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Abstract

Combination HIV prevention packages have reduced HIV incidence and improved HIV-
related outcomes among young people. However, there is limited data on how package com-
ponents interact to promote HIV-related prevention behaviours. We described the uptake of
HIV prevention interventions supported by Determined, Resilient, Empowered, AIDS-free,
Motivated and Safe (DREAMS) Partnership and assessed the association between uptake
and HIV-related behaviours among young people in rural KwaZulu-Natal, South Africa. We
analysed two cohorts followed from May 2017 to December 2019 to evaluate the impact of
DREAMS, covering 13-29 year-old females, and 13—-35 year-old males. DREAMS interven-
tions were categorised as healthcare-based or social. We described the uptake of interven-
tions and ran logistic regression models to investigate the association between intervention
uptake and subsequent protective HIV-related outcomes including no condomless sex and
voluntary medical male circumcision (VMMC). For each outcome, we adjusted for socio-
demographics and sexual/pregnancy history and reported adjusted odds ratios (aOR) and
95% confidence intervals (Cl). Among 5248 participants, uptake of healthcare interventions
increased from 2018 to 2019 by 8.1% and 3.7% for males and females respectively; about
half of participants reported receiving both healthcare and social interventions each year.
The most utilised combinations of interventions included HIV testing and counselling, school-
based HIV education and cash transfers. Participation in social interventions only compared
to no intervention was associated with reduced condomless sex (aOR = 1.60, 95%ClI: 1.03—
2.47), while participation in healthcare interventions only was associated with increased con-
domless sex. The uptake of interventions did not significantly affect subsequent VMMC
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overall. Among adolescent boys, exposure to school-based HIV education, cash transfers
and HIV testing and counselling was associated with increase in VMMC (aOR = 1.79, 95%
Cl: 1.04-3.07). Multi-level HIV prevention interventions were associated with an increase in
protective HIV-related behaviours emphasizing the importance of accessible programs
within both school and community settings for young people.

Background

Young people in South Africa continue to be infected with HIV, with adolescent girls and
young women (AGYW) being at highest risk of HIV compared to males [1]. More than a quar-
ter of new HIV infections occur among AGYW aged 15-24 years compared to 10% occurring
among adolescent boys and young men (ABYM) in the same age group [1], and a range of fac-
tors including individual, interpersonal and community-level contribute to the high risk of
HIV among young people. Despite ABYM being at lower risk of HIV than AGYW, they are
still at risk due to several risky sexual behaviours including having multiple sex partners, con-
domless sex, and not getting treated for sexually transmitted infections (STI) including HIV
[2]. This highlights a substantial HIV risk in both AGYW and ABYM, and as a result, there
have been increasing calls for combination interventions that address the risk at multiple levels
of influence to prevent HIV in young people [3, 4].

Previous studies have shown how combination approaches are effective in improving HIV-
related outcomes [5, 6]. The DREAMS (Determined, Resilient, Empowered, AIDS-free, Men-
tored and Safe) Partnership is one of the combination strategies for HIV prevention in sub-
Saharan Africa, aimed at reducing new HIV infections and HIV-related vulnerabilities among
AGYW by addressing underlying multi-level factors [7]. DREAMS packages include biomedi-
cal, behavioural and contextual interventions that are delivered directly to AGYW, their fami-
lies and communities to reduce HIV risk in AGYW and in their male sex partners through
strengthening HIV services for men.

While DREAMS has been well received in different settings, the uptake of interventions
may vary by type of intervention (i.e., interventions that address behavioural or social factors)
and the manner in which interventions are delivered may have resulted in young people
receiving different combinations of interventions [8, 9]. Prior work has shown high uptake of
multiple interventions among AGYW who were invited to participate in DREAMS [10]. How-
ever, there is limited evidence regarding the uptake of specific combinations of interventions
and how different components of combined interventions influence the behaviour that could
potentially reduce HIV risk in young people.

In South Africa, low uptake of behavioural and biomedical interventions including HIV
testing, voluntary medical male circumcision (VMMC) and condom use was reported among
youth before the roll-out of DREAMS [11, 12]. These interventions are fundamental to combi-
nation HIV prevention in high prevalence settings [13], and therefore, it is crucial to under-
stand how different components of the combination intervention interact to promote safe
HIV-related behaviours. This analysis aimed to describe the uptake of HIV interventions deliv-
ered in rural South Africa as a multi-sectoral approach to reducing new infections in AGYW;
and investigate the association between uptake of multi-level interventions and HIV-related
behaviours. Specifically, we looked at the association between multi-level intervention and
subsequent use of essential biomedical and behavioural interventions including condom use
and VMMC. Consistent condom use and VMMC play a crucial role in reducing HIV risk dur-
ing sexual intercourse.
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Methods

Setting

This study was conducted in the southern area of Africa Health Research Institute (AHRI) Popu-
lation Intervention Platform (PIP) located in uMkhanyakude district, KwaZulu-Natal. Established
in 2000, the AHRI PIP covers an area of 438 km?, with a population of approximately 100,000
people who are members of 12,000 households [14]. The area is largely rural with one town with
an approximate population of 30,000 people. AHRI conducts annual household-based surveys to
collect information on births, deaths, and migration patterns from all household members,
including non-residents. In addition, residents aged >15 years are invited to participate in an
annual HIV serosurvey, and to complete a questionnaire on general health and sexual behaviour.

Data source

Data were drawn from two cohort studies which evaluated the impact of DREAMS among
young people. DREAMS was implemented in the uMkhanyakude district of KwaZulu-Natal
from May 2016 until December 2018; the DREAMS impact evaluation began in May 2017 as
indicated in Fig 1. The first cohort study recruited adolescent girls and young women (AGYW)
aged 13-22 years who were enrolled in 2017 and followed-up for two years (2018-2019) [15].
The second cohort study recruited adolescent boys and young men (ABYM) aged 13-35 years
and young women aged 24-29 years in 2018 and re-interviewed them in 2019 [16]. Both studies
used random sampling, stratified by age, sex and area based on a sampling frame of potential
participants comprising all residents within the study area; there was no overlap in study partic-
ipants. Retention rates at follow-up time points were high (above 75%) in both studies.

Data collection and management

Data were collected by a team of trained fieldworkers using face-to-face and self-administered
interviews (i.e., each participant responded to both face-to-face and self-interviews) and cap-
tured electronically in REDCap software [17]. In each survey year, a structured questionnaire
was used to collect data on general health, uptake of interventions, behaviour, and sexual rela-
tionships; study tools were intentionally comparable between studies and over time. Questions
about sexual relationships were self-administered to provide privacy, with fieldworker support
available if needed. Datasets from the cohort studies were joined together and then merged
with other AHRI household datasets containing migration history and household assets infor-
mation, based on AHRI unique household identifiers and survey year.

To prepare the data for multivariable analysis, we excluded the 2017 survey because it was
only available for the first cohort study (AGYW aged 13-22). We then transformed the data
for each person from observation points into observation period (2018-2019). The exposure
(uptake of healthcare or social interventions) and potential confounders were measured at the
start-of-period interview (in 2018), while all outcomes were measured at the end-of-period
interview (in 2019).

Definitions

Uptake of interventions. DREAMS supported 16 intervention types in uMkhanyakude,
with varying eligibility criteria (Table 1). Several interventions (including HIV testing, condom
provision and VMMC) aimed at decreasing the risk of HIV transmission from male sexual
partners to AGYW were strengthened through collaboration with different organisations [18].
For example, DREAMS implementing partners worked with the Department of Health to
expand HIV testing and treatment for men through twilight testing in late hours, workplace
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Fig 1. Recruitment and participation flowchart.

https://doi.org/10.1371/journal.pgph.0003258.9001

testing and outreach. In this analysis, similar interventions were combined then grouped
according to whether they were healthcare or social interventions. Social interventions
included community mobilisation, family-focused and economic strengthening interventions.
Most social interventions were only provided through DREAMS, but some interventions such
as cash transfers and HIV education or Life skills existed before DREAMS. Healthcare inter-
ventions included biomedical interventions (e.g., HIV testing, contraception) and those that
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Table 1. The description of interventions supported by DREAMS in uMkhanyakude.

Intervention

Social
Financial literacy training*
Vocational/business skills training*

Local program for parenting/caregiving®

Cash transfers

Safe spaces”

Mentor program*

Social assets program*
HIV education or Life skills

Gender norms and violence prevention
related programs*

Healthcare
HIV testing and counselling services

Voluntary medical male circumcision
(VMMC)

Condom promotion and provision

Counselling and provision of
contraception/family planning

Adolescent friendly services
STI screening and treatment

Post-violence care

Description Eligible
populationt

Includes saving groups and microfinance program All

Helps young people to get the essential skills needed to start a business. All

Improves parent-child relationships and communication and reduce problem behaviours and

All aged 13-19

emotional distress for both parent/caregiver and child.

Support for school fees, government social grants or unconditional cash transfers to families. All
Places where AGYW meet regularly to talk about their health and other challenges they face in their AGYW aged 13-
lives. 24

Offered in safe spaces where trained mentors meet with groups of girls to discuss economic hardships

AGYW aged 13-

and health-related challenges. 24

Helps AGYW build strong relationships with their peer and adults who can offer emotional and AGYW aged 13-
material support. 24

Offered in all schools as part of basic education curriculum. Participants for this intervention included | 13-19 years
adolescents aged <20 years.

Include gender-based violence prevention and gender norms-related education and sexual and All
reproductive health communication and relationship skills. Offered to adolescents in schools and to all

age groups in communities

Include all types of HIV testing (facility-based, mobile and home-based testing). All
Removal of foreskin by a trained health professional. The uptake of VMMC was calculated among males | Males
previously reported no VMMC.

Condom promotion/demonstration and provision in health facilities and in communities. All

Covers all types of modern contraception including emergency contraception. All females

Services designed for adolescents and young adults and delivered in the health facilities.
Offered at the health facility.

Designed for victims of violence (sexual, physical, and emotional abuse).

All aged 13-24
All
All

tParticipants eligible for intervention and included in the analysis

* Interventions which were only provided through DREAMS

https://doi.org/10.1371/journal.pgph.0003258.t001

promote safer sex behaviours (e.g., by making condoms accessible to individuals). Uptake of
interventions was defined as self-reported participation in any relevant intervention in the 12
months prior to the start-of-period interview. We then built a composite uptake variable with
four levels: never received any intervention; received only social interventions; received only
healthcare interventions; and received multi-level (social and healthcare) interventions.

Outcomes. All outcomes were based on self-reported activity over the 12 months prior to
end-of-period interview in 2019. This activity therefore occurred after the start-of-period
interview when participants reported uptake of interventions in 2018 (their exposure). The
outcomes were no condomless-sex and VMMC incidence.

No condomless sex was defined as not having any acts of condomless sex in the 12 months
preceding the end-of-period interview date, i.e., if a participant reported either no sexual activ-
ity or having used a condom for all sex acts in the period. Participants were asked if they had
any condomless sex either in the past month or past 12 months. Responses from the two ques-
tions were combined to create one variable.

VMMC was defined as having received any male circumcision following the start-of-period
interview, whereby the foreskin was removed. Females and males who reported having previ-
ously been circumcised at start-of-period interview were excluded for this outcome.
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Potential confounding variables. Potential confounders included socio-demographic var-
iables (age, gender, geographic area, household wealth index, education, household food inse-
curity, migration) and sexual behaviour. Age of participants was grouped into four categories
(13-19, 20-24, 25-29, 30-35). Geographic area was classified as either rural or urban (including
townships). Household wealth index scores were calculated using principal component analysis
based on ownership of household assets and access to safe drinking water and sanitization;
scores from the first principal component were divided into tertiles. For education, the highest
level of education achieved was categorised as any primary, any secondary and completed sec-
ondary/any tertiary. Food insecurity was defined as any report of reducing the size of food por-
tions or skipping meals by any member of a household because there was not enough money to
buy food in the past 12 months. Migration was defined as ever having moved home since age of
13. For pregnancy and sexual history, a composite three-level variable was created to reduce
multi-collinearity among independent variables as: never had sex; ever had sex but never preg-
nant; and ever pregnant. All potential confounders were measured in 2018.

Statistical analysis

We described the baseline characteristics of all participants enrolled in the two cohorts, overall
and by type of intervention they received. For each intervention and intervention-level, we cal-
culated uptake for each survey year as the percentage of participants who used the interven-
tion, and we presented the results using bar graphs. The denominator included young people
who were eligible for that particular intervention as indicated in Table 1. For example, for par-
enting program, we included only adolescents aged 13-19. For each participant, we also calcu-
lated the count of interventions received within each level. Using UpSet plots [19], we
described all possible combinations of interventions and the number of participants who
received each combination of interventions.

Guided by our causal model (Fig 2), we examined the association between exposure to
multi-level HIV prevention interventions and HIV-related safe behaviours (condom use and
VMMC). The model hypothesises that multi-level HIV prevention interventions will increase
the uptake of condom use and VMMC through empowerment (i.e., economic empowerment
and adequate knowledge of HIV risk) and positive attitude towards the use of HIV prevention
services. The model also accounts for potential confounding variables which have been previ-
ously shown to be associated with participation in DREAMS interventions [10]. In multivari-
able analysis for condom use, we adjusted for confounders comprise age, sex, urbanicity,
household socio-economic status, food insecurity, level of education, migration history and
sexual behaviour. Same covariates (except sex) were also included in the model for VMMC. In
the multivariable analyses, we included only participants who had data for 2018-2019 period.
For both outcomes, we used ordinary logistic regression model adjusting for potential con-
founders to examine the association between exposure and outcomes. Since the exposure and
confounders were measured in 2018, we assumed that they did not vary between 2018 and
2019. For all multivariable analyses we fitted two models: first including only the exposure var-
iable and second adding all prespecified covariates. Full details are provided in S1 Table. For
VMMC analysis, we excluded uptake of VMMC from the exposure to avoid possible complete
separation (perfect prediction) of exposure variable by the outcome variable.

We conducted two sub-group analyses to assess possible effect-modification. For all out-
comes, we stratified our models by age group (13-19 and 20-35) and participant sex (where
possible). We also looked at each intervention and common combinations of interventions as
exposure variables to check whether observed associations between multi-level interventions
and outcomes were influenced by specific interventions. In this analysis, we first showed the
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Fig 2. Causal model indicating the hypothesized exposure-outcome relationship.

https://doi.org/10.1371/journal.pgph.0003258.g002

associations between single interventions and outcomes, then showed the associations between
combination of interventions and outcomes.

Data cleaning and analysis was done using Stata 14 (College Station, TX, US) and plots
were created in R version 3.5.1 [20].

Ethics approval and consent to participate

The cohort study protocols were approved by the University of KwaZulu-Natal Biomedical
Research Ethics Committee (BFC339/19), the London School of Hygiene & Tropical Medicine
Research Ethics Committee (REF11835) and the AHRI Somkhele Community Advisory
Board. Potential participants were visited in their homes and invited to participate in the
study. Participants aged 18 years or older provided a written consent. Parental consent with
participant written assent was sought for participants younger than 18 years.

Results
Characteristics of participants

A total of 5248 participants were included in the analysis most of whom were aged between 13
and 19 years (Table 2). About 66% of participants were residing in rural areas and 66% had at
least secondary education. About a quarter of participants were from households with a low
wealth index and had a history of food insecurity. About 20% had ever migrated outside the
surveillance area since the age of 13 years. More than half had ever had sex, with 39% of
females reporting ever being pregnant. The characteristics of participants differed by interven-
tion exposure. Majority of participants who used social or multi-level interventions were youn-
ger than 20, never migrated, or ever had sex, while those who used healthcare interventions
only were older (20 and above) and 87% reported ever having had sex.
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Table 2. Characteristics of participants at baseline, by exposure to intervention.

All No intervention Social Healthcare Multi-level
N % N % N % N % N %

Sex
Male 2487 47.4 284 52.6 366 39.3 747 46.0 1090 50.7
Female 2761 52.6 256 47.4 566 60.7 877 54.0 1062 49.3
Age group
13-19 2911 55.5 227 42.0 883 94.7 237 14.6 1564 72.7
20-24 1105 21.1 143 26.5 39 4.2 570 35.1 353 16.4
25-29 851 16.2 103 19.1 7 0.8 558 34.4 183 8.5
30-35 381 7.3 67 12.4 3 0.3 259 15.9 52 2.4
Urbanicity
Rural 3438 65.5 345 63.9 638 68.5 1002 61.7 1453 67.5
Peri-urban 1808 34.5 195 36.1 293 314 621 38.2 699 325
Household wealth index
Low 1293 24.6 131 24.3 240 25.8 391 24.1 531 24.7
Middle 1716 32.7 164 30.4 290 31.1 518 31.9 744 34.6
High 1706 32.5 190 35.2 313 33.6 530 32.6 673 31.3
Unknown 533 10.2 55 10.2 89 9.5 185 114 204 9.5
Migration
Never 3744 71.3 352 65.2 860 92.3 792 48.8 1740 80.9
Within PIPSA 475 9.1 43 8.0 46 4.9 201 12.4 185 8.6
External migration 1029 19.6 145 26.9 26 2.8 631 38.9 227 10.5
Highest educational attainment (four categories)
None or Some primary 418 8 53 9.9 137 14.7 81 5.0 147 6.8
Some secondary 3490 66.7 295 55.1 771 82.7 694 42.9 1730 80.5
Completed secondary 1324 25.3 187 35.0 24 2.6 841 52.0 272 12.7
Skipped meals in past 12m
No 3874 73.8 406 75.5 754 80.9 1154 71.1 1560 72.5
Yes 1364 26 131 24.3 176 18.9 468 28.8 589 27.4
Ever had sex, ever pregnant composite variable
Never had sex 2324 443 234 43.3 812 87.1 144 8.9 1134 52.7
Ever sex, never pregnant 1696 32.3 219 40.6 100 10.7 767 47.2 610 28.3
Ever pregnant 1098 20.9 72 13.3 13 1.4 657 40.5 356 16.5
Unknown 130 2.5 15 2.8 7 0.8 56 3.4 52 2.4

https://doi.org/10.1371/journal.pgph.0003258.t002

Uptake of interventions

Opverall, uptake of each of the healthcare and social interventions was high across gender, for
males and females (Fig 3). Full details are provided in the S2 Table. Among social interventions
school-based HIV education had the highest uptake (above 70% in 2018 and 2019), followed by
cash transfers with 50% uptake. In 2019, there was a decrease in the uptake of social interventions
among females. Among healthcare interventions, HIV testing and counselling had highest uptake
(above 60% in 2018 and 2019) followed by condom promotion (36% in 2018 and 45% in 2019).

Intervention uptake varied by age: more than half of adolescents aged 13-19 years received
both healthcare and social interventions in 2018 and 2019, And most adolescents who did not
receive both levels of intervention participated in social interventions (Fig 4). Most 20-24
year-olds received either multi-level or only healthcare interventions, whereas most (>80%) of
those aged 25 and above received only healthcare interventions. The most common
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Fig 3. Uptake of interventions, by age, gender and year of survey.
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combinations of multi-level interventions were school-based HIV education, cash transfers
and HIV testing and counselling, followed by cash transfers and HIV testing (Fig 5). These
combinations were common for both males and females (S1 and S2 Figs).

Association between social and individual-level interventions and
subsequent HIV-related behaviours
Table 3 shows the adjusted odd ratios from the regression models that examined the associa-

tion between uptake of intervention and subsequent behaviour and use of HIV prevention ser-
vices. Full details are provided in the S4-S6 Tables.
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Fig 4. Uptake of multi-level interventions, by age and year of survey.

https://doi.org/10.1371/journal.pgph.0003258.g004
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Fig 5. Uptake of combination of HIV prevention interventions in 2018.
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No condomless sex. In the multivariable analyses, 379 (9.2%) participants were excluded
due to missing data (non-response or missed 2018 survey). Overall, participating in social
interventions alone, relative to no intervention, was associated with a higher proportion
reporting no condomless sex (aOR = 1.60, 95% CI: 1.03-2.47). There was no significant associ-
ation between participating in healthcare interventions alone or in multi-level interventions
and no condomless sex, either overall or by age group or sex. However, when we looked at the
exposure to specific interventions or combinations, we found that participating in cash trans-
fers and school-based HIV education was significantly associated with higher odds of no con-
domless sex (aOR = 1.42, 95% CI: 1.12-1.80), while exposure to both HIV testing and
counselling and condom promotion (combined) was significantly associated with lower odds
of no condomless sex (aOR = 0.67, 95% CI: 0.55-0.81). Similar results were observed even
when these interventions were separated. Among females, participating in contraception was
associated with lower odds of no condomless sex (aOR = 0.72, 95% CI: 0.56-0.94) compared
to not participating in contraception.

VMMC. Overall, there was little evidence that uptake of healthcare and social interven-
tions was associated with an increase in VMMC in the overall sample, after adjusting for
potential confounders (Table 3). There was no obvious effect modification by age group.
When looking at the specific combinations of interventions (Table 3), we found that exposure
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Table 3. Association between uptake of healthcare/social interventions and subsequent HIV-related behaviours.

No condomless-sex (N = 3728) +

VMMC (N =831) *

n (%) OR (95% CI) aOR (95% CI) n (%) OR (95% CI) aOR (95% CI)
Multi-level Intervention
No intervention 139 (51.7) 1 1 24 (21.1) 1 1
Social only 626 (89.7) | 8.13(5.78-11.44) | 1.60 (1.03-2.47) | 27 (16.8) | 0.76 (0.41-1.39) | 0.65 (0.32-1.32)
Healthcare only 337 (35.0) 0.50 (0.38-0.66) | 0.96 (0.69-1.35) | 44 (16.9) | 0.76 (0.44-1.33) | 1.08 (0.57-2.02)
Multi-level 1230 (68.4) | 2.02 (1.56-2.62) | 1.14(0.81-1.60) | 76 (25.7) | 1.30(0.77-2.18) | 1.21 (0.67-2.19)
Common interventions and combinations
HIV testing
No 1657 (74.9) 1 1 114 (21.6) 1 1
Yes 675 (44.6) 0.27 (0.23-0.32) | 0.67 (0.55-0.81) | 57 (18.8) | 0.84 (0.59-1.20) | 1.12(0.71-1.74)
Condom promotion
No 1944 (71.5) 1 1 115 (20.7) 1 1
Yes 388 (38.5) 0.25(0.21-0.29) | 0.69 (0.57-0.83) | 56 (20.4) | 0.99 (0.21-0.32) | 1.38 (0.88-2.19)
Contraception
No 220 (41.8)
Yes 1020 (74.1) | 0.25(0,20-0.31) | 0.72 (0.56-0.94)
School-based HIV education”
No 561 (74.9) 1 1 33 (24.3) 1 1
Yes 1223 (86.3) | 2.11 (1.69-2.64) | 1.82 (1.42-2.32) | 59 (22.9) | 0.93 (0.57-1.51) | 0.89 (0.53-1.49)
Cash transfers
No 938 (50.2) 1 1 89 (19.3) 1 1
Yes 1394 (75.0) | 2.99 (2.60-3.43) | 1.41(1.19-1.67) | 82(22.2) | 1.20 (0.85-1.68) | 0.97 (0.64-1.47)
School-based HIV education & cash transfers
No 816 (78.6) 1 1 41 (23.2) 1 1
Yes 968 (85.8) 1.65 (1.32-2.06) | 1.42(1.12-1.80) | 51 (23.5) | 1.02 (0.64-1.63) | 1.04 (0.62-1.72)
School-based HIV education & cash transfers & HIV testing"
No 1254 (83.4) 1 1 63 (20.8) 1 1
Yes 530 (80.1) 0.80 (0.63-1.01) | 0.72(0.57-0.93) | 29 (31.9) | 1.78 (1.06-3.00) | 1.79 (1.04-3.07)
School-based HIV education & HIV testing"
No 1101 (84.2) 1 1 57 (19.9) 1 1
Yes 683 (79.6) | 0.73(0.59-0.92) | 0.64 (0.50-0.81) | 35(32.4) | 1.93 (1.17-3.16) | 1.98 (1.18-3.33)
Cash transfers & HIV testing
No 1583 (60.9) 1 1 124 (18.8) 1 1
Yes 749 (66.4) 0.63 (0.50-0.78) | 0.80 (0.67-0.96) | 47 (27.2) | 1.61(1.09-2.37) | 1.45 (0.96-2.18)
HIV testing & Condom promotion
No 2058 (68.9) 1 1 137 (21.0) 1 1
Yes 274 (36.9) 0.26 (0.22-0.31) | 0.67 (0.55-0.81) | 34 (18.9) | 0.87 (0.58-1.33) | 1.12 (0.68-1.83)
Cash transfers & condom promotion
No 2073 (64.0) 1 1 141 (19.9) 1 1
Yes 259 (52.8) 0.63 (0.52-0.76) | 0.59 (0.47-0.74) | 30 (24.8) | 1.33(0.85-2.09) | 1.12 (0.68-1.83)

tAdjusted for age, sex, location, SES, food insecurity, education, migration and sexual and pregnancy history.

* Adjusted for age, location, SES, food insecurity, education, migration and sexual history

"The denominator (calculated among participants below <20) is 2166 for condomless sex and 394 for VMMC.

https:/doi.org/10.1371/journal.pgph.0003258.t003

to school-based HIV education, cash transfers and HIV testing and counselling (aOR = 1.79,
95% CI:1.04-3.07) or school-based HIV education and HIV testing and counselling
(aOR =1.98, 95% CI:1.18-3.33) was associated with increase in VMMC among adolescent
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boys. School-based HIV education and cash transfers (without HIV testing and counselling)
or HIV testing and counselling alone were not associated with VMMC.

Discussion

In this longitudinal study, we found an increase over time in the uptake of individual level
interventions, with HIV testing and counselling having the highest uptake in both males and
females. School-based HIV education and cash transfers were the most used social interven-
tions. Most adolescents participated in both healthcare and social interventions while the
majority of young people aged >20 years participated only in healthcare interventions. We
also found that common combinations of multi-level interventions that were used by young
people included school-based HIV education, cash transfers and HIV testing and counselling.
The uptake of these multi-level interventions was associated with subsequently higher VMMC
in younger boys only, while uptake of social interventions was associated with reduced con-
domless sex in young people.

The high levels of uptake of both healthcare reported in this study in the younger group are
consistent with a previous study that measured uptake of DREAMS interventions among
AGYW in this setting [10]. The high uptake of social interventions among adolescents may be
driven by the delivery approach that used schools to recruit young people who needed services
and deliver interventions such as violence prevention education [9]. In this analysis we also
identified HIV testing and counselling, school-based HIV education and cash transfers as the
common combination of multi-level interventions that young people received. The increase in
HIV testing in this setting may have been partly influenced by home-based (including mobile)
HIV testing which is easier to access than facility-based services [21]. While these three inter-
ventions can be delivered simultaneously to young people, being exposed to cash transfers and
comprehensive HIV education has been shown to be associated with increased knowledge of
HIV and a positive attitude towards HIV prevention in adolescents [22, 23]. The frequency of
in-school interventions in this sample highlights that adolescents in school have better access
to multiple HIV prevention interventions compared out-of-school peers [24]. This suggests
both that schools can play an important part in increasing accessibility and use of HIV preven-
tion services, and that provision of services to out-of-school youth will require greater effort.

Despite the low levels of VMMC uptake observed in this study, adolescent boys who
received multi-level interventions were more likely to participate in VMMC than those who
did not receive any intervention. The referrals to VMMC services following a home-based
HIV testing and school-based VMMC campaigns run by the Department of Health in the
study area when DREAMS was implemented may have contributed to the increase in VMMC.
The evidence from a study conducted in South Africa and Uganda showed an increase in male
circumcision following home-based HIV testing among HIV-negative men who received text
message and lay counsellors support [25]. These findings highlight the important role that
multi-level interventions can play in improving health seeking behaviours among young peo-
ple who have limited access to healthcare and those harder to reach (e.g., young men) due to
barriers to accessing care [26, 27].

The uptake of social interventions only (particularly cash transfers and school-based HIV
education), and combinations of social and healthcare interventions prior to adjustment for
confounding, was associated with significantly less subsequent condomless sex. Studies have
shown that exposure to interventions such as cash transfers and school-based interventions
can cause young people to delay their sexual debut [28, 29]. On the contrary, exposure to
healthcare interventions such as HIV testing and counselling, condom promotion and contra-
ception was associated with increase in subsequent condomless sex. This finding is consistent
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with a study that found low consistent condom use following HIV testing among young people
in Kenya [30]. In our study, young people who received only healthcare interventions may
have been exposed to HIV testing and counselling through other healthcare interventions such
as antenatal care, family planning and VMMC. Their perceptions of HIV risk following expo-
sure to interventions that are linked to low risk can influence the decision to not use a condom
(e.g., VMMC) [31, 32]. This finding also suggests that wide-scale promotion and distribution
of condoms observed in this setting may not be sufficient and needs to incorporate strategies
to clarify social misconceptions about condom use. Furthermore, the value of a dual con-
traceptive method in HIV prevention and transmission needs to be emphasized to young
women accessing family planning services.

Although in this study we did not classify whether condomless sex was with a regular or
casual partner, the decision not to use condoms could also be influenced by the type of sexual
relationship a person is involved in [33-36]. Previous studies conducted in this rural setting
found that low condom use at last sex was associated with having a regular sexual partner or
an older partner [37, 38]. Thus, programs that promote condom use should also consider the
influence of sexual relationships dynamics on consistent condom use.

Our study has some limitations. First, the data on uptake of interventions and outcomes
were self-reported and this could have introduced misclassification bias. Second, the uptake of
post-violence care services may have been underestimated as it was calculated among all par-
ticipants. Although data on violence experiences was available, it was difficult to identify indi-
viduals who might have needed post-violence care services. Third, the observed associations
between uptake of interventions and outcomes may be influenced by intervention fidelity
which we could not measure in our study. Fourth, loss to follow-up was significantly high
among participants aged 20-24, who completed secondary school, ever out-migrated and sex-
ually active (S7 Table). Differential loss to follow-up may have introduced selection bias and
overestimation of outcomes. However, our sample size and retention rate were high, likely
reducing the degree of bias in the study findings. Lastly, although there is temporal ordering of
exposure and outcome in our analysis, there may be residual confounding, and thus caution
should be taken in interpreting the associations observed in this study as causal effects.

The study also has some strengths. This is the first study in this setting to identify the spe-
cific combinations of interventions that are commonly received by male and female youth and
to investigate whether different components (social vs healthcare) of combination intervention
affect HIV-related behaviours. We also identified interventions that may work well together to
improve HIV-related behaviours in adolescents and young adults. However, further research
is necessary to test our hypothesised causal mechanism, that is, the influence of empowerment
and attitudes on the relationship between multi-level HIV prevention interventions and safe
HIV-related behaviours. Furthermore, although most interventions were intended for AGYW,
the data from two cohort studies allowed us to compare uptake of interventions between ado-
lescents and young adults.

Conclusions

There is evidence that adolescents who receive school-based HIV education and child support
and other cash transfers also participate in HIV testing and counselling which supports the use
of schools as an ideal platform to deliver HIV prevention interventions to adolescents. Partici-
pating in multi-level interventions is associated with positive change in HIV-related behav-
iours that are fundamental to HIV prevention and transmission. Additionally, these findings
emphasize the need for tailored HIV prevention strategies for older youth not in school to
enhance their uptake of multi-level HIV interventions. Peer-led and digital interventions
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could help in promoting and expanding access to social-level interventions for young people
who are not in school. Further research is needed to understand the association of multi-level
HIV interventions and condom use in the context of sexual relationship dynamics.

Supporting information

S1 Fig. Uptake of combination of HIV prevention interventions in 2017, among AGYW.
(PDF)

S2 Fig. Uptake of combination of HIV prevention interventions in 2019.
(PDF)

S1 Table. Logistic models adjusting for exposure and potential confounders.
(DOCX)

S2 Table. Uptake of interventions (percentage of participants who used the intervention),
by sex and year of survey.
(DOCX)

§3 Table. Association between uptake of social/healthcare interventions and no condom-
less-sex.
(DOCX)

S$4 Table. Association between uptake of social/healthcare interventions and no condom-
less-sex, by age and sex.
(DOCX)

§5 Table. Association between uptake of individual/community-level interventions and
VMMC, by age.
(DOCX)

S6 Table. Association between uptake of interventions and HIV-related behaviours among
adolescents and young adults.
(DOCX)

S7 Table. Factors associated with lost to follow-up among adolescents and young adults
enrolled in the cohort studies.
(DOCX)

Acknowledgments

The authors acknowledge AHRI research team including the research assistants (B. Mbatha,
D. Mkhwanazi, K. Ngobese, N. Buthelezi, N. Fakude, N. Mbatha, S. Nsibande, S. Ntshangase,
S. Mnyango, T. Dlamini, Z. Cumbane, Z. Mathenjwa, M. Zikhali, N. Mpanza, S. Xulu, X.
Ngwenya, Z Xulu, Z. Mthethwa, S. Hlongwane) and research administrators, especially A.
Jalazi and S. Mbili, for their commitment to the study. We also extend our appreciation to our
research community including the community advisory boards in uMkhanyakude district.

Author Contributions

Conceptualization: Nondumiso Mthiyane, Maryam Shahmanesh, Andrew Copas, Lorraine
Sherr, Guy Harling.

Data curation: Nondumiso Mthiyane, Jaco Dreyer, Guy Harling.

Formal analysis: Nondumiso Mthiyane, Guy Harling.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003258 May 31, 2024 14/17


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s003
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s004
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s005
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s006
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s007
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s008
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003258.s009
https://doi.org/10.1371/journal.pgph.0003258

PLOS GLOBAL PUBLIC HEALTH

Multi-level HIV prevention interventions and HIV-related behaviours

Supervision: Guy Harling.

Writing - original draft: Nondumiso Mthiyane.

Writing - review & editing: Nondumiso Mthiyane, Maryam Shahmanesh, Andrew Copas,

Natsayi Chimbindi, Jaco Dreyer, Thembelihle Zuma, Nuala McGrath, Kathy Baisley, Sian
Floyd, Isolde Birdthistle, Lorraine Sherr, Janet Seeley, Guy Harling.

References

1.

10.

11.

12

13.

14.

Simbayi LC, Zuma K, Zungu N, Moyo S, Marinda E, Jooste S, et al. South African National HIV Preva-
lence, Incidence, Behaviour and Communication Survey.2017. Cape Town: HSRC Press; 2019 [cited
2023 December 20]. Available from: https://www.hsrcpress.ac.za/books/south-african-national-hiv-
prevalence-incidence-behaviour-and-communication-survey-2017.

Kanyemba R, Govender K, Dzomba A, Mashamba TP, Mantell JE. HIV Focused Sexual Risk-Reduc-
tion Interventions Targeting Adolescent Boys and Young Men in Sub-Saharan Africa: A Scoping
Review. AIDS Behav. 2023; 27(10):3356-91. https://doi.org/10.1007/s10461-023-04054-8 PMID:
37405621

Pettifor A, Nguyen NL, Celum C, Cowan FM, Go V, Hightow-Weidman L. Tailored combination preven-
tion packages and PrEP for young key populations. Journal of the International AIDS Society. 2015; 18
(2 Suppl 1):19434. https://doi.org/10.7448/IAS.18.2.19434 PMID: 25724507

Pettifor A, Stoner M, Pike C, Bekker L-G. Adolescent lives matter: preventing HIV in adolescents. Curr
Opin HIV AIDS. 2018; 13(3):265—73. https://doi.org/10.1097/COH.0000000000000453 PMID:
29528850

Fatti G, Shaikh N, Jackson D, Goga A, Nachega JB, Eley B, et al. Low HIV incidence in pregnant and
postpartum women receiving a community-based combination HIV prevention intervention in a high
HIV incidence setting in South Africa. PloS one. 2017; 12(7):e0181691. https://doi.org/10.1371/journal.
pone.0181691 PMID: 28750070

Shanaube K, Schaap A, Hoddinott G, Mubekapi-Musadaidzwa C, Floyd S, Bock P, et al. Impact of a
community-wide combination HIV prevention intervention on knowledge of HIV status among adoles-
cents. AIDS. 2021; 35(2):275-85. https://doi.org/10.1097/QAD.0000000000002722 PMID: 33048875

Saul J, Bachman G, Allen S, Toiv NF, Cooney C, Beamon TA. The DREAMS core package of interven-
tions: A comprehensive approach to preventing HIV among adolescent girls and young women. PloS
one. 2018; 13(12):e0208167. https://doi.org/10.1371/journal.pone.0208167 PMID: 30532210

Chimbindi N, Birdthistle I, Shahmanesh M, Osindo J, Mushati P, Ondeng’e K, et al. Translating
DREAMS into practice: Early lessons from implementation in six settings. PloS one. 2018; 13(12):
€0208243. https://doi.org/10.1371/journal.pone.0208243 PMID: 30543640

Chimbindi N, Birdthistle I, Floyd S, Harling G, Mthiyane N, Zuma T, et al. Directed and target focused
multi-sectoral adolescent HIV prevention: Insights from implementation of the ‘DREAMS Partnership’ in
rural South Africa. Journal of the International AIDS Society. 2020; 23(S5):e25575. https://doi.org/10.
1002/jia2.25575 PMID: 32869481

Gourlay A, Birdthistle I, Mthiyane NT, Orindi BO, Muuo S, Kwaro D, et al. Awareness and uptake of lay-
ered HIV prevention programming for young women: analysis of population-based surveys in three
DREAMS settings in Kenya and South Africa. BMC public health. 2019; 19(1):1417. https://doi.org/10.
1186/s12889-019-7766-1 PMID: 31666043

Chimbindi N, Mthiyane N, Birdthistle I, Floyd S, McGrath N, Pillay D, et al. Persistently high incidence of
HIV and poor service uptake in adolescent girls and young women in rural KwaZulu-Natal, South Africa
prior to DREAMS. 2018; 13(10):€0203193. https://doi.org/10.1371/journal.pone.0203193 PMID:
30325932

Baisley K, Chimbindi N, Mthiyane N, Floyd S, McGrath N, Pillay D, et al. High HIV incidence and low
uptake of HIV prevention services: The context of risk for young male adults prior to DREAMS in rural
KwaZulu-Natal, South Africa. PloS one. 2018; 13. https://doi.org/10.1371/journal.pone.0208689 PMID:
30586376

Bekker L-G, Beyrer C, Quinn TC. Behavioral and biomedical combination strategies for HIV prevention.
Cold Spring Harb Perspect Med. 2012; 2(8):a007435. https://doi.org/10.1101/cshperspect.a007435
PMID: 22908192

Gareta D, Baisley K, Mngomezulu T, Smit T, Khoza T, Nxumalo S, et al. Cohort profile update: Africa
Centre Demographic Information System (ACDIS) and population-based HIV survey. International
Journal of Epidemiology. 2021. https://doi.org/10.1093/ije/dyaa264 PMID: 33437994

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003258 May 31, 2024 15/17


https://www.hsrcpress.ac.za/books/south-african-national-hiv-prevalence-incidence-behaviour-and-communication-survey-2017
https://www.hsrcpress.ac.za/books/south-african-national-hiv-prevalence-incidence-behaviour-and-communication-survey-2017
https://doi.org/10.1007/s10461-023-04054-8
http://www.ncbi.nlm.nih.gov/pubmed/37405621
https://doi.org/10.7448/IAS.18.2.19434
http://www.ncbi.nlm.nih.gov/pubmed/25724507
https://doi.org/10.1097/COH.0000000000000453
http://www.ncbi.nlm.nih.gov/pubmed/29528850
https://doi.org/10.1371/journal.pone.0181691
https://doi.org/10.1371/journal.pone.0181691
http://www.ncbi.nlm.nih.gov/pubmed/28750070
https://doi.org/10.1097/QAD.0000000000002722
http://www.ncbi.nlm.nih.gov/pubmed/33048875
https://doi.org/10.1371/journal.pone.0208167
http://www.ncbi.nlm.nih.gov/pubmed/30532210
https://doi.org/10.1371/journal.pone.0208243
http://www.ncbi.nlm.nih.gov/pubmed/30543640
https://doi.org/10.1002/jia2.25575
https://doi.org/10.1002/jia2.25575
http://www.ncbi.nlm.nih.gov/pubmed/32869481
https://doi.org/10.1186/s12889-019-7766-1
https://doi.org/10.1186/s12889-019-7766-1
http://www.ncbi.nlm.nih.gov/pubmed/31666043
https://doi.org/10.1371/journal.pone.0203193
http://www.ncbi.nlm.nih.gov/pubmed/30325932
https://doi.org/10.1371/journal.pone.0208689
http://www.ncbi.nlm.nih.gov/pubmed/30586376
https://doi.org/10.1101/cshperspect.a007435
http://www.ncbi.nlm.nih.gov/pubmed/22908192
https://doi.org/10.1093/ije/dyaa264
http://www.ncbi.nlm.nih.gov/pubmed/33437994
https://doi.org/10.1371/journal.pgph.0003258

PLOS GLOBAL PUBLIC HEALTH

Multi-level HIV prevention interventions and HIV-related behaviours

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Shahmanesh M. DREAMS Impact Evaluation Project—Nested Cohort—Standardised and combined
dataset for all 3 round [dataset]. 2020 July 21 [cited 2023 March 10]. AHRI Data Repository. Available
from: https://doi.org/10.23664/AHRI.DREAMS.impact.Evaluation.Project.Nested.Cohort

Shahmanesh M. DREAMS Multilevel Standardised Datasets Release Version 02 [dataset]. 2021 Octo-
ber 13 [cited 2023 March 10]. AHRI Data Repository. Available from: https://doi.org/10.23664/AHRI.
DREAMS.Multilevel.Standardized.v2

Harris PA, Taylor R, Thielke R, Payne J GN, Conde JG. Research Electronic Data Capture (REDCap)
—a metadata driven methodology and workflow process for providing translational research informatict
support. J Biomed Inform. 2009; 42:377-81. https://doi.org/10.1016/}.jbi.2008.08.010 PMID: 18929686

ZumaT, Seeley J, Hlongwane S, Chimbindi N, Sherr L, Floyd S, et al. A socio-ecological approach to
understanding experiences and perceptions of a multilevel HIV prevention intervention: The deter-
mined, resilient, empowered, AIDS-free, mentored, and safe (DREAMS) partnership in uMkhanyakude,
KwaZulu-Natal, South Africa. SSM—Qualitative Research in Health. 2022; 2:100138. https://doi.org/
10.1016/j.ssmqr.2022.100138

Lex A, Gehlenborg N, Strobelt H, Vuillemot R, Pfister H. UpSet: Visualization of Intersecting Sets. IEEE
Trans Vis Comput Graph. 2014; 20(12):1983-92. https://doi.org/10.1109/TVCG.2014.2346248 PMID:
26356912

R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical
Computing, Vienna, Austria. 2022. Available from: https://www.R-project.org/.

Matovu JK, Makumbi FE. Expanding access to voluntary HIV counselling and testing in sub-Saharan
Africa: alternative approaches for improving uptake, 2001-2007. Tropical medicine & international
health: TM & IH. 2007; 12(11):1315-22. https://doi.org/10.1111/j.1365-3156.2007.01923.x PMID:
17949401

Letsela L, Jana M, Pursell-Gotz R, Kodisang P, Weiner R. The role and effectiveness of School-based
Extra-Curricular Interventions on children’s health and HIV related behaviour: the case study of Soul
Buddyz Clubs Programme in South Africa. BMC public health. 2021; 21(1):2259. https://doi.org/10.
1186/s12889-021-12281-8 PMID: 34895170

Jennings L, Ssewamala FM, Nabunya P. Effect of savings-led economic empowerment on HIV preven-
tive practices among orphaned adolescents in rural Uganda: results from the Suubi-Maka randomized
experiment. AIDS care. 2016; 28(3):273-82. https://doi.org/10.1080/09540121.2015.1109585 PMID:
26548549

McClinton Appollis T, Duby Z, Jonas K, Dietrich J, Maruping K, Abdullah F, et al. Factors influencing
adolescent girls and young women'’s participation in a combination HIV prevention intervention in South
Africa. BMC public health. 2021; 21(1):417. https://doi.org/10.1186/s12889-021-10462-z PMID:
33639919

Barnabas RV, van Rooyen H, Tumwesigye E, Brantley J, Baeten JM, van Heerden A, et al. Uptake of
antiretroviral therapy and male circumcision after community-based HIV testing and strategies for link-
age to care versus standard clinic referral: a multisite, open-label, randomised controlled trial in South
Africa and Uganda. The Lancet HIV. 2016; 3(5):e212—-20. https://doi.org/10.1016/S2352-3018(16)
00020-5 PMID: 27126488

Ninsiima LR, Chiumia IK, Ndejjo R. Factors influencing access to and utilisation of youth-friendly sexual
and reproductive health services in sub-Saharan Africa: a systematic review. Reproductive health.
2021; 18(1):135. https://doi.org/10.1186/s12978-021-01183-y PMID: 34176511

Mohlabane N, Tutshana B, Peltzer K, Mwisongo A. Barriers and facilitators associated with HIV testing
uptake in South African health facilities offering HIV Counselling and Testing. Health SA Gesondheid.
2016; 21:86-95. https://doi.org/10.4102/hsag.v21i0.938

Mmbaga EJ, Kajula L, Aarg LE, Kilonzo M, Wubs AG, Eggers SM, et al. Effect of the PREPARE inter-
vention on sexual initiation and condom use among adolescents aged 12—14: a cluster randomised con-
trolled trial in Dar es Salaam, Tanzania. BMC public health. 2017; 17(1):322. https://doi.org/10.1186/
$12889-017-4245-4 PMID: 28415973

Mathews C, Aarg LE, Grimsrud A, Flisher AJ, Kaaya S, Onya H, et al. Effects of the SATZ teacher-led
school HIV prevention programmes on adolescent sexual behaviour: cluster randomised controlled tri-
als in three sub-Saharan African sites. International health. 2012; 4(2):111-22. https://doi.org/10.1016/
j.inhe.2012.02.001 PMID: 24029149

Driver M, Katz DA, Manyeki V, Mungala C, Otiso L, Mugo C, et al. Condom Use Behaviors, Risk Per-
ception, and Partner Communication Following Oral HIV Self-testing Among Adolescents and Young
Adults in Kenya: A Cohort Study. AIDS and behavior. 2023; 27(6):1727—40. https://doi.org/10.1007/
510461-022-03904-1 PMID: 36520337

ZumaT, Seeley J, Sibiya LO, Chimbindi N, Birdthistle I, Sherr L, et al. The Changing Landscape of
Diverse HIV Treatment and Prevention Interventions: Experiences and Perceptions of Adolescents and

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003258 May 31, 2024 16/17


https://doi.org/10.23664/AHRI.DREAMS.impact.Evaluation.Project.Nested.Cohort
https://doi.org/10.23664/AHRI.DREAMS.Multilevel.Standardized.v2
https://doi.org/10.23664/AHRI.DREAMS.Multilevel.Standardized.v2
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1016/j.ssmqr.2022.100138
https://doi.org/10.1016/j.ssmqr.2022.100138
https://doi.org/10.1109/TVCG.2014.2346248
http://www.ncbi.nlm.nih.gov/pubmed/26356912
https://www.R-project.org/
https://doi.org/10.1111/j.1365-3156.2007.01923.x
http://www.ncbi.nlm.nih.gov/pubmed/17949401
https://doi.org/10.1186/s12889-021-12281-8
https://doi.org/10.1186/s12889-021-12281-8
http://www.ncbi.nlm.nih.gov/pubmed/34895170
https://doi.org/10.1080/09540121.2015.1109585
http://www.ncbi.nlm.nih.gov/pubmed/26548549
https://doi.org/10.1186/s12889-021-10462-z
http://www.ncbi.nlm.nih.gov/pubmed/33639919
https://doi.org/10.1016/S2352-3018%2816%2900020-5
https://doi.org/10.1016/S2352-3018%2816%2900020-5
http://www.ncbi.nlm.nih.gov/pubmed/27126488
https://doi.org/10.1186/s12978-021-01183-y
http://www.ncbi.nlm.nih.gov/pubmed/34176511
https://doi.org/10.4102/hsag.v21i0.938
https://doi.org/10.1186/s12889-017-4245-4
https://doi.org/10.1186/s12889-017-4245-4
http://www.ncbi.nlm.nih.gov/pubmed/28415973
https://doi.org/10.1016/j.inhe.2012.02.001
https://doi.org/10.1016/j.inhe.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/24029149
https://doi.org/10.1007/s10461-022-03904-1
https://doi.org/10.1007/s10461-022-03904-1
http://www.ncbi.nlm.nih.gov/pubmed/36520337
https://doi.org/10.1371/journal.pgph.0003258

PLOS GLOBAL PUBLIC HEALTH

Multi-level HIV prevention interventions and HIV-related behaviours

32.

33.

34.

35.

36.

37.

38.

Young Adults in Rural KwaZulu-Natal, South Africa. Front Public Health. 2019; 7:336. https://doi.org/10.
3389/fpubh.2019.00336 PMID: 31803703

Chatsika ZJ, Kumitawa A, Samuel V, Azizi SC, Jumbe VC. Voluntary medical male circumcision and
sexual practices among sexually active circumcised men in Mzuzu, Malawi: a cross-sectional study.
BMC public health. 2020; 20(1):211. https://doi.org/10.1186/s12889-020-8309-5 PMID: 32046686

Jama Shai N, Jewkes R, Levin J, Dunkle K, Nduna M. Factors associated with consistent condom use
among rural young women in South Africa. AIDS Care. 2010; 22(11):1379-85. https://doi.org/10.1080/
09540121003758465 PMID: 20730637

McHunu GG, Naidoo JR, Ncama BP. Condom use: a less travelled route among minibus taxi drivers
and their taxi queens in KwaZulu-Natal, South Africa. Afr Health Sci. 2020; 20(2):658-65. https://doi.
org/10.4314/ahs.v20i2.15 PMID: 33163028

Mgwaba MT, Maharaj P. Barriers to condom use in casual sexual relationships known as ukujola in
KwaZulu-Natal, South Africa. African journal of AIDS research: AJAR, 20(3), 192—203. https://doi.org/
10.2989/16085906.2021.1951310 PMID: 34490834

Harrison A, O’Sullivan LF Hoffman S, Dolezal C, Morrell R. Gender role and relationship norms among
young adults in South Africa: measuring the context of masculinity and HIV risk. Journal of urban health:
bulletin of the New York Academy of Medicine. 2006; 83(4):709-22. https://doi.org/10.1007/s11524-
006-9077-y PMID: 16758334

Chimbindi NZ, McGrath N, Herbst K, San Tint K, Newell ML. Socio-Demographic Determinants of Con-
dom Use Among Sexually Active Young Adults in Rural KwaZulu-Natal, South Africa. The open AIDS
journal. 2010; 4:88-95. hitps://doi.org/10.2174/1874613601004010088 PMID: 20648225

McGrath N, Eaton JW, Newell ML, Hosegood V. Migration, sexual behaviour, and HIV risk: a general
population cohort in rural South Africa. Lancet HIV. 2015; 2(6):e252-9. https://doi.org/10.1016/S2352-
3018(15)00045-4 PMID: 26280016

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003258 May 31, 2024 17/17


https://doi.org/10.3389/fpubh.2019.00336
https://doi.org/10.3389/fpubh.2019.00336
http://www.ncbi.nlm.nih.gov/pubmed/31803703
https://doi.org/10.1186/s12889-020-8309-5
http://www.ncbi.nlm.nih.gov/pubmed/32046686
https://doi.org/10.1080/09540121003758465
https://doi.org/10.1080/09540121003758465
http://www.ncbi.nlm.nih.gov/pubmed/20730637
https://doi.org/10.4314/ahs.v20i2.15
https://doi.org/10.4314/ahs.v20i2.15
http://www.ncbi.nlm.nih.gov/pubmed/33163028
https://doi.org/10.2989/16085906.2021.1951310
https://doi.org/10.2989/16085906.2021.1951310
http://www.ncbi.nlm.nih.gov/pubmed/34490834
https://doi.org/10.1007/s11524-006-9077-y
https://doi.org/10.1007/s11524-006-9077-y
http://www.ncbi.nlm.nih.gov/pubmed/16758334
https://doi.org/10.2174/1874613601004010088
http://www.ncbi.nlm.nih.gov/pubmed/20648225
https://doi.org/10.1016/S2352-3018%2815%2900045-4
https://doi.org/10.1016/S2352-3018%2815%2900045-4
http://www.ncbi.nlm.nih.gov/pubmed/26280016
https://doi.org/10.1371/journal.pgph.0003258

