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Abstract
Purpose of Review In 2018–2019, studies were published assessing the effectiveness of reducing HIV incidence by expanding
HIV testing, linkage to HIV treatment, and assistance to persons living with HIV to adhere to their medications (the “90-90-90”
strategy). These tests of “treatment as prevention” (TasP) had complex results.
Recent Findings The TasP/ANRS 12249 study in South Africa, the SEARCH study in Kenya and Uganda, and one comparison
(arms A to C) of the HPTN 071 (PopART) study in South Africa and Zambia did not demonstrate a community impact on HIV
incidence. In contrast, the Botswana Ya Tsie study and the second comparison (arms B to C) of PopART indicated significant ≈
30% reductions in HIV incidence in the intervention communities where TasP was expanded.
Summary We discuss the results of these trials and outline future research and challenges. These include the efficient expansion
of widespread HIV testing, better linkage to care, and viral suppression among all persons living with HIV. A top implementation
science priority for the next decade is to determine what strategies to use in specific local contexts.
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Introduction

The “90-90-90” goals of the Joint United Nations Programme
on HIV/AIDS (UNAIDS) and the World Health Organization
(WHO) aspire for 90% of all people living with HIV to know
their status, 90% of all HIV-infected persons who know their
status to take antiretroviral therapy (ART), and 90% of those
on ART to be virally suppressed, all by the year 2020 [1].
None of these goals will be reached, though global progress
is impressive. The goal for the year 2030 is “95-95-95.”
Reflecting definitive evidence from the HIV prevention and
treatment fields, global recommendations from the WHO

shifted in 2016 to urge universal treatment for all people living
with HIV (PLHIV), regardless of their CD4+ cell counts or
their clinical status [1–3]. These recommendations represent-
ed a more aggressive and simplified approach to ART initia-
tion and coverage. They were based on recognition that early
treatment yielded better clinical outcomes and would prevent
transmissions to others (“Treatment as Prevention” [TasP]).
Fiscal support to achieve 90-90-90 has come from the US
President’s Emergency Plan for AIDS Relief (PEPFAR), the
Global Fund to Fight AIDS, Tuberculosis andMalaria (Global
Fund), National Ministries of Health, and other funding
sources from donor countries and foundations. By far, this is
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the largest single-focus public health campaign in world his-
tory with over US$90 billion invested by PEPFAR alone [4].
While much forecasting has been done to determine the extent
to which 90% testing-90% ART linkage-90% viral suppres-
sion coverage using universal test and treat (also termed “test
and start” or “treat all”) guidelines can control the epidemic,
there remain questions as to whether TasP can be properly
measured and achieved [5–8]. We have presented a scientific
rationale for TasP elsewhere, and key points are reiterated in
this review [9].

As progress towards 90-90-90 goals are assessed and com-
plex findings from large-scale TasP studies are interpreted, we
review the successes and continued challenges to TasP as a
strategy to reduce HIV incidence. Here, we summarize recent
findings from four large-scale community-based randomized
trials designed to assess the impact of large-scale deployment
of TasP on HIV transmission, and discuss the challenges re-
maining in implementation of TasP and achieving global goals
to end HIV.

Findings from Large-Scale Trials of TasP

There have been four large-scale clinical trials of TasP with
HIV incidence outcomes, all conducted in sub-Saharan
Africa: the TasP/ANRS 12249 study in South Africa, the
Sustainable East Africa Research in Community Health
(SEARCH) study in Kenya and Uganda, the Botswana
Combination Prevention Project (BCPP) or Ya Tsie study,
and the HIV Prevention Trials Network (HPTN) 071
(PopART) study in South Africa and Zambia [10••, 11••,
12••, 13•]. Each of these studies published primary findings
in 2018 or 2019, offering fresh understandings of the facilita-
tors and barriers in reducing HIV incidence in the era of uni-
versally recommended testing and treatment. A comparison of
the contexts and methods of these trials is available elsewhere
[14•]. Figure 1, adapted from [15•], summarizes primary
results.

TasP/ANRS 12249 The first completed trial was the
TasP/ANRS 12249 protocol (the TasP study) conducted by
the Africa Centre, now part of the African Health Research
Institute. The TasP study was a cluster-randomized trial to
examine the effectiveness of TasP on HIV incidence in
KwaZulu-Natal, South Africa, where adult HIV prevalence
has been estimated to be ~ 30% [16]. All 22 population/
geographic clusters deployed repeated home-based HIV test-
ing of adults across a population of 34,000 inhabitants 16 years
and older. Following an HIV diagnosis, individuals in the 11
intervention clusters were immediately initiated on ART,
while those in the 11 control clusters were initiated on ART
according to national guidelines at the time (CD4+ < 350
cells/μL, WHO stage 3 or 4 disease, or multi-drug-resistant/

extensively drug-resistant tuberculosis). Home-based testing
enabled achievement of the first 90 testing target [17].
However, linkage to care and initiation of ART (the second
90) was low in both arms, with 58.5% ART initiation in the
intervention arm and 57.5% in the control arm. Viral suppres-
sion (the third 90) was higher in the intervention arm (86.6%),
but very similar to the control arm (84.1%) [10••]. There was
no significant difference in HIV incidence between the inter-
vention (2.11 per 100 person-years; 95% CI 1.84–2.39) and
the control (2.27 per 100 person-years; 95% CI 2.00–2.54)
groups (adjusted hazard ratio 1.01, 95% CI 0.87–1.17; p =
0.89).

A key lesson from the ANRS 12249 trial was that the
intervention failed to overcome barriers to ART initiation
and retention in care; hence, the trial was not a good test of
concept for TasP, but rather indicated how difficult linkage to
care and HIV suppression to reduce HIV incidence is in a rural
African setting. Individuals who had never been in HIV care
before referral, students, adults who completed some or all
secondary schooling, those who lived closer to TasP clinics,
and those who were referred to the clinic after two or more
contacts were all unlikely to initiate care. Linkage to care was
higher in adults who reported knowledge of a family member
living with HIV and among those who said that they would
take ARTas soon as possible after receiving an HIV diagnosis
[18]. More recent secondary analyses have provided insights
into individuals’ retention in care trajectories [19]. This work
identified four trajectories: group 1 that remained in care
(71.3%); group 2 that exited care and then returned after a
median of 4 months (5.2%); group 3 that exited care rapidly
after 4 months (12.6%); and group 4 that exited care later after
11 months (10.9%). Patients with higher CD4+ cell counts
were more likely to exit care, but then return. Men, young
people, and those recently diagnosed were more likely to exit
care at any point during the study. Despite the success of
home-based testing (the first 90), the TasP study results sug-
gest that better strategies are needed to link, retain, and en-
hance ART adherence in rural South Africa, particularly
among men, young adults, and newly diagnosed patients.

The SEARCH Study The SEARCH cluster-randomized trial
was conducted in three regions of rural Uganda and Kenya,
and embedded TasP within an integrated multi-disease,
patient-centered care model that sought to improve overall
community health while suppressing HIV incidence via TasP
[20]. The primary outcome was cumulative HIV incidence at
3 years, with secondary outcomes including HIV viral sup-
pression, overall mortality, tuberculosis incidence, and control
of hypertension. Thirty-two communities were pair-matched
and randomly assigned to either intervention or control arms
(total population of 150,395 individuals aged 15 years or
older). Communities were matched based on geographic re-
gion, population density, number of trading centers, variety of
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community member occupations, and community member
mobility patterns. The intervention communities received a
package including the following: (1) community health fairs
at baseline and annually where HIV, TB, malaria, and non-
communicable disease (NCD; hypertension and diabetes)
screening was conducted; (2) home-based (or other location
of patient’s choice) testing for those who were not tested at
fairs’ (3) facilitated linkage and immediate appointments to
clinics for ART initiation among all those testing positive;
(4) a patient-centered chronic care model for HIV and NCD
care; (5) clinics with trained and sensitized providers and flex-
ible operating hours; and (6) mobile phone triage and appoint-
ment reminders. Control communities received the following:
health fair for testing and diagnosis at baseline only; home-
based testing upon request; ART initiation based on national
guidelines (which varied based on location and date from
CD4+ < 350 cells/μL, WHO stage 3 or 4 disease, or TB/
HBV co-infection to CD4+ < 500 cells/μL, but expanded to
universal initiation during the study period); and facilitated
access to the national standard of care for HIV and NCDs
[11••, 21].

As in the TasP/ANRS 12249 study, the first 90 was
achieved at baseline in both the intervention (90%) and con-
trol (91%) communities. The testing approach was highly
successful, achieving an estimated 98% testing coverage of
residents in the intervention communities and 96% coverage
of residents in the control communities by the end of the study.
Testing coverage before the trial started was only 57%. In the
intervention communities, testing of residents who had mi-
grated into the communities was made possible by the annual

screening approaches [11••]. In the intervention communities,
92% of PLHIV knew their status, 95% of these individuals
had initiated ART, and 90% of those on ART achieved viral
suppression at the end of the study period. In the control com-
munities, 91% of HIV-positive individuals knew their status,
86% of these individuals had received ART, and 87% on ART
were virally suppressed. Overall, population-level viral sup-
pression (calculated as virally suppressed/all HIV+) in the
intervention communities (79%) was higher than in the con-
trol communities (68%). The secondary community health
outcomes were significantly better in the intervention commu-
nities with lower rates of tuberculosis in HIV-positive patients
(1.19 vs. 1.50 events per 100 person-years; relative risk, 0.79;
95% CI, 0.67 to 0.94) and higher rates of hypertension control
in HIV-positive patients (relative prevalence, 1.26; 95% CI,
1.15 to 1.39). Despite these positive outcomes, there was only
a small benefit in the 3-year cumulative incidence of HIV
infection between the intervention (0.77%) and the control
(0.81%) communities that was not statistically significant (rel-
ative risk, 0.95; 95% CI, 0.77 to 1.17).

The SEARCH team has offered a few theories that may
explain why there was no significant reduction in HIV inci-
dence despite improvements in viral suppression. They note
that their control communities were “active”with provision of
health fairs and home-based testing at baseline. This active
control, combined with guideline changes recommending uni-
versal ART eligibility, may have reduced the differences be-
tween the intervention and control groups [11••]. However,
without baseline HIV rates from the control communities, it
is difficult to assess this theory. The authors also suggest

Fig. 1 Viral suppression, HIV incidence rates, and overall effectiveness
in preventing HIV. Results from community-based cluster-randomized
control trials of universal test-and-treat strategies. From New England

Journal of Medicine, Abdool Karim SS, HIV-1 Epidemic Control -
Insights from Test-and-Treat Trials, 381, 286–288 Copyright © (2019)
Massachusetts Medical Society. Reprinted with permission
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possible routes through which new infections could have aris-
en in the intervention group: infections from non-trial com-
munities, unrecognized outbreaks of acute HIV, and/or infec-
tions from unsuppressed individuals. These hypotheses might
be tested in future phylogenetic studies. Other possible expla-
nations could be that a subset of individuals was never ex-
posed to the full intervention, including more mobile popula-
tions, youth, or individuals during the early stages of new
infection and with a high level of infectiousness [22, 23].
The authors state that the in-migration data will be investigat-
ed in future analyses, which will allow these hypotheses to be
tested. Newly infected individuals may not yet have had an
opportunity to be diagnosed, may have tested negative on an
antibody test despite having been recently infected, and/or
may be those involved with higher numbers of concurrent
partnerships. If a high proportion of all new infections arise
in these situations, it may be that additional outreach for test-
ing is needed.

The Botswana Combination Prevention Project or Ya Tsie
Study The Ya Tsie study in Botswana also employed a pair-
matched community-randomized trial of 30 communities (to-
tal n = 12,610). Intervention communities (n = 15) received
the following: (1) community mobilization to encourage
HIV testing and counseling and male circumcision; (2)
home-based and other mobile HIV testing campaigns; (3)
linkage to care support; (4) scaled-up linkage to male circum-
cision services; and (5) expanded ART at government clinics
to cover HIV-positive individuals with either CD4+ cell
counts of > 350–500 cells/μL or CD4+ > 500 cells/μL and
HIV-1 RNA ≥ 10,000 copies/mL. The Ya Tsie study had a
focus on combination HIV prevention (through enhanced ac-
cess to voluntary medical male circumcision in addition to
TasP), as was also implemented in the HPTN 071 (PopART)
study discussed below. The 15 standard of care communities
initiated ART according to national guidelines, i.e., CD4+ ≤
350, WHO III/IV disease, or pregnancy. As with SEARCH
and the PopART study, midway through the study period,
Botswana revised their guidelines and the Ya Tsie study began
offering immediate ART initiation regardless of CD4 count or
clinical status to both study arms [24]. The Ya Tsie study
intervention was highly successful, with 88% of all PLHIV
in the intervention group achieving viral suppression by the
end of the trial (RR, 1.12; 95% CI, 1.09–1.16) [12••]. Rates of
circumcision were higher in the intervention communities
(30% at baseline and 40% at the end of the trial) compared
with the standard of care communities (33% at baseline and
35% at the end of the trial) (RR, 1.26; 95% CI, 1.17–1.35), but
were lower than the investigators had expected. The study
authors were unable to identify which specific intervention
components had the greatest impact, but point to improved
linkage-to-care in intervention communities (69 days from
diagnosis to ART initiation) compared with control

communities (367 days) as a key factor. Recent qualitative
data have further elucidated some of the specific barriers and
facilitators to ART initiation, suggesting how to further im-
prove the intervention components [25].

One limitation of this trial was a failure to fully engage all
household members, such that 20% of age- and residency-
eligible members of enumerated households were not en-
rolled. The most common reasons for non-participation were
absenteeism and refusal; it is possible that people not found or
not consenting in a household will differ in key characteristics
from enrolled participants [24]. In addition, the Ya Tsie study
investigators identified remaining vectors of HIV transmis-
sion not necessarily reached by the intervention, such as
non-community residents, community residents not linked to
ART, non-Botswana citizens who do not receive free ART,
and persons with acute HIV infection. Women remained at
unacceptably high risk for HIV infection even in the interven-
tion communities [12••]. Just as random imbalances of char-
acteristics at baseline could have led to a null result in
SEARCH, random imbalances at baseline could have resulted
in a positive result in Ya Tsie, e.g., if the intervention group
included participants with higher baseline viral suppression,
circumcision, and/or ART coverage. However, a sensitivity
analysis to examine the effect of non-participation did not
suggest this to be the case as findings were robust in the
sensitivity models. Furthermore, their estimates of population
viral suppression incorporated population mobility [12••]. The
Ya Tsie study finding was remarkable since Botswana pro-
grams had been close to achieving 90-90-90 goals even at
study baseline, reducing power to detect an intervention effect
[26]. It may be that the persons reached in the intervention
who would not have been reached in the control group (na-
tional standard of care) were contributing to HIV incidence
such that their engagement was vital to the overall study result.
The findings from Botswana suggest that it is possible to
increase ART coverage and reduce HIV incidence in a high
(29%) prevalence context, even with high baseline testing,
linkage, and ART coverage.

In subgroup analyses, the intervention had a greater,
though non-significant, effect compared with the standard of
care on HIV incidence among men, individuals < 35 years of
age, and in communities in more remote northern Botswana.
The Ya Tsie study seemed to have had success in reachingmen
and youth who are typically more marginalized and/or diffi-
cult to reach. Qualitative work is in progress to understand
how this was accomplished. Botswana’s programmatic suc-
cesses have been summarized elsewhere [27] and include rap-
id point-of-care testing, free and decentralized access to ART,
and routine access to viral load monitoring. A recent costing
analysis of Ya Tsie’s testing component found that the costs of
intensive home-based and mobile testing to identify HIV-
positive individuals who might otherwise not be found were
comparable with such costs in other settings. However,
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untargeted home-based testing was more expensive given the
efforts needed to assess testing eligibility in a setting with high
prior testing coverage and ART initiation [28]. Further under-
standing of costs and cost-effectiveness of the individual in-
tervention components of the Ya Tsie study will help deter-
mine the feasibility for analogous interventions to be delivered
at scale in Botswana or elsewhere.

The HPTN 071 (PopART) Study The HPTN 071 (PopART)
study was a cluster-randomized trial with 21 communities
(n = 50,873) in South Africa and Zambia conducted from
2014 to 2018, with a primary outcome of HIV incidence at
36 months [29]. PopART is an acronym standing for
“Population Effects of Antiretroviral Therapy to Reduce
HIV Transmission” (https://www.hptn.org/research/studies/
hptn071). There were three study arms and seven groups of
three clustered communit ies grouped by similar
characteristics, and HIV prevalence levels were randomized.
Arm A provided the full PopART combination prevention
intervention package and immediate ART initiation for
PLHIV. Arm B provided the same package, except that ART
initiation followed national guidelines, initially, ART when
CD4 count < 350 cells/μL. Guidelines changed to universal
ART in 2016, at which time, arm B was identical to arm A.
Arm C served as the control, providing standard of care
including ART initiation consistent with national guidelines
and treatment support from the respectiveMinistries of Health
aided by resources from PEPFAR and other sources. ART
initiation in arm C became the same as arms A and B in
2016. The full PopART intervention package included the
following elements: (1) annual rounds of home-based HIV
testing by community HIV-care providers (CHiPs); (2) active
referral and/or retention in care support by CHiPs; (3)
referrals/enhanced linkage to voluntary male circumcision
for HIV-negative men; (4) community support for antenatal
care (ANC)/prevention of mother-to-child transmission
(PMTCT), adolescent and male engagement, use of commu-
nity engagement boards, and community dialog processes;
and (5) screening/referral for tuberculosis and sexually trans-
mitted infections (STIs). While CHiPs home-based visits
sought to offer testing to persons who did not know their
current HIV status, the linking and treatment elements
targeted all PLHIV whether newly diagnosed, in care but not
receiving ART, or seropositive, but lost to follow-up. In all of
the study communities, ART was provided at local govern-
ment clinics [13•]. PopART findings underscored the need to
enhance quality assurance measures for community-based
point-of-care testing [30], testing scale-up [31, 32], and link-
age to care [31, 33, 34].

The study was powered to detect differences in arm A vs.
arm C, and in arm A vs. B, but not arm B vs. arm C, which
could therefore be regarded as a secondary comparison [29].
At the end of the study period, there was no difference

between the A and C arms, but there was a significant 30%
decrease in new HIV infections between the B and C arms
[13•]. The HPTN 071 (PopART) trial included 48,301 partic-
ipants in the population cohort used to estimate incidence
rates. Baseline HIV prevalence was 21–22% across study
arms, and from months 12–36 of the study, 553 new HIV
infections within 39,702 person-years (py) were observed (in-
cidence 1.4/100 py), about twice as high in women than men.
The adjusted rate-ratio for arm A vs. C was 0.93 (95% CI
0.74–1.18, p = 0.51) and arm B vs. C was 0.70 (95% CI
0.55–0.88, p = 0.006). Viral suppression at 24 months was
71.9% in arm A, compared with 67.5% in arm B, and 60.2%
in arm C. The adjusted prevalence ratio for viral suppression
in arm A compared with Arm C was 1.16 (95% CI, 0.99 to
1.36, p = 0.07). The prevalence ratio in arm B compared with
arm C was 1.08 (95% CI, 0.92 to 1.27, p = 0.30). For both
arms A and B, the prevalence of viral suppression was higher
among women compared with men and higher among older
participants (aged 25+) compared with younger participants
(aged 18–24). ART coverage at 36 months did not differ in
arm A (81%) vs. arm B (80%) [13•].

The HPTN 071 (PopART) results require additional work
to better understand why there was no significant effect of the
intervention on HIV incidence for arm A. The investigators
offered some possible explanations. Written informed consent
was required for initiation of ART outside local guidelines
until the guidelines were changed in 2016. This could have
prevented some participants from initiating ART; however,
the similarities in coverage and viral suppression across the
arms argue against this explanation. The authors also suggest
that universal ART in arm A may have changed or decreased
actions towards primary prevention. Although the participant-
reported data do not support this explanation, the investigators
are conducting additional analyses to further examine the pos-
sibility. In addition, it is possible that there was imbalance
post-randomization of the communities assigned to each arm
sufficiently different to confound the results. For example,
38% of arm B participants living with HIV were already on
ART at baseline, while only 31–32% of those in the other two
arms were. Multivariate adjusted analysis is in progress to
address potential confounders, along with further analysis of
qualitative and quantitative data as well as phylogenetic data
to further understand the unexpected Arms A to C results
compared with arms B to C. In addition, given the similarity
between the interventions delivered in arm A and B, it is
possible that the differences between these two arms was a
chance finding, and that their combined difference with arm C
(approximately a 20% reduction in incidence) reflects the key,
albeit post hoc, finding of the trial. This effect was statistically
significant, but smaller than hypothesized (adjusted rate ratio,
0.81; 95% CI, 0.66–0.99) [13•].

Although there were challenges in reaching some key pop-
ulations, particularly young adults [31], the distribution of
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young people was similar across the three arms. Although it is
possible that in-migration might reduce 90-90-90 coverage,
the HPTN 071 (PopART) investigators did not report any
differential migration across study arms. As suggested in the
other TasP trials, the “last unreached 25%”may be those most
responsible for a disproportionately high number of transmis-
sions, such that 90-90-90 coverage may not be adequate to
fully reduce the population viral load. We have previously
speculated that the 3-year study duration was not long enough
to fully observe the effect of the intervention, given subopti-
mal linkage-to-care rates in the first half of the study [9].

Studies of the Implementation of 90-90-90
in Sub-Saharan Africa

In addition to the large-scale clinical trials of TasP described
above, there have been several studies examining the process
of implementing the 90-90-90 goals [35–40]. Such studies are
an anchor of HIV implementation science efforts, and we
highlight three of the larger such studies—MaxART in
eSwatini (formerly Swaziland) [41], Project Shikamana in
Tanzania [42, 43••], and the SAPPH-IRe intervention in
Zimbabwe [44••]. None had HIV seroincidence endpoints.

The MaxART (early access to ART for all in Swaziland)
study was a stepped-wedge randomized trial with open enroll-
ment of all adults aged 18 years and older across 14 public-
sector clinical sites in eSwatini’s HhoHho Region (n = 3405).
The goal was to assess the impact of TasP compared with
standard of care on patient retention and viral suppression,
specifically, the impact of TasP on patients who initiated
ART early, rather than on HIV incidence among others. Sites
transitioned two at a time from the standard of care to the
intervention (early ART initiation) [41]. This study employed
mixed methods to determine the feasibility, acceptability, clin-
ical outcomes, affordability, and scalability of offering early
ART to all HIV-positive individuals in a public-sector health
system. Qualitative findings have provided further context for
the role of the community advisory board in supporting study
implementation [45], reasons for “false starts” in ART initia-
tion [46], challenges associated with treatment retention for
mobile populations [47], and the challenges associated with
increasing numbers of patients and task-shifting in public
clinics [48]. Interim results of MaxART found that TasP mod-
estly improved retention, improved client perceptions of care
quality, and increased retention and viral suppression rates
combined fivefold. These findings support the hypothesis that
early ART initiation is beneficial, not only for population
health, but also for individual patients [49]. Final results
reporting the impacts of early initiation, and other key lessons
from MaxART are likely to be published in 2020.

Project Shikamana was a prospective community-
randomized trial of a community-based model of combination

HIV prevention to improve TasP among high-risk female sex
workers (FSWs) in the Iringa region of Tanzania [42].
Participants were recruited from entertainment venues, and
time-location sampling was used to enroll a cohort of 203
HIV-positive and 293 HIV-negative women. Time-location
sampling entailed identifying times when the target popula-
tion gathered at venues, constructing sampling frames of
venues and daytime units, randomly selecting and visiting
venues and daytime units, and systematically collecting infor-
mation from eligible women. Recruitment venues were in two
communities, matched in size and overall HIV prevalence.
The intervention package included community-led peer edu-
cation, condom distribution, and HIV testing in entertainment
venues; peer navigation to facilitate ART uptake and retention
in care; sensitivity training for HIV clinical providers; short
message services (SMS) to promote awareness, solidarity, and
adherence; and a community-led center with activities to pro-
mote social cohesion and community mobilization to address
challenges specific to FSWs. As in the other large TasP stud-
ies, pre-exposure prophylaxis (PrEP) was not part of the inter-
vention. The control community received standard of care
HIV services through government clinics, and HIV health
education, condom promotion, and HIV testing initiatives de-
livered by non-governmental organizations. The study
assessed feasibility and acceptance of the package as well as
preliminary effectiveness.

Baseline data described participants’ characteristics and
progress towards the 90-90-90 goals in this setting, as well
as the links between mobility and gender-based violence [42,
50]. The final results indicated that the community-based in-
tervention was highly successful. HIV-negative participants in
the intervention community were less likely to have become
infected with HIV (OR 0.38, p = 0.047) by the end of the
study, and less likely to report inconsistent condom use with
a client (RR 0.81, p = 0.042). HIV-positive participants in the
intervention community also had better outcomes. A total of
79.1% of HIV-positive participants were linked to care com-
pared with 55% in the control arm (RR 1.44, p = 0.002), and
81.3% of intervention participants were on ART at the study
endpoint, compared with 63.8% in the control arm (RR 1.27,
p = 0.013). There were positive, but non-significant, improve-
ments in viral suppression as well (from 40 to 50.6% in the
intervention vs. 35.9 to 47.4% in the control; RR 1.05, p = 0.7)
[43••]. Most of these positive outcomes were also associated
with higher levels of exposure to the intervention components.
Recent qualitative findings provide insights into how mean-
ingful community engagement was achieved in the interven-
tion [51], and the authors describe plans for future quantitative
analyses to examine the relative impact of different interven-
tion components.

The SAPPH-IRe (Sisters Antiretroviral Prevention
Programme—an Integrated Response) trial was a pair-
matched, parallel, cluster-randomized study nested within
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the Sisters with a Voice national sex work program in
Zimbabwe [44••]. The primary outcome was the proportion
of FSWs with HIV viral loads of > 1000 copies/mL. An addi-
tional nine secondary outcomes related to aspects of treatment
and prevention were also assessed. Similar to Project
Shikamana, peer and community engagement was empha-
sized. In the seven clusters receiving the standard of care,
the Sisters program provided FSWs with free condoms and
contraception, free HIV testing and counseling, STI treatment,
health education, community mobilization, and legal advice.
These services were provided at drop-in centers in primary
care clinics and supported by peer educators. Women testing
HIV-positive were referred to government clinical services. In
the seven intervention clusters, an enhanced version of the
Sisters programwas implemented. This enhanced version pro-
vided additional community mobilization activities aimed at
raising awareness of the benefits of ART and PrEP, strength-
ened support networks to encourage health-promoting behav-
iors and developing leadership skills. In addition, ART and
PrEP users were encouraged to join a community-based
Adherence Sisters program, which allowed them to nominate
a trusted “sister” to serve as their adherence supporter and to
attend Adherence Sisters training together. The program also
included activities to encourage HIV testing every 6 months
among HIV-negative women, including mobile phone mes-
saging reminders. Clinical services were also improved to
enable initiation of ART or PrEP on site, in compliance with
local and international guidelines. Patient support services
were delivered by clinic staff, with text messages and
follow-up phone calls used to support clinic attendance. A
representative sample for outcome surveys was sought
through respondent-driven sampling.

Between study baseline and the end of the assessment pe-
riod, the proportions of women with viral loads of > 1000
copies/mL dropped in both the control (35.1% reduction)
and intervention (45.6% reduction) clusters. However, the
weighted percentage risk difference of − 2.8% suggested little
difference between the groups (95% CI − 8.1 to 2.5, p = 0.23).
Among the secondary outcomes, the proportions of HIV-
positive women who reported being aware of their status,
taking ART, and being virally suppressed all increased, but
to similar degrees between control and intervention groups.
The intervention did strengthen engagement of FSWs with
services but did not lower overall viral loads in the interven-
tion group relative to the control. Study authors believed their
results supported a conclusion that FSWs, if supported, will
access services in the public sector. They also identified im-
provements that could be made in testing and ART uptake.
Since the Sisters approach did not specifically seek to identify
highly vulnerable sex workers including those who are youn-
ger, new to sex work and/or with mental illness, or substance
use issues, they may not have reached these individuals, re-
ducing the impact of the intervention. A recently published

process evaluation of the trial indicated some challenges with
maintaining program fidelity although these challenges were
not specific to one arm. The evaluation also found that the
overall policy and health system environment in Zimbabwe
became more supportive such that HIV testing and care for
FSWwas prioritized beyond the intervention. The authors feel
that increased national emphasis on reaching FSWs may have
contributed to the limited difference between the control and
intervention clusters [52].

Conclusions and Future Directions

The results from the randomized trials seeking to assess the
impact of TasP have been mixed. Each of these studies had to
contend with logistical and measurement challenges, which
may explain some of the inconsistent findings. Despite what
many might consider large budgets, it is nevertheless possible
that each of these studies was not adequately funded, and
consequently supervised, managed, and conducted, to ensure
reliable results concerning the efficacy of these combination
interventions. National treatment guidelines in all TasP trial
countries changed during the study, which meant that imme-
diate ART initiation became available in the control arms,
which would have reduced the power of these studies to detect
an effect [15•]. Another challenge faced by all four TasP trials
was with adequately identifying and testing difficult-to-reach
populations that are simultaneously harder to access for inter-
ventions due to mobility or marginalization, and more likely
to be the sources for new infections. Although home-based
testing, or testing at venues preferred by patients, can help
achieve wider testing coverage, the TasP trials reveal that
these costly approaches may need to be scaled-up, including
expanded testing with lower yield groups and increased self-
testing [15•, 53]. The TasP/ANRS 12249 trial had notable
difficulties with linkage and retention in care, and may not
have been a fair test of concept for TasP. Given that acute
and recent infections are more efficiently transmitted, it is
important to develop strategies to ensure rapid linkage to care,
such as home-based initiation and delivery of ART [54].

Stigma also continues to be a challenge, and was investi-
gated in the PopART study, both in terms of general stigma
characteristics of study communities [55] and as a possible
explanation for variation in linkage to and retention in care
[56, 57]. Some of the trials are still seeking to learn whether
reproductive tract infections such as bacterial vaginosis and
sexually transmitted infections might have facilitated HIV
transmission in selected populations, thereby diluting TasP
effects [58]. Finally, it is important to note that the costs and
complexities of the four TasP trials demonstrate the difficulties
inherent in assessing the feasibility and scalability of TasP in
real-world settings [59].
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Given that global guidelines urge TasP for the benefit of
PLHIV, we believe that the Ya Tsie study and PopART indicate
that community transmission can be suppressed with expand-
ed testing and successful treatment of PLHIV, though it may
not be as robust as predictive models had hoped, given math-
ematical HIV transmission models [60, 61]. The greatest chal-
lenge now is the deployment of implementation science stud-
ies that can identify the best strategies to facilitate efficient and
effective program expansion that will be critical to achieve the
95-95-95 goals for 2030, including identifying the compo-
nents of the complex trials discussed in this article that are
most effective and cost-effective for programmatic dissemina-
tion and scale-up. Despite the inconsistent findings of the four
TasP trials, PEPFAR has been documented as a resounding
success, responsible for saving hundreds of thousands of lives
and bringing the HIV epidemic down to its relatively lower
levels of prevalence and incidence, as compared with the
emergency situations in many sub-Saharan countries in the
1980s and 1990s [62–66]. It is thus vital that PEPFAR be
continued to achieve the 2030 goals, given the need to scale-
up PrEP, and sustain and expand successes in testing, linkage-
to-care, and ART-driven viral suppression around the world.
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