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Abstract
Little is known about risk factors for incident herpes simplex virus type 2 (HSV-2) infection among
men in Africa. In a trial in Rakai, Uganda, 6396 men aged 15–49 years were evaluated for serological
evidence of HSV-2, human immunodeficiency virus (HIV), and syphilis infections at enrollment and
at 6, 12, and 24 months. The prevalence of HSV-2 infection was 33.76%, and the incidence was 4.90
cases per 100 person-years. HSV-2 incidence increased with alcohol use with sexual intercourse
(adjusted incidence rate ratio [adjIRR], 1.92 [95% confidence interval {CI}, 1.46–2.53]), decreased
with consistent condom use (adjIRR, 0.56 [95% CI, 0.36–0.89]) and male circumcision (adjIRR,
0.70 [95% CI, 0.55–0.91]), and was not significantly affected by enrollment HIV status. Education
on modifiable behavioral changes may reduce the acquisition of HSV-2.

Herpes simplex virus type 2 (HSV-2) infection is one of the most common sexually transmitted
infections (STIs) and is a major cause of genital ulceration worldwide [1]. Individuals who are
serologically positive for HSV-2 have a lifelong risk of infecting their sex partners [1], and
pregnant women may transmit HSV-2 during delivery. HSV-2 seropositivity is also associated
with a 3-fold increased risk of acquiring HIV-1 in observational studies [1], but trials of HSV
suppression with acyclovir failed to show reductions in HIV acquisition [2]. It has been
proposed that the increased risk of HIV acquisition associated with HSV-2 infection may be
due to breaches of the mucosal barrier and recruitment of CD4+ T cells expressing CCR5 and
immature dendritic cells to areas of HSV-2 replication with both clinical and subclinical
reactivation of mucosal lesions [1,3,4]. However, epidemiologic studies are vulnerable to
confounding by unmeasured sexual behaviors. It is also difficult to determine the temporal
order of HIV and HSV-2 infection in cross-sectional studies. Even in prospective studies, the
higher infectivity of HSV-2 makes it more likely to be contracted before HIV, so one cannot
conclude that the association is causal. However, there is an association between genital ulcer
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disease (GUD) and HIV acquisition and transmission [5]. Thus, it is plausible that herpetic
ulceration would increase the risk of HIV acquisition.

Genital herpes is a major health problem in Africa, and it has been proposed that management
of HSV-2 needs to shift from short-term syndromic GUD management to prevention among
those most at risk [6]. Although previous studies have evaluated risk factors for incident HSV-2
infection among high-risk individuals [7], little is known about HSV-2 infection in the general
population. Knowledge of HSV-2 risk factors is important for prevention of primary HSV-2
infection and potentially for trials of HSV-2/HIV interventions aimed at reducing HIV
transmission and progression. It has been recently demonstrated that male circumcision
significantly reduces both HIV and HSV-2 acquisition in men [8,9]. It has been hypothesized
that the protection against HIV acquisition afforded by male circumcision could in part be
mediated by a decreased frequency of HSV-2–associated genital ulcers. Thus, it is important
to understand the risk factors for both prevalent and incident HSV-2 infection. Here, we report
the results of the first study to evaluate the risk factors for incident HSV-2 infection among a
general population in sub-Saharan Africa.

Methods
Six thousand three hundred ninety-six men aged 15–49 years were enrolled into 2 trials of male
circumcision for HIV and STI prevention in Rakai, Uganda. The design and results of the trials
have been reported elsewhere [8,9]. In brief, eligible persons were informed of study
procedures and risks, provided written informed consent before screening, and provided
additional written consent for enrollment. Men were excluded from the trial if they had anemia,
active genital infections, anatomical abnormalities (e.g., hypospadias), or medical indications
or contraindications for surgery (e.g., severe phimosis). Men were randomly assigned to receive
immediate circumcision or circumcision delayed for 24 months. Serological testing for HIV,
HSV-2, and syphilis and physical examinations and interviews to ascertain sociodemographic
characteristics and sexual risk behaviors were conducted at baseline and repeated at 6-, 12-,
and 24-month follow-up visits. Samples were collected by trained staff, and serum was stored
at −70°C. At each visit, all subjects were provided free HIV counseling and testing, health
education, and condoms. All participants found to be HIV positive were referred to an HIV
treatment program funded by the President’s Emergency Fund for AIDS Relief.

The trials were approved by 4 institutional review boards: the Science and Ethics Committee
of the Uganda Virus Research Institute (Entebbe, Uganda), the HIV Subcommittee of the
National Council for Research and Technology (Kampala, Uganda), the Committee for Human
Research at Johns Hopkins University Bloomberg School of Public Health (Baltimore, MD),
and the Western Institutional Review Board (Olympia, WA). The trials were overseen by
independent data safety monitoring boards [8,9] and were registered with ClinicalTrials.gov
(identifiers NCT00425984 and NCT00124878).

HSV-2 infection was determined by HSV-2 ELISA (Kalon Biological). The assay was
performed according to the manufacturer’s protocol with minor modifications. Test samples
were run in duplicate, and the mean index value was used to classify HSV-2 status. On the
basis of prior evaluation of test performance among Ugandan serum samples, HSV-2–positive
individuals were defined as those with an index value of ≥1.5 [10]. HSV-2 seroconversion was
defined as negative serological results (index value <0.9) at enrollment followed by positive
serological results during follow-up.

HIV status was determined using 2 separate ELISAs and was confirmed by HIV-1 Western
blot, as described elsewhere [8]. Active Treponema pallidum infection was determined by a
positive rapid plasma reagin test result (Becton Dickinson) or a toluidine red unheated serum
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test result (New Horizons Diagnostics) followed by a positive T. pallidum particle agglutination
assay result (Serodia-TP PA Kit; Fujirebio).

For exploratory analyses, covariates associated with prevalent HSV-2 infection were assessed
by characteristics and behaviors at enrollment. Because the timing of the initial HSV-2
infection was unknown and could have preceded enrollment by several years, we assessed
long-term risk behaviors (such a lifetime number of sex partners) rather than behaviors reported
in the year preceding enrollment. For analyses of incident HSV-2 infection, we assessed
associations with fixed covariates (such as age, marital status, and education at enrollment)
and by time-varying covariates (such as sexual risk behaviors— e.g., number of partners,
nonmarital relationships, condom use, and alcohol use with sexual intercourse) reported at
follow-up visits. Symptoms of STIs (such as GUD) reported at follow-up visits were not
included in regression models of predictors of HSV-2 infection because these are likely to be
consequences of HSV-2 infection rather than causes of HSV-2 acquisition. Risk factors with
P < .15 in univariate analysis were entered into the multivariable model to adjust for possible
confounding. The multivariable model adjusted for all covariates shown.

Prevalence ratios (PRs) were used to measure the associations between prevalent HSV-2
infection and the potential risk factors at enrollment. A Poisson model was used to estimate
adjusted PRs (adjPRs).

Incidence rate ratios (IRRs) were used to evaluate the association between HSV-2 acquisition
among individuals with a baseline Kalon index value <0.9. For incidence-rate and person-time
calculations, it was assumed that HSV-2 infection occurred at the middle time point between
the last negative and first positive serological test result. Time from enrollment was
accumulated for the 24-month follow-up visit or the visit at which the last sample was available,
and HSV-2 incidence was estimated per 100 person-years. Adjusted IRRs (adjIRRs) were
estimated for fixed and time-varying covariates (to account for changes in risk behaviors over
time).

Results
Of the 6396 men enrolled, 2159 (33.76%) were HSV-2 seropositive at baseline (table 1). In
multivariate adjusted analysis, HSV-2 prevalence was increased with older age, current or
previous marriage, and higher lifetime number of sex partners. The PRs associated with age
declined markedly after adjustment, suggesting substantial confounding; therefore, we
evaluated potential associations with other covariates. The increasing HSV-2 prevalence
associated with a higher lifetime number of sex partners was highly correlated with age (P <.
001). HSV-2 was associated with HIV infection (adjPR, 1.53 [95% CI, 1.43–1.64]) and syphilis
(adjPR, 1.09 [95% CI, 1.01–1.18]) at enrollment. There were no associations between HSV-2
prevalence and religion, age at first sexual intercourse, nonmarital relationships, sex partners
from outside the community, or use of family planning in the past year.

During the 2-year follow-up of initially HSV-2–uninfected men, the HSV-2 incidence rate was
4.90 cases per 100 person-years (284 seroconverters per 5793.75 person-years) (table 2). In
unadjusted analyses, covariates significantly associated with incident HSV-2 infection
included older age, current or prior marriage, higher number of sex partners, condom use,
alcohol use with sexual intercourse during the follow-up interval, and uncircumcised status.
Transactional sexual intercourse was infrequent and did not influence HSV-2 acquisition.
There was no association between incident HSV-2 infection and syphilis or HIV serostatus at
enrollment. In multivariate Poisson regression, the IRRs for HSV-2 acquisition were increased
with alcohol use with sexual intercourse (adjIRR, 1.92 [95% CI, 1.46–2.53]) and were
decreased with consistent condom use (adjIRR, 0.56 [95% CI, 0.36–0.89]) and male
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circumcision (adjIRR, 0.70 [95% CI, 0.55–0.91]). Number of sex partners and nonmarital
relationships were not associated with HSV-2 acquisition.

Discussion
The prevalence (33.76%) and incidence (4.90 cases per 100 person-years) of HSV-2 infection
is high among men in Rakai, Uganda. HSV-2 prevalence was strongly associated with lifetime
number of sex partners and HIV infection (table 1). HSV-2 incidence was increased with the
lack of consistent condom use and alcohol use with sexual intercourse and was reduced in men
circumcised during the trial (table 2). We believe this to be the first study to evaluate risk factors
for incident HSV-2 infection in a rural African population.

The risk factors differed between prevalent and incident HSV-2 infection. HSV-2 prevalence
increased with older age, nonstudent occupation, current or previous marriage, higher lifetime
number of sex partners, and HIV-positive status, similar to findings of previous studies [11,
12]. However, none of the risk factors for prevalent HSV-2 infection were associated with
HSV-2 incidence. Although the number of sex partners was associated with increased HSV-2
incidence in the unadjusted analysis, no significant association was found after adjustment.
However, only sexually active individuals were included in the adjusted analysis, because data
on sexual behavior were not collected for individuals who were not sexually active.

In developing countries, it is difficult to define HSV-2 seroconversion because the serological
assays appear to differ in sensitivity and specificity from that determined for European and
North American populations [10,13]. It has been hypothesized that the decreased specificity
may be due to increased cross-reactivity of antibodies to HSV-1 with those of other pathogens.
Although it has been previously demonstrated that use of the Kalon HSV-2 IgG ELISA with
an index value of 1.5 optimizes both sensitivity and specificity for rural Ugandan serum [10],
detection of HSV-2 seroconversion may be a limitation of the present study.

We previously demonstrated that male circumcision decreased HSV-2 acquisition among HIV-
negative men in Rakai, Uganda [9], as was observed in the present analysis that included HIV-
positive men. Although the present study is primarily an observational analysis nested within
a trial, male circumcision status was determined by randomization, and half of the men were
circumcised shortly after enrollment. Consequently, there is less confounding with the finding
that male circumcision decreases HSV-2 acquisition. However, whether HSV-2 acquisition is
affected by possible incomplete keratinization of scar tissue is unknown.

Observational studies have suggested that HSV-2 prevalence and incidence are associated with
HIV infection [7,12,14,15]. In the present study, both HIV infection and active syphilis at
enrollment were associated with prevalent HSV-2 infection. HSV-2 incidence was increased
slightly among HIV-positive individuals, but this was not statistically significant. There were
only 9 men who were HIV positive at enrollment and then seroconverted to HSV-2, an
unsurprisingly low number given that the large majority of HIV-positive individuals at baseline
were also HSV-2 positive. This constrained study power. Although it is has been hypothesized
that HIV infection may increase the risk of HSV-2 acquisition because of an
immunocompromised state, HIV and syphilis are most likely markers of increased sexual
activity.

Promotion of consistent condom use, male circumcision, and policies to reduce alcohol
consumption remain pillars in the current effort to stem the spread of HIV infection. Our
findings highlight the importance of these measures, which could synergistically reduce the
spread of 2 viruses, HSV-2 and HIV.
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