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SUMMARY

Background—We sought to determine whether a community-based intervention to identify and
rapidly treat persons living with HIVV (PLWH) and support male circumcision (MC) could increase
population levels of HIV diagnosis, treatment, viral suppression, and MC in Botswana.

Methods—The Ya Tsie study was a pair-matched community-randomized trial conducted in 30
communities across Botswana from 2013-2018; 15 communities were randomized to receive HIV
prevention and treatment interventions (including enhanced HIV testing, earlier antiretroviral
treatment [ART], and strengthened MC services) and 15 received standard-of-care. We enrolled a
cohort of residents aged 16-64 years from a random ~20% sample of households to assess
baseline uptake of the following outcomes: (1) proportion known to be HIV-positive or tested HIV-
negative in the preceding 12 months; (2) proportion of PLWH diagnosed and on ART; (3)
proportion of PLWH on ART with viral suppression; and (4) proportion of HIV-negative men
circumcised. In six communities all residents not previously enrolled in the longitudinal cohort
completed an end-of-study survey to provide study-end coverage estimates. Differences in
intervention uptake over time by arm were tested via paired student’s t-test.

Findings—At baseline we enrolled 2,625 (n=805 PLWH; 403/402 in standard-of-care/
intervention communities) residents from the six communities also participating in the end-of-
study survey. An additional 10,791 (n=2,691 PLWH; 1,338/1,353 in standard-of-care/intervention
communities) residents completed an end-of-study survey in these communities. After accounting
for baseline differences, at study-end, the proportion of PLWH who were diagnosed was
significantly higher in the intervention arm (absolute increase of 9% to 93% [n=1,254 of 1,353])
compared to standard-of-care (absolute increase of 2% to 88% [n=1,184 of 1,338]) (~P=0.-03).
Population levels of ART, viral suppression, and MC increased from baseline in both arms, with
greater increases in intervention communities (ART P=0-02; viral suppression P=0-02; MC
P=0-03). At study-end, in intervention communities, 1,228 PLWH (91% of n=1,353) were on
ART; 1,166 PLWH (88% of n=1,321 with available viral load) were virally suppressed, and 673
HIV-negative men (40% of n=1,673) were circumcised in intervention communities. The study
(NCT01965470) has been completed.

Interpretation—It is possible to achieve very high population levels of HIV testing and
treatment in a high-prevalence setting. Maintaining these coverage levels over the next decade
could substantially reduce HIV transmission and potentially eliminate the epidemic in these areas.

Funding—US President’s Emergency Plan for AIDS Relief through the Centers for Disease
Control and Prevention.

Early initiation of antiretroviral therapy (ART) in persons living with HIV (PLWH) can
reduce transmission to sexual partners by at least 96%.1~% Additional, compelling evidence
from two randomized clinical trials demonstrated that starting ART at CD4 cell counts >500/
uL improves health outcomes, including survival.>8 In 2015, based on these reports and
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mounting observational evidence,’8 the World Health Organization (WHO) recommended
ART for all PLWH regardless of CD4 cell count or clinical stage.® At the same time, the
Joint United Nations Programme on HIV/AIDS (UNAIDS) announced ambitious HIV
testing and treatment targets aimed at disrupting HIV transmission by substantially
increasing viral suppression levels among PLWH.10 Specifically, the strategy aims to have
90% of PLWH diagnosed; 90% of persons diagnosed on treatment; and 90% of persons on
treatment virally suppressed for a combined overall target of 73% (i.e. 90%x90%x90%) of
all PLWH on treatment and virally suppressed. By 2030, the targets increase to 95% each,
resulting in a combined overall target of 86% virally suppressed (i.e. 95%%95%x95%).
However, it is unknown whether it is feasible to increase HIV diagnosis levels to 290%, nor
whether PLWH with relatively high CD4 cell counts will be motivated to initiate and adhere
to ART without noticeable declines in health or quality of life. Additionally, initiating and
maintaining large numbers of persons on treatment may be difficult in remote settings where
clinic staffing and medication/laboratory testing supply may be unreliable and individuals
may be more mobile in search of economic opportunity.

Botswana has a generalized, predominantly heterosexually transmitted, HIV epidemic in
which one in five adults are living with HIV.11 In 2002, Botswana became the first African
country to provide ART free-of-charge to clinically eligible citizens living with HIV. In 2009
the country rolled out male circumcision (MC) services for adult men nationwide (adding
routine neonatal MC in 2013), and most recently, in 2016, adopted universal treatment
irrespective of CD4 cell count or clinical staging. Despite these efforts, Botswana remained
one of only three countries worldwide with an estimated annual HIV incidence >1% in
2016.12

We sought to determine whether (and to what extent) a community-based intervention aimed
at identifying and rapidly treating PLWH and supporting MC could increase population
levels of HIV diagnosis, treatment, viral suppression, and adult MC in Botswana.

METHODS
Study design

The “Ya Tsie” study, also known as the Botswana Combination Prevention Project (BCPP),
was a pair-matched community-randomized trial conducted in 30 rural and peri-urban
communities across Botswana with a total population of 180,000 people.13:14 Communities
were matched according to size, age structure, access to health services, and proximity to
major urban centers and then randomized within pairs to the intervention or standard-of-care
arms (15 communities/arm).

Interventions in the 15 intervention communities included the following (after an initial
period of community mobilization [public loudspeaker announcements, early and frequent
community leadership engagement, and door-to-door canvassing]): (a) home-based and
mobile HIV testing campaigns (approximately two consecutive months per community
implemented during first two years) aimed at finding all undiagnosed and/or untreated
PLWH, strengthened routine HIV testing in health facilities, and subsequent targeted
outreach for men and youth (including HIV testing at workplaces, bars, cattle posts/farms,
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community events, and multi-disease health fairs); (b) active linkage to care at local clinics
for PLWH not on ART (including appointment scheduling within one week, text reminders
prior to appointment, and active tracing for missed appointment); (c) expanded ART
(beyond national guidelines) for persons with HIV-1 ribonucleic acid (RNA) =10,000
copies/mL (if CD4>350 cells/uL) until August 2015; from August 2015-May 2016, ART for
PLWH with CD4<500 cells/mms3 and for those with CD4>500 cells/uL if HIV-1
RNAZ=10,000 copies/mL; and, starting June 2016, universal ART initiated at first clinic visit;
and (d) strengthened MC services (mobilization campaigns, mobile clinics, and peer linkage
with scheduled appointments, reminders, and transport). Community residents aged 16-64
years who were Botswana citizens were eligible for the interventions free of charge (hon-
citizens were eligible for HIV testing).

In standard-of-care communities, PLWH with CD4<350 cells/uL, WHO HIV/AIDS clinical
stage H1/1V disease, or pregnancy/breastfeeding were eligible for ART from study initiation
until June 2016, when universal ART became standard in both arms. The above-described
enhanced HIV testing, active linkage-to-care, and MC services were not implemented in
standard-of-care communities.

The study had three primary objectives: (1) To determine whether implementation of a
combination prevention package can significantly reduce population-level HIV incidence in
16-64-year-old residents in Botswana over a period of approximately 30 months; (2) To
estimate population-level uptake of HIV testing, ART, viral suppression and MC services
and compare uptake between standard-of-care and intervention communities at baseline and
study-end; (3) To estimate the cost per additional infection averted in intervention
communities compared with standard-of-care communities. The HIV incidence findings
were previously presented elsewhere.1° Cost-effectiveness analyses are underway.

The current manuscript presents the results for the second primary objective. The following
outcomes were used to evaluate this objective:

. Proportion of community residents aged 16—64 years who report knowing that
they are HIV-positive, or report testing HIV-negative in the preceding 12 months;

. Proportion of HIV-positive community residents aged 16-64 years who know
they are HIV-positive and are receiving ART;

. Proportion of HIV-positive community residents aged 16-64 years who know
they are HIV-positive, are receiving ART, and have HIV-1 RNA < 400
copies/mL;

. Proportion of HIV-negative male community residents aged 16—49 years who are

circumcised; and

. Proportion of eligible, HIV-positive pregnant female community residents who
remained in care and on treatment 12 months post-delivery after initiating ART
for Option B+.
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The study (NCT01965470) was approved by IRBs at the Botswana Ministry of Health and
Wellness and the United States Centers for Disease Control and Prevention. The study
protocol is provided in the Appendix.

We assessed intervention uptake by enrolling two groups of participants: (1) longitudinal
cohort comprising a random sample of residents in all 30 communities and; (2) cross-
sectional end-of-study community-wide survey in the remaining 80% of residents who did
not participate in the longitudinal cohort in six communities. Participants provided written
informed consent. Participants aged 1617 years provided written assent (with parent/
guardian written permission). The end-of-study survey communities were purposively
selected according to region (one matched pair each in the southeast, central, and northern
regions) but without knowledge of HIV incidence or intervention uptake. The end-of-study
survey provided the primary assessment of by-arm uptake of intervention services for two
reasons: (1) because all participants in the longitudinal cohort underwent HIV testing, we
could not compare HIV testing uptake over time in the cohort alone and; (2) repeated
contact between study staff and cohort members was expected to affect participant behavior
(e.0. by increasing their likelihood of linking to care).

Between October 30, 2013 and November 24, 2015, participants were identified and
recruited into the longitudinal cohort using a household-based, probabilistic-sampling
strategy. Within each of the 30 communities taking part in BCPP, a simple random ~20%
sample of plots containing household-like structures was selected using satellite imagery
captured between 2012 and 2015 (Google Earth, Mountain View, CA).16 In every household
situated on selected plots, a household representative (aged =18 years) was asked to list all
household members and each potentially eligible member was invited to participate in the
study. Eligibility criteria included being 16-64 years of age, spending on average =3 nights/
month in the household, providing documentation of Botswana citizenship or marriage to a
citizen, and providing informed consent (or assent if aged 16-17 years). Households were
visited up to three times for enumeration; up to three additional visits were made to enroll
each potentially eligible enumerated household member. At study-end, for each of the six
communities participating in the end-of-study survey, plot lists were updated with the most
recently-captured satellite images available, thus allowing for the identification and
inclusion of any newly built homes (and their inhabitants).

Figure 1 summarizes the frequency and timing of data collection activities to assess uptake
of intervention services in the two survey groups. All longitudinal cohort participants
completed a structured questionnaire on socio-demographics, co-morbid conditions/
illnesses, access to and receipt of healthcare, and HIV-related risk behaviors. At each study
visit, information about HIV testing history (including date, location, and result) was
collected and participants without documented HIV-positive status (e.g., written test result,
documented ART) were offered counseling and parallel HIV rapid tests (KHB, Shanghai
Kehua Bio-Engineering Co Ltd, Shanghai, China; and Unigold, Trinity Biotech Plc, Bray,
Ireland). HIV-1 RNA was tested in all PLWH at the baseline and final visits, irrespective of
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ART use (Abbott RealTime HIV-1 Assay, Wiesbaden, Germany). Viral suppression was
defined as HIV-1 RNA<400 copies/mL. Point-of-care CD4 count (Pima, Alere Inc,
Waltham, MA, USA) was obtained on PLWH not on ART. Documentation of ART (e.qg.,
prescriptions or pills, clinical notes) was required for classifying a participant as on ART.
Circumcision status was self-reported and did not distinguish between medical and
traditional circumcision. Cohort participants were re-contacted at approximately 12- and 29-
months post-baseline (Figure 1); HIV-negative participants underwent repeat HIV testing at
all visits.

At the same time as the final cohort visit, all community residents not previously enrolled in
the longitudinal cohort (i.e. remaining ~80%) from six communities (three pairs, one per
geographic region) were asked to participate in a one-time end-of-study survey to assess
intervention uptake by arm (Figure 1). We carried out the same study procedures among the
end-of-study survey participants as were performed with the longitudinal cohort, including
in-home HIV rapid testing, point-of-care CD4 count, HIV-1 RNA testing, and administration
of a structured questionnaire.

Statistical analyses

All pre-specified analyses were performed per the protocol and statistical analysis plan using
SAS Version 94 (SAS Institute, Cary, NC, USA). Uptake of services was reported in terms
of frequency and percentages, separately for intervention and standard-of-care communities
at baseline and study-end. Baseline coverage for the primary analysis came from the
longitudinal cohort in the six communities participating in the end-of-study survey.
Intervention uptake at study-end was obtained from the ~80% of residents participating in
the end-of-study survey in the same six communities (Figure 1; dark orange and blue boxes
at study-end). We also report on change in population levels of ART, viral suppression, and
MC by arm over time within the longitudinal cohort only (Figure 1; light orange and blue
boxes at study-end), noting that viral loads were not universally obtained (per protocol at the
time) in the first two community pairs. Population uptake of interventions at baseline and
study-end were assessed as follows:

. % HIV-tested or diagnosed as HIV-positive = (HI\-negative participants with
documented negative test result within past 12 months or participating PLWH
with knowledge of positive status) / (Enrolled participants)

. % diagnosed HIV-positive = (HIV-positive participants with knowledge of
positive status) / (all participating PLWH)

. % on treatment = (participating PLWH with knowledge of positive status
receiving ART) / (all participating PLWH)

. % virally suppressed (i.e. combined overall UNAIDS target) = (participating
PLWH with knowledge of positive status receiving ART with HIV-1 RNA <400
copies per mL) / (all participating PLWH)

. % circumcised = (HIV-negative male participants aged 1649 years self-reported
to be circumcised) / (HIV-negative male participants aged 16—49 years)
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The number of communities participating in the end-of-study survey and the corresponding
power to detect differences in intervention uptake at baseline and study-end was determined
using formulae from Hayes and Moulton,17 appropriate for a pair-matched cluster
randomized trial. In the standard-of-care arm, the anticipated coverage at study-end for %
HIV-tested or diagnosed HIV-positive, % on treatment, % virally suppressed, and %
circumcised was 48%, 80%, 76% and 50%, respectively. In the intervention arm, anticipated
coverage for each of these indicators was 90%, 93%, 95% and 60%, respectively. The
intervention arm coverage values used for power and sample size calculations reflected
targets set by the implementation team as clinically meaningful. Assuming a coefficient of
variation of 0-1 for all coverage indicators, power was estimated to be 296% to detect these
differences at study-end based on a sample size of 5,931 per arm.

The null hypothesis of no difference in change in uptake of intervention services according
to randomization arm was tested via a paired student’s T test with statistic defined as the
inverse-variance weighted average of the pair-specific difference (i.e. between standard-of-
care and intervention) in prevalence differences (i.e. between baseline and study end). P-
values were two-sided and based on cluster-level summary data as the preferred approach for
analyses of cluster-randomized trials with small numbers of clusters.1” Individual-level data
was used to estimate prevalence ratios (PR) and 95% confidence intervals (CI) from log-
linear Poisson regression models with fixed effects for matched pair, time, and matched pair-
by-time interaction. All analyses considered the pattern of change in coverage over time and
whether that pattern of change differed according to randomization arm. Separate analyses
were undertaken for each of the five indicators of population uptake of intervention services.

In post-hoc analyses, we examined potential heterogeneity in the intervention effect
according to sex and age (16-24 and 25-64 years) in the same above-described study
populations using log-linear Poisson regression with fixed effects for matched pair, time,
randomization arm, and their interactions. Because the statistical analysis plan did not
include corrections for multiplicity when analyzing post-hoc outcomes, we report these as
point estimates and 95% Cls. CI widths were not adjusted for multiplicity, so intervals
should not be used to infer definitive subgroup treatment effects. Our pre-specified endpoints
for HIV diagnosis, treatment, and viral suppression used a denominator of all PLWH. In a
post-hoc analysis, we re-calculated coverage at baseline and study end by randomized arm
using UNAIDS *95-95-95” denominators:

. “First 95”: % diagnosed PLWH = (PLWH with knowledge of positive status) /
(all participating PLWH)

. “Second 95”: % on treatment = (participating PLWH with knowledge of positive
status currently receiving ART) / (participating PLWH with knowledge of
positive status)

. “Third 95”: % virally suppressed = (participating PLWH with knowledge of
positive status receiving ART who have HIV-1 RNA <400 copies/mL) /
(participating PLWH with knowledge of positive status receiving ART)
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Role of the funding source

The funders played no role in study design; in the collection, analysis, or interpretation of
data; in the writing of this report; or in the decision to submit it for publication. The
corresponding author, K. Wirth, had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

RESULTS

At baseline, in the six communities participating in the end-of-study-survey, a total of 2,625
residents (n=1,304 and n=1,321 from standard-of-care and intervention communities,
respectively) enrolled in the 20% longitudinal cohort (Appendix Figure S1) from January
19, 2015, to September 8, 2015. In these same communities, 86% (n=10,791) of 12,489
eligible enumerated residents not previously enrolled in the longitudinal cohort participated
in the end-of-study survey from March 30, 2017, to February 25, 2018 (Figure 2; 93% of
eligible enumerated residents in standard-of-care and 82% in intervention communities).

Table 1 provides enrollment characteristics of community residents participating in the
longitudinal cohort or end-of-study survey in the six communities by randomization arm.
Among cohort and end-of-study survey participants, 35% and 38% were male (respectively).
Median age was 33 years. \Very few (<1%) participants refused in-home HIV testing and
HIV-1 RNA was obtained on >98% of PLWH (Figure 2).

No study-related adverse events were detected. Figure 3 presents the absolute coverage
levels (including number of events and evaluable sample sizes) at baseline (from the 20%
longitudinal cohort prior to intervention start) and study-end (from 80% end-of-study survey
sample) in the three standard-of-care and three intervention communities, for each of the five
prespecified indicators of intervention uptake overall and according to sex and age group.
Table 2 presents the corresponding PRs and 95% Cls for intervention (vs. standard-of-care)
coverage at baseline and study-end. A complete summary of these models is provided in
Appendix Tables S1-S5. We note that although the proportion of HIV-positive pregnant
women who remain in care and on ART 12 months post-delivery was a prespecified
outcome, we had insufficient power to analyze by-arm differences in coverage. Based on an
a priori estimated sample size of n=270 per arm (n=540 in total), power to detect differences
in coverage according to randomization arm was anticipated to be <60%. Indeed, among the
1,964 HIV-positive women who participated in the end-of-study survey, only 359 (n=218
and 141 in intervention and standard-of-care communities, respectively) had given birth to a
child during study follow-up. However, these women were included in the by-arm evaluation
of the ART and viral suppression outcomes.

At baseline, a smaller proportion of participants in intervention communities (35%; n=462
of 1,321) had either tested HIV-negative during the prior 12 months or were previously
diagnosed as HIV-positive compared to those in standard-of-care communities (43%; n=561
of 1,304) (Table 2; PR for baseline: 0-82; 95% ClI: 0-69, 0-98). However, at study-end the
proportion reporting prior HIV testing or diagnosis was 5% lower in standard-of-care
communities (40%; n=2,350 of 5,896) whereas coverage in the intervention arm was 5%
higher (38%; n=1,846 of 4,895) (Figure 3.A.). This difference in change in coverage over
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time by randomized arm was statistically significant (paired t-test ~=0.02). In post-hoc
subgroup analyses by age, at baseline prior HIV testing or diagnosis was lowest among
participants aged 16—24 years in both arms (27% [n=88 of 332] and 16% [n=52 of 330] in
standard-of-care and intervention arms, respectively). At study-end, coverage decreased by
10% (to 17%; n=240 of 1,381) in communities randomized to standard-of-care whereas
coverage in the intervention arm was 6% higher (to 22%; n=367 of 1,636).

Among PLWH only, 86% (n=347 of 403) and 84% (n=336 of 402) of participants in
standard-of-care and intervention communities were diagnosed at baseline respectively
(Figure 3.B.). By study-end, diagnosis of HIV infection increased in both arms, but by a
significantly larger amount in communities randomized to intervention (absolute 9%
increase to 93% [n=1,254 of 1,353]) compared with standard-of-care communities (absolute
2% increase to 88% [n=1,184 of 1,338]) (paired t-test P=0-03) (Table 2; PR for study\-end:
1.08; 95% CI: 1.02, 1-14).

ART coverage (in all PLWH regardless of prior HIV diagnosis) increased in both arms
during the study. However, we observed a significantly larger absolute increase in
communities randomized to intervention: By study-end, the proportion of PLWH on ART in
intervention communities was 91% (n=1,228 of 1,353) (19% absolute increase from 72%
[n=289 of 402] at baseline) compared with 86% (n=1,150 of 1,338) (10% absolute increase
from 76% [n=308 of 403]) in standard-of-care communities. This difference in change in
treatment coverage over time by randomized arm was statistically significant (paired t-test
P=0:-02) (Table 2; PR at study-end: 1.12; 95% ClI: 1-07, 1-17).

Population-level viral suppression levels followed similar patterns (Figure 3.D.). Among all
PLWH (regardless of diagnosis or treatment status), the proportion on ART with viral
suppression was higher at study-end across all communities. However, a significantly larger
increase in viral suppression was observed in intervention communities (18% absolute
increase from 70% [n=280 of 402] at baseline to 88% [n=1,166 of 1,321] at study end)
compared with standard-of-care (8% absolute increase from 75% [n=299 of 401] at baseline
to 83% [n=1,102 of 1,322] at study end]) (paired t-test ~=0-02) (Table 2; PR at study-end:
1-13; 95% CI: 1:09, 1-17). Among young PLWH residing in intervention communities, only
57% (n=34 of 60) were virally suppressed at study-end (Figure 3.D.; 10% absolute increase
from 47% [n=8 of 17] at baseline) compared with 90% (n=1,132 of 1,261) of their older
counterparts (19% absolute increase from 71% [n=272 of 385] at baseline).

Figure 3.E. summarizes self-reported receipt of MC by randomization arm at baseline and
study-end among HIV-negative male participants aged 16-49 years. At baseline, 33% (n=99
of 303) of eligible men reported already being circumcised in standard-of-care communities
compared to 30% (n=94 of 314) in those randomized to intervention. At study-end, the
proportion of eligible male participants reporting being circumcised increased by 2% (in
absolute terms) in the standard-of-care arm (to 35%; n=451 of 1,306) and 10% (to 40%;
n=673 of 1,673) in the intervention arm. The difference in uptake over time was statistically
significant (paired t-test ~=0-03) (Table 2; PR at study-end: 1:26; 95% ClI: 1:17, 1.35). In
post-hoc subgroup analyses by age, population levels of circumcision were highest among
men aged 16-24 years: By study-end, 46% (n=314 of 688) of young men reported being
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circumcised in the intervention arm (20% absolute increase from 26% [n=31 of 120] at
baseline).

For the ART, viral suppression, and MC endpoints, we assessed change in uptake over time
by randomization arm in the 20% longitudinal cohort (Figures S2.A-S2.C; Tables S6-S8).
We observed a similar pattern of uptake over time among cohort participants: the proportion
of PLWH cohort participants on ART and virally suppressed increased over time in both
arms with a significantly greater absolute difference observed in the intervention arm (paired
t-test for ART and viral suppression: A=0.02 and P=0.01, respectively). At study-end, 96%
(n=1,357 of 1,409) of all PLWH cohort members in intervention communities were on ART
and virally suppressed (26% absolute increase from 70% [n=1,168 of 1,665] at baseline)
(Figure S2.B). In standard-of-care communities, 92% (n=1,311 of 1,432) of PLWH were
virally suppressed by study-end, (20% absolute increase from 72% [n=1,168 of 1,631] at
baseline). Likewise, MC coverage among HIV-negative male cohort members aged 16-49
years rose in both arms: by study-end, 41% (n=560 of 1,351) and 55% (n=716 of 1,311) of
eligible male participants in standard-of-care and intervention communities (respectively)
reported being circumcised, an absolute increase of 11% (from 32%; n=492 of 548) and
16% (from 39%; n=596 of 1,545) from baseline levels.

In post-hoc analyses examining population levels of HIV diagnosis, treatment, and viral
suppression using the UNAIDS “95-95-95” targets in the six communities taking part in the
end-of-study survey, uptake increased in both arms during the study (Figures S3.A-S3.C).
At baseline, in intervention communities, 84% (n=336 of 402) of PLWH knew their positive
status (15t 95), 85% (n=289 of 340) of these individuals were receiving ART (2"d 95), and
97% (n=280 of 289) of participants receiving ART were also virally suppressed (3™ 95). At
study-end, coverage in these communities was 93% (n=1,254 of 1,353), 97% (n=1,228 of
1,262), and 97% (n=1,166 of 1,202) for the 15t 2"d, and 3" UNAIDS targets, respectively.
In comparison, coverage in standard-of-care communities at baseline was 86% (n=347 of
403), 87% (n=308 of 353), and 97% (n=299 of 308) and 88% (n=1,184 of 1,338), 96%
(n=1,150 of 1,196), and 97% (n=1,102 of 1,136) at study end for the 15t 2nd, and 31
UNAIDS targets, respectively.

DISCUSSION

In this large community-randomized trial, population levels of HIV treatment and viral
suppression increased in all communities during the study period. However, significantly
larger increases in coverage were observed in communities randomized to the intervention
arm. By study-end, 88% of all PLWH in intervention communities surveyed at study-end
were virally suppressed (regardless of prior diagnosis or treatment). This is one of the
highest population levels of viral suppression described to date and exceeds the UNAIDS
“95-95-95" overall target for viral suppression among all PLWH of 86%. Although MC
coverage increased from baseline levels in both arms (and to a significantly greater extent in
the intervention arm), overall uptake was lower than expected. According to mathematical
modeling studies, achieving these coverage levels is anticipated to markedly reduce HIV
incidence and improve the health and survival of PLWH.10
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Global progress towards the “90-90-90” and “95-95-95" targets has accelerated since their
introduction in 2014. According to UNAIDS, in 2017, 70% of PLWH were diagnosed; 77%
of diagnosed persons were receiving treatment and; 82% of those on treatment were virally
suppressed.18 However, progress has been uneven. Botswana, Eswatini, and Namibia are the
only African countries to achieve or approach achievement of overall targets for viral
suppression among all PLWH. Coverage results from other community-randomized trials of
combination HIV prevention strategies have been reported. In HPTN 071 (PopART),
conducted in 21 communities in Zambia and South Africa, 72% of all PLWH residing in
communities randomized to receive universal test-and-treat were virally suppressed after 24
months.19 In the SEARCH trial, conducted in 32 communities in Uganda and Kenya,
population viral suppression in intervention communities was 79%.20

The foundation of our intervention strategy was an initial community-wide HIV testing
campaign that attempted to reach all residents in the home or at mobile testing venues
followed by targeted activities to reach those missed during the first phase (i.e. men, youth).
The community-wide campaign allowed for rapid identification of many undiagnosed and/or
untreated PLWH. The cost of the community-wide campaign was $99,847 per community
with an average cost of $44 per person tested and $671 per person testing positive.21:22
Although the cost per person tested in the home ($53) was higher than those offered in
mobile venues ($34), the number of newly identified PLWH was higher with home-based
testing. The community-wide campaign, albeit resource-intensive, would not need to be
repeated on a regular or even semi-regular basis, assuming a large proportion of the
community was reached. After an initial campaign, high-risk and underrepresented
populations could be strategically targeted for testing. Our linkage-to-care intervention was
effective, resource-efficient, and readily replicable in other resource-constrained settings. Of
note, our testing, linkage, and retention strategies relied upon being able to trace individuals
through the care cascade with a unique patient identifier. Although Botswana is a middle-
income country, the lessons learned from our study are transferrable. Like other countries in
the region including Malawi, South Africa, and Zambia among others, Botswana employs a
vertical approach to its HIV epidemic. Prevention, care, and treatment strategies are
determined by the Ministry of Health and Wellness and delivered within a highly
decentralized system of facilities by low-level cadres of health workers (i.e. lay counselors,
nurses). Indeed, all our intervention services were administered through existing
infrastructure by usual teams of healthcare workers.

In both arms, uptake of HIV testing and treatment services was lowest among youth.
However, greater uptake by youth was achieved in the 20% longitudinal cohort. In the
intervention arm, 87% (Figure S2.B.) of young PLWH cohort members were virally
suppressed by study-end, compared with 57% (Figure 3.D.) in the end-of-study survey
population. These differences in intervention uptake between the 20% longitudinal cohort
and the end-of-study survey sample suggest that youth living with HIV may benefit from
more intensive and/or multiple interventions to successfully engage in care (e.g. during
follow-up study staff traced and contacted all cohort members not found at home including
those who had moved outside the community, and referred them for care).23:24 In contrast,
MC coverage was highest among youth (Figure 3.E.). Although the intervention did not
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explicitly target youth, this result parallels general trends in Botswana.2> In 2017, 66% of
circumcisions performed were among boys aged >15 years.26

Our study has several limitations. First, due to budgetary constraints, the end-of-study
survey was only conducted in six communities. Baseline coverage for all endpoints was
lower in the end-of-study survey communities randomized to intervention compared to those
randomized to standard-of-care. These differences are likely due to random variability
resulting from sampling too few communities for the end-of-study survey; previous analyses
of baseline data from all 30 communities demonstrate no by-arm imbalances.1® Similarly,
fewer persons were enumerated per household in standard-of-care communities compared to
intervention. This difference likely resulted from smaller underlying populations as the
enumeration procedures were identical across arms. According to the 2011 Botswana
Census, the total population of the three standard-of-care communities was approximately
3,000 persons smaller compared to intervention communities.16

Additionally, only 65% of households were enumerated for the end-of-study survey despite
multiple contact attempts by research staff at various times and days of the week. It is
possible that testing and treatment coverage in unenumerated households systematically
differed from enumerated households. During the baseline enumeration activities carried out
for the longitudinal cohort, if research staff encountered no one at home, occupancy
information was collected from a neighbor or representative at the Village Development
Committee (an exercise we lacked the resources for the end-of-study survey). These data
showed 79% of missed households were in fact rarely or never occupied and therefore
ineligible for study participation.13 If we assume a similar proportion of such households
encountered in the end-of-study survey were rarely or never occupied, the proportion
enumerated of regularly-occupied households would be 78%. Additionally, as noted above,
we were unable to evaluate by-arm differences in uptake of ART among HIV-positive
pregnhant women accessing PMTCT services due to limited power resulting from small
sample sizes. Future studies assessing service uptake in this population could consider
planned over-sampling of women of reproductive age in the household and/or recruitment of
pregnhant women newly presenting for care at antenatal clinics located within the community.

Lastly, circumcision status was self-reported and men may misreport circumcision status.
27,28

Despite observed imbalances at baseline, the end-of-study survey sample provides the best
assessment of intervention service uptake during the study period, as these community
members were not affected by participating in a cohort. Indeed, repeated contact between
study staff and 20% longitudinal cohort members appears to have affected participant
behavior (as anticipated prior to study start): the absolute level of engagement in care by the
20% longitudinal cohort was higher in both arms at study-end. For example, within the three
end-of-study survey communities randomized to standard-of-care, 90% of all PLWH
enrolled in the cohort were virally suppressed by study-end compared to 83% of PLWH who
completed the end-of-study survey.

In conclusion, population levels of HIV diagnosis, treatment, viral suppression, and MC
increased in both arms over time with significantly greater increases in intervention

Lancet HIV. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wirth et al.

Page 13

communities. By study-end, 88% of all HIV-positive end-of-study survey participants (and
96% of cohort participants) in the intervention arm were virally suppressed, surpassing the
UNAIDS’ “95-95-95” target of 86% population viral suppression.10:13 Our findings
demonstrate that it is possible to further increase uptake of intervention services in the
context of a high-prevalence generalized epidemic, even with high baseline coverage.
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Study schema summarizing data collection activities related to assessment of intervention
coverage at baseline and study end according to randomization arm in the Ya Tsie study.
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STANDARD OF CARE INTERVENTION

3,548 households identified on 3,350 residential

4,652 households identified on 4,385 |

117 (3%) refused enumeration
575 (12%) eligible household
representative absent

984 (21%) no one found at home

and inhabitable plots and plots
63 (2%) refused enumeration
378 (11%) eligible household
representative absent
733 (21%) no one found at home
[ 2,374 (67%) households enumerated | | 2,976 (64%) households enumerated |

| 7,394 persons identified through enumeration | | 11,130 persons identified through enumeration |

2,079 (28%) aged <16 or >64 years
48 (<1%) incarcerated or incapacitated

3,827 (34%) people aged <16 or >64 years
81 (1%) incarcerated or incapacitated

| 5,267 (71%) eligible to participate | ‘ 7,222 (65%) eligible to participate |

55 (1%) refused participation

98 (2%) absent

219 (4%) unknown reason for non-
participation

375 (5%) refused participation
617 (9%) absent

334 (5%) unknown reason for non-
participation

| 4,895 (93%) participated in end-of-study survey | ‘ 5,896 (82%) participated in end-of-study survey |

35 (1%) refused HIV testing |

63 (1%) refused HIV testing

1,338 (28%) HIV-positive 1,353 (23%) HIV-positive
> 1,322 (99%) with viral load > 1,321 (98%) with viral load

Figure 2.

Recruitment, eligibility, and enrollment of participants for the one-time, end-of-study survey
in six communities in the Ya Tsie study at the household and participant level by

randomization arm.
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Figure 3. Coverage (number of events / evaluable sample size) at baseline and end of study in
standard-of-care and intervention communities participating in the end of study survey for the
Ya Tsie study, overall and by sex and age.

A. % HIV-tested or previously diagnosed HIV-positive (among all participants)

B. % previously diagnosed HIV-positive (among all HIV-positive participants)

C. % on ART (among all HIV-positive participants)

D. % virally suppressed and on ART (combined overall UNAIDS target) (among all HIV-
positive participants)

E. % circumcised (among HIV-negative male participants aged 16-49 years)
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