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Abstract

Background—We hypothesized that community-based HIV testing with counselor support and 

point-of-care CD4 count testing would increase uptake of antiretroviral therapy (ART) and male 

circumcision.

Methods—We conducted a randomized study of linkage strategies following community-based 

HIV testing in rural South Africa and Uganda. HIV-positive persons were randomized to 1) lay 

counselor follow-up home visits, lay counselor clinic linkage facilitation, or standard clinic 

referral; and then to either 2) point-of-care CD4 testing, or referral for CD4. HIV-negative 

uncircumcised men who could receive secure text messages were randomized to text message 
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reminders, lay counselor visits, or referral. The primary outcomes were viral suppression at 9 

months in HIV-positive persons and uptake of male circumcision by HIV-negative, uncircumcised 

men at 3 months. The study was registered at ClinicalTrials.gov (NCT02038582).

Findings—Between June 2013 and February 2015, 15,332 participants were tested; 1,325 HIV-

positive persons and 750 HIV-negative uncircumcised men were randomized to linkage strategies. 

Among HIV-positive persons, overall clinic linkage was 93% (1,218/1,303) but ART initiation was 

only 37% (488/1,303). The proportion of persons who were virally suppressed ranged from 

47%-52% (214/422 in the clinic referral arm, 219/419 in the clinic facilitation arm, and 202/431 in 

the lay counselor follow-up arm; p=0.668 and p=0.273, for the clinic facilitation and lay counselor 

follow-up arms, respectively, compared with clinic referral). There was no difference in viral 

suppression at 9 months by study arm. In the male circumcision clinic referral (standard of care) 

arm, 62/224 men (28%) were circumcised, compared to 137/284 (48%) in the text message 

reminder arm (RR=1.72, 95% CI 1.36-2.17) and 106/226 (47%) in the lay counselor follow-up 

arm (RR=1.67, 95% CI 1.29-2.14).

Interpretation—All the community-based strategies achieved very high rates of linkage of HIV 

positive persons to HIV clinics, approximately one-third of whom initiated ART, and 

approximately half were virally suppressed by 9 months. Clinic barriers to ART initiation must be 

addressed in future strategies to increase knowledge of HIV serostatus and linkage to HIV care. 

Uptake of male circumcision was almost two-fold higher among men who received text message 

reminders or lay counselor visits.
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Introduction

High coverage of a combination of synergistic, evidenced-based HIV prevention 

interventions could substantially reduce the number of incident HIV cases in Africa.1,2 Male 

circumcision decreases HIV acquisition by 60%3-6 and antiretroviral therapy (ART) almost 

eliminates HIV transmission from HIV-positive persons who are virally suppressed.7,8 

However, at the population level, the coverage for male circumcision and ART has lagged 

substantially behind targets. In African countries with generalized HIV epidemics and low 

rates of circumcision, an estimated 30% of men have accessed male circumcision services 

compared to the target of 80% by 2016.9 In addition, only 40% of all HIV-positive persons 

are virally suppressed due to drop-off at each stage of the testing to treatment cascade,10 

which is much lower than the UNAIDS target of 73%.11 Strategies to achieve high coverage 

of HIV testing and linkage to combination prevention strategies are critical for a population-

level impact on HIV incidence.12

Community-based HIV testing and counseling (HTC)13-15 and linkage strategies by lay 

persons are approaches to increase uptake of ART and male circumcision. Linkage strategies 

are defined as interventions to link persons to treatment or prevention following testing. 

Promising linkage to care strategies include point-of-care CD4 count testing to facilitate 
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ART initiation by providing ‘real-time’ ART eligibility and counseling,16,17 lay counselor 

home visits to encourage linkage to ART or male circumcision, lay counselor facilitation of 

the HIV clinic visit to support clients’ understanding of ART initiation,18-20 and text 

messages to support ART adherence.21,22 The relative effectiveness of community-based 

strategies to link HIV-positive persons to HIV care and HIV negative uncircumcised men to 

medical male circumcision in Africa have not been assessed.

Here we present the results of The Linkages Study that evaluated the effectiveness of 

community-based HTC (i.e. home and mobile HTC) and linkage strategies compared to 

standard referral for linking HIV-positive persons to ART and HIV-negative, uncircumcised 

men to male circumcision in two rural settings in Africa. The primary objectives were to 

evaluate the relative effectiveness of enhanced linkage strategies for HIV-positive persons 

(lay counselor follow-up visits, clinic visit facilitation, and point-of-care CD4 testing) versus 

standard of care on clinically-relevant outcomes of linkage to an HIV clinic, ART initiation 

and viral suppression. For HIV-negative men, the primary objective was to evaluate the 

relative effectiveness of lay counselor home visits and text message reminders on the uptake 

of male circumcision.

Methods

Study design

We conducted an individually randomized study of community-based HTC and linkage 

strategies for HIV-positive persons not on ART and HIV-negative uncircumcised men in 

South Africa and Uganda. HIV-positive persons not on ART were randomized to one of six 

linkage strategies (lay counselor follow-up visits, lay counselor clinic facilitation, or 

standard of care, combined with either point-of-care CD4 testing or referral for CD4 testing) 

in a factorial design. HIV-negative uncircumcised men were randomized to one of three 

strategies to increase uptake of male circumcision services (text message reminders, home 

visits, or standard referral). The University of Washington Institutional Review Board, the 

Ugandan National HIV/AIDS Research Committee, and the Human Sciences Research 

Council Research Ethics Committee approved this study. The study was registered at 

ClinicalTrials.gov, number NCT02038582.

Participants

Following community mobilization, participants were recruited through community-based 

HIV testing.11 Home-based and mobile HIV testing were conducted in research naïve 

communities, which have public clinics that offer free HIV care and ART; two communities 

in uMgungundlovu District, KwaZulu-Natal, South Africa and four in the Sheema District, 

southwest Uganda. Reported population HIV prevalence in KwaZulu-Natal was 28%,12 and 

in Mbarara, adjacent to the Sheema District was 10%,13 representing high and medium 

prevalence settings in southern and East Africa, respectively. The communities in KwaZulu-

Natal are characterized by high unemployment and low per capita income (below USD $2 

per day).
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Trained and supervised lay counselors in Uganda and lay counselor and nurse teams in 

South Africa conducted study activities. Teams were trained in HIV testing and counseling, 

HIV natural history, benefits of ART, monitoring of medical male circumcision and ART, 

and expected procedures at the clinic. Study participants provided written informed consent 

in a confidential setting. Participants completed a standardized questionnaire about 

demographics, risk, and engagement in HIV testing, treatment and prevention using the 

mobile phone software Mobenzi Researcher™ (Durban, South Africa). Lay counselors 

conducted HIV testing with standardized pre- and post-test counseling and couples 

disclosure counseling.

HIV-positive persons identified during community-based testing were eligible for 

randomization if they were able to provide informed consent, were 16 years or older, 

resident in the participating communities, and not taking ART. HIV-negative men were 

eligible for randomization if they were age 16 to 49 years, uncircumcised, and had access to 

private text messaging.

Randomization

The study biostatistician generated the randomization allocation using varying block sizes 

and stratified by country. The randomization allocation was automatically assigned by the 

software to the study participant after obtaining informed consent. Once eligibility was 

assessed and the participant consented to continuing with the study, the randomization 

assignment was revealed. The study staff did not have access to the randomization code. 

Eligible participants in the same household were randomized to the same arm to prevent 

crossover between study arms. HIV-positive persons not on ART were randomized in a 

factorial design to 1) either lay counselor follow-up home visits, clinic facilitation, or 

standard referral; and then to 2) either point-of-care CD4 count testing after post-testing 

counseling, or referral for CD4 testing (Figure 1a). HIV-negative uncircumcised men were 

randomized to text message reminders, lay counselor visits, or referral (Figure 1b). After 

enrolling 448 participants, we discovered that the mobile phone companies were blocking 

the text messages and participants were not receiving the intervention. The study 

biostatistician redid the block randomization code to increase the number of participants 

randomized to the text message arm to ensure at least 80% power to see a 10% effect of the 

male circumcision linkage strategies.

Procedures

Participants in the point-of-care CD4 arm received same day point-of-care CD4 testing at 

enrollment, which was used in counseling about ART eligibility under national guidelines 

(CD4 ≤350 cells/μL, which changed to CD4 ≤500 cells/μL in January 2015). In the referral 

for CD4 count arm, participants were referred to local HIV clinics to obtain their CD4 count, 

as is the standard of care. Study staff provided HIV-positive persons a clinic referral card, 

their point-of-care CD4 test result if they were in the point-of-care CD4 arm, information 

about local HIV clinics, and encouraged participants to visit a clinic within a month and 

collected plasma for HIV viral load testing.
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In the lay counselor follow-up arm, participants received visits at home at months one, three 

and six; home visits stopped once participants reported that they had visited a clinic. At 

home visits, lay counselors answered questions about HIV care and provided information 

and support about HIV clinics and ART. In the clinic facilitation arm, a lay counselor met 

HIV-positive persons at the clinic and explained the steps of engagement in care (e.g., clinic 

registration, education visits, baseline laboratory tests) and the benefits of ART. Lay 

counselors facilitated more than one clinic visit for persons who did not complete ART 

initiation prerequisites at the initial clinic visit. In the standard of care arm, participants 

visited the clinic and followed clinic procedures for ART initiation, which included three 

preparatory visits for laboratory testing and ART literacy counseling, without lay counselor 

support.

All HIV-negative persons were counseled to engage in prevention to remain HIV-negative. 

HIV-negative men received counseling on male circumcision and a referral card to local 

male circumcision facilities. HIV-negative men randomized to text message reminders 

received a non-identifying promotion message (“this could be the best decision you make – 

act now!”) three weeks after testing with a follow-up phone call one month after testing. If 

men did not report being circumcised at the month one follow-up call, a second message was 

sent six to seven weeks after testing with a follow-up phone call two months after testing. 

Participants in the lay counselor follow-up arm received a home visit one month after 

testing, and then again at two months if they had not already receive male circumcision 

services.

As required by local regulatory bodies, participants were compensated for their time with a 

food parcel in South Africa (approximate value = USD 8) and cash in Uganda (approximate 

value = USD 2) at the end of the enrollment and follow-up visits regardless of whether they 

agreed to testing, HIV serostatus, receipt of results, clinic attendance, circumcision uptake or 

ART initiation. Participants did not receive financial incentives to attend treatment or 

prevention services.

Outcomes and assessment

The primary outcomes for HIV-positive persons were obtaining a CD4 count, linkage to an 

HIV clinic, ART initiation, viral suppression and social harms, which were assessed at nine 

months after enrollment. The primary outcome for uncircumcised, HIV-negative men was 

uptake of male circumcision at three months. Secondary outcomes were uptake of male 

circumcision at nine months and social harms.

HIV-positive persons received an exit visit nine months after testing in all study arms to 

assess linkages to care, barriers to establishing HIV care and uptake of ART. Point-of-care 

CD4 testing was done for all participants and the results provided to support continuity of 

care. Specimens were collected for viral load testing at the exit visit. At each visit, lay 

counselors administered questionnaires about risk behavior, engagement in care, and social 

harms. To confirm uptake of HIV care and ART, lay counselors reviewed clinic cards and 

medications with the participant but clinic attendance and ART dispensing were not 

confirmed with the clinics.
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HIV-negative men in all three study arms received a visit at month three, and for those who 

had not been circumcised before the three month visit, an exit visit at month nine was 

conducted to assess whether they had visited a male circumcision provider between months 

three and nine, had been circumcised and had experienced social harms. The male 

circumcision referral cards were reviewed with the participants to confirm uptake of 

circumcision services.

Laboratory methods

HIV testing was conducted using blood obtained by finger-stick and tested using rapid 

serologic tests according to national guidelines: in Uganda Determine (Abbott Laboratories) 

followed by Statpak (Chembio Diagnostics) for confirmation of positive results and Unigold 

(Trinity Biotech) as a tie breaker, and in South Africa, ABON HIV Rapid test (Alere) and 

First Response HIV Test (Premier Medical Corporation Ltd) with HIV 1/2 Gold Screening 

Test (G-Ocean) as a tie breaker. Point-of-care CD4 testing (Alere, PIMA™) was conducted 

using a finger-stick specimen. Plasma was obtained via phlebotomy at the home or in the 

mobile van and transported to the reference laboratory for HIV viral load testing by 

polymerase chain reaction (Roche Taqman Ampliprep, with a limit of detection of 20 copies/

mL).

Statistical analysis

The target sample sizes of 1,300 HIV-positive persons and 750 HIV-negative uncircumcised 

men were calculated to provide at least 80% power to see a 10% difference in viral 

suppression for HIV-positive persons and a 10% difference in uptake of male circumcision 

for HIV-negative men between the different linkage strategies. All available assessments 

from participants contributed to assignment of whether the participant linked to HIV care or 

male circumcision services.

The effects of the randomization arms on each outcome were estimated as relative risks 

(RR), produced using a Poisson regression model with robust variance estimation, adjusted 

for country and accounting for within-household correlation. Randomized assignments for 

both interventions were included in the model so that the effect of each is adjusted for the 

other. In addition, interaction terms were considered in the model of crossed factors in order 

to evaluate whether the effect of either depended on the other.

The data were analyzed using R version 3.2.1.

Role of the funding source

The study sponsors had no role in study design; data collection, analysis, and interpretation; 

writing of the report; or in the decision to submit for publication. The corresponding author 

had full access to all the data in the study and had final responsibility for the decision to 

submit for publication.
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Results

Between June 2013 and February 2015, 15,700 participants (6,942 in South Africa and 

8,758 in Uganda) were offered home or mobile HIV testing and counseling and 15,332 

(98%) were tested. Of those tested, 8,703 (57%) were tested at home, 6,533 (43%) were 

tested for the first time and 6,578 (43%) were men. The median age was 30 years 

(interquartile range (IQR): 22-43 years). HIV prevalence was 15%; 24% (1,648/6,912) in 

South Africa and 8% (691/8,420) in Uganda. HIV prevalence among women and men in 

Uganda was 10% and 7%, respectively, and in South Africa was 28% and 16%, respectively. 

Almost half (1,013/2,339, 43%) of HIV-positive persons were newly identified. Overall, 

985/2,339 (42%) HIV-positive persons reported currently taking ART and were not eligible 

for randomization (Figure 1a). Among HIV-negative uncircumcised males below age 49, 

1,855/2,926 (63%) reported that they did not have secure access to text message reminders 

and were not eligible for randomization.

Notably, there were no reported cases of study-related social harm during the study, which 

included probing about partnership separation, unintended disclosure, gender-based violence 

and stigma.

Baseline characteristics of HIV-positive participants

Of the 1,325 HIV-positive participants randomized to linkage strategies, the median age was 

31 years (IQR: 26-38 years), 641 (48%) were 30 years or younger, 29% were male, and 733 

(55%) were identified through home testing (Table 1). Of the participants randomized, 333 

(25%) were previously aware of their HIV-positive status, of whom 205 (16%) were aware 

of their status for more than 12 months, 256 (19%) had previously visited an HIV clinic, and 

238 (18%) reported having their CD4 count tested prior to the study. Among persons 

randomized to the point-of-care CD4 arm, the median CD4 count was 486 cells/μL (IQR: 

344-653 cells/μL). Among persons randomized to the clinic referral CD4 arm, 501/626 

(80%) obtained a CD4 count. The median CD4 count among the 380/501 (76%) persons 

who could recall their result was 512 cells/μL (IQR: 384-670 cells/μL). The median viral 

load at enrollment was 12,170 copies/mL and 311/1,318 (24%) participants had a viral load 

<50 copies/mL.

Most (88%) of the HIV-positive participants reported being currently sexually active, with a 

median number of current partners of 1 (min: 0, max: 7), and 34% reported condom use with 

the last sex act.

Baseline characteristics of HIV-negative men

Of the 750 HIV-negative men randomized to male circumcision linkage strategies, the 

median age was 23 years (IQR: 19-29 years), 48% were ≤30 years old, 342 (46%) were 

identified through home testing, and 303 (40%) reported ever testing for HIV previously 

(Table 1). Most (85%) of the HIV-negative men reported being sexually active, with a 

median number of current partners of 1 (min: 0, max: 15), and 222/750 (30%) reported 

condom use with the last sex act. At baseline, 747 (99%) of participants were willing to 

undergo male circumcision.
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Changes in linkage to care, ART initiation and viral suppression by 9 months

Among the 1,325 HIV-positive persons randomized to linkage strategies, study retention was 

96% (1,273/1,325) at month nine. During follow-up, 8 participants died, 31 moved, and 14 

withdrew. By month nine, 501/626 participants (80%) in the CD4 testing referral arm and 

639/639 (100%) in the point-of-care CD4 count arm obtained a CD4 count (RR=1.25, 95% 

CI: 1.20, 1.30), with no difference in linkage to clinic, ART initiation or viral suppression by 

CD4 count testing strategy (Table 2).

Clinic visit uptake was high across the six arms (93%). Clinic facilitation increased 

engagement with HIV clinics with 421/431 (98%) participants visiting a clinic compared to 

378/423 (89%) in the referral arm (RR=1.09, 95% CI 1.05, 1.13), which was similar to clinic 

linkage 419/449 (93.3%) in the lay counselor follow-up arm compared to the referral arm 

(RR=1.04, 95% CI 1.00, 1.09).

ART initiation was higher in the lay counselor follow-up arm (185/449, 41%) than in the 

referral arm (142/423, 34%) (RR=1.23, 95% CI 1.02, 1.47). ART initiation in the clinic 

facilitation arm was not clearly higher (161/431, 37%) compared to the referral arm 

(RR=1.11, 95% CI 0.92, 1.34). Among HIV infected persons who met national ART 

eligibility guidelines (CD4 count, pregnancy and active tuberculosis) and who were not 

virally suppressed at baseline, 74% of participants (131/177) had initiated ART by nine 

months in the lay counselor arm compared to 57% (85/149) in the referral arm (RR=1.32, 

95% CI 1.12, 1.56), and 66% (110/166) in the clinic facilitation arm (RR=1.17, 95% CI 

0.98, 1.40; compared to referral arm). The median time to ART initiation, among those 

eligible for ART, was 22 weeks.

Overall, viral suppression at nine months was 50% (635/1,272), without significant 

differences by study arm (Table 2). There were no significant interactions between point-of-

care CD4 testing and either clinic facilitation or lay counselor follow-up. Overall, 83% of 

persons initiating ART achieved viral suppression by nine months after enrollment without 

significant difference between study arms.

The most common reasons reported by participants for not initiating ART, despite being 

eligible by national guidelines, were “I was told I was not eligible” when assessed at the 

HIV clinic (58%), clinic barriers such as needing multiple visits for ART assessment (18%), 

and personal reasons such as not feeling sick (13%).

Changes in male circumcision uptake

Study retention at nine months in the male circumcision arms was 98% (734/750). Overall, 

uptake of visits to a male circumcision facility was high (523/750, 70%), without significant 

differences between arms (Table 3). However, by month three, uptake of male circumcision 

was significantly higher in the text message promotion arm (137/284, 48%) compared to the 

referral arm (62/224, 28%) (RR=1.72, 95% CI: 1.36, 2.17), as was uptake of male 

circumcision uptake in the lay counselor follow-up arm (106/226, 47%) compared to the 

referral arm (RR=1.67, 95% CI: 1.29, 2.14). This effect of increased male circumcision 

uptake seen with text messaging and lay counselor visits was similar and sustained at the 
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month nine exit visit, and did not change when we excluded participants prior to 

confirmation of text message delivery.

Discussion

This study evaluated community-based home and mobile HIV testing and linkage strategies 

to HIV care and male circumcision in six rural, medium and high HIV prevalence areas in 

Uganda and South Africa. Uptake of HIV testing was nearly universal, the rate of linkage to 

an HIV clinic among HIV-positive persons was over 90% and uptake of male circumcision 

among uncircumcised men in the intervention arms was 50%. However, despite the high 

overall uptake of linkage to HIV clinics, only 37% of all HIV-positive persons initiated ART 

by nine months. Lay counselor facilitation of the initial HIV clinic visit modestly increased 

clinic linkage and lay counselor follow-up home visits modestly increased ART uptake. For 

male circumcision uptake, simple strategies of encouraging text message reminders and lay 

counselor visits increased uptake of facility visits and male circumcision, successfully 

increasing demand where supply was adequate. Importantly, the rate of HIV disclosure was 

high and no social harms were reported.

For HIV-positive persons, although point-of-care CD4 testing at the initial HIV testing visit 

increased the proportion of individuals who received a CD4 count by 25%, this effect was 

not sustained through the continuum of HIV care, which is similar to previous studies.17 As 

guidelines move to ART at all CD4 counts, the utility of CD4 testing at the time of HIV 

testing decreases in terms of guiding opportunistic infection prophylaxis for severely 

immunocompromised persons. Although the high uptake of linkage to care in the standard 

of care arm highlights the acceptability and effectiveness of community-based HTC in 

encouraging linkage to care, clinic facilitation and lay counselor follow-up visits only 

modestly increased linkage to clinic and ART initiation, which we hypothesized would be 

more substantial.18,23,24 A bottleneck in achieving viral suppression in all arms was the high 

proportion of ART-eligible participants (58%) not starting ART who were told at HIV clinics 

that they were not eligible for ART. Thus, community-based testing with lay counselor 

strategies for linkage are successful in increasing demand for ART but the impact is limited 

by process of repeat CD4 testing at the clinic, ART adherence counseling requirements and 

other barriers to ART initiation at the clinics.

Among HIV-negative, uncircumcised men who had access to secure text messaging, text 

message reminders and lay counselor follow-up visits were equally effective in significantly 

increasing uptake of male circumcision services (47%-48% at month three) compared to 

counseling at the point of testing (28%). Thus, simple and scalable linkage strategies can 

increase the uptake of male circumcision, given sufficient supply. There were fewer clinic 

barriers to accessing male circumcision services compared to ART initiation, increasing the 

impact of simple strategies such as text messages that get patients to the clinic.

The main limitation of the study was that health care facility visits, ART initiation and male 

circumcision uptake were confirmed by examination of clinic cards and ART medication 

bottles, because clinic electronic health records were not available to verify clinic attendance 

or pharmacy dispensing. Also, a substantial proportion (311/1,325, 24%) of HIV-positive 
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persons enrolled in the study had a suppressed viral load at enrollment, despite reporting that 

they were not on ART (an inclusion criterion for the study), possibly to access viral load 

testing through the study, which was not routinely provided in HIV clinics during the study 

period. Samples were not stored, so we were not able to measure antiretrovirals in the 

plasma of persons who were virally suppressed but reported not being on ART.

In summary, community-based HIV testing and lay counselor led linkage strategies in rural 

South Africa and Uganda achieved extremely high coverage of HIV testing, and served as a 

platform for combination HIV prevention. These strategies have the potential to cost-

effectively avert incident HIV infections,25,26 and may generate economic benefits for 

persons receiving ART.27 To build on the near universal reach of community-based HIV 

testing, decentralized ART delivery services have the potential to overcome bottlenecks in 

care at overburdened clinics.28 Current ART regimens are often once-daily, safe and well-

tolerated,29 thus, moving ART initiation and refill supply into the community, in addition to 

testing, would overcome barriers to care for HIV-positive persons who do not need clinic 

services.19 To reach the UNAIDS goal of 73% of HIV-positive persons virally suppressed11 

and 80% of HIV-negative men accessing male circumcision,9 requires highly effective 

combination HIV prevention. The utilization of community-based approaches and trained 

lay persons in communities most affected by HIV are key components of such as approach.

Research in Context

Evidence before this study

We searched PubMed, EMBASE and conference abstracts for community-based HIV testing 

and linkage studies published between January 1st, 2000, and January 31st 2016, with the 

terms “HIV infections/diagnosis” AND “Africa South of the Sahara” AND (“mass 

screening” OR test OR tests OR testing OR screen* OR diagnosis OR “counseling”). We 

identified 156 abstracts for review, including three systematic reviews. A recent review by 

Sharma and colleagues reported that linkage to care, defined as visiting a clinic after 

community testing, was reported for eighteen studies; ten home, six mobile, and two 

campaign testing studies. Using random effects meta-analysis, home testing achieved high 

linkage (95%, 95% CI: 87-98%) when paired with enhanced linkage to care interventions 

(i.e. lay counselor follow-up to encourage clinic visit) compared to home testing 

interventions without facilitated linkage to care (26% linkage, 95% CI 18-36%). Similarly, 

the mobile testing strategies that did not include facilitated linkage strategies achieved 37% 

linkage (95% CI 24-51%) and the one campaign testing strategy, with enhanced linkage, 

achieved linkage rates of 81% (95% CI 76-85%). Four home testing studies reported ART 

initiation among those eligible, with higher linkage rates for interventions with enhanced 

linkage to care vs. those without (76%, 95% CI 68-82% vs. 16%, 95% CI 12-20%). A 

review by Wynberg and colleagues found that point-of-care CD4 testing decreases time to 

ART eligibility assessment, but did not change ART adherence. In a recent meta-analysis of 

text message interventions to promote ART adherence, improved viral suppression and/or 

CD4 outcomes was associated with two-way, less frequent than daily, and personalized text 

messages. Lastly, a review of community support groups found peer- or lay counselor-
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delivered ART can overcome barriers to retention in care and decongest health services in 

sub-Saharan Africa.

Added value of this study

This study adds to the evidence on the effectiveness of community-based testing with 98% 

of the population approached agreeing to testing, and the role of linkage strategies to deliver 

combination HIV prevention. Specifically, all three strategies – lay counselor-delivered 

strategies, i.e. clinic facilitation and lay counselor home visits for HIV-positive persons –, 

achieved over 90% rate of linkage to clinic but only one-third of all HIV positive persons 

initiated ART, and no strategy was more effective in the proportion of HIV-positive persons 

achieving viral suppression after nine months, probably due to limits of ART supply. 

Encouragingly, uptake of HIV testing and HIV clinic follow-up was very high in the 

standard referral arm as well as the intervention arms, indicating that community-based HTC 

achieves an effect in the early part of the HIV testing and care cascade, but that strategies to 

simplify and expedite ART initiation are needed. For HIV-negative, uncircumcised men, text 

message support and lay counselor visits increased the uptake of male circumcision almost 

two fold.

Implications of all the available evidence

The intervention was successful in modestly increasing ART uptake and linkage to male 

circumcision in two countries, South Africa and Uganda, supporting the generalizability of 

this approach in high and medium HIV prevalence settings in Africa. These coordinated, 

decentralized community-based HIV testing and linkage strategies that involve lay 

counselors have the potential to cost-effectively achieve high population coverage for 

combination HIV prevention. Evaluation of the effectiveness and cost of implementation 

will add to the evidence to guide HIV prevention.
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Figure 1a. 
HIV-positive arms CONSORT diagram
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Figure 1b. 
HIV-negative arms, medical male circumcision promotion CONSORT diagram
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Table 1

Baseline characteristics of participants

HIV-positive participants
N = 1,325

HIV-negative male participants
N = 750

Characateristic n (%) Median (IQR) n (%) Median (IQR)

Age (years) 31 (26 - 38) 23 (19 - 29)

 Age group ≤ 30 641 (48.4) 588 (78.4)

 Male 379 (28.6) 750 (100.0)

Home HIV testing and counseling (vs. mobile) 733 (55.3) 342 (45.6)

Ever tested for HIV - - - 303 (40.4)

Newly identified 992 (74.9) - - -

Previously aware of HIV-infected status 333 (25.1) - - -

 Previously visited an HIV clinic,
 (of % aware of status) 256 (76.9) - - -

 CD4 count previously tested,
 (of % aware of status) 238 (72.8) - - -

 Previous CD4 count ≤ 500 cells/μL,
 (of % remembered result) 52 (12.2) - - -

Cohabiting 125 (9.4) 69 (9.2)

Sexually active 1149 (87.4) 635 (86.3)

Number of current sex partners

 0 165 (12.6) 101 (13.7)

 1 1027 (78.2) 512 (69.6)

 > 1 122 (9.3) 123 (16.7)

Condom use with last sex act 445 (33.6) 222 (29.6)

Number of children in home *

 0 299 (31.6) - - -

 1-3 600 (63.4) - - -

 > 3 47 (5.0) - - -

CD4 count (cells/μL)† 486 (344 - 653) - - -

Viral load category (copies/mL)

 < 50 311 (23.5) - - -

 50-999 119 (9.0) - - -

 1,000-9,999 203 (15.3) - - -

 > 9,999 685 (51.7) - - -

Texting frequency

 Never/rarely - - - 76 (10.3)

 Weekly - - - 210 (28.3)

 Daily - - - 455 (61.4)

Knows someone who has been circumcised - - - 655 (87.8)

Believes circumcision benefits female partner

 Yes - - - 615 (82.2)

 No - - - 22 (2.9)

 Don’t know - - - 111 (14.8)
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HIV-positive participants
N = 1,325

HIV-negative male participants
N = 750

Characateristic n (%) Median (IQR) n (%) Median (IQR)

Willingness to undergo circumcision

 Yes, at a clinic - - - 571 (76.1)

 Yes, at a mobile camp - - - 59 (7.9)

 Yes, at a clinic or mobile camp - - - 117 (15.6)

 No - - - 2 (0.3)

IQR = Interquartile range

*
Female participants only

†
CD4 count for participants not on ART in the point-of-care CD4 arm only (n=639)
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