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ABSTRACT

BACKGROUND
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HIV infection through testing performed approximately once per year. The prespecified
primary analysis was a permutation test of HIV incidence ratios. Pair-stratified Cox
models were used to calculate 95% confidence intervals.

RESULTS
0f 12,610 enrollees (81% of eligible household members), 29% were HIV-positive. Of the
8974 HIV-negative persons (4487 per group), 95% were retested for HIV infection over
a median of 29 months. A total of 57 participants in the intervention group and 90
participants in the standard-care group acquired HIV infection (annualized HIV inci-
dence, 0.59% and 0.92%, respectively). The unadjusted HIV incidence ratio in the inter-
vention group as compared with the standard-care group was 0.69 (P=0.09) by permu-
tation test (95% confidence interval [CI], 0.46 to 0.90 by pair-stratified Cox model). An
end-of-trial survey in six communities (three per group) showed a significantly greater
increase in the percentage of HIV-positive participants with an HIV-1 RNA level of 400
copies per milliliter or less in the intervention group (18 percentage points, from 70%
to 88%) than in the standard-care group (8 percentage points, from 75% to 83%) (rela-
tive risk, 1.12; 95% CI, 1.09 to 1.16). The percentage of men who underwent circumci-
sion increased by 10 percentage points in the intervention group and 2 percentage
points in the standard-care group (relative risk, 1.26; 95% CI, 1.17 to 1.35).

CONCLUSIONS
Expanded HIV testing, linkage to care, and ART coverage were associated with increased
population viral suppression. (Funded by the President’s Emergency Plan for AIDS Relief
and others; Ya Tsie ClinicalTrials.gov number, NCT01965470.)
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INCIDENCE OF HIV INFECTION IN BOTSWANA

NTIRETROVIRAL TREATMENT (ART) IM-
proves health outcomes in persons with
human immunodeficiency virus (HIV) in-
fection' and reduces the risk of HIV transmis-
sion in discordant couples.>® Expanding ART
coverage is thus expected to affect the population-
level incidence of HIV infection.® With the goal
of ending the acquired immunodeficiency syn-
drome (AIDS) epidemic by 2030, the Joint United
Nations Program on HIV and AIDS (UNAIDS)
promotes “90-90-90” targets: namely, that by the
year 2020, 90% of all HIV-positive persons will
know their HIV status, 90% of those with a diag-
nosis of HIV infection will receive sustained ART,
and 90% of persons receiving ART will have viral
suppression. However, factors other than ART
coverage — such as sexual networks or trans-
mission from acutely infected persons — can
affect the incidence of HIV infection. Thus, the
feasibility of meeting these ambitious UNAIDS
targets and whether doing so will reduce the
population-level incidence of HIV infection are
unknown. An understanding of the feasibility
and effect of these measures is critical to inform
policymakers’ decisions regarding resource allo-
cation.”®
Botswana is a middle-income country with a
population of 2.3 million and a severe general-
ized HIV epidemic (23% of adults were reported
to have HIV infection in 2017).° Botswana was
the first African country to offer free ART to its
citizens (in 2002); routine “opt out” HIV testing
was added in 2004, and medical male circumcision
programs were added in 2009. However, the an-
nual HIV incidence has remained high; UNAIDS
estimated that 1.3% of adults 15 to 49 years of
age were newly infected in 2017.° We sought to
determine whether and to what degree a com-
munity-based intervention to maximize HIV test-
ing and case identification, linkage to care, early
(expanded) ART, and male circumcision could
reduce the population-level incidence of HIV in-
fection in Botswana.

METHODS

TRIAL DESIGN OVERVIEW

The Ya Tsie trial (also called the Botswana Com-
bination Prevention Project) was a pair-matched,
community-randomized trial that tested whether
a strategy of treatment and interventions to pre-
vent HIV infection would reduce the population-
level cumulative incidence of HIV infection over

29 months.’®! The trial was conducted from
2013 to 2018 in 30 rural or periurban communi-
ties with an average population of 6000 (Fig. 1).
Fifteen community pairs were matched accord-
ing to population size and age structure, health
services, and geographic location. The commu-
nity pairs were then assigned, by random draw
witnessed by persons who were unaffiliated with
the trial, to the intervention group or the stan-
dard-care group. After community mobilization
(e.g., provision of information about the trial to
community leaders, open discussions and ques-
tion-and-answer sessions about the trial with
residents in public meetings, and announcements
over a loudspeaker throughout the village before
initiation of trial activities), we enrolled residents
from a random sample of approximately 20% of
households in each community in a prospective
cohort to assess the incidence of HIV infection
and the intervention uptake. The interventions
were scaled up in the 15 communities in the
intervention group shortly after enrollment of
the cohort. The planned follow-up was short-
ened from 36 months to 29 months because of
budgetary constraints.

INTERVENTIONS AND ELIGIBLE POPULATIONS

The intervention strategy included community-
wide, standardized, home-based and mobile HIV
testing campaigns, enhancement of routine test-
ing in health facilities (e.g., with placement of
additional staff members for HIV testing and an
emphasis on the importance of routine testing),
and targeted outreach testing of all men (regard-
less of age) and young persons (men and women
<25 years of age), as well as active linkage to
care at local clinics for HIV-positive persons who
were not receiving ART (with an appointment
scheduled within 1 week, a text message remind-
er before the appointment, and active tracing if
the appointment was missed). In addition, until
August 2015, expanded ART was provided for
participants with an HIV type 1 (HIV-1) RNA
level of 10,000 copies per milliliter or more (if
the CD4 count was >350 cells per cubic millime-
ter); from August 2015 through May 2016, ART
was provided for participants with a CD4 count
of 500 cells per cubic millimeter or less or an
HIV-1 RNA level of 10,000 copies per milliliter
or more (if the CD4 count was >500 cells per
cubic millimeter). Starting in June 2016, universal
ART (treatment eligibility for all persons with a
diagnosis of HIV infection, regardless of the
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Figure 1. Map of the 15 Matched Community Pairs in Botswana.

CD4 count or HIV-1 RNA level) was initiated at
the first clinic visit. Increased access to male
circumcision services (mobilization campaigns,
mobile clinics, and peer linkage with scheduled
appointments, reminders, and transportation)
was also provided.

In all 30 communities, from the initiation of
the trial until June 2016, HIV-positive persons
who had a CD4 count of 350 cells per cubic milli-
meter or less or World Health Organization
(WHO) stage III or IV disease, as well as those
who were pregnant or breast-feeding, were eli-
gible to receive ART. After June 2016, universal
ART was offered in both the intervention and
standard-care groups.

All the communities implemented the relevant
changes in the ART eligibility criteria simultane-
ously. In the communities in the intervention
group, participants who were eligible to receive
ART according to the revised criteria were con-
tacted and referred. Beginning in June 2016, the
first-line ART regimen provided by the govern-
ment to all trial communities was switched from
efavirenz—tenofovir disoproxil fumarate (TDF)—
emtricitabine (FTC) to dolutegravir-TDF-FTC.
Persons who moved into communities in the
intervention group were eligible for all interven-
tions. Noncitizens were eligible only for free HIV
testing. Interventions were provided by cadres of

staff who were typically employed in the region,
and ART was provided in public clinics by gov-
ernment staff.

SURVEY COHORT POPULATIONS AND PROCEDURES

Prospective cohort participants were identified
with the use of a household-based probabilistic
sampling strategy at the community level. With-
in all 30 communities, every plot of land with a
houselike structure was geocoded with satellite
imagery (Google Earth). A simple random sam-
ple of approximately 20% of households in each
community was selected from the list of geo-
coded plots. Residents of houses on selected plots
were enumerated, and research staff approached
all potentially eligible residents for participation.
Plots were visited up to three times for enumera-
tion; up to three additional visits were made to
enroll each potentially eligible resident. Eligibil-
ity criteria included the following: age of 16 to 64
years, an average of 3 or more nights per month
spent in the community over the preceding 12
months, more nights spent in this household
than any other household in the same commu-
nity, documented Botswana citizenship or mar-
riage to a citizen of Botswana, and the ability to
provide informed consent. Both HIV-positive and
HIV-negative residents were enrolled; HIV-nega-
tive residents constituted the HIV-incidence cohort.
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The household survey included questions about
sociodemographic information, health, and HIV-
risk behavior. Participants without documented
HIV-positive status were offered counseling and
parallel HIV rapid tests (KHB, Shanghai Kehua
Bio-Engineering; Uni-Gold, Trinity Biotech). HIV-1
RNA was tested (Abbott RealTime HIV-1 assay)
in all HIV-positive participants at baseline and at
the final surveys, irrespective of ART use. An
undetectable HIV-1 RNA level was defined as
400 copies per milliliter or less. If they were not
receiving ART, persons with an undetectable
HIV-1 RNA level underwent testing with dual
enzyme immunoassay. A point-of-care CD4 count
(Alere Pima) was obtained for HIV-positive par-
ticipants who were not receiving ART at enroll-
ment. Documentation of treatment with ART
was required in order to classify a participant
as receiving ART. During follow-up visits at 12
months and approximately 29 months, we ad-
ministered questionnaires and (in HIV-negative
participants) repeat HIV testing.

Three community pairs (six communities), one
per geographic region, were selected to partici-
pate in an end-of-trial survey to assess coverage
of intervention components (including HIV test-
ing, ART initiation, viral suppression, and male
circumcision) according to group. Selection of
these communities was made without knowledge
of the intervention uptake. End-of-trial survey
participants in these six communities were con-
senting members of the remaining 80% of the
community residents who did not take part in
the longitudinal cohort. The same survey proce-
dures as described above were followed. Persons
who moved into communities during the trial were
eligible to participate in the end-of-trial survey.

In both groups, results of testing to deter-
mine HIV, HIV-1 RNA, and CD4 status were
shared with the participants, and HIV-infected
participants who were not yet receiving ART
were referred to their local clinic. According to
the protocol, adverse events that were both un-
expected and possibly related to trial participa-
tion were to be reported.

TRIAL OVERSIGHT

The trial was approved by the Botswana Health
Research and Development Committee and the
institutional review board of the Centers for
Disease Control and Prevention and was moni-
tored by a data and safety monitoring board and
Westat. All cohort participants provided written

informed consent. Participants who were 16 or 17
years of age provided written assent (with writ-
ten permission from their parents or guardians).

STATISTICAL ANALYSIS

All analyses were prespecified and performed in
accordance with the protocol and statistical analy-
sis plan, available with the full text of this article
at NEJM.org. Statistical analyses were performed
with the use of SAS software, version 9.4 (SAS
Institute).

An agent-based network epidemic model was
used to estimate trial power.!> We estimated that
15 clusters per group and an average of 300 par-
ticipants in the HIV-incidence cohort per commu-
nity would provide at least 85% power to detect
a 40% lower incidence of HIV infection in the
intervention group than in the standard-care
group (between-cluster coefficient of variation,
0.26). In 2017, on the basis of conditional power
calculations reflecting high baseline ART cover-
age, a changing standard of ART, and shortened
follow-up, we estimated greater than 60% power
to detect a 34% lower incidence of HIV infection
in the intervention group than in the standard-
care group.

The primary end point was the incidence of
HIV infection, measured as the time to HIV in-
fection from enrollment in the HIV-incidence co-
hort. Person-time for incident cases was interval
censored between the most recent negative HIV
test and the first positive test; a time interval in
which the infection occurred was determined
since the actual time of infection was not ob-
servable. Data for participants without a positive
HIV test were right censored at the time of the
last available negative test. Data for participants
who died were censored at the time of death.

For the prespecified unadjusted primary anal-
ysis, we used a permutation test with the statis-
tic defined as the inverse-variance weighted aver-
age of pair-specific incidence ratios estimated
under a Cox proportional-hazards model for the
matched pair, accounting for interval censoring.
This permutation test is fully robust to cluster-
ing but does not yield a confidence interval. To
obtain a 95% confidence interval for the inter-
vention effect, we fit a pair-stratified interval-
censored Cox proportional-hazards model that
accounted for between-pair variability in baseline
incidence. To assess sensitivity to within-pair
clustering, we fit an unmatched Cox proportional-
hazards mixed model with random effect for
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community. P values were two-sided. We gener-
ated Kaplan—Meier survival curves and pointwise
confidence intervals using interval-midpoint im-
putation of event times.?* To assess the joint ef-
fect of nonparticipation and dependent censoring
due to death, we implemented inverse probabil-
ity weighting.™

Covariate-adjusted versions of these analyses
were also performed, as prespecified, with back-
ward variable selection with a pair-stratified inter-
val-censored Cox proportional-hazards model with
an inclusion P value cutoff of 0.20; the interven-
tion group was omitted from the model in this
selection process and was added only to the final
model. In post hoc analyses, we examined the
interaction between the intervention and the par-
ticipants’ sex, age, and geographic region.

Comparison of coverage of intervention com-
ponents according to group was a prespecified
end point, analyzed with the use of baseline data
from the cohort of approximately 20% of resi-
dents and postintervention data from the remain-
ing 80% of the population involving six commu-
nities that participated in the end-of-trial survey.
Population viral suppression was defined as the
number of HIV-positive persons receiving ART
who had an HIV-1 RNA level of 400 copies per
milliliter or less divided by the number of all
HIV-positive persons who had an HIV-1 RNA re-
sult, regardless of ART status (overall 90-90-90
cascade). We used Poisson regression with log-
link, fixed effects for matched-pair, time, and
their interaction (accounting for community-level
clustering) to assess the effect of randomized
group on coverage of intervention components.

Secondary, exploratory, and subgroup analy-
ses were not adjusted for multiple comparisons.
Results are reported with point estimates and
95% confidence intervals, without P values. The
confidence intervals were not adjusted for mul-
tiple comparisons, and inferences drawn from
them may not be reproducible.

All the authors vouch for the accuracy and
completeness of the data and for the fidelity of
the trial to the protocol. The trial investigators
had access to the data, but the sponsors did not.

RESULTS

PARTICIPANTS

We enrolled 12,610 participants in the cohort from
the random sample of approximately 20% of
households in each community at baseline, repre-

senting 81% of eligible residents in the enumer-
ated households (Fig. 2). At baseline, 3596
participants (29%) were HIV-positive, and 83%
of these participants were aware of their positive
HIV status.!® At enrollment, 87% of participants
who were known to be HIV-positive were re-
ceiving ART, and 96% of these participants had
viral suppression. Thus, at baseline, 70% of all
HIV-positive persons enrolled in the cohort (in
all 30 communities) had an undetectable viral
load. No trial-related adverse events that met
the criteria of being both unexpected and pos-
sibly related to trial participation were reported.

We enrolled 4487 HIV-negative participants
in the HIV-incidence cohort in each group. The
baseline characteristics of participants in the
HIV-incidence cohort were similar in the two
groups (Table 1); 60% of these participants, as
well as those in the eligible enumerated popula-
tion, were female (Table S1 in the Supplementary
Appendix, available at NEJM.org). The median
duration of follow-up was 29 months (with follow-
up visits at a median of 12.3 and 29.4 months),
and 95 to 96% of the participants were retested
for HIV at least once (Fig. 2).

HIV INCIDENCE

In the HIV-incidence cohort, 57 participants in
the intervention group acquired HIV infection
(annualized HIV incidence, 0.59%) and 90 par-
ticipants in the standard-care group acquired
HIV infection (annualized HIV incidence, 0.92%).
The incidence of HIV infection varied according
to community, from 0.23% to 1.81% (Table 2).
Figure 3A shows the estimated incidence curves
for time to seroconversion. Table S2 and Figure
S1 in the Supplementary Appendix provide de-
tails on participants who had seroconversion
(96% of whom had HIV-1 RNA measured).

In the unadjusted primary analysis, the HIV
incidence ratio was 0.69 (P=0.09) in the inter-
vention communities as compared with the
standard-care communities. Calculation with an
unadjusted pair-stratified Cox model resulted in
an HIV incidence ratio of 0.65 (95% confidence
interval [CI], 0.46 to 0.90). Sensitivity analyses
accounting for within-pair clustering for the in-
cidence end point yielded similar results (inci-
dence ratio, 0.64; 95% CI, 0.43 to 0.95), as did
adjustment for nonparticipation and dependent
censoring due to death (incidence ratio, 0.67;
95% CI, 0.46 to 0.98) (Tables S3 through S5 in
the Supplementary Appendix).
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A standard-Care Group B Intervention Group

Household Household

= 5472 Households were identified in 4745 5]
residential and inhabitable plots

6108 Households were identified in 5249
residential and inhabitable plots

814 Homes were seasonally,

907 Homes were seasonally,
rarely, or never occupied

rarely, or never occupied

4658 Regularly occupied households

5201 Regularly occupied households
were identified

were identified

980 Were excluded 1189 Were excluded
251 Declined enumeration 334 Declined enumeration
426 Had no eligible house- 478 Had no eligible house-
— . .
hold representative hold representative
190 Had no one home 230 Had no one home

113 Were not visited 147 Were not visited

3678 Were enumerated 4012 Were enumerated

Participant

Participant
Level

Level

13,937 Participants were identified through

14,220 Participants were identified through
household enumerations

household enumerations

6173 Were excluded 6392 Were excluded
5750 Were <16 or >64 yr 5902 Were <16 or >64 yr
| . of age | . of age
183 Were not Botswana 272 Were not Botswana
citizens citizens
240 Had other reasons 218 Had other reasons

7764 Were eligible to participate

7828 Were eligible to participate

1491 Were excluded 1491 Were excluded

— 749 Declined to participate > 771 Declined to participate
742 Could not be contacted 720 Could not be contacted

6273 Were enrolled in trial 6337 Were enrolled in trial

1786 Were excluded 1850 Were excluded
— 1771 Were HIV-positive — 1825 Were HIV-positive
15 Declined HIV testing 25 Declined HIV testing
4487 Were HIV-negative 4487 Were HIV-negative
195 Were excluded 228 Were excluded
20 Died 8 Died
4 Were incarcerated

3 Were incarcerated
or were incapacitated
63 Declined to participate
154 Could not be contacted,
had moved, or were
lost to follow-up

i or were incapacitated i
40 Declined to participate
131 Could not be contacted,
had moved, or were

lost to follow-up

4292 (96%) Were retested at 12 or approximately 29 mo
3645 Were retested at 12 and approximately 29 mo
414 Were retested only at 12 mo
233 Were retested only at approximately 29 mo

4259 (95%) Were retested at 12 or approximately 29 mo
3524 Were retested at 12 and approximately 29 mo
456 Were retested only at 12 mo
279 Were retested only at approximately 29 mo

Figure 2. Trial Randomization and Outcomes in the HIV-Incidence Cohort.

Shown are data on randomization and outcomes in the standard-care group (Panel A) and the intervention group (Panel B).
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Table 1. Baseline Characteristics of the Trial Participants with an HIV-Negative Test Result at Enrollment, According to

Randomization Group, 2013-2015.*

Variable
Age —no. (%)
16-24 yr
25-34yr
35-44yr
45-54 yr
55-64 yr
Female sex — no. (%)
Marital status — no./total no. (%)
Single or never married
Married
Widowed, divorced, or separated
Education level — no./total no. (%)

No schooling, informal schooling, or primary
schooling

Junior secondary schooling

Senior secondary schooling

Postsecondary schooling
Income — no./total no. (%)

None

<$96 per mo

$96 to $477 per mo

>$477 per mo

Alcohol consumption in past 1 mo — no./total no. (%)

Never

<1 time a wk

1 time a wk
2-3 times a wk

>3 times a wk

No. of sexual partners in past 12 mo — no./total no.

6) T

3
>4

Participants with concurrent sexual partners in past 12 mo

— no./total no. (%)

Alcohol use by participant, partner, or both during last

sexual encounter — no./total no. (%)§

Participant-reported circumcision — no./total no. (%)9

HIV infection — no./total no. (%) |

Standard-Care Group

(N=4487)

3592/4485 (80)
724/4485 (16)
169/4485 (4)

1151/4452 (26)

1694/4452 (38)
905/4452 (20)
702/4452 (16)

2651/4464
691/4464
844/4464
278/4464

59)
15)
19)
6)

— P .

3375/4483 (75)
2934483 (7)
317/4483 (7)
315/4483 (7)
183/4483 (4)
462/3745 (12)
2226/3745 (59)
888/3745 (24)
101/3745 (3)
68/3745 (2)
1023/3283 (31)

425/3893 (11)

490/1538 (32)
1771/6258 (28)

Intervention Group
(N=4487)

3494/4484 (78)
810/4484 (18)
18074484 (4)

1067/4467 (24)

1546/4467 (35)
967/4467 (22)
887/4467 (20)

2390/4453 (54)
715/4453 (16)
9774453 (22)
371/4453 (8)

3292/4477 (74)
328/4477 (7
357/4477 (8
328/4477 (7
1724477 (4

RN BN )

457/3745 (12)
22133745 (59)
868/3745 (23)
114/3745 (3)
93/3745 (2)
1022/3287 (31)

335/3850 (9)

593/1536 (39)
1825/6312 (29)
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Table 1. (Continued.)

* Some percentages may not sum to 100 because of rounding. Percentages were calculated according to the number of

available responses.

7 Of the 7773 participants reporting any lifetime sexual activity, 283 declined to provide information about sexual activity during
the past 12 months and were counted as missing for status with regard to the number sexual partners in the past 12 months.

I Atotal of 6571 participants reported any sexual activity during the past 12 months. One participant reported having
had two sexual partners in the past year but then declined to answer all subsequent questions about them. Therefore,
the participant was counted as missing for concurrency status.

§ Of the 7773 participants reporting any lifetime sexual activity, 30 declined to provide information about alcohol use during
the most recent sexual encounter and were counted as missing for status with regard to alcohol use by participant, partner,

or both during the last sexual encounter.

9§ Of the 3092 HIV-negative men who were 16 to 49 years of age, 18 declined to provide information about circumcision

and were counted as missing for circumcision status.

| Of the 12,610 enrolled participants, 40 declined HIV testing and were counted as missing for HIV status.

In prespecified multivariate analyses, the ad-
justed HIV incidence ratio in the intervention
group as compared with the standard-care group
was 0.63 (P=0.05). The pair-stratified Cox propor-
tional-hazards model showed an adjusted incidence
ratio of 0.70 (95% CI, 0.50 to 0.98). Factors pre-
dictive of HIV incidence that were included in the
final multivariate model were sex, age, marital
status, education, sexual partners in the past 12
months, alcohol consumption in the past month,
and alcohol use during the most recent sexual
encounter (Table S6 in the Supplementary Ap-
pendix). Figure 3B shows forest plots of the inci-
dence of HIV infection according to sex, age, and
geographic region. We observed a greater, although
nonsignificant, effect of the intervention than
standard care on the incidence of HIV infection
among men, persons younger than 35 years of
age, and communities in northern Botswana.

VIRAL SUPPRESSION AND MALE CIRCUMCISION

IN THE END-OF-TRIAL SURVEY

HIV-1 RNA results were available for nearly
100% of all HIV-positive participants at baseline
and for 98% at the trial end (Fig. S2 in the Supple-
mentary Appendix). We observed a significantly
greater increase in the percentage of all HIV-
positive participants (regardless of previous HIV
diagnosis or ART status) with an HIV-1 RNA
level of 400 copies per milliliter or less in the
communities in the intervention group (absolute
increase of 18 percentage points, from 70% to
88%) than in the communities in the standard-
care group (absolute increase of 8 percentage
points, from 75% to 83%) (relative risk, 1.12;
95% CI, 1.09 to 1.16). Among HIV-positive par-
ticipants who were not receiving ART at enroll-
ment, the median time to initiation of ART was
81% shorter in the intervention group than in
the standard-care group (69 days vs. 367 days)

(Table S7 in the Supplementary Appendix). The
percentage of HIV-negative men who were 16 to
49 years of age and who reported being circum-
cised increased from 30% at baseline to 40% at
trial end in the intervention group, as compared
with an increase from 33% to 35% in the stan-
dard-care group (relative risk, 1.26; 95% CI, 1.17
to 1.35).

DISCUSSION

By the end of this community-randomized HIV-
prevention trial that offered HIV testing, linkage
to care, and early ART, 88% of all HIV-positive
persons in the intervention group had viral sup-
pression, and the incidence of HIV infection in
the intervention group was 30% lower than the
incidence in the standard-care group. Gains in
viral suppression and a possible effect on HIV
incidence were observed even in a country with
a high prevalence of HIV infection and viral sup-
pression at baseline.

Our unadjusted primary analysis of the effect
of the intervention on HIV incidence did not
reach significance with a P value threshold of
0.05 (P=0.09; P=0.05 for adjusted analysis). Sen-
sitivity analyses and models used to construct
95% confidence intervals resulted in incidence
ratios that were very similar to those of the pri-
mary analysis and 95% confidence intervals that
all excluded the null. Taken in totality and in the
context of significantly higher (and earlier) levels
of viral suppression in communities in the inter-
vention group, these results suggest that the
observed approximately 30% lower incidence of
HIV infection may be related to the intervention.

By the end of the trial, 88% of all HIV-positive
participants in the intervention communities had
undetectable HIV-1 RNA (regardless of previous
diagnosis or ART status). This percentage ex-
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Female 49/5911 (0.83) 70/6010 (1.16)
Male 8/3757 (0.21) 20/3791 (0.53)
Age
16-24 yr 25/3238 (0.77) 40/3420 (1.17)
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Figure 3. Kaplan—Meier Estimates of the Time to Seroconversion among Participants without HIV Infection

Panel A shows the estimated cumulative probability of seroconversion among 8974 HIV-negative participants. The inset
shows the same data on an enlarged y axis. The shaded areas indicate 95% confidence intervals, and tick marks indicate cen-
sored data. Panel B shows a forest plot of HIV incidence ratios for key subgroups. I bars indicate 95% confidence intervals.

ceeds the prevalence of viral suppression of 73%
in the UNAIDS 90-90-90 targets and the 86%
suppression achieved by “95-95-95,” and it is one
of the highest reported levels of population viral
suppression globally. However, although the per-
centage of men who underwent circumcision was
greater in the intervention group than in the
standard-care group in our trial, it was lower
than expected.

We were unable to directly determine which
specific intervention or interventions were most
important in reducing the incidence of HIV in-
fection. However, we identified large numbers
of HIV-positive persons who were not receiving
ART?® and successfully linked them to ART,*
with a notably shorter time to ART initiation in
the intervention group than in the standard-care
group (69 days vs. 367 days). Expanded ART eli-
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gibility, in the absence of effective HIV testing
and linkage activities, would probably not yield
as great a reduction in the incidence of HIV infec-
tion. The more rapid viral suppression observed
after fast-track and dolutegravir-based ART initia-
tion starting in June 2016 may also have contrib-
uted to the reduction in incidence.” Given the
small number of men who underwent circumci-
sion and the low prevalence of circumcision (ap-
proximately 50%) by trial end, it is unlikely that
male circumcision contributed substantially.

Our findings suggest that even in populations
with high viral suppression, it is feasible to find
persons who are not yet receiving ART (including
many who have not yet received a diagnosis of
HIV infection), and these persons are willing to
start and adhere to universal ART. Because our
interventions were delivered within community
and programmatic settings by cadres of staff
that are typical in African countries, the feasibil-
ity of implementation may be generalizable. As
WHO guidance on HIV testing and treatment
evolves,’®2° we think that key elements of the Ya
Tsie interventions can be locally adapted. Planned
costing and cost-effectiveness analyses will be
critical to inform policy formulation.

In our trial, potential remaining sources of
HIV transmission included noncommunity resi-
dents, residents who were not receiving ART,
noncitizens (wWho cannot access free ART), and
persons who had acute HIV infection before they
began to receive ART. Women remained at high
risk for HIV acquisition, even in the intervention
group. Additional interventions for prevention
such as preexposure prophylaxis remain impor-
tant, particularly for women.

Other community-randomized trials evaluat-
ing the effect of universal test-and-treat interven-
tions on the incidence of HIV infection have been
completed.”? The Agence Nationale de Recherche
sur le Sida (ANRS) 12249 TasP study in South
Africa showed high rates of HIV testing, but low
and similar rates (approximately 53%) of the
initiation of ART in both groups probably con-
tributed to an absence of an observed effect on
the incidence of HIV infection.?? The SEARCH
(Sustainable East Africa Research in Community
Health) trial in Uganda and Kenya showed high
rates of HIV testing, linkage to care, and viral
suppression; as in our trial, the incidence of HIV
decreased over time by approximately 30%, but the
decrease was similar in the intervention group
and the control group. The absence of a difference

in the incidence of HIV between the two SEARCH
trial groups may have been due to community-
wide HIV testing at baseline in both trial groups
(a key component of the intervention package in
all three trials) and a rapidly improving standard
of ART care.” In the PopART (Population Effects
of Antiretroviral Therapy to Reduce HIV Transmis-
sion) trial in South Africa and Zambia, the inci-
dence of HIV infection in the group that received
the intervention (which included HIV testing and
linkage to care) in combination with standard ART
was 30% lower than in the standard-care group,
but the incidence in the group that received the
intervention in combination with universal ART
was not lower than in the standard-care group.?

Our trial had several limitations. The improv-
ing standard of care in Botswana, shortened fol-
low-up period, and population movement proba-
bly reduced the effect of interventions on the
incidence of HIV infection. Despite efforts to
reach and test all community residents, approxi-
mately one of five enumerated residents did not
participate in the survey (and some households
could not be enumerated). This could have re-
duced the effect on the incidence of HIV infec-
tion or affected generalizability, but a sensitivity
analysis for nonparticipation did not alter our
findings. Our estimates of population viral sup-
pression at the end of the trial included persons
who moved into the communities but not those
who moved away during the trial, and therefore
these estimates incorporate population mobility.
ART coverage may have been higher in a stable
population or if interventions were scaled up
nationwide. We present intervention uptake re-
sults from only the 6 communities that partici-
pated in the end-of-trial survey, which may not
be fully representative of all 30 communities.
Although we made targeted efforts to reach men
and youth, we did not design interventions spe-
cifically for key populations and did not include
noncitizens (approximately 3% of the enumer-
ated population).* The participating trial com-
munities, which were small and rural or periur-
ban, may not be fully representative of urban
areas or other environments or cultures. Finally,
the HIV testing and clinic referral that we of-
fered to the cohort of participants in each com-
munity in which participants were receiving
standard care may have decreased the incidence
of HIV infection, which would lead to a smaller
estimated effect of the intervention on the inci-
dence of HIV infection.
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In conclusion, we found that a community-
wide intervention to test for and treat HIV infec-
tion was efficacious in increasing viral suppres-
sion. This intervention probably contributed to a
reduction in the incidence of HIV infection in a
high-prevalence, generalized epidemic area where
baseline ART coverage was high.
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