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The burden of HSV type 2 varies substantially by region, with the highest incidence and prevalence in sub-
Saharan Africa. We undertook a systematic review to identify studies reporting prospective data on incidence
rates in men and women in Africa. Of 18 eligible studies, 7 were conducted in high-risk populations. Among
women, incidence rates appeared to be higher in those with high-risk sexual behavior, with rates ranging from 3
to 23 per 100 person-years. In contrast, incidence rates in men appeared to be lower, ranging from 1 to 12 per
100 person-years. Risk factors for HSV-2 in women included prevalent human immunodeficiency virus (HIV)
infection, younger age at sexual initiation, and sexual activity. Among men, condom use and circumcision had a
protective effect, whereas prevalent HIV increased the risk of HSV-2 acquisition. This review draws attention to
the high HSV-2 acquisition rates reported in Africa, thereby identifying an efficient setting for preventative
HSV-2 vaccine trials.
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Globally, 536 million people were estimated to be in-
fected with herpes simplex virus (HSV) type 2 in
2003, with more than 15% of individuals in the 25- to
29-year-old age group reported to be living with this
sexually transmitted infection (STI) [1]. However, the
HSV-2 prevalence varies considerably by region, with
parts of sub-Saharan Africa reporting a prevalence as
high as 80% among men and women aged 35 years
and older [2]. The human immunodeficiency virus
(HIV) epidemic in sub-Saharan Africa is known to be
fueled by HSV-2 among other factors, consequently
leading to an increased focus on the transmission of
HSV-2 in this region in recent years [3–6]. In addition,

genital herpes is a leading cause of genital ulcer disease
worldwide [7–10].
According to World Health Organization estimates,

in 2003 23.6 million new cases of HSV-2 infection oc-
curred worldwide with more than 20% acquired in sub-
Saharan Africa [1]. Notably, approximately 28% of
these incident HSV-2 infections were in African
women aged 15–19 years. Unlike bacterial STIs, HSV-2
is a lifelong infection and hence its prevalence and in-
cidence continue to remain high in sub-Saharan Africa,
with seroprevalence as high as 90% in persons infected
with HIV [5, 11–13].
A comprehensive measurement and description of

the burden of HSV-2 in Africa entails estimation of
the prevalence and incidence in this population. In
2001, Smith and Robinson [2] compiled available liter-
ature on HSV-2 in Africa and reported its age-specific
prevalence by country. Likewise, Looker et al [1] used
HSV-2 seroprevalence data to obtain model estimates
of new HSV-2 infections in the various geographic
regions in 2003. They found that HSV-2 incidence
was highest in the youngest age groups (15–19 years),
and sub-Saharan Africa accounted for 15% of global
incident infections. Despite this significant regional
burden, HSV-2 incidence in Africa has not been
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systematically reviewed. Because incidence is a better measure
of the risk of infection in a population [14], we have undertaken
a systematic review of published estimates of incidence rates
from individual studies conducted in Africa to measure the
scale of the epidemic in this region and to identify potential
populations for conducting clinical trials of candidate HSV-2
vaccines.

METHODS

Search Strategy and Selection Criteria
This review was conducted as per the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses)
guidelines and checklist [15]. Five electronic databases, namely,
Pubmed/Medline, Web of Science, CINAHL, EMBASE (Ovid),
and Scopus, were searched from their original start date to July
2013. The general outline of the search was [herpes] AND [in-
cidence] AND [Africa], using combinations of the following
terms: herpes simplex, herpes, genital herpes, herpes simplex
virus infection, HSV, HSV type 2, herpes simplex virus type 2
or HSV-2 AND incidence, acquisition, or risk, AND Africa. In
addition, the search term “sexually transmitted diseases” (STD)
was also included in place of the HSV keyword to broaden the
search filter and to identify studies that referred to general STIs
in their abstracts.
Eligible studies reported prospective data on the incidence of

HSV-2 in Africa. In addition, studies were only eligible for the
review if participants were tested for HSV-2 antibody with
type-specific antibody assays as part of study procedures. Case
studies, cross-sectional studies, review articles, and studies con-
ducted outside of Africa were excluded. Studies were excluded if
they only tested symptomatic participants. Based on the title
and abstract, all identified references were reviewed to deter-
mine study eligibility for inclusion in the review. Two authors
(S. R. and A. M.) independently conducted a full text review
of references selected from the initial screening.

Data Extraction
Data were extracted onto a standardized table by 1 author (S.
R.) and independently verified by a second author (A. M.). The
data abstracted from each article included study characteristics
(year of publication, country, study design and objective), se-
rologic testing, population studied (eg, general, antenatal, or
commercial sex worker), age, gender, sample size, HIV status
at enrollment, baseline HSV-2 prevalence, and incidence, and
key findings were summarized. To assess generalizability, we
also reported (1) loss to follow-up either as proportion of visits
attended or proportion of enrolled persons included in analy-
sis, whichever was available, and (2) proportion of eligible sub-
jects who enrolled, where available. In addition, incident rate
ratios for HSV-2 acquisition associated with risk factors such
as age, gender, and HIV infection were abstracted from each

article and summarized separately. To assess the methodolog-
ical quality of included studies, we considered potential sourc-
es of selection bias, at the time of study enrollment, as well as
retention rates.

RESULTS

Using our search strategy, we identified 1394 abstracts after re-
moving duplicates (Figure 1). Approximately 1366 abstracts
were excluded based on criteria described above. The remaining
28 studies (2%) that met our prespecified eligibility criteria were
selected for a full text review [16–43]. Subsequently, 10 addi-
tional articles were excluded, 5 of which had insufficient infor-
mation on HSV-2 incidence rates [21, 30, 33, 38, 42] and [19] 1
paper that reported estimates from incident symptomatic cases
alone. Authors concurred on the inclusion of the 18 studies in
the systematic review [17, 18, 20, 22, 24–29, 31, 32, 34–37, 39, 43].

Demographics
Study sites included 6 studies from Uganda, 4 from Zimbabwe,
3 each in South Africa, Kenya, and Tanzania, and 1 in Ethiopia
(Tables 1 and 2). All studies were conducted between 1990 and
2012. Studies had a median of 1360 participants (range, 126–
6396). Fifty-one percent of participants included in all 18 stud-
ies were women, and the age of participants ranged from 14 to
64 years of age.

Figure 1. Study selection flow diagram.
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Table 1. Summary of Studies Reporting HSV-2 Incidence Among Women in Africa

Citation and Study
Setting

Median Age
(Range)

% HIV
Positive

Baseline HSV-2
Prevalence

(Number Enrolled)

HSV-2
Incidence/100
Person-Years
(Number

Susceptible)

%
Eligible
Who

Enrolled

% of Person-
Years

Completed (or
% of Follow-Up

Visits
Completed

Study Design and
Objective

Brown et al [17],
women seeking
reproductive
services in UG
and ZW

UG: 23 (20–26) 0% UG: 51.5% (2235) UG: 9.6 (1084) UNK 91% Prospective cohort
study of HSV-2
infection as a risk
factor for HIV
acquisition

ZW: 24 (21–27) ZW: 53.2% (2296) ZW: 8.8 (1075)

Chohan et al [18],
women sex
workers in
Mombasa, Kenya

23 (20–26) 0% 79.9% (1506) 23.0 (297) UNK UNK Prospective cohort for
HSV-2 incidence

De Bruyn et al [20],
sexually active
women in Harare,
ZW; Durban and
Johannesburg
South Africa

*21 (18–49) 0% 58.9% (4904) 6.8 (2016) UNK 77% Randomized open-
label trial of vaginal
diaphragm and
lubricant gel in
addition to male
condoms to prevent
HSV-2 acquisition

Jewkes et al [22],
randomized
villages in
Mthatha, South
Africa

*18 (15–26) 11.2% 29.2% (1416) 6.48 (1009) UNK 75% Cluster randomized
trial of an
educational
intervention to
prevent HIV and
HSV-2

Kamali et al [24],
adult residents in
15 villages in
Southwest UG

*27 (15–54) †4.9% 71.5% (541) 12.3 (154) †80% †60% Retrospective cohort
study measuring
HSV-2 prevalence
and incidence

Kamali et al [25], 18
rural communities
in Masaka, UG

*†18 (13–29) †10% 38% (3818) †3.1 (2379) †71% †75% Randomized trial of a
behavioral
intervention to
prevent HIV
transmission

Kebede et al [26],
factory workers in
Addis Ababa,
Ethiopia

33 (19–46) †40.1% 59.5% (407) 3.7 (165) UNK 86% Prospective cohort
examining risk
factors for HIV
acquisition and
disease
progression

Munjoma et al [29],
pregnant women
in Harare, ZW

23 (20–28) 24.7% 49.1% (340) 13.9 (173) 99% 97% Prospective cohort
study examining
HSV-2 prevalence
and incidence in
pregnant and
postpartum women

Okuku et al [31],
adult sex workers
in Mombasa,
Kenya

26 (22–31) 0% 50.8% (469) 22.1 (248) UNK 77% Prospective cohort
study examining
risk factors for HSV-
2 acquisition in HIV-
1 seronegative sex
workers

Riedner et al [32],
female bar
workers in Mbeya
Region, Tanzania.

*27 (16–39) 68% 86.8% (600) 17.3 (79) UNK UNK Prospective cohort
study examining
trends in STI
prevalence and HIV
incidence in bar
workers

Tassiopoulos et al
[35], female bar
and hotel workers
in Moshia,
Tanzania

*27 (14–64) 19% 56.3% (1045) 14.2 (457) UNK 79% Ancillary study of
HSV-2 acquisition
within a prospective
cohort examining
risk factors for HIV
acquisition
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Settings
Participants were recruited from high-risk groups as well as the
general population (Tables 1 and 2). Seven studies were conduct-
ed in high-risk populations, with a median sample size of 1311
(range, 407–2397) [18, 26, 27, 31, 32, 35, 39]. High-risk settings
included food and recreational facilities (hotels, guesthouses,
bars), specialty clinics (municipal sex worker clinic, STD clinics),
and male factory workers enrolled in HIV prevention projects.
The remaining 11 studies, with a median sample size of 1360
(range, 126–6396), recruited participants from the general popu-
lation [17, 20, 22, 24, 25, 28, 29, 34, 36, 37, 43]. Targeted popula-
tions included pregnant women, women seeking reproductive
services, women’s health facilities, rural communities and town-
ships, and participants in HIV prevention circumcision trials.

Study Design
We identified 11 cohort studies [17, 18, 24, 26, 27, 29, 31, 32, 35,
39, 43] and 7 randomized clinical trials [20, 22, 25, 28, 34, 36, 37]:
10 of the 18 studies assessed HSV-2 incidence and risk factors
for HSV-2 acquisition as their primary endpoint with follow-up
ranging from 10 months to 4 years (Table 3) [18, 24, 26, 27, 29,
31, 32, 34–36]. There were 8 studies in women [17, 18, 20, 29, 32,
35, 37, 39], 4 studies in men [27, 28, 34, 36], and 6 studies recruit-
ing both men and women (Tables 1 and 2) [22, 24–26, 31, 43].

Few studies supplied information on the proportion of eligi-
ble persons who enrolled into the study. In the 7 studies that did
report this criterion, the proportion enrolled from among the
eligible ranged from 61% to 99% (Tables 1 and 2) [24, 25, 27–
29, 37, 39]. Commonly cited reasons for nonenrollment includ-
ed lack of interest and withdrawal of consent. Information on
loss to follow-up or retention rates was reported by 15 studies;
the proportion of participants completing the study ranged
from 56%–97% with a median of 76%.

HSV-2 Detection
Herpes simplex virus-2 serological tests used by the different
studies included Focus HerpeSelect 2 enzyme-linked immuno-
sorbent assay (ELISA) (n = 8) [17, 18, 20, 22, 26, 29, 31, 35],
Kalon HSV-2 ELISA (n = 6) [22, 28, 32, 34, 36, 37], monoclonal
blocking enzyme-linked immunoassay (n = 1) [25], Chiron
RIBA HSV Type 1/Type 2 strip immunoassay (n = 1) [27],
and Western blot (n = 2) [24, 43].

HSV-2 Prevalence and Incidence in Women
Across the 6 studies conducted in high-risk cohorts, the base-
line prevalence of HSV-2 ranged from 51% to 87%, with Ried-
ner et al [32] reporting the highest prevalence in female bar
workers in Mbeya, Tanzania (Table 1). In these studies, the

Table 1 continued.

Citation and Study
Setting

Median Age
(Range)

% HIV
Positive

Baseline HSV-2
Prevalence

(Number Enrolled)

HSV-2
Incidence/100
Person-Years
(Number

Susceptible)

%
Eligible
Who

Enrolled

% of Person-
Years

Completed (or
% of Follow-Up

Visits
Completed

Study Design and
Objective

Tobian et al [37], HIV
and HSV-2
negative women
in Rakai, UG

*23 (15–49) 0% 54.8% (1638) 6.2 (740) 69% 87.6% Ancillary study of
transmission of
HSV-2 to female
partners within a
randomized trial of
male circumcision
to prevent HIV
acquisition

Vallely et al [39],
women working
in restaurants,
bars and
guesthouses in
Mwanza City,
Tanzania

*30 (20–35+) 26.5% 69% (1020) 12.7 (316) 63% 68.4% Feasibility study of
enrollment,
retention, STI
prevalence, and
incidence, for future
microbicide trials

Wagner et al [43],
adults from 2
neighboring
villages in UG

*34 (15–49) †7.8% 74.4% (168) 21.1 (19) UNK 56% Retrospective cohort
examining STIs
among retained
participant subset
within larger
prospective cohort

Abbreviations: HIV, human immunodeficiency virus; HSV, herpes simplex virus; STI, sexually transmitted infection; UG, Uganda; UNK, unknown; ZW, Zimbabwe.

* Estimated age from range. Study citations in bold indicate high-risk populations.

† Indicates a measure assessed on men and women combined.
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incidence rates ranged from 4 to 23 per 100 person-years with a
median of 16 per 100 person-years [18, 26, 31, 32, 35, 39]. Some
of the highest incidence rates were reported by studies enrolling

high-risk occupational cohorts in Kenya. Chohan et al [18] es-
timated an incidence rate of 23 per 100 person-years among
women attending a municipal STI clinic in Mombasa, Kenya.

Table 2. Summary of Studies Reporting HSV-2 Incidence Among Men in Africa

Citation and Study
Setting

Median Age
(Range)

% HIV
Positive

Baseline HSV-2
Prevalence
(Number
Enrolled)

HSV-2
Incidence/100
Person-Years
(Number

Susceptible)

%
Eligible
Who

Enrolled

% of Person-
Years

Completed (or
% of Follow-up

Visits
Completed

Study Design and
Objective

Jewkes et al [22],
randomized
villages in
Mthatha, South
Africa

*19 (15–26) 1.9% 10.0% (1360) 1.74 (1225) UNK 73% Cluster randomized trial
of an educational
intervention to prevent
HIV and HSV-2

Kamali et al [24],
adult residents in
15 villages in
Southwest
Uganda

*26 (15–54) †4.9% 36% (357) 7.3 (225) †80% †60% Retrospective cohort
study measuring HSV-
2 prevalence and
incidence

Kamali et al [25], 18
rural communities
in Masaka,
Uganda

*†18 (13–29) †10% 16% (3214) †3.1 (2706) †71% †75% Community randomized
trial of a behavioral
intervention and STI
treatment to prevent
HIV transmission

Kebede et al [26],
factory workers in
Addis Ababa,
Ethiopia

35 (19–62) †40.1% 34.6% (1205) 1.4 (788) UNK 86% Prospective cohort
examining risk factors
for HIV acquisition and
disease progression

McFarland et al
[27], male factory
workers in
Zimbabwe.

*28 (18–46+) 16.6% 39.8% (2397) 6.2 (1444) 71% UNK Retrospective cohort
examining prevalence
and incidence of HSV-2

Mehta et al [28],
18–24 year old
uncircumcised
men Kenya

20 (17–28) 0% 26.5% (2748) 6.0 (2021) 61% 77% Randomized trial of male
circumcision to prevent
HSV-2, GUD and HIV

Okuku et al [31],
adult sex workers
in Mombasa,
Kenya

26 (22–33) 0% 22.0% (803) 9.0 (626) UNK 71% Prospective cohort study
examining risk factors
for HSV-2 acquisition in
HIV-1 seronegative sex
workers

Sobngwi-Tambekou
et al [34],
uncircumsized
men in Orange
Farm, South Africa

*21 (18–24) 4.4% 5.9% (3274) 2.9 (3080) UNK 96% Ancillary study within
randomized trial of
male circumcision to
prevent HIV
acquisition, examining
additional influence of
HSV-2

Tobian et al [36],
men in Rakai,
Uganda

*25 (15–49) 13.4% 33.8% (6396) 4.9 (4237) UNK 68.3% Ancillary study of HSV-2
incidence within 2
randomized trials of
male circumcision to
prevent HIV acquisition

Wagner et al [43],
adults from 2
neighboring
villages in Uganda

*34 (15–49) †7.8% 57.0% (126) 11.8 (17) UNK UNK Retrospective cohort
examining STIs among
retained participant
subset within larger
prospective cohort

Abbreviations: GUD,genital ulcer disease; HIV, human immunodeficiency virus; HSV, herpes simplex virus; STI, sexually transmitted infection; UNK, unknown.

* Estimated age from range. Study citations in bold indicate high-risk populations.

† Indicates a measure assessed on men and women combined.

Systematic Review of HSV-2 Incidence • OFID • 5



Table 3. Summary of Incident Risk Ratios for HSV-2 Acquisition Among Men and Women in Africa*

Citation and Study
Setting

HIV Status Age at Sexual
Initiation

Age Gender Factors Adjusted for in
Multivariate Analysis

Chohan [18], women
sex workers in
Mombasa, Kenya

Ref: <25 years
HR, 25–34: 0.72 (0.48–1.10)
HR, 35+: 0.41 (0.17–1.03)

None (age was no
longer significant in
multivariate analysis)

Kamali [24], adult
residents in 15
villages in
Southwest
Uganda.

Incident HIV
3.70 (2.10–6.60)

Ref: Men
Age-adjusted 1.70
(1.10–2.70)

For HIV: age and sex

Kebede [26], factory
workers in Addis
Ababa, Ethiopia

Prevalent HIV
2.80 (1.30–6.01)

Ref: 20–29 years
30–39: 1.33 (0.60–2.80)
40–49: 1.67 (0.80–3.50)

Ref: Men
2.43 (1.39–4.27)

Sex, HSV-2 serostatus
of partner, syphilis
infection at baseline
(age was no longer
significant in
multivariate analysis)

McFarland [27], male
factory workers in
Zimbabwe

Prevalent HIV
HR: 4.70
(3.30–6.70)

Incident HIV
HR: 3.90
(2.60–5.80)

Ref: ≤20 years
HR, 21–25: 1.10 (0.70–1.70)
HR, 26–30: 0.90 (0.50–1.50)
HR, 31–35: 1.30 (0.80–2.30)
HR, 36–40: 1.10 (0.6–2.0)
HR, 41–45: 0.90 (0.40–2.0)
HR, 46+: 0.70
(0.30–1.40)

Widowed, history of
genital ulcer, history
of any STD, number
of sex partners

Munjoma [29],
pregnant women
in Harare,
Zimbabwe

Ref: >16 years
≤16 years: 3.60
(1.60–8.30)

Ref: <20
20–24: 0.80 (0.30–12.10)
25–29: 0.20 (0–1.80)
30–34: 1.00 (0.20–4.50)
>34: 0.70 (0.10–5.00)

None

Okuku [31], adult sex
workers in
Mombasa, Kenya

Among men
Incident HIV
3.95 (1.25–12.43)
Among women
Incident HIV
8.88 (3.62–21.78)

Among men
Ref: 18–24 years
25–34: 1.97 (0.79–4.92)
>34: 2.83 (0.99–8.11)
Among women
Ref: 18–24 years
25–34: 1.26 (0.65–2.44)
>34: 1.69 (0.58–4.94)

Among men: marital
status, genital
washing, new sex
partners, condom
use.

Among women: marital
status, genital
washing.

Riedner [32], female
bar workers in
Mbeya Region,
Tanzania

Prevalent or
incident HIV

OR: 3.75
(1.14–12.36)

Workplace, duration of
work as bar worker,
change of residence
during 12 months
before enrollment

Sobngwi-Tambekou
[34],
uncircumsized
men in Orange
Farm, South Africa

Prevalent HIV
2.48 (1.28–4.81)

Ref: <21 years
2.38 (1.58–3.60)

Circumcision status,
religion, ethnicity,
alcohol use, marital
status, sexual
behavior, nonspousal
sex partners

Tassiopoulos [35],
female bar and
hotel workers in
Moshi, Tanzania

Prevalent or
incident HIV

HR: 3.36
(1.44–7.87)

Ref: ≥21 years
HR, <21: 6.0
(1.39–25.97)

Missing:
HR, 16.70
(3.01–92.46)

Not active:
HR, 5.77 (0.85–39.16)

Ref: ≤20 years
HR, 21–30: 1.94 (0.82–4.59)
HR, 31–40: 1.29 (0.37–4.43)
HR, ≥41: 2.07 (0.32–13.38)

Ethnicity, condom use,
number of sex
partners and alcohol
intake

Tobian [36], men in
Rakai, Uganda

Prevalent HIV: 1.38
(0.71–2.69)

Ref: 15–19 years
20–24: 1.21 (0.83–1.77)
25–29: 0.94 (0.59–1.50)
30–49: 0.65 (0.39–1.09)

Education,
employment, marital
status, alcohol use,
circumcision status,
condom use, number
of sex partners

Unless otherwise specified as ‘OR’ or ‘HR’, effects are incident rate ratios (IRR).

Abbreviations:HIV, human immunodeficiency virus; HR, hazards ratio; HSV, herpes simplex virus; OR, odds ratio; Ref, reference; STD, sexually transmitted disease.

* Effects in bold represent results from multivariate analyses.
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Of note, a large proportion of this cohort was HSV-2 seropos-
itive at enrollment (80%).
Eight studies recruited women from the general population

(Table 1) [17, 20, 22, 24, 25, 29, 37, 43]. In 5 of these studies,
more than half of the cohort was HSV-2 seropositive at enroll-
ment. Among the 8 studies, the incidence ranged from 3 to 21
cases per 100 person-years, with the highest rate measured in a
rural population cohort in Masaka, Uganda [43]. Notably, more
than 70% of this cohort was HSV-2 seropositive at enrollment.

HSV-2 Prevalence and Incidence in Men
Overall, 10 studies reported HSV-2 prevalence and incidence
among men; 7 were conducted in the general population
(Table 2) [22, 24, 25, 28, 34, 36, 43]. Between 22% and 40% of
high-risk cohorts were HSV-2 positive at enrollment. In high-
risk populations, the incidence rates ranged from 1 to 9 per 100
person-years, with a notably low incidence reported among
Ethiopian factory workers [26].
In comparison with high-risk cohorts, the baseline preva-

lence in general populations appeared to be lower, ranging
from 6% to 57% with a median of 27%. In addition, incidence
appeared to be lower among studies that recruited men from the
general population compared with women. Among men, the re-
ported rates ranged from 2 to 12 per 100 person-years with a
median of 5 compared with 3 to 21 per 100 person-years
with a median of 8 per 100 person-years in women (Figure 2).

Risk Factors for Incident HSV-2 Infection in Women
Four studies assessed age as a risk factor for HSV-2 acquisition
in women [18, 29, 31, 35], with 3 of them enrolling high-risk
populations (Table 3; Figure 3A) [18, 31, 35]. None of these
studies reported age as an independent risk factor in

multivariate analysis. However, younger age at sexual initiation
was found to be significantly associated with increased HSV-2
acquisition in the 2 studies that assessed this risk factor [29, 35].
Munjoma et al [29] estimated that women who initiated sexual
activity at or below 16 years of age acquired HSV-2 at a rate 3.6
(95% confidence interval [CI], 1.6–8.3; P < .001) times higher
than women who were older at their age of sexual debut. Like-
wise, Tassiopoulos et al [35] found that, after adjusting for age,
women who were 21 years or younger when they initiated sex-
ual activity were at an increased risk for HSV-2 acquisition (ad-
justed hazard ratio [aHR], 6.00; 95% CI, 1.39–25.97; P = .01).
Prevalent and incident HIV-1 infections were identified as

significant risk factors for HSV-2 incidence in all 5 studies
that assessed HIV status (Table 3) [24, 26, 31, 32, 35]. Among
the 3 studies that examined risk factors in women [31, 32, 35],
after adjustments for age, number of sex partners, and other

Figure 2. Incidence rates of herpes simplex virus (HSV)-2 reported in
men and women among studies eligible for the systematic review. The
area of the circle is proportional to the person-years accrued in a given
study.

Figure 3. (A) Incidence rates of herpes simplex virus (HSV)-2 in women,
stratified by age. Each circle corresponds to the mean in a given age group.
The area of the circle is proportional to the person-years accrued in each
age group. (B) Incidence rates of HSV-2 in men, stratified by age. Each cir-
cle corresponds to the mean in a given age group. The area of the circle is
proportional to the person-years accrued in each age group. Please note
that the y-axis differs in the two figures above.
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markers of sexual exposure, the adjusted risk for HSV-2 acqui-
sition in women with HIV-1 infection at baseline or follow-up
and incident HSV-2 ranged from 3.36 (95% CI, 1.44–7.87) to
8.88 (95% CI, 3.62–21.78).
Four studies examined the association between HSV-2 acqui-

sition and various measures of sexual activity among high-risk
women [18, 26, 31, 35]. Independent risk factors identified in
multivariate analysis included being in a discordant relationship
with an HSV-2-positive partner (adjusted incidence rate ratio
[aIRR], 15.19; 95% CI, 3.30–69.91) [26], having a male partner
who had other partners (aHR, 4.91; 95% CI, 1.39–17.31) [35],
and reporting 2 or more sexual partners per week compared
with none (aHR, 2.70; 95% CI, 1.25–5.84) [18]. There was
mixed evidence for the effect of condom use on HSV-2 acqui-
sition. Chohan et al [18] reported a borderline protective effect
among those who used condoms 25%–75% of the time com-
pared with 25% or lower (aHR, 0.43; 95% CI, 0.19–0.99).

Risk Factors for Incident HSV-2 Infection in Men
Age was evaluated as a risk factor HSV-2 acquisition in 4 studies
[27, 31, 34, 36], 2 of which were conducted in the general pop-
ulation (Table 3; Figure 3B). Although age was not found to be
an independent risk factor in high-risk cohorts, Sobngwi-
Tambekou et al [34] found that men from the general popula-
tion who were 21 years or older were significantly more likely to
acquire HSV-2 than their younger counterparts (aIRR, 2.38;
95% CI, 1.58–3.60; P < .001). In all 4 studies, the aIRRs for
the association between older age groups (>20 years) and risk
of HSV-2 acquisition ranged from 1.21 (95% CI, .83–1.77) to
2.38 (95% CI, 1.58–3.60).
Baseline and incident HIV infections were found to increase

the risk of HSV-2 acquisition in 5 of the 6 studies that examined
this association [24, 26, 27, 31, 34, 36] (Table 3). Men who ac-
quired HIV infection during the course of follow-up had a
2.48 (aIRR; 95% CI, 1.28–4.81) to 4.7 (aIRR; 95% CI, 3.3–6.7)
times higher acquisition rate of HSV-2. As a notable exception,
Tobian et al [36] did not observe a significant difference in
HSV-2 incidence rate across HIV-1 enrollment status in their
male circumcision trial in Uganda (aIRR, 1.38; 95% CI, .71–2.69).
Male circumcision was found to have a protective effect on

the risk of HSV-2 acquisition in 2 of the 4 studies that examined
this association [28, 31, 34, 36]. In their multivariate analyses,
Sobngwi-Tambekou et al [34] and Tobian et al [36] found a
lower risk of HSV-2 acquisition among circumcised men,
with adjusted IRRs ranging from 0.45 (95% CI, .24–.82) to
0.70 (95% CI, .55–.91), respectively. In contrast, univariate anal-
yses from 2 other studies did not show any effect of circumci-
sion on HSV-2 acquisition [28, 31].
Five studies assessed measures of sexual activity among men

[26, 27, 31, 34, 36], with 3 of them enrolling high-risk cohorts
[26, 27, 31]. Consistent condom use was found to have a protec-
tive effect in all 3 studies that assessed it [31, 34, 36]. In

particular, Okuku et al [31] observed that men who had never
used a condom in the past 3 months were 2.36 times (95% CI,
1.07–5.23) more likely to acquire HSV-2 compared with men
reporting consistent use. Likewise, in a cohort of uncircumcised
men in Orange Farm, South Africa, men who reported at least 1
sexual contact without condom use during follow-up were at
an elevated risk for HSV-2 acquisition (aIRR, 1.87; 95% CI,
1.21–2.89) [34].Among 5 studies that examined other measures
of sexual activity, independent risk factors for HSV-2 acquisi-
tion included having a HSV-2-positive partner (aIRR, 15.19;
95% CI, 3.30–69.91) [26] and number of sex partners (aHR,
1.10; 95% CI, 1.00–1.30) [27].

Gender and Incidence of HSV-2
Among 6 studies that enrolled both genders [22, 24–26, 31, 43],
3 studies examined gender as a risk factor for HSV-2 acquisition
[24, 26, 43]. Two studies reported that women were at a higher
risk for HSV-2 acquisition (P < .001; Table 3), with incidence
rate ratios ranging from 1.70 (95% CI, 1.10–2.70) to 2.43
(95% CI, 1.39–4.27) and as high as 4.21 (95% CI, .93–18.98)
in a subset [24, 26]. In addition, Wagner et al [43] observed
this in their prospective cohort recruited from the general pop-
ulation but did not report any formal comparisons.

DISCUSSION

In our systematic review of HSV-2 incidence within sub-
Saharan Africa, we found that HSV-2 incidence is overall
high but variable across countries and populations. Not surpris-
ingly, incidence appeared to be higher among women who re-
port higher risk sexual behavior, such as bar and hotel workers.
Despite being a common significant predictor of HSV-2 preva-
lence, age was not found to be associated with HSV-2 incidence
in women. Our findings confirm that prevalent and incident
HIV infection is a significant risk factor for incident HSV-2
in both men and women, even after adjusting for age, sexual
activity, condom use, and circumcision.
This review draws attention to the high HSV-2 acquisition

rates in both general and high-risk populations in sub-Saharan
Africa; as high as 22 per 100 person-years and 23 per 100
person-years in 2 high-risk Kenyan cohorts [18, 31]. Notably,
both studies were conducted in HIV-seronegative populations.
Such high acquisition rates likely reflect the high HSV-2 preva-
lence in the community, age mixing in partnerships, and sexual
networks characterized by higher partner concurrency [44]. For
example, Kenyon et al [45, 46] reported a significant correlation
of more than 70% between country-specific partner concur-
rency rates and the HSV-2 prevalence. Thus, the risk of HSV-
2 may be less predicated upon individual sexual behavior and
more on network characteristics.
Few preventative strategies to lower sexual HSV-2 transmis-

sion have been shown to be effective. Disclosure of HSV-2 status
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to the uninfected partner and condom use appear protective in
observational studies [47, 48]. Corey et al [49] found that once-
daily suppressive therapy with valacyclovir significantly reduces
the risk of transmission among immunocompetent HSV-2 dis-
cordant couples; an effect that did not extend to couples where
the index partner was coinfected with HSV-2 and HIV-1 and
acyclovir was used as the antiviral [50]. Tenofovir is another an-
tiviral drug that has been shown to have anti-HSV activity in
vitro [51]. However, Tan et al [52] report that standard doses
of oral tenofovir did not reduce genital HSV shedding in HIV
and HSV-2 coinfected adults.
Among treatment as prevention strategies, the recent CAPRI-

SA-004 trial showed a 51% reduction in HSV-2 acquisition
among women assigned to the tenofovir 1% vaginal gel, in an
effect independent of reducing HIV acquisition [53]. In addi-
tion, preliminary data from the Pre-Exposure Prophylaxis
(PrEP) trial showed daily tenofovir to be 21% efficacious in
the prevention of HSV-2 acquisition among susceptible part-
ners in HIV and HSV-2 serodiscordant relationships in Africa
[54]. In contrast, results from the Pre-exposure Prophylaxis Ini-
tiative (iPrEx) study did not find oral tenofovir to prevent HSV-
2 acquisition among men who have sex with men [55].
Prior systematic reviews and meta-analyses have focused on

global patterns of HSV-2 prevalence; to our knowledge, this is
the first systematic synthesis of HSV-2 incidence in sub-Saharan
Africa, a region severely affected by both HIV and HSV-2. Al-
though surveillance systems in resource-constrained countries
typically rely on HIV and HSV-2 prevalence data, cross-sectional
disease prevalence is not an optimal maker of risk of infection.
In addition, trends in acquisition across demographic groups
can help identify transmission patterns and accordingly tailor
disease prevention strategies by identifying sub-populations
most at-risk. A limitation to this review includes the lack of
standardized HSV-2 antibody tests across studies. Although
all included studies relied on a type-specific antibody assay,
the sensitivity and specificity of a given serological test varies
between the different commercially available tests and may be
more problematic with sera from sub-Saharan Africa, potential-
ly resulting in misclassification of HSV-2 status [56, 57].

CONCLUSIONS

In general, HSV-2 incidence has been derived from cohort stud-
ies that enroll a variety of populations that correspond to the
aim of the study and measure HSV-2 incidence as a secondary
outcome or a potential confounder. Yet estimates of incidence
are critical for planning prevention trials, because expected
number of incident cases is a key determinant of number of par-
ticipants required to enroll. All preventative trials of HSV-2 vac-
cines to date have been conducted in the United States; thus far,
none of the candidate vaccines have shown efficacy for preven-
tion of HSV-2 acquisition. In the most recent Herpevac trial,

>8000 HSV-seronegative women were enrolled and observed
for up to 20 months [58]. In the control arm of the study, the
incidence of HSV-2 was 1.1 per 100 person-years [59]. This
striking contrast in HSV-2 incidence rates between Africa and
the United States has significant implications for HSV vaccine
research. An efficacy trial of a candidate prophylactic vaccine
may not be feasible in the United States because of the sample
size required. For example, at such low incidence, 10 240 per-
sons would need to be observed for 1 year to demonstrate a
50% reduction in HSV-2 incidence with 80% power. In contrast,
the higher acquisition rate of HSV-2 among men and women in
sub-Saharan Africa confirms an advantage for rapid evaluation
of candidate vaccines [60]. Candidate HSV-2 vaccines will need
to prevent HSV-2 in persons seropositive for HSV-1, because
almost all persons in Africa acquire HSV-1 in childhood. In ad-
dition, the availability of the product in Africa will need to be
addressed, if the trials will enroll local populations.
In conclusion, our data suggest that in sub-Saharan Africa the

rates of HSV-2 acquisition are exceptionally high, especially
among women, presenting an opportunity to efficiently con-
duct clinical trials of candidate vaccines.
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