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Abstract

Purpose of Review The ANRS 12249 treatment as prevention (TasP) trial investigated the impact of a universal test and treat
(UTT) approach on reducing HIV incidence in one of the regions of the world most severely affected by the HIV epidemic—
KwaZulu-Natal, South Africa. We summarize key findings from this trial as well as recent findings from controlled studies
conducted in the linked population cohort quantifying the long-term effects of expanding ART on directly measured HIV
incidence (2004-2017).

Recent Findings The ANRS TasP trial did not—and could not—demonstrate a reduction in HIV incidence, because the offer of
UTT in the intervention communities did not increase ART coverage and population viral suppression compared to the standard
of care in the control communities. Ten controlled studies from the linked population cohort—including several quasi-
experimental study designs—exploit heterogeneity in ART exposure to show a consistent and substantial impact of expanding
provision of ART and population viral suppression on reduction in HIV incidence at the couple, household, community, and
population levels.

Summary In this setting, all of the evidence from large, population-based studies (inclusive of the ANRS TasP trial) is remark-
ably coherent and consistent—i.e., higher ART coverage and population viral suppression were repeatedly associated with clear,
measurable decreases in HIV incidence. Thus, the expanded provision of ART has plausibly contributed in a major way toward
the dramatic 43% decline in population-level HIV incidence in this typical rural African population. The outcome of the ANRS
TasP trial constitutes a powerful null finding with important insights for overcoming implementation challenges in the population
delivery of ART. This finding does not imply lack of ART effectiveness in blocking onward transmission of HIV nor its inability
to reduce HIV incidence. Rather, it demonstrates that large increases in ART coverage over current levels will require health
systems innovations to attract people living with HIV in early stages of the disease to participate in HIV treatment. Such
innovations and new approaches are required for the true potential of UTT to be realized.
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Introduction

In 2018, approximately 38 million people worldwide were
living with HIV [1]. About 80% of people living with HIV
knew their status and nearly 80% of these people (23.3 mil-
lion) accessed antiretroviral therapy (ART), a threefold in-
crease from 2010. Despite the successful scale-up and access
to HIV testing and treatment, HIV incidence remains high in
many settings, with an estimated 1.7 million newly infected
people in 2018. In particular, Eastern and Southern Africa
remain the regions the most severely affected by the HIV
epidemic [1].

The results from the landmark HPTN 052 trial in 2011
unequivocally showed that immediate initiation of ART was
associated with a 96% reduction in HIV sexual transmission
in sero-discordant stable couples [2]. To provide empirical
evidence of the feasibility and effectiveness of a universal test
and treat (UTT) strategy on reducing HIV incidence at the
population level, four major community-based trials were ini-
tiated in Eastern and Southern Africa [3e, 4-6]. The first of
these trials, the ANRS 12249 treatment as prevention (TasP)
trial, was conducted in rural South Africa between 2012 and
2016 and offered home-based HIV testing and universal Art
regardless of CD4 count in the intervention communities [3ee,
7]. Three additional trials, BCPP (Botswana Combination
Prevention Project) -Ya Tsie, PopART (Population Effects of
Antiretroviral Therapy to Reduce HIV Transmission-
HPTNO71), and SEARCH (the Sustainable East Africa
Research in Community Health) trials, were initiated in
2013 and completed between 2017 and 2018. The BCPP trial
was a pair-matched community-randomized trial conducted in
30 communities and compared the standard of care in the
control clusters with a combination prevention package in
the intervention clusters (community mobilization,
community-wide home-based and mobile HIV testing,
targeted outreach testing men and women <25 years of age,
active tracing and linkage to care support, increased access to
male circumcision services, and expanded ART) [4]. PopART
was conducted in 21 communities in Zambia and South Africa
with three arms: Arm A: universal ART coupled with
combination prevention intervention (door-to-door rapid
HIV testing services, referral for voluntary medical male cir-
cumcision (VMMC) among uncircumcised HIV-negative
men and antenatal care among HIV-positive pregnant women,
screening and referral for tuberculosis (TB) and sexually
transmitted infections (STIs), condom promotion and distri-
bution) Arm B: ART provided according to local guidelines
with combination prevention intervention and Arm C: the
standard of care [5]. The SEARCH trial was a pair-matched
cluster-randomized trial in 32 communities in rural Uganda
and Kenya and included 2-week mobile, multi-disease, com-
munity health campaigns including rapid HIV testing, referral
to HIV care, and home-based testing in all communities (i.e.,
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both control and intervention arms) at baseline. Thereafter, the
control communities received the standard of care (i.e., nation-
al guideline—restricted ART) while the intervention communi-
ties received annual repeat campaigns including HIV testing
coupled with universal ART [6].

The outcomes and results of these trials have been well
documented and described [8—13]. Briefly, two of the trials
were able to demonstrate some evidence of moderate reduc-
tion in HIV incidence in intervention communities relative to
the standard of care [4, 5]. In the BCPP, the HIV incidence was
approximately 30% lower in the intervention communities
(0.59 per 100 person-years vs. 0.92 per 100 person-years in
the control communities) [4]. In the PopART, the HIV inci-
dence in the arm which received combination prevention
packages with ART administered according to national treat-
ment guidelines (1.06 per 100 person-years) was 30% lower
than that in the control arm (1.55 per 100 person-years), but
there was no difference in the arm which received combina-
tion prevention packages in addition to universal ART (1.45
per 100 person-years) [S]. However, collectively, the four tri-
als were unable to demonstrate consistent and substantial pop-
ulation reductions in HIV incidence. Aside from issues such as
sexual mixing of populations which are clearly important [14],
the more fundamental reason for lack of consistency in these
findings is that many of the trials were unable induce a sub-
stantially higher ART coverage in intervention communities
over the duration of the trial. Without a strong gradient in ART
coverage across the trial arms, the causal effect of ART on
population incidence cannot be estimated. Achieving such a
coverage differential was made particularly difficult by the
rapidly evolving treatment guidelines over the course of the
trials (which resulted in control communities adopting the
treat-all approach in three of the four trials over the course
of participant follow-up) and in many cases due to exemplary
care packages being delivered in “control communities”.
Some of the trials (most notably SEARCH [6]) were highly
successful in initiating large numbers of patients onto ART in
both the intervention and control communities through an
innovative community-based testing approach [6].

The ANRS TasP trial was conducted in the KwaZulu-Natal
province of South Africa, a region considered by many to be at
the epicentre of the HIV pandemic. The setting provides a
remarkable opportunity to study the long-term impacts of
ART scale-up on HIV incidence from within the same popu-
lation because it also includes a linked population-based co-
hort which has been running for over 14 years. The population
cohort is based on a very similar modus operandi to the ANRS
TasP trial and uses the gold-standard approach of actively
enrolling and following up a complete population observing
individual HIV seroconversions in those who were initially
observed to be HIV-uninfected. Here, we summarize key de-
sign features and results from the ANRS TasP trial as well as
recent findings from ten controlled studies from the
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population-based cohort that directly quantified the long-term
effects of expanding ART on directly measured HIV inci-
dence. Several of the studies used strong quasi-experimental
designs (such as regression discontinuity and instrumental
variable designs), which, like randomized controlled trials,
can control for both observed and unobserved confounding.

Overview of the ANRS 12249 Cluster-Randomized
Trial

The design of the ANRS TasP trial has been described in detail
elsewhere [15, 16]. Briefly, the ANRS TasP trial evaluated the
hypothesis that home-based HIV testing coupled with an im-
mediate offer of ART would result in a decrease in population-
level HIV incidence in a hyperendemic rural population. This
hypothesis was tested in a two-arm cluster-randomized trial
implemented between March 2012 and June 2016. Eleven
control communities were offered ART according to standard
of care (initially CD4 counts <350 cells/ml and then <

500 cells/ml from Jan 2015) and 11 intervention communities
were offered ART regardless of CD4 count. The study was
80% powered to detect an overall 34% reduction in cumula-
tive HIV incidence, with an estimated incidence of 2.25% per
year in the control clusters over the trial period. The calcula-
tion explicitly considered the different lengths of follow-up
time in the clusters, loss to follow-up, and the likelihood of
re-testing of participants as well as the potential diluting ef-
fects of inter-cluster sexual mixing [15].

The ANRS TasP trial was the first of the four treatments
as prevention trials and incorporated some novel features
aimed at enhancing efficiency and delivery of the interven-
tion in at least four areas are highlighting here. Firstly,
other than expanded ART eligibility in the intervention
arm, the interventions and mode of delivery were identical
in both arms of the trial. In the later trials—BCPP,
SEARCH, and PopART [4-6]—the makeup of the inter-
ventions differed from the control arms in ways other than
just expanded ART eligibility, such that the trials evaluated
the impact of a combination of interventions versus the
standard of care rather than only the additional impact of
UTT on population-level HIV incidence. In other words,
these subsequent trials included additional or enhanced ser-
vices in the intervention arm, besides universal ART. In the
BCPP, these included enhanced community mobilization
and expanded health prevention/screening, including male
circumcision, distribution of condoms, and home-based
HIV testing as well as HIV testing in mobile units during
the community campaign [4]. In PopART study, specific
mobile activities in the community, health screening for TB
and STIs, and home-based HIV testing were offered in the
intervention arms [5] while the SEARCH trial provided
repeat annual community health campaigns or mobilization
(including HIV testing at mobile sites, home-based HIV

testing, and referral to HIV care) [6] for 3 years after the
services were offered once in all intervention and control
communities at baseline.

Secondly, the ANRS TasP trial (along with the SEARCH
trial) evaluated the primary endpoint of HIV incidence among
the whole trial population as opposed to a nested sub-sample
of individuals within each cluster. Thirdly, the ANRS TasP
trial used explicit linkage to records from the pre-existing
public sector ART and trial clinics to quantify trends in ART
coverage. This enabled robust calculation and comparison of
the ART coverage at baseline and over the course of the trial in
a way unaffected by the biases commonly associated with
treatment self-report. Finally, ART was provided to partici-
pants in trial-specific clinics located in each of the 22 clusters
at convenient locations. Many of the existing public sector
clinics required long travelling and waiting times to receive
treatment and care. Thus, trial clinics provided relatively easy
access to treatment as each trial participant lived within
45 min” walk of the clinic in their respective clusters.

Results of the ANRS 12249 Cluster-Randomized Trial

During the trial period, 26,518 of 28,419 (93%) eligible indi-
viduals were contacted. Overall, there were 503 seroconver-
sions documented after 22,891 person-years of follow-up. The
trial team conducted testing and follow-up for an average of
2.3 years in each cluster. Over the course of the trial, the
incidence in the control clusters was almost identical to the
incidence that had been assumed in the sample size calcula-
tions, but did not differ significantly across the two arms: 2.11
per 100 person-years (95% CI 1.84-2.39) in the intervention
arm versus 2.27 per 100 person-years in the control arm (95%
CI2.00-2.54) (adjusted hazard ratio 1.01, 95% CI1 0.87-1.17).
During the trial, more than 90% of HIV-positive individuals
became aware of their diagnosis. However, at the end of the
trial, there were no significant differences in both ART cover-
age and population viral suppression between the intervention
and control communities. At the end of the trial, ART cover-
age was 52.8% in the control communities versus 53.4% in
the intervention communities [3¢¢]. Similarly, population
levels of viral suppression were 46.2% versus 44.2% in the
intervention versus control communities, from the baseline of
23.5% and 26.0%, respectively [17].

Key Insights from the ANRS 12249
Cluster-Randomized Trial

The outcome of this well-conducted trial constitutes a power-
ful null finding with important lessons for overcoming chal-
lenges in the population delivery of ART. We highlight three
key insights below. Firstly, the concern by participants about
inadvertent disclosure of HIV status by attending one of the
trial clinics likely contributed to the relatively poor linkage to
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care observed in the trial. Poor linkage to care was associated
with being newly diagnosed with HIV, being students, living
farther away from the clinics, or having higher educational
attainment [18, 19]. The results brought into sharp focus the
continued stigma around HIV and highlighted the critical need
to normalize its treatment. A typical quote from a participant
in this trial illustrates this point:

There are those who are still not keen [to attend the TasP
clinic]. They have a problem that they will be seen at the
park home [TasP clinic] and they say that the park home
is full of people who have HIV. You see it is something
like that. You see there are people who go to the clinic
not because they are going to check their own illnesses
but they keep looking at the people who are going to the
research clinic and they say we are even carrying babies
who have HIV. Now when a lot of people think about
that they think if you go to that clinic you are visible,
they wish they can hide from others. (Female, 51 years)

In this vein, the SEARCH trial model (described in detail
elsewhere [20]) of taking a community-based, multi-disease
approach for the management and treatment of HIV would
seem to hold considerable promise.

Secondly, the contact rate was significantly lower in
men and younger individuals [3e, 21]; however, among
those who received the community intervention, linkage
to care was similar in both men and women [18]. It is
therefore vital that novel methods are found to engage
men and younger populations to facilitate increased and
more rapid linkage to treatment and care. In response to
these findings, a 2 x 2 factorial cluster-randomized com-
munity-based trial, Home-Based Intervention to Test and
Start (HITS) [22], was initiated in the AHRI population
cohort [22, 23]. The HITS trial aims to establish the
impact of small once-off financial incentives and a
male-targeted HIV-specific decision support application
on improving the uptake of HIV testing and linkage to
care among men, with the ultimate aim of reducing
population-level HIV incidence in (particularly young)
women. Thus far, the HITS trial has demonstrated that
a once-off financial micro-incentive of just $3 increased
the uptake of HIV testing more than 50% among men
[24].

Thirdly, the ANRS TasP trial identified individuals earlier
in the course of their HIV infection, the majority of whom
were asymptomatic. Competing priorities between livelihood
sustenance, as seen by the high prevalence of food insecurity
[25] in the trial population and time required to seek care,
meant HIV-positive individuals likely delayed starting ART.
Studies which have highlighted the individual benefits of ear-
ly ART [26, 27] and differentiated models of care, including
same-day [28] and community provision of ART [29], could
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alleviate the burden of seeking ART, thus allowing patients to
initiate treatment earlier potentially while in the acute phase of
infection [30-32].

Overview of the AHRI Population-Based Cohort

Since 2004, AHRI has conducted annual population-based
HIV testing among all consenting adults aged 15 years or
older in a community immediately adjacent to the ANRS
TasP trial area [23]. The AHRI cohort constitutes one of the
world’s largest population-based longitudinal HIV cohorts
and has measured the population trends in directly measured
HIV incidence and quantified important socio-demographic,
behavioural, and contextual determinants of newly acquired
HIV infections [23]. Both the ANRS TasP trial and the AHRI
population-based cohort share a very similar modus operandi
based on the gold-standard approach of actively enrolling and
following up a complete population and observing individual
HIV seroconversions in those participants who were initially
observed to be HIV-uninfected. The main difference between
the two cohorts is that the AHRI population cohort conducts
annual home-based testing, whereas the ANRS TasP trial con-
ducted testing at 6-month intervals. The other major difference
is that the period of follow-up is longer in the AHRI popula-
tion cohort (> 14 years versus an average of 2.3 years in the
ANRS TasP trial), encompassing the full period of ART scale-
up.

A major strength of population-based cohorts that have
enrolled and prospectively followed complete populations
over decades is that representative knowledge (both with re-
spect to disease outcomes but also on a dynamic suite of
socio-demographic-, societal-, and community-level risk fac-
tors) is gained on all participants over time irrespective of
whether individuals attend care. Such designs provide a strong
basis for causal inference as well as a good standpoint from
which to quantify the population-level impacts of interven-
tions. The findings are therefore not subject to many of the
biases commonly inherent in clinical studies based on patients
who choose (and are able) to attend clinic or on a pre-selected
sample of individuals who might differ from the population in
ways that are difficult to evaluate. Moreover, because changes
in measures like household wealth and sexual behaviour are
systematically measured over time for each individual, it
means that these measures can be used to explicitly rule out
alternative explanations of the relationships observed, and that
any findings are not subject to the pitfalls of ecological fallacy.
The rich data measured in these population-based studies have
high external validity which also provides opportunities for
quasi-experimental study designs, such as regression discon-
tinuity and instrumental variable designs, to control for all
unobserved confounding [33e, 34]. In the same way that the
ongoing population-based cohorts like the Framingham Heart
Study have been able to generate important insights into the
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underlying risk factors for cardio-vascular disease [35], so too
have ongoing population cohorts such as the AHRI cohort in
South Africa [23] and the Rakai cohort in Uganda [36, 37]
generated profound epidemiological insights into the risk fac-
tors, trajectory of epidemics, mechanisms and underlying
causal risk factors, and pathways to HIV acquisition.

By the end of 2017, the AHRI population-based cohort
contained ~ 105, 000 person-years of observation and ~
3500 directly observed HIV seroconversions [38]. These large
sample sizes taken from a complete population followed lon-
gitudinally for well over a decade permit powerful statistical
inference. This in turn can facilitate a deep and nuanced un-
derstanding of underlying causal risk factors and processes
and a quantification of dynamic incidence patterns among
different population sub-strata allowing for identification of
particularly vulnerable sub-groups [39-42].

Key Findings from the AHRI Population-Based Cohort

Figure 1 (accompanied by a more detailed description in
Table 1) summarizes the ANRS TasP trial results [3¢¢] as well

as ten recent, controlled studies from the ongoing population-
based cohort [38, 43¢, 44¢¢, 45-50]. These studies have me-
ticulously quantified the real-world, long-term impacts of
expanding ART provision on reduction in risk of new HIV
infection across communities [44e¢, 45], within households
[46, 47], within couples [49], and across the general popula-
tion [38, 43¢, 48]. One recent study also quantified the risk of
expansion of ART provision on newly diagnosed TB infection
[50]. In the population-based cohort, the duration of follow-up
encompasses the period immediately both before and after the
scale-up of ART, allowing for strong experimental separation
among different population sub-groups in respect of ART ex-
posure (i.e., large differences in ART coverage). These studies
have exploited this heterogeneity in ART exposure and viral
suppression across individuals and communities, within cou-
ples and households, and over time and space, for robust caus-
al inference. Using this variation, the studies demonstrate con-
sistently strong evidence for the preventative benefits of ART,
using diverse methods and statistical models and explicitly
controlling for well-known predictors of HIV incidence
(Fig. 1, Table 1).

1.2
10 = O o o e e i i i i o i o o . . S e e e e . o
0.8
0.75 0.74
)
N 0.66
[ © 0.63 0.63
5 06 0
S 57
= @ 0.53
w
0.46
0.4 $0.38
©0.23
0.2
0.0
[ I I [ I I I I I I I
Iwuji Vandormael Vandormael Tomita Tanser Tanser Vandormael Oldenburg Vandormael Wirth Oldenburg
etal. 2018 etal. 2019 etal. 2014 etal. 2019 etal 2013 etal. 2017 etal. 2019 etal. 2018 etal 2019 etal 2015 etal 2016
Lancet intd Lancet Glob  Nature Sci Science Sci Transl Nature AIDS IntJ SER Conf.  Clin Infect
HIV Epidemiol Health Rep Med Comm Epidemiol Dis

Fig. 1 Summary of findings of the ANRS 12249 cluster-randomized trial
(most left-hand point [3+¢]) as well as the results of ten controlled studies
from the ongoing AHRI longitudinal population cohort [38, 43e, 44ee,
45-50]. Both the ANRS TasP trial and the ongoing population-based
cohort follow a similar modus operandi and utilize the gold-standard
approach of enrolling and actively following up a complete population
over time and directly measuring individual HIV seroconversions in those
individuals who are initially observed to be HIV-uninfected. The studies
in the population cohort have quantified the real-world, long-term
impacts of expanding ART provision on reduction HIV incidence (and
incidence-derived metrics) [38, 43¢, 44+, 45-49]. One study also
quantified the risk of expanding ART provision on newly diagnosed TB

infection [50]. Further details of these studies are provided in Table 1. The
studies utilize one of the world’s largest ongoing population-based
cohorts that has measured the socio-demographic, behavioural, and
contextual determinants of HIV incidence as well as the population
trends over >14 years. The duration of follow-up of the population
cohort encompasses the period both immediately before and after the
scale-up of ART allowing for strong experimental separation in ART
exposure (i.e., large differences in ART coverage) across time and
space, within (and across) couples and households, as well as between
different population sub-groups. The studies include quasi-experimental
designs, such as regression discontinuity and instrumental variable
designs
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Table 1

ongoing longitudinal population cohort (in order of ascending date).

Summary of findings of the ANRS 12249 cluster-randomized trial as well as the results of 10 recently published controlled studies from the

Study Period and  Objectives Results Sample size (N); Differential in ART Conclusion
participants effect estimate (95%  coverage or other
CI); P value indicators
Tanser et al. 2004-2011;  To measure the effect of An HIV-uninfected N=16,667, 30-40% vs. < 10% Population-level
[44ee] women community-level individual living in a aHR =0.63 reductions in the
aged ART coverage on HIV community with high (0.44-0.91); transmission of HIV
15— incidence, controlling ART coverage (30 to P=0.013 can be achieved in
49 years, for multiple 40% of all nurse-led, devolved,
men aged socio-demographic, HIV-infected public-sector ART
15— behavioural, and individuals on ART) programs in rural
54 years community variables. was 37% less likely to sub-Saharan African
acquire HIV than settings where
someone living in a complete coverage of
community where therapy under existing
ART coverage was treatment guidelines
low (< 10% of all has not yet been
HIV-infected attained.
individuals on ART).
Vandormael 2004-2012;  To measure the effect of An HIV-uninfected N=14,505; 50-60% vs. < 10% Results provide further
et al. [46] women ART usage in the individual living in a aHR =0.74 evidence that ART
aged household on HIV household with high (0.61-0.91); significantly reduces
15— incidence, controlling opposite-sex ART P<0.05 the risk of onward
49 years, for multiple coverage (50 to 60%) transmission of HIV
men aged socio-demographic, was 26% less likely to in a real-world setting.
15— behavioural, and acquire HIV than Awareness that ART
54 years community variables. someone living in a can prevent
household with a low transmission to
opposite-sex ART co-resident sexual
coverage (< 10%). partners could be a
powerful motivator
for HIV testing and
ART uptake,
retention, and
adherence.
Wirth et al.  2004-2011;  To evaluate the impact of In the IV-adjusted model, Person-years =53,605; >40% vs. <10% The findings indicate that
[45] women community ART persons in aHR =0.38 the effect of
aged coverage on HIV communities with (0.17-0.84); community-level
15— incidence risk using >40% ART coverage P<0.001 ART coverage on HIV
49 years, an instrumental were 62% less likely incidence was not
men aged variable (IV) to acquire HIV only robust to
15— approach. The IV infection than persons unmeasured
54 years approach was used to in communities with confounding but may
account for the <10% ART coverage. be stronger than
possibility that previously reported in
individuals living in Tanser et al. [44e¢]
high ART coverage
areas may
systematically differ
from those in low
ART coverage areas
even after controlling
for multiple predictors
of infection.
Oldenburg  2005-2013;  To evaluate the Use of ART was N=17,016 and On ART vs. not on ART ART initiation was
et al. [49] women preventative impact of ~ associated with a 77% n=2042 associated with a large
and men ART on HIV decrease in HIV (discordant reduction in HIV
aged incidence in stable incidence risk among couples); incidence in
> 15 years sero-discordant sero-discordant aHR =0.23 sero-discordant
couples, controlling couples. (0.07-0.80); couples in rural
for multiple P=0.02 KwaZulu-Natal.
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socio-demographic,
behavioural, and
community variables.
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Table 1 (continued)

Study Period and  Objectives Results Sample size (N); Differential in ART Conclusion
participants effect estimate (95%  coverage or other
CI); P value indicators
Tanser et al. 2011-2015;  To empirically quantify ~ Prospective HIV N=8732;aHR =0.63 Population prevalence  Results show a clear
[48] women the relationship incidence in (0.52-0.77); of detectable viremia relationship between
aged between a range of communities where P<0.001 > 19% (4th quantile) PVL measures such as
15— population viral load the population vs. 12% (1st the population
49 years, (PVL) measures and prevalence of quantile) prevalence of
men aged the prospective risk of  detectable viremia in detectable viremia and
15— HIV incidence among the Ist quartile prospective incidence
54 years participants who were (< 12%) was 37% of HIV infection. PVL
HIV-negative at lower compared to indices could play a
baseline. Analyses communities in the key role in targeting
were controlled for 4th quartile (> 19%). and monitoring
multiple interventions in the
socio-demographic, most vulnerable
behavioural, and communities where
community variables. the future rate of new
HIV infections is
likely to be highest.
Iwujietal. 2012-2016;  To investigate the effect HIV incidence was 2.11 N=26,518; 45% ART coverage (in  There was no difference
[3e°] resident of universal test and per 100 person-years aHR =1.01 the treatment group) in HIV incidence
men and treat on HIV incidence (95% CI11.84-2.39)in (0.87-1.17); P=0.89 vs. 43% (in the between the
women using a the intervention group control group) intervention and
aged cluster-randomized and 2.27 per 100 control groups.
> 16 years trial. The intervention person-years Absence of a lowering
group received (2.00-2.54) in the of HIV incidence in
immediate ART control group. universal test and treat
initiation upon HIV clusters occurred as a
diagnosis. The control consequence of there
group had ART being no difference in
initiation at CD4 T ART coverage and
cell counts <350 and population-level viral
<500 cells/pl upon suppression between
HIV diagnosis control and
(following national intervention
eligibility guidelines). communities.
Oldenburg 20072011,  To investigate the effect Compared with delayed N=4115;aHR = 0.53 Threshold of 200 CD4+ This study demonstrates
et al. [47] women of immediate vs. ART initiation, (0.30-0.96); count cell/pl used to for the first time
and men delayed ART on HIV immediate initiation P<0.05 determine immediate causally some of the
aged incidence among reduced HIV vs. delayed initiation spill-over effects that
> 15 years household members. incidence in contribute to the
The study used a households by 47% population impact of
quasi-experimental and by 32-60% in HIV treatment on HIV
approach (regression alternate incidence.
discontinuity), which specifications of the
is designed to improve ~ model.
causal inference in
nonrandomized
studies.
Vandormael 2005-2017;  To quantify trends in the The observed IMR N=22,758 (HIV" ART coverage increased The results show
et al. [38] women incidence to mortality peaked at 5.74in 2013 cohort) and from 2% in 2005 impressive progress
aged ratio (IMR) between before declining to N=13,460 (HIV* (CD4+ count toward HIV epidemic
15— 2005 and 2017. The 4.06 in 2017. cohort); IMR =0.75 <200 cells/ul) to control in the study
49 years, UNAIDS has Bootstrapped (0.69-0.85); 30% in 2011 area. However, the
men aged proposed IMR as a estimates show an P<0.05 (<350 cells/ul) to IMR epidemic
15— key measure of IMR reduction of 47% in 2016 (all threshold < 1 was not
54 years epidemic control [51]. 25% during this eligible) and to 46% reached in 2017.
Epidemic control is period. in 2017. Progress is off track
achieved when the for 2020 targets set by
ratio of new infections the UNAIDS.
to the number of
all-cause HIV-related
deaths falls below 1.
Vandormael 2005-2017;  To quantify trends in the The IPR declined from  N=39,735 (HIV ART coverage increased The decline in this metric
et al. [38] women incidence to 0.144in 2012 t0 0.075 prevalence); from 2% in 2005 indicates further
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Table 1 (continued)

Study Period and  Objectives Results Sample size (N); Differential in ART Conclusion
participants effect estimate (95%  coverage or other
CI); P value indicators
aged prevalence ratio (IPR) in 2017. Bootstrapped =~ N=22,758 (HIV~ (CD4+ count progress toward HIV
15— between 2005 and estimates show an IPR cohort) IPR =0.46 <200 cells/ul) to epidemic control in
49 years, 2017. The IPR is reduction of 54% (0.34-0.62); 30% in 2011 (<350 the study area.
men aged another metric of HIV during this period. P<0.05 cells/ul) to 47% in However, the
15— epidemic control 2016 (all eligible) epidemic threshold of
54 years proposed by and to 46% in 2017. <0.03 was not
UNAIDS. Epidemic reached in 2017.
control is achieved Progress is off track
when there is less than for 2020 targets set by
one new HIV the UNAIDS.
infection over a
33-year period on
ART. The average
survival time of a
newly infected person
on ART is 33 years,
which translates into
1/33 or 3 new
infections per 100
people living with
HIV per year.[5 1
Tomita et al. 2009-2015;  To quantify the impact of Living in a community =~ N=41,812; ART coverage >50% vs. Results indicate the
[50] men and community coverage with ART coverage aOR =0.66 <50% potential benefit of
women of ART on recently > 50% was associated (0.49-0.88); increased community
aged diagnosed TB disease, with a 34% decrease P=0.005 ART coverage in
> 15 years controlling for in the odds of recently lowering the risk of
multiple diagnosed TB vs. active tuberculosis
socio-demographic, living in a community highlighting the need
behavioural, and with ART coverage to prioritize the
community variables. <50%. expansion of such
effective population
interventions targeting
high-risk areas.
Vandormael 2005-2017;  To quantify trends in the The HIV incidence rate ~ N=22,239; ART coverage increased The study shows robust
et al. women population-wide HIV declined from 3.94 IRR=0.57 from 2% in 2005 evidence of large HIV
[43<] aged incidence following (95% C13.37-4.60) to (0.43-0.75); (CD4+ count incidence declines
15— ART scale-up, 2.25(1.79-2.83) P<0.001 <200 cells/pl) to among men and
49 years, controlling for events per 100 30% in 2011 women, which are
men aged multiple person-years between (<350 cells/ul) to consistent with the
15— socio-demographic, 2012 and 2017—a 47% in 2016 (all scale-up of ART and
54 years behavioural, and reduction of 43%. eligible) and to 46% VMMC services.
community variables. in 2017.

ART, antiretroviral therapy; aHR, adjusted hazard ratio; aOR, adjusted odds ratio; [V, instrumental variable; /MR, incidence to mortality ratio; /PR,
incidence to prevalence ratio; /RR, incidence rate ratio; VMMC, voluntary medical male circumcision

These studies have quantified the real-world, long-term impacts of expanding ART provision on reduction in risk of new HIV infection across different
communities, within households, within sero-discordant couples, and in the general population

For example, the first study from the population cohort

quantifying the treatment as prevention effect found that a
1% increase in ART coverage in the surrounding community
is independently associated with an average 1.4% decline in
an individual’s risk of acquisition of HIV infection (adjusted
hazard ratio (aHR) =0.986) [44¢¢]. The results of the study
and implications for treatment as prevention at the time are
discussed in two commentaries [52, 53]. Other findings from
this population cohort demonstrate, for example, that within
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sero-discordant couples, use of ART is associated with a 77%
decrease in HIV incidence [49]. Within households, an HIV-
uninfected individual in a household characterized by high
opposite-sex ART coverage is 26% less likely to acquire
HIV than someone living in a household with a low
opposite-sex ART coverage [46] and compared with delayed
ART initiation, immediate initiation of ART reduced HIV in-
cidence in households by 47% [47]. At a community-level,
every 1% increase in the proportion of an entire community
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Fig.2 Population trends in HIV incidence with 95% confidence intervals
(CIs) between 2005 and 2017 in the AHRI population cohort. Male and
female HIV incidence declined substantially after 2012 and 2014,
respectively, with an overall population decline of 43% between 2012
and 2017. Reproduced from Vandormael et al. (2019) [43¢] under a
creative commons licence (http://creativecommons.org/licenses/by/4.0/)

having a detectable virus is independently associated with a
6.3% prospective increase in risk of HIV acquisition for HIV-
negative individuals living in that community [48].

At a population level, overall HIV incidence between 2012
and 2017 declined dramatically by 43% (Fig. 2) [43-].
Consistent with treatment as prevention playing a major role
in this population-level reduction, HIV incidence declined
among both circumcised and uncircumcised men. Moreover,
men experienced earlier and larger HIV incidence declines
than women, consistent with higher ART coverage in women.
Specifically, male incidence declined by 59%, from 2.5 to 1.0
sero-conversion events per 100 person-years, which coincided
with female ART coverage surpassing 35% in 2012 and
VMMC scale-up in 2009. There was a 37% reduction in fe-
male HIV incidence between 2014 and 2017, from 4.9 to 3.1
sero-conversion events per 100 person-years, which occurred
after male ART coverage reached 35% [43¢]. While overall
progress is off track to meet the 2020 reduction targets set by
the UNAIDS [51], a recent paper documented impressive
progress toward HIV epidemic control in this population
[38]. Among men, the incidence to mortality ratio peaked at
4.1 in 2013 before dropping to 3.1 in 2017 (a 24% reduction)
while the female incidence to mortality ratio climbed to as
high as 6.4 in 2013 before dropping to 4.3 in 2017 (a 33%
reduction). Between 2012 and 2017, the male-incidence to
female-prevalence ratio declined from 0.05 to 0.02.
Compared with men, however, the female-incidence to
male-prevalence ratio was markedly higher and fell from

0.24 to 0.13 during the same period [38]. This result, when
coupled with the higher HIV incidence, incidence to mortality
ratio, and HIV prevalence among women, confirms the dis-
proportionate burden of HIV being experienced by women
relative to men in sub-Saharan Africa. Treatment for HIV is
also associated with secondary preventative benefits for TB
infection and shows a 34% reduction in the risk of newly
diagnosed TB infection to an individual living in a community
with > 50% ART coverage (adjusted odds ratio (aOR) = 0.66,
95% CI 0.49-0.88) [50].

The results of these studies (Table 1, Fig. 1) are epidemio-
logically plausible and clear, measurable reductions in HIV
incidence and incidence-derived metrics were consistently
found across all studies. The findings were robust to different
model specifications, different age-eligibility criteria, differing
methods of constructing “communities,” and the inclusion of
differing control variables (including being robust to changes
in sexual behaviour, for example). Further, methods to impute
the date of HIV seroconversion were systematically investigat-
ed and the results were found to be robust to participant self-
selection associated with missed test dates and drop-out [54,
55]. It is thus unlikely that any collection of systematic biases
could consistently and simultaneously explain the findings
across the different studies conducted within households, cou-
ples, communities, population sub-groups, genders, and using
differing outcome metrics (and in one case, the outcome of a
different disease—i.e., newly diagnosed TB infection).
Nevertheless, the possibility of the existence of such a perva-
sive unidirectional residual confounding effect—however un-
likely—should be acknowledged. To rule out the possibility of
residual confounding, two quasi-experimental study designs
[45, 47] were implemented using instrumental variable (IV)
and regression discontinuity (RD) designs (Table 1). They do
this by quasi-randomly assigning individuals to intervention
vs. control groups, leveraging randomness induced by policy,
practice, or natural events [56—61]. The quasi-experimental
studies [45, 47] confirmed a large real-world treatment as pre-
vention effect that could not have been explained by the influ-
ence of any observed or unobserved factors. The Wirth et al.
[45] analysis not only confirmed the previous findings (and
therefore demonstrated that the result was robust to the effect
of unmeasured confounding) but also suggested that the effect
of community-level ART coverage on HIV incidence may be
even greater than previously estimated in the paper published
in Science [44e].

Conclusion
All of the evidence from large, population-based studies (in-
clusive of the ANRS TasP trial) in this setting is remarkably

consistent—i.e., higher ART coverage and population viral
suppression were repeatedly associated with large, measurable
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decreases in HIV incidence. Despite increases in population
levels of viral suppression in both arms, the offer of UTT in
ANRS TasP trial did not induce differences in viral suppres-
sion between intervention and control communities and thus
the trial could not demonstrate a relative reduction in HIV
incidence in the intervention communities. As one of the
world’s largest ongoing HIV incidence cohorts and spanning
the period both immediately before and after the scale-up of
antiretroviral therapy, the AHRI population cohort allowed for
strong experimental separation in ART exposure (i.e., large
differences in ART coverage) and viral suppression between
different population sub-groups. The studies summarized in
this commentary exploited this heterogeneity in ART expo-
sure across individuals and communities, within couples and
households, and over time and space, for a robust quantifica-
tion of the treatment as prevention effect in a real-life setting.

In summary, the recent evidence from controlled,
population-based studies in this typical rural African popula-
tion demonstrates that expanded provision of ART has sub-
stantially and consistently reduced the risk of onward trans-
mission at multiple levels, which has plausibly contributed in
a major way toward the dramatic 43% decline in population-
level HIV incidence. Going forward, however, the incremental
gains in incidence reduction are likely going to be harder to
achieve. The outcome of the ANRS TasP trial constitutes a
powerful null finding with important lessons for overcoming
implementation challenges in the population delivery of ART.
This finding does not imply lack of ART effectiveness in
preventing the onward transmission of HIV nor the inability
to reduce population-level HIV incidence. Rather, it demon-
strates that large increases in ART coverage over current levels
will require health systems innovations to attract people living
with HIV in early stages of the disease to participate in HIV
treatment. Such innovations and new approaches are required
for the true potential of UTT to be realized. Attaining epidem-
ic control will require overcoming existing implementation
barriers to the continued expansion of ART accompanied by
the provision of other primary prevention measures.

Acknowledgements The authors wish to express their sincere gratitude
to Myron Cohen and Salim Abdool Karim for their insightful comments
on the manuscript. FT, AV, HYK and TB were supported by NIH grants
RO1HDO084233 and RO1AI124389.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

Human and Animal Rights and Informed Consent  This article does not
contain any additional studies with human or animal subjects performed
by any of the authors that have not been reported elsewhere.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

@ Springer

adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have been
highlighted as:

+ Of importance

*« Of major importance

1. UNAIDS. UNAIDS data 2019. Geneva: UNAIDS; 2019.

2. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,
Kumarasamy N, et al. Prevention of HIV-1 infection with early
antiretroviral therapy. New Engl J Med. 2011;365:493-505.

3.e¢ Iwuji CC, Orne-Gliemann J, Larmarange J, Balestre E, Thiebaut R,
Tanser F, et al. Universal test and treat and the HIV epidemic in rural
South Africa: a phase 4, open-label, community cluster randomised
trial. Lancet HIV. 2018;5:¢116-¢25. This study reports the pri-
mary outcome of the ANRS 12249 treatment as prevention
trial—the effect of universal test and treat on HIV incidence.

4. Makhema J, Wirth KE, Pretorius Holme M, Gaolathe T, Mmalane
M, Kadima E, et al. Universal testing, expanded treatment, and
incidence of HIV infection in Botswana. New Engl J Med.
2019;381:230-42.

5. Hayes RJ, Donnell D, Floyd S, Mandla N, Bwalya J, Sabapathy K,
et al. Effect of universal testing and treatment on HIV incidence —
HPTN 071 (PopART). New Engl J Med. 2019;381:207-18.

6. Havlir DV, Balzer LB, Charlebois ED, Clark TD, Kwarisiima D,
Ayieko J, et al. HIV testing and treatment with the use of a com-
munity health approach in rural Africa. New Engl J Med. 2019;381:
219-29.

7. Iwuji CC, Orne-Gliemann J, Larmarange J, Okesola N, Tanser F,
Thiebaut R, et al. Uptake of home-based HIV testing, linkage to
care, and community attitudes about ART in rural KwaZulu-Natal,
South Africa: descriptive results from the first phase of the ANRS
12249 TasP cluster-randomised trial. PLoS Med. 2016;13:
¢1002107.

8. Abdool Karim SS. HIV-1 epidemic control - insights from test-and-
treat trials. New Engl J Med. 2019;381:286-8.

9. Birnighausen T, Eyal N, Wikler D. HIV treatment-as-prevention
research at a crossroads. PLoS Med. 2014;11(6):¢1001654.

10. Bérnighausen T, Eyal N, Wikler D. HIV treatment-as-prevention
research: authors’ reply. PLoS Med. 2015;12(3):¢1001799.

11. Brault MA, Spiegelman D, Hargreaves J, Nash D, Vermund SH.
Treatment as prevention: concepts and challenges for reducing HIV
incidence. J Acquir Immune Defic Syndr. 2019;82(Suppl 2):S104—
S12.

12.  Perriat D, Balzer L, Hayes R, Lockman S, Walsh F, Ayles H, et al.
Comparative assessment of five trials of universal HIV testing and
treatment in sub-Saharan Africa. J Int AIDS Soc. 2018:;21(1).

13.  Lundgren J, Phillips A. Prevention of HIV transmission by antire-
troviral therapy. Lancet HIV. 2018;5(3):e108—¢9.


http://creativecommons.org/licenses/by/4.0/

Curr HIV/AIDS Rep (2020) 17:97-108

107

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Camlin CS, Cassels S, Seeley J. Bringing population mobility into
focus to achieve HIV prevention goals. J Int AIDS Soc.
2018;21(Suppl 4):e25136.

Iwuji CC, Ome-Gliemann J, Tanser F, Boyer S, Lessells RJ, Lert F,
et al. Evaluation of the impact of immediate versus WHO
recommendations-guided antiretroviral therapy initiation on HIV
incidence: the ANRS 12249 TasP (treatment as prevention) trial
in Hlabisa sub-district, KwaZulu-Natal, South Africa: study proto-
col for a cluster randomised controlled trial. Trials. 2013;14:230.
Ome-Gliemann J, Larmarange J, Boyer S, Iwuji C, McGrath N,
Barnighausen T, et al. Addressing social issues in a universal HIV
test and treat intervention trial (ANRS 12249 TasP) in South Africa:
methods for appraisal. BMC Public Health. 2015;15:2009.
Larmarange J, Diallo MH, McGrath N, Iwuji C, Plazy M, Thiebaut
R, et al. Temporal trends of population viral suppression in the
context of universal test and treat: the ANRS 12249 TasP trial in
rural South Africa. J Int AIDS Soc. 2019;22(10):€25402.

Plazy M, Farouki KE, Iwuji C, Okesola N, Orne-Gliemann J,
Larmarange J, et al. Access to HIV care in the context of universal
test and treat: challenges within the ANRS 12249 TasP cluster-
randomized trial in rural South Africa. J Int AIDS Soc.
2016;19(1):20913.

Moshabela M, Zuma T, Ome-Gliemann J, Iwuji C, Larmarange J,
McGrath N. “It is better to die”: experiences of traditional health
practitioners within the HIV treatment as prevention trial commu-
nities in rural South Africa (ANRS 12249 TasP trial). AIDS Care.
2016;28(Suppl 3):24-32.

Chamie G, Kamya M, Petersen M, Havlir D. Reaching 90-90-90 in
rural communities in East Africa: lessons from the Sustainable East
Africa Research in Community Health Trial. Curr Opin HIV AIDS.
2019;14(6):449-54.

Chikovore J, Gillespie N, McGrath N, Ome-Gliemann J, Zuma T.
Men, masculinity, and engagement with treatment as prevention in
KwaZulu-Natal, South Africa. AIDS Care. 2016;28(Suppl 3):74—
82.

Mathenjwa T, Kim HY, Zuma T, Shahmanesh M, Seeley J,
Matthews P, et al. Home-based intervention to test and start
(HITS) protocol: a cluster-randomized controlled trial to reduce
HIV-related mortality in men and HIV incidence in women through
increased coverage of HIV treatment. BMC Public Health.
2019;19(1):969.

Tanser F, Hosegood V, Bérnighausen T, Herbst K, Nyirenda M.
Cohort profile: Africa Centre Demographic Information System
(ACDIS) and population-based HIV survey. Int J Epidemiol.
2008;37(5): 956-62.

Tanser F, Kim H-Y, Mathenjwa T, Shahmanesh M, Seeley J,
Matthews P et al. Effect of the HITS intervention on HIV
testing uptake among men in South Africa. Conference on
Retroviruses and Opportunistic Infections. Boston, MA.
2019.

Iwuji C, McGrath N, Calmy A, Dabis F, Pillay D, Newell ML, et al.
Universal test and treat is not associated with sub-optimal antiretro-
viral therapy adherence in rural South Africa: the ANRS 12249
TasP trial. J Int AIDS Soc. 2018;21(6):e25112.

The INSIGHT START Study Group, Lundgren J, Babiker A,
Gordin F, Emery S, Grund B, et al. Initiation of antiretroviral ther-
apy in early asymptomatic HIV infection. New Engl J Med.
2015;373:795-807.

The TEMPRANO ANRS 12136 Study Group, Danel C, Moh R,
Gabillard D, Badje A, Le Carrou J, et al. A trial of early
antiretrovirals and isoniazid preventive therapy in Africa. New
Engl J Med. 2015;373:808-22.

Labhardt ND, Ringera I, Lejone TI, Klimkait T, Muhairwe J,
Amstutz A, et al. Effect of offering same-day ART vs usual health
facility referral during home-based HIV testing on linkage to care
and viral suppression among adults with HIV in Lesotho: the

29.

30.

3L

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43..

CASCADE randomized clinical trial. JAMA. 2018;319(11):
1103-12.

Vogt F, Kalenga L, Lukela J, Salumu F, Diallo I, Nico E, et al. Brief
report: decentralizing ART supply for stable HIV patients to
community-based distribution centers: program outcomes from an
urban context in Kinshasa, DRC. J Acquir Immune Defic Syndr.
2017;74(3):326-31.

Powers KA, Ghani AC, Miller WC, Hoffman IF, Pettifor AE,
Kamanga G, et al. The role of acute and early HIV infection in
the spread of HIV and implications for transmission prevention
strategies in Lilongwe, Malawi: a modelling study. Lancet.
2011;378(9787):256-68.

Cohen MS, Dye C, Fraser C, Miller WC, Powers KA, Williams
BG. HIV treatment as prevention: debate and commentary—will
early infection compromise treatment-as-prevention strategies?
PLoS Med. 2012;9(7):¢1001232.

Akullian A, Bershteyn A, Jewell B, Camlin CS. The missing 27.
AIDS. 2017;31(17):2427-9.

Bérnighausen T, Tugwell P, Rottingen JA, Shemilt I, Rockers P,
Geldsetzer P, et al. Quasi-experimental study designs series-paper
4: uses and value. J Clin Epidemiol. 2017;89:21-9. This study
provides an overview of how quasi-experimental study designs
can be used to improve or increase causal evidence in health
research.

Bérnighausen T, Oldenburg C, Tugwell P, Bommer C, Ebert C,
Barreto M, et al. Quasi-experimental study designs series-paper 7:
assessing the assumptions. J Clin Epidemiol. 2017;89:53—66.
Pencina MJ, D’Agostino RB Sr, Larson MG, Massaro JM, Vasan
RS. Predicting the 30-year risk of cardiovascular disease: the
Framingham Heart study. Circulation. 2009;119(24):3078-84.
Chang LW, Grabowski MK, Ssekubugu R, Nalugoda F, Kigozi G,
Nantume B, et al. Heterogeneity of the HIV epidemic in agrarian,
trading, and fishing communities in Rakai, Uganda: an observation-
al epidemiological study. Lancet HIV. 2016;3(8):e388-e96.
Wawer MJ, Sewankambo NK, Serwadda D, Quinn TC, Paxton LA,
Kiwanuka N, et al. Control of sexually transmitted diseases for
AIDS prevention in Uganda: a randomised community trial.
Rakai Project Study Group. Lancet. 1999;353(9152):525-35.
Vandormael A, Cuadros D, Kim H-Y, Bérnighausen T, Tanser F.
The state of the HIV epidemic in rural KwaZulu-Natal, South
Africa: a novel application of disease metrics to assess trajectories
and highlight areas for intervention. Int J Epidemiol. 2020. https:/
doi.org/10.1093/ije/dyz269.

Tanser F, Barnighausen T, Dobra A, Sartorius B. Identifying ‘cor-
ridors of HIV transmission’ in a severely affected rural South
African population: a case for a shift toward targeted prevention
strategies. Int J Epidemiol. 2018;47(2):537-49.

Tanser F, Barnighausen T, Hund L, Garnett GP, McGrath N, Newell
ML. Effect of concurrent sexual partnerships on rate of new HIV
infections in a high-prevalence, rural South African population: a
cohort study. Lancet. 2011;378(9787):247-55.

Dobra A, Bérnighausen T, Vandormael A, Tanser F. Space-time
migration patterns and risk of HIV acquisition in rural South
Africa. AIDS. 2017;31(1):137-45.

Akullian A, Bershteyn A, Klein D, Vandormael A, Béarnighausen T,
Tanser F. Sexual partnership age pairings and risk of HIV acquisi-
tion in rural South Africa. AIDS. 2017;31(12):1755-64.
Vandormael A, Akullian A, Siedner M, Bérnighausen T, de
Oliveira T, Tanser F. Declines in HIV incidence among men and
women in a South African population-based cohort. Nat Commun.
2019;10(1):5482. This study reports the overall trends in HIV
incidence between 2005 and 2017 using a population-based
cohort in KwaZulu-Natal, South Africa. The study demon-
strates a substantial 43% decline in population-level HIV inci-
dence in this typical rural African population. Men experi-
enced earlier and larger HIV incidence declines than women

@ Springer


https://doi.org/10.1093/ije/dyz269
https://doi.org/10.1093/ije/dyz269

108

Curr HIV/AIDS Rep (2020) 17:97-108

4400

45.

46.

47.

48.

49.

50.

(consistent with higher ART coverage in women as well as scale
up of VMMC). Consistent with treatment as prevention
playing a major role in this population-level reduction, HIV
incidence declined in both circumcised and uncircumcised
men.

Tanser F, Béarnighausen T, Grapsa E, Zaidi J, Newell M-L. High
coverage of ART associated with decline in risk of HIV acquisition
in rural KwaZulu-Natal, South Africa. Science. 2013;339:966-71.
The study demonstrated a clear relationship between ART cov-
erage and risk of HIV acquisition in a hyperendemic rural
South African population.

Wirth K, Barnighausen T, Tanse F, Tchetgen Tchetgen E Abstract
753-S/P: Community-level antiretroviral therapy coverage and HIV
acquisition in rural KwaZulu-Natal, South Africa: an instrumental
variable analysis. Society for Epidemiologic Research. Denver.
2015.

Vandormael A, Newell M-L, Bérnighausen T, Tanser F. Use of
antiretroviral therapy in households and risk of HIV acquisition in
rural KwaZulu-Natal, South Africa, 2004—12: a prospective cohort
study. Lancet Glob Health. 2014;2:¢209-15.

Oldenburg CE, Bor J, Harling G, Tanser F, Mutevedzi T,
Shahmanesh M, et al. Impact of early antiretroviral therapy eligi-
bility on HIV acquisition: household-level evidence from rural
South Africa. AIDS. 2018;32(5):635-43.

Tanser F, Vandormael A, Cuadros D, Phillips AN, de Oliveira T,
Tomita A, et al. Effect of population viral load on prospective HIV
incidence in a hyperendemic rural African community. Sci Transl
Med. 2017;9(420).

Oldenburg CE, Béarnighausen T, Tanser F, Iwuji CC, De Gruttola V,
Seage GR, et al. Antiretroviral therapy to prevent HIV acquisition in
serodiscordant couples in a hyperendemic community in rural
South Africa. Clin Infect Dis. 2016;63:548-54.

Tomita A, Smith CM, Lessells RJ, Pym A, Grant AD, de Oliveira T,
et al. Space-time clustering of recently-diagnosed tuberculosis and
impact of ART scale-up: evidence from an HIV hyper-endemic
rural South African population. Sci Rep. 2019;9(1):10724.

@ Springer

51.

52.

53.

54.

55.

56.

57.

S8.

59.

60.

61.

UNAIDS. Making the end of AIDS real: consensus building around
what we mean by ‘epidemic control’. Glion: UNAIDS; 2018.
Cohen J. HIV treatment as prevention. Science. 2011;334(6063):
1628.

John-Stewart G. Global health: persuasive evidence on HIV policy.
Nature. 2013;495(7442):452-3.

Vandormael A, Dobra A, Birnighausen T, de Oliveira T, Tanser F.
Incidence rate estimation, periodic testing, and the limitations of the
mid-point imputation approach. Int J Epidemiol. 2017;47(1):236—
45.

Vandormael A, Tanser F, Cuadros D, Dobra A. Estimating trends in
the incidence rate with interval censored data and time-dependent
covariates. Stat Methods Med Res. 2019. https://doi.org/10.1177/
0962280219829892.

Baiocchi M, Cheng J, Small DS. Instrumental variable methods for
causal inference. Stat Med. 2014;33(13):2297-340.

Bérnighausen T, Rottingen JA, Rockers P, Shemilt I, Tugwell P.
Quasi-experimental study designs series-paper 1: introduction:
two historical lineages. J Clin Epidemiol. 2017;89:4-11.

Rockers PC, Tugwell P, Rottingen JA, Bérnighausen T. Quasi-
experimental study designs series-paper 13: realizing the full poten-
tial of quasi-experiments for health research. J Clin Epidemiol.
2017;89:106-10.

Angrist JD, Imbens GW, Rubin DB. Identification of causal effects
using instrumental variables. J] Am Stat Assoc. 1996;91(434):444—
55.

Bor J, Moscoe E, Mutevedzi P, Newell ML, Bérnighausen T.
Regression discontinuity designs in epidemiology: causal inference
without randomized trials. Epidemiology. 2014;25(5):729-37.
Moscoe E, Bor J, Barnighausen T. Regression discontinuity designs
are underutilized in medicine, epidemiology, and public health: a
review of current and best practice. J Clin Epidemiol. 2015;68(2):
122-33.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1177/0962280219829892
https://doi.org/10.1177/0962280219829892

	Opportunities...
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Overview of the ANRS 12249 Cluster-Randomized Trial
	Results of the ANRS 12249 Cluster-Randomized Trial
	Key Insights from the ANRS 12249 Cluster-Randomized Trial
	Overview of the AHRI Population-Based Cohort
	Key Findings from the AHRI Population-Based Cohort

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



