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Clinical Infectious Diseases

M A J O R A R T I C L E

Effect of Condom Use on Per-act HSV-2 Transmission
Risk in HIV-1, HSV-2-discordant Couples
Amalia S. Magaret,1,2,5 Andrew Mujugira,3,4 James P. Hughes,2,5 Jairam Lingappa,3,6,7 Elizabeth A. Bukusi,8 Guy DeBruyn,9 Sinead Delany-Moretlwe,10

Kenneth H. Fife,11 Glenda E. Gray,12 Saidi Kapiga,13 Etienne Karita,14 Nelly R. Mugo,8 Helen Rees,10 Allan Ronald,15,16 Bellington Vwalika,14,17 Edwin Were,18

Connie Celum,3,4,7 and Anna Wald1,4,5,7; for the Partners in Prevention HSV/HIV Transmission Study Teama

1Department of Laboratory Medicine, 2Department of Biostatistics, 3Department of Global Health, and 4Department of Epidemiology, University of Washington, 5Vaccine and Infectious Disease
Division, Fred Hutchinson Cancer Research Center, 6Department of Pediatrics, and 7Department of Medicine, University of Washington, Seattle; 8Center for Microbiology Research, Kenya Medical
Research Institute (KEMRI), Nairobi; 9Sanofi Pasteur, Swiftwater, Pennsylvania; 10Wits Reproductive Health and HIV Institute, University of the Witwatersrand, Johannesburg, South Africa;
11Department of Medicine, Indiana University, Indianapolis; 12Perinatal HIV Research Unit, University of the Witwatersrand, Johannesburg, South Africa; 13London School of Hygiene and Tropical
Medicine, United Kingdom; 14Rwanda–Zambia HIV Research Group, Kigali, Rwanda, Lusaka, Zambia; 15Department of Medicine, University of Manitoba, Winnipeg, Canada; 16Infectious Disease
Institute, Makerere University, Kampala, Uganda; 17Department of Obstetrics and Gynaecology, University of Zambia, School of Medicine, Lusaka; and 18Department of Reproductive Health, Moi
University, Eldoret, Kenya

Background. The efficacy of condoms for protection against transmission of herpes simplex virus type 2 (HSV-2) has been ex-
amined in a variety of populations with different effect measures. Often the efficacy has been assessed as change in hazard of trans-
mission with consistent vs inconsistent use, independent of the number of acts. Condom efficacy has not previously measured on a
per-act basis.

Methods. We examined the per-act HSV-2 transmission rates with and without condom use among 911 African HSV-2 and
human immunodeficiency virus type 1 (HIV-1) serodiscordant couples followed for an average of 18 months in an HIV prevention
study. Infectivity models were used to associate the log10 probability of HSV-2 transmission over monthly risk periods with reported
numbers of protected and unprotected sex acts. Condom efficacy was computed as the proportionate reduction in transmission risk
for protected relative to unprotected sex acts.

Results. Transmission of HSV-2 occurred in 68 couples, including 17 with susceptible women and 51 with susceptible men. The
highest rate of transmission was from men to women: 28.5 transmissions per 1000 unprotected sex acts. We found that condoms
were differentially protective against HSV-2 transmission by sex; condom use reduced per-act risk of transmission from men to
women by 96% (P < .001) and marginally from women to men by 65% (P = .060).

Conclusions. Condoms are recommended as an effective preventive method for heterosexual transmission of HSV-2.
Keywords. HSV-2; transmission; HIV; condom; efficacy.

The prevalence of human simplex virus type 2 (HSV-2) varies
globally from about 16% [1] in the United States to over 50% in
sub-Saharan Africa [2]. The severity of symptoms varies between
persons, but sexual transmission can occur even in the absence of
symptoms [3, 4]. Further, HSV-2 seropositivity has been associat-
ed with increased risk of human immunodeficiency virus type 1
(HIV-1) acquisition, increasing the importance of this highly
prevalent infection in settings with high HIV-1 burden [5]. Sup-
pressive antiherpes therapy reduces but does not eliminate the
risk of transmission to sexual partners [3]. No preventive HSV-
2 vaccine has been demonstrated effective to date [6, 7].

In the absence of preventive vaccines, barrier methods con-
tinue to be a recommended approach for preventing the sexual

transmission of HSV-2 [8]. The efficacy of condoms in prevent-
ing HSV-2 acquisition and transmission has been previously
described, commonly by categorizing condom use (always,
sometimes, never) [9–13]. Low (or lack of) efficacy has been at-
tributed to failure of the condom to cover the infectious skin [9,
10],which differs by gender [13].Using data that include precise
numbers of sex acts from a HIV-1 prevention clinical trial [14],
we sought to ascertain the per-act efficacy of condoms in pre-
venting HSV-2 transmission within HIV-1/HSV-2 serodiscord-
ant couples.

METHODS

Study Design and Data Collection
The Partners in Prevention HSV-2/HIV-1 Transmission Study,
a multisite, placebo-controlled, randomized, clinical trial, was
conducted among 3408 HIV-1 discordant couples in which
the HIV-1 infected partner was also HSV-2 seropositive. The
study assessed whether the risk of HIV-1 transmission could
be reduced by daily suppressive HSV-2 antiviral therapy (acy-
clovir 400 mg twice daily). Study characteristics and main find-
ings have been reported elsewhere [14]. Suppressive acyclovir
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treatment was not associated with a decreased risk of HIV trans-
mission (HR = 0.92, 95% confidence interval [CI], .60 to 1.41,
P = .69).

As noted above, the HIV-infected partner in the HIV-
discordant couple (the index participant) was required to be
HSV-2 seropositive at enrollment; however, no restrictions
were placed on the HSV-2 status of the HIV-1-uninfected part-
ner (the partner participant). Thus, a subset of couples was at
risk of transmitting HSV-2. Quarterly sera samples were used
to determine the timing of HSV-2 transmission.

We previously reported that the hazard of HSV-2 transmis-
sion was not modified by acyclovir suppressive therapy
(HR = 1.35, 95% CI, .83 to 2.20, P = .22) [15]. For the present
study, we evaluated the same subset of couples at risk of trans-
mitting HSV-2. The number of vaginal sex acts with and with-
out condoms was reported monthly by indexes. Interpolation of
sexual behavior was used when the dates of sexual behavior re-
porting and serologic testing differed. Specifically, we scaled the
number of acts, multiplying by the length of time between sero-
logic tests and dividing by the length of time covered by sexual
reporting. For example, if 19 acts were reported over 85 days,
and the testing interval was 90 days, 90=85� 19 ¼ 20:1 acts
were used. When blood draws occurred at regularly scheduled
visits, no interpolation was needed. For this study condoms
always refers to male condoms.

Laboratory Methods
HSV-2 serostatus was assessed by HerpeSelect-2 EIA (Focus
Technologies), with index ≥3.5 defined as HSV-2 seropositive,
and confirmed by the University of Washington HSV Western
blot [16].

Statistical Methods
We use the infectivity models of Jewell and Shiboski [17] and
recently adapted by Hughes [18] to ascertain the influence of
condom use on HSV-2 transmission. The model estimates
two per-act infectivity rates, one for protected and one for un-
protected acts. The probability of within-couple transmission is:

pðX;N0;N1jl0; l1;bÞ ¼ 1� ð1� l0ÞN0eXbð1� l1ÞN1eXb

where X is the vector of person-level predictors of transmission
risk (HIV viral load, antiretroviral use, etc.), β is the correspond-
ing vector of coefficients, N0 and N1 are, respectively, the
numbers of reported unprotected and protected sex acts, and
λ0 and λ1 are per-act risks of transmission for unprotected
and protected sex acts.

Of primary interest was the efficacy of condoms to prevent
HSV-2 transmission, as computed from the per-act pro-
babilities: condom efficacy ¼ 100%� ðl0 � l1Þ=l0. Other
measures of interest included plasma HIV RNA and CD4
count, treatment arm, and other factors previously found to
be related to HSV-2 transmission: age, number of children,

male circumcision status, current or recent reports of genital ul-
cers by indexes, vaginal drying, the pre-coital practice of remov-
ing vaginal lubrication (primarily) with a cloth, and antiretroviral
(ARV) drug use by indexes [15]. A single model was fit evaluating
whether condom efficacy differed by sex. Subsequently, separate
models were evaluated by sex of the susceptible partner. Potential
predictors were each included in a model with condom use as the
only other predictor (univariatemodels). For each sex, univariate
models with interaction were examined to assess whether con-
dom efficacy differed by the presence of genital ulcers at enroll-
ment in the index participant. Subsequently a multivariate model
was built initially using all covariates significant at P < .2 and
using backward elimination for final model selection.

The χ2 tests determined associations between HSV-2 trans-
mission and categorical measures. Software included Stata
10.0 and SAS 9.3 for Windows.

Sensitivity Analysis
The number of sexual acts and frequency of condom use as re-
ported by either partner in the couple is not relevant to quan-
tifying the “transmission” risk if the susceptible partner acquires
HSV-2 outside the partnership. Ideally, we would have included
sex act reporting within the study couple only when the HSV-2
seronegative partner acquired HSV-2 from the study partner.
Sequencing of transmitted strains to confirm linked transmis-
sion, as was done in the HIV-1 transmission analysis would
have been desirable [19]; however, HSV DNA was only obtained
from the subset of study participants who had genital ulcers and
thus is mostly not available for linkage analysis. Therefore, we ex-
amined whether other sexual behavior measures might be useful
in identifying couples likely to have transmitted within the part-
nership; we did this by examining categorical measures associated
with confirmed linkage in the HIV-1 transmission analysis.

RESULTS

Nine-hundred eleven couples at risk of transmitting HSV-2
(HIV-1/HSV-2 dually infected index participants and HIV-1
and HSV-2 seronegative partners) were identified from the par-
ent study of 3408 HIV serodiscordant couples, as described pre-
viously [15]. In 112 couples the HSV-2 susceptible partner was
a woman and in 799 cases the susceptible partner was a man.
Couples were followed a median of 18 months, (range 0 to
24). Most were married and had been together a median of 4
years. Of approximately 58 000 sex acts reported by index
women, 6% were unprotected; and of approximately 7500 acts
reported by index men, 3% were unprotected. Interpolation of
sex acts occurred over 47% of quarterly visits, with lengths of
reporting periods and serologic testing periods differing by a
median of 10 out of about 90 days.

Transmission of HSV-2 occurred in 68 couples, in 17 with
susceptible women and 51 with susceptible men. In 16 cases,
the index partner reported that no sexual activity occurred
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within the couple over the quarterly risk period. Since per-act
transmission probabilities could not be assessed in these couples,
they were censored at the time of last reported sex. We therefore
included 38 HSV-2 transmissions from women to men over 973
person-years (p-y) (incidence = 3.9 per 100 p-y, 95% CI, 2.4 to
6.5) and 14 transmissions from men to women over 134 per-
son-years (incidence = 10.4 per 100 p-y, 95% CI, 4.8 to 22.6).
As reported previously, 5 couples transmitted both HSV-2 and
HIV-1 in this subset at risk for both infections [15].

The efficacy of condom use in prevention of HSV-2 transmis-
sion differed by sex (Figure 1, P = .014). In separate models by
sex, the rate of HSV-2 transmissions from women to men was
1.7 transmissions per 1000 unprotected acts (95% CI, .6 to 4.4)
and 0.6 per 1000 protected acts (95% CI, .2 to 1.7). Thus con-
dom use reduced the per-act probability of transmission from
women to men by 65% (95% CI, −5% to 88%, P = .060), though
the P-value was marginal. From men to women, the rate was
28.5 transmissions per 1000 unprotected acts (95% CI, 10.8 to
74.1) and 1.3 per 1000 protected acts (95% CI, .4 to 4.5) for an
estimated condom efficacy of 96% (95% CI, 84% to 99%,
P < .001) (Figure 1 and Table 1).

In univariate models, age in susceptible men and vaginal dry-
ing practices in susceptible women were identified to be (at least

marginally) associated with per-act risk of HSV-2 transmission.
Suppressive antiviral therapy was not associated with HSV-2
transmission for either sex. Condom efficacy did not differ
by whether the index had a history of genital ulcers among

Table 1. Univariate and Multivariate Risk Factors for Per-act Probability
of HSV-2 Transmission

Characteristic
Risk Ratio
(95% CI) P Value

Adjusted Risk
Ratio (95% CI) P Value

Susceptible men (n = 799)

Use of condoms 0.35 (.12, 1.04) .060 0.35 (.12, 1.04) .060

Age <30 y 1.76 (.93, 3.33) .080

Number of children 0.97 (.81, 1.17) .76

Vaginal drying
practice

0.77 (.30, 1.97) .58

Susceptible is
circumcised

0.97 (.51, 1.87) .94

GUD by self-report 1.57 (.48, 5.15) .46

GUD on exam 1.82 (.25, 13.36) .56

HIV VL of source (copies/mL)

<10K Ref

10K–50K 1.07 (.40, 2.90) .89

50K–100K 1.42 (.40, 5.10) .59

>100K 1.15 (.32, 4.15) .83

CD4 of source (cells/µL)

>350 Ref

200–350 1.02 (.13, 8.19) .98

<200 0.95 (.43, 2.10) .90

ARVs taken 2.15 (.51, 9.00) .29

Acyclovir
suppressive
therapy

1.22 (.64, 2.31) .55

Susceptible women (n = 112)

Use of condoms 0.04 (.01, .16) <.001 0.06 (.01, .21) <.001

Age <30 1.79 (.40, 7.99) .45

Number of children 0.77 (.52, 1.15) .21

Vaginal drying
practice

4.30 (1.46, 12.65) .008 4.30 (1.46, 12.65) .008

Source is
circumcised

0.19 (.02, 1.48) .11

GUD by report 0.50 (.06, 3.94) .51

GUD on exam NC . . .

HIV VL of source (copies/mL)

<10K Ref

10 K–50K 2.63 (.25, 27.8) .42

50 K–100K 3.23 (.21, 50.1) .40

>100 K 5.01 (.54, 46.7) .16

CD4 of source (cells/µL)

>350 Ref

200–350 4.45 (.46, 43.0) .20

<200 0.72 (.20, 2.59) .62

ARVs taken 2.60 (.33, 20.7) .37

Acyclovir
suppressive
therapy

1.50 (.51, 4.42) .46

Condom use on a per-act basis is included in all models, even univariate; it is the only
predictor in the univariate analysis of condom use. All measures except condom use are
assessed either at baseline or per-risk period. NC =model did not converge: only 10
women had GUD on exam, none acquired HSV at that visit.

Abbreviations: ARV, antiretroviral drug; CI, confidence interval; GUD, genital ulcer disease; HIV,
human immunodeficiency virus; HSV, herpes simplex virus; Ref, reference; VL, viral load.

Figure 1. Herpes simplex virus type 2 (HSV-2) per-act infectivity for protected and
unprotected sex acts, by sex of susceptible partner. Numbers shown below each
column are the numbers of acts of each type reported over risk periods by source
participants. Transmission rates using the infectivity model are 1.7 and 0.6 cases per
1000 unprotected and protected sex acts, respectively, for susceptible men, and 28.5
and 1.3 cases per 1000 unprotected and protected sex acts, respectively, for suscep-
tible women. Condom efficacy, or the proportionate reduction in per-act transmission
when using a condom, is therefore estimated at 65% for transmission from women
to men and 96% for transmission from men to women. Error bars show 95% con-
fidence intervals for per-act transmission rates.
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susceptible men (P = .98) or women (P = .16). In multivariate
analyses, no risk factors besides condom use were significant
for susceptible men, but susceptible women were 4.3 times
more likely to acquire HSV-2 when vaginal drying was used
(95% CI, 1.46 to 12.65). The efficacy estimates for condom
use were essentially unchanged in these adjusted models.

Because we anticipated some HSV-2 acquisitions might have
occurred from outside the partnership, we limited analysis to
those partners most likely to be at risk of transmitting HSV-2.
Therefore, we examined the association between confirmed
linkage and the reporting of outside partnerships in 127 HIV-
1 transmissions with linkage information within the HIV-1
transmission cohort. Among 26 couples in which the suscepti-
ble partner ever reported outside sex, 23% of transmissions were
confirmed to be linked; whereas among 101 couples never re-
porting sex outside the partnership, 79% were confirmed to
be linked (P < .0001). Therefore, we conducted a sensitivity
analysis limited to susceptible persons never reporting outside
sex. Among 911 HSV-2 susceptible participants, 678 (74%)
never reported an outside partner; and among these persons
47 HSV-2 transmissions occurred (33 to susceptible men and
14 to women). In this subset, condom efficacy was similar to
the full cohort for both sexes: 61% among HSV-2 susceptible
men, reducing the per-act transmission probability from 1.7
to 0.7 per 1000 p-y (P = .14), and 96% among susceptible
women, reducing infectivity from 28.7 to 1.3 transmissions
per 1000 p-y (P < .001).

The 16 transmissions that could not be included in evalua-
tion of condom efficacy occurred in couples who reported hav-
ing no sex during the quarterly period in which HSV-2
transmission occurred. Among those who ever reported having
no sex with the study partner, 50% of 242 reported outside
partnerships, whereas only 14% of 669 consistently sexually
active couples ever reported an outside partnership (χ2 test,
P < .0001.) This association between reporting no sex and hav-
ing outside partnerships may indicate that these 16 transmis-
sions that were not included may have occurred from a
partner outside the study.

CONCLUSIONS

In this analysis of HIV-1 and HSV-2 serodiscordant couples
from East and Southern Africa, we found condoms reduced
the per-act risk of transmission by 65% from women to men
and by 96% from men to women; and this finding remained ro-
bust in sensitivity analysis. We are not aware of any previously
published study providing per-act risk of HSV-2 transmission
with and without condom use, for direct computation of per-
act efficacy.

These analyses provide an overall estimate of condom efficacy
that is similar to the estimated 80% reduction in per-act risk of
HIV-1 transmission in this population [18]. The high estimated
efficacy of male condoms in reducing HSV-2 transmission has

important public health implications for this highly prevalent
sexually transmitted infection for which there is not an effective
preventive HSV-2 vaccine.

The efficacy of condoms in preventing HSV-2 transmission
has been studied in several contexts; condoms are often associ-
ated with a decreased risk of HSV-2 transmission. Many of
these published studies make two related assumptions: (1)
that participants experience the same amount of infectious ex-
posure over time periods of equal length and (2) that condom
efficacy can be consistently assessed as a proportion of protected
acts regardless of the number of total acts. In a pooled analysis
of 6 studies involving nearly 5400 persons at risk of HSV-2 ac-
quisition, largely HSV-2 discordant couples, 100% condom use
was associated with a hazard ratio of 0.7 relative to 0% use (95%
CI, .40–.94) [10]. Stanaway et al examined the same cohort in a
case-crossover design and found an increased odds of HSV-2
acquisition with unprotected (OR = 1.04, 95% CI, 1.02 = 1.05)
but not protected sex acts (OR = 1.01, 95% CI, .99–1.03) [12].
In another study of 528 HSV-2-discordant partnerships, con-
dom use during >25% of acts reduced HSV-2 transmission
from men to women (HR = 0.085, 95% CI, .01–.67) but not
from women to men [13]. In contrast, among 293 women at-
tending sexually transmitted diseases (STD) clinics, no signifi-
cant efficacy was found for 100% vs partial condom use
(HR = 0.8, 95% CI, .2–2.3) [9]. Lastly, in San Francisco, of
1934 women attending STD clinics, the odds of incident
HSV-2 infection were higher when condoms were not used at
the last sexual intercourse (OR = 2.27, 95% CI, 1.22–4.25).
These diverse findings suggest that condom efficacy estimates
depend on how condom use is measured [11].

We have previously evaluated this same cohort examining
primarily the impact of suppressive acyclovir therapy on
HSV-2 transmission, using standard Cox regression models
and considering time at risk as the exposure rather than number
of acts [15]. In that analysis, we also found both condom use and
vaginal drying influenced HSV-2 transmission risk to susceptible
women. Other risk factors for transmission present in that anal-
ysis which were not present in the current analysis include youn-
ger age among susceptible men and having fewer children in
susceptible women. Failure to replicate these associations in the
per-act analysis may indicate that these characteristics describe
higher exposure rather than increased per-act risk.

Although the protection afforded by condom use is greater
for susceptible women, the overall transmission risk to
women is much higher, such that that even with condoms the
rate (1.3 transmissions per 1000 protected acts) is barely below
that to susceptible men in the absence of condoms (1.7 of 1000
unprotected acts). Incidence of HSV-2 has been shown previ-
ously to vary by sex. Martin et al reported 10.8 cases per 100
p-y in women and 5.8 cases per 100 p-y in men [10]. In the
few cases where per-act level transmission probabilities are cal-
culated, sex differences in HSV-2 incidence have also been
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reported. Wald et al showed that in a group of HIV-1 seronega-
tive, HSV-2 discordant couples, transmission of HSV-2 to men
occurred in an average of 0.2/1000 acts and transmission to
women occurred in 0.9/1000 acts, when making no distinction
between protected and unprotected acts [13]. Our study has a
higher per-act rate of transmission, which may be due to lower
levels of condom use in the current cohort or to higher HSV-2
infectivity caused by immunosuppression in the HIV-1 infected
transmitting partner [20]. As has been shown for HIV transmis-
sion, the practice of vaginal drying increased the risk of HSV-2
transmission among African women in this population [21].

Strengths of our study include the large cohort of 911 cou-
ples, excellent follow-up, robustness of findings to sensitivity
analyses, and use of the highly accurate Western Blot in detec-
tion of seroconversion [16]. Limitations of our analysis include
using recall over monthly periods to measure sexual behavior,
and relying on a single partner’s recall. However, this time pe-
riod of recall has been shown to be similar to the use of diaries
[22]. The median (range) time between infection and HSV-2
seroconversion has been estimated at 13 days (3 to 102 days),
indicating that perhaps not all seroconversions were captured
over the same risk period in which the transmission occurred
[23]. An additional limitation is that linkage information is
not attainable and reported acts may not be relevant to the
transmission. Whether due to 1) recall bias, 2) infection and se-
roconversion not occurring in the same risk period, or 3) un-
linked transmissions, mismeasurement of the relevant sex acts
should serve only to reduce the magnitude of observed associ-
ations unless there is informative mismeasurement [24, 25]. As
it seems highly unlikely that degree of under- or over-reporting
would be related to transmission risk, our estimates of condom
efficacy are likely conservative. A third limitation is that we were
unable to evaluate all HSV-2 transmissions because some oc-
curred when the couple reported having no sex. However, be-
cause these susceptible partners were much more likely to
report outside partnerships, their omission from evaluation of
HSV-2 transmission within the couple seems appropriate.

Our findings suggest that male condoms are very effective in
preventing HSV-2 transmission from men to women and are
likely to provide some protection for susceptible men as well.
The mechanism of this sex difference may be related to the differ-
ing ability of the condom to diminish contact with anatomic sites
of viral replication, as men tend to shed HSV on the penile shaft,
whereas HSV-2 shedding in women occurs on the wider area of
the vulva and perineum [26]. In summary, these data support the
recommendation of male condoms for the prevention of HSV-2
transmission from HIV-1 seropositive source partners.
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