdam 2017–2021 3.0 ECTS

Biweekly meetings of the Infectious Disease Control research group of the 
Department of Public Health, Erasmus MC, Rotterdam 2017–2021 3.0 ECTS

Workshops

5-day course “Use of Geographical Information Systems for Infectious Disease 
Control”, data visualisation and interpolation methods, mid-level, Tropical 
Institute, Antwerp, Belgium

Sept 2017 1.0 ECTS

5-day course “Use of Geographical Information Systems for Infectious Disease 
Control”, geospatial statistics and satellite imaging, advanced-level, Tropical 
Institute, Antwerp, Belgium

Jul 2018 1.0 ECTS

Erasmus MC PhD Day Sept 2018 0.3 ECTS

Mathematical modelling of Sexually Transmitted Infections, RIVM, Utrecht Apr 2019, Sept 
2020 0.6 ECTS

HIV Policy Lab symposium and hackathon, Georgetown University, online Dec 2021 0.6 ECTS

Expert meetings

Invited participant 3-day UNAIDS meeting sustainability of the HIV health care 
systems, Geneva, Switzerland Apr 2019 0.6 ECTS

Invited participant 3-day soil transmitted helminths modellers meeting, 
Neglected Tropical Diseases Modelling Consortium, Lancaster, UK Jun 2019 0.6 ECTS

Invited participant 1-day UNAIDS meeting HIV/AIDS 2025 Target Settings, 
Geneva, Switzerland Jan 2020 0.3 ECTS

4. Teaching and supervision activities
Educational activities and lecturing Date Workload

Teaching assistant NIHES elective course Public Health in Low- and Middle-
Income Countries May 2018 1.0 ECTS

Guidance of medical students – ‘community projects’, 3rd year curriculum 
Medicine, Erasmus MC, Rotterdam 
 

Sep 2019 – 
Mar 2020 2.0 ECTS

Guidance of medical students – ‘community projects’, 3rd year curriculum 
Medicine, Erasmus MC, Rotterdam 

Sep 2020 – 
Mar 2021 2.0 ECTS
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Supervision

Doctoral student (Heidelberg University), topic: studying the impact of Malaria 
on anaemia among children below 5 years of age in high endemic regions. 2019–2021 1.0 ECTS

Two research assistants (Heidelberg University), topic: providing assistance with 
the study selection and data extraction process for a systematic review on HIV 
services integration.

2019–2020 1.0 ECTS

PhD student (Heidelberg University), topic: studying client satisfaction of 
utilising HIV services in sub-Saharan Africa. 2019–2021 1.0 ECTS

Master thesis student (Erasmus University), topic: extracting cross-sectional HIV 
prevalence data to complement a systematic review on HIV prevalence among 
key populations.

2020 1.0 ECTS

Doctoral student (Heidelberg University), topic: reviewing national health 
benefit packages and inclusion of HIV service delivery for low-and-middle-
income countries.

2021–2022 1.0 ECTS

5. Other activities
Ad-hoc peer-reviewing for scientific journals

Nature Scientific Reports, PLOS Neglected Tropical Diseases, PLOS ONE, BMC 
Infectious Diseases, Spatial and Spatio-temporal Epidemiology, Journal of 
Tropical Medicine and International Health, Health Affairs, BMJ Open

2019–2022 2.0 ECTS

Non-research activities at the department

Social committee member of the Department of Public Health 2018 1.0 ECTS

Initiator ‘Sharing best practices’ workshops with monthly sessions for junior 
researchers of the Department of Public Health 2020 1.0 ECTS

Organisation committee of 50-year anniversary of the Department of Public 
Health 2020 0.6 ECTS

6. Awards, scholarships and personal grants
Awards Date Amount

AIDS Conference International Scholarship Award, American International AIDS 
Society 2020 €2500

Next Generation Women Leaders Award, McKinsey & Company 2020 -

CROI Conference New Investigator Award, American International AIDS Society 2020 €2500

Young Talent Awards, Prins Bernhard Cultuurfonds 2021 €12,000

(Co-)acquired research support

The Joint United Nations Programme on HIV/AIDS (UNAIDS), “Costs, benefits 
and efficiency gains from integration of HIV with other health services”, role: 
co-PI

2019–2020 US$ 67,000

The Joint United Nations Programme on HIV/AIDS (UNAIDS), “HIV Financing 
and UHC in The Emergency and Recovery Phase of the COVID-19 Pandemic”, 
role: co-investigator

2020–2021 US$ 
430,000
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7. Further research experience

Other project grants Time 
investment

Bill and Melinda Gates Foundation, “NTD Modelling Consortium: filling the gaps 
- operational research to ensure the success of NTD control and elimination 
programs”, PI: Prof.dr. Sake de Vlas, role: Junior Researcher

2017–2018 5 months

World Bank, “Modelling the possible benefits of combination HIV prevention in 
Zimbabwe”, PI: Dr. Jan Hontelez, role: Research Assistant 2017–2018 4 months

Nationale Postcode Loterij, “Effects of Single-dose Rifampicin for Leprosy 
control”, PI: Prof.dr.dr. Jan Hendrik Richardus, role: PhD Researcher 2018–2019 10 months

Bill and Melinda Gates Foundation, “NTD Modelling Consortium: moving 
towards elimination”, PI: Prof.dr. Sake de Vlas, role: Junior Researcher 2020–2021 6 months
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