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Abstract

Background—Self-reported unprotected vaginal sex appears to increase risk of bacterial
vaginosis (BV). However, the validity of self-reports is questionable, given their inconsistency
with more objective measures of recent semen exposure such as detection of prostate specific
antigen (PSA). We examined whether recent unprotected sex, as measured both by PSA detection
on vaginal swabs and by self-report, was associated with increased BV recurrence.

Methods—We analyzed randomized trial data from non-pregnant, BV-positive adult women
recruited from a sexually transmitted diseases clinic. Participants received BV therapy at
enrollment and were scheduled to return after 4, 12, and 24 weeks. BV (by Nugent score) and PSA
were measured at each visit. We used Cox proportional hazards models to examine the association
between PSA positivity and recurrent BV. We also evaluated associations between self-reported
unprotected sex (ever/never since the last visit and in the last 48 hours, analyzed separately) and
recurrent BV.

Results—PSA and BV results were available for 96 women who contributed 226 follow-up
visits. PSA positivity was associated with increased BV recurrence (adjusted hazard ratio (aHR):
2.32, 95% confidence interval (CI): 1.28-4.21). In contrast, we observed no significant increase in
BV recurrence among women self-reporting unprotected sex since the last visit (aHR: 1.63, 95%
Cl: 0.77-3.43) or in the last 48 hours (aHR: 1.28, 95% CI: 0.70-2.36).
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Conclusions—Estimates from earlier studies linking self-reported unprotected sex and BV may
be biased by misclassification. Biomarkers can improve measurement of unprotected sex, a critical
exposure variable in sexual health research.
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INTRODUCTION

Bacterial vaginosis (BV) is a highly-prevalent vaginal condition among reproductive-age
women. According to nationally-representative findings from women aged 15-49 in the
United States, 23% of white women and 52% of black women have prevalent BV (1).
Symptomatic women complain of discharge and a foul vaginal odor (2). Women with
recurrent BV have reduced quality of life, including significantly reduced self-esteem and
other adverse social and emotional effects (3). Prevalent BV is associated with myriad
negative obstetric and reproductive outcomes, including spontaneous abortion, preterm
delivery, post-partum infection, and increased risk of HIV acquisition and transmission (2).

The causes of BV, and the mechanisms by which it develops, are largely unknown. However
several risk factors have been associated with increased BV risk, including non-white race,
new or multiple sex partners, intravaginal hygiene practices including douching, high sexual
frequency, and unprotected vaginal sex (4-7). In some studies, consistent condom users had
significantly lower BV risk than women who did not use condoms (8-10). However, other
studies have failed to find a significant association between condom use and BV, suggesting
that if present, the protective benefit of condoms might be quite modest (11). The strength of
the protective effect of condoms might be underestimated because self-reported condom use
is a flawed measure. Studies testing for biological markers of semen exposure — primarily
prostate-specific antigen (PSA) or Y-chromosome DNA — have consistently demonstrated
that female research participants often under-report when asked about unprotected sex or
condom use (12-14).

Given the documented bias in self-reported condom use as a measure of women’s recent
engagement in unprotected vaginal sex, we hypothesized that published associations
between self-reported condom use and BV might also be biased. The current analysis
examines whether biomarker confirmation of recent semen exposure (via detection of PSA
on vaginal swabs) or self-reported recent unprotected sex is associated with increased BV
recurrence.

MATERIALS AND METHODS

Parent study

We describe a secondary analysis of data generated through a 24-week, randomized, double-
blinded, placebo-controlled trial of vitamin D supplementation (clinicaltrials.gov
NCT01450462). The primary outcome of the trial was BV recurrence. Detailed methods
have been published previously (15). Briefly, 118 women were recruited from a public,
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urban sexually transmitted disease (STD) clinic and were randomized to receive either high-
dose vitamin D supplements or placebo. To be eligible, women were BV-positive according
to modified Amsel criteria (16), English speaking, between 18 and 50 years of age, pre-
menopausal, and had at least one ovary. Exclusion criteria included current pregnancy or
planned pregnancy in the next 6 months, current breastfeeding, current menstruation, or
history of conditions incompatible with vitamin D supplementation. All participants
received standard BV therapy at enrollment: 500 mg metronidazole orally twice daily for 7
days. Over 24 weeks, women in the vitamin D arm also received 50,000 international units
of vitamin D3 in 9 doses; women in the control arm took placebo capsules on the same
schedule. Participants returned for three follow-up visits, occurring 4 weeks, 12 weeks, and
24 weeks after enrollment. At the enrollment and 24-week visits, women received STD
testing and treatment according to normal clinic procedures (17). At the 4- and 12-week
visits, women were not examined by STD clinicians unless they had a clinical complaint. If
a woman complaining of vaginal symptoms was found to have BV by Amsel criteria at one
of these visits, she was treated with 500 mg metronidazole orally twice daily for 7 days. As
reported previously, women in the vitamin D arm did not have reduced BV recurrence
compared to women in the control arm, a finding confirmed through intention-to-treat and
per-protocol analyses (15).

Biological measures

At enrollment and the 24-week visit, all participants underwent testing for infection with C.
trachomatis, N. gonorrhoeae, T. vaginalis, syphilis, HIV, BV and candida. A separate swab
was also collected and stored at each visit for later PSA evaluation. At the 4- and 12-week
visits, because participants were not routinely examined by clinicians, they self-collected
vaginal swabs in the clinic for later assessment of BV and PSA. Self-collected swabs have
been validated as reliable for measurement of both BV (18) and PSA (19).

BV diagnosis by Nugent scoring (20) of stored, Gram-stained vaginal smears from each of
the four visits was performed at the end of the trial by blinded assessors. BV was the
primary outcome for this analysis. A Nugent score of 0-3 was coded as normal, 4-6 as
intermediate, and 7-10 as BV.

Detection of PSA on vaginal swabs was the primary exposure variable for this analysis.
Immediately after collection, vaginal swabs were transferred to —80°C until they were
shipped to the CDC for quantification of PSA using the Abbott ARCHITECT total PSA
assay (Abbott Diagnostics, Abbott Park, IL, USA) using previously described methods (21).
Using the established threshold of 1.0 ng per mL of eluent for defining positivity, PSA can
be detected with high (99-100%) sensitivity immediately following exposure to semen (22—
23). The probability of positivity drops to 29% by 24 hours post-exposure and PSA levels
return to background levels by 48 hours (23-24).

Behavioral measures

At all four study visits, women were interviewed by trained study staff about their sexual
behavior. Responses were recorded using REDCap (25). To capture any self-reported
unprotected sex since the last visit, we asked how many times each participant had had
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vaginal sex since the last visit, and during how many of those encounters a condom was
used. Any act without a condom was considered evidence of unprotected sex. To measure
more recent self-reported unprotected sex, we asked participants to enumerate all sex acts
with men occurring in the last 24 hours, and separately, in the last 24-48 hours. For each
time period we also captured the number of acts where condoms were used, whether a
condom was in place for part or all of the act, and whether use was known to be
compromised during any act (e.g. condom broke or slipped off during sex).

Ethical review

All women provided written informed consent prior to participating. The study was
approved by the Ohio State University Institutional Review Board (OSU IRB). The STD
clinic where the trial was conducted is an approved research site of the OSU IRB. Al
procedures were in accordance with the Helsinki Declaration of 1975, as revised in 2000.

Data analysis

All analyses were performed in SAS (Version 9.4, Cary, NC). We evaluated the agreement
between semen exposure as detected by PSA positivity vs. self-report by comparing
women’s self-reported unprotected vaginal sex in the previous 48 hours with PSA positivity.
‘Unprotected sex’ included any sex act where no condom was used, or where a condom was
used for part but not all of the sex act, or when a condom broke or slipped off during sex.

The goal of this analysis was to examine the association between time-varying PSA and
recurrent BV. This secondary analysis was specified a priori, at the start of the parent trial.
All women were BV-positive at enroliment, and all received standard BV therapy at that
visit. Thus, we assumed that all participants were at risk of recurrent BV during follow-up.
As the outcome of interest was recurrent BV, women were removed from the analysis
population after the first follow-up visit when they were found to be BV-positive. The
analysis dataset was comprised of up to 3 records per participant (from the 4-, 12- and 24-
week visits), with each record containing measures for both PSA and BV from that visit. We
fit unadjusted and adjusted extended Cox proportional hazards models, to compare the risk
of recurrent BV among women with a positive PSA result to the risk of recurrent BV among
women who were PSA-negative. Because both PSA and BV were measured at each visit,
exposure and outcome status for each woman were permitted to vary over time. No analytic
provision was made to account for mid-study treatment, as such treatment occurred after the
primary outcome (recurrent BV) and did not change women’s risk of that outcome. BV
recurrence results are presented as hazard ratios (HRs) and 95% confidence intervals (CIs).

We adjusted for known BV risk factors, including sexual frequency since the last visit (0, 1-
10, or more than 10 sex acts), age (dichotomized as 18-24 years vs. 25-40 years), race/
ethnicity (black vs. all other race/ethnicities), and current use of hormonal contraception
(including combined oral contraceptive pills, patch, or ring; injectable medroxyprogesterone
acetate; and progesterone implant or IUD) (26). Treatment (vitamin D vs. placebo) was
randomly assigned in the parent study and so unlikely to confound the association of interest
(15). We assessed for modification of the PSA-BV association by treatment assignment by
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testing the significance of a product-interaction term between treatment assignment and PSA
in the multivariable model.

Because distinguishing recurrent BV from prevalent BV is difficult, we also pursued a
secondary strategy to examine the association between PSA positivity and prevalent BV. For
this analysis women were not censored when they were diagnosed with BV; every positive
BV case was included in the analysis. We fit unadjusted and adjusted log-binomial models
using generalized estimating equations (GEE) with an unstructured working correlation
matrix to produce a prevalence ratio (PR) and 95% CI. The PR compares the prevalence of
BV among women with a positive PSA result to the prevalence of BV among women who
were PSA-negative. As in our primary analysis, we adjusted for sexual frequency, age, race/
ethnicity, and current use of hormonal contraception.

RESULTS

Screening, enrollment and follow-up

The trial started in September 2011 and concluded follow-up in January 2013. We screened
285 women and 118 enrolled (41% of the screened sample). Of the 118 enrolled women, 97
(82%) returned for follow-up. PSA results were available for 96 participants (99% of those

who returned for follow-up) and are included in the present analysis.

Participant characteristics

The median age of included participants was 26.5 years (interquartile range (IQR): 22-34),
and most women self-identified as Black (73%) (Table 1). Most women (n=58, 60%)
reported currently using no method of contraception. Only 7% reported using condoms with
every sex act in the last three months. Participants’ median number of male sex partners
across the lifetime was 10 (IQR: 6-20 partners). Nearly a third of women (31%) reported
sex with women at some point in their lives. At the enrollment visit, by design, all women
had BV, and 9%, 8% and 17% were infected with C. trachomatis, N. gonorrhoeae, and T.
vaginalis, respectively. No woman had syphilis at enrollment and 2% were HIV-positive.
Nearly one in five women (19%) were PSA-positive (PSA level >1.0 ng/mL) at enrollment
(Table 1).

Agreement between semen exposure as detected by PSA positivity vs. self-report

Of the 187 follow-up visits included in the analysis of BV recurrence, PSA was detected
from vaginal swabs at 22% (42 visits). At 12 of these visits (29% of PSA-positive visits),
women reported no unprotected sex in the previous 48 hours; at the remaining 30 visits
(71% of PSA-positive visits), women self-reported at least one unprotected act in the
previous 48 hours. The proportion of visits where PSA was detected was similar at each
visit: 24% at 4 weeks, 26% at 12 weeks, and 16% at 24 weeks.

Recent unprotected sex and recurrent BV

As measured by PSA positivity, recent unprotected sex was significantly associated with
increased BV recurrence (Table 2). The unadjusted HR for the effect of PSA on recurrent
BV was 2.15 (95% CI: 1.23-3.77). We saw no evidence of effect modification by treatment
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assignment (interaction term p=0.90), so the product-interaction term was dropped from the
model. After multivariable adjustment the measure of effect increased slightly (adjusted HR:
2.32,95% Cl: 1.28-4.21).

In contrast, we observed no significant association between recent unprotected sex, as
measured by self-report, and recurrent BV. Considering any self-reported unprotected sex
since the last visit, the unadjusted HR for BV was 1.27 (95% CI: 0.71-2.27) and the
adjusted HR was 1.63 (95% ClI: 0.77-3.43). Considering any self-reported unprotected sex
in the last 48 hours, the unadjusted HR for BV was 1.25 (95% CI: 0.71-2.20) and the
adjusted HR was 1.28 (95% CI: 0.70-2.36) (Table 2).

Recent unprotected sex and prevalent BV

We next examined associations with prevalent BV. Women in whom PSA was detected had
higher BV prevalence than PSA-negative women at every visit (Figure 1). PSA was
significantly associated with prevalent BV (adjusted PR (aPR): 1.55, 95% CI: 1.16 to 2.07)
(Table 2). Any self-reported unprotected sex since the last visit was also linked to increased
BV prevalence (aPR: 1.92, 95% CI: 1.24 to 2.99), whereas we observed no significant
association between any self-reported unprotected sex in the last 48 hours and prevalent BV
(aPR: 1.37, 95% CI: 0.99 to 1.91) (Table 2).

DISCUSSION

Among women participating in a longitudinal trial of BV recurrence, we found that recent,
biomarker-confirmed semen exposure was significantly associated with recurrent BV in
both unadjusted analysis and after controlling for documented BV risk factors. This finding
sheds light on the prior inconsistent literature linking unprotected sex and BV risk, and
suggests that the variation in earlier studies may relate to misclassification from self-
reported condom use.

To our knowledge, only two previous studies have examined BV risk using biomarker
confirmation of recent unprotected sex. Our findings are highly consistent with this prior
work. In a study of 430 African women, Jespers et al. found that PSA detection was
significantly correlated with incident BV (adjusted odds ratio (aOR): 2.35, 95% CI: 1.52—
3.63). (27). Similar to our study, self-reported condom use at the last sex act was not linked
to incident BV in that analysis (OR: 1.25, 95% CI: 0.79-1.96). The other published study
was a secondary analysis of 871 HIV-infected and 439 HIV-uninfected participants in the
HIV Epidemiology Research Study (HERS) study (28). Recent sex was classified not by
PSA but by detection of spermatozoa on Gram stain, and HIV-positive participants with
spermatozoa on Gram stain had significantly increased risk of incident BV (aOR: 1.5, 95%
Cl: 1.1-2.1). Among HIV-negative women, participants with spermatozoa on Gram stain
also had significantly increased risk of incident BV (aOR, 1.9; 95% ClI: 1.3-2.9).

As a secondary analysis of a clinical trial conducted within a relatively small sample (n=96

women), our analysis has important limitations. PSA is a validated, objective biomarker of

recent semen exposure, but given its rapid degradation after sex, it can only reliably capture
semen exposure within the last two days. However this limitation — potential
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misclassification of recent semen exposure — would bias the association between PSA and
BV only if the likelihood of misclassification of PSA was also associated with BV (e.g.,
differential misclassification of the exposure with respect to the outcome). While we
hypothesize that semen exposure, as characterized by PSA detection, is associated with BV,
we do not have reason to suspect that misclassification of PSA is more likely among either
BV-positive or BV-negative women. In contrast, several studies suggest that differential
misclassification can occur when using self-reported condom data (29).

In addition, although our findings indicate that women with recent semen exposure as
detected by PSA had increased BV recurrence, it was not possible given the trial design to
determine whether BV had already recurred before the sex act captured by the PSA
measurement. All women were BV-positive at enrollment, and our endpoint of interest was
recurrent BV. However because we did not perform a test-of-cure for BV following
metronidazole treatment, women classified as having recurrent BV during follow-up are
likely a combination of truly recurrent BV and BV treatment failures. (The treatment
success rate one month after BV treatment is approximately 80-90% (2, 30)). To address
this limitation, we also examined the association between PSA-positivity and BV
prevalence, including all BV-positive cases identified after enrollment. Similar to the BV
recurrence analyses, women in whom PSA was detected had significantly increased BV
prevalence, although the strength of this association was attenuated compared to the analysis
of BV recurrence. Again similar to the BV recurrence analysis, self-reported unprotected sex
in the last 48 hours was not significantly associated with prevalent BV. However, self-
reported unprotected sex since the last visit was significantly associated with prevalent BV,
whereas this variable was not significantly associated with recurrent BV.

Distinction between prevalent, incident, persistent, and recurrent BV presents a
methodologic challenge for nearly all BV research, although we suggest that recurrent BV
may be the most relevant endpoint to focus on from a public health perspective. Earlier
studies have documented rapid and continuous changes in vaginal flora composition,
including cycling in and out of a BV-positive state (e.g., 31). For most women, these BV
episodes are transient and self-limiting. The more profoundly affected women are those who
undergo multiple rounds of treatment with short-term relief of symptoms, only to present
again within weeks with recurrent BV. Characterizing factors relevant to this population
could reduce the significant BV-associated morbidities experienced by the subset of women
with recurrent BV.

Our analysis also has significant compensating strengths. The incorporation of PSA as the
primary exposure overcomes the well-documented biases introduced by reliance on self-
reported condom use. The longitudinal design allows us to analyze and adjust for other time-
varying factors identified in previous research as associated with BV, including douching
(expected to increase BV recurrence) and use of hormonal contraception (expected to
decrease BV recurrence). Ours is also the first study of PSA and BV among US women, as
the Jespers study (27) enrolled women from Kenya, Rwanda and South Africa.

Although the etiology of BV remains murky, our findings provide strong support for the
hypothesis that BV risk is correlated with sexual exposure. Counseling for STD clinic
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patients focuses on consistent use of condoms to reduce the spread of sexually transmitted
infections, but given past data showing no value to treating male partners of BV-positive
women (32), preventive counseling for BV often focuses on vaginal hygiene more than
condom use. We suggest that women at risk of recurrent BV should be strongly counseled to
use condoms with every sexual act.
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Figure 1.

BV prevalence with 95% confidence intervals, by PSA status.
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Table 1

Baseline demographic, behavioral and clinical characteristics of participants who returned for follow-up
(n=96).

N=96 (%)
Race/ethnicity@
Black 70 (73)
White 26 27
American-Indian/Alaskan Native 4 (@)
Asian/Pacific-lIslander 0 ()
Hispanic 5 ©)
Education
Finished high school 83 (86)
Finished college 13 (14)
Main partner is ...
Man 57 (59)
Woman 4 (4)
No main partner 35 (36)
Employed full- or part-time 56 (58)
Ever pregnant 65 (68)
Currently using any method of contraceptionb
Hormonal methods (oral contraceptive pills, implants, injectable, patch, ring, hormonal 1UD) 9 (24)
Male condoms 22 (58)
Female condoms 1 (3)
1UD (copper or unknown type) 2 (5)
Sterilization 9 (24)
Condom use, last 3 months
0% of vaginal acts with men 37 (39)
>0% and <100% of vaginal acts with men 45 47
100% of vaginal acts with men 7 7)
Missing 7 @)
Ever anal sex 39 (41)
Ever sex with women 30 (31)
Concurrent sexual partnerships in the last 3 months 28 (29)
Feminine hygiene products before, during or after sex in last 3 months 37 (39)
Ever douched 79 (82)
Ever past BV diagnosis (self-reported, prior to enroliment) 75 (78)
Infections diagnosed at enrollment
Chlamydia 9 9)
Gonorrhea 8 8)
Trichomoniasis 16 a7
Syphilis 0 (0)
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Yeast 7 7)
Prevalent HIV (not new diagnoses) 2 2

Randomization arm
Vitamin D 51 (53)
Placebo 45 47)
PSA level >1.0 ng/mL 19 (20)
Median (IQR)
Age, years) 265 (22-34)
Lifetime number male partners 10 (6-20)
Lifetime number female partners® 2 (2-3)
Number vaginal sex acts with men, last 3 months 11 (4-33)

a .
Some women reported more than one race/ethnicity, so totals sum to greater than 100%.

Page 13

Fifty-eight women (60%) reported using no method of contraception. The denominator for the proportions of women using each contraceptive
method type is the total number of women reporting use of any method. Because women could report multiple methods, proportions sum to greater

than 100%.

c - .
Among women who report any lifetime sex with women.
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