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Abstract

Background

Key populations, including sex workers, are at high risk of HIV acquisition and transmission.
Men who pay for sex can contribute to HIV transmission through sexual relationships with
both sex workers and their other partners. To characterize the population of men who pay
for sex in sub-Saharan Africa (SSA), we analyzed population size, HIV prevalence, and use
of HIV prevention and treatment.

Methods and findings

We performed random-effects meta-analyses of population-based surveys conducted in
SSA from 2000 to 2020 with information on paid sex by men. We extracted population size,
lifetime number of sexual partners, condom use, HIV prevalence, HIV testing, antiretroviral
(ARV) use, and viral load suppression (VLS) among sexually active men. We pooled by
regions and time periods, and assessed time trends using meta-regressions. We included
87 surveys, totaling over 368,000 male respondents (1554 years old), from 35 countries
representing 95% of men in SSA. Eight percent (95% Cl 6%—10%; number of surveys [Ns] =
87) of sexually active men reported ever paying for sex. Condom use at last paid sex
increased over time and was 68% (95% Cl 64%—71%; Ns = 61) in surveys conducted from
2010 onwards. Men who paid for sex had higher HIV prevalence (prevalence ratio [PR] =
1.50; 95% CI 1.31-1.72; N5 = 52) and were more likely to have ever tested for HIV (PR =
1.14; 95% CI 1.06—1.24; N; = 81) than men who had not paid for sex. Men living with HIV
who paid for sex had similar levels of lifetime HIV testing (PR = 0.96; 95% CI 0.88—1.05; Ny
=18), ARV use (PR =1.01; 95% CI 0.86-1.18; N5 = 8), and VLS (PR = 1.00; 95% CI 0.86—
1.17; N5 = 9) as those living with HIV who did not pay for sex. Study limitations include a
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reliance on self-report of sensitive behaviors and the small number of surveys with informa-
tion on ARV use and VLS.

Conclusions

Paying for sex is prevalent, and men who ever paid for sex were 50% more likely to be living
with HIV compared to other men in these 35 countries. Further prevention efforts are
needed for this vulnerable population, including improved access to HIV testing and condom
use initiatives. Men who pay for sex should be recognized as a priority population for HIV
prevention.

Author summary

Why was this study done?

« Key populations, including sex workers, are at a high risk of HIV acquisition and
transmission.

« Clients of sex workers often have central roles in HIV transmission networks: they have
sexual contacts with both sex workers and other partners.

o Despite their vulnerability to HIV acquisition and transmission, male clients of sex
workers are not formally recognized as a key population.

o Characterizing HIV epidemiology among men who pay for sex is important to under-
stand their HIV burden and, ultimately, develop appropriate interventions.

What did the researchers do and find?

o We performed meta-analyses of 87 population-based surveys from sub-Saharan Africa
(2000-2020) to estimate pooled proportions of men who ever paid for sex, condom use
during paid sex, HIV prevalence, and HIV prevention and treatment outcomes.

« Upto 1 in 10 sexually active men in these surveys reported ever paying for sex, and con-
dom use during paid sex has remained suboptimal, at 68% over the last decade.

 Men living in urban areas were more likely than those in rural areas to report ever pay-
ing for sex, and younger men (15-24 years) were more likely to have paid for sex in the
past 12 months.

o HIV prevalence was higher among men who ever paid for sex as compared to those who
did not.
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What do these findings mean?

» Men who pay for sex continue to constitute a distinct population subgroup at high risk
of HIV acquisition and transmission. They should be recognized as a priority popula-
tion for HIV prevention.

» Without increased HIV prevention efforts among clients of sex workers, including
improved access to HIV testing and condom use initiatives, female sex workers and
their clients will continue to be at risk of HIV acquisition.

Introduction

Despite continued efforts to control HIV epidemics, 1.7 million new HIV infections occurred
in 2019, with the greatest disease burden found in sub-Saharan Africa (SSA) [1]. In 2014, the
Joint United Nations Programme on HIV/AIDS (UNAIDS) announced its objective to end
AIDS by 2030 by considerably increasing diagnosis, treatment, and viral suppression among
people living with HIV [2]. To achieve the HIV incidence reduction targets, interventions
must prioritize key populations, which include sex workers, men who have sex with men, peo-
ple who inject drugs, transgender people, and incarcerated people [3]. Key populations have
unmet HIV prevention needs and contribute disproportionately to HIV transmission dynam-
ics. Worldwide, over 60% of new adult HIV infections in 2019 were in individuals from key
populations and their partners [1]. Even in high HIV prevalence settings, focusing HIV pre-
vention approaches on key populations is important for limiting transmission [4].

Globally, sex workers experience a high HIV burden. Worldwide, an estimated 12% of
female sex workers were living with HIV in 2011, reaching 37% in SSA [5]. The increased HIV
acquisition risk among female sex workers is exacerbated by structural factors—including
criminalization of sex work, stigma, and physical and sexual violence—which undermine sex
worker engagement in HIV risk reduction behaviors and prevention [6-8]. Modeling studies
suggest that the population attributable fraction of new HIV infections due to sex work ranges
from less than 5% to 95%, depending on context [9-14]. This population-level impact is the
result of chains of transmission linking sex workers and their clients to partners not involved
in sex work [15].

Despite the central position of men who pay for sex in sexual networks, there has been com-
paratively little attention devoted to systematically reviewing representative epidemiological
data on these men and on interventions focused on this population. Clients of sex workers are
not designated, nor recognized, as a key population by UNAIDS, in part because of their lack
of perceived structural vulnerabilities [1]. However, neglecting this population places the
responsibility to prevent HIV transmission solely on sex workers. Developing appropriate
interventions for clients of sex workers can be challenging and requires a granular understand-
ing of the population sizes, sexual behaviors, HIV epidemiology, and uptake of HIV preven-
tion interventions of this group. As with other key populations, clients of sex workers are hard
to reach, and there can be wide variations in the definition of sex work [16]. Time-location
surveys that collect information on clients of sex workers are often limited by their high non-
response rates and lack of representativeness [17-19]. In contrast, nationally representative
population-based surveys that collect information on paid sex may provide a promising alter-
native for characterizing men who pay for sex [20,21]. However, these surveys rely on self-
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reports, which are susceptible to underreporting of stigmatized behaviors such as paid sex
[22].

The goal of this study is to improve our understanding of the complex HIV transmission
dynamics arising from sex work. To achieve this, we first synthesize national population-based
surveys conducted in SSA from 2000 to 2020 that collected information on paid sex ever. Sec-
ond, we use meta-analyses to estimate population sizes, lifetime number of sexual partners,
condom use, and HIV prevalence, testing, and treatment outcomes among men who do, and
do not, pay for sex in SSA.

Methods
Data sources and selection criteria

We searched for nationally representative population-based surveys conducted in SSA over
the time period 2000-2020 with available microdata on ever paying for sex (Table A S1 Text).
Specifically, we considered Demographic and Health Surveys (DHS), AIDS Indicator Surveys
(AISs) (https://dhsprogram.com/methodology/survey-types/ais.cfm), Population-based HIV
Impact Assessment (PHIA) (https://phia-data.icap.columbia.edu/), Multiple Indicator Cluster
Surveys (MICS) (https://mics.unicef.org/surveys), and other country-specific population-
based surveys (e.g., Kenya AIDS Indicator Survey [KAIS] and South Africa National HIV
Prevalence, Incidence, Behaviour and Communication Survey [SABSSM]; Table A in S1 Text).
We included all available surveys and did not exclude based on survey language.

Variables of interest and definitions

We extracted data on paid sex (ever and past 12 months), lifetime number of sexual partners,
condom use during last paid sex, HIV serostatus, HIV testing history (ever and past 12
months), antiretroviral (ARV) use (as determined by ARV biomarker data), and viral load sup-
pression (VLS) among sexually active men. For most surveys, men were identified as having
ever paid for sex if (1) they reported that any of their last 3 sex partners was a sex worker or (2)
they reported either ever paying for sex or doing so in the past 12 months. Men who had never
had sex were excluded.

Data analysis

Using respondent-level data from each survey, we calculated relevant estimands, along with
their 95% confidence intervals (95% Cls), for men aged 15-54 years, accounting for complex
survey designs (i.e., survey weights, stratification, and clustering). We did not pool estimates if
denominators were smaller than 10. We pooled outcomes using inverse-variance-weighted
random-effects meta-analysis with the empirical Bayes estimator for heterogeneity. We used I*
statistics to assess heterogeneity across estimates [23]. We calculated the following estimands:
pooled proportions of men who paid for sex ever and in the past 12 months; pooled propor-
tions of men who used a condom during their last paid sex; pooled proportions of men who
ever tested for HIV; HIV prevalence among men who paid for sex; prevalence ratios (PRs) of
HIV, HIV testing history (ever and past 12 months), ever HIV testing among people living
with HIV, ARV use, and VLS among men who had paid for sex and those who had not; and
mean and ratio of means (log-transformed) of lifetime number of sexual partners for men who
had paid for sex and those who had not. Meta-analyses were performed on logit-transformed
proportions and log-transformed PRs. Calculations were stratified by regions and by time
periods (2000-2009 and 2010-2020). When calculating lifetime number of sexual partners and
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the PRs for HIV and HIV testing, we standardized results by age and urban/rural residence
type.

We performed univariable meta-regression to assess whether the proportion of men who
paid for sex, condom use at last paid sex, HIV testing, HIV prevalence, and PRs of HIV and
HIV testing (ever and in the past 12 months) varied by survey year and whether the proportion
of men who paid for sex varied by age and urban/rural residence type. Meta-regression was
performed using logit-transformed proportions and log-transformed PRs, and we assessed
time trends by using our models to estimate outcomes in 2010 and 2020. These analyses were
not pre-registered. R software was used (4.0.0), and the DHS/AIS data were extracted using the
rdhs package [24]. Survey data were analyzed with the survey package [25], and meta-analyses
were performed using the metafor package [26]. This meta-analysis was reported in accor-
dance with MOOSE guidelines [27].

Ethics

All analyses were performed on anonymized, de-identified data. DHS/AIS survey protocols
were approved by the Institutional Review Board of ICF International in Calverton, MD, US,
and other surveys (PHIA, KAIS, and SABSSM) were approved by the relevant country authori-
ties. Ethics approval for secondary data analyses was obtained from McGill University’s Fac-
ulty of Medicine Institutional Review Board (A10-E72-17B).

Results
Description of included surveys

Our review identified 226 nationally representative population-based surveys, of which 87 (78
DHS/AISs, 6 PHIAs, 2 SABSSMs, and 1 KAIS) included information on men ever paying for
sex. These surveys were conducted in 35 countries and included 368,283 unique sexually active
male respondents aged 15 to 54 years (Fig 1). Together, these 35 countries represent 95% of
men in SSA [28]. Survey questions were sufficiently standardized for them to be pooled
(Table B in S1 Text). Twenty-six countries had more than 1 included survey, and the median
year of data collection was 2012. Under two-thirds of surveys had information on HIV sero-
prevalence (number of surveys [N;] = 52), but only 9% had information on ARV biomarkers
(Ns = 8),and 10% on VLS (N, =9).

All 87 surveys were included to calculate the proportion of men who reported ever paying
for sex (Fig 2). Fifty-two surveys were included in analyses of HIV prevalence and PRs (Fig 2);
the Zambia 2013-14 DHS survey was not included in this analysis because of concerns about
the accuracy of the results of the HIV testing algorithm assay [29]. Surveys were included in
other analyses based on inclusion of relevant questions.

Population size and lifetime number of sexual partners

The pooled proportion of sexually active men who reported ever paying for sex in SSA was
8.0% (95% CI 6.1%-10.3%, N, = 87, I> = 100%; Fig 3; Table C in S1 Text), with the highest pro-
portions in Central and Eastern Africa, at 11.9% and 11.3%, respectively. Proportions were
similar for surveys conducted from 2010 onwards (8.5%, 95% CI 6.4%-11.2%, N, = 64, I* =
100%) and before 2010 (6.7%, 95% CI 4.0%-10.9%, N, = 23, I* = 100%; Table D in S1 Text).
There were no time trends in the proportion of men who paid for sex from 2000 to 2020
(Table E in S1 Text). Men residing in urban areas were more likely to report ever paying for
sex (9.7%, 95% CI 7.3%-12.7%) than those from rural areas (7.1%, 95% CI 5.2%-9.6%; Table F
in S1 Text). The pooled proportion of sexually active men who paid for sex in the past 12
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Fig 1. Surveys with questions about ever paying for sex, by country and year, 2000-2020. Points represent population-based surveys conducted in sub-Saharan
Africa from 2000 to 2020 and asking men about ever paying for sex. Circles represent surveys with data on HIV testing, while triangles represent surveys without data
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https://doi.org/10.1371/journal.pmed.1003861.g001

months was 2.7% (95% CI 2.1%-3.5%, N, = 79, I* = 100%). Younger men (15-24 years) were
more likely to report paying for sex in the past 12 months (5.1%, 95% CI 3.6%-7.1%) than
those aged 35-54 years (2.2%, 95% CI 1.5%-3.2%; Table G in S1 Text).

Men who paid for sex had an average 12.0 lifetime sexual partners (standardized; 95% CI
10.9-13.1, N, = 68, I* = 100%). The average lifetime number of partners was highest in Central
Africa (19.6, 95% CI 15.5-24.8, N, = 9, I* = 100%) and lowest in Eastern Africa (10.2, 95% CI
9.1-11.3, N, = 24, I* = 100%). Across all 4 regions, men who paid for sex had consistently more
lifetime sexual partners, with an average 2.3 times more partners compared to men who did
not pay for sex (standardized; 95% CI 2.1-2.4, N, = 68, I’ = 100%; Fig C in S1 Text).

Condom use

Among men who reported paid sex in the past year, 62.2% used a condom the last time they
paid for sex (95% CI 57.4%-66.7%, N = 84, I* = 97%; Fig 4; Fig D in S1 Text), with the highest
proportion in Southern Africa, at 76.6% (95% CI 65.8%-84.7%, N, = 11, I? = 88%), and lowest
proportion in Eastern Africa, at 55.2% (95% CI 46.5%-63.6%, N; = 35, I? = 98%). We did not
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Fig 2. Flowchart of population-based survey inclusion in each analysis. A total of 226 population-based surveys conducted in sub-Saharan Africa from 2000 to 2020
were reviewed, and 87 were identified as having information on paid sex ever among men. Surveys were included in each analysis based on availability of relevant

information.

https://doi.org/10.1371/journal.pmed.1003861.g002

compare condom use at last paid sex with condom use at last sex among men who did not pay
for sex because condom use depends strongly on partner type. Condom use at last paid sex
increased over time (odds ratio per decade 1.07, 95% CI 1.04-1.11; estimate for 2010: 60.4%,
95% CI 55.8%—64.7%; estimate for 2020: 75.7%, 95% CI 70.6%—-80.2%; Table E in S1 Text).
Pooling by time period, condom use at last paid sex was higher for surveys conducted from
2010 onwards (67.5%, 95% CI 63.9%-70.9%, N, = 61) than for surveys conducted before 2010
(46.6%, 95% CI 37.9%-55.4%, N, = 23; Table D and Fig E in S1 Text).

HIV prevalence

The pooled HIV prevalence among men who paid for sex was 5.1% (95% CI 3.4%-7.5%, N, =
52, I = 98%; Fig F in S1 Text). This varied greatly across regions and was highest in Southern
Africa and lowest in Central Africa. The pooled, standardized PR between HIV among men
who paid for sex and those who did not was 1.50 (95% CI 1.31-1.72, N, = 52, I? = 87%; Fig 5).
Men who paid for sex were more likely to be living with HIV than men who did not pay for
sex in all 4 regions, with the highest ratio in Western Africa (1.67, 95% CI 1.10-2.53, N, = 18,
P = 63%).

HIV prevalence among men who paid for sex decreased slightly over time (odds ratio per
year 0.98, 95% CI 0.95-1.01; estimate for 2010: 5.5%, 95% CI 3.7%-8.2%; estimate for 2020:
3.6%, 95% CI 1.6%-8.1%), but uncertainty was large, and this finding was also consistent with
a stable HIV prevalence (Table E in S1 Text). Pooled HIV prevalence was lower for surveys
conducted from 2010 onwards compared to surveys conducted before 2010 (Table D in
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Survey n N Proportion, % [95% CI]
Period: 2010-2020
Central Africa
Cameroon 2018 630 5143 - 12.2[11.4,13.2)
Angola 2015 511 5170 - 9.9[9.1,10.7]
Chad 2014-15 403 3802 —-— 10.6[9.7,11.6]
DRC 2013-14 2377 7182 —— 33.1[32.0,34.2)
Gabon 2012 812 5004 - 16.2[15.2,17.3]
Cameroon 2011 277 5277 - 5.2[4.7, 5.9]
Congo 2011-12 1773 4591 — 38.6 [37.2,40.0]
Pooled (N.= 7; I2 = 100%) N 15.2 (5.8, 34.3]
Western Africa
Gambia 2019-20 276 3238 —-— 8.5(7.6, 9.5]
Liberia 2019-20 393 3558 —-— 11.0 [10.1,12.1]
Senegal 2019 47 1935 - 24[18, 3.2]
Sierra Leone 2019 629 5851 - 10.8 [10.0, 11.6]
Guinea 2018 203 3065 - 6.6(5.8, 7.6]
Mali 2018 256 3480 - 7.4[6.5, 8.3
Nigeria 2018 634 9385 - 6.8(6.3, 7.3
Senegal 2018 71 2149 - 3.3[26, 4.1]
Benin2017-18 606 5843 - 10.4[9.6,11.2]
Cote dlvoire 2017-18 278 7703 [ 3.6[3.2, 4.0]
Senegal 2017 162 4307 - 38(3.2, 44
Senegal 2016 42 1799 - 23[1.7, 3.1]
Senegal 2015 45 2063 - 22[16, 2.9
Ghana 2014 256 3327 - 7.7[6.8, 8.'711
Senegal 2014 129 1755 — 7.4[6.2, 8.
Gambia 2013 61 2529 - 24[1.9, 3.1]
Liberia 2013 401 3564 —-— 11.3[10.3,12.3]
Nigeria 2013 815 12435 [ 6.6(6.1, 7.0]
Sierra Leone 2013 434 5983 - 7.3[6.6, 7.9]
Togo 2013-14 209 3482 - 6.0(5.3, 6.8]
Benin 2011-12 392 4052 - 9.7(8.8,10.6]
Cote dlvoire 2011-12 531 4278 - 12.4 [11.5,13.4]
Guinea 2012 179 3011 - 59(5.2, 6.8
Mali 2012-13 262 3421 - 7.7(6.8, 8.6)
Niger 2012 51 2725 - 1.9[1.4, 2.5]
Burkina Faso 2010 386 4996 - 7.7[7.0, 8.5
Senegal 2010-11 221 2712 —-— 8.1[72, 9.2
Pooled (N=27; I = 99%) <> 6.0[4.4,8.0]
Eastern Africa
Zambia 2018 1758 10004 - 17.6[16.8,18.3)
Burundi 2016-17 250 4926 - 5.1[4.5, 5.
Ethiopia 2016 337 8767 ] 3.8[3.5, 4.3]
Uganda 2016 412 4464 - 9.2(8.4,10.1]
Zambia 2016 1211 7539 - 16.1(15.3,16.9]
Malawi 2015-16 ~ DHS 1321 6393 —-— 20.7[19.7,21.7)
Malawi 2015-16 - PHIA 1194 6754 —-— 17.7 [16.8, 18.6]
Mozambique 2015 952 4589 —— 20.7 [19.6,21.9]
Rwanda 2014-15 271 3674 - 7.4[6.6, 8.3
Zimbabwe 2015 1661 6554 - 25.3 [24.3,26.4]
Kenya 2014 1114 10728 - 10.4[9.8,11.0
Zambia 2013-14 1883 12318 - 16.3[14.7,15.9]
Comoros 2012 284 1578 — 18.0[16.2,20.0]
Kenya 2012 1894 11454 - 16.5[15.9,17.2]
Tanzania 2011-12 1165 6521 —-— 17.9[17.0,18.8]
Ethiopia 2011 864 9545 - 9.1[8.5, 9.6]
Mozambique 2011 955 3436 . 27.8(26.3,29.3]
Uganda 2011 146 1902 —— 7.7(6.6, 9.0)
Burundi 2010 83 2865 - 2.9[2.3, 3.6]
Malawi 2010 698 5795 - 12.0 [11.2,12.9]
Rwanda 2010 280 3570 - 7.8(7.0, 8.8]
Tanzania 2010 149 1560 . 9.6[8.2,11.1]
Zimbabwe 2010-11 1339 5669 —_ 236 [22.5,24.7)
Pooled (Ng= 23; I = 100%) = 12.4[8.3,18.0]
Southern Africa
Namibia 2017 266 6766 - 39(35, 4.4]
South Africa 2017 297 4906 - 6.1[5.4, 6.8]
Eswatini 2016-2017 64 3514 - 1.8[1.4, 2.3]
Lesotho 2016-17 400 4523 - 8.8[8.1, 9.7]
South Africa 2016 151 3018 - 50[4.3, 5.8
Lesotho 2014 315 2470 —— 12.8 [11.5,14.1]
Namibia 2013 100 3577 = 2.8[2.3, 3.4]
Pooled (N= 7; I* = 99%) g 5.0[2.7,9.1]
Post-2010 pooled (N,= 64; I = 100%) o 85(6.4,11.2)
Period: 2000-2009
Central Africa
Cameroon 2004 146 4275 - 3.4[2.9, 4.0]
Chad 2004 38 1447 - 26[1.9, 3.6
Gabon 2000 425 1687 _— 26.2[23.2,27.3]
Pooled (Ng= 3; I? = 100%) — s —— 5.4 [0.2, 68.4]
Western Africa
Guinea 2005 33 2606 - 1.3[0.9, 1.8
Senegal 2005 31 2301 - 1.3[0.9, 1.9]
Ghana 2003 305 3695 - 83(7.4, 9.2]
Nigeria 2003 227 1721 — 13.2[11.7,14.9]
Pooled (N= 4; I* = 99%) < ——— 3.8[0.5,23.2]
Eastern Africa
Ethiopia 2005 49 3543 - 1.4(1.0, 1.8]
Rwanda 2005 34 3363 L] 1.0[0.7, 1.4]
Madagascar 2003-04 87 1999 —-— 4.4[35, 53]
Malawi 2004 597 2891 — 207 [19.2,22.2]
Tanzania 2004-05 305 1911 — 16.0 [14.4,17.
Kenya 2003 457 3003 — 15.2(14.0,16.5)
Mozambique 2003 669 2462 —_ 27.2[25.5,29.0]
Zambia 2001-02 446 1686 e 26.5 [24.4, 28.6]
Ethiopia 2000 337 1787 —_— 18.9[17.1,20.7]
Malawi 2000 574 2485 e 231 [21.5,24.8]
Rwanda 2000 74 1535 —-— 4.8(3.9, 6.0]
Uganda 2000-01 79 1452 - 5.4[4.4, 6.7
Pooled (Ng=12; I = 100%) e 9.5[4.6, 18.6]
Southern Africa
Lesotho 2009 138 2295 —-— 6.0[5.1, 7.1]
Lesotho 2004 144 2680 - 5.4[4.6, 6.3]
South Africa 2002 48 2093 - 2.3[1.7, 3.0]
Namibia 2000 82 2235 - 3.7[3.0, 4.5]
Pooled (Ny= 4; I = 95%) o 4.1[2.1,8.0]
Pre-2010 pooled(N,= 23; I* = 100%) 2o 6.7[4.0,10.9]
Overall pooled (Ng=87; ¥ = 100%) < 8.01[6.1,10.3]
T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0

Proportion (%)
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Fig 3. Forest plots of proportions of sexually active men who ever paid for sex. Data from 87 population-based
surveys (78 DHS/AISs, 6 PHIAs, 2 SABSSMs, 1 KAIS) were collected and meta-analyses conducted to determine the
proportion of men who have ever paid for sex. Pooled proportions were calculated for each region for both post-2010
(2010-2020) and pre-2010 (2000-2009) surveys, and overall. AIS, AIDS Indicator Survey; DHS, Demographic and
Health Surveys; DRC, Democratic Republic of the Congo; KAIS, Kenya AIDS Indicator Survey; PHIA, Population-
based HIV Impact Assessment; SABSSM, South African National HIV Prevalence, Incidence, Behaviour and
Communication Survey.

https://doi.org/10.1371/journal.pmed.1003861.9003

S1 Text). There was a small reduction with time in the HIV PR between men who paid for sex
and those who did not (Table E in S1 Text).

HIV testing

Men who paid for sex were more likely to report having tested for HIV ever and in the past 12
months (Figs G and H in S1 Text) compared to those who did not pay for sex. The pooled,
standardized PR for having ever tested for HIV was 1.14 (95% CI 1.06-1.24, N, = 81, I’ =
98%), while the pooled, standardized PR for testing in the past 12 months was 1.09 (95% CI
1.00-1.18, N, = 76, I = 95%). There were no time trends in the PR of HIV testing (Table E in
S1 Text).

Across regions, men who paid for sex were generally more likely to have been tested for
HIV compared to men who did not pay for sex. The PR of ever HIV testing was highest in
Western Africa and lowest in Central Africa (Fig G in S1 Text), while the PR of testing in the
past 12 months was highest in Central Africa and lowest in Eastern Africa (Fig H in S1 Text).

Among men who paid for sex, the pooled proportion ever tested for HIV was 34.4% (95%
CI26.9%-42.7%, N, = 81, I* = 99%; Table C in S1 Text). This proportion was highest in South-
ern Africa and lowest in Western Africa. Lifetime HIV testing among men who paid for sex
increased over time (odds ratio per year 1.15, 95% CI 1.10-1.20; estimate for 2010: 31.9%, 95%
CI 25.5%-39.1%; estimate for 2020: 64.9%, 95% CI 52.0%-75.9%; Table E in S1 Text).

Among those living with HIV, the proportion ever tested for HIV was similar among men
who paid for sex and those who did not (PR 0.96, 95% CI 0.88-1.05, N, = 18, I = 83%; Fig I in
S1 Text). When pooled by region, men living with HIV who paid for sex were less likely to
have ever tested for HIV than men living with HIV who did not pay for sex in all 4 regions,
although all confidence intervals crossed the null (Fig I in S1 Text).

ARV use and VLS

Few surveys with sufficient denominators included information on ARV biomarkers (N; = 8)
and viral load (N, = 9). For people living with HIV, there was no evidence of a difference in
ARV biomarker coverage among men living with HIV who paid for sex compared to those
who did not (PR = 1.01, 95% CI 0.86-1.18, N, = 8, I = 71%; FigJin S1 Text). Results were sim-
ilar for VLS (PR = 1.00, 95% CI 0.86-1.17, N, = 9, I = 51%; Fig K in S1 Text).

Discussion

In this study, we systematically analyzed 87 population-based surveys conducted over 2
decades in SSA. From 2000 to 2020, 8% of sexually active men in SSA reported ever paying for
sex, and this proportion was higher in urban areas. Men who paid for sex were 50% more likely
to be living with HIV compared to men who did not pay for sex, and only 68% of men in the
last decade reported using a condom during their last paid sex. Men who paid for sex had a
slightly higher probability of having ever tested for HIV, but ARV use and VLS among men
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Outcome Surveys
HIV prevalence 52
Central Africa 7
Western Africa 18
Eastern Africa 20
Southern Africa i
Condom use (last paid sex) 84
Central Africa 10
Western Africa 28
Eastern Africa 35
Southern Africa 1"

Outcome

HIV testing ever

Central Africa

Western Africa

Eastern Africa

Southern Africa

HIV testing in last 12 months
Central Africa

Western Africa

Eastern Africa

Southern Africa

HIV testing ever among PLHIV
Central Africa

Western Africa

Eastern Africa

Southern Africa

Antiretroviral (ARV) use
Eastern Africa

Southern Africa

Viral load suppression (VLS)
Eastern Africa

Southern Africa

-

Proportion, % [95% CI]
51[34,7.5]
1.9[1.0,3.7]
25[2.0,3.2]

8.2[5.2,12.8]

18.8 [4.3, 54.6]
62.2 [57.4, 66.7]
68.0 [55.0, 78.7]
62.2 [57.6, 66.6]
55.2 [46.5, 63.6]
76.6 [65.8, 84.7]

0 20 30 40 50 60 70 80 90 100
Proportion (%)

Surveys Prevalence Ratio [95% CI]
81 1.14 [1.06, 1.24]
10 1.03 [0.70, 1.52]
28 —_— 1.30[1.12, 1.50]
35 —— 1.05[0.95, 1.15]

8 —— 1.08 [0.95, 1.23]
76 1.09 [1.00, 1.18]
9 1.16 [0.77, 1.74]
28 —_— 1.14 [0.93, 1.40]
30 = 0.99 [0.90, 1.09]
9 - 1.12[1.08, 1.17]
18 0.96 [0.88, 1.05]
5 —— 0.86 [0.74, 0.99]
2 0.88[0.10, 7.66]
8 —a— 0.95[0.84, 1.07]
3 0.76 [0.19, 3.01]
8 1.01[0.86, 1.18]
4 1.03 [0.68, 1.57]
4 _— 0.98 [0.74, 1.31]
9 1.00 [0.86, 1.17]
4 —— 0.97 [0.77, 1.22]
5 —_— 1.03[0.72, 1.47]
I T 1 \ 1 1
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Fig 4. Pooled estimates of HIV prevalence, condom use at last paid sex, HIV testing history, antiretroviral use, and viral load
suppression among men who paid for sex, overall and stratified by sub-Saharan Africa regions. Meta-analysis was performed for each
outcome, and pooled proportions were calculated by region and overall. Analyses for HIV prevalence and HIV testing history were
standardized by age and urban/rural residence type. PLHIV, people living with HIV.

https://doi.org/10.1371/journal.pmed.1003861.g004

who paid for sex were similar to those among men who did not pay for sex, although the evi-
dence for ARV use and VLS were limited to fewer countries.

We found important regional variations in reports of paid sex. A higher proportion of men
reported ever paying for sex in Central and Eastern Africa compared to Western and Southern
Africa, which is consistent with a 2006 systematic review [16]. The overall proportion of sexu-
ally active men who paid for sex in the past 12 months was 2.7%, which is lower than an esti-
mate of 4.3% from a review of 2010-2016 DHS surveys [30]. Differences can be explained by
the present study including more surveys, representing more participants and 8 more coun-
tries. Also, our main analyses use lifetime measures of paid sex, which may be less prone to
underreporting and social desirability bias than measures of recent paid sex. However, our
population size estimates for clients of sex workers are probably lower bounds because of
potential non-disclosure of paid sex. For example, the proportion of adult women engaged in
sex work is estimated to range from 0.4% to 4.3% [31]. Given these numbers, it is unlikely that
our estimate of 8% of men paying for sex would be sufficient to sustain this number of women
engaging in sex work, although a study from Rwanda reported similar numbers of female sex
workers and clients [32]. All surveys included here used face-to-face interviewer-administered
questionnaires. Responses could be affected by social desirability bias, and this bias could be
greater than for alternative confidential survey methods such as polling booth surveys [22].

Consistent with regional variations in population HIV prevalence, HIV prevalence among
men who paid for sex was highest in Southern Africa and lowest in Central and Western Africa
[1]. Men who paid for sex were more likely to be living with HIV than men who did not pay
for sex, which is consistent with a 2008 analysis [33]. A similar finding was also found for
female sex workers, whose odds of living with HIV were 12 times higher than that of all
women aged 15-49 years [5]. HIV prevalence among men who paid for sex was lower in sur-
veys conducted from 2010 onwards compared to surveys conducted before 2010, but uncer-
tainty was large, and we cannot rule out that prevalence among this group remained stable.
Although HIV prevalence was lowest in Western Africa, this region had the highest HIV PR
comparing men who pay for sex with those who do not. In these settings, adding interventions
that focus on the unmet prevention needs of men who pay for sex may be more cost-effective
than those focused on the general population [34].

Men who paid for sex were more likely to have ever tested for HIV across regions and time.
The PR for lifetime HIV testing between men who paid for sex and men who did not was high-
est in Western Africa and lowest in Central Africa. Higher risk perception encouraging testing,
or greater availability of testing in areas with higher HIV burden, may explain this result
[35,36]. Men living with HIV who paid for sex were equally likely to have been tested as those
who did not paid for sex, which could have implications for knowledge of HIV status in this
group. A recent study found that diagnosis coverage and time to diagnosis in SSA have drasti-
cally improved over the last decade, but in 2020 the largest group of individuals unaware of
their status was men [37]. Distribution of HIV self-tests to sex workers, who can then distrib-
ute the tests to peers, clients, and partners, may further improve knowledge of status among
men who pay for sex [38]. This approach is preferable to interventions such as index testing
that require sex workers to disclose the identity of their male clients, which could put the sex
workers at risk of violence, loss of sex work income, or both [6].

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 11/18


https://doi.org/10.1371/journal.pmed.1003861.g004
https://doi.org/10.1371/journal.pmed.1003861

PLOS MEDICINE HIV among men who pay for sex in sub-Saharan Africa

Survey Paid for Sex Never Paid for Sex Prevalgzr:;:zl;latio
%PLHIV N %PLHIV N [95% CI]

Central Africa

Cameroon 2018 3.4 738 2 4593 —— 1.74[1.13, 2.67
Angola 2015 1.4 438 1.3 4234 — - 1.23 [0.56, 2.68
Chad 2014-15 11 351 15 3397 —a— 0.76 [0.28, 2.08
DRC 2013-14 0.7 2309 0.6 4891 —- 1.29[0.71, 2.34
Gabon 2012 29 844 2.8 4226 - 1.07 [0.70, 1.64
Cameroon 2011 38 272 3.4 5037 — 1.17 [0.65, 2.13
Cameroon 2004 0 133 47 4102 —— 0.08[0.01, 1.28
Pooled (Ng=7; I = 29%) > 1.21 [0.90, 1.63]
Western Africa

Sierra Leone 2019 1.4 502 1.4 4605 —w—— 0.99[0.45, 2.14
Guinea 2018 32 181 1.4 2843 » 2.23[0.96, 5.18
Cote dIvoire 2017-18 0 182 2 7611 ——— 0.13[0.01, 2.14
Senegal 2017 0 167 0.6 3950 0.90[0.12, 6.63
Ghana 2014 15 233 1.3 3071 — - 1.28 [0.46, 3.54
Gambia 2013 27 76 26 2164 1.45[0.47, 4.54
Liberia 2013 14 376 1.7 2922 —a— 0.95[0.41, 2.20
Sierra Leone 2013 3 384 1.3 5362 - 2.39[1.31, 4.37
Togo 2013-14 19 163 21 3349 —=— 1.13 [0.42, 3.07
Cote dlvoire 2011-12 25 470 39 3284 —m— 0.66 [0.37, 1.18
Guinea 2012 24 181 1.7 2898 — 1.66 [0.67, 4.12
Mali 2012-13 21 197 1 2829 » 2.46 [0.96, 6.30
Niger 2012 5 61 0.5 2537 »13.65 [4.53, 41.12
Burkina Faso 2010 1.7 365 0.9 4663 & 2.07[0.94, 4.58
Senegal 2010-11 0 260 09 2254 —=—i———— 0.41[0.06, 3.05
Guinea 2005 39 30 1.3 2509 4.91[1.23,19.56
Senegal 2005 0 26 0.6 2006 5.72[0.78, 42.17
Ghana 2003 36 262 2 2970 - 1.85[0.96, 3.57
Pooled (Ng= 18; I? = 63%) < 1.67 [1.10, 2.53]
Eastern Africa

Zambia 2018 11.3 1638 8.7 8137 - 1.30 [1.11, 1.51
Burundi 2016-17 0.8 241 12 4829 —ai— 0.68[0.17, 2.75
Ethiopia 2016 1.4 454 1 7683 - - 1.58 [0.73, 3.40
Zambia 2016 17.6 1133 10.7 5838 - 1.65[1.43, 1.91
Malawi 2015-16 - DHS 11.5 1081 7.6 4554 - 1.53[1.26, 1.85
Malawi 2015-16 — PHIA 17.9 1154 9 5182 - 1.98 [1.71, 2.31
Mozambique 2015 14.7 776 10.9 3207 - 1.35[1.11, 1.64
Rwanda 2014-15 59 300 3.1 3555 —- 1.92[1.18, 3.11
Zimbabwe 2015 17.4 1444 11 4322 - 1.58[1.38, 1.82
Kenya 2012 5.1 1824 45 9762 - 1.12[0.90, 1.40
Tanzania 2011-12 54 1055 4.8 4751 - 1.11[0.84, 1.47
Ethiopia 2011 41 877 12 8252 —_— 3.35[2.30, 4.87
Burundi 2010 0.4 101 1.8 2757 - 0.54[0.08, 3.88
Malawi 2010 132 643 8.4 4629 i 1.56 [1.25, 1.94
Rwanda 2010 9.1 310 3 3420 : — 3.10[2.09, 4.60
Zimbabwe 2010-11 19.6 1029 12.7 3566 i = 1.55[1.33, 1.80
Ethiopia 2005 26 67 1.6 3067 - 1.88[0.47, 7.58
Rwanda 2005 127 36 3.2 3354 : » 4.16 [1.80, 9.59
Malawi 2004 15 468 9.5 1693 L. 1.59 [1.23, 2.07
Kenya 2003 6.1 375 5.2 2084 —.— 1.16[0.75, 1.79
Pooled (Ng= 20; I = 85%) S 1.62[1.35, 1.94]
Southern Africa :

Namibia 2017 0 219 11.3 6174 — 0.02[0.00, 0.32
Lesotho 2016-17 329 351 24.7 3876 £ 2 1.34 [1.14, 1.56
South Africa 2016 192 95 15.2 1773 - 1.30 [0.85, 1.97
Lesotho 2014 246 285 205 2162 - 1.21[0.97, 1.51
Namibia 2013 17.8 85 13.5 3228 B 1.38[0.88, 2.17
Lesotho 2009 243 152 20.1 2068 - 1.21[0.90, 1.62
Lesotho 2004 346 120 18.3 2133 —a— 1.89[1.46, 2.46
Pooled (Ny= 7; I? = 98%) < 1.11[0.53, 2.30]
Overall Pooled (Ng= 52; I = 87%) e 1.50 [1.31, 1.72]
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Fig 5. Forest plot of standardized HIV prevalence ratios for men who have ever paid for sex compared to men who have never paid for sex. HIV biomarker
data from 52 population-based surveys were collected and meta-analyses conducted to determine HIV prevalence ratios for men who have ever paid for sex
compared to men who have not. Prevalence ratios are standardized by age and urban/rural residence type. Pooled prevalence ratios were calculated for each region
and overall. DHS, Demographic and Health Surveys; DRC, Democratic Republic of the Congo; PHIA, Population-based HIV Impact Assessment; PLHIV, people
living with HIV.

https://doi.org/10.1371/journal.pmed.1003861.g005
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As men who pay for sex often also have female partners not involved in sex work, they may
disproportionally contribute to population-level HIV transmission if virally unsuppressed
[9,15,39]. Our results suggest comparable ARV use and VLS levels among men who paid for
sex and men who did not. However, these estimates are based on a small number of surveys
from 2012-2017, highlighting important data gaps. For SSA as a whole, the 2020 estimates of
ARV use and VLS remain below UNAIDS targets, and men may be less likely to initiate and
adhere to ARV treatment than women [1,40,41]. Treatment access can be facilitated by ser-
vices targeted to men who are more likely to frequent sex workers, such as migrant laborers,
long-distance truck drivers, mine workers, and other men who travel for work [42]. Improving
access to treatment for men who pay for sex is especially important as, from 2010 onwards,
only 68% of men used a condom the last time they paid for sex. A recent analysis of 29 DHS
surveys from 2010-2019 found that, among men who reported condom use at their last paid
sex, 84% reported consistent condom use during paid sex [43], which is higher than our esti-
mates. Since the survey instruments only asked about consistent condom use if men reported
condom use at last paid sex, we would expect consistent condom use measures to be higher.
Altogether, these results suggest that, when men pay for sex and use condoms, they tend to do
so consistently. Nevertheless, clients of sex workers often have decisive power over condom
use during paid sex, and global evidence suggests higher HIV prevalence among clients of sex
workers who do not use condoms [9,44,45]. For these reasons, continued condom use promo-
tion in this population is strongly warranted.

Our results should be interpreted considering several limitations. First, population-based
surveys of sexual behaviors depend on self-reports, so estimates could be affected by recall and
social desirability biases [46-48]. Use of a lifetime measure of paid sex may have alleviated
underreporting, but measures could still be underestimated, and, in the case of measures of
association, this underestimation could attenuate the effect sizes towards the null. Confidential
measures like polling booth surveys or audio computer-assisted self-interviews may improve
accuracy [22,49,50]. Second, survey instruments captured men who have “paid” or, in a few
instances, “given money, gifts, or favors in exchange” for sex. As money can be exchanged for
sex outside of sex work, we cannot be certain that all men in our population are clients of sex
workers. There are many sex work typologies, and transactional sex that involves exchanging
gifts or favors may not have been reported as paid sex. For instance, relationships between
male “sugar daddies” and younger women may be an important type of transactional sex that
is probably not entirely captured in our surveys [51]. This could partly explain the smaller pop-
ulation size estimates for the Southern Africa region. For example, 18% of men in 2 South
Africa provinces reported “ever having sex with a woman in prostitution,” but 66% reported
having had some type of transactional sex [52]. Third, most surveys do not specify the paid
partner’s gender when asking about paid sex, and we cannot be certain that all men in our ana-
lytical sample have paid for sex with a woman. However, the proportion of men who have sex
with men in this region is estimated to be small [53]. Fourth, the included surveys had slightly
different questionnaires and sampling strategies. Nevertheless, questions were largely similar,
and using these multiple data sources allowed us to integrate information from more countries
and respondents. Finally, few surveys had information on ARV treatment and VLS, so these
estimates may not be generalizable to all regions.

Strengths of this study include our exhaustive analysis of all available population-based sur-
veys with information on men who ever paid for sex in SSA, without restriction to any survey
type. We synthesized new information on the epidemiology of HIV and the HIV prevention
and treatment cascades among men who pay for sex. Our large sample size allowed investiga-
tion of patterns by regions and over time, and we estimated adjusted PRs using standardization
to control for the effects of age and urban or rural area of residence.
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Conclusion

Up to 1 in 10 men report ever paying for sex in SSA. To more accurately determine population
sizes of men who pay for sex, improved confidential methods should be employed. Compared
to those who have never paid for sex, men who have paid for sex have over double the lifetime
number of partners, are more likely to be living with HIV, and, despite higher testing, could be
less likely to know their status in some regions. Condom use initiatives and improved access to
HIV testing campaigns are required to prevent HIV transmission from clients to sex workers
and to their other sexual partners. These results suggest that men who pay for sex continue to
constitute a distinct population subgroup at high risk of HIV acquisition and transmission,
and that they should be recognized as a priority population for HIV prevention.

Supporting information

S1 Text. Additional information on the surveys, detailed forest plots, and complementary
statistical analyses. Table A: List of surveys considered and justifications for exclusion.

Table B: Characteristics of population-based surveys conducted between 2000 and 2020 with
available microdata included in analyses. Table C: Number of surveys, pooled estimates, confi-
dence intervals, prediction intervals, and I” values by region and overall for each outcome.
Table D: Pooled estimates, confidence intervals, prediction intervals, and I for 2000-2009 and
2010-2020 for prevalence of paying for sex, condom use at last paid sex, and HIV prevalence
and testing among men who have paid for sex. Table E: Results of univariate meta-regression
for survey year. Table F: Pooled estimates, confidence intervals, prediction intervals, and I* val-
ues for prevalence of paying for sex ever and in the past 12 months by urban/rural residence
type. Table G: Pooled estimates, confidence intervals, prediction intervals, and I* values for
prevalence of paying for sex ever and in the past 12 months by age groups. Fig A: Flow charts
of “HIV testing history” and “men who have ever paid for sex.” Fig B: Men ever paying for sex
over time, by country. The proportion of sexually active men reporting ever paying for sex was
calculated for 87 population-based surveys and plotted over time for countries with 3 or more
surveys. Fig C: Bar graph of standardized mean lifetime number of sex partners for men who
have paid for sex compared to men who have not, by survey. Fig D: Forest plot of proportion
of men who paid for sex who reported condom use at last paid sex. Fig E: Condom use at last
paid sex over time, by country. Fig F: Forest plot of standardized HIV prevalence for men who
have paid for sex. Data from 52 population-based surveys was collected and meta-analysis con-
ducted to determine HIV prevalence among men who reported having paid for sex. Prevalence
is standardized by age and urban/ rural residence type. Proportions were pooled by region and
overall. Fig G: Forest plot of standardized prevalence ratios for HIV testing ever among men
who have paid for sex compared to men who have not. Fig H: Forest plot of standardized prev-
alence ratios for HIV testing in the last 12 months among men who have paid for sex com-
pared to men who have not. Fig I: Forest plot of standardized prevalence ratios for HIV testing
ever among men living with HIV who have paid for sex compared to men who have not. Fig J:
Forest plot of prevalence ratios of antiretroviral use among men living with HIV who have
paid for sex compared to men who have not. Fig K: Forest plot of prevalence ratios of viral
load suppression among men living with HIV who have paid for sex compared to men who
have not.

(DOCX)

Acknowledgments
We thank Dr. Michel Alary for useful feedback and suggestions on this study.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 14/18


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003861.s001
https://doi.org/10.1371/journal.pmed.1003861

PLOS MEDICINE

HIV among men who pay for sex in sub-Saharan Africa

Author Contributions

Conceptualization: Lycias Zembe, Jeffrey W. Eaton, Marie-Claude Boily, Mathieu Maheu-
Giroux.

Data curation: Caroline Hodgins.

Formal analysis: Caroline Hodgins, James Stannah, Salome Kuchukhidze.

Funding acquisition: Mathieu Maheu-Giroux.

Supervision: Lycias Zembe, Jeffrey W. Eaton, Marie-Claude Boily, Mathieu Maheu-Giroux.

Writing - original draft: Caroline Hodgins, James Stannah, Salome Kuchukhidze, Mathieu
Maheu-Giroux.

Writing - review & editing: Caroline Hodgins, James Stannah, Salome Kuchukhidze, Lycias
Zembe, Jeffrey W. Eaton, Marie-Claude Boily, Mathieu Maheu-Giroux.

References

1. Joint United Nations Programme on HIV/AIDS. UNAIDS data 2020. Geneva: Joint United Nations Pro-
gramme on HIV/AIDS; 2020 [cited 2021 May 17]. Available from: https://www.unaids.org/sites/default/
files/media_asset/2020_aids-data-book_en.pdf.

2. Joint United Nations Programme on HIV/AIDS. Fast track: ending the AIDS epidemic by 2030. Geneva:
Joint United Nations Programme on HIV/AIDS; 2014 [cited 2021 May 17]. Available from: https://www.
unaids.org/sites/default/files/media_asset/JC2686_WAD2014report_en.pdf.

3. World Health Organization. Consolidated guidelines on HIV prevention, diagnosis, treatment, and care
for key populations. Geneva: World Health Organization; 2016 [cited 2021 May 17]. Available from:
http://apps.who.int/iris/bitstream/handle/10665/246200/9789241511124-eng.pdf?sequence=8.

4. TanserF, de Oliveira T, Maheu-Giroux M, Barnighausen T. Concentrated HIV subepidemics in general-
ized epidemic settings. Curr Opin HIV AIDS. 2014; 9:115-25. https://doi.org/10.1097/COH.
0000000000000034 PMID: 24356328

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

6. Deering KN, Amin A, Shoveller J, Nesbitt A, Garcia-Moreno C, Duff P, et al. A systematic review of the
correlates of violence against sex workers. Am J Public Health. 2014; 104:e42-5. https://doi.org/10.
2105/AJPH.2014.301909 PMID: 24625169

7. Wirtz AL, Schwartz S, Ketende S, Anato S, Nadedjo FD, Ouedraogo HG, et al. Sexual violence, con-
dom negotiation, and condom use in the context of sex work: results from two West African countries. J
Acquir Immune Defic Syndr. 2015; 68:5S171-9. https://doi.org/10.1097/QAI1.0000000000000451 PMID:
25723982

8. Lyons CE, Schwartz SR, Murray SM, Shannon K, Diouf D, Mothopeng T, et al. The role of sex work
laws and stigmas in increasing HIV risks among sex workers. Nat Commun. 2020; 11:773. https://doi.
org/10.1038/s41467-020-14593-6 PMID: 32071298

9. Maheu-Giroux M, Vesga JF, Diabaté S, Alary M, Baral S, Diouf D, et al. Changing dynamics of HIV
transmission in Cote d’lvoire: modeling who acquired and transmitted infections and estimating the
impact of past HIV interventions (1976—2015). J Acquir Immune Defic Syndr. 2017; 75:517-27. https://
doi.org/10.1097/QAI.0000000000001434 PMID: 28471837

10. LowA, Nagot N, Konate I, Meda N, Segondy M, Van de Perre P, et al. Potential impact of existing inter-
ventions and of antiretroviral use in female sex workers on transmission of HIV in Burkina Faso: a
modeling study. J Acquir Immune Defic Syndr. 2015; 68(Suppl 2):S180-8. https://doi.org/10.1097/QAl.
0000000000000441 PMID: 25723983

11. Mukandavire C, Walker J, Schwartz S, Boily M-C, Danon L, Lyons C, et al. Estimating the contribution
of key populations towards the spread of HIV in Dakar, Senegal. J Int AIDS Soc. 2018; 21:e25126.
https://doi.org/10.1002/jia2.25126 PMID: 30033604

12. Alary M, Lowndes CM. The central role of clients of female sex workers in the dynamics of heterosexual
HIV transmission in sub-Saharan Africa. AIDS. 2005; 18:945-7.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 15/18


https://www.unaids.org/sites/default/files/media_asset/2020_aids-data-book_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2020_aids-data-book_en.pdf
https://www.unaids.org/sites/default/files/media_asset/JC2686_WAD2014report_en.pdf
https://www.unaids.org/sites/default/files/media_asset/JC2686_WAD2014report_en.pdf
http://apps.who.int/iris/bitstream/handle/10665/246200/9789241511124-eng.pdf?sequence=8
https://doi.org/10.1097/COH.0000000000000034
https://doi.org/10.1097/COH.0000000000000034
http://www.ncbi.nlm.nih.gov/pubmed/24356328
https://doi.org/10.1016/S1473-3099%2812%2970066-X
http://www.ncbi.nlm.nih.gov/pubmed/22424777
https://doi.org/10.2105/AJPH.2014.301909
https://doi.org/10.2105/AJPH.2014.301909
http://www.ncbi.nlm.nih.gov/pubmed/24625169
https://doi.org/10.1097/QAI.0000000000000451
http://www.ncbi.nlm.nih.gov/pubmed/25723982
https://doi.org/10.1038/s41467-020-14593-6
https://doi.org/10.1038/s41467-020-14593-6
http://www.ncbi.nlm.nih.gov/pubmed/32071298
https://doi.org/10.1097/QAI.0000000000001434
https://doi.org/10.1097/QAI.0000000000001434
http://www.ncbi.nlm.nih.gov/pubmed/28471837
https://doi.org/10.1097/QAI.0000000000000441
https://doi.org/10.1097/QAI.0000000000000441
http://www.ncbi.nlm.nih.gov/pubmed/25723983
https://doi.org/10.1002/jia2.25126
http://www.ncbi.nlm.nih.gov/pubmed/30033604
https://doi.org/10.1371/journal.pmed.1003861

PLOS MEDICINE

HIV among men who pay for sex in sub-Saharan Africa

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Priss-Ustin A, Wolf J, Driscoll T, Degenhardt L, Neira M, Calleja JM. HIV due to female sex work:
regional and global estimates. PLoS ONE. 2013; 8:e63476. https://doi.org/10.1371/journal.pone.
0063476 PMID: 23717432

Boily M-C, Pickles M, Alary M, Baral S, Blanchard J, Moses S, et al. What really is a concentrated HIV
epidemic and what does it mean for West and Central Africa? Insights from mathematical modeling. J
Acquir Immune Defic Syndr. 2015; 68(Suppl 2):S74-82. https://doi.org/10.1097/QAl.
0000000000000437 PMID: 25723994

Gomes do Espirito Santo ME, Etheredge GDMale clients of brothel prostitutes as a bridge for HIV infec-
tion between high risk and low risk groups of women in Senegal. Sex Transm Infect. 2005; 81:342.
https://doi.org/10.1136/sti.2004.011940 PMID: 16061544

Carael M, Slaymaker E, Lyerla R, Sarkar S. Clients of sex workers in different regions of the world: hard
to count. Sex Transm Infect. 2006; 82(Suppl 3):iii26. https://doi.org/10.1136/sti.2006.021196 PMID:
16735289

Voeten HACM, Egesah OB, Ondiege MY, Varkevisser CM, Habbema JDF. Clients of female sex work-
ers in Nyanza Province, Kenya: a core group in STD/HIV transmission. Sex Transm Dis. 2002; 29:444—
52.

Lowndes CM, Alary M, Gnintoungbé CA, Bédard E, Mukenge L, Geraldo N, et al. Management of sexu-
ally transmitted diseases and HIV prevention in men at high risk: targeting clients and non-paying sexual
partners of female sex workers in Benin. AIDS. 2000; 14:2523—-34. https://doi.org/10.1097/00002030-
200011100-00015 PMID: 11101064

Vuylsteke BL, Ghys PD, Traoré M, Konan Y, Mah-Bi G, Maurice C, et al. HIV prevalence and risk
behavior among clients of female sex workers in Abidjan, Cote d’lvoire. AIDS. 2003; 17:1691—4. https:/
doi.org/10.1097/00002030-200307250-00014 PMID: 12853752

Mishra V, Vaessen M, Boerma JT, Arnold F, Way A, Barrere B, et al. HIV testing in national population-
based surveys: experience from the Demographic and Health Surveys. Bull World Health Organ. 2006;
84:537-45. hitps://doi.org/10.2471/blt.05.029520 PMID: 16878227

Hladik W, Benech |, Bateganya M, Hakim AJ. The utility of population-based surveys to describe the
continuum of HIV services for key and general populations. Int J STD AIDS. 2016; 27:5—-12. https://doi.
org/10.1177/09564624 15581728 PMID: 25907348

Béhanzin L, Diabaté S, Minani I, Lowndes CM, Boily M-C, Labbé A-C, et al. Assessment of HIV-related
risky behaviour: a comparative study of face-to-face interviews and polling booth surveys in the general
population of Cotonou, Benin. Sex Transm Infect. 2013; 89:595-601. https://doi.org/10.1136/sextrans-
2012-050884 PMID: 23723251

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 21:1539—
58. https://doi.org/10.1002/sim.1186 PMID: 12111919

Watson O, FitzJohn R, Eaton J. rdhs: an R package to interact with The Demographic and Health Sur-
veys (DHS) Program datasets [version 1; peer review: 1 approved, 1 approved with reservations]. Well-
come Open Res. 2019; 4:103.

Lumley T. survey: analysis of complex survey samples. R package version 4.0. Comprehensive R
Archive Network; 2020.

Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat Softw. 2010; 36(3):1—
48.

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) group. JAMA. 2000; 283:2008—12. https://doi.org/10.1001/jama.283.15.2008
PMID: 10789670

Division Population. World population prospects 2019. New York: United Nations; 2019 [cited 2021
Aug 18]. Available from: https://population.un.org/wpp/.

Maheu-Giroux M, Joseph L, Belisle P, Lancione S, Eaton JW. Assessing the impact of imperfect Immu-
noassays on HIV prevalence estimates from surveys conducted by the DHS Program. Rockville (MD):
ICF; 2017.

Seidu A-A, Darteh EKM, Kumi-Kyereme A, Dickson KS, Ahinkorah BO. Paid sex among men in sub-
Saharan Africa: analysis of the demographic and health survey. SSM Popul Health. 2020; 11:100459.
https://doi.org/10.1016/j.ssmph.2019.100459 PMID: 32875050

Vandepitte J, Lyerla R, Dallabetta G, Crabbé F, Alary M, Buvé A. Estimates of the number of female
sex workers in different regions of the world. Sex Transm Infect. 2006; 82(Suppl 3):iii18.

Rwanda Biomedical Center/Institute of HIV/AIDS Disease Prevention and Control Department, Univer-
sity of Rwanda School of Public Health, UNAIDS, ICF International. Estimating the size of populations
through a household survey (ESPHS): Rwanda 2011. Calverton (MD): ICF International; 2012.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 16/18


https://doi.org/10.1371/journal.pone.0063476
https://doi.org/10.1371/journal.pone.0063476
http://www.ncbi.nlm.nih.gov/pubmed/23717432
https://doi.org/10.1097/QAI.0000000000000437
https://doi.org/10.1097/QAI.0000000000000437
http://www.ncbi.nlm.nih.gov/pubmed/25723994
https://doi.org/10.1136/sti.2004.011940
http://www.ncbi.nlm.nih.gov/pubmed/16061544
https://doi.org/10.1136/sti.2006.021196
http://www.ncbi.nlm.nih.gov/pubmed/16735289
https://doi.org/10.1097/00002030-200011100-00015
https://doi.org/10.1097/00002030-200011100-00015
http://www.ncbi.nlm.nih.gov/pubmed/11101064
https://doi.org/10.1097/00002030-200307250-00014
https://doi.org/10.1097/00002030-200307250-00014
http://www.ncbi.nlm.nih.gov/pubmed/12853752
https://doi.org/10.2471/blt.05.029520
http://www.ncbi.nlm.nih.gov/pubmed/16878227
https://doi.org/10.1177/0956462415581728
https://doi.org/10.1177/0956462415581728
http://www.ncbi.nlm.nih.gov/pubmed/25907348
https://doi.org/10.1136/sextrans-2012-050884
https://doi.org/10.1136/sextrans-2012-050884
http://www.ncbi.nlm.nih.gov/pubmed/23723251
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1001/jama.283.15.2008
http://www.ncbi.nlm.nih.gov/pubmed/10789670
https://population.un.org/wpp/
https://doi.org/10.1016/j.ssmph.2019.100459
http://www.ncbi.nlm.nih.gov/pubmed/32875050
https://doi.org/10.1371/journal.pmed.1003861

PLOS MEDICINE

HIV among men who pay for sex in sub-Saharan Africa

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

48.

49.

50.

Leclerc PM, Garenne M. Commercial sex and HIV transmission in mature epidemics: a study of five
African countries. Int J STD AIDS. 2008; 19:660—4. https://doi.org/10.1258/ijsa.2008.008099 PMID:
18824616

Maheu-Giroux M, Diabaté S, Boily MC, Jean-Paul N, Vesga JF, Baral S, et al. Cost-effectiveness of
accelerated HIV response scenarios in Cote d’Ivoire. J Acquir Immune Defic Syndr. 2019; 80:503—12.
https://doi.org/10.1097/QA1.0000000000001956 PMID: 30649034

Gage AJ, Ali D. Factors associated with self-reported HIV testing among men in Uganda. AIDS Care.
2005; 17:153-65. https://doi.org/10.1080/09540120512331325635 PMID: 15763711

Nnko S, Kuringe E, Nyato D, Drake M, Casalini C, Shao A, et al. Determinants of access to HIV testing
and counselling services among female sex workers in sub-Saharan Africa: a systematic review. BMC
Public Health. 2019; 19:15. https://doi.org/10.1186/s12889-018-6362-0 PMID: 30611219

Giguere K, Eaton JW, Marsh K, Johnson LF, Johnson CC, Ehui E, et al. Trends in knowledge of HIV sta-
tus and efficiency of HIV testing services in sub-Saharan Africa, 2000-20: a modelling study using sur-
vey and HIV testing programme data. Lancet HIV. 2021; 8:284—93. https://doi.org/10.1016/S2352-
3018(20)30315-5 PMID: 33667411

Rouveau N, Ky-Zerbo O, Boye S, Fotso AS, d’Elbée M, Maheu-Giroux M, et al. Describing, analysing
and understanding the effects of the introduction of HIV self-testing in West Africa through the ATLAS
programme in Cote d’lvoire, Mali and Senegal. BMC Public Health. 2021; 21:181. https://doi.org/10.
1186/512889-021-10212-1 PMID: 33478470

Silhol R, Baral S, Bowring AL, Mukandavire C, Njindam IM, Rao A, et al. Quantifying the evolving contri-
bution of HIV interventions and key populations to the HIV epidemic in Yaoundé, Cameroon. J Acquir
Immune Defic Syndr. 2021; 86:396—405. https://doi.org/10.1097/QAI.0000000000002580 PMID:
33234807

Huerga H, Van Cutsem G, Ben Farhat J, Puren A, Bouhenia M, Wiesner L, et al. Progress towards the
UNAIDS 90-90-90 goals by age and gender in a rural area of KwaZulu-Natal, South Africa: a house-
hold-based community cross-sectional survey. BMC Public Health. 2018; 18:303. https://doi.org/10.
1186/512889-018-5208-0 PMID: 29499668

Heestermans T, Browne JL, Aitken SC, Vervoort SC, Klipstein-Grobusch K. Determinants of adherence
to antiretroviral therapy among HIV-positive adults in sub-Saharan Africa: a systematic review. BMJ
Glob Health. 2016; 1:€000125. https://doi.org/10.1136/bmjgh-2016-000125 PMID: 28588979

Baleta A. Lives on the line: sex work in sub-Saharan Africa. Lancet. 2015; 385:e1-2. https://doi.org/10.
1016/S0140-6736(14)61049-7 PMID: 25592905

Ahinkorah BO, Budu E, Seidu A-A, Hagan JE Jr, Agbaglo E, Hormenu T, et al. Consistent condom use
among men who pay for sex in sub-Saharan Africa: empirical evidence from Demographic and Health
Surveys. PLoS ONE. 2020; 15(8):e0236552. https://doi.org/10.1371/journal.pone.0236552 PMID:
32776965

Maheu-Giroux M, Vesga JF, Diabaté S, Alary M, Baral S, Diouf D, et al. Population-level impact of an
accelerated HIV response plan to reach the UNAIDS 90-90-90 target in Cote d’lvoire: insights from
mathematical modeling. PLoS Med. 2017; 14:e1002321. https://doi.org/10.1371/journal.pmed.1002321
PMID: 28617810

Shaw SY, Deering KN, Reza-Paul S, Isac S, Ramesh BM, Washington R, et al. Prevalence of HIV and
sexually transmitted infections among clients of female sex workers in Karnataka, India: a cross-sec-
tional study. BMC Public Health. 2011; 11:S4. https://doi.org/10.1186/1471-2458-11-S6-S4 PMID:
22375691

Langhaug LF, Sherr L, Cowan FM. How to improve the validity of sexual behaviour reporting: system-
atic review of questionnaire delivery modes in developing countries. Trop Med Int Health. 2010;
15:362-81. https://doi.org/10.1111/].1365-3156.2009.02464.x PMID: 20409291

Kelly CA, Soler-Hampejsek E, Mensch BS, Hewett PC. Social desirability bias in sexual behavior report-
ing: evidence from an interview mode experiment in rural Malawi. Int Perspect Sex Reprod Health.
2013; 39:14-21. https://doi.org/10.1363/3901413 PMID: 23584464

Weinhardt LS, Forsyth AD, Carey MP, Jaworski BC, Durant LE. Reliability and validity of self-report
measures of HIV-related sexual behaviour: progress since 1990 and recommendations for research
and practice. Arch Sex Behav. 1998; 27:155-80. https://doi.org/10.1023/a:1018682530519 PMID:
9562899

Phillips AE, Gomez GB, Boily MC, Garnett GP. A systematic review and meta-analysis of quantitative
interviewing tools to investigate self-reported HIV and STl associated behaviours in low- and middle-
income countries. Int J Epidemiol. 2010; 39:1541-55. https://doi.org/10.1093/ije/dyq114 PMID:
20630991

Beauclair R, Meng F, Deprez N, Temmerman M, Welte A, Hens N, et al. Evaluating audio computer
assisted self-interviews in urban south African communities: evidence for good suitability and reduced

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 17/18


https://doi.org/10.1258/ijsa.2008.008099
http://www.ncbi.nlm.nih.gov/pubmed/18824616
https://doi.org/10.1097/QAI.0000000000001956
http://www.ncbi.nlm.nih.gov/pubmed/30649034
https://doi.org/10.1080/09540120512331325635
http://www.ncbi.nlm.nih.gov/pubmed/15763711
https://doi.org/10.1186/s12889-018-6362-0
http://www.ncbi.nlm.nih.gov/pubmed/30611219
https://doi.org/10.1016/S2352-3018%2820%2930315-5
https://doi.org/10.1016/S2352-3018%2820%2930315-5
http://www.ncbi.nlm.nih.gov/pubmed/33667411
https://doi.org/10.1186/s12889-021-10212-1
https://doi.org/10.1186/s12889-021-10212-1
http://www.ncbi.nlm.nih.gov/pubmed/33478470
https://doi.org/10.1097/QAI.0000000000002580
http://www.ncbi.nlm.nih.gov/pubmed/33234807
https://doi.org/10.1186/s12889-018-5208-0
https://doi.org/10.1186/s12889-018-5208-0
http://www.ncbi.nlm.nih.gov/pubmed/29499668
https://doi.org/10.1136/bmjgh-2016-000125
http://www.ncbi.nlm.nih.gov/pubmed/28588979
https://doi.org/10.1016/S0140-6736%2814%2961049-7
https://doi.org/10.1016/S0140-6736%2814%2961049-7
http://www.ncbi.nlm.nih.gov/pubmed/25592905
https://doi.org/10.1371/journal.pone.0236552
http://www.ncbi.nlm.nih.gov/pubmed/32776965
https://doi.org/10.1371/journal.pmed.1002321
http://www.ncbi.nlm.nih.gov/pubmed/28617810
https://doi.org/10.1186/1471-2458-11-S6-S4
http://www.ncbi.nlm.nih.gov/pubmed/22375691
https://doi.org/10.1111/j.1365-3156.2009.02464.x
http://www.ncbi.nlm.nih.gov/pubmed/20409291
https://doi.org/10.1363/3901413
http://www.ncbi.nlm.nih.gov/pubmed/23584464
https://doi.org/10.1023/a%3A1018682530519
http://www.ncbi.nlm.nih.gov/pubmed/9562899
https://doi.org/10.1093/ije/dyq114
http://www.ncbi.nlm.nih.gov/pubmed/20630991
https://doi.org/10.1371/journal.pmed.1003861

PLOS MEDICINE HIV among men who pay for sex in sub-Saharan Africa

social desirability bias of a cross-sectional survey on sexual behaviour. BMC Med Res Methodol. 2013;
13:11. https://doi.org/10.1186/1471-2288-13-11 PMID: 23368888

51. Hoss J, Eskell Blokland LM. Sugar daddies and blessers: a contextual study of transactional sexual
interactions among young girls and older men. J Community Appl Soc Psychol. 2018; 28:306-17.

52. Jewkes R, Morrell R, Sikweyiya Y, Dunkle K, Loveday PK. Transactional relationships and sex with a
woman in prostitution: prevalence and patterns in a representative sample of South Africa men. BMC
Public Health. 2012; 12:325. https://doi.org/10.1186/1471-2458-12-325 PMID: 22551102

53. Joint United Nations Programme on HIV/AIDS. Recommended population size estimates of men who
have sex with men. Geneva: Joint United Nations Programme on HIV/AIDS; 2020 [cited 2021 Aug 18].
Available from: https://www.unaids.org/sites/default/files/media_asset/2020-recommended-population-
size-estimates-of-men-who-have-sex-with-men_en.pdf.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003861 January 25, 2022 18/18


https://doi.org/10.1186/1471-2288-13-11
http://www.ncbi.nlm.nih.gov/pubmed/23368888
https://doi.org/10.1186/1471-2458-12-325
http://www.ncbi.nlm.nih.gov/pubmed/22551102
https://www.unaids.org/sites/default/files/media_asset/2020-recommended-population-size-estimates-of-men-who-have-sex-with-men_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2020-recommended-population-size-estimates-of-men-who-have-sex-with-men_en.pdf
https://doi.org/10.1371/journal.pmed.1003861

