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Abstract

There is limited population-level data on the pre-exposure prophylaxis (PrEP) care
continuum in eastern Africa. Here, we assessed the PrEP care continuum following
PrEP rollout in a Ugandan community with ~40% HIV seroprevalence. We used
cross-sectional population-based data collected between September 3 and Decem-
ber 19, 2018 from a Lake Victoria fishing community in southern Uganda to measure
levels of self-reported PrEP awareness, ever-use, and discontinuation following
2017 PrEP rollout via a U.S. President’'s Emergency Plan for AIDS Relief (PEPFAR)-
supported phased implementation program. Our analysis included HIV-seronegative
persons reporting having ever received an HIV test result. We examined associations
between demographic, behavioral, and health utilization factors with each outcome
using age-adjusted modified Poisson regression. There were 1,401 HIV-seronegative
participants, of whom 1,363 (97.3%) reported ever receiving an HIV test result.
Median age was 29 years (IQR: 23-36), and 42.3% (n=577) were women. Most
(85.5%; n=1,166/1363) participants reported PrEP awareness, but few (14.5%;
n=197/1363) reported ever using PrEP. Among 47.7% (375/786) of men and 29.3%
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(169/577) of women PrEP-eligible at time of survey, 18.9% (n=71/375) and 27.8%
(n=47/169) reported ever using PrEP, respectively. Over half (52.3%, n=103/197)
of those who had ever used PrEP, self-reported current use. In this Lake Victoria
fishing community, there were low levels of PrEP use despite high levels of PrEP
awareness and eligibility, particularly among men. Efforts that enhance awareness
of HIV risk and increase PrEP accessibility may help increase PrEP use among
HIV-seronegative persons in African settings with high HIV burden.

Introduction

Despite major advances in the treatment and prevention of HIV, the virus remains

a major public health threat, particularly in sub-Saharan Africa [1]. Within Africa, the
HIV epidemic is concentrated in the eastern and southern regions, which accounted
for more than half of all new infections worldwide in 2020 [1]. In 2015, the World
Health Organization recommended the use of oral pre-exposure prophylaxis (PrEP)
by people at substantial risk of HIV acquisition [2], following randomized studies
demonstrating significant reductions in HIV incidence among persons adhering

to oral PrEP [3—6]. These guidelines were subsequently adopted by many African
countries with high HIV burden, including Uganda [7]. However, population-based
data on PrEP uptake in African populations outside of PEPFAR program data since
PrEP guidelines were adopted are rare.

Beginning in 2017, the United States Centers for Disease Control through the
President’'s Emergency Plan for AIDS Relief (PEFPAR) initiated PrEP implementation
projects in selected African populations at high risk for HIV, including Lake Victoria
fishing communities in eastern Africa. Fishing communities in the Lake Victoria basin
have among the highest HIV incidence rates globally, with adult HIV seroprevalence
typically exceeding 20% [8]. While these communities were among those prioritized
for early rollout of oral PrEP, limited available programmatic and qualitative data sug-
gests major challenges with retaining eligible individuals in these communities in PrEP
programs [9,10]. For example, in a program evaluation among fisherfolk in southern
Uganda, Kagaayi et al. reported >90% oral PrEP uptake among those screened and
eligible, but median retention time among persons who initiated PrEP was only 45
days [10]. It remains unclear to what extent PrEP screening programs have reached
individuals at substantial risk of HIV in Lake Victoria fishing communities and how this
may have affected overall population-level patterns of PrEP use and retention.

The Rakai Community Cohort Study (RCCS) is an ongoing population HIV
surveillance cohort in southern Uganda, including four Lake Victoria fishing commu-
nities with ~40% HIV seroprevalence [11]. The largest of these four fishing communi-
ties was the site of a PEPFAR-supported PrEP implementation project, which began
in October 2017. Here, we used cross-sectional population-level data from this fish-
ing community to assess levels and factors associated with PrEP awareness, ever
use, and discontinuation following PrEP implementation in 2018. In contrast to prior
programmatic and clinic-based assessments, we evaluated PrEP eligibility among
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HIV-seronegative persons at a population- level and estimated the extent to which individuals at substantial risk of HIV
and therefore PrEP-eligible were aware of and engaged with PrEP services. Understanding patterns of PrEP awareness,
ever-use, and discontinuation at a population-level may inform future PrEP implementation strategies in Lake Victoria
fisherfolk and other populations at substantial risk of HIV acquisition in Africa [12].

Methods
Study population and setting

This cross-sectional study was nested in the RCCS, an open population-based HIV census and surveillance cohort in
south central Uganda, including four Lake Victoria fishing communities. The RCCS is conducted by the Rakai Health
Sciences Program (RHSP), which is both an HIV research organization and implementer of PEPFAR -funded HIV preven-
tion and treatment services. The RCCS has been described in detail elsewhere [10,11,13]. In brief, a detailed household
census is conducted prior to each RCCS survey. The census enumerates all household members irrespective of age and
is followed by a survey of age-eligible persons 15-49 years and resident in study communities for 26 months. The RCCS
survey obtains data on participant demographics, sexual behaviors, recent sexual partnerships, HIV service utilization,
including information on past and current PrEP use, among other data. Consenting survey participants are also tested for
HIV using a validated rapid HIV testing algorithm [7] with confirmation by an enzyme immunoassay for persons testing
HIV-seropositive for the first time. All RCCS participants are linked to HIV prevention services, as well as care and treat-
ment if HIV- seropositive per Ugandan clinical guidelines.

Our analysis was restricted to HIV-seronegative adolescents and adults aged 15—49 years living in the largest of the
four Lake Victoria fishing communities under RCCS surveillance. Data from this community were obtained between
September 3, 2018 and December 19, 2018 as part of the nineteenth survey round of RCCS data collection. The analysis
timeline was purposively selected to allow adequate time for PrEP implementation (~1 year) as well as to avoid possible
confounding effect of COVID 19 pandemic, which began in March 2020 in Uganda. This particular fishing community is
located along the banks of Lake Victoria in Kyotera district near Uganda’s border with Tanzania, where the first HIV cases
were identified in Eastern Africa [14].

Ethics

This study was approved by the Research Ethics Committee of the Uganda Virus Research Institute (GC/127/08/12/137)
and the Johns Hopkins School of Medicine Institutional Review Board (IRB00217467), and was registered with the
Uganda National Council for Science and Technology (HS 540). All RCCS participants provide written informed consent
(or assent with parental consent if<18 years) prior to survey participation. This project was reviewed in accordance with
CDC human research protection procedures and was determined to be research, but CDC investigators did not interact
with human subjects or have access to identifiable data or specimens for research purposes.

The oral PrEP programme

Oral PrEP (tenofovir disoproxil fumarate [TDF] and lamivudine [3TC]) was first rolled out among key and priority populations
in southern Uganda, including among Lake Victoria fisherfolk in 2017. Details of its implementation have been described
previously [10]. In the Lake Victoria fishing community in this study, residents were initially mobilized and sensitized about
PrEP through RHSP-supported community outreach efforts. As part of community outreach, residents were referred to health
facilities for PrEP eligibility screening, which was done using a risk-screening tool. Individuals were deemed PrEP-eligible if
they reported at least one of the following risk factors: 1) vaginal sexual intercourse with more than one partner of unknown
HIV status in the past six months; 2) vaginal sex without a condom in the past six months; 3) anal sexual intercourse in

the past six months; 4) sex in exchange for money, goods or a service in the last six months; 5) injecting drugs in the past
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six months; 6) diagnosis with a sexually transmitted infection more than once in the past twelve months; 7) post-exposure
prophylaxis for sexual exposure to HIV in the past six months; and 8) having a sexual partner with HIV who was not on ART.
Eligible persons who initiated PrEP were then followed on a quarterly basis at health facilities for adherence counseling, HIV
retesting, and evaluation of side effects. In this current study, we assessed likely PrEP eligibility among RCCS participants
by classifying them as having substantial HIV risk based on criteria previously described by Ssempijja et al [15]. Criteria
were analogous, though somewhat different to the Uganda’s national prep eligibility criteria above. Briefly, individuals were
considered to have substantial HIV risk (i.e., likely PrEP-eligible) if they were HIV-seronegative and reported at least one of
the following risk behaviors in the last year: having multiple sexual partners of unknown HIV serostatus, having genital ulcer
disease, having non-marital sex without a condom, or engaging in transactional sex (considered to be sexual exploitation for
those <18 years by the United Nations Convention on the Rights of the Child [16]).

Primary outcomes

Our primary outcomes included PrEP awareness, PrEP ever use and PrEP discontinuation assessed by self-report at the
time of RCCS survey. PrEP awareness and PrEP ever use were defined as self-reported “yes” responses to the ques-
tions: “Have you ever heard about a way to prevent HIV which involves an HIV-seronegative person taking a daily pill
called PrEP to reduce their risk of acquiring HIV while in a sexual relationship with someone who might be HIV-positive?”
and “Have you ever used PrEP?”. PrEP discontinuation was defined as a self-reported response “no” to current PrEP use
but “yes” to PrEP ever-use in the same survey. We ascertained reasons for PrEP discontinuation from a multiple response
question that began by asking participants who had discontinued PrEP: “Why did you stop using PrEP?”.

Statistical analysis

We first described baseline demographic and behavioral characteristics of study participants by gender, with categori-
cal variables reported as frequencies and percentages and continuous variables as medians with interquartile ranges
(IQR). Next, we assessed the proportion self-reporting PrEP awareness and ever use by age and sex with proportions
reported as percentages (i.e., prevalence). Individual-level correlates of PrEP awareness and ever use were evaluated
for male and female participants separately using modified Poisson regression with robust variance estimators with and
without adjustment for age. Associations were reported as unadjusted and age-adjusted prevalence ratios (PR) with 95%
confidence intervals (95% CI). Correlates evaluated included age, educational level, occupation, recent in-migration to
the community (since last RCCS survey; ~18 month interval), marital status, number of sexual partners in the past year,
perceived HIV risk, intimate partner violence (i.e., self-reported experience of domestic and/or sexual abuse), substantial
HIV risk/likely PrEP eligibility at time of survey, self-reported HIV test in the past year, use of at least one family planning
method, and transactional sex with 21 of four most recent sexual partners in the past year. Given that PrEP use is driven
by PrEP eligibility, we also conducted stratified analyses of PrEP ever use by substantial HIV risk/likely PrEP eligibility. We
conducted similar analyses for PrEP discontinuation among those reporting having ever used PrEP; however, analyses
were not stratified by sex due to limited sample size. Analyses were performed using Stata Version 17.

Inclusivity in global research

Additional information regarding the ethical, cultural and scientific considerations specific to inclusivity in global research is
included in the Supporting Information (S1 Checklist).

Results
Study population

There were 2,701 survey participants, of whom 1,401 (64.4%) tested HIV seronegative, including 577 (42.3%) women.
Of these 1,401 participants, 1,363 (97%) reported having ever been tested for HIV and were subsequently asked about
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their PrEP awareness and use. Median age among HIV seronegative participants who reported ever testing for HIV was
31 (IQR: 25-38) and 27 (IQR: 22-33) years among male and female participants, respectively (Table 1). The majority had
at least some primary education, an HIV test within the past 12 months, and were married. Nearly half (47.7%) of all male
participants and 29.3% of female participants were classified as being PrEP-eligible; however, female participants were
more likely to report that they were very likely to acquire HIV (51.5% vs. 36.8%, respectively).

Prevalence and correlates of PrEP awareness

Overall, 85.5% (n=1166/1363) of participants self-reported awareness of PrEP (Table 2). The proportion of participants
with PrEP awareness did not significantly vary by sex (86.5% [680/786] among male vs. 84.2% [486/577] among female
participants) but tended to be lower among adolescents 15-19 years relative to older age groups (Fig 1). Among male
participants, awareness of PrEP was significantly lower among those who self-reported transactional sex in the last year,
those who self-reported being not at risk or having unknown risk of HIV acquisition, and those who self-reported not
having an HIV test in the past year (Table 2). Conversely, men who reported using a family planning method versus those
who did not were more likely to be aware of PrEP, as were currently married men compared to men who had never been
married. Similar to men, PrEP awareness was significantly lower among female participants with lower levels of HIV risk
perception, but higher among those using family planning methods (Table 2). While PrEP awareness was significantly
higher among women who reported multiple sexual partners and who were likely PrEP eligible, this was not the case for
men (Table 2).

Table 1. Characteristics of male and female study participants in the largest of four Lake Victoria fishing communities under RCCS surveil-
lance in south central Uganda, between September and December of 2018.

Male, N (%) Female, N (%)
786 (57.7%) 577 (42.3%)
Age, median (IQR) 31 (25-38) 27 (22-33)

Substantial HIV risk/likely PrEP eligible

375 (47.7%)

169 (29.3%)

Education level

None 39 (5.0%) 32 (5.6%)

Primary 559 (71.1%) 336 (58.2%)

Secondary/Tertiary 188 (23.9%) 209 (36.2%)
Marital status

Never married 157 (20.0%) 56 (9.7%)

Currently married

440 (56.0%)

390 (67.6%)

Previously married

189 (24.1%)

131 (22.7%)

Recent in-migrant*

126 (16.0%)

147 (25.5%)

HIV test within the last year

580 (73.8%)

486 (81.1%)

Using family planning** 239 (30.4%) 235 (45.7%)
Self-perceived HIV risk
Very likely 297 (37.8%) 297 (51.5%)
Somewhat likely 289 (36.8%) 171 (29.6%)
Unlikely 109 (13.9%) 51 (8.4%)

Not at all/don’t know

91 (11.6%)

58 (10.1%)

*Participant in-migrated to community since prior survey (~18-month survey interval between RCCS survey round 19 [current round] and RCCS survey
round 18 [prior round]).

**Self-reported use of at least one family planning method at the time of the survey

https://doi.org/10.1371/journal.pgph.0003994.t001
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Fig 1. Prevalence of self-reported PrEP awareness and ever use by sex and age among RCCS participants in a Lake Victoria Fishing commu-
nity in south central Uganda in 2019.

https://doi.org/10.1371/journal.pgph.0003994.g001

Prevalence and correlates of PrEP ever use

Prevalence of PrEP ever use was 14.5% (n=197/1363) and was generally similar between male and female participants
(14.8% [116/786] versus 14% [81/577], respectively), but similar to PrEP awareness, lower among adolescents (Fig 2).
Participants classified as being at substantial HIV risk (i.e., likely PrEP eligible) at time of survey were significantly more
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Fig 2. Prevalence of self-reported PrEP ever use among RCSS participants with and without substantial HIV risk (i.e., likely PrEP eligibility) at
time of survey in a Lake Victoria Fishing community in south central Uganda in 2019.

https://doi.org/10.1371/journal.pgph.0003994.9002
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likely to report having used PrEP compared to those who were not at substantial HIV risk (21.7% [n=118/544] vs 9.7%
[79/819]; adjPR= 2.27; 95%CI: 1.75 — 2.95; p= <0.001). While proportionately more male than female participants were
at substantial HIV risk and likely PrEP eligible (47.7% [n=375/786] versus 29.3% [n=169/577]; S1 Table), prevalence of
PrEP ever use was significantly higher among female versus male participants likely PrEP eligible (27.8% [47/169] versus
18.9% [71/375]; PRR=1.47; 95%CI: 1.07 — 2.02; p= 0.019) (Fig 2).

Among male participants, having three or more sexual partners in the past year, higher HIV risk perception, or hav-
ing an HIV test in the last year was significantly associated with higher levels of PrEP ever use (Table 3). This was also
the case among female participants; however, girls and women were also significantly more likely to report having used
PrEP if they reported intimate partner violence or transactional sex/sexual exploitation (Table 3). Female participants who
reported using a family planning method also tended to have higher levels of PrEP ever use as compared to female partic-
ipants who did not report using a family planning method (adjPR=1.58; 95%CI:0.99-2.52). Individual-level correlates of
PrEP ever use were generally similar among participants at substantial HIV risk (S1 Table).

Prevalence and correlates of PrEP discontinuation

Among participants who reported ever using PrEP (n=197), 47.7% (n= 94) reported that they were not currently using
PrEP at time of survey (i.e., discontinued PrEP). The most common reasons for reporting PrEP discontinuation were: side
effects (39.4%; 37/94), pill burden (20.2%; 19/94), low risk perception (12.8%; 12/94), trouble transferring between clinics
(9.6%; 9/94), not ready to take PrEP (7.5%; 7/94); and lack of pills (5.3%; 5/94). Other less common reasons included
stigma (n=3), use of other HIV prevention methods (n=4), skepticism about the efficacy of PrEP (n=2), and long distance
to the clinic (n=2). With the exception of higher educational status, which was associated with higher levels of discontinu-
ation, levels of PrEP discontinuation did not substantially vary by age or any other individual- level factors, including being
at substantial HIV risk (S2 Table).

Discussion

In this cross-sectional, population-based study of oral PrEP use in a Ugandan Lake Victoria fishing community following a
community-based PrEP implementation project, we observed very high levels of PrEP awareness but low levels of PrEP
use. PrEP awareness and ever use tended to be lower among adolescents, while PrEP ever use was higher among those
with elevated HIV risk perception, and persons reporting having had an HIV test in the last year. While male participants
had higher levels of HIV-associated risk behaviors, they had significantly lower levels of PrEP use compared to their
female counterparts. Among those who reported having ever used PrEP, less than 50% were currently using PrEP at time
of survey, and most people at substantial HIV risk and likely PrEP-eligible had never used PrEP.

More than 80% of participants in our study population were aware of PrEP. Although few prior studies have assessed
PrEP awareness at a community-level, our findings are consistent with a 2019 population-based survey of persons aged
18-24 in six counties in western Kenya [17], which similarly found that 84% of persons were aware of PrEP. However,
studies of high-risk key populations in Uganda and other African countries have reported substantially lower levels of
PrEP awareness, with typically less than half of participants being PrEP-aware [18-20]. Levels of PrEP awareness in this
study were likely high because of intensive community-based outreach done as part of the implementation project. Such
activities have been previously shown to improve PrEP awareness and uptake in high burden areas such as Lake Victoria
fishing communities [21].

While PrEP awareness was generally high, both awareness and use were lowest among adolescent boys and girls
aged 15-19 years. Such relatively low levels of PrEP use among adolescents compared to other age groups also have
been observed in other settings [22,23]. Despite low PrEP use, we found that participants under 25 years of age had the
highest prevalence of substantial HIV risk behaviors, and across Africa, adolescent girls are typically the age-group most
at risk of HIV acquisition [24]. Thus, our findings suggest that innovative approaches may be needed to improve the PrEP
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care continuum among adolescents. Future research should identify barriers to PrEP awareness and use in this popula-
tion to inform tailored outreach strategies.

Consistent with earlier studies in African populations at high risk for HIV [18,25,26], we found generally low levels of
PrEP use despite high levels of PrEP awareness. Critically, the majority of participants at substantial HIV risk and likely
PrEP eligible had never used PrEP. While men were more likely to be at substantial HIV risk than women, men were sig-
nificantly less likely to have ever used PrEP compared to their female counterparts with similarly high levels of HIV-related
risk factors. Notably, most men in our study were Lake Victoria fishermen, who are often highly mobile [27]. Prior studies
have linked higher levels of mobility to reduced PrEP uptake and retention [9]. While most prior PrEP implementation
studies in Africa have focused on girls and women, our findings underscore the need to tailor service delivery for men.
Differentiated PrEP delivery models that include out-of-clinic options, event-driven PrEP, multi-month dispensing, and
long-acting PrEP options (such as cabotegravir) could improve PrEP uptake among men, adolescents, and other mobile
groups in Lake Victoria fishing communities [28,29].

We also observed that higher self-perceived HIV risk was associated with a higher propensity for PrEP ever-use irre-
spective of sex. This finding is consistent with those from prior studies, which have similarly reported that HIV risk percep-
tion underpins PrEP use in African populations [22,30,31]. We also found that PrEP use was strongly linked to recent HIV
testing behavior. While this could be the result of HIV testing requirements for those who initiate and continue PrEP, an
earlier study also conducted among Ugandan Lake Victoria fisherfolk observed that having tested for HIV within the last 6
months was associated with higher odds of willingness to use PrEP [32]. Moreover, participants in a qualitative study con-
ducted among adolescents in the Western Cape province of South Africa expressed that the availability of the PrEP option
to protect themselves against HIV acquisition motivates them to be aware of their HIV status and therefore test regularly
[33]. In addition to recent HIV testing, those reporting using family planning also tended to have higher levels of PrEP
awareness and PrEP ever-use. People using health services such as HIV testing and family planning may have more
frequent contacts with the health care system, and thus, additional opportunities for exposure to PrEP. Better integration of
HIV and sexual and reproductive services could improve PrEP use and other health outcomes [34,35].

Nearly half of the participants who had ever used PrEP in this study were no longer taking PrEP at time of survey.
Although we were unable to specify the timing of PrEP initiation or discontinuation, our findings are congruent with those
from a meta-analysis of longitudinal studies conducted in sub-Saharan Africa that found nearly half of individuals who
initiated PrEP discontinued PrEP within 6 months [36]. It is possible these high levels of PrEP discontinuation in African
populations are a result of dynamic HIV risk within individuals. For example, a recent population-based study, nested in
the same cohort as this study in Uganda, reported that HIV risk waxes and wanes over time for many people [37]. Prior
qualitative studies in Uganda also have linked PrEP discontinuation to stigma, PrEP side effects, and transportation bar-
riers, which we similarly observed in this study [9,32]. In our study, the most common specified barriers were side effects
and pill burden, rather than a change in self-perceived risk. Enhanced counseling for side effects, including that they
wane over time, and expansion of event-driven PrEP to men, as well as prioritizing implementation of new PrEP agents
including long acting cabotegravir and the dapivirine vaginal ring [38,39], may help attenuate these common reasons for
discontinuation.

Our analysis has important limitations. First, this study was a cross-sectional analysis, so our ability to infer temporal
relationships between demographic, behavioral, and health utilization factors with PrEP outcomes was limited. For exam-
ple, we do not know whether high levels of HIV testing among those who had reported PrEP ever use were a cause or
consequence of PrEP initiation. We also do not know how changes in PrEP eligibility within individuals may have changed
over time and impacted PrEP outcomes, particularly PrEP discontinuation. Second, most data in this study were self-
reported, including primary study outcomes, and are likely subject to measurement bias. Third, our assessment of PrEP
eligibility from self-reported HIV risk factors in the RCCS only approximated those used in Uganda’s national PrEP eligi-
bility tool. Specifically, we considered only a subset of risk behaviors, and these were measured over the last year rather
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than the prior 6 months. Fourth, we did not assess timing of PrEP discontinuation, and because only few people had ever
reported PrEP use, we had limited power to detect factors associated with this outcome. Fifth, this study was conducted in
only one Lake Victoria fishing community in Uganda with extremely high HIV burden, so results may not be generalizable
to other populations. Lastly, data for these analyses were collected in 2018. While this allowed us to avoid the confound-
ing influence of COVID-19 lockdowns on PrEP programs, factors associated with PrEP use may have changed in the
intervening years. For example, PrEP scale-up in Uganda has since expanded.

In conclusion, this Lake Victoria fishing community with extremely high HIV prevalence had low levels of PrEP use
despite high levels of PrEP awareness and PrEP eligibility. At the population level, PrEP use is linked to higher perceived
HIV risk, HIV-associated risk factors, and recent HIV testing. Efforts that enhance awareness of HIV risk and increase link-
age to PrEP through integrated health services may help increase PrEP use among HIV-seronegative persons in African
settings with high HIV burden. Newer PrEP options that are long-acting may also be more suitable for mobile populations.
More implementation research is needed to improve PrEP uptake and persistence among eligible people.
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