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ABSTRACT

BACKGROUND
An interim analysis of data from the HIV Prevention Trials Network (HPTN) 052
trial showed that antiretroviral therapy (ART) prevented more than 96% of geneti-
cally linked infections caused by human immunodeficiency virus type 1 (HIV-1) in
serodiscordant couples. ART was then offered to all patients with HIV-1 infection
(index participants). The study included more than 5 years of follow-up to assess
the durability of such therapy for the prevention of HIV-1 transmission.

METHODS

We randomly assigned 1763 index participants to receive either early or delayed
ART. In the early-ART group, 886 participants started therapy at enrollment (CD4+
count, 350 to 550 cells per cubic millimeter). In the delayed-ART group, 877 par-
ticipants started therapy after two consecutive CD4+ counts fell below 250 cells
per cubic millimeter or if an illness indicative of the acquired immunodeficiency
syndrome (i.e., an AIDS-defining illness) developed. The primary study end point
was the diagnosis of genetically linked HIV-1 infection in the previously HIV-1-
negative partner in an intention-to-treat analysis.

RESULTS

Index participants were followed for 10,031 person-years; partners were followed
for 8509 person-years. Among partners, 78 HIV-1 infections were observed during
the trial (annual incidence, 0.9%; 95% confidence interval [CI], 0.7 to 1.1). Viral-
linkage status was determined for 72 (92%) of the partner infections. Of these
infections, 46 were linked (3 in the early-ART group and 43 in the delayed-ART
group; incidence, 0.5%; 95% CI, 0.4 to 0.7) and 26 were unlinked (14 in the early-
ART group and 12 in the delayed-ART group; incidence, 0.3%; 95% CI, 0.2 to 0.4).
Early ART was associated with a 93% lower risk of linked partner infection than
was delayed ART (hazard ratio, 0.07; 95% CI, 0.02 to 0.22). No linked infections
were observed when HIV-1 infection was stably suppressed by ART in the index
participant.

CONCLUSIONS
The early initiation of ART led to a sustained decrease in genetically linked HIV-1
infections in sexual partners. (Funded by the National Institute of Allergy and
Infectious Diseases; HPTN 052 ClinicalTrials.gov number, NCT00074581.)
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DVANCES IN THE TREATMENT AND CARE

of patients with human immunodefi-

ciency virus type 1 (HIV-1) infection have
led to dramatic reductions in the morbidity and
mortality associated with this disease.! How-
ever, despite intensive public health initiatives
aimed at HIV-1 prevention, more than 2 million
new HIV-1 infections were reported in 2014
worldwide.?

The global HIV-1 epidemic is primarily driven
by sexual transmission.? Potent, durable HIV-1
prevention strategies are required to reduce the
risk of viral transmission from infected persons
to their sexual partners. Observational studies
involving serodiscordant couples have suggested
that antiretroviral therapy (ART) in persons with
HIV-1 infection reduces the risk of sexual trans-
mission of the virus.>* The multinational, ran-
domized, controlled HIV Prevention Trials Net-
work (HPTN) 052 trial was designed to determine
the effect of ART on the transmission of HIV-1
from infected persons to their sexual partners.’”

The HPTN 052 trial enrolled 1763 serodiscor-
dant couples at 13 sites in nine countries. Index
participants (i.e., those with HIV-1 infection) had
CD4+ counts of 350 to 550 cells per cubic milli-
meter. Couples were randomly assigned to two
study groups. In the early-ART group, index
participants initiated ART at the time of enroll-
ment. In the delayed-ART group, index partici-
pants initiated ART when two consecutive
CD4+ counts fell below 250 cells per cubic milli-
meter or they had an illness indicative of the
acquired immunodeficiency syndrome (i.e., an
AIDS-defining illness).

In an interim analysis of study data that was
performed in May 2011 after a median follow-up
of 1.7 years, investigators found that early ART
was associated with a 96% lower risk of index-
to-partner, genetically linked HIV-1 infections
than was delayed ART.’ The interim analysis also
showed that early ART provided health benefits
to the index participants.® The data and safety
monitoring board requested immediate release
of those results. Accordingly, after May 2011, all
index participants who were not already receiv-
ing ART were offered ART, regardless of the
CD4+ count.® The trial continued as prespecified
through May 2015 to assess the durability of the
effect of ART on HIV-1 transmission. This report
presents the final results of the HPTN 052 trial.
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METHODS

STUDY DESIGN

The HPTN 052 trial enrolled participants in Ma-
lawi, Zimbabwe, South Africa, Botswana, Kenya,
Thailand, India, Brazil, and the United States,
with pilot enrollment from April 2005 through
May 2007 and full enrollment from June 2007
through May 2010.> Detailed descriptions of the
study and interim study results have been pub-
lished previously.>®® Data analysis was conduct-
ed in accordance with a prespecified analysis
plan, as reported previously.>®

At enrollment, index participants reported no
previous use of antiretroviral drugs, with the
exception of short-term use for the prevention of
mother-to-child transmission. Couples were ran-
domly assigned to one of the two above-men-
tioned study groups. Prophylaxis with isoniazid
or trimethoprim—sulfamethoxazole was provided
to index participants according to local guide-
lines. Follow-up visits were conducted monthly
for 3 months after enrollment and then quarterly.

CLINICAL AND LABORATORY EVALUATIONS

At the time of enrollment and at follow-up visits,
index participants underwent clinical and labo-
ratory evaluations and received condoms and
counseling for risk reduction and medication ad-
herence. Their partners who were free of HIV-1
infection were followed on the same visit sched-
ule and were tested for HIV-1 at each study visit.
Partner infections were confirmed at the HPTN
Laboratory Center at Johns Hopkins University
School of Medicine. After public release of the
interim results in May 2011, all index partici-
pants were offered ART.

ASSESSMENT OF GENETIC LINKAGE

The genetic linkage of partner infections was
assessed by means of phylogenetic analysis of
HIV-1 polymerase (pol) region sequences, includ-
ing sequences from index—partner pairs, sequenc-
es from unrelated index participants, and refer-
ence sequences. Probability of linkage was also
assessed by means of Bayesian methods to com-
pare genetic distances between sequences from
index—partner pairs and unrelated participants.
Selected cases were further analyzed by phyloge-
netic analysis of HIV-1 envelope (env) region se-
quences obtained with the use of next-generation
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sequencing. Additional testing was performed to
assess the timing of HIV-1 infection in selected
cases. These methods have been described previ-
ously®!® and are summarized in the Supplemen-
tary Appendix, which is available with the full
text of this article at NEJM.org.

STUDY OVERSIGHT

The study was funded by the National Institute of
Allergy and Infectious Diseases, which assumed
all sponsor responsibilities through an investi-
gational new-drug application with the Food
and Drug Administration. The study protocol,
available at NEJM.org, was approved by the insti-
tutional review board or ethics committee at
each study site, as well as by other local regula-
tory bodies, as appropriate, and by the institu-
tional review board at the U.S. Centers for
Disease Control and Prevention (CDC) for the
CDC-affiliated site in Kenya. All study partici-
pants provided written informed consent. The
antiretroviral drugs that were used in the study
were donated by Abbott Laboratories, Boeh-
ringer Ingelheim, Bristol-Myers Squibb, Gilead
Sciences, GlaxoSmithKline/ViiV Healthcare, and
Merck. The drug manufacturers were not involved
in the design or management of the study or in
the analysis or reporting of the data. The au-
thors vouch for the completeness and accuracy
of the data and the analysis and for the fidelity
of this report to the protocol.

STATISTICAL ANALYSIS

A detailed description of the statistical consider-
ations and the HPTN 052 statistical analysis
plan have been published previously.” The statis-
tical analysis was performed on an intention-to-
treat basis of the index participant’s randomiza-
tion assignment to assess the primary end point
of incident partner infections during the study
follow-up. If an HIV-1-negative partner was lost
to follow-up before the primary end point was
reached, the index partner remained in the study.
In some cases, index participants found new
partners who were willing to be enrolled. Such
replacement partners were included in the statis-
tical analysis as if they had been the original
partners. Replacement partners were enrolled
throughout the study, both before and after the
release of the interim study results. We used the
Kaplan—-Meier method to calculate cumulative
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event probabilities; person-year analyses were
used to determine HIV-1 incidence rates before
and after the public release of the interim study
results. We used Cox regression models to esti-
mate relative risk, as expressed by means of
hazard ratios for the treatment effect of early
ART versus delayed ART, with or without key
baseline covariates, after adjustments, along
with the 95% confidence intervals.

RESULTS

TRIAL PARTICIPANTS

The HPTN 052 trial enrolled 1763 serodiscor-
dant couples (886 in the early-ART group and
877 in the delayed-ART group) (Fig. 1). The me-
dian follow-up time was 5.5 years (range, 0.0 to
9.9) for the early-ART group and 5.5 years
(range, 0.1 to 9.9) for the delayed-ART group.
The interim study results were released to the
public on May 12, 2011. At that time, 1702 (97%)
of the index participants remained in the study,
along with 1563 (89%) of the partners, including
3 partners who were retained after the index par-
ticipant discontinued involvement in the study.
Rates of retention were similar in the two study
groups (Fig. S2 in the Supplementary Appendix).
By the end of the study (May 2015), 1536 (87%)
of the index participants remained in the study,
with 10,031 person-years of follow-up; 1165 (66%)
of the couples remained in the study, with simi-
lar distribution in the two study groups (Fig. S2
in the Supplementary Appendix). Partners were
followed for 8509 person-years. Rates of annual
visit attendance among the partners were similar
in the two study groups; the reasons for early
discontinuations among the partners are shown
in Figure 1.

Among male partners, there was no signifi-
cant between-group difference in the rate of
circumcision between the early-ART group and
the late-ART group during the course of the
study (22.3% and 18.3%, respectively; P=0.13).
The rates of sexually transmitted infections that
were detected among the index participants were
also similar in the two study groups (Table S1 in
the Supplementary Appendix).

RELEASE OF INTERIM ANALYSIS
By May 2011, all index participants in the early-
ART group and 26% of those in the delayed-ART
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1763 Couples (index participants with
HIV-1 infection and their partners)
underwent randomization

886 Index participants were assigned
to early antiretroviral therapy (ART)

17 New partners were enrolled

877 Index participants were assigned
to delayed antiretroviral therapy (ART)

13 New partners were enrolled

903 Partners were enrolled

2 Partners were HIV-1-infected
at enrollment

890 Partners were enrolled

2 Partners were HIV-1-infected
at enrollment

Annual partner visit attendance

Yri1 779/860 91%
Yr2 726/840 86%
Yr3 686/822 83%
Yr4 649/806 81%
Yrs 606/782 77%
Yré 327/463 71%
Yr7 146/192 76%
Yrg 30/33 91%
Yro 30/33 91%
Yr10 4/4 100%

Annual partner visit attendance

Yrl 782/859 91%
Yr2 734/837 88%
Yr3 687/818 84%
Yr4 648/794 82%
Yrs 617/781 79%
Yré 350/464 75%
Yr7 137/187 73%
Yr8 29/36 81%
Yro 27/33 82%
Yr 10 4/4 100%

244 Partners discontinued participation

15 Died

50 Declined further participation

13 Were unable to adhere to visit
schedule

14 Relocated

5 Were withdrawn by investigator
16 Could not be contacted
117 Ended relationship with index

participant

14 Had other reasons

226 Partners discontinued participation
16 Died
49 Declined further participation
14 Were unable to adhere to visit
schedule
9 Relocated
2 Were withdrawn by investigator
11 Could not be contacted
106 Ended relationship with index
participant
19 Had other reasons

Figure 1. Study Randomization and Outcomes.

Shown are data on the randomization of couples, enrollment of partners, partner visit attendance, and reasons for
early discontinuation of partners in the study. Thirty additional partners (17 in the early-ART group and 13 in the delayed-
ART group) were enrolled throughout the course of the study to replace partners who discontinued their participation
in the study before reaching a primary study end point. The four partners who were found to have HIV-1 infection at
study enrollment were excluded from the analysis. Visit attendance is shown for annual visits only; actual study visits
occurred at least quarterly. The data for annual visit attendance are presented as the number of partners (nonindex
participants) who were retained per the number who were expected at each year-end visit. The number retained re-
fers to the number of partners who completed visits or reached a study end point (i.e., death of the index participant
or the diagnosis of HIV-1 infection in the partner). The expected number refers to the number of partners who did
not discontinue participation in the study because of death or the termination of the relationship with the index par-
ticipant before the end of the allowable visit period.
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Table 2. Characteristics of Eight Linked Partner Infections Diagnosed after the Index Participant Initiated ART.*
No. of Days
between Last Last Index
Index Viral Measure of Index  Viral Load
Suppression Viral Load and before
6 Mo after ART Estimated Estimated
Case Age at ART Initiation InitiationT No. of Days before or after ART Initiation: Infection Date  Infection Date
Partner’'s Last  Partner’s Estimated
Index ART Negative  First Positive Infection Date
Participant ~ Partner Failuref  HIV-1Test  HIV-1Test (95% CI)q
yr copies/ml
A 43 52 Yes NA -35 35 -5 (-18 to 10) 34 278,398
B 24 24 Yes NA -1 84 0(-32t0 19) 1 87,202
C 50 54 Yes NA 0 59 5 (-4 to 22) 5 48,316
D 34 34 No 261 -42 49 4 4 >750,000
E 25 29 No 208 1019 1106 1062 43 65,128
F 30 22 Yes 441 1617 1716 1667 50 617
G 46 26 No 362 2095 2228 2162 67 43,486
H 28 19 No 891 860 1419 1140 ND| ND|

* HIV-1 infection was diagnosed in eight partners after the infected index participant initiated ART. NA denotes not applicable, and ND not

determined.

“Yes” indicates that the index participant had viral suppression (viral load, <400 copies per milliliter) 6 months after ART initiation.

1 The number of days between ART initiation (day 0) and other events is shown; negative numbers indicate days before ART initiation; posi-
tive numbers indicate days after ART initiation.

§ The initial ART regimen failed in five of the eight index participants. ART failure was defined as a viral load of more than 1000 copies per
milliliter on two consecutive visits after receiving ART for more than 24 weeks.

9 In cases A, B, and C, the index participant had viral suppression at the time that HIV-1 infection was diagnosed in the partner. In those cas-
es, the infection date was estimated with the use of Bayesian evolutionary analysis by sampling trees (BEAST) and other molecular and se-
rologic methods and included 95% confidence intervals.! In cases D through H, the infection date was estimated as the midpoint between
the partner’s last negative test and first positive test for HIV-1.

| In case H, the partner was lost to follow-up for an extended period. The partner’s last negative HIV-1 test was 860 days after the initiation of
ART in the index participant, and the partner’s first positive HIV-1 test was on day 1419. Four measurements of viral load were obtained for
the index participant between day 860 and day 1419 (10,457 copies per milliliter on day 891, 15,944 copies on day 955, <400 copies on day

980, and <400 copies on day 1008).

ner was diagnosed with HIV-1 infection less than
90 days after the index participant started ART.
In these cases, further analysis suggested that
all four of these infections probably occurred
before the infection was virally suppressed in
the index participant (Table 2). In the other four
cases, partner infection occurred after ART
failed in the index participant.®®

RISK OF PARTNER HIV-1 INFECTION

In an intention-to-treat analysis to compare the
number of linked partner infections in the two
study groups (the primary study end point), early
ART was associated with a 97% lower risk than
was delayed ART as of May 2011 and a 93%
lower risk during the entire study. This analysis
also showed an estimated 90% lower risk of all
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partner infections (regardless of linkage status)
as of May 2011 and a 69% lower risk in all part-
ner infections during the entire study in the
early-ART group (Table 1).

In the Kaplan—Meier analysis, there was an
immediate and sustained reduction in linked
partner infections after the initiation of ART in
the index participant (Fig. 2). The incidence of
HIV-1 infection in the delayed-ART group was
36 per 1731.1 person-years from the beginning
of the trial through May 12, 2011, and then
fell to 7 per 2453.6 person-years after May 12,
2011, to the end of the trial (Table 1). Detailed
information on the incidence of partner infec-
tions during each year of study follow-up is
provided in Table S2 in the Supplementary Ap-
pendix.
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ASSOCIATION BETWEEN INFECTION AND STUDY R
VARIABLES A All Partner Infections
.o L . . 1.0+ 0.10+
Univariate and multivariate intention-to-treat 09 Delayed ART
analyses were performed to examine the associa- Yy 0.08+ -
tion between the study group and other factors = o7 0.06-] O
With. all partner infections and with linked part- -:g; 0.6 0.044 ',:' Early ART
ner infections (Table 3). In these analyses, the & 05 oond o
hazard ratios for the association between the f; 0.4 1
study group and partner infection were nearly g 03 °~°°0 A
. . . . . . . =
identical in both univariate and multivariate O 02
models. The analysis also showed that an in- 014 mmmrmmemmm—— e
creased CD4+ count among the index participants 0.0 == T T T 1
. . . . . 0 2 4 6 8 10
at baseline was associated with both linked in- Veare since Randomizati
. . . . t
fections and all infections among partners; in ears since Randomization
s : : : : No. at Risk
addition, an mcr.ease_d baseline 1n§ex VlI"al load Early ART 003 808 746 697 645 569 263 95 28 26 1
was associated with linked partner infections. In Delayed ART 890 792 715 663 611 536 269 99 21 19 2
the delayed-ART group, an increased CD4+ count
at baseline was associated with a longer time | B Linked Partner Infections
until the initiation of ART (hazard ratio, 0.90; 1.0 0.10-
95% CI, 0.85 to 0.96; P=0.002), whereas an in- 0.5 0.08-
creased viral load at baseline was associated £ g'i' 0.06 Delayed ART
with a shorter time until the initiation of ART g oe e
(hazard ratio, 1.31; 95% CI, 1.19 to 1.44; P<0.001). g o 0
Less _frequent condom use (<1Q0°/o, by §elf—rep9rt é 0:4_ 0.02+ ;_,' Early ART
by either partner) was associated with an in- 2 o0s X — —_—T
creased risk of both linked infections and all S o2l oz 4 6 8 10
infections among partners. 014
0.0 ""’.--- T T T 1
0 2 4 6 8 10
DISCUSSION ) o
Years since Randomization
Over the course of our study involving HIV-1 No. at Risk
; 0 Early ART 903 808 746 697 645 569 263 95 28 26 1
s?rodlscordapt CouPleS’ there was 4 _93 o lower Delayed ART ~ 890 792 715 663 611 536 269 99 21 19 2
risk of genetically linked HIV-1 infection among
partners in the early-ART group than in the de- | Figure 2. Kaplan-Meier Estimates of the Risk of HIV-1 Infection among
layed-ART group in the intention-to-treat analy- | Partners of Index Participants.
sis. Between May 2011 and May 2015, there were | Shown are the cumulative probabilities of all partner infections (Panel A)
only two cases of linked HIV-1 infection per and genetically linked partner infections (Panel B) during study follow-up.
2573 person-years of follow-up. After May 2011, The insets show the same data on an expanded y axis.

couples in the delayed-ART group also derived a
benefit from the evolving initiation of ART.
However, even during the latter part of the study,
the risk of linked HIV-1 infection among part-
ners remained higher in the delayed-ART group
than in the early-ART group (Table 1 and Fig. 2,
and Table S2 in the Supplementary Appendix).
Over the course of the study, eight genetically
linked partner infections were observed after the
index participant had initiated ART (three in the
early-ART group and five in the delayed-ART
group). In all eight cases, the data indicated that
the index participant was most likely viremic at
the time of HIV-1 transmission, although it was
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not possible to measure the viral load at the time
of the transmission event. The relationship be-
tween viremia and HIV transmission that we
observed in this study emphasizes the impor-
tance of counseling with respect to the potential
for HIV-1 transmission before viral suppression
is achieved, of close monitoring of the viral load
during treatment, and of responding quickly in
cases of ART failure.! Previous studies have re-
ported the transmission of HIV-1 by only one
participant in whom the infection was stably
suppressed during receipt of ART.!*!* However,
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Table 3. Hazard Ratios for the Association of All Partner Infections and Linked Partner Infections with Study Group, Clinical Factors,
and Demographic Factors (Intention-to-Treat Analysis).*

Variable All Partner Infections Linked Partner Infections

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

hazard ratio (95% Cl)

Early vs. delayed ART with follow-up
through May 2015

0.32 (0.19-0.54) 0.34 (0.20-0.57) 0.07 (0.02-0.22) 0.08 (0.02-0.25)

Baseline CD4+ count per 100
increment

1.19 (1.02-1.38) 1.21 (1.04-1.41) 1.22 (1.02-1.47) 1.25 (1.05-1.48)

Baseline viral load per unit logo
increment

1.08 (0.82-1.42) 1.18 (0.89-1.56) 1.70 (1.15-2.51) 1.88 (1.24-2.87)

Male sex vs. female sex of index
participant

0.85 (0.54-1.35) 0.86 (0.54-1.39) 0.94 (0.52-1.70) 0.86 (0.47-1.59)

Baseline condom use of 100%
vs. <100% by either partner

0.34 (0.19-0.64) 0.33 (0.18-0.61) 0.35 (0.16-0.76) 0.34 (0.15-0.75)

* Hazard ratios were calculated by means of both univariate and multivariate Cox regression analysis, stratified according to study site. The
results are similar to those calculated by means of unstratified Cox regression analysis (not shown). All the associations were significant
(P<0.05) except for baseline viral load in the analysis of all partner infections and male sex versus female sex of the index participant in the
analyses of all partner infections and linked partner infections.

we did not document any such transmission
events in this study.

After the release of the interim study results,
17% of the index participants in the delayed-ART
group initially chose not to start ART, even
though they were informed of the personal and
public health benefits of such therapy (Fig. S3
in the Supplementary Appendix). This finding
probably reflects the relative good health of the
participants with HIV-1 infection and the former
recommendations of worldwide guidelines that
ART was not required for the treatment of infec-
tion until there was a decrease in the CD4+
count or a deterioration in health.* We hope
that the newly emphasized importance of early
initiation of ART™'® will encourage patients
with HIV-1 infection to start such therapy with-
out delay.

Unlinked partner infections (i.e., cases in
which the partner was most likely infected by
someone other than the enrolled index partici-
pant) were observed in the two study groups and
represented approximately 30% of partner infec-
tions throughout the study; a similar frequency
of unlinked infections was reported in another
study involving serodiscordant couples.’ We ob-
served one unlinked partner infection for every
300 person-years of follow-up. The prevention of
unlinked HIV-1 infections will require the use of
combination prevention strategies that target
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the broader community.?® Data on the frequency
of linked and unlinked partner infections may
be helpful for advising HIV-1 serodiscordant
couples**? and clarifying the assumptions that
are used in mathematical modeling and cost-
effectiveness exercises.?

As expected, index participants who had in-
creased viral loads at baseline were significantly
more likely to transmit HIV-1 to their sexual
partners.* In contrast, self-reported condom use
by either partner was associated with a reduced
risk of HIV-1 acquisition. An increased baseline
CD4+ count among index participants in the
delayed-ART group was associated with a greater
probability of linked partner infections, which
may reflect a longer delay in the initiation of
ART and thus more opportunity for HIV-1 trans-
mission.

Previous observational studies involving par-
ticipants with HIV-1 infection have shown lower
rates of viral transmission both among hetero-
sexual couples®** and among men who have sex
with men® when the infected person was receiv-
ing ART. The final results of the HPTN 052 trial
are consistent with those findings and support
the importance of viral suppression for HIV-1
prevention. Recent reports have shown that very
early initiation of ART can preserve immune
function and reduce complications of HIV-1
infection.’®*® In our study, the early initiation of
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ART also provided health benefits to the par-
ticipants receiving treatment.?®

In 2015, the World Health Organization re-
vised its guidelines to include recommendations
for universal HIV-1 testing and the provision of
ART to all persons with HIV-1 infection, regard-
less of CD4+ count.” Clinical trials are now
evaluating the extent to which the provision of
early therapy can reduce the population-level
incidence of HIV-1 infection.?**® The most effec-
tive implementation of ART for HIV-1 prevention
on a population level will require intensive HIV-1
testing programs and reliable and sustained
programs for immediate and universal access to
HIV-1 therapy.”

In conclusion, the final results of the HPTN

PREVENT HIV-1 TRANSMISSION

sexual transmission of the virus. These findings
support the results of observational studies and
controlled clinical trials showing the personal
and public health benefits of the earliest possi-
ble initiation of HIV-1 treatment.

The findings and conclusions in this article are those of the
authors and do not necessarily represent the views of the CDC.
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