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Antiretroviral therapy to prevent HIV transmission in
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observational cohort study
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Summary

Background On the basis of the results of the randomised clinical trial HPTN 052 and observational studies, WHO
has recommended that antiretroviral therapy be offered to all HIV-infected individuals with uninfected partners of
the opposite sex (serodiscordant couples) to reduce the risk of transmission. Whether or not such a public health
approach is feasible and the outcomes are sustainable at a large scale and in a developing country setting has not
previously been assessed.

Methods In this retrospective observational cohort study, we included treated and treatment-naive HIV-positive
individuals with HIV-negative partners of the opposite sex who had been added to the national HIV epidemiology and
treatment databases between Jan 1, 2003 and Dec 31, 2011. We analysed the annual rate of HIV infection in HIV-
negative partners during follow-up, stratified by treatment status of the index partner. Cox proportional hazards
analyses were done to examine factors related to HIV transmission.

Findings Based on data from 38862 serodiscordant couples, with 101295-1 person-years of follow-up for the
seronegative partners, rates of HIV infection were 2-6 per 100 person-years (95% CI 2-4-2-8) among the
14805 couples in the treatment-naive cohort (median baseline CD4 count for HIV-positive partners 441 cells per pl
[IQR 314-590]) and 1-3 per 100 person-years (1-2-1-3) among the 24057 couples in the treated cohort (median
baseline CD4 count for HIV-positive partners 168 cells per pl [62-269]). We calculated a 26% relative reduction in
HIV transmission (adjusted hazard ratio 0-74, 95% CI 0-65-0-84) in the treated cohort. The reduction in
transmission was seen across almost all demographic subgroups and was significant in the first year (0-64,
0-54-0-76), and among couples in which the HIV-positive partner had been infected by blood or plasma transfusion
(0-76, 0-59-0-99) or heterosexual intercourse (0-69, 0-56-0-84), but not among couples in which the HIV-positive
partner was infected by injecting drugs (0-98, 0-71-1-36).

Interpretation Antiretroviral therapy for HIV-positive individuals in serodiscordant couples reduced HIV transmission
across China, which suggests that the treatment-as-prevention approach is a feasible public health prevention strategy
on a national scale in a developing country context. The durability and generalisability of such protection, however,
needs to be further studied.

Funding Chinese Government’s 12th Five-Year Plan, the National Natural Science Foundation of China, and the
Canadian International Development Research Centre.

Introduction

The beneficial role of antiretroviral therapy in reduction
of mortality in people infected with HIV has been
clearly shown.* The additional role of antiretroviral
therapy in reduction of HIV viral load and thereby
prevention of transmission of HIV® in serodiscordant
couples (in which one partner is HIV-positive and the
other HIV-negative) was suggested by investigators of
several observational studies*™ and in 2011 was lent
support by the results of the prospective, randomised
clinical trial HPTN 052." Because of the strength of
these studies, but despite the absence of evidence to
show the feasibility and durability of such a public
health approach on a national scale, WHO has issued
guidelines recommending that antiretroviral therapy
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be offered to the HIV-positive partner from all
serodiscordant couples, irrespective of CD4 cell count,
to reduce the risk of HIV transmission.”

By the end of 2011, China had an estimated
780000 people infected with HIV. Since the beginning of
the national treatment programme in 2003, a cumulative
total of 157050 individuals have received antiretroviral
therapy.” One meta-analysis of studies in HIV sero-
discordant couples from China reported an overall rate
of 1-2 infections per 100 person-years (95% CI 0-9-1-7).*
However, these individual studies did not measure the
effect of antiretroviral treatment on transmission, so the
meta-analysis was also unable to analyse the effect of
treatment. The investigators did, however, suggest that
treatment was beneficial on the basis of a subanalysis
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that showed a decrease in rates of infection in the years
after the scale-up of treatment (2005-11), compared with
the years before treatment was available (1994-2004). In
this study, our aim was to measure the effect of anti-
retroviral therapy on the transmission of HIV in sero-
discordant couples across China, and thereby assess
the feasibility and durability of such a treatment-as-
prevention approach on a national scale in a developing
country context.

Methods

Study design and procedures

All individuals in China who test HIV-positive are
reported to the National Center for AIDS/STD Control
and Prevention at the Chinese Center for Disease Control
and Prevention (China CDC). Baseline data from these
individuals, including demographic characteristics, route
of infection, and CD#4 cell count, are captured in the
national HIV epidemiology database. The local CDC
follows up individuals who report a spouse or regular sex
partner with whom they cohabit, and tests them for HIV,
with repeat tests recommended every 6 months for
partners who test negative. All HIV-positive individuals
are also followed up every 6 months for a repeat CD4 cell

444712 HIV-positive individuals in the national
HIV epidemiology database

v

56726 HIV-positive individuals reported an
HIV-negative partner of opposite sex
(serodiscordant couple) at baseline visit

5490 excluded
2607 could not be matched to databases
2883 had been previously treated

v

v

v

25056 couples with no treatment started at
baseline and throughout follow-up

26180 couples with treatment started for
index partner at baseline visit

A 4

9775 had no follow-up HIV test
result recorded for partner

1100 had no follow-up HIV test
result recorded for partner

A\ 4

v

v

15281 couples with at least one follow-up HIV
test result for partner

25080 couples with at least one follow-up HIV
test result for partner

476 excluded

1023 excluded

count, with the data recorded in the epidemiology data-
base. HIV-positive individuals who meet the Chinese
national treatment criteria (WHO stage 3 or 4 disease or
CD4 count of 350 cells per pl or less [cutoff increased
from 200 cells per pl in 2008]) are referred for treatment
with standard three-drug therapy, with subsequent
treatment outcomes captured in the national HIV
treatment database. "5

We retrospectively analysed the national HIV epi-
demiology and treatment databases to identify sero-
conversion rates over time among HIV serodiscordant,
heterosexual couples, stratified by HIV treatment
status. Using data downloaded from these databases on

104 baseline visits were
before Jan 1, 2003, or
after Dec 31, 2011

A

A

v

331 had inconsistent
follow-up data recorded
41 were younger than
18 years

14 805 couples in treatment-naive cohort

v

211 baseline visits were
before Jan 1, 2003, or
after Dec 31, 2011

809 had inconsistent

follow-up data recorded
3 were younger than
18 years

v

| 24057 couples included in treated cohort

Figure 1: Study profile
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Route of HIV infection

On treatment Treatment-naive
(n=24057) (n=14805)

Duration of follow-up (years) 2-4(0:7-5-3) 12 (0-5-2'5)
Number of HIV tests for 2:6(1-2) 2.0 (0-9)
seronegative partner per year
Sex

Male 14273 (59%) 9685 (65%)

Female 9784 (41%) 5120 (35%)
Age (years)

18-24 655 (3%) 1754 (12%)

25-44 15971 (66%) 10210 (69%)

245 7431 (31%) 2841 (19%)
Education

No schooling 2166 (9%) 1476 (10%)

Primary school 8065 (34%) 4477 (30%)

Secondary school 10157 (42%) 6317 (43%)

Post-secondary school 3390 (14%) 2305 (16%)

Missing data 279 (1%) 230 (2%)
Marital status

Living with partner 2233 (9%) 2256 (15%)

Married 21808 (91%) 12531 (85%)

Missing data 16 (<1%) 18 (<1%)
Occupation

Farmer 17148 (71%) 9026 (61%)

Other 6909 (29%) 5779 (39-0%)

Blood or plasma transfusion 12109 (50%) 2302 (16%)
Heterosexual intercourse 8710 (36%) 8163 (55%)
Homosexual intercourse* 929 (4%) 777 (5%)
Injecting drug use 1628 (7%) 2954 (20%)
Other or unknown 681 (3%) 609 (4%)
CD4 cell count (per pL)
<250 11006 (46%) 1856 (13%)
250-349 3063 (13%) 1183 (8%)
350-550 1117 (5%) 3977 (27%)
>550 427 (2%) 3098 (21%)
Missing data 8444 (35%) 4691 (32%)

Data are median (IQR), mean (SD), or n (%). *Homosexual intercourse refers to
intercourse between two men only.

by treatment

Table 1: Baseline characteristics of index patient (HIV-positive partner)
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Jan 1, 2012, we assessed serodiscordant couples from
across the country reported between Jan 1, 2003 and
Dec 31, 2011. A couple was defined as two people of
opposite sex who reported a continuing sexual relation-
ship, and who were either married or unmarried but
living together. Serodiscordant couples from the data-
bases were included if: at the baseline visit, one partner
was HIV-positive (index patient or partner) and the
other tested HIV-negative; and at least one additional
follow-up HIV test result was recorded for the HIV-
negative partner. Individuals in the treatment database
were linked to their own records in the epidemiology
database by use of their unique treatment identification
numbers or national identification numbers.

Couples were stratified by treatment status of the
index partner at the baseline visit into a treatment-naive
(did not yet meet national treatment criteria) and a
treated cohort. Baseline characteristics of the index
patients were extracted from the databases and rates of
HIV seroconversion calculated for the two groups. To
ensure no overlap between the cohorts, only couples
that were treatment-naive at baseline and throughout
follow-up were included in the treatment-naive cohort.
Individuals from either cohort for whom key data were
missing or inconsistent (seemingly because of errors in
data entry) were excluded. The analysis was reviewed
and approved by the institutional review board of the
National Center for AIDS/STD Control and Prevention
at China CDC.

The primary outcome was annual rate of HIV
infection in HIV-negative partners during the 9 years
of follow-up, stratified by whether or not the index
patient was treated. The date of HIV seroconversion
was defined as the midway point between the last
negative test date and the first positive test date. Rates
of infection were also stratified according to the
baseline characteristics of the index partner: age, sex,
CD4 count (<250, 250-349, 350-550, or >550 cells per
plL), route of infection (heterosexual intercourse, male
homosexual intercourse, blood or plasma transfusion,
or injecting drug use), education status, occupation,
and marital status.

Statistical analysis
The rate of HIV infection was calculated by dividing
the number of seroconversions each year by the total
number of person-years that year. We used Kaplan-Meier
analysis to calculate the survival probabilities for the
remaining HIV-negative partners by year, and used Cox
proportional hazards ratios to compare rates of infection
between the two groups. Couples who were lost to follow-
up (including couples who separated during the follow-
up period) or in which either partner died were
right-censored on the date of last contact.

To investigate whether the rate of infection differed by
treatment status of the index patient, we compared
univariate and multivariate Cox proportional hazards
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regression analyses, stratified by treatment status, to
estimate hazard ratios (HRs; reported with 95% CIs).
Factors included in the adjusted models were duration of
follow-up, sociodemographic variables (sex, age, edu-
cation, marital status, and occupation), route of HIV
infection, and baseline CD4 cell count of the index
patient. For the route of infection, HIV has mainly been
transmitted in China through sexual contact, injecting
drug use, and, in the early-to-mid-1990s, plasma dona-
tion” (included in our analysis under the category of
index patients infected by blood or plasma transfusion).
Each of these three transmission groups has different
demographic characteristics and different continuing
transmission risks for sexual partners.

Although we were unable to include specific sexual risk
variables (frequency of sexual intercourse, number of
partners, other sexually transmitted infections, condom
use), since these were not captured in the databases, we
did compare rates of HIV transmission and adjusted
HRs for each transmission group directly between
individuals who were treated and those who were not.
Additionally, for those HIV-negative partners who
became infected, we further examined univariate and
multivariate Cox proportional HRs for factors related to
infection. This analysis used the same variables as were
used to calculate the adjusted HRs and was also stratified
by treatment status.

A two-sided p value of 0-05 or less was regarded as
significant. The data linkage between the epidemiology
and treatment databases was double-checked in both a
relational database designed in SQL Server 2008 and in
SPSS version 170. Statistical analyses were done with
SPSS version 170.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all data in the study and had final responsibility
for the decision to submit for publication.
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Figure 2: Serodiscordant couples enrolled, by year
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Results

As of Dec 31, 2011, 444712 HIV-positive individuals were
recorded in China’s national HIV epidemiology data-
base. 56726 of these individuals were identified as having
an HIV serodiscordant spouse or cohabiting partner of
the opposite sex at their baseline visit. 2607 couples were

excluded because their epidemiology and treatment
database records could not be matched, and a further
2883 couples were excluded because they had previously
received treatment. Of the remaining couples, 26180 had
treatment started for the index patient at the baseline
visit and 25056 remained treatment-naive throughout

On treatment (n=24 057)

Treatment-naive (n=14 805)

HR (95% Cl) Adjusted HR (95% Cl)

Seroconversions Person-years Rate* (95% Cl) Seroconversions Person-years Rate* (95% Cl)
Total 935 745368 13(12-13) 696 267583 2.6 (2:4-2-8) 0-61 (0-55-0-67) 074 (0-65-0-84)
Duration of follow-up
<lyear 463 19793-8 2:3(21-2:6) 467 111223 4-2 (3-8-4-6) 0-56 (0-49-0-63) 0-64 (0-54-0-76)
>1to <2 years 196 147937 13 (1-1-15) 127 63341 2:0 (1:7-2+4) 0-66 (0-53-0-82) 0-75 (0-56-1-01)
>2to <3 years 111 116581 1.0 (0-8-1-1) 55 38423 1.4 (11-1-8) 0-67 (0-48-0-92) 0-87 (0-57-1-34)
>3to <4 years 65 92314 07 (0-5-0-9) 26 22514 1.2 (0-7-1-6) 0-61 (0-39-0-96) 0-99 (0-55-1-79)
>4 1o <5 years 42 7400-7 6(0-4-07) 13 14942 09 (0-4-13) 0-65 (0-35-1-21) 0-81 (0-37-1-76)
>5to <6 years 22 57761 0-4 (0-2-0-5) 4 1009-0 0-4 (0-0-0-8) 096 (0:33-279) 142 (0-41-4-93)
>6to <7 years 23 40233 6(0-3-0-8) 3 572:2 0-5 (0-0-1-1) 1.09 (0-33-3-63) 116 (0-24-5-64)
>7to <9 years 13 18597 07(0-3-11) 1 132:8 8(0-0-2:2) 0-93 (0-12-7-09) 0-17 (0-02-1-67)
Index patient baseline characteristics
Sex
Male 498 396656 13(11-1-4) 393 17170-0 23(21-2:5) 0-66 (0-58-0-76) 0-75 (0-63-0-90)
Female 437 348711 13 (1-1-1-4) 303 95883 3-2(2:8-3:5) 0-53 (0-45-0-61) 0-73 (0-60-0-88)
Age (years)
18-24 25 10385 2:4(1:5-3-4) 104 2816.9 3.7 (3:0-4-4) 0-67 (0-43-1-04) 0-97 (0-57-1-65)
25-44 635 516219 12 (1-1-1-3) 478 19781.9 2-4(2:2-2:6) 0-64 (0-57-0-72) 0-80 (0-69-0-94)
245 275 21876-4 13 (1-1-1-4) 114 4159-6 2:7(2:2-3-2) 0-59 (0-47-0-73) 0-60 (0-46-0-78)
Education
No schooling 104 86366 2 (1-0-1-4) 69 2681.9 2:6 (2:0-3-2) 0-63 (0-46-0-86) 0-92 (0-61-1-41)
Primary school 360 286522 3 (1-1-1-4) 242 88432 27 (2:4-3-1) 0-57 (0-49-0-68) 0-67 (0-55-0-83)
Secondary school 363 299112 12 (11-13) 285 11547-9 5(2:2-2-8) 0-61 (0-52-0-71) 0-73 (0-60-0-90)
Post-secondary school 91 6309-0 1.4 (11-17) 89 3204-8 2:8(2:2-3-4) 0-62 (0-46-0-83) 0-73 (0-49-1-09)
Missing data 17 1027:7 17 (0-9-2-4) 1 4805 2:3(0:9-3-6) 0-90 (0-42-1-96) 0-85 (0-34-2-12)
Marital status
Living with partner 107 54725 2:0 (1:6-2:3) 88 35547 25 (2:0-3:0) 0-87 (0-66-116) 1.25 (0-85-1-83)
Married 827 69009-7 12 (11-13) 608 231717 2:6 (2:4-2-8) 0-58 (0-52-0-64) 0-68 (0-60-0-79)
Missing data 1 54-6 1.8 (0-0-5-4) 0 319
Occupation
Farmer 705 61904-6 11 (11-1-2) 450 185323 2:4(2:2-27) 0-59 (0-52-0-66) 0-74 (0-63-0-86)
Other 230 126321 1.8 (1-6-2-1) 246 82260 3:0 (2:6-3-4) 0-68 (0-57-0-82) 0-71 (0:56-0-89)
Route of HIV infection
Blood or plasma transfusion 495 55794-3 -9 (0-8-1-0) 86 84639 1.0 (0-8-1-2) 0-91 (0-72-1-14) 0-76 (0-59-0-99)
Homosexual intercourset 9 959-4 -9 (0:3-1:6) 18 7795 2:3(12-3:4) 0-39 (0-17-0-88) 0-50 (0-17-1-45)
Heterosexual intercourse 309 12836-9 4 (2:1-2-7) 412 107873 3-8 (3:5-4-2) 0-67 (0-58-0-78) 0-69 (0-56-0-84)
Injecting drug use 94 32553 -9(23-35) 152 5599.5 27 (2:3-31) 111 (0-86-1-43) 0-98 (0-71-1-36)
Other or unknown 28 1690-9 17(1:0-2:3) 28 11281 2:5(1-6-3-4) 0-76 (0-45-1-29) 0-51 (0-27-0-95)
(D4 cell count (per pL)
<250 394 236300 1.7 (1-5-1.9) 83 2460-0 34 (2:6-4-1) 0-57 (0-45-0-72) 0-62 (0-49-0-79)
250-349 87 5650-6 1.5(1:2-1-9) 52 22557 2:3(1-8-2:9) 0-66 (0-47-0-94) 0-69 (0-49-0-98)
350-550 30 32202 -9 (0-6-1-3) 186 6774-9 2.7 (2-4-3-1) 0-45 (0-31-0-67) 0-64 (0-41-0-98)
>550 15 1293-9 1. (0-6-147) 131 6112-8 21 (1-8-2:5) 0-75 (0-44-1-29) 1.52 (0-84-2:74)
Missing data 409 407421 1.0 (0-9-1-1) 244 9154-8 7(2:3-3:0) 0-50 (0-42-0-58) 0-80 (0-65-0-99)

HR=hazard ratio. *Rate is number of seroconversions per 100 person-years. tHomosexual intercourse refers to intercourse between two men only.

Table 2: Comparison of seroconversion rates by duration of follow-up and baseline characteristics of the index patient (HIV-positive partner)
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follow-up. After exclusion of couples who had no follow-
up visits, did not have their baseline visit between
2003 and 2011, had inconsistent follow-up dates reported,
or in which the index partner was younger than 18 years
at baseline, 24057 couples were included in the treated
cohort and 14805 couples were included in the treatment-
naive cohort (figure 1). The baseline characteristics of the
index patients from the two groups were similar in terms
of sex, education, marital status, and occupation, but also
had some notable differences (table 1). Treated patients
were generally older than treatment-naive patients, were
predominantly infected via blood or plasma transfusion,
and had a median follow-up of 2-4 years, whereas
treatment-naive patients were predominantly infected
sexually and had a median follow-up of only 1-2 years.
Baseline CD4 cell counts were also significantly lower
(p<0-0001) in the treated patients (median 168 cells
per pl [IQR 62-269]) than in patients from the treatment-
naive cohort (median 441 cells per pl [314-590]). Because
of an increased emphasis on early diagnosis and treat-
ment of HIV-infected individuals in China in recent
years, 20412 (53%) couples included in the analysis were
enrolled from 2009 to 2011 (figure 2).

From 2003 to 2011, 1631 HIV transmissions were
identified, which gives an overall rate of 1- 6 per 100 person-
years (95% CI 1-5-1-7). The rate of transmission in the
treated cohort (1-3 per 100 person-years, 1-2-1-3) was
significantly lower (p<0-0001) than that in the treatment-
naive cohort (2-6 per 100 person-years, 2-4-2-8), with an
overall 26% reduction in risk of HIV transmission from
antiretroviral treatment (adjusted HR 0-74, 95% CI
0-65-0-84; table 2). The difference in cumulative prob-
ability of infection for the HIV-negative partner was
greatest in the first year of follow-up, with this difference
maintained fairly stably in the subsequent years (figure 3).

Because some baseline characteristics differed between
the treated and untreated cohorts, we also calculated
rates of HIV transmission stratified by these baseline
characteristics to allow for direct comparisons, and
adjusted the HRs to control for confounding (table 2).
The adjusted HR for transmission stratified by baseline
characteristic was almost always protective for the treated
cohort, but the difference was not always significant.
With respect to the duration of follow-up, treatment was
significantly protective in the first year of follow-up
(adjusted HR 0-64, 95% CI 0-54-0-76), but not in the
second year (0-75, 0-56-1-01) or in subsequent years.
Treatment was significantly protective when the index
partner had been infected by blood or plasma transfusion
(0-76, 0-59-0-99), or heterosexual intercourse (0-69,
0-56-0-84), but not when they had been infected by male
homosexual intercourse (0-50, 0-17-1-45) or by injecting
drugs (0-98, 0-71-1-36). Finally, treatment significantly
protected the sexual partners of those with baseline CD4
counts of 550 cells per pl or less (table 2).

For seronegative partners who became infected with
HIV during follow-up, a Cox proportional hazards

www.thelancet.com Vol 382 October 5, 2013
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Figure 3: Cumulative probability of HIV-negative partner in serodiscordant couple becoming infected with

HIV, by number of years since enrolment

analysis was done to identify risk factors for HIV infec-
tion, stratified by treatment status (table 3). Women were
more likely than men to transmit the virus to their
seronegative partner, irrespective of treatment status
(treatment-naive adjusted HR 1-45, 95% CI 1-22-1-72;
treated 1-18, 1-03-1-36). For the treatment-naive cohort,
the partners of patients with baseline CD4 counts of
250 cells per pl or more were significantly protected
against HIV transmission compared with those whose
partners had baseline counts of less than 250 cells per pl,
whereas for those whose partners were on treatment,
baseline CD4 counts were no longer a risk factor for
infection. Compared with the partners of patients who
had been infected via blood or plasma transfusion, those
whose partners were infected through heterosexual
intercourse or drug injection were at much higher risk of
HIV infection, irrespective of treatment status (hetero-
sexual intercourse [treatment-naive], 2-73, 2-11-3-53;
heterosexual intercourse [treated], 2-14, 1.78-2-56;
injecting drug use [treatment-naive], 2-53, 1-88-3-42;
injecting drug use [treated], 2-95, 2-28-3-81). For the
treatment-naive cohort, infection of the index partner by
male homosexual intercourse was a risk factor for
infection of the HIV-negative partner compared with
infection of the index partner by blood or plasma
transfusion (1-96, 1-13-3-38), whereas infection of the
index partner by male homosexual intercourse was no
longer a risk factor for patients who were on treatment
(0-88, 0-44-1-76). Being married was protective com-
pared with living with a partner for those whose partners
were on treatment (0-75, 0-61-0-93), but not for those
with treatment-naive partners (1-19, 0-95-1-49).

Discussion
In this retrospective analysis of China’s national HIV
epidemiology and treatment databases from 2003 to
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On treatment (n=24057) Treatment-naive (n=14 805)
Unadjusted HR  Adjusted HR Unadjusted HR  Adjusted HR
(95% CI) (95% C1) (95%C1) (95% C1)
Sex
Male 1-00 1.00 1-00 1.00
Female 1.09 (0-96-124) 118 (1-03-1-36)  1.41(1-22-1-64)  1.45 (1.22-1.72)
Age (years)
18-24 1-00 1.00 1-00 1.00
25-44 068 (0-46-1:02) 1.02(0-67-1.56)  0.74 (0-60-0-91) 0-96 (0-77-1-21)
245 068 (0:45-1.02) 1-09 (0-71-1-68)  0-78 (0-60-1-02) 1-10 (0-82-1-48)
Education

No schooling
Primary school

Secondary school

Post-secondary school

Marital status
Living with partner
Married legally
Occupation
Farmer

Other

Transmission route

Blood or plasma transfusion
Homosexual intercourse*

Heterosexual intercourse

Injecting drug use

Other or unknown

1.00

1.00 (0-81-1-25)
0-90 (0-72-1-12)
0-89 (0-67-1-18)

1.00
0-69 (0-56-0-85)

1:00
123 (1-05-1-43)

1.00

0-65 (0-34-1-27)
1-88(1-62-2:19)
2:49 (1.99-3-11)
1.51(1.03-2-22)

Baseline CD4 cell count (per pL)

<250
250-349
350-550
>550
Missing data

1.00

0-89 (0-71-1-13)
0-67 (0-46-0-97)
0-86 (0-52-1-45)
0-80 (0-69-0-92)

1.00
0-98 (0-78-1.23)
0-81 (0-64-1.03)
0-72 (0-52-1-00)

100
075 (0-61-0-93)

100
0-91(0-75-1-10)

1.00

0-88 (0-44-1-76)
214 (1-78-2-56)
2:95(2-28-3-81)
1.50 (0-91-2:46)

1.00

0-84 (0-66-1-06)
0-78 (0-54-1-13)

1.03 (0-61-1.73)

0-95 (0-81-1-11)

1.00
115 (0-88-1-50)
0-99 (0-76-129)
0-97 (0-71-132)

1.00
118 (0-95-1-48)

1.00
1.02 (0-87-1-19)

1.00

136 (0-81-2:28)
2.53(1:98-3-23)
2.00 (1-52-2-63)
1-83(1-19-2-82)
1.00

0-74 (0-52-1-05)
0-83 (0:64-1-07)
0-68 (0-52-0-90)
0-81(0-63-1:04)

1.00
124 (0-95-1-63)
1.03 (0-78-1-36)
1.03 (0-72-1-46)

100
119 (0-95-1:49)

1.00
0-94 (0-78-112)

1.00

1.96 (113-3-38)
273 (2-11-353)
2:53(1-88-3-42)
1-61(0-96-2.72)

1.00
0-68 (0-47-0-96)
075 (0-58-0-98)
0-63 (0-47-0-83)
074 (0-58-0-96)

All characteristics are for the index patient (HIV-positive partner). HR=hazard ratio. *Homosexual intercourse refers to
intercourse between two men only.

Table 3: Risk factors for HIV transmission, stratified by treatment status of HIV-positive partner
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2011, which included 38862 treatment-naive and treated
HIV serodiscordant couples, we noted a 26% relative
reduction in HIV infection in couples in which the index
patient was treated for HIV (panel). The reduction in
transmission was significant in the first year of follow-up
and was seen across most baseline demographic char-
acteristics, with a few exceptions.

Antiretroviral treatment as a method of preventing
HIV transmission among sexually active, HIV sero-
discordant couples was lent substantial support by the
prospective, randomised clinical trial HPTN 052," in
which early initiation of treatment resulted in an 89%
relative reduction in the total number of transmissions
(HR 0-11, 95% CI 0-04-0-32) and a 96% relative
reduction (0-04, 0-01-0-27) in linked HIV transmis-
sions, under rigorous clinical trial conditions. However,
whether or not such a prevention strategy would be

feasible under real-world conditions—with treatment
non-adherence, resistance, and the potential for more
frequent non-linked HIV transmissions—was unknown.
That our results show a significant (p<0-0001) 26%
reduction in HIV transmission under real-world
conditions in a developing country suggests that such a
public health prevention strategy is feasible on a national
scale and helps to validate the WHO recommendation in
support of the treatment-as-prevention approach.”

Our results accord with the reduction of HIV trans-
mission shown in previous studies to be associated with
antiretroviral treatment, but how durable this protection
is remains unclear. In our analysis, protection was only
significant in the first year (table 2). The reasons for the
absence of statistical significance in our results after
that period are not clear from our analysis. On the one
hand, a continued protective effect might still exist, but
our study might have been underpowered to measure
this, particularly because of the falling numbers of sero-
conversions in the later years of the study. On the other
hand, protectiveness might diminish over time, possibly
related to factors such as the natural history of
HIV transmission in serodiscordant couples or the
development of resistance to treatment.”” Among the
treatment-naive serodiscordant couples in our analysis
(who received no treatment throughout the analysis),
the rate of infections fell over the duration of follow-up
(table 2). This decrease could reflect the natural history
of infection among serodiscordant couples, whereby
those susceptible to infection are usually infected within
a specific amount of time, irrespective of treatment
status.™” Alternatively, the decrease might be a bias of
our observational cohort, whereby those individuals
with longer follow-up were weighted towards the former
plasma donors, who were the first cohort in China to be
targeted for HIV surveillance and treatment.” The
plasma donors were generally poor, rural farmers with
more sexually conservative lifestyles than the other
groups studied.

Increasing rates of resistance to treatment is another
factor that might contribute to the reduction in the
protective benefit of treatment over time.” Second-line
treatment regimens are still not widely available across
China, and a previous analysis of the country’s national
HIV treatment programme identified a cumulative
immunological treatment failure proportion of 50% at
5 years on first-line treatment. In a separate analysis,
33% of patients on treatment for 2 years or more in
China were in virological treatment failure.” Further
analyses need to be done on individuals who did and did
not transmit the virus, stratified by treatment success or
failure. Such analyses would provide a better measure of
the durability of the treatment-as-prevention strategy
than we have at present and could provide an impetus to
rapidly scale up second-line regimens. Durability will
also be affected by available resources and drug regi-
mens, and thus could be different for developing
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countries and developed countries. Additional studies
would therefore help to inform the implementation of
WHO’s recommendation to offer treatment to all
serodiscordant couples.

Treatment reduced transmission in individuals whose
partners were infected by blood or plasma transfusion
or heterosexual intercourse. HIV-negative individuals
whose partners were infected by male homosexual inter-
course had a strong protective benefit as well, but the
result was not significant, probably because of the small
number of infections. Additional analyses need to be
done to understand why the partners of people who were
infected by injecting drugs were not protected, but
potential contributing factors include poor treatment
adherence and non-linked HIV transmissions.*”* Be-
cause this was an observational study, HIV transmissions
could not be linked to the source partner. Sexual partners
of drug users might also inject drugs and therefore could
have higher rates of infection than others because of
sharing needles with drug users other than their regular
sexual partner, thereby negating the preventive effect of
the treatment. Non-linked transmissions could also help
to account for why couples who were living together but
not married were not protected by treatment (1-25,
0-85-1-83), whereas married couples were protected
(0-68, 0-60-0-79).

In both the treated and treatment-naive cohorts, female
index patients were more likely to transmit HIV to their
partners than were male index patients. Several
studies,”™ but not all,”* have reported that male-to-
female transmission of HIV is more efficient than
female-to-male transmission. Overall, receptive penile-
vaginal intercourse has been estimated to be twice as
risky as insertive penile-vaginal intercourse.” Our results
run contrary to this estimate, but are similar to what was
reported in the HPTN 052 study,” although that result
was not significant. Additional research is needed to
understand this discrepancy between the results of
different studies.

Our study has several limitations. First, as we have
already mentioned, we had no genotypic data to link
HIV transmissions with the source patient. Treatment
would obviously not be expected to prevent HIV
transmission from someone other than the treated
sexual partner, and the extent of outside relationships
can affect rates of infection substantially.® However,
even without this information, the 26% relative reduc-
tion in HIV infections in this study reassures that the
treatment-as-prevention strategy is still effective at a
population level in a real-world setting. Second, the
median duration of follow-up was fairly short—1-2 years
for treatment-naive patients and 2-4 years for treated
patients—Dbecause more than half of the couples
included were identified in the past 2 years (2009-11).
As such, the long-term durability of the protectiveness
of treatment needs to be confirmed with additional
studies. Third, because the route of infection of the
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Panel: Research in context

Systematic review

We searched Web of Science with the terms “HIV-1",
“discordant couples”, and “treatment” for articles published in
English up to June 1, 2012. Several observational studies and
one randomised controlled trial were identified, with the data
summarised in a Cochrane Review.® Additionally, we reviewed
the references from the WHO report™ that recommended that
antiretroviral therapy be offered to all serodiscordant couples,
which was published on April 1, 2012.

Interpretation

Antiretroviral therapy for HIV serodiscordant couples reduced
HIV transmission across China. These results substantiate the
previous evidence from smaller observational studies and one
randomised clinical trial that the treatment-as-prevention
approach is a feasible public health prevention strategy on a
national scale and in a developing country context. The
durability and generalisability of such protection, however,
needs to be further investigated.

index patient was self-reported, some misreport-
ing could have taken place, particularly for the sexual
and injecting drug-use routes of transmission. Finally,
because this was a retrospective observational cohort
study and not prospectively randomised, rates of infec-
tion might be underestimated and biases such as
differences in the baseline characteristics between the
two groups might account for some of the prevention
effect. Some partners who became infected probably
never returned for repeat HIV tests, which possibly
means that we have underestimated the rates of
infection. However, with means of 2.0 HIV tests per
year for the partners of the treatment-naive patients and
2-6 tests per year for the partners of the treated patients,
the potential underestimation should not be large.
Additionally, with more frequent tests on average done
in the partners of the treated patients, infections in that
cohort were more likely to be identified than in the
partners of the treatment-naive patients, which would
narrow the difference between the two groups. Thus,
the 26% relative reduction in transmission could be an
underestimate of the true value.

Since the patients in the treated cohort had much lower
baseline CD4 cell counts than did the treatment-naive
patients, which is often associated with higher viral
loads, the protective effect seen in our study might be a
low estimate of the efficacy of the treatment-as-prevention
approach, which is more precisely measured by clinical
trials such as HPTN 052 than by an observational study."
On the other hand, the untreated cohort of patients was
younger, more sexually active, and had higher CD4 cell
counts than the treated cohort—differences that bias
away from the null and challenge the inferences from
our analysis. In view of the results of our multivariate
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model and the cofactors that we took into account, we
believe that overall HIV transmission was reduced by
antiretroviral treatment, even when adjusted for potential
confounding factors such as age, duration of follow-up,
route of transmission, and baseline CD4 cell count.
Unfortunately, because the data were not available, we
were unable to adjust for individual sexual risk factors,
adherence to antiretroviral treatment, or virological
treatment outcome measures.

Our results strongly support the population-wide,
real-world feasibility of treating HIV-positive individuals
in serodiscordant couples to prevent HIV transmission
in a developing country setting, as has already been
shown to be effective in a randomised clinical trial."
How durable this protection is over time and whether or
not these results are generalisable to other risk groups,
such as injecting drug users,” are not clear from our
analysis and need to be further studied to establish how
widely such a treatment-as-prevention public health
approach can be implemented.
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