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Abstract

Studies have shown that women diagnosed with herpes simplex virus-2 (HSV-2) have a higher risk
for bacterial vaginosis (BV) infection. We investigated the presence of HSV-2 infections as a risk
factor for incident BV infections in high risk, Human immunodeficiency virus (HIV) uninfected
women enrolled in a HIV prevention trial in Durban, South Africa. The Vaginal and Oral
Interventions to Control the Epidemic trial was a multicentre, double blinded, randomized
controlled trial which was designed to estimate the effectiveness of daily treatment with vaginal
tenofovir gel, oral tenofovir disoproxil fumarate and oral Truvada in preventing HIV-1 infection in
women. Women provided samples for the diagnosis of HSV-2 and BV. The presence of HSV-2
antibodies was detected using HerpeSelect™ ELISA 1gG. Bacterial vaginosis was diagnosed using
the Nugent scoring system. To assess the risk of BV incidence, modelled as a time-dependent
variable, we used the Andersen-Gill model with robust variance estimation and Efron methods for
ties. Overall, 2750 women were enrolled in the VOICE trial at our study sites. Women who had a
HSV-2 infection at enrolment were shown to be at increased risk for incident BV infections
(adjusted hazard ratio 1.17, 95% CI 1.08, 1.27, p < 0.001). In addition, being of a young age, being
unmarried and having a partner that has other partners were significantly associated with
subsequent BV infection. Our findings therefore advocate the need for strengthening STI
prevention efforts among women in high burden STI settings.

Keywords
Herpes simplex virus type —2; Bacterial vaginosis; High-risk women; HIV infection

Correspondence to: Nathlee S. Abbai.

Authors’ Contribution NSA developed the concept with input from MN. NSA performed the data interpretations. GR was the
clinical trials unit PI for the study. MN completed the statistical analysis. NSA wrote the paper with input from MN, SN and GR.

Compliance with Ethical Standards
Conflict of interest All authors mentioned in the manuscript declare that they have no conflicts of interest.

Informed Consent Written informed consent was obtained from all women that were enrolled in this study. The study was approved
annually by the South African Medical Research Council Ethics Committee as well as the Medicines Control Council.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abbai et al.

Page 2

Introduction

Methods

Herpes simplex virus-2 (HSV-2) is one of the most prevalent viral sexually transmitted
infections (STIs) globally, with rates as high as 78% in women [1, 2]. According to the
World Health Organization (WHO), 536 million people aged 15-49 are infected with
HSV-2, the causative agent of genital herpes [3]. In addition, approximately 23.6 million
people in this age group become newly infected with HSV-2 each year [3]. Women in Sub-
Saharan Africa have been shown to harbour the highest number of HSV-2 infections (i.e.,
70%) [3]. In South Africa, the prevalence of HSV-2 infection is reported to be 40-70% [4,
5]. Bacterial vaginosis (BV) represents the main cause of abnormal vaginal discharge in
women of reproductive age [6], and has been linked to considerable gynecologic and
obstetric morbidity such as preterm delivery, pelvic inflammatory disease (PID) and upper
genital tract infections [7]. The prevalence of BV has been reported to be as high as 51%
among African women [8].

Many epidemiological studies have found a strong association between HSV-2 infection and
Human Immunodeficiency Virus (HIV) infection [9]. In a more recent study by Abbai et al.
[5], the prevalence of HSV-2 and HIV co-infection was reported to be 41% in South African
women. Additionally, HSV-2 infection may also enhance host susceptibility to other STIs as
well as lead to alterations in vaginal bacterial microbiota [10].

Bacterial vaginosis (BV) has also been found to be a significant risk factor for HIV-1
acquisition [7]. It has also been suggested that BV may be a sexually associated condition
since many studies have shown that BV positive individuals share similar risk factors with
that of STI infected individuals [11].

According to Nagot et al. [12] HSV-2 infected women have a higher prevalence of BV when
compared to uninfected women. A study by Kaul et al. [13] showed that women with
prevalent HSV-2 infection have a higher incidence of BV compared to HSV-2 uninfected
women. However, the above-mentioned studies were conducted using a targeted population,
a cohort of sex workers, therefore the data derived from these studies are not applicable to
the general population. In this study, we will determine the association between prevalent
HSV-2 infections with the risk of incident BV infections in a large cohort of HIV uninfected
women that had enrolled to participate in a HIV prevention trial in Durban, South Africa.

Study Sites and Population

This study was performed as a secondary analysis of the recently completed Vaginal and
Oral Interventions to Control the Epidemic (VOICE) trial (Clinicaltrials.gov #
NCTO00705679). The VOICE trial was a multicentre, double blinded, randomized controlled
trial which was designed to estimate the effectiveness of daily treatment with vaginal
tenofovir (TVF) gel, as compared with placebo gel, and of oral tenofovir disoproxil fumarate
(TDF) and oral Truvada (TDF-FTC), as compared with oral placebo, in preventing sexually
acquired HIV-1 infection in women and to assess the safety profiles of each of the active
treatments. The products tested were not shown to protect against HIV-1 infection [14]. The

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abbai et al.

Page 3

trial was conducted from September 2009 through August 2012, at 15 sites in South Africa,
Uganda and Zimbabwe. This study is based on the data collected from the 7 South African
Medical Research Council clinical research sites (CRSs) in Durban, South Africa.

Participants were recruited from a variety of sources such as primary healthcare clinics, and
family planning clinics, as well as various community-based locations. Participants were
also referred to the study by peer educators [15], health and social service providers serving
the target study population. Briefly, the inclusion criteria were women aged 18-45 years
who were HIV negative, neither pregnant nor breast-feeding and who reported recent vaginal
intercourse, were using effective contraception, and had normal renal, hematologic, and
hepatic function [14]. The study protocol and informed consent forms were approved by
local Institutional Review Boards/Ethics Committees (IRBs/ECs) prior to use. Written
informed consent was obtained from all study participants.

Study Procedures

A detailed description of the study procedures are provided elsewhere [14]. Briefly, during
study interviews, information on demographics, medical and menstrual history and sexual
behaviour was obtained from enrolled women. This information was collected by
interviewer administered questionnaires and audio computer-assisted self-interview
(ACASI). The data recorded was based on self-report. Clinical procedures were conducted at
screening, enrolment and during study follow-up visits. Participants underwent both physical
and pelvic examinations. Samples were collected for the diagnosis of HSV-2, syphilis,
Neisseria gonorrhoeae, Chlamyadia trachomatis, Trichomonas vaginalis, and BV infections.
Ecto- and endocervical cells were also collected for Papanicolaou (Pap) smear analysis.
Women were provided with HIV counselling and testing, ongoing HIV/STI risk reduction
counselling, condoms, and treatment of STIs and reproductive tract infections (RTIs) such as
BV and candida. Women were also advised to use a reliable method of contraception during
the study and several contraception methods were available at the research site clinics.
Participants were followed up monthly for a maximum of 36 months, with a minimum
follow-up period of 12 months for those enrolled last.

Laboratory Procedures

Testing for HIV was conducted at every monthly visit, whereas testing for STIs and RTIs
were conducted at baseline, annually, at study end and when clinically indicated. Two HIV
rapid tests were conducted on whole blood samples collected by venipuncture by use of the
Determine HIV-1/2 (Abbott Laboratories, Japan) and Unigold™ Recombigen® HIV. The
presence of HSV-2 antibodies was detected using HerpeSelect™ ELISA IgG (Focus
Technologies, Cypress, CA, USA) with a cut-off value of 3.5. Blood samples were used to
diagnose syphilis using the rapid plasma reagin [RPR] and 7reponema pallidum
haemagglutinin [TPHA], Randox Laboratories, Crumlin, UK) tests. Urine specimens were
collected for detection of N. gonorrhoeae, and C. trachomatis infections by strand
displacement amplification using the BDProbeTec™ ET SDA Assay (Becton-Dickinson
Microbiology Systems, USA). 7. vaginalis testing was done using the Genzyme Rapid
Trichomonas test with vaginal swabs.
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Outcome—The outcome of interest in this analysis was incidence of BV measured using
the Nugent scoring system [16]. Scores of 0—3 were considered as negative, 4—6
intermediate and 7-10 as positive BV status. The following quality control checks were in
place for the Nugent scoring: in-house reproducibility checks (100%) were conducted by
laboratory staff trained on reading BV slides. In addition, the slides and scores were assessed
by an external laboratory which confirmed the scores read by the in-house laboratory.
Women were tested for BV at the screening visit. If they tested BV positive they had a 56-
day window to receive treatment and be BV symptom free before enrolment. After
enrolment the gram stain test was repeated at semi-annual, annual and product use end visit
(PUEV). Woman-years of observation for incidence rate calculations were determined from
enrolment date to date of gram stain testing. Being infected with BV was a recurrent event
and a special statistical technique—Anderson-Gill Models—was used to account for this.

Predictor—Testing for HSV-2 infection was conducted at the study end on enrollment and
PUEV plasma archive specimens. We used HSV-2 at enrolment as a predictor variable for
BV infection in women who were BV negative at enrolment. Herpes simplex virus type 2
was considered as negative for HerpeSelect EIA < 0.90, equivocal 0.90-1.89 and positive =
1.1. This was later dichotomized as negative (< 1.1) and positive (= 1.1).

Confounders—Informed by the literature [12, 13, 17, 18] we controlled for the following
factors at enrolment confounding the association between HSV-2 status and incidence of
BV: age (< 25, 25-34, = 35), marital status (married vs not married), vaginal sex in last 4
weeks (yes/no), coital frequency or number of sex acts in last 7 days, condom use in sex acts
last 7 days (yes/no), type of condom used (male, female, none), circumcision of partner,
partner having other partners and being diagnosed with a sexually transmitted infection
(syphilis, N. gonorrhoeae, C. trachomatisand T. vaginalis).

Statistical Analysis

Differences in categorical variables by HSV-2 status (Table 1) and BV status at screening
visit (Table 2) were analysed using Chi squared tests. We used the Andersen-Gill (A-G)
model with robust variance estimation and Efron methods for ties [19] to assess the risk of
BV incidence, modelled as a time-dependent variable. The risk of BV acquisition was
conditioned on HSV-2 status at enrolment and adjusted for socio-demographic variables
(age, marital status, partner having other partners, circumcision of partner), behavioural
factors (sexual activity in the last 7 days, frequency of sex acts in last 4 weeks, condom use
at last sex), abnormal pap smears, and STIs (N. gonorrhoeae, C. trachomatis, T. vaginalis,
syphilis). Follow-up time was right-censored for women who HIV sero-converted. The
proportionality assumption was assessed using schoenfeld, scaled schoenfeld and martingale
residuals. There was no evidence of violation of the proportionality assumption. All models
were confirmed as good fit using Cox-Snell residuals test of goodness.

Additional analyses were conducted using the commonly adopted approach of modelling
time to first event. Results from the time to first event and from A-G models were very
comparable; it changed neither the interpretation nor direction of association between
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baseline HSV-2 prevalence and subsequent incident BV infections among the study
participants. We thus focus here primarily on results from the more robust A-G models.

At the Durban sites of VOICE, 2750 women were enrolled, of whom one woman was
excluded for being BV positive at enrolment, one participant had missing information on
HSV-2 status at enrolment and 4 had no follow-up visits post-enrolment giving us a final
sample size of 2744 for this analysis. All analyses were conducted using STATA version
13.1 (College Station, TX: StataCorp LP).

Characteristics of the Study Population by HSV-2 Status at Enrolment

Table 1 represents the baseline characteristics of the study population by HSV-2 status at
enrolment. Overall, the prevalence rate for HSV-2 among the women at enrolment was
57.5% (n = 1577/2744). The prevalence of HSV-2 significantly increased with age; it was
highest (77.6%) in the oldest age women (= 35 years old) (p < 0.001). By marital status,
58.2% of unmarried women compared to 47.3% of married women were HSV-2 positive at
enrolment (p = 0.004). There were no significant differences in the prevalence of HSV-2 by
coital activity in the last four weeks (p = 0.635), but HSV-2 status significantly varied (p =
0.041) by coital frequency in the last seven days with the prevalence being highest (61.5%)
among those with four or more sex acts in the last 7 days as compared to those women with
few sex acts (p = 0.041). Women who had used condoms in last 7 days had the highest
(59.6%) diagnosis of HSV-2, however, there was no significant difference in type of condom
used. Diagnosis of HSV-2 at enrolment further significantly varied by whether a woman’s
partner had other partners or partner was circumcised. Abnormal Pap smear findings, being
diagnosed positive for N. gonorrheae or T. vaginalis infections were other factors
significantly associated with HSV-2 positive status.

Prevalence and Associated Factors of BV at Screening Visit Prior to Enrolment

Table 2 represents the characteristics of the study population by BV status at screening visit
prior to enrolment. Overall, the prevalence of BV positive women at screening was 40.7% (n
=1117/2744) and a further 16.3% were BV intermediate (n = 446/2744).

Within the group of women who were younger than 25 years of age, were unmarried and
reported using condoms during their sex acts in the last 7 days, a larger percentage of
women tested positive for BV. However, there was no significant association with prevalent
BV infections, abnormal papsmear findings and prevalent STIs in the study population.

Factors Associated with Incidence of BV

Table 3 presents hazard ratios of the risk of incident BV infection over the study period by
HSV-2 status of women at enrolment. Being HSV-2 positive at enrolment was significantly
associated with incident BV infection in both unadjusted [hazard ratio (HR) 1.19, 95%
confidence interval (Cl) 1.10, 1.29, p < 0.001] and adjusted models (HR 1.17, 95% CI 1.08,
1.27, p < 0.001). Among the socio-demographic factors we controlled for in the adjusted
analyses: being 35 years or older (p = 0.08), not married (p < 0.001), partner not circumcised
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and coital frequency in the last 7 days were all associated with increased likelihood of BV
incidence. Whereas, being aged under 35 years (p = 0.01) and partner not having other
partners (p = 0.002) was associated with significantly less likelihood of BV acquisition. In
addition, syphilis (p < 0.001), C. trachomatis (p = 0.01) and 7. vaginalis (p = 0.05) at
enrolment were among the biological factors significantly associated with incident BV
infection among women who were HSV-2 infected at enrolment.

Table 3 further shows that using the approach of time to first event (ignoring all subsequent
incidents of BV), both the unadjusted (HR: 1.35, 95% ClI: 1.21, 1.50, p < 0.001) and
adjusted hazard ratios (HR 1.37, 95% CI 1.23, 1.53, p < 0.001) of the association between
HSV-2 positivity at enrolment and subsequent incidence of BV infection were comparable
albeit higher than in the A-G models.

Discussion

In this study, the prevalence of HSV-2 at enrolment was estimated at 57%. Our findings are
similar to those published by Kenyon et al. [4] who reported a prevalence of 53.3% for
HSV-2 in a cohort of young South African women. The possible biological mechanisms for
the associated risk of BV infections in women that have prevalent HSV-2 infections is
described by Cherpes et al. [17] It has been suggested that the presence of a genital herpes
infection changes the physiological and immunological environment of the vagina. It has
been hypothesized that the change in the vaginal environment facilitates the overgrowth of
anaerobic bacteria which in turn decreases the survival of hydrogen peroxide producing
lactobacilli. The decrease in vaginal lactobacilli increases the risk of BV [17].

Our study identified a significant association between prevalent HSV-2 infections and the
acquisition of BV in line with other literature [12, 13, 17]. The smaller effect size we see in
our analysis relative to what others found could have been influenced by requirements of the
VOICE protocol which indicated that all women who screened BV positive had to be treated
and be BV free within a 56-day window before enrolment. This excluded any individual
who could have had a prevalent BV and HSV-2 infection at enrolment.

The limitations of our study are as follows. Firstly, our analysis was performed only with
data from HIV negative women. It has been previously reported that immunodeficiency
caused by HIV-1 infection increases the occurrence and severity of HSV-2 reactivations,
thereby resulting in increased BV episodes in HIV-1-positive women [18]. For future
studies, HIV-1 status will be an important consideration for describing the association
between HSV-2 and future BV infections. As per the study protocol, diagnosis of HSV-2
was only conducted at enrolment and at the end of study, therefore we were limited by the
data to account for women who became HSV-2 infected during the trial. In addition, we are
aware that confirming the results of the ELISA for HSV-2 with a Western blot would have
provided a more accurate account on the actual number of HSV-2 infections, however, this
was not a protocol requirement for the VOICE trial. However, in the VOICE trial HSV-2
diagnosis was made using the second- generation HerpesSelect ELISA from Focus
Diagnostics. Focus Diagnostics had released the second-generation HerpeSelect ELISA
based on the poor performance of the first-generation HerpesSelect EIA. Mark et al. [20],
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had found that samples that had discordant EIA and Western blot HSV-2 results using the
first generation test, were no longer discordant when using the second-generation kit. Thus,
it appears that the second-generation Focus ELISA is more specific than the first-generation
test.

In this analysis we had data that could have multiple failure events per subject, for which
statistical methods that are able to account for possible correlation within subjects and
discontinuous risk intervals like the A—G models are appropriate [19, 21]. Others adopt more
naive approaches such as modeling time to first event or modelling the risk intervals as
continous [22]. As a sensitivity analysis we did run time to first event models and found
results thereof to be very comparable to what we got from the A—G models (Table 3). Hence
our primary focus was on results from the A—G models as A—G models have been found to
be reliable and efficient in modelling recurrent events [23, 24]. Our findings however are
limited to the extent to which the recurrent events may or may not have been independent,
which is a main assumption of the A—G models. Another limitation of this analysis relates to
the timing of the BV assessments that were done at the screeining then at the semi-annual,
annual and product use end visits. It is thus likely for some BV episodes to have been missed
given the long intervals between BV assessments.

The strength of our study is that the data used for our analysis was collected from women
who reside in a highly prevalent HSV-2 and BV setting. Our findings therefore advocate the
need for strengthening STI prevention efforts among women in high burden STI settings.

Acknowledgments

We would like to thank all the women who participated in the Microbicide Trials Network’s VOICE Trial and the
VOICE study teams at the South African Medical Research Council, HIV Prevention Research Unit (Durban). The
Microbicide Trials Network is funded by the National Institute of Allergy and Infectious Diseases (UM1AI068633,
UM1AI068615, UM1AI106707), with co-funding from the Eunice Kennedly Shriver National Institute of Child
Health and Human Development and the National Institute of Mental Health, all components of the U.S. National
Institutes of Health. We also wish to thank Dr. Gabriela Mejia Pailles for the Spanish translation of the abstract.

References

1. Nakku-Joloba E, Kambugu F, Wasubire J, et al. Sero-prevalence of herpes simplex type 2 virus
(HSV-2) and HIV infection in Kampala, Uganda. Afr Health Sci. 2014; 14(4):782-9. [PubMed:
25834483]

2. De Baetselier I, Menten J, Cuylaerts V, et al. Prevalence and incidence estimation of HSV-2 by two
1gG ELISA methods among South African women at high risk of HIV. PLoS ONE. 2015;
10(3):20120207. [PubMed: 25799522]

3. Looker KJ, Garnett GP, Schmid GP. An estimate of the global prevalence and incidence of herpes
simplex virus type 2 infection. Bull World Health Organ. 2008; 86(10):805-12. [PubMed:
18949218]

4. Kenyon C, Colebunders R, Buve A, Hens N. Partner-concurrency associated with herpes simplex
virus 2 infection in young South Africans. Int J STD AIDS. 2013; 24(10):804-12. [PubMed:
23970590]

5. Abbai NS, Wand H, Ramjee G. Socio-demographic and behavioural characteristics associated with
HSV-2 sero-prevalence in high risk women in KwaZulu-Natal. BMC Res Notes. 2015; 8(1):1.
[PubMed: 25645429]

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abbai et al.

Page 8

. Bradshaw CS, Morton AN, Hocking J, et al. High recurrence rates of bacterial vaginosis over the

course of 12 months after oral metronidazole therapy and factors associated with recurrence. J Infect
Dis. 2006; 193(11):1478-86. [PubMed: 16652274]

. Atashili J, Poole C, Ndumbe PM, Adimora AA, Smith JS. Bacterial vaginosis and HIV acquisition:

a meta-analysis of published studies. AIDS. 2008; 22(12):1493. [PubMed: 18614873]

. Myer L, Denny L, Telerant R, de Souza M, Wright TC, Kuhn L. Bacterial vaginosis and

susceptibility to HIV infection in South African women: a nested case-control study. J Infect Dis.
2005; 192(8):1372-80. [PubMed: 16170754]

9. Glynn JR, Biraro S, Weiss HA. Herpes simplex virus type 2: a key role in HIV incidence. Aids.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2009; 23(12):1595-8. [PubMed: 19512858]
10.

McClelland RS, Lavreys L, Katingima C, et al. Contribution of HIV-1 infection to acquisition of
sexually transmitted disease: a 10-year prospective study. J Infect Dis. 2005; 191(3):333-8.
[PubMed: 15633091]

Fethers KA, Fairley CK, Hocking JS, Gurrin LC, Bradshaw CS. Sexual risk factors and bacterial
vaginosis: a systematic review and meta-analysis. Clin Infect Dis. 2008; 47(11):1426-35.
[PubMed: 18947329]

Nagot N, Ouedraogo A, Defer M-C, Vallo R, Mayaud P, Van de Perre P. Association between
bacterial vaginosis and Herpes simplex virus type-2 infection: implications for HIV acquisition
studies. Sex Transm Infect. 2007; 83(5):365-8. [PubMed: 17493979]

Kaul R, Nagelkerke NJ, Kimani J, et al. Prevalent herpes simplex virus type 2 infection is
associated with altered vaginal flora and an increased susceptibility to multiple sexually
transmitted infections. J Infect Dis. 2007; 196(11):1692-7. [PubMed: 18008255]

Marrazzo JM, Ramjee G, Richardson BA, et al. Tenofovir-based preexposure prophylaxis for HIV
infection among African women. N Engl J Med. 2015; 372(6):509-18. [PubMed: 25651245]

Naidoo S, Morar NS, Ramjee G. Participants as community-based peer educators: impact on a
clinical trial site in KwaZulu-Natal. S Afr J Sci. 2013; 109(7-8):01-5.

Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis is improved by a
standardized method of gram stain interpretation. J Clin Microbiol. 1991; 29(2):297-301.
[PubMed: 1706728]

Cherpes TL, Hillier SL, Meyn LA, Busch JL, Krohn MA. A delicate balance: risk factors for
acquisition of bacterial vaginosis include sexual activity, absence of hydrogen peroxide-producing
lactobacilli, black race, and positive herpes simplex virus type 2 serology. Sex Transm Dis. 2008;
35(1):78-83. [PubMed: 17989585]

Masese L, Baeten JM, Richardson BA, et al. Incident herpes simplex virus type 2 infection
increases the risk of subsequent episodes of bacterial vaginosis. J Infect Dis. 2013; 209(7):1023-7.
[PubMed: 24273042]

Sagara |, Giorgi R, Doumbo OK, Piarroux R, Gaudart J. Modelling recurrent events: comparison of
statistical models with continuous and discontinuous risk intervals on recurrent malaria episodes
data. Malar J. 2014; 13(1):1. [PubMed: 24383426]

Mark HD, Nanda JP, Roberts J, Rompalo A, Melendez JH, Zenilman J. Performance of Focus
ELISA Tests for HSV-1 and HSV-2 Antibodies Among University Students With No History of
Genital Herpes. Sex Transm Dis. 2007; 34(9):681-5. [PubMed: 17457239]

Zhao H, Li Y, Sun J. Semiparametric analysis of multivariate panel count data with dependent
observation processes and a terminal event. J Nonparametr Stat. 2013; 25(2):379-94.

Twisk JW, Smidt N, de Vente W. Applied analysis of recurrent events: a practical overview. J
Epidemiol Commun Health. 2005; 59(8):706-10.

Andersen PK, Gill RD. Cox’s regression model for counting processes: a large sample study. Ann
Stat. 1982; 1982(12):1100-20.

Sagara |, Giorgi R, Doumbo O, Piarroux R, Gaudart J. Modelling recurrent events: comparison of
statistical models with continuous and discontinuous risk intervals on recurrent malaria episodes
data. Malar J. 2014; 13(1):293. [PubMed: 25073652]

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 9

Abbai et al.

Author Manuscript

969 666 4 819 T19 19T SSA
¥'LS 6ET 9cy €01 8'8 (4724 ON
0700 WOpUOD yim sAep / 1se| Ul 198 X35
A5 6EY 89y 98¢ T0€ GZ8 MouX 3. uo@g
§29 8€c gle evT 6€T T8¢ ¥=
¥'89 86T 9Ty wr ¥¢l  6EE €
€89 1¢e LTy (444 76T €ES 4
¥'69 4°14 9'or ¢LT G'GqT  vev T
A 6€T 9¢y €0T 8'8 [474 0
2500 WOPU0d UM sAep / 1se| 108 Xas JO JaquinN
S'T19 18¢ §'8e 08T 0LT L9 S
¥'89 e 9Ty [} TSl €Ty €
6°89 LVE v (474 S'T¢ 689 4
¥'89 €9¢ 9Ty 18T Y91 0S¥ T
A3 6EY 89y 98¢ T0E GZ8 0
1700 sAep / 1se| 108 X3S JO JaquInN
098 6eT Sk 2% 60T 06  8v¢ ON
9'LS 8EYT vy 8507 016 96¥¢ SOA
GE9'0 $X99M P 1Se| Ul X8s peH
¢'8S T6VT 8TV TL0T 7'€6 29S¢ patirew J0N
€Ly 98 L'¢S 96 99 ¢8T patleiN
¥00°0 SnJess |etein
9'LL ST 44 6¢ €9 VLT §e<
8.9 0TL [A43 LEE ¢'8€  L¥0T ¥€-G¢
T8y (474 6'1S T6L 69§ €¢at ¢ >
1000 > dno.b aby
WA LIST  Gey L9TT 00T  ¥vic N
% u % u % N
anjend  3AISOd ¢-ASH  aAITeBau Z-ASH e

BOLIIY YINOS ‘UBgung ‘smels Z-ASH AQ uawwiom Apnis JDIOA 1O 1USW|0IUS 1. SoNsLIaloRIeyD

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 10

Abbai et al.

855¢ 6v¥T VeV 60TT ¢'e6  89G¢ annelfaN
T00°0 Steutben 1 yum pasoubelq
000T € 00 0 T0 € paisal 10N
8'.S 8€¢ [444 VLT 0ST  <¢T¥ aAIsod
A 9EET  9¢y €66 678 62€C anefaN
G2e0 shewoyaely "D yum pasoubeiq
000T ¢ 00 0 70 4 pa1sal I0N
V'EL 69 9'9¢ 14 v'e v6 3A1ISOd
6'99 90ST  T'€y [44%" §96 8¥9¢ anjefaN
€000 avay.LI0uob N ynm pasoubelq
90L ve v'6C 0T [ e VIR BN
€.S €99T  L'¢v LSTT 886 0T.¢ BAI110e9Y-UON
450} sijiydAs yum pasoubelq
6'91 8¢ T'ES 1594 0€ 18 pa1sal 10N
299 96¢ 8've 84T S9T VS¥ |ewiouqy
€99 ever L'ty 996 §'08 60c¢ |BWION
T00°0 > sBuipuy sesws ded
L6y 06T €09 4 6€T 8¢ mou 3,uod
6'8S 896 Ty 699 €69 1291 ON
¥'89 62y 91y 90€ 89¢ G€L SOA
¥00°0 pasIownaIg Jauped S|
185 9.6 6Ty S0L €19 1891 Mouy j.uod
9'€s 06€ 14414 LE€ §9¢ lel ON
829 TT¢ c'Le 149 ¢er 9ge S9A
7100 slauned Jayjo aney Jauned ssoQg
WA 662 6°cy 144 T6T ves umouxun
8'9¢ A [A] [4) L0 6T Wopu0d 3fewsa
LS TLeT €y 0€6 ¢'08 TOcC wopuod aeN
810 sAep / 1se| Ul 19 Xas 10§ pasn wopuod adAL
zes 6ev 89y 98¢ T0E Gz8 mou 3,uod
% u % u % N
anfend  aAIsod ¢-ASH  anlyebau g-ASH [elol

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 11

Abbai et al.

3SIM-MO.J aJe sabeluadlad aAnISOd— pue aAleBau Z-ASH Y} 10§ SBaJayM ‘3SIM-ULLN|0D 818 ULINJOJ [e10} 8y} 10} SabrIuaIad 810N

€'¢ee T 199 4 T0 € pa1sa1 JI0N
€81 12T 9'0¢ 99 L9 €81 anlIsod
% u % u % N
anjend  3AINSOd Z-ASH — 9AEDaU Z-ASH [e1oL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 12

Abbai et al.

109 8.9 §'€9 €8¢ 909 91L T19 19T SSA
98 9 9L ve g6 CIT 88 T0C ON
1000 > WOpUOD yim sAep / 1se| Ul 198 X35
L0 €vE 6'8¢ 62T 6'6C €SE T0€ GZ8 MouX 3. uo@g
T¢l  S€T WA L. €Vl 691 6'€T T18E 7<
0¢T ¥ET 9¢T 99 9¢T oYl ¥¢l  6EE €
G'6T 8T¢ L'6T 88 6T Lic 76T €ES 4
T.LT 7161 6'€T 29 SYT 1.1 G'GqT  vev T
9'8 96 9L e S'6 44" 8'8 [474 0
662°0 WOPU0d UM sAep / 1se| 108 Xas JO JaquinN
VT €91 L'T¢C 16 ST L0¢ 0LT L9 7<
€vT 09T 8Vl 99 8'GT /8T TSl €Ty €
L'2¢ vSe 0'0¢ 68 8'0¢ 9v¢ S'T¢ 689 4
9T L6T 91 S9 6'GT 88T Y91 0S¥ T
L0 €vE 6'8¢ 6¢T 6'6¢ €SE T0E GZ8 0
€900 sAep / 1se| 108 X3S JO JaquInN
70T €17 0L 1€ 8'8 0T 06 8v¢ ON
6'68 ¥00T 0'€6 STy ¢16 90T 0716 S6¥¢ SOA
veET'0 $X99M P 1Se| Ul X8s peH
796 €90T L'€6 8Ty GT6 T80T ¥'€6 295¢ patliew 10N
8V ¥S €9 8¢ S8 00T 99 ¢8T patleiN
2000 SnJess |etein
§9 € 67 [44 L9 6. €9 VT ge<
8¢t 8LE 0cr 6T oy Ly ¢'8€  L¥0T ¥€-G¢
965 999 0'¢s (434 6'¢5 G¢9 69§ €¢at ¢ >
2000 dno.b aby
Loy LTTT €91 oy o€y T18TIT 00T ¥vic N
% u % u % u % N
anend  BAINSOO-AG  9IeIpaWIalUI-AgG  aAlTebau-Ag e
snje1s Ag auljaseq Ag uswom 31O JO SonsiigoeIey)
¢ d|qeL

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 13

Abbai et al.

T00°0 > Sljeulben seuowioyall/ Yim pasoubelrq
00 0 0 T 4] 4 T0 € pa1se1 10N
88T 0T¢ €cT SS Vet LT 0ST <CTv 8AllIsod
¢18 106 v'.8 06€ ¥'/8 <¢E0T 678 62€C anIelaN

T00°0 > shewoyaely "D yum pasoubelq
00 0 4] T 170 T T0 [4 paisal 10N
0'S 99 44 0t v 8¢ Ve ¥6 BAINSOd
066 T90T G'/6 1914 G/6 <¢SIT 996 8V9¢ annebaN

2000 avay.Liouob N yim pasoubelq
871 0¢ L0 € 60 1T T 123 BAI110B3Y
¢'86 L60T €66 (5344 766 OLIT 886 O0T.C 9A110eaI-UON

880°0 siiydAs yum pasoubelq
€¢ 9¢ 0¢ 6 6'¢ o 0¢ 18 pa1s8) 10N
00Cc €cC ST 8. 0€T €97 S9T  ¥Sv |ewouqy
Ll. 898  §08 65€ T€8 ¢86 S08 60CC [ewloN

T00°0 > sBuipuly Jesws ded
vl LST 15841 9 9¢€T 19T 6'€T ¢28¢ Moux j.uog
€69 299 2’65 ¥9¢ ¥'6S  T10L €69 1291 ON
L'9¢ 86¢ §9¢ 8TT 0Lc 6T€ 89¢ GEL S3A

9660 pasIowNaIg Jaued S|
709 G.9 929 6.¢ 919 L2l €79 1897 Moux j.uog
L'S¢  18¢ L've 01T 6'.¢ 0OEE §9¢ ldl ON
6'€T G9T 8¢l JA} S0T vl ¢¢T 9ee SSA

170 sJauped Jayjo aney Jauped ssoq
L'0E E¥E 70T % 66 €G€ T0E Ge8 a|qeardde 10N
8TT ¢€T JA] € 8'TT 6ET STT  9T€ umouun
S0 9 €09 69¢ €0 € 70 4% wIopuo9 ajews
695 9€9 00 0 785 989 089 T6GT wiopuod sfeN

€¢L0 sAep / 1se| Ul 198 X3S 10} pasn wopuod adA|
L'0E EvE  6'8C 6cT 66c €€  T0E G¢8
% u % u % u % N
anfend  9AIISOO-Ag  9IeIpaWIBIUI-AG  oAlFelauU-Ag leloL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 14

Abbai et al.

T0 T TO T T0 T T0 € pa1se) 10N
9L S8 L'TT ¢S 6'¢ o L9 €87 dAIISOd
€¢6 TEOT T1'88 €6¢€ 096 PYEIT <C'€6 89G¢C anebeN
% u % u % u % N

anjend  BANISOd-Ag  J1BIPAWIAIUIAG  oAneDau-Ag Te10L

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



Page 15

Abbai et al.

Author Manuscript

(Sijeu1ben ;| pue siewoyoel] -0 aeaoyLiouob N ‘sijiydAs) s|1s
pue ‘pasiownaJld s Jauped ‘siauired Jaylo sey Jaulred ‘sAep / 1se| 8y} Ul S)OB XaS JO Jaquinu ‘SYaam 1 1Se| Ul Xas pey ‘pasiowinaild Jauiied ‘snyels [easew ‘afe :juawijous Je s103oe) Buimol|oy ayy 4oy parsnipy

T000> €ST €T LET T000> /2T 80T /LT'T  8ANsod Z-ASH
00T 00T  8Anebau Z-ASH
paisnipy
T000> 0ST TZT SET T000> 62T OTT 6TT  8Amsod Z-ASH
00T 00T  8Anebau Z-ASH
paisnipeun
anfen d [I0%sel  dH onead  [109%G6]  dH

S|SpOLW UaA® 1541 01 8N BuIsn

S|spoW -V buisn

SUONJ3JUI AG 1USPIOUI YIIM 1USWI|0JUS T2 SNJBIS Z-ASH 10 UOIRID0SSY

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

AIDS Behav. Author manuscript; available in PMC 2018 July 01.



	Abstract
	Introduction
	Methods
	Study Sites and Population
	Study Procedures
	Laboratory Procedures
	Measures
	Outcome
	Predictor
	Confounders

	Statistical Analysis

	Results
	Characteristics of the Study Population by HSV-2 Status at Enrolment
	Prevalence and Associated Factors of BV at Screening Visit Prior to Enrolment
	Factors Associated with Incidence of BV

	Discussion
	References
	Table 1
	Table 2
	Table 3

