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Abstract

Objective—We sought to increase adolescent HIV testing across rural communities in east 

Africa and identify predictors of undiagnosed HIV.

Design—Hybrid mobile testing.

Methods—We enumerated 116,326 adolescents (10–24 years) in 32 communities of Uganda and 

Kenya (SEARCH:NCT01864603): 98,694 (85%) reported stable (≥6 months of prior year) 

residence. In each community we performed hybrid testing: 2- week multi-disease community 

health campaign (CHC) that included HIV testing, followed by home-based testing of CHC non-

participants. We measured adolescent HIV testing coverage and prevalence, and determined 

predictors of newly-diagnosed HIV among HIV+ adolescents using multivariable logistic 

regression.

Results—86,421 (88%) stable adolescents tested for HIV; coverage was 86%, 90%, and 88% in 

early (10–14), mid (15–17) and late (18–24) adolescents, respectively. Self- reported prior testing 

was 9%, 26%, and 55% in early, mid and late adolescents tested, respectively. HIV prevalence 

among adolescents tested was 1.6% and 0.6% in Ugandan women and men, and 7.1% and 1.5% in 

Kenyan women and men, respectively. Prevalence increased in mid-adolescence for women, and 

late adolescence for men. Among HIV+ adolescents, 58% reported newly-diagnosed HIV. In 
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multivariate analysis of HIV+ adolescents, predictors of newly-diagnosed HIV included male 

gender (OR=1.97 [95%CI: 1.42–2.73]), Ugandan residence (OR=2.63 [95%CI: 2.08–3.31]), and 

single status (OR=1.62 [95%CI: 1.23–2.14] vs. married).

Conclusions—The SEARCH hybrid strategy tested 88% of stable adolescents for HIV, a 

substantial increase over the 28% reporting prior testing. The majority (57%) of HIV+ adolescents 

were new diagnoses. Mobile HIV testing for adults should be leveraged to reach adolescents for 

HIV treatment and prevention.
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INTRODUCTION

Among adolescents living with HIV, approximately 80% live in sub-Saharan Africa, and 15–

24 year olds accounted for an estimated 39% of new HIV infections among people ≥15 

years of age in 2012.[1] Despite the disproportionate share of incident infections occurring 

during adolescence compared with adulthood, national survey data across sub-Saharan 

Africa estimate that less than a third of adolescents have ever tested for HIV.[2, 3]

Adolescence is a critical time of physical, developmental and social change, and often 

includes sexual debut. Reaching adolescents for HIV testing offers an opportunity to 

establish HIV prevention behaviors, including routine testing and sexual education, and may 

reduce HIV incidence.[4] By late adolescence (18–24 years), HIV is a leading cause of 

preventable mortality in sub-Saharan Africa, and untreated infection contributes to ongoing 

transmission, at a time when youth are establishing regular sexual partnerships, having 

children, and entering the work force in greater numbers.[5] On this basis, population-wide 

HIV testing approaches that reach adolescents are needed.

The SEARCH Trial (NCT01864603) is a cluster-randomized trial evaluating the impact of 

population-based HIV testing and universal ART on HIV incidence and other health and 

economic outcomes, in 32 rural communities in Uganda and Kenya. In 2013–14, the 

baseline year of the trial, a hybrid mobile testing approach was used in an effort to achieve 

universal HIV testing in these communities. In this approach, census enumeration in each 

community was followed by multi-disease community health campaigns (CHC) to rapidly 

scale-up testing coverage.[6] CHC non-participants were then approached for home-based 

testing (HBT). We previously published that this approach achieved 89% HIV testing 

coverage among stable residents ≥15 years of age.[6] In the present analysis, we focus on 

adolescents (10–24 years) to describe HIV testing coverage in this vulnerable population by 

adolescent stage, characterize timing of increases in HIV prevalence by age and gender 

relative to reported prior HIV testing, and identify predictors of undiagnosed HIV among 

HIV-infected adolescents.
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METHODS

In 2013–14, a door-to-door census was performed to enumerate all residents in the 32 

communities, as previously described.[6] Each community is composed of one or more 

geopolitical units, just above the village level, with an approximate population of 10,000, 

within the catchment area of an HIV clinic in southwestern Uganda, eastern Uganda or 

western Kenya. Stable residence was defined as living in community for ≥6 months in the 

year prior to enumeration.

In all 32 communities a hybrid mobile testing strategy of multi-disease CHCs over 2 weeks 

per community, followed by HBT was implemented by SEARCH staff, as previously 

described (see annex).[6] HIV services included point-of-care (POC) HIV antibody testing 

according to national guidelines, followed by POC CD4+ T cell count measurement (PIMA, 

Alere Inc., Waltham, Massachusetts, USA) and prompt referral to care for HIV-infected 

participants. Non-HIV services included screening for hypertension, diabetes and malaria 

(annex). Enumerated residents who did not attend the CHC were approached for HBT over 

1–2 months.

Adolescent stage was defined as early (10–14 years), mid (15–17) and late (18–24).[7] HIV 

prevalence was estimated with adolescents who tested for HIV as the denominator. HIV-

infected adolescents were considered new diagnoses if they self-reported no prior HIV 

testing or that their last HIV test was negative.

Proportions were compared with a χ2 test or Fischer’s exact test, as appropriate. 

Multivariable logistic regression was used to determine predictors of HIV infection among 

all stable adolescents who participated in testing, with adolescent stage, sex, country of 

residence, marital status, self-reported prior HIV testing, and migration (months away from 

community, up to six months) as independent predictors. Multivariable logistic regression 

was also used to determine predictors of newly diagnosed HIV among stable, HIV-infected 

adolescents, with adolescent stage, sex, country, marital status and migration as independent 

predictors.

Ethics statement

The Makerere University School of Medicine Research and Ethics Committee and Ugandan 

National Council on Science and Technology (Uganda), the Kenya Medical Research 

Institute Scientific and Ethics Review Unit (Kenya), and the University of California San 

Francisco Committee on Human Research approved the consent procedures and the study. 

All participants, or their parent/guardian, provided verbal informed consent in their preferred 

language with biometric fingerprint confirmation of agreement. Adolescents 13–17 years 

could provide verbal consent if a parent/guardian was not present, whereas <13 year-olds 

could not participate without an assenting parent/guardian present, in accordance with 

Uganda and Kenya Ministry of Health guidelines.[8, 9]
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RESULTS

A total of 116,326 adolescent residents (10–24 years) were enumerated in the 32 

communities in Kenya (41,633) and Uganda (74,693) from April 2013 to June 2014: 56,880 

(49%) were male, and 98,694 (85%) reported stable residence (see annex).

The hybrid strategy achieved 88% HIV testing coverage (range: 75–96% across 

communities) among stable adolescents (Table). Among those tested, 82% (range: 71–93%) 

tested via CHCs, and 18% (7–29%) via HBT. Ninety-one percent (37,621/41,563), 74% 

(11,871/16,057) and 45% (13,001/28,799) of early, mid and late stable adolescent residents 

who tested for HIV, respectively, reported never previously testing (Figure, Panel A). 

Ninety-six percent (71,154/73,939) of stable adolescents attending CHCs tested for HIV vs. 

15,267/18,229 (84%) reached by HBT. Of 2,785 adolescent CHC participants who did not 

test for HIV, 2,171 (78%) were 10–12 year-old Kenyans.

HIV prevalence by age, gender and country is shown in Figure (Panel B). Prevalence among 

adolescent stable residents was 1.6% (503/30,827) and 0.6% (167/28,427) in Ugandan 

women and men, and 7.1% (978/13,836) and 1.5% (195/13,255) in Kenyan women and 

men, respectively. The number of adolescents needed to test to detect one HIV-infected 

adolescent was 88 in Uganda, and 23 in Kenya.

Odds of HIV infection among stable adolescent women who tested for HIV were 

significantly higher in mid- and late-adolescence vs. early adolescence in Uganda (mid: 

unadjusted OR=2.7, 95% CI: 1.9–4.0, p<0.001; and late: OR=10.0, 95% CI: 7.5–13.2, 

p<0.001) and Kenya (mid: OR=1.5, 95% CI: 1.1–2.0, p=0.004; and late: OR=8.8, 95% CI: 

7.2–10.7, p<0.001). Odds of HIV infection among stable adolescent men were not 

significantly higher in mid vs. early adolescence in Uganda (OR=0.8, 95% CI: 0.5–1.3, 

p=0.36) and were lower in mid vs. early adolescence in Kenya (OR=0.5, 95% CI: 0.3–0.8, 

p=0.004). Odds of HIV infection in late vs. early adolescent men were higher in Uganda 

(OR=2.2, 9% CI: 1.6–3.0, p<0.001) and Kenya (OR=2.2, 95% CI: 1.6–2.9, p<0.001), among 

stable male residents tested.

Characteristics associated with increased HIV risk in a multivariable logistic regression 

model among stable adolescents tested included late adolescence (aOR=2.6, 95% CI: 1.9–

3.5, p<0.001, vs. early), female gender (aOR=3.0, 95% CI: 2.6–3.5, p<0.001), Kenya 

residence (aOR=4.0, 95% CI: 3.5–4.4, p<0.001 vs. Uganda), non-single status (married 

aOR=2.7, 95% CI: 2.3–3.1, p<0.001; and widowed, divorced or separated aOR=7.4, 95% 

CI: 5.7–9.6, p<0.001; vs. single), prior HIV testing (aOr=1.6, 95% CI: 1.4–1.9, p<0.001 vs. 

no prior testing), and mobility in year prior to census (aOR=1.1 for each month away from 

community, 95% CI: 1.02–1.13, p=0.009, vs. no time away). In further modeling, we 

identified significant interactions in the effect of gender and adolescent stage, with female 

mid and late-adolescents having increased odds of HIV compared with early adolescents, as 

observed in univariate analysis.

Overall, 57% (1,058/1,843) of HIV-infected stable adolescent residents reported being 

unaware of their status prior to testing; of these, 51% (535/1,058) reported ever having a 

prior HIV test. In a multivariable logistic regression model, factors significantly associated 
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with newly diagnosed HIV among HIV-infected stable adolescent residents included male 

gender (OR=2.0, 95% CI: 1.4–2.7, p<0.001), Ugandan residence (OR=2.6, 95% CI: 2.1–3.3, 

p<0.001), and single status (OR=1.6, 95% CI: 1.2–2.1, p=0.001, vs. married). In further 

modeling, we identified significant interactions in the effect of country and adolescent stage; 

Ugandan mid- and late HIV+ adolescents had significantly increased odds of newly 

diagnosed HIV vs. early adolescents, whereas adolescent stage was not significantly 

associated with newly diagnosed HIV in Kenyan HIV+ adolescents.

Discussion

The SEARCH hybrid mobile HIV testing strategy tested 88% of stable adolescent residents 

across 32 rural communities in Uganda and Kenya, a substantial increase over the 28% 

reporting prior testing. Cross-sectional trends in prevalence suggest an increased risk of HIV 

beginning in mid-adolescence among women, and late adolescence among men.

Our data suggest HIV testing in a multi-disease context may reduce anticipated stigma and 

allow adolescents to access testing without concern of being perceived as sexually active or 

at risk for HIV, in contrast to testing at a clinic.[10] This approach provided an opportunity 

for the majority of adolescent residents to access other prevention services, including sexual 

education and condoms , and could serve as a platform for introducing pre-exposure 

prophylaxis (PrEP) to at-risk youth. For HIV-infected adolescents, this approach offered a 

chance to ensure access to care and antiretroviral therapy (ART). Given the low rates of 

school attendance among adolescent women observed (annex), and relatively low use of 

clinic-based services by adolescents,[10, 11] approaches that are not dependent on accessing 

schools or clinics may be ideal for reaching a diverse group of adolescents in rural Africa. 

This approach reached early adolescents before a time of increased HIV risk - a critical 

window for prevention. Indeed, the 2012 Kenya AIDS Indicator Survey found that though 

89% of 10–14 year olds have heard of HIV, only 17% had accurate knowledge about HIV 

prevention and treatment, and <25% of 12–14 year olds had used condoms at sexual debut.

[12]

The trends in HIV prevalence and factors associated with HIV infection observed are 

consistent with prior studies from rural Africa.[12–15] Given the low prevalence among 

their male peers, our data are also consistent with prior research attributing incident HIV 

among adolescent women, in part, to sexual transmission from older men.[16, 17] These 

data highlight the importance of engaging adult men in HIV testing and treatment. Lower 

odds of HIV infection among Kenyan men in mid-adolescence may be a marker of 

decreased survival, or out-migration, of vertically-infected 15–17 year-old men.

Interestingly, we found that factors typically associated with lower HIV prevalence (e.g. 

male gender) were associated with higher odds of being unaware of one’s status among HIV-

infected adolescents. This suggests prior testing initiatives may have targeted high-risk 

groups, but missed those at relatively lower risk, and universal testing might be needed, at 

least initially, if “test and treat” interventions to reduce HIV incidence are to succeed in 

generalized HIV epidemics.
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This study has limitations. First, under or over enumeration of residents may have resulted in 

inaccurate estimates of population coverage. However, our census estimates are similar to 

national projections.[6] Second, adolescents who declined testing or could not be reached 

may have had a different HIV prevalence than those tested. Reassuringly, in a large sample 

of persons ≥15 years from SEARCH communities who did not test in baseline hybrid 

testing, but tested one year later, there was no difference in HIV prevalence between those 

who did vs. did not test in the baseline year.[18] Third, self-reported prior testing is subject 

to bias, but our findings are consistent with prior research.[10, 15] Lastly, in Uganda and 

Kenya adolescents >12 years can access HIV testing independent of parental consent; our 

findings may not be generalizable to settings where parental consent is required up to 18 or 

21 years.

The SEARCH hybrid testing approach achieved high adolescent HIV testing coverage. 

Expanding this approach to include PrEP in the context of universal ART may provide a 

platform for reducing HIV incidence among adolescents in rural sub-Saharan Africa.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
A) Adolescent resident population HIV testing coverage following the hybrid HIV testing 

approach (solid lines), and self-reported prior HIV testing among adolescents who tested for 

HIV via hybrid testing (dashed lines), by country of residence (Kenya [blue] or Uganda 

[red]) and age in 32 SEARCH trial communities. B) HIV prevalence in male (dashed line) 

and female (solid line) adolescents by country of residence (Kenya [blue] or Uganda [red]) 

and age.
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Table

HIV testing coverage following a hybrid mobile testing approach of multi-disease community health 

campaigns (CHC) followed by home-based testing (HBT) of CHC non-participants, among census-

enumerated adolescents (10–24 years) living in 32 SEARCH trial communities in Uganda and Kenya.

Enumerated
Population

Tested
by CHC %

Tested
by HBT %

Tested by
Hybrid
(CHC+HBT)
Approach %

Stable*, 10–24 year
old residents 98,694 71,154 72% 15,267 15% 86,421 88%

Early (10–14 yrs) 48,127 36,892 77% 4,671 10% 41,563 86%

Mid (15–17 yrs) 17,756 12,574 71% 3,483 20% 16,057 90%

Late (18–24 yrs) 32,811 21,688 66% 7,113 22% 28,801 88%

Uganda 64,993 49,622 76% 9,704 15% 59,326 91%

Kenya 33,701 21,532 64% 5,563 17% 27,095 80%

Male 48,281 33,518 69% 8,204 17% 41,722 86%

Female 50,413 37,636 75% 7,063 14% 44,699 89%

Non-stable residents 17,632 2,835 16% 1,539 9% 4,374 25%

*
Stable residence was defined as living in a study community for ≥6 months in the year prior to census enumeration.
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