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Abstract

Objective

Voluntary Counseling and Testing for HIV (VCT) and increasing access to male condoms

are common strategies to respond to the HIV/AIDS pandemic. Using biological and behav-

ioral outcomes, we compared programs to increase access to VCT, male condoms or both

among youth in Western Kenya with the standard available HIV prevention services within

this setting.

Design

A four arm, unblinded randomized controlled trial.

Methods

The sample includes 10,245 youth aged 17 to 24 randomly assigned to receive community-

based VCT, 150 male condoms, both VCT and condoms, or neither program. All had access

to standard HIV services available within their communities. Surveys and blood samples for

HSV-2 testing were collected at baseline (2009–2010) and at follow up (2011–2013). VCT

was offered to all participants at follow up. HSV-2 prevalence, the primary outcome, was

assessed using weighted logistic regressions in an intention-to-treat analysis.

Results

For the 7,565 respondents surveyed at follow up, (effective tracking rate = 91%), the

weighted HSV-2 prevalence was similar across groups (control group = 10.8%, condoms

only group = 9.1%, VCT only group = 10.2%, VCT and condoms group = 11.5%). None of

the interventions significantly reduced HSV-2 prevalence; the adjusted odds ratios were

0.87 (95% CI: 0.61–1.25) for condoms only, 0.94 (95% CI: 0.64–1.38) for VCT only, and
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1.12 (95% CI: 0.79–1.58) for both interventions. The VCT intervention significantly

increased HIV testing (adj OR: 3.54, 95% CI: 2.32–5.41 for VCT only, and adj OR: 5.52,

95% CI: 3.90–7.81 for condoms and VCT group). There were no statistically significant

effects on risk of HIV, or on other behavioral or knowledge outcomes including self-reported

pregnancy rates.

Conclusion

This study suggests that systematic community-based VCT campaigns (in addition to VCT

availability at local health clinics) and condom distribution are unlikely on their own to signifi-

cantly reduce the prevalence of HSV-2 among youth.

Introduction

The HIV/AIDS pandemic remains a significant global health problem. An estimated 36.9 mil-

lion people globally were living with HIV in 2017, with 70% in sub-Saharan Africa [1]. Despite

two decades of prevention efforts, 1.8 million new infections occurred in 2017 [1]. Globally,

young people are disproportionately affected by HIV—in 2017, 590,000 new HIV infections

occurred among youth aged 15–24, representing over 30% of all new infections [2]. Recent

estimates suggest approximately 30% of young women and 30% of young men in sub-Saharan

Africa in 2017 had basic information about HIV prevention [3], and in 2013 only 15% of

young women and 10% of young men in the region knew their HIV status [4].

Voluntary Counseling and Testing for HIV (VCT) plays an important role in the worldwide

response to the HIV/AIDS pandemic, serving as a crucial entry point to HIV/AIDS treatment

and care [5]. VCT’s potential contribution as an HIV prevention strategy has also been empha-

sized. It is hypothesized that through the process of learning one’s HIV sero-status, in addition

to receiving individualized risk reduction counseling, VCT could help individuals reduce sex-

ual risk taking behaviors and protect themselves and their partners from HIV and other sexu-

ally transmitted infections such as Herpes Simplex Type 2 (HSV-2) [6–9].

However, previous studies assessing the impact of VCT as a prevention intervention have

shown inconsistent results [10–16]. For example, several studies have found reductions in

risky sexual behaviors due to VCT [10] that are, in some studies, more pronounced in those

testing HIV positive [11–14], while others have found no association between VCT and

changes in sexual behavior [15, 16]. There have been concerns that VCT could lead to disinhi-

bition or an increase in sexual risk behaviors amongst those testing negative for HIV, and this

has been reported in at least one study [17]. Several randomized controlled trials (RCTs)

assessing the impact of VCT have been conducted including one in Zimbabwe which found

no effect of VCT on HIV incidence [18], and one in Kenya, Tanzania and Trinidad which

reported reductions in unprotected intercourse in participants receiving VCT but did not

assess biological outcomes [13]. A large RCT of a multi-component HIV prevention program

(Project Accept) including community-based VCT in several sites in sub-Saharan Africa and

in Thailand found significant increases in HIV testing among men and women, and a reduc-

tion in HIV incidence among women older than 24 years, but not among youth [19]. A recent

meta-analysis found that people who received VCT were significantly more likely to report

reducing their number of sexual partners compared to those who did not receive VCT, and

were also more likely to report protected sexual intercourse if they tested positive for HIV [11].
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Few of these studies disaggregated findings by age and overall there is limited evidence on

the impact of VCT on sexual risk behaviors specifically among youth [20, 21]. Nevertheless

there is a body of evidence reporting barriers to HIV testing among youth including lack of

HIV/AIDS knowledge, lack of awareness of available services, belief that own risk is low, con-

cerns about confidentiality, fear, and financial burden [22–26]. Youth may also not regularly

access health care where traditional VCT services are often based [21]. Alternative modalities

of VCT delivery such as home-based [15, 27], mobile [28, 29] and self-testing [30] may provide

increased confidentiality and address other barriers faced by youth. For example, a secondary

analysis of Project Accept data demonstrated that community-based VCT significantly

increased HIV testing among youth, especially young men with high-risk behavior [31].

Youth additionally face barriers in accessing and using condoms, another important strategy

in the worldwide response to HIV/AIDS [32]. A systematic review of 62 evaluations of condom

interventions implemented in Africa and Asia since 1998 reported that few of the included stud-

ies used randomized designs or control groups and most measured self-reported condom use as

the primary endpoint [33]. Of the fourteen studies that focused on increasing reported condom

use among youth, only 8 showed significant, but small increases (6–19% absolute increase) [33].

There remain significant evidence gaps on how to most effectively increase condom use, includ-

ing whether condoms should be distributed for free or made available for a small fee [34]. Previ-

ous studies on other types of preventive goods such as bednets and chlorine have demonstrated

that free distribution increases adoption [35–37]. In Kenya, supply side challenges relating to

cost and access to condoms remain a barrier that contributes to low condom use, even when

condoms are available at multiple sites both freely and for sale in shops within the community

[38], and these barriers are even higher among youth [32]. However, to our knowledge, there

are no systematic evaluations assessing the impact on biological outcomes of programs to

address those supply side barriers including through the free distribution of a large quantity of

condoms among youth. It is also unclear whether increased access to condoms might increase

the potential impact of VCT, enabling youth to put into practice safer sexual behaviors.

To fill some of the above gaps, this paper presents findings from a randomized controlled

trial of interventions to increase access to HIV testing and male condoms in rural Kenya

among a population aged 17–24 years. The study assesses the impact of community-based

VCT, direct free male condom distribution, and both interventions together (provided in

addition to existing VCT and condoms available locally) on biological (HSV-2 and HIV infec-

tion) and self-reported behavioral outcomes among youth. The two interventions aimed to

remove logistic and other barriers that limit youth access to HIV prevention programming

with the goal of reducing risky sexual behavior and potentially decreasing transmission of sex-

ually transmitted infections such as HSV-2 and HIV.

Methods

Study design and participants

The study is a four arm, unblinded, individually randomized controlled trial implemented

between 2009 and 2012 in four districts of Kenya’s Western Province (Butere, Mumias and

Bungoma South and Bungoma East). The districts span an area of approximately 50,000 square

kilometers. The HSV-2 prevalence in Western Province Kenya in 2007, just before the start of

the trial, was reported to be 37.8% in the 2007 Kenya AIDS Indicator Survey (KAIS) [39].

Women had a significantly higher prevalence of HSV-2 (42%) compared to men (26%) [40].

In addition, between the ages of 15 and 24 years, HSV-2 prevalence increased rapidly from 7%

to 34% in women and 3% to 14% in men [40]. The prevalence of HIV in Western Province

was reported to be 5.4% in the 2007 KAIS [39], and dropped to 4.7% in the 2012 KAIS [41].
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The study sample is composed of youth who were 17 to 24 years old in 2009 at the start of

this study. These sampled youth were part of an earlier study conducted by Duflo, Dupas and

Kremer [42] in 328 primary schools in the same study site. The sample for the earlier study, a

clustered randomized controlled trial assessing a teacher training program in the government’s

HIV/AIDS curriculum and the distribution of free uniforms, included 19,289 students

enrolled in Grade 6 in one of the 328 schools in 2003. To assess the impact of the teacher train-

ing and uniforms programs, the study team attempted to track all individuals at their initial

locations between March 2009 and July 2010. Approximately 55% of them could be tracked

during this first round of tracking (called “regular tracking”). The individuals who could be

surveyed in that regular tracking (10,245 individuals, 46% of them girls) form the sample for

the present study. Eligibility criteria for participation in this current trial include: 1) participa-

tion in the previous RCT, 2) residency in the study districts at baseline, and 3) ability to pro-

vide informed consent. Given the inclusion criteria of the previous trial, the current study

sample therefore includes youth who attended at least Grade 6. The study population was rep-

resentative of 85% of all youth aged 17–24 in the Western Region of Kenya in 2009 according

to Demographic and Health Survey data [43].

The trial was implemented by the Abdul Latif Jameel Poverty Action Lab (J-PAL) at the

Massachusetts Institute of Technology (MIT), in partnership with Innovations for Poverty

Action (IPA) Kenya. Individuals enrolled in the trial were randomly assigned to one of four

study arms–a control arm and three treatment arms (community-based VCT, free supply of

condoms, community-based VCT and free supply of condoms). Data was collected from

enrolled individuals at baseline and approximately 24 months after baseline. The factorial

study design allows assessment of the impact of each intervention alone as well as the combi-

nation of the two programs together. Given the complementarity of the two interventions

(access to knowledge about HIV transmission and one’s own HIV status versus access to con-

doms which enable youth to decrease unprotected intercourse), the impact of the combine

interventions may be greater than the individual programs.

Randomization and masking

Random assignment of individuals (25% to each arm) was conducted using a sequence of ran-

dom numbers generated in Stata using a reproducible seed. It included stratification by gen-

der, primary school, and information collected from study participants earlier: whether they

were enrolled in secondary school as of July 2007, and, for females, whether they had ever been

pregnant as of July 2007. Stratifying by primary school ensured that groups were balanced

with respect to the different treatment arms in the Duflo, Dupas and Kremer study [42]. The

randomization process was carried out by the principal investigators prior to the start of the

baseline using the list of all participants who were enrolled in the 2003 study (19,289). Given

this randomization procedure, the field team did not implement a random allocation sequence

in the field. Blinding of sampled individuals and baseline enumerators in treatment arms was

not possible, as sampled individuals were informed of their treatment assignment and invited

to participate in the intervention immediately after the baseline data collection. At follow up

enumerators were blinded, though there is the possibility that they may have observed materi-

als linked to intervention assignment. Laboratory staff members involved with testing of blood

samples were blinded to intervention assignment.

Procedures

Data were collected from the sample at baseline from March 2009 to July 2010. The interven-

tions were provided immediately after the completion of the baseline questionnaire. The
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follow up data collection was conducted between April 2011 to May 2013. Note that the base-

line of this trial (administered between March 2009 and July 2010) constitutes the follow up

survey for the Duflo, Dupas and Kremer study [42].

Interventions. VCT was conducted in accordance with the Kenya National HIV Testing

Guidelines [44] and was offered onsite within respondents’ communities or within their

homes immediately after the baseline survey to all respondents randomized to one of the VCT

intervention groups. All field staff providing VCT were certified VCT counselors and trained

by the National AIDS and STI Control Program (NASCOP). For those who provided

informed consent, all three components (pretest counseling, HIV testing and post-test

counseling) were performed in a single sitting, as is done at government VCT sites in Kenya.

The HIV testing procedure involved serial testing with the rapid HIV tests Determine (Abbott

Diagnostics), Bioline (Standard Diagnostics, Inc) and Uni-Gold (Trinity Biotech) as per the

National Guidelines. The main difference between the VCT intervention provided in this trial

and standard VCT available at local health facilities involved the provision of the services

within communities near or at respondent’s homes, thus removing some of the barriers to test-

ing such as travel time and cost, as well as social costs of visiting a publically known HIV test-

ing center. Respondents who tested positive for HIV were referred to the closest clinic with the

capacity to provide HIV/AIDS care and treatment. Dried blood spots were collected from a

random sample of 10% of the respondents and were tested at the National HIV Reference Lab

(NHRL) at Kenyatta National Hospital in Nairobi for quality control. All respondents, regard-

less of treatment group were offered VCT during the follow up survey. The study protocol for

HIV testing during the VCT sessions was modified during the follow up data collection period

to meet revised Kenya National HIV testing guidelines. The revised protocol involved serial

testing with Determine and Bioline only. Discordant samples were confirmed by ELISA testing

at the NHRL.

Respondents randomly selected to one of the condom intervention arms (free condoms or

VCT plus free condoms) were offered 50 packages containing 3 condoms each (Trust brand)

free of charge at the end of the baseline survey. Respondents could take all or a share of the

condoms. If they took all and did not give them away, these 150 condoms would be sufficient

to cover sexual activity for a full year for individuals who have sexual intercourse every other

day, and for three years for those who have sexual intercourse once a week.

Respondents assigned to the VCT plus free condoms arm received the VCT session nearby

or in their homes as well as the 50 packages of Trust condoms. Respondents in the control arm

were not offered community-based VCT or condoms. Respondents in all study arms were able

to access VCT and condoms freely at local health facilities and purchase condoms at local

shops. At follow up, study participants in all four trial arms were offered community-based

VCT, regardless of whether they had previously been tested.

Data collection. Data at baseline and at 2-year follow up were collected using paper-based

surveys administered in Swahili by trained male and female enumerators from the study areas.

The baseline questionnaire consisted of several modules: 1) a Knowledge, Attitudes and Skills

module that included questions regarding HIV prevention and attitudes towards the disease;

2) a behavioral module that included questions on sexual behavior, past and current sexual

partners, marriage and childbearing and 3) a module comprising questions relating to socio-

economic variables such as education and income, as well as general attitudes and perceptions.

In addition, detailed contact information was recorded in order to facilitate follow-up and

reduce potential attrition between baseline and follow up. Blood samples were also collected

for HSV-2 testing.

For the follow up data collection, the study team attempted to survey all study participants

starting in April 2011, roughly two years post-intervention, as well as collect blood samples for
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HSV-2 testing. The field team first invited all respondents to attend “camps” organized at local

health facilities throughout each district. The camps were held for specific periods of time (1–2

weeks) at each venue and respondents were invited through letters delivered in person or to

their relatives and neighbors. Field officers then attempted to track respondents who had not

visited the camp. Those were divided into two types: T1 for those with at least some location

and contact information obtained from a relative or teacher and T2 for which we were not

able to obtain any location or contact information. 25% of the Type 1 respondents and 10% of

Type 2 respondents were randomly selected for further, intensive tracking efforts. The inten-

sive tracking phase took place between January 2013 and May 2013 and consisted of both local

and long-range visits. Teams of field officers and lab technicians were sent to various locations

(including those outside of our initial study area, such as Nairobi and Mombasa) in order to

individually track, administer the follow-up survey, and conduct blood draws with the target

respondents at their current location. Respondents were reimbursed for transport and given a

gift (a segment of fabric) for completing the survey.

Outcomes

The pre-specified primary outcome measure was HSV-2 prevalence, measured through blood

tests at baseline and at follow up. HSV-2 infection was chosen as the primary outcome given

its relatively high prevalence in Kenya [40] compared to other STIs [45], and the fact that

HSV-2 is rarely transmitted through means other than sexual intercourse, making it a good

biomarker of risky sexual intercourse. Secondary outcomes included HSV-2 incidence, HIV

prevalence, sexual risk behaviors, HIV testing rates, HIV knowledge and attitudes, pregnancy

rates and number of children.

All blood samples were tested at the AMPATH (Academic Model Providing Access to

Healthcare) Reference Laboratory at Moi University School of Medicine in Eldoret, Kenya.

HSV-2 prevalence was assessed by analysis of serum samples collected during baseline and fol-

low up, using the KALON HSV Type 2 IgG ELISA test (KALON Biologicals, Guildford, UK).

Positive samples were confirmed and indeterminate samples were retested. Persistently inde-

terminate specimens (n = 44) were classified as negative as per laboratory guidelines. Note that

excluding the indeterminate samples from the analysis has no effect on the findings. As part of

quality control procedures, a random 10% sample of specimens was also tested for HSV-2 at

the NHRL in Nairobi, Kenya. Respondents testing positive for HSV-2 were referred to the

nearest clinic with capacity to treat sexually transmitted infections (STIs).

HSV-2 incidence was calculated including only respondents who were negative at baseline

and dividing new HSV-2 cases in each treatment arm by the total person-years of exposure,

where person-years of exposure is calculated as the total time from baseline test to the follow

up negative result if the person remained negative, or as half the time between the baseline test

and the positive test.

At follow up, all respondents were offered VCT. HIV prevalence at follow up is therefore

assessed using the VCT test results which are described in the intervention section above and

involved HIV rapid testing using Determine and Bioline.

Behavioral outcomes were assessed using questionnaires as described in the data collection

section. Uptake of HIV testing was calculated as the percentage of respondents who reported

having VCT at least once in their lifetime, more than once in their lifetime, and more than

twice in their lifetime. Access to condoms was assessed as the proportion of respondents who

reported ever receiving condoms for free during their lifetime. A number of sexual behaviors

were also assessed. This included the proportion of respondents who reported ever having had

sex, the proportion who reported not using a condom at last sexual intercourse (among those
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who have had sex), and the proportion who ever had unprotected sex with a non-monoga-

mous partner. The reported lifetime number of sexual partners and the number in the last 6

months was also assessed, The proportion of respondents who reported having a sexually

transmitted infection or self-sores, ulcers or abnormal discharge in the last 12 months was

determined. HIV knowledge outcomes were measured in two ways: 1) the proportion of

respondents who correctly named at least three ways to prevent HIV, and 2) the proportion

who correctly answered three HIV knowledge questions (1- Can HIV be transmitted to a

baby in the womb?; 2- Can HIV be transmitted to a baby during breastfeeding?; 3- Can HIV

spread through mosquito bites?). The proportion of respondents with positive attitudes

towards people living with HIV (defined as: Agreed that people with HIV/AIDS should be

treated the same as people without HIV/AIDS, disagreed that prostitutes or promiscuous

men are responsible for spreading HIV, and disagreed that HIV was punishment for bad

behavior) was also measured. Finally, the proportion of respondents who have ever been

pregnant, or have ever made their partner pregnant was calculated, and the number of chil-

dren was also assessed.

Statistical analysis

Sample size calculations for HSV-2 prevalence were conducted assuming a type 1 error (alpha)

of 0.10 and power (1-beta) of 0.8, for the sample of 10,245 youth who were found at follow up

of the 2003 study and assuming that 6.5% would be lost to follow up over the study period.

Using the measured prevalence of HSV-2 at baseline (7.3% overall, 9% among girls, 6% among

boys) the study was powered to detect a 19% reduction in HSV-2 prevalence for the full sam-

ple, a 26% reduction for females, and 32% reduction for males when evaluating the impact of

one HIV prevention program only (VCT or condom distribution) vs. control. The minimum

detectable effect size (% difference in HSV-2 prevalence) of the combined interventions (VCT

and condoms) versus one intervention only was higher at 21% for the full sample, 36% for

females and 45% for males. The ex post minimum detectable effect size is higher however,

because the standard errors are increased by the weighting for intensive tracking.

We compared women’s and men’s characteristics at baseline using descriptive statistics.

Weighted follow up rates (effective final tracking rates), taking into account the two tracking

phases, were calculated to provide an estimate of the share of the total sample for which the

data are representative. To estimate the effect of the interventions on outcomes measured at 24

month follow up, an intention-to-treat analysis was conducted. This included constructing

weighted logistic regression models to compare outcomes in each treatment arm to the con-

trol. Analysis weights are used to account for the survey tracking strategy, and are calculated as

Total Eligible / Total Surveyed within treatment group and within gender when applicable.

Results are reported for all respondents who were surveyed and consented to a blood draw,

and were examined separately for men and women. In the primary analysis, we include HSV-2

status or secondary outcomes at follow up as the dependent variable and control for age cate-

gories, months between baseline and follow up, the 2003 treatment arm, and variables used for

stratification: gender, primary school, whether they were enrolled in school in 2007, and

whether females were pregnant in 2007. Adjusted odds ratios and their 95% confidence inter-

vals are presented for each outcome comparing the prevalence in each intervention arm versus

the control arm as per the pre-planned ITT analysis

We also conducted secondary analyses where we tested for heterogeneity in the results by

gender, whether the respondent had children at baseline, and the respondent’s baseline belief

about the likelihood of current HIV infection. We also assess results by 2003 treatment arm as

a robustness check.
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Ethical considerations

Written informed consent was obtained from each participant and separately for the survey,

the HSV-2 testing, and the anonymous HIV testing. Assent was obtained from participants

who were less than 18 years of age along with parental consent to participate in the trial. The

trial protocol received ethical clearance from the Massachusetts Institute of Technology

(MIT), Stanford University, and the Kenya Medical Research Institute (KEMRI). The trial was

registered at socialscienceregistry.org (https://www.socialscienceregistry.org/trials/170). In

addition, the trial was registered retrospectively at clinicaltrials.gov (NCT03868644) after

study completion, once the authors became aware of this requirement for publication. The

authors confirm that all ongoing and related trials for this intervention are registered; there are

no ongoing trials related to this study.

Results

In total, 10,245 youth who were 17 to 24 years old in 2009 at the start of this study were eligible

for participation. Of these 10,245 participants, 2,582 had been randomly assigned to the VCT

only arm, 2,534 randomly assigned to the condoms only arm, 2,530 randomly assigned to the

VCT and condoms arm and 2,530 randomly assigned to the control arm (Fig 1). During the

follow up survey, 1,803 respondents (70%) in the VCT only arm, 1,798 respondents (71%) in

the condom only arm, 1,798 respondents (71%) in the VCT plus condoms arm and 1,832

respondents (70%) in the control arm were surveyed during regular tracking. Of those selected

for intensive tracking among the remainder, 77% of T1 respondents and 70% of T2 respon-

dents were located and surveyed. This brings the overall weighted follow up rate (effective

Fig 1. Participant flow diagram. Note: "bd" gives the number of respondents for whom a blood draw was successfully taken. a: the effective final tracking rate

combines regular and intensive tracking rates, and provides an estimate of the share of the total sample for which the data are representative.

https://doi.org/10.1371/journal.pone.0219535.g001
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tracking rate) to 91% (89% in the VCT arm, 92% in the condoms arm, 93% in the VCT plus

condoms arm, 89% in the control arm). Among those who were not surveyed, 94% could not

be found, 4% declined the survey, 1% were deceased, and less than 1% were excluded for other

reasons including mental illness or incarceration. 76% of respondents who completed the fol-

low up survey consented to VCT, and 95% consented to a blood draw for HSV-2 testing. The

number of participants missing from the follow up did not differ significantly between treat-

ment and control groups.

Baseline characteristics of women and men across the four trial arms who were surveyed

during the follow up data collection were balanced at baseline ((See Table 1). Roughly half of

the sampled respondents were between 19 and 20 years of age at baseline, approximately 20%

were married and around 42% had ever been tested for HIV (this was higher among women

than men). Only about one third of the sample could correctly answer all three of the HIV

knowledge questions and approximately 13% had accepting attitudes towards people living

with HIV/AIDS.

Table 2 shows HSV-2 and HIV outcomes per group and by sex. Overall, none of the inter-

ventions significantly reduced HSV-2 prevalence compared to control in the full sample or

among the female or male subgroups. In the logistic regressions, the adjusted odds ratios for

HSV-2 among the full sample are: 0.87 (95% CI: 0.61–1.25) for condoms only, 0.94 (95% CI:

0.64–1.38) for VCT only, and 1.12 (95% CI: 0.79–1.58) for both interventions. The weighted

HSV-2 prevalence at follow up was similar across groups (10.8% in control, 9.1% in condoms,

10.2% in VCT only, and 11.5% in VCT and condoms). There was also no difference when

restricting to only those who had a negative HSV-2 test at baseline, and there were no signifi-

cant reductions in HIV prevalence across interventions. In addition, there were also no signifi-

cant differences in HSV-2 prevalence when comparing the treatment arms with each other

(not shown).

Table 3 presents the effects of the interventions on secondary outcomes at follow up.

Respondents in both condom treatment groups were statistically significantly more likely to

report receiving and using at least some free condoms than respondents in the control group

(adj OR: 2.07, 95% CI: 1.62–2.64 for condoms only, and adj OR: 2.21, 95% CI: 1.76–2.77 for

condoms and VCT group). Respondents in both VCT treatment arms were significantly more

likely to report ever having VCT than those in the control group (adj OR: 3.54, 95% CI: 2.32–

5.41 for VCT only, and adj OR: 5.52, 95% CI: 3.90–7.81 for condoms and VCT group). On

other behavior outcomes, including having multiple partners in the last 6 months, using a con-

dom during last sex, self-reported STI symptoms as well as on having basic knowledge about

HIV/AIDS, there were no statistically significant differences between the control and treat-

ment groups.

Table 3 also includes two measures related to childbearing, ever being pregnant or partner

ever pregnant and the number of children. Again, there are no statistically significant differ-

ences for either across treatment groups (ex. for ever being pregnant or partner ever pregnant:

adj OR: 0.91, 95% CI: 0.7–1.18 for condoms only; adj OR: 0.99, 95% CI: 0.76–1.29 for VCT; adj

OR: 0.95, 95% CI: 0.74–1.22 for condoms and VCT).

Table 4 presents the heterogeneity analysis, comparing impact of the intervention on HSV-

2 prevalence, among those who had started childbearing at baseline and among those who had

not (Panel A and Panel B). It also presents the heterogeneity analysis among those who

believed their likelihood of HIV infection at baseline was zero or greater than zero (Panel C

and Panel D). As can bee seen, there are no statistically significant impacts of the interventions

on any of the subgroups. In addition, there are no differential effects by the initial 2003 treat-

ment arms of the Duflo, Dupas and Kremer study [30] (not shown).

HIV prevention among youth in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0219535 July 30, 2019 9 / 20

https://doi.org/10.1371/journal.pone.0219535


Table 1. Baseline characteristics of those surveyed at follow up.

All Women Men

Control Condom

only

VCT

only

Condom

and VCT

Control Condom

only

VCT

only

Condom

and VCT

Control Condom

only

VCT

only

Condom

and VCT

Number of

individuals

1923 1875 1894 1873 877 823 842 822 1046 1052 1052 1051

Age at baseline <19 504

(24.2%)

519

(27.2%)

509

(28.9%)

490

(26.0%)

301

(32.6%)

286

(32.7%)

299

(41.2%)

251

(31.8%)

203

(17.1%)

233

(22.8%)

210

(18.5%)

239

(22.2%)

Age at baseline 19–20 968

(52.4%)

927

(52.2%)

932

(46.7%)

939

(50.8%)

450

(52.3%)

428

(56.1%)

412

(43.2%)

447

(55.8%)

518

(52.8%)

499

(49.2%)

520

(49.9%)

492

(47.1%)

Age at baseline 21–22 391

(20.0%)

379

(18.4%)

393

(20.4%)

376

(19.5%)

111

(13.9%)

98 (10.1%) 111

(12.7%)

109

(11.1%)

280

(24.9%)

281

(24.8%)

282

(26.7%)

267

(25.3%)

Age at baseline >22 60

(3.4%)

50 (2.2%) 59

(4.0%)

68 (3.6%) 15

(1.3%)

11 (1.0%) 20

(3.0%)

15 (1.3%) 45

(5.2%)

39 (3.2%) 39

(4.8%)

53 (5.4%)

Not enrolled in

school

977

(52.2%)

939

(49.8%)

945

(48.1%)

954

(49.9%)

459

(52.7%)

432

(49.3%)

447

(48.6%)

463

(57.0%)

518

(51.9%)

507

(50.0%)

498

(47.6%)

491

(44.6%)

Total years of

schooling <10

496

(25.4%)

462

(23.9%)

506

(25.9%)

512

(26.3%)

281

(33.1%)

236

(28.8%)

269

(28.9%)

257

(31.3%)

215

(19.0%)

226

(20.0%)

237

(23.2%)

255

(22.6%)

Total years of

schooling 10–11

480

(24.6%)

484

(23.6%)

462

(23.6%)

412

(21.5%)

206

(21.2%)

208

(22.0%)

207

(23.4%)

202

(22.2%)

274

(27.6%)

276

(24.7%)

255

(23.9%)

210

(20.5%)

Total years of

schooling 12–13

833

(45.7%)

825

(46.8%)

810

(43.9%)

825

(46.9%)

364

(44.1%)

351

(45.2%)

334

(44.0%)

335

(44.5%)

469

(46.8%)

474

(48.4%)

476

(43.9%)

490

(49.1%)

Total years of

schooling >13

101

(4.3%)

91 (5.7%) 102

(6.6%)

102 (5.3%) 18

(1.5%)

24 (4.0%) 24

(3.7%)

18 (1.9%) 83

(6.6%)

67 (7.0%) 78

(9.0%)

84 (7.8%)

Blood test: HSV-2

positive

103

(5.5%)

94 (4.8%) 100

(6.3%)

104 (5.4%) 64

(7.7%)

60 (7.1%) 60

(8.3%)

61 (6.4%) 39

(3.4%)

34 (2.8%) 40

(4.6%)

43 (4.3%)

Currently married 395

(21.2%)

376

(18.2%)

389

(20.3%)

384

(18.3%)

244

(28.9%)

225

(24.7%)

238

(27.3%)

231

(25.6%)

151

(14.5%)

151

(13.0%)

151

(14.3%)

153

(12.8%)

Ever or partner ever

pregnant

481

(25.6%)

460

(22.9%)

521

(26.1%)

485

(24.6%)

323

(37.0%)

315

(35.9%)

344

(37.2%)

335

(39.8%)

158

(15.9%)

145

(12.6%)

177

(16.8%)

150

(12.9%)

Ever had sex 1275

(67.7%)

1232

(63.0%)

1289

(68.2%)

1261

(68.2%)

531

(61.0%)

510

(60.7%)

549

(61.9%)

508

(61.8%)

744

(73.5%)

722

(64.7%)

740

(73.5%)

753

(72.7%)

Used a condom last

time had sexa
527

(40.7%)

471

(40.9%)

513

(42.7%)

513

(42.0%)

170

(33.7%)

146

(33.7%)

162

(33.2%)

155

(35.1%)

357

(45.3%)

325

(46.4%)

351

(49.6%)

358

(47.2%)

Has had multiple sex

partners

593

(32.0%)

554

(28.1%)

585

(29.3%)

597

(33.1%)

183

(22.2%)

146

(19.9%)

180

(20.4%)

185

(24.6%)

410

(40.2%)

408

(34.5%)

405

(36.6%)

412

(39.7%)

Ever tested for HIV

(VCT)

861

(44.0%)

828

(43.9%)

820

(42.4%)

789

(41.6%)

460

(51.7%)

438

(52.4%)

451

(48.7%)

422

(54.0%)

401

(37.5%)

390

(37.1%)

369

(37.1%)

367

(32.9%)

Believed likelihood of

current HIV

infection >0

411

(22.9%)

443

(24.1%)

457

(24.7%)

434

(22.4%)

168

(19.8%)

166

(21.0%)

173

(20.9%)

173

(20.8%)

243

(25.7%)

277

(26.5%)

284

(27.9%)

261

(23.8%)

Believed likelihood of

future HIV infection

>0

621

(33.3%)

622

(34.3%)

657

(36.8%)

607

(32.7%)

290

(36.2%)

262

(30.3%)

285

(36.7%)

277

(33.8%)

331

(30.9%)

360

(37.2%)

372

(36.9%)

330

(31.7%)

Named at least 3

ways to prevent HIV

503

(28.2%)

523

(29.6%)

538

(31.9%)

506

(29.4%)

230

(27.1%)

219

(28.1%)

228

(33.3%)

212

(29.0%)

273

(29.4%)

304

(30.7%)

310

(30.7%)

294

(30.1%)

Correctly answered 3

HIV knowledge

questions

641

(34.6%)

623

(35.0%)

643

(33.8%)

630

(33.9%)

322

(38.5%)

291

(36.5%)

302

(35.2%)

294

(36.4%)

319

(31.0%)

332

(33.7%)

341

(32.6%)

336

(32.5%)

Indicated positive

attitudes towards

people living with

HIV

269

(13.1%)

271

(13.6%)

254

(12.5%)

270

(13.7%)

126

(12.9%)

125

(15.8%)

92

(10.0%)

101

(13.3%)

143

(13.2%)

146

(12.1%)

162

(14.7%)

169

(14.8%)

Note: Figures include the Number (weighted % to take into account intensive tracking).
a restricted to those who ever had sex.

https://doi.org/10.1371/journal.pone.0219535.t001
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Discussion

The trial demonstrates no significant impacts of a community-based VCT program, distribu-

tion of free male condoms, or both programs together on HSV-2 prevalence, 2 years post-

intervention among youth in Western Kenya. While the adjusted odds ratios for the condoms

only and VCT only treatments are in the expected, negative direction, the combined treatment

group produces an unexpected positive indicator of the treatment effect, but none of these

effects are significantly different from zero. Similarly, there was no impact of any of the inter-

ventions on HSV-2 incidence or HIV prevalence, though the study was not powered to detect

a difference in HIV prevalence. This study also found no significant impact on most self-

Table 2. Impact on HSV-2 and HIV; intention to treat analysis.

Control Condoms Only VCT only VCT and Condoms

# of Cases

(weighted %)

Inc.

Rate1
# of Cases

(weighted %)

Inc.

Rate1
Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Inc.

Rate1
Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Inc.

Rate1
Adjusted Odds

RatioT (95% CI)

Panel A: All

HSV-2 196/1822 173/1778 0.87 173/1804 0.94 197/1769 1.12

(N = 7,173) (10.8%) (9.1%) (0.61–1.25) (10.2%) (0.64–1.38) (11.5%) (0.79–1.58)

HSV-2

(Baseline test

91/1717 2.35 74/1679 1.95 0.78 70/1701 1.80 0.74 89/1661 2.36 1.21

Test

Negative)

(5.5%) (4.2%) (0.45–1.34) (4.2%) (0.42–1.33) (6.4%) (0.72–2.04)

HIV 11/1412 11/1396 0.86 8/1479 0.82 13/1427 1.48

(N = 5,714) (0.8%) (0.6%) (0.34–2.16) (0.6%) (0.25–2.66) (1.1%) (0.52–4.18)

Panel B:

Female

HSV-2 120/838 104/787 0.96 103/808 1.00 119/793 1.12

(N = 3,226) (14.1%) (12.9%) (0.58–1.6) (14.2%) (0.59–1.7) (14.9%) (0.69–1.81)

HSV-2

(Baseline

55/773 3.16 40/723 2.42 0.9 41/746 2.40 0.92 56/730 3.40 1.39

Test

Negative)

(7.0%) (6.1%) (0.41–1.96) (6.5%) (0.40–2.11) (9.1%) (0.68–2.85)

HIV

(N = 2,680)

6/691 6/640 1.12 8/683 2.11 10/666 2.51

(0.7%) (0.7%) (0.34–3.64) (1.3%) (0.64–6.98) (1.5%) (0.79–7.98)

Panel C:

Male

HSV-2 76/984 69/991 0.77 70/996 0.89 78/976 1.16

(N = 3,947) (7.6%) (5.9%) (0.51–1.17) (6.8%) (0.54–1.48) (8.6%) (0.74–1.82)

HSV-2

(Baseline

36/944 1.69 34/956 1.59 0.7 29/955 1.34 0.59 33/931 1.55 1.15

Test

Negative)

(4.1%) (2.8%) (0.40–1.23) (2.3%) (0.32–1.06) (4.4%) (0.58–2.28)

HIV 5/721 5/756 1.04 0/796 0.00 3/761 0.86

(N = 3,034) (0.9%) (0.5%) (0.32–3.43) (0.0%) (0.0–0.0) (0.6%) (0.13–5.89)

Note
1: Incidence rate per 100 Person-Years.

T: Adjusted odds ratio calculated from a logistic regression. Each row corresponds to a separate regression. The following control variables were used in the regression:

age categories (<19, 19–20, 20–22, >22), gender, months between baseline and follow up, secondary school enrollment in 2007, whether pregnant by 2007, and

treatment in 2003. Logistics regressions include intensive tracking weights.

https://doi.org/10.1371/journal.pone.0219535.t002
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Table 3. Impact on secondary outcomes; intention to treat analysis.

Control Condoms Only VCT only VCT and Condoms

# of Cases

(weighted %)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

Panel A: All

Ever received condoms for free (in

lifetime)

784/1918 1311/1870 3.85 803/1888 1.08 1308/1867 3.63

(41.7%) (69.5%) (3.01–4.93) (43.3%) (0.86–1.35) (68.8%) (2.91–4.53)

Ever received condoms for free

and reported using at least some of

them

470/1872 763/1848 2.07 471/1833 0.96 777/1843 2.21

(26.4%) (40.6%) (1.62–2.64) (25.7%) (0.74–1.24) (42.5%) (1.76–2.77)

Ever sold or gave away condoms 384/738 928/1294 2.22 385/750 0.95 935/1286 3.02

(53.6%) (70.5%) (1.62–3.05) (52.6%) (0.69–1.31) (76.2%) (2.27–4.02)

Ever had VCT (in lifetime) 1525/1922 1474/1872 0.85 1798/1892 3.54 1784/1869 5.52

(82.4%) (79.3%) (0.66–1.10) (94.1%) (2.32–5.41) (96.1%) (3.90–7.81)

Had VCT more than once 1160/1913 1136/1858 0.95 1382/1875 1.76 1403/1855 2.08

(65.1%) (62.8%) (0.76–1.19) (75.9%) (1.40–2.21) (78.4%) (1.66–2.59)

Had VCT more than twice 774/1913 752/1858 0.98 965/1875 1.39 978/1855 1.56

(45.2%) (43.5%) (0.78–1.24) (52.6%) (1.10–1.75) (55.0%) (1.25–1.95)

Currently Married 691/1923 639/1874 0.83 676/1892 0.84 638/1872 0.86

(38.8%) (33.1%) (0.64–1.07) (34.8%) (0.64–1.09) (34.8%) (0.66–1.11)

Had sex in the last 6 months 1273/1923 1215/1875 0.87 1281/1890 0.95 1197/1870 0.86

(69.2%) (65.1%) (0.69–1.10) (67.6%) (0.75–1.2) (65.7%) (0.69–1.07)

Number of partners in the last 6

months

0.9 0.9 0.9 0.9 0.97 0.9 0.9

(0.73–1.11) (0.79–1.19) (0.74–1.09)

Total number of partners 3.1 2.9 0.95 3.1 0.91 3.6 1.07

(0.78–1.15) (0.75–1.11) (0.89–1.28)

Ever used a condom 1188/1613 1218/1612 1.26 1190/1617 1.09 1202/1578 1.2

(73%) (77.3%) (0.95–1.68) (74.6%) (0.81–1.45) (76.5%) (0.91–1.59)

Has had sex and did not use a

condom last time

919/1822 909/1778 1.04 941/1804 1.06 898/1769 1.07

(51.8%) (50.4%) (0.81–1.32) (52.4%) (0.84–1.35) (52.0%) (0.85–1.34)

Has unprotected sex with non-

monogamous partner

436/1923 409/1875 0.85 431/1894 0.88 401/1873 0.86

(25.8%) (21.9%) (0.65–1.11) (23.5%) (0.67–1.16) (22.6%) (0.66–1.11)

Self-reported STIs, sores, ulcers, or

discharges in last 12 months

67/1922 47/1873 0.81 65/1892 1.19 45/1869 1.18

(3.1%) (2.4%) (0.44–1.49) (3.6%) (0.72–1.99) (3.6%) (0.66–2.12)

Named at least 3 ways to prevent

HIV

758/1818 755/1770 0.97 723/1801 0.75 706/1764 0.87

(43.7%) (43.9%) (0.77–1.23) (37.6%) (0.6–0.95) (41.5%) (0.69–1.09)

Correctly answered 3 HIV

knowledge questions

562/1812 539/1764 1.02 516/1796 0.89 524/1762 1.02

(31.2%) (31.8%) (0.81–1.3) (28.9%) (0.7–1.13) (31.9%) (0.81–1.29)

Indicated positive attitudes

towards people living with HIV

(PLHIV)

301/1808 308/1766 1.03 319/1791 1.3 298/1760 1.05

(16.7%) (17.5%) (0.77–1.36) (20.7%) (0.97–1.73) (18%) (0.8–1.37)

Ever or partner ever pregnant 794/1921 784/1874 0.91 811/1888 0.99 780/1868 0.95

(44%) (39.9%) (0.7–1.18) (43.1%) (0.76–1.29) (41.9%) (0.74–1.22)

Number of children 0.7 0.7 0.95 0.7 1.05 0.7 0.98

(0.75–1.21) (0.82–1.34) (0.78–1.23)

Panel B: Female

Ever received condoms for free (in

lifetime)

191/873 409/821 4.32 211/840 1.42 426/820 3.78

(20%) (50.2%) (3.07–6.07) (26.1%) (1–2.02) (47.1%) (2.7–5.29)

Ever received condoms for free

and reported using at least some of

them

76/846 173/809 3.42 94/812 1.74 200/807 3.60

(7.4%) (20.7%) (2.26–5.17) (12%) (1.1–2.73) (21.7%) (2.41–5.36)

(Continued)
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Table 3. (Continued)

Control Condoms Only VCT only VCT and Condoms

# of Cases

(weighted %)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

Ever sold or gave away condoms 81/164 269/399 2.00 89/183 0.81 279/415 2.91

(47.4%) (66.2%) (1.13–3.55) (43.7%) (0.44–1.51) (72.6%) (1.73–4.88)

Ever had VCT (in lifetime) 754/876 706/821 0.75 820/841 6.93 801/821 7.38

(89.0%) (84.8%) (0.49–1.14) (98.2%) (4.23–11.35) (98.2%) (4.47–12.19)

Had VCT more than once 614/873 589/815 1.05 695/837 2.52 684/813 2.63

(72.4%) (71.7%) (0.72–1.53) (86.1%) (1.77–3.57) (86.5%) (1.79–3.85)

Had VCT more than twice 441/873 423/815 1.03 531/837 1.50 513/813 1.67

(53.3%) (52.2%) (0.73–1.44) (61.9%) (1.05–2.14) (64.2%) (1.18–2.37)

Number of partners in the last 6

months

0.7 0.7 1.16 0.7 0.98 0.7 1.01

(0.83–1.63) (0.71–1.35) (0.73–1.38)

Total number of partners 1.5 1.5 1.07 1.5 0.98 1.6 1.24

(0.81–1.43) (0.72–1.34) (0.93–1.64)

Ever used a condom 458/692 466/685 1.46 478/703 1.26 474/671 1.35

(63%) (71.2%) (0.97–2.19) (68.2%) (0.83–1.89) (69.6%) (0.89–2.06)

Has had sex and did not use a

condom last time

482/838 476/787 1.02 462/808 0.81 474/793 1.20

(61.9%) (60.0%) (0.7–1.47) (56.3%) (0.57–1.16) (64.4%) (0.85–1.68)

Has unprotected sex with non-

monogamous partner

247/877 221/823 0.85 231/842 0.85 243/822 0.92

(33.0%) (27.8%) (0.59–1.22) (29.1%) (0.57–1.26) (30.2%) (0.64–1.32)

Self-reported STIs, sores, ulcers, or

discharges in last 12 months

34/876 25/822 1.02 39/842 1.20 22/822 1.25

(3.6%) (3.5%) (0.42–2.46) (4.4%) (0.63–2.3) (4.6%) (0.50–3.12)

Correctly answered 3 HIV

knowledge questions

277/834 257/781 0.94 252/805 0.94 246/789 1.02

(31.9%) (31.4%) (0.67–1.33) (30.4%) (0.67–1.31) (32.9%) (0.72–1.45)

Indicated positive attitudes

towards people living with HIV

(PLHIV)

124/829 139/784 1.19 145/802 1.79 134/787 1.14

(14.5%) (17.3%) (0.79–1.81) (23.4%) (1.16–2.75) (16.4%) (0.74–1.75)

Ever pregnant 468/876 463/822 0.91 471/841 0.79 471/822 1.01

(57.7%) (53.4%) (0.62–1.34) (51%) (0.53–1.17) (57.1%) (0.70–1.45)

Number of children 1.0 0.9 0.97 0.9 0.89 1.0 0.99

(0.68–1.37) (0.64–1.25) (0.73–1.35)

Panel C:Male

Ever received condoms for free (in

lifetime)

593/1045 902/1049 3.82 592/1048 0.91 882/1047 3.65

(60.0%) (84.6%) (2.66–5.49) (57.6%) (0.68–1.22) (84.3%) (2.71–4.93)

Ever received condoms for free

and reported using at least some of

them

394/1026 590/1039 1.81 377/1021 0.81 577/1036 1.87

(42.4%) (56.1%) (1.34–2.43) (37.1%) (0.60–1.11) (57.5%) (1.42–2.46)

Ever sold or gave away condoms 303/574 659/895 2.28 296/567 1.01 656/871 2.89

(55.3%) (72.5%) (1.57–3.3) (55.9%) (0.70–1.45) (77.3%) (2.07–4.04)

Ever had VCT (in lifetime) 771/1046 768/1051 0.92 978/1051 2.98 983/1048 5.19

(76.8%) (74.9%) (0.68–1.24) (90.7%) (1.80–4.94) (94.4%) (3.53–7.65)

Had VCT more than once 546/1040 547/1043 0.91 687/1038 1.48 719/1042 1.88

(58.8%) (55.8%) (0.69–1.2) (67.3%) (1.11–1.99) (72.1%) (1.45–2.43)

Had VCT more than twice 333/1040 329/1043 0.96 434/1038 1.33 465/1042 1.51

(38.4%) (36.6%) (0.70–1.31) (44.6%) (0.98–1.80) (47.6%) (1.14–2.00)

Number of partners in the last 6

months

1.1 1.0 0.79 1.1 0.99 1.0 0.86

(0.61–1.03) (0.76–1.29) (0.68–1.10)

(Continued)
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reported behavioral outcomes and childbearing. The results thus suggest that neither program

alone or together led to significant behavior change within our sample.

Several other studies have assessed the impact of VCT on sexual behaviors [10–19], but

only a few have assessed biological endpoints [18,19]. Most reported effects have been among

those testing positive for HIV [11–14]. For example, Thornton found significant self-reported

behavioral changes in individuals who tested positive but no effects for those who tested nega-

tive [14]. A meta-analysis synthesizing results across 17 studies reported no significant differ-

ence in HIV incidence, and STI prevalence or incidence among participants receiving VCT,

but found reductions in number of sexual partners, and increased condom use among those

who received a positive test result [11]. Our findings also show no significant change in biolog-

ical endpoints, which is consistent with these studies. However, in this study, it was not possi-

ble to assess impacts among the subgroup testing positive for HIV given the very low HIV

prevalence in the sample. Unlike some previous studies, this trial does not find change in

reported risky sexual behaviors, but our study population comprised youth aged 17 to 24

years, a population not been well studied with respect to VCT. The results are also consistent

with a more recent trial of a multi-component HIV prevention program which included com-

munity-based VCT conducted in four sites in Africa and in Thailand [19]. It reported signifi-

cant reductions in HIV incidence among certain subgroups including older women but also

did not reduce HIV incidence among young people aged 18–24 years [19].

Table 3. (Continued)

Control Condoms Only VCT only VCT and Condoms

# of Cases

(weighted %)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

# of Cases

(weighted %)

Adjusted Odds

RatioT (95% CI)

Total number of partners 4.4 4.0 0.86 4.4 0.88 5.0 0.96

(0.66–1.12) (0.67–1.14) (0.76–1.23)

Ever used a condom 730/921 752/927 1.09 712/914 0.93 728/907 1.03

(80.8%) (82%) (0.73–1.62) (79.7%) (0.62–1.4) (81.2%) (0.7–1.5)

Has had sex and did not use a

condom last time

437/984 433/991 1.06 479/996 1.35 424/976 1.05

(42.9%) (42.5%) (0.77–1.46) (49.1%) (0.98–1.86) (42.7%) (0.77–1.43)

Has unprotected sex with non-

monogamous partner

189/1046 188/1052 0.88 200/1052 0.94 158/1051 0.82

(19.7%) (17.2%) (0.62–1.26) (18.8%) (0.65–1.37) (16.5%) (0.57–1.17)

Self-reported STIs, sores, ulcers, or

discharges in last 12 months

33/1046 22/1051 0.59 26/1050 1.09 23/1047 1.10

(2.7%) (1.6%) (0.33–1.06) (2.9%) (0.48–2.49) (3.0%) (0.52–2.31)

Correctly answered 3 HIV

knowledge questions

285/978 282/983 1.08 264/991 0.85 278/973 1.00

(30.7%) (31.9%) (0.79–1.49) (27.7%) (0.61–1.18) (31.2%) (0.74–1.35)

Indicated positive attitudes

towards people living with HIV

(PLHIV)

177/979 169/982 0.89 174/989 0.98 164/973 0.97

(18.8%) (17.7%) (0.61–1.30) (18.5%) (0.68–1.41) (19.1%) (0.69–1.36)

Partner ever pregnant 326/1045 321/1052 0.92 341/1047 1.24 309/1046 0.93

(32.1%) (29%) (0.65–1.31) (36.4%) (0.86–1.79) (29.8%) (0.65–1.32)

Number of children 0.5 0.4 0.93 0.6 1.25 0.5 0.98

(0.67–1.29) (0.89–1.75) (0.71–1.37)

Note

T: Adjusted odds ratio calculated from a logistic regression. Each row corresponds to a separate regression. The following control variables were used in the regression:

age categories (<19, 19–20, 20–22, >22), sex, months between baseline and follow up, secondary school enrollment in 2007, whether pregnant by 2007, and treatment in

2003. Logistics regressions include intensive tracking weights.

https://doi.org/10.1371/journal.pone.0219535.t003
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Importantly, our study findings demonstrate statistically significant increased odds of ever

having VCT in both the VCT arm the VCT plus condoms arm compared to the control arm

(adjusted odds ratios of 3.54 and 5.52 respectively) indicating increased HIV testing among

this youth population. This is an important finding given that recent estimates suggest only

46% of women and 53% of men in Kenya have ever been tested for HIV [46] and in light of the

Table 4. Impact on HSV-2 by childbearing status and beliefs on HIV.

Control Condoms Only VCT only VCT and Condoms

# of Cases

(weighted %)

# of Cases

(weighted %)

Adjusted Odds RatioT

(95% CI)

# of Cases

(weighted %)

Adjusted Odds RatioT

(95% CI)

# of Cases

(weighted %)

Adjusted Odds RatioT

(95% CI)

Panel A: Started childbearing at baseline

HSV-2 full

sample

97/464 75/436 0.89 84/507 0.91 98/463 1.01

(19.3%) (17%) (0.54–1.45) (17.8%) (0.55–1.51) (19.9%) (0.64–1.57)

HSV-2 only

female

69/318 60/302 1.04 61/333 0.89 79/323 1.20

(19.9%) (19.3%) (0.57–1.89) (18.5%) (0.49–1.61) (23.4%) (0.68–2.14)

HSV-2 only

male

28/146 15/134 0.59 23/174 0.85 19/140 0.66

(17.0%) (11.7%) (0.26–1.38) (16.1%) (0.37–1.95) (11.6%) (0.31–1.38)

Panel B: Not started childbearing at baseline

HSV-2 full

sample

99/1358 98/1342 0.86 89/1297 0.94 99/1306 1.18

(7.7%) (6.6%) (0.53–1.39) (7.3%) (0.54–1.62) (8.8%) (0.72–1.94)

HSV-2 only

female

51/520 44/485 0.96 42/475 1.16 40/470 0.98

(10.5%) (9.3%) (0.43–2.14) (11.5%) (0.47–2.84) (9.5%) (0.43–2.22)

HSV-2 only

male

48/838 54/857 0.85 47/822 0.85 59/836 1.46

(5.8%) (4.9%) (0.53–1.36) (4.8%) (0.51–1.43) (8.2%) (0.86–2.49)

Panel C: Believed likelihood of current HIV infection>0 at baseline

HSV-2 full

sample

56/387 52/416 0.80 37/433 0.91 53/405 1.10

(11.4%) (9.0%) (0.49–1.28) (9.7%) (0.45–1.83) (12.5%) (0.62–1.95)

HSV-2 only

female

32/162 29/156 0.82 21/167 0.75 30/168 0.87

(15.9%) (12.7%) (0.41–1.62) (11.6%) (0.36–1.54) (14.4%) (0.42–1.8)

HSV-2 only

male

24/225 23/260 0.78 16/266 ( 1.12 23/237 1.23

(8.3%) (6.6%) (0.40–1.53) 8.4%) (0.36–3.43) (10.1%) (0.52–2.88)

Panel D: Believed likelihood of current HIV infection = 0 at baseline

HSV-2 full

sample

140/1435 121/1362 0.90 136/1371 0.95 144/1364 1.14

(10.6%) (9.1%) (0.58–1.4) (10.4%) (0.61–1.49) (11.2%) (0.76–1.72)

HSV-2 only

female

88/676 75/631 1.01 82/641 1.05 89/625 1.21

(13.7%) (12.9%) (0.55–1.86) (14.9%) (0.55–1.99) (15.1%) (0.69–2.13)

HSV-2 only

male

52/759 46/731 0.76 54/730 0.82 55/739 1.12

(7.4%) (5.6%) (0.45–1.27) (6.2%) (0.49–1.36) (8.1%) (0.67–1.89)

Note

T: Adjusted odds ratio calculated from a logistic regression. The following control variables were used in the regression: age categories (<19, 19–20, 20–22, >22), gender,

months between baseline and follow up, secondary school enrollment in 2007, whether pregnant by 2007, and treatment in 2003. Logistics regressions include intensive

tracking weights.

https://doi.org/10.1371/journal.pone.0219535.t004
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numerous barriers that reduce access to HIV testing for youth [21]. As accessible VCT services

are considered to be essential for any HIV prevention programming, our results suggest that

community-based VCT can help increase access to HIV testing even in settings where VCT

services are widely available.

Finally, we also assessed whether intervention impacts varied depending on individuals’

perceptions of their own HIV risk at baseline. Previous research by Gong in two major Kenyan

and Tanzanian cities reported that HIV test results influence behavior primarily when they

provide unexpected information [47]. In that study, individuals who expected an HIV positive

result but tested negative were more likely to decrease risky sexual behaviors. In our study, we

found no significant change in biological or behavior outcomes among individuals whose per-

ceived HIV risk was low or high. We also see no evidence of disinhibition or increased risk

behaviors in those testing negative in this population.

This study has several limitations. One serious caveat to the null VCT results is the high

uptake of VCT across all groups at baseline, and within the control group over the period

between baseline and follow up. At baseline, 44% of the control group had been tested for

HIV, while at follow up 82.4% (89% of females and 76.8% of males) had participated in VCT,

as it is available for free at local health clinics and is a standard component of antenatal care. In

addition, there were several large-scale HIV testing campaigns in the area that were initiated

during the study follow up period including the USAID funded APHIA II [48]. The high VCT

uptake in the non-VCT groups during the study period potentially attenuates treatment

effects, and this should be taken into consideration when interpreting the findings. Future

studies assessing VCT uptake and impact should be designed among populations or in con-

texts with more limited access to HIV testing.

Uptake is also an important consideration to the null condom results, but in the other

direction; overall approximately 70% of those sampled to receive condoms reported receiving

condoms at the follow up visit. However, there was variation by sex as about 50% of females

compared to 85% of males in the condoms treatments reported receiving the free condoms.

Conditional on reporting receipt of free condoms, only 21% of females and 56% of males

reported ever using them and more than 65% of both males and females report selling or giv-

ing away at least some of the condoms. In addition to the low uptake and use, this also suggests

spillover effects which potentially attenuate the treatment effects as measured. It is worthwhile

to note the odds of using the free condoms was still significantly higher in the condom arms

than in the control (adjusted odds ratios of 2.07 in the condoms only group and 2.21 in the

condoms and VCT group) suggesting that the interventions helped address factors limiting

youth access to and use of condoms in this setting.

Finally, another potential limitation is that the sample population participated in a previous

HIV prevention trial which could have influenced the results. However, our findings demon-

strate no differential effects by treatment arm from the previous study suggesting that the prior

treatment assignment did not influence study findings. Participation in the initial trial does

reduce the external validity of the study, but as HIV prevention programming is being scaled

up, there are many contexts where populations are exposed to multiple types of HIV

interventions.

In conclusion, this study suggests that in contexts where VCT and condoms are widely

available, community-based VCT campaigns and direct condom distribution may be unlikely

on their own to significantly reduce the prevalence of HSV-2 among youth with at least some

primary education. However, in such settings, community-based VCT can still significantly

increase HIV testing among youth, who are often hard to reach and face numerous barriers to

accessing HIV prevention programs. Increasing access to male condoms can increase condom

use among youth, but is unlikely to affect childbearing in this population. Additional
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complementary HIV prevention interventions targeting young people, including those aimed

at increasing demand side challenges, are needed.
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