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Summary

Background—Targeting combination HIV interventions to locations and populations with high
HIV burden is a global priority, but the impact of these strategies on HIV incidence is unclear. We
assessed the impact of combination HIV interventions on HIV incidence in four HIV
hyperendemic communities in Uganda.

Methods—From November 4t 2011 to August 16, 2017, data were collected from five open
population-based cohort surveys of persons aged 15-49 years residing in four fishing communities
on Lake Victoria. We evaluated trends in HIV testing coverage among all participants,
circumcision coverage among male participants, antiretroviral therapy (ART) coverage and HIV
viral load among HIV-positive participants, and sexual behaviors and HIV incidence among HIV-
negative participants.

Findings—Overall, 8,941 participants were surveyed and contributed 20,721 person visits; 52%
(n=4,619) were male. HIV prevalence was 41% (1598/3870) in the 2011-2012 baseline survey. A
total of 3,222 initially HIV-negative participants with at least one repeat visit contributed 9,475
person-years (pys) of follow-up and 230 incident HIV infections. Over ~5 years, HIV testing
coverage increased from 68% (2613/3870) to 95% (4520/4733) (p<0.0001); male circumcision
coverage increased from 35% (698/2011) to 65% (1630/2524) (p<0.0001); ART coverage
increased from 16% (254/1598) to 82% (1420/1739) (p<0.0001); and, population HIV viral load
suppression in all HIV-positive persons increased from 34% (546/1596) to 80% (1385/1736)
(p<0.0001). There were no decreases in risky sexual behaviors. Overall, HIV incidence decreased
from 3.43/100 pys (95% ClI: 2.45-4.67) in 2011-2012 to 1.59/100 pys (95% Cl: 1.19-2.07) in
2016-2017 (adjusted incidence rate ratio (adjIRR) 0.52; 95% CI 0.34-0.79). Declines in HIV
incidence were similar among men (adjIRR 0.53; 95% CI 0.30-0.93) and women (adjIRR=0.51;
95% CI 0.27-0.96). The risk of incident HIV infection in circumcised men was lower than in
uncircumcised men (adjIRR 0.46; 95% CI 0.32-0.67).

Interpretation—Rapid expansion of combination HIV interventions in HIV hyperendemic
fishing communities is feasible and can have substantial impact on HIV incidence. However,
incidence remains higher than HIV epidemic control targets, and additional efforts will be needed
to achieve this global health priority.

Introduction

The Joint United Nations Programme on HIV/AIDS (UNAIDS), the World Health
Organization (WHO), and the United States President’s Emergency Plan for AIDS Relief
(PEPFAR) have all emphasized the need to target HIV treatment and prevention resources to
populations and locations with the highest HIV burden.1=3 In Africa, HIV hyperendemic
geographical areas, sometimes referred to as hotspots,3 have included fishing, urban slum,
and peri-urban communities, which are often overrepresented by priority and key
populations such as sex and migrant workers.*-19 Many of these communities have also
been historically underserved by HIV treatment and prevention services.*10

Combination HIV Interventions (CHI), including antiretroviral therapy (ART), voluntary
medical male circumcision (MC), HIV testing services (HTS) and behavior change
interventions, have been shown to reduce HIV incidence in some lower risk populations in
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Africa.11-14 However, knowledge of CHI impact in HIV hyperendemic areas is limited, and
these communities have unique social-behavioral, demographic, and structural
characteristics such as high levels of mobility, transactional sex, multiple sexual
partnerships, and alcohol use and greater proportions of men which may hinder CHI scale-
up and moderate its effects.* 71516

Here, we report on a prospective cohort study from 2011 to 2017 in four HIV hyperendemic
Lake Victoria fishing communities in Uganda (HIV prevalence ~41%) to evaluate trends in
CHI coverage and CHI impact on HIV incidence.# This study was embedded within the
Rakai Community Cohort Study (RCCS), a population-based, observational study of HIV
incidence, sexual behaviors and health service utilization in south-central Uganda. We have
previously shown that scale-up of CHI has led to HIV incidence reductions in nearby, lower
HIV burden agrarian and trading RCCS communities (HIV prevalence ~13%):11 however,
CHI scale-up and HIV incidence trends in these high burden fishing communities have not
been previously reported.

Study design and participants

The RCCS, conducted by the Rakai Health Sciences Program (RHSP), is an open
(participants can age in and out of the cohort, participants can also enter or exit the cohort
based upon residency), population-based cohort of individuals aged 15-49 years in 40
communities located in Rakai and neighboring districts of south-central Uganda.#1! RCCS
methods have been previously reported.*11 In brief, the RCCS conducts a household census
and interviews consenting individuals to collect self-reported demographic, behavioral, and
service uptake data. Free HTS is provided at the time of interview with referral to CHI
services as appropriate; HIV status is determined using a validated three rapid HIV test
algorithm.*11 Blood samples are also taken for HIV confirmation and further tests, e.g. HIV
viral load. Established in 1994, the RCCS initially focused on rural agrarian and trading
communities. In 2011, the four most populous Lake Victoria fishing communities in the
region were added to the cohort. This study uses data from these four communities which
were surveyed five times between November 4", 2011 to August 16", 2017. Viral load
testing on all HIV-positive participants was performed at baseline and the final two surveys.
Residency in the fishing villages was defined as 1 month or longer residence with intention
to stay.

This study was approved by the Research and Ethics Committee of the Uganda Virus
Research Institute, the Ugandan Council of Science and Technology, and the Western
Institutional Review Board.

Prior to November 2011, HIV services in the four fishing communities were limited.# With
support from PEPFAR and the U.S. Centers for Disease Control and Prevention Uganda,
CHI services were subsequently rapidly expanded with RHSP as lead implementer. For
example, a new community-based HIV clinic was established in the largest of the four
fishing communities and MC was provided through mobile camps and referrals to outreach
MC facilities. From 2011 to 2013, ART was initiated in these communities at a CD4 count
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of <350 cells per pL. In 2013, fisherfolk were classified by the Ugandan Ministry of Health
as a priority population in which ART should be started regardless of CD4 count, i.e.
Universal Test and Treat.1” The largest of the four fishing communities is the site of
DREAMS programming featuring HTS, community mobilization, economic and vocational
strengthening, and condom promotion, as well as a community health worker program
promoting CHI services.18-21 All HIV services are provided free of charge to the recipient.
Pre-exposure Prophylaxis (PrEP) was not available in these communities at the time of these
surveys.

Statistical analysis

Self-reported CHI coverage was assessed at each survey. ART coverage was defined as the
proportion of all HIV-positive participants who self-reported ART use and was assessed
overall and by sex and age groups. Self-reported ART use has been validated in this setting
by plasma detection of antiretroviral drugs showing a specificity of 99% (95% Confidence
Intervals (C1): 97-100%) and sensitivity of 77% (95% CI: 70-83%).22 MC coverage was
defined as the proportion of men who self-reported being circumcised. Self-reported MC
status has been previously validated from clinical records with 100% specificity.23 Viral
suppression was defined as <1000 copies per mL per WHO recommendations.24

The unit of exposure for HIV incidence was person-years (pys) of follow-up between
surveys for individuals who were HIV-negative at their baseline and had at least one
subsequent follow-up visit. HIV incident cases were persons who first tested HIV-
seropositive at a follow-up visit allowing for up to one missed visit. HIV incidence was
calculated per 100 pys, with incident infections assumed to occur at the mid-point of the
follow-up interval. After validation of underlying assumptions, multivariable Poisson
regression with generalized estimating equations and an exchangeable correlation structure
to account for repeated measurements was used to estimate incidence rate ratios (IRR) and
95% Cls comparing mean incidence rates after scale-up of CHI (2016-17) to the baseline
interval before CHI scale-up (2011-12).

The final multivariable model included variables previously shown to be associated with
HIV incidence including individual-level information on demographics (sex, age, marital
status, education) and sexual behaviors (number of sexual partners in the previous 12
months, sex with partners outside the community of residence, sex with non-marital
partners, condom use with non-marital partners, and self-reported genital ulceration).
Secondary analyses were stratified by sex, age group, and by MC status. Sensitivity of
results to both selective participation and loss to follow-up were evaluated using inverse
probability weighting (appendix p 14).11 Analysis was performed using STATA 15
Statistical Software (StataCorp LLC, College Station, Texas).

Role of the funding source

Some funders (CDC-Uganda and Karolinska Institutet) contributed to study design, data
interpretation and analysis. All other funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the report. JK, LC, and SJR had
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overall scientific oversight, full access to all the data in the study, and final responsibility for
the decision to submit for publication.

At baseline, the four study communities (appendix p 1) varied by size (census populations of
persons age 15-49, n=600, 605, 1249, and 2876) but had similar HIV prevalence (range: 38—
43%).4 Over the five surveys, 8,941 total study participants contributed 20,721 person-visits.
52% (n=4,619) of participants were male and the median age was 30 years (interquartile
range=25-37). Overall, HIV prevalence was 41% (1598/3870) at the first cohort survey. A
total of 3,222 participants who were HIV-negative at the baseline visit and had at least one
follow-up visit (i.e. the HIV incidence cohort) were followed for a total of 9,475 pys with
230 seroconversions observed. Table 1 shows aggregated eligibility, participation, and
follow-up data.

The number of eligible individuals living in the four communities grew by 40% over the
course of the study. The proportion of eligible residents who participated in the specific
surveys ranged from 59%—73% across survey rounds, but maintained similar composition
by sex and age (appendix p 1). The major reason for non-participation was absence for work
or school at time of survey rather than refusal (appendix p 2). Among eligible individuals
present in the community at time of survey, ~99% participated in the survey. Among
individuals who were HIV-negative, follow-up rates ranged from 65-74% with out-
migration and absence for work or school contributing to almost all of the losses-to-follow
up (appendix p 3).

From 2011-2012 to 2016-2017, among HIV-negative participants, there were no significant
changes in the proportion of individuals who were ever sexually active or in the number of
non-marital sexual partners, overall or by sex. There was a modest decline in consistent
condom use with non-marital sex partners from 41% (340/832) initially to 35% (387/1119)
by the last survey (p<0.0048) (appendix p 4). The proportion of respondents reporting ever
having received an HIV test increased from 68% (2613/3870) in 2011-2012 to 89%
(3536/3965) by the second survey in 2012, and to 96% (4520/4733) by the final survey in
2016-2017 (p<0.0001) (appendix p 5).

Figure 1A shows ART coverage scale-up over the study period (appendix p 5). ART use
increased from the 2011-2012 baseline of 16% (254/1598) to 82% (1420/1739) in 2016-
2017 (p<0.0001). ART coverage was higher in women than in men at all surveys (p<0.0001)
and by 2016-2017, 85% (797/940) of HIV-infected women reported ART use compared to
78% (623/799) of men. Figure 1B also show trends in viral suppression among all HIV-
positive individuals (appendix p 5), i.e. population viral load, which increased from 34%
(546/1596) in 2011-2012 to 80% (1385/1736) by 2016-2017 (p<0.0001). Viral suppression
was greater in women compared to men at each time point (p<0.0001).

Figure 2 shows a heat map of ART coverage by sex and age group. In both men and women,
coverage was lower in younger age groups, but this differential was more pronounced and
persistent in men. For example, by 2016-2017, ART coverage was 59% lower in men aged
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15-24 years compared to men aged 40-49 years; in contrast, the differential in women
comparing the same age groups was 25%.

Figure 3A shows self-reported MC stratified by HIV status (appendix p 5). Overall, MC
coverage increased from 35% (698/2011) to 65% (1630/2524) over the study period
(p<0.0001). Coverage was consistently higher in HIV-negative compared to HIV-positive
men (p<0.0001), but coverage in both groups progressively increased over time. Figure 3B
shows MC coverage stratified by age. In 2011-2012, MC coverage was uniform and modest
across age groups. However, by 2016-2017, coverage was significantly greater in younger
age groups compared to older men (p<0.0001).

Figure 4 (appendix p 6) shows trends in HIV incidence and prevalence. Consistent declines
in HIV incidence at each study interval were observed in both sexes and were significantly
lower at the last follow-up interval compared to baseline (p<0.00021). HIV prevalence
declined from 41% (1598/3870) at baseline to 37% (1738/4737) (p<0.0001) by the final
survey (appendix p 7-9).

Table 2 shows unadjusted and adjusted incidence rate ratios (adjIRR) of factors associated
with HIV incidence (appendix p 10-13 for data stratified by sex and MC status). Baseline
HIV incidence in 2012 was 3.43/100 pys (95% Cl: 2.45-4.67). By 2016-2017, HIV
incidence was 1.59/100 pys (95% Cl: 1.19-2.07), a decline of 48% (adjIRR 0.52; 95% CI:
0.34-0.79). Previous marriage, self-reported genital disease, and having more than one sex
partner were associated with increased HIV incidence. MC and secondary/tertiary education
were associated with lower HIV incidence.

Declines in HIV incidence (appendix p 6) were similar in men (adjIRR 0.53; 95% CI: 0.30-
0.93) and women (adjIRR 0.51; 95% CI 0.27-0.96). Incident HIV infection across all
surveys was lower among circumcised compared to uncircumcised men (adjIRR 0.46, 95%
Cl: 0.32-0.67) (Figure 5, appendix p 11). Results did not change substantially with inclusion
of inverse probability weights to account for selective participation and follow-up (appendix
p 15).

Discussion

This study demonstrated the feasibility of rapidly expanding CHI services in HIV
hyperendemic fishing communities in Uganda and observed a concurrent ~48% (95% ClI:
21%-66%) reduction in HIV incidence. Declines in HIV incidence with CHI scale-up have
been reported in some lower-risk populations,11:12:14 byt this is the first report, to our
knowledge, of prospectively observed declines in overall HIV incidence with rapid CHI
scale-up in HIV hyperendemic communities.

We previously reported a 42% (95% CI: 24%-55%) reduction in HIV incidence to 0.66/100
pys by 2016 relative to a period prior to CHI scale-up (1999-2004) amongst an RCCS
cohort of lower-risk agrarian and trading communities (HIV prevalence ~13%). In this prior
study, ART coverage was 69%, HIV population viral load suppression was 75%, MC
coverage was 59% by 2015-2016 compared to 80%, 82%, and 65%, respectively, in the
fishing communities by 2016-2017. This prior study observed greater declines in HIV
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incidence in men compared to women; however, this disparity was not observed in the
fishing communities. Future modeling studies based on empiric population-level data are
needed to better understand individual CHI contributions to HIV incidence declines and
reasons for sex and community-level differences.

Other studies which help to contextualize our findings include the SEARCH trial which
assessed a universal test and treat, multi-disease care model in both lower-risk rural
communities and higher-risk fishing communities. In SEARCH, HTS and ART were rapidly
scaled, with population viral load suppression reaching ~79% by Year 3 of the study. Annual
measured HIV incidence declined by ~32% over three years, although there were no
incidence differences between the two study arms.12 POPART, a cluster-randomized trial in
South Africa and Zambia found mixed results on the impact of UTT on HIV incidence
despite reaching the first two 90-90 targets in both intervention arms.2> In western Kenya, a
population-based cohort analysis found that HIV incidence in a lower risk population (HIV
prevalence 12%-15%) declined by roughly half between 2011 and 2016 as CHI was scaled
up.28 In the population-based, nationally representative HIV impact assessments (PHIAs),
HIV incidence measured using cross-sectional incidence assays also appears to be declining
in several sub-Saharan African countries.1427 However, a separate cohort study in South
Africa from 2004-2015 observed HIV incidence declines only in males, and, surprisingly,
found increasing female HIV incidence.28 Continued reporting of HIV incidence-based
impact evaluations are needed to monitor and better understand the impact and sustainability
of CHI.

In this study, CHI was rapidly scaled in high-risk communities. However, important
disparities were apparent. Women were more likely than men and older persons more likely
than younger persons to report being on ART, whereas younger men were more likely than
older men to be circumcised. These findings are consistent with reports elsewhere in Africa.
29-31 Continued characterization of “hard-to-reach” populations as well as targeted
interventions are needed.32

Despite surpassing 90-90-90 goals and almost obtaining 95-95-95 goals of ~86%
population viral suppression,3 HIV incidence in these fishing communities remained fifteen
times higher than the suggested incidence required for HIV epidemic control based upon
prior modeling exercises, i.e. 0.1/100 pys.2%:30 Of note, MC increased in these communities
to 65% coverage but remained short of the 80% UNAIDS/PEPFAR coverage goals. MC in
this study was strongly protective among men, decreasing their risk of HIV acquisition by
~54%. Thus, hyperendemic communities may need exceptionally high coverage levels of
ART and MC to approach epidemic control, and/or newer interventions such as oral Pre-
Exposure Prophylaxis (PrEP) or novel interventions such as long-acting injectable PrEP or a
vaccine.33 Continued monitoring of these communities will also be needed to demonstrate
sustainability of CHI expansion, possibilities for further CHI scale-up, and the role of newer
CHI interventions.

This study has limitations. Follow-up rates were moderate, mostly due to out-migration.
However, study findings did not change with use of inverse probability weights suggesting
there was limited bias due to selective follow-up. This study was also not able to ascertain
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the impact of mortality, secular trends, or other potential unmeasured confounders which
may have affected incidence declines. However, the strong temporal association between
CHI scale-up and HIV incidence declines supports causality. ART and MC coverage were
self-reported and may have resulted in misclassification though both measures have been
validated in the Rakai setting.22:23

In summary, significant HIV incidence declines in HIV hyperendemic fishing villages were
likely due to CHI scale-up, suggesting that existing HIV treatment and prevention
interventions can be rapidly expanded and have substantial population-level impact on HIV
incidence in high burden settings. However, HIV incidence remained higher than that needed
for HIV epidemic control and additional efforts will be needed to achieve this global health
priority.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed for studies on longitudinal HIV cohort studies which included HIV
hypderendemic communities in sub-Saharan Africa published up to December 1, 2018.
Key search terms included “HIV or AIDS”, “cohort”, “observational”, “fishing”,
“hotspot”, “hyperendemic” and “Africa”. No language limitation was placed. Several
studies were found reporting high levels of HIV seroprevalence and associated risk
factors in varied hyperendemic communities; however studies reporting longitudinal HIV
incidence and the population-level impact of HIV interventions in hyperendemic
communities were not found.

Added value of this study

This study is, to our knowledge, the first prospective study to provide evidence that
combined HIV interventions such as antiretroviral therapy and male circumcision can be
rapidly scaled in HIV hyperendemic communities and have a substantial impact on HIV
incidence. We also confirmed the population-level benefits of male circumcision in
preventing HIV acquisition. Finally, despite observing significant HIV incidence
declines, HIV incidence remained much higher than what is needed for HIV epidemic
control.

Implications of all the available evidence

The available evidence indicates the need for strong HIV surveillance programs which
regularly survey a range of community types, additional population-level observational
and modeling studies of heterogeneous communities to better understand the varied
impacts of HIV interventions in different risk settings, the need for further efforts, such as
increased antiretroviral therapy and male circumcision scale-up and pre-exposure
prophylaxis roll-out, and additional resources from national governments and
international and global organizations in order to reach HIV epidemic control.
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Figure 1. ART scale-up and viral suppression.
Panel A shows ART coverage overall and by sex from 2011-2017. Panel B shows

population viral load suppression (viral suppression among all HIV-positive participants)
overall and by sex from 2011-2017. Bars indicate 95% confidence intervals.
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Figure 2. ART coverage by gender and age.
Panel A shows female ART coverage heat maps by age group from 2011 to 2017. Panel B

shows male ART coverage heat maps by age group from 2011 to 2017.
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Figure 3. Male circumcision scale-up.
Panel A shows male circumcision coverage overall and by HIV status from 2011-2017.

Panel B shows male circumcision coverage heat maps by age group from 2011-2017.
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Male circumcision coverage by age
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2011-2017. Bars indicate 95% confidence intervals.
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Table 2.

Factors associated with HIV incidence in four Ugandan fishing communities, 2011-2017.%
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Variable Incident yg:r“ by e IRR (95%Cl)  p-value (gg{)})Rch) p-value
Survey(s)p
Sep.2012 (2) 40 1,165.5 3.43(2.45-4.67) 1 - 1 -
Oct.2013 (3) 64 2,108.1 3.04(2.34-3.88)  0.88(0.60-1.31) 054 0.93(0.63-1.38) 0.72
May.2015 (4) 72 2,799.8 257(2.01-3.24)  0.75(0.51-1.10)  0.14 0.76(0.51-1.12) 0.16
Jan.2017 (5) 54 3,403.7 1.59(1.19-2.07) 0.46(0.31-0.69) 0.00021  0.52(0.34-0.79) 0.0021
Age (years)
15-19 12 673.2 1.78(0.92-3.11) 1 - 1 -
20-24 64 1,831.2 3.49(2.69-4.46) 1.96(1.06-3.63) 0.032 1.40(0.72-2.69) 0.32
25-29 68 2,178.2 3.12(2.42-3.96) 1.75(0.95-3.24) 0.073 1.23(0.63-2.42) 0.55
30-34 32 1,842.4 1.74(1.19-2.45)  0.97(0.50-1.89)  0.94 0.66(0.32-1.35) 0.26
35-39 31 1,403.4 2.21(1.50-3.14) 1.24(0.64-2.42) 0.53 0.83(0.40-1.73) 0.62
>39 years 23 1,548.5 1.49(0.94-2.23)  0.83(0.41-1.67)  0.609  0.61(0.29-1.30) 0.20
Sex
Women 108 3,915.5 2.76(2.26-3.33) 1 - 1 -
Uncircumcised men 69 1,926.2 3.58(2.79-4.53) 1.30(0.96-1.76) 0.094 0.95(0.66-1.37) 0.782
Circumcised men 53 3,635.3 1.46(1.09-1.91) 0.53(0.38-0.74)  0.00017  0.42(0.28-0.64) ~ 0.0098
Marital status
Never married 24 1,329.7 1.80(1.16-2.69) 1 - 1 -
Married 126 6,085.6 2.07(1.73-2.47) 1.15(0.74-1.78) 0.54 1.10(0.56-2.16) 0.78
Previously married 80 2,061.7 3.88(3.08-4.83) 2.15(1.36-3.40)  0.0011 1.99(1.18-3.37) 0.0098
Education
None 19 624.0 3.04(1.83-4.75) 1 - 1 -
Primary 182 6,842.4 2.66(2.29-3.08)  0.87(0.54-1.41)  0.58 0.82(0.52-1.31) 0.41
Secondary/Tertiary 29 2,010.5 1.44(0.97-2.07)  0.47(0.26-0.85)  0.012  0.50(0.28-0.89)  0.019
Sex with partnersoutside
of the community in last
year
None 162 6,589.5 2.46(2.09-2.87) 1 - 1 -
One or more 68 2,887.5 2.36(1.83-2.99) 0.96(0.72-1.28) 0.77 0.85(0.61-1.18) 0.32
Self-reported genital ulcer
diseasein thelast year
No 179 8,531.8 2.10(1.80-2.43) 1 - 1 -
Yes 51 945.2 5.40(4.02-7.09) 2.57(1.88-3.51) <0.0001  1.88(1.36-2.60) 0.0012
# sex partnersin thelast
year
None 6 685.0 0.88(0.32-1.91) 1 - 1 -
One 103 5,142.7 2.00(1.64-2.43)  2.29(1.00-5.22)  0.049  2.10(0.81-5.48) 0.13
Two 62 2,007.4 3.09(2.37-3.96) 3.53(1.52-8.18)  0.0033  4.02(1.44-11.26)  0.0081
Three or more 59 1,642.0 3.59(2.74-4.64) 4.10(1.77-9.52)  0.0010  4.64(1.57-13.76)  0.0056




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kagaayi et al. Page 19
: Incidence per 100 .
; Incident Per son- adjIRR
Variable IRR (95%ClI -value -value
: cases years (py) (9552/0) (95%Cl)  p-valu (95%Cl) p-valu
Non-marital relationships
and consistent condom use
Stable partners only/no sex
partners 124 6,277.7 1.98(1.64-2.36) 1 - 1 -
Non-stable partner,
inconsistent use 71 2,028.1 350(2.73-4.42)  1.77(1.32-2.38)  0.00013  1.06(0.62-1.82) 0.82
Non-stable partner, 35 1,171.2 2.99(2.08-4.16)  151(1.04-2.20) 0.031  0.98(0.54-1.78)  0.95

consistent use

aCI:COnfidence Interval; IRR=Incidence Rate Ratio; adjIRR=adjusted Incidence Rate Ratio

o

ates listed are the survey interval midpoint; 15t survey (not shown) midpoint interval was Jan2012.
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