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Abstract
Objectives: To determine prevalence of and risk factors for herpes simplex virus type 2 (HSV-2)
and HIV among women being screened for a randomized, controlled trial of HSV suppressive
therapy in northwestern Tanzania.

Methods: Two thousand seven hundred nineteen female facility workers aged 16 to 35 were
interviewed and underwent serological testing for HIV and HSV-2. Factors associated with HSV-2
and HIV in women aged 16 to 24 were examined using logistic regression to estimate odds ratios
(OR) and 95% confidence intervals (CI).

Results: HSV-2 seroprevalence was 80%, and HIV seroprevalence was 30%. Among women
aged 16 to 24, both infections were significantly and independently associated with older age,
being a bar worker, working at a truck stop, and having more lifetime sexual partners. HSV-2
infection was also associated with lower socioeconomic status, increased alcohol intake, younger
age at first sex, inconsistent condom use, and vaginal douching. There was a strong association
between the 2 infections after adjustment for other factors (OR = 4.22, 95% CI: 2.6 to 6.9).

Conclusions: Female facility workers in northwestern Tanzania are vulnerable to HSV-2 and
HIV infections. Programs designed to increase safer sexual behavior and reduce alcohol use could
be effective in reducing HSV-2 incidence and, in turn, HIV infection. This is a suitable population
for an HSV suppressive therapy trial.

Keywords
HSV-2; HIV; high risk; Tanzania

Tanzania has been widely affected by HIV since the mid-1980s, and current HIV prevalence
among the general adult population in Tanzania is estimated at 6.5%.1 The epidemic is
driven by heterosexual transmission, with higher prevalence in groups with higher sexual
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risk behavior, including women working in bars, restaurants, and guesthouses in trading
centers or at major truck stops.

Herpes simplex virus type 2 (HSV-2) infection, a highly prevalent sexually transmitted
infection2,3 and the main cause of genital ulcer disease (GUD) worldwide,4,5 is an
important cofactor for HIV acquisition, increasing risk of infection by 2- to 3-fold.6,7
Studies in Tanzania have found HSV-2 sero-prevalence of around 25% in women aged 15 to
19,8,9 rising to around 75% in those aged over 25 in rural Mwanza,8,9 with a generally
higher prevalence among female bar workers.10,11 The impact of HSV-2 on the spread of
HIV was illustrated in a recent cohort study among female bar/hotel workers in Moshi,
northern Tanzania.12 HIV incidence in this population was 4.6 per 100 person-years;
HSV-2 infection, especially recent infection, was the factor most strongly associated with
HIV incidence, causing an estimated 63% of HIV infections.12 Similarly, a nested case-
control study of HIV infection in the general population in Mwanza, northwestern Tanzania,
estimated that 74% of incident HIV infections in men and 22% in women were attributable
to HSV-2.13

Although these observational studies suggest a strong link between HSV-2 seroprevalence
and HIV infection, intervention trials are needed to evaluate whether HSV-2 suppressive
therapy will reduce the risk of HIV infection. Further, HSV-2 may also increase HIV
infectivity, as seen in a randomized placebo-controlled trial in which HSV suppressive
therapy significantly reduced frequency and quantity of genital and plasma HIV-1 RNA and
genital HSV-2 DNA over a 3-month treatment period.14

In this paper, we report baseline data from female facility workers in northern Tanzania who
were screened for enrollment into a randomized controlled trial of the impact of HSV
suppressive therapy on HIV incidence and genital shedding. We describe the characteristics
of the women screened, report the prevalence of HSV2 and HIV, examine risk factors for
these infections, and evaluate the suitability of this study population for randomized
controlled trials of herpes suppressive therapy.

METHODS
Study Location

Settings in the Lake Victoria Zone of Tanzania with high transmission of HIV were
identified through ongoing work and meetings with regional and district health authorities.
These included large truck stops on the roads to Rwanda, Burundi, and Kenya; large trading
centers; and communities neighboring gold and diamond mines.

Selection of Trial Population
Women were eligible for screening for enrollment in the trial if they were aged 16 to 35,
intended to stay in the study site for the next 2 years, were not pregnant or planning to
become pregnant in the next 2 years, and were not breast-feeding. Twenty-one communities
were mapped to document the number of potentially eligible women, the number of
facilities (such as bars and guesthouses), and likely migration routes for facility workers.

Facility types were defined as bars, guesthouses/hotels, mamalishe (local food-handlers who
prepare food on roadsides), kilabu (local brew houses), groceries (small shops that sell beer),
disco halls, and nightclubs. Workers in each facility were listed after preparatory meetings.
Nineteen study sites were selected based on the number of eligible women, documented
mobility patterns, and accessibility. Within each facility, all female workers aged 16 to 35
were invited to attend a screening round at a mobile clinic based in a guesthouse to explain
the trial rationale and procedures and to assess eligibility. After mobilization meetings,
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women from the communities of facility workers and other suitable community members
were nominated and recruited to act as community link persons. Owners and/or managers of
participating facilities were invited to meetings to explain the study and were asked to
support the participation of their female employees in the study.

Study Procedures
Screening was conducted in 3 phases from November 2003 to December 2005. After
informed written or finger-printed consent, a 10 mL blood sample was collected, and
participants were interviewed to elicit details of sociodemographic factors and behavioral
practices. All screened women were given an appointment to return to the mobile clinic in
approximately 3 months. All women, including those not eligible for screening, were offered
free condoms, risk-reduction counseling, and HIV voluntary counseling and testing (VCT)
by a trained on-site counselor. Those who agreed were given precounseling, tested using
HIV rapid tests (Capillus HIV-1/HIV-2, Trinity Biotech, Bray, Ireland; and Determine
HIV-1/2 test, Abbott Laboratories, Queenborough, UK), and offered immediate posttest
counseling. HIV-positive participants identified by VCT were referred to the closest center
providing HIV support and care. Antiretroviral therapy (ART) provision started in regional
and district hospitals in the Lake Zone during 2004, and women enrolled into the trial who
knew their HIV status were referred to the nearest health facilities providing HIV care,
including ART. Transport to the HIV clinics was provided where necessary.

Laboratory Methods
The 10 mL blood sample was centrifuged at 1000 g for 10 minutes. Three 2 mL serum
aliquots were collected and refrigerated immediately at 2° to 8°C and subsequently frozen at
−20°C and transported to the STD Reference Laboratory at the National Institute for
Medical Research (NIMR), Mwanza. Sera were tested for HSV-2 using a type-specific IgG
enzyme-linked immunosorbent assay (ELISA) (Kalon Biologicals, Surrey, UK) that has a
sensitivity of 92.3% and specificity of 97.7% in African sera15 and for HIV using the Murex
HIV Ag/Ab Combination ELISA (Murex Biotech, Dartford, UK) and Uni-Form II Ag/Ab
micro ELISA system (BioMérieux UK, Basingstoke, UK). Samples discordant or
indeterminate on HIV testing were retested. If an ELISA result differed from the original,
the sample was tested a third time with this same ELISA. If the ELISA results were
unchanged on the first retest or were not resolved on the second retest, the sample was tested
by a HIV-1 p24 Ag EIA (Biorad Genetic Systems, Hercules, CA). If positive, then this was
taken as the final HIV result. P24 Ag-negative or indeterminate samples were sent to the
Institute of Tropical Medicine, Antwerp, for testing by a line immunoassay, INNO-LIA HIV
I/II (Innogenetics, Gent, Belgium). The results of the LIA test were taken as the final HIV
result.

Statistical Methods
Sociodemographic characteristics of participants were compared across facility type using
the χ2 test. Risk factors for HSV-2 infection and HIV infection were analyzed using odds
ratios (ORs) and 95% confidence intervals (CIs) obtained by logistic regression. This
analysis was restricted to women aged 16 to 24, because infections in this age group are
more likely to have occurred recently, which allows a more reliable analysis of risk factors
for incident infection from this cross-sectional study design. Potential determinants of each
infection were considered in 3 groups: socioeconomic factors, sexual behavioral factors, and
biological factors. An initial model included socioeconomic factors only. All factors for
which association reached statistical significance at P < 0.1 were included in a multivariate
model. Factors that remained independently significantly associated with the outcome (at P
< 0.1) were retained. Next, the association between each determinant in the sexual behavior
group, and then the biological group, were assessed by adding the single determinant into
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the multivariate model, including the subset of independently significant socioeconomic
factors. A multivariate model was built up that included the subset of socioeconomic factors
in the first multivariate model plus any behavioral or biological factors for which the P value
after adjusting for the socioeconomic factors was <0.1. The final multivariate logistic
regression model was reached by excluding factors 1 at a time until all remaining factors
were significant at the P < 0.1 level. History of GUD was not included as a risk factor for
HSV-2 because it may have been caused by HSV-2 infection.

RESULTS
Study Population

The mapping activities documented 6212 women working in 2564 facilities. Of these, 2735
(44.0%) women attended the screening visit and 2719 were eligible. Of the 16 women who
attended but were not eligible for screening, 7 reported pregnancy or were actively planning
to become pregnant in the next 2 years; 1 was moving away, 3 were breast-feeding, and 5
declined to take part.

Overall, 1399 (51%) of the 2719 screened women were local food handlers; 449 (17%)
worked in a restaurant, café, or beer shop; 406 (15%) were bar workers; 298 (11%) were
guesthouse workers; and 167 (6%) were local brew sellers (Table 1). The regional or district
capital towns of Shinyanga, Kahama, Geita, and Nzega had the highest numbers of
participants, with 45% of women living in these 4 sites. The highest proportions of bar
workers were found in Maganzo, a small-scale diamond mining site (11 of 30; 37%), and
Geita, a district capital near a large-scale goldmine (72 of 257; 28%). The mean age of the
participants was 26.0 years (standard deviation 5.4 years) and differed significantly by type
of facility (P < 0.001; Table 1). Most women (76%) were not currently married or living as
married. Bar workers were most likely to be divorced or separated (63%). Overall, 18% of
all women and 30% of bar workers had lived in their current site for <1 year and 35% of
women had lived in the site for <2 years. Type of facility was also significantly associated
with tribe, literacy, and knowledge about HIV transmission (Table 1). Local brew sellers
had the lowest literacy level (61%) and were the least likely group to give ≥9 correct
responses to questions on HIV knowledge (27%).

Behavioral characteristics of participants are shown in Table 2. About half of women (47%)
reported fewer than 5 partners in their lifetime, with bar workers generally reporting the
highest risk behaviors. Overall, 25% of women reported having at least 10 partners in their
lifetime, and 82% reported ever having used a condom. The majority of women (65%)
reported no more than 1 partner in the past 3 months. Bar workers were most likely to report
at least 3 partners in this period (36% vs. 12% for other facility workers; P < 0.001). Sex in
exchange for money or gifts in the past 3 months was relatively common (35% of women
overall, 60% among bar workers; Table 2), and 10% of women reported having had sex with
a nonpaying casual partner within this period. Consistent condom use was reported by 67%
of the women with a paying partner and by 60% of women with a nonpaying casual partner.
Only 21% of women reported consistent condom use with regular partners. Overall, 28% of
women reported having used a condom every time they had sex in the past 3 months. The
main reasons for inconsistent condom use were that the male partner did not like them
(49%), they didn't know why they didn't use one (11%), because they trusted their partner
(7%), or they had only one partner (6%).

Differences in reported sexual practices by facility type showed no clear pattern (Table 2).
Overall, 9% of women reported ever using lubrication, and this was most commonly
reported among bar workers (14%). Ever using products for dry or tight sex and having ever
had anal sex were uncommon (4% and 2% respectively) and were more commonly reported
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among local brew sellers, as was having had sex during menstruation (26% vs. 17% overall).
Of women who had sex within the last 3 months, 3.2% reported being forced to have had
sex against their will.

Vaginal cleansing was common and was reported by 60% of all women, and 70% of bar
workers. The mean frequency of vaginal cleansing episodes per day was 2.6 (range: 0 to 7).
Of the women who reported this practice, the most frequent method was washing inside the
vagina with a finger dipped in water and soap (79%). Local brew sellers were most likely to
also use other methods, including use of leaves or roots (7%) or a cloth (12%). Almost all
women reported hygiene to be the primary reason for vaginal cleansing (99.3%).

HSV/HIV Seroprevalence and Self-Reported Genital Ulceration
Overall, 80% of women were HSV-2 seropositive, 30% were HIV-1 seropositive, 22%
reported ever having had a genital ulcer, and 11% reported an ulcer in the past 3 months.
Thirteen women had an indeterminate HSV-2 ELISA result, and 21 had an indeterminate
HIV result by INNO-LIA. HSV-2 seroprevalence by site ranged from 69% to 88%, and HIV
seroprevalence was from 19% to 36%. Both HSV2 and HIV were significantly less
prevalent in trading centers (74% and 24% respectively) than in mining areas and truck
stops (82% and 32% respectively; P = 0.001). HSV-2–seropositive women were
significantly more likely to report a history of genital ulceration (25% vs. 11%; P < 0.001),
and to be HIV-1 seropositive (35% vs. 8%; P < 0.0001). HSV-2 prevalence rose
significantly with age, from 47% in women aged 16 to 19 years to 92% in women aged 30 to
35 years (P < 0.001; Figure 1). HIV prevalence was also associated with age, rising from
15% among those aged 16 to 19 to 36% in those aged 30 to 35 (P < 0.001; Figure 1).

Factors Associated With HSV-2 Infection in Women 16 to 24
Factors associated with HSV-2 and HIV serostatus were determined among the 1143 women
age 16 to 24 years, in whom infection is most recent. Of these, 66% were HSV-2
seropositive and 21% were HIV seropositive. On univariate analysis, HSV-2 seroprevalence
was significantly associated with older age, being currently or previously married, being
Sukuma, living in a mining site or a truck stop, shorter length of residence in that site, recent
travel, type of work facility, lower levels of education, illiteracy, renting a house, increasing
number of dependents, and fewer possessions (Table 3). A multivariate model of
socioeconomic factors showed that age, marital status, type of living site, recent travel, work
facility type, level of education, and number of dependents were independently associated
with HSV-2 serostatus (Table 3). After adjusting for these factors, HSV-2 infection was
significantly associated with increasing number of sexual partners (lifetime and in the past 3
months) and younger age at first sex (Table 4). In addition, HSV-2 prevalence was highest
among those who used condoms irregularly (OR = 3.45, 95% CI: 1.9 to 6.1 for use
“sometimes” compared to always). The prevalence was lowest among women reporting
never having used a condom (OR = 0.59, 95% CI: 0.4 to 0.9) compared with consistent
users, possibly because these women reported fewer partners and were less likely to be
exposed to HSV-2. HSV-2 was also significantly associated with vaginal douching and
alcohol use and was inversely associated with ever having received a blood transfusion.
Finally, HSV-2 was strongly associated with HIV infection (91% of HIV-1–seropositive
women were HSV-2 seropositive, compared with 59% of HIV-1–seronegative women)
(Table 4).

Independent risk factors for HSV-2 seroprevalence (Table 5) were older age, lower levels of
education, type of work facility (bar workers at highest risk), more dependents, vaginal
douching at least 3 times a day, higher risk sexual behavior (increased number of lifetime
sexual partners, younger age at first sex, irregular condom use), increased alcohol
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consumption, and presence of HIV infection. History of genital ulceration was not included
as a risk factor for HSV-2 infection because it was likely to be caused by the infection itself,
but there was some association between the 2 after adjusting for other variables in Table 5
(OR = 1.38, 95% CI: 0.9 to 2.1).

Factors Associated With HIV Infection in Women 16 to 24
In the univariate analysis, HIV infection was associated with older age, having been
previously married, living in a mining town or truck stop, recent travel, number of different
places lived in within the past year, work facility type, renting a house, increasing number of
dependents, and number of possessions (Table 3). Independent risk factors were age, type of
living site, type of work facility, and number of possessions. After adjusting for these
factors, HIV was associated with increasing number of partners (both lifetime and in the past
3 months), younger age at first sex, irregular condom use, using lubricants for sex, tight/dry
sex, and increasing alcohol intake (Table 4). There was some evidence of an inverse
association with a history of having had an injection in the previous 5 years (OR = 0.68,
95% CI: 0.5 to 1.0). In the final multivariate model (Table 5), HIV infection was
independently associated with older age, living in a mining town or a truck stop, being a bar
worker or local brew seller, and increasing number of lifetime partners. Women who had
received an injection within the past 5 years were less likely to be HIV positive. HIV was
also independently associated with being HSV-2 seropositive (HIV prevalence 29% among
HSV-2 seropositive women vs. 6% among HSV-2 seronegative women; P ≤ 0.001).

DISCUSSION
Women in this population have an extremely high prevalence of HSV-2 infection, with the
majority being infected by age 20. One third of women were also infected with HIV, almost
double the prevalence seen among women in the general population in these communities.16
The prevalence of HSV-2 (80%) is similar to that observed in a similar occupational cohort
in Mbeya Region (87%)10 and among sex workers in other cities in the region such as
Kinshasa (82%),17 Nairobi (73%),18 Kisumu (94%),19 and Ndola (87%).19 Somewhat
lower prevalence was seen among female bar/hotel workers in Moshi (44% to 56%).11,20

The strong association between HSV-2 and HIV seroprevalence has been seen in many
previous studies21-23 and is due to a synergistic relationship between HSV-2 and HIV
infections. Both symptomatic GUD and asymptomatic HSV-2 reactivations seem to increase
risk of HIV acquisition and transmission.6,7,12,24,25 In addition, susceptibility to HSV-2
infection may be increased among immunocompromised HIV-positive individuals, as seen
among high-risk women in Moshi.20

HSV-2 and HIV also share a number of common risk factors including age, occupation, and
number of lifetime sexual partners. Women living in truck stops and mining towns and those
who worked in bars had the highest risk of both infections. Alcohol is likely to impair
judgment and perception of risk from unprotected sex,26,27 which might increase risk of
both HSV-2 and HIV. In our study, HSV-2 was also associated with higher levels of alcohol
consumption, but the relationship with HIV was less clear. An association between
frequency of alcohol intake per week and HSV-2 infection has been seen in men, but not
women, in Moshi, although participants in that study were not asked specifically about the
amount of alcohol consumed, only frequency.11 A further study in Moshi found that 35% of
female bar/hotel workers had a drinking problem,22 as defined by the CAGE scale,28 and
that HSV-2 seroincidence was significantly associated with number of drinks on drinking
days.20 In our study, there was no evidence of an association of lack of consistent condom
use and usual alcohol consumption, although both variables are susceptible to misreporting.
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Limitations of our study include the cross-sectional design, which precludes ascertainment
of the temporal relationship between most variables, and our reliance on self-reporting for
behavioral information and history of GUD. By focusing risk factor analyses on young
women, we aimed to evaluate the effect of recent reported behaviors on HSV-2 and HIV
infection. In interpreting the results, it is important to note that we have assessed
associations using logistic regression to obtain odds ratios, which are statistically robust but
do not approximate the prevalence ratio for common outcomes, as seen in this study.

Evaluation of interventions against incident HIV infection and HIV genital shedding require
study populations with adequate incidence and prevalence to detect an intervention effect.
Women working in bars, hotels, and other facilities have been shown to have a high rate of
partner change29 and to constitute a core group for HIV transmission. Furthermore, the
study population described here is suitable for an HSV suppressive therapy trial because of
the extremely high HSV-2 and HIV prevalence at baseline and ongoing risk for HIV
acquisition among those who were HIV uninfected at baseline. Despite a good awareness of
HIV risk, demonstrated by the fact that 90% of participants answered at least 6 of 10 HIV
knowledge questions correctly, most women had been sexually active within the previous 3
months (with 16% having had at least 3 partners in that period) and consistent condom use
was rare. Although mobility is a concern for follow-up of such a cohort, careful mapping of
sites and documentation of past and planned migration routes has identified new high-
transmission sites in the area and will assist in follow-up.

In a population with such highly prevalent HSV-2 infection, suppressive HSV-2 therapy
should reduce the number of subclinical and clinical episodes of HSV-2 reactivation,
potentially reducing HIV incidence and HIV genital shedding. The randomized controlled
trial of the impact of HSV suppressive therapy on HIV incidence and genital shedding in
this population is now completed, and the results will be published separately. These will be
instrumental in guiding future health policy on the role of HSV suppressive therapy for HIV
prevention.
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FIGURE 1.
Seroprevalence of HSV2 and HIV among high risk women in NW Tanzania, by age group.
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