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Abstract

Background

Women who have sex with women (WSW) have a higher burden of bacterial vaginosis (BV)
than heterosexual women; studies of risk factors specific to this population are limited. We
summarised current knowledge regarding risk factors for BV among WSW by systematic
review.

Methods

This systematic review was conducted according to the PRISMA statement. PUBMED,
EMBASE, Web of Science and The Cochrane Library were searched to 315 December,
2014. Inclusion criteria: 1) WSW included in the study population; 2) accepted BV diagnos-
tic method; 3) investigated or could extrapolate factors(s) associated with BV acquisition,
persistence or transmission in WSW specifically by comparing BV positive to BV negative
women. Search was limited to English-language publications.

Results

A limited number of studies have investigated BV in WSW. Of 71 unique references, 18 full-
text articles were assessed and 14 studies fulfilled inclusion criteria. BV was positively asso-
ciated with higher numbers of female partners, both lifetime and in the three months prior to
diagnosis, and confirmed BV in a female partner, but inconsistently associated with part-
ners’ BV history or symptoms. BV was not associated with ethnicity, vaginal douching or
hormonal contraception. The impact of specific sexual activities, male sexual contact,
smoking and the menstrual cycle varied considerably between study populations.

PLOS ONE | DOI:10.1371/journal.pone.0141905 December 16,2015

1/15


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0141905&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@'PLOS ‘ ONE

Risk Factors for BV among WSW: A Systematic Review

Competing Interests: The authors have declared
that no competing interests exist.

Abbreviations: BV, Bacterial vaginosis; WSM,
women who have sex with men; WSW, women who
have sex with women; FSP, female sexual partner;

MSP, male sexual partner; BVAB, Bacterial vaginosis-

associated bacteria; RCT, randomised control trial.

Conclusion

BV in WSW is associated with increased numbers of recent and past female partners and
confirmed BV in a female partner. There are limited studies of BV in WSW populations, and
research is needed to further elucidate risk factors for BV among WSW. However these
data provide epidemiological evidence that BV risk in women is directly related to exposure
to other female partners and a partner with BV, providing support for the concept that BV is
likely to be transmitted between women.

Systematic Review Registration Number
CRD42014009536 (PROSPERO)

Background

Bacterial vaginosis (BV) is the most commonly identified cause of vaginitis in women of repro-
ductive age.[1] BV has been linked to many sequelae including increased risk of pelvic inflam-
matory disease,[2] adverse obstetric outcomes,[3-7] HIV and STI acquisition [8] and HIV
transmission.[9] BV recurrence after treatment is common and can negatively impact women’s
emotional, social and sexual wellbeing.[10]

The majority of epidemiological studies of BV have been conducted in women who have sex
with men (WSM) and have found consistent associations related to sexual risk exposure,
including greater numbers of recent and lifetime male partners and inconsistent condom use.
[11] Studies suggest that BV is highly prevalent in women who have sex with women (WSW),
with estimates ranging from 25-50%,[12-16] In studies of WSW by our group and others, BV
has been associated with several sexual activity risk factors, including increased number of
female sexual partners[12,17,18], a female sexual partner with BV symptoms[14,19], and
receptive oral sex.[19,20] Overall, the data on specific risk factors for BV in WSW are more
limited than for WSM and no systematic review of risk factors of BV has been conducted.

We undertook a systematic review with the aim of establishing the risk factors associated
with prevalent, incident, persistent or recurrent BV in WSW of any age by comparing women
with BV to women without BV.

Methods
Protocol and registration

We used the PRISMA statement to guide this review (S1 Fig).[21] Methods for analysis, inclu-
sion criteria and protocol were specified in advance and registered with PROSPERO, registra-
tion: CRD42014009536 (http://www.crd.york.ac.uk/PROSPEROY/).

Eligibility criteria

We searched for peer-reviewed, English-language studies published to 31* December, 2014
that investigated BV in populations that included WSW. No time frame delimiters were speci-
fied and both cross-sectional and longitudinal studies were eligible. Identified conference
abstracts were reviewed. Letters to the editor, focus group reports, case reports, case series, and
review, editorial and discussion articles were excluded but their reference lists were examined.
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We assessed all studies that investigated factors associated with prevalent, incident, persis-
tent or recurrent BV in WSW of any age by comparing women with BV to women without BV.
Studies were eligible for inclusion providing >1 variable was investigated in WSW alone; only
results specific to WSW were included. Studies that exclusively enrolled WSM, sex workers or
pregnant women were ineligible for inclusion. An established diagnostic method for BV, such
as Amsel,[22] Nugent,[23] Spiegel[24]or Hay-Ison[25] criteria, was required for inclusion in
the review.

Information sources

Our search strategy was applied to the PUBMED, EMBASE, Web of Science and The Cochrane
Library databases for studies published to 31* December 2014.

Search

The following search terms were applied: ((bacterial vaginosis) OR (BV) OR (vaginosis, bacte-
rial) OR (bacterial infections and vaginitis) OR (vaginosis) OR (gardnerella)) AND ((WSW)
OR (“women who have sex with women”) OR (lesbian) OR (“female homosexual”) OR (homo-
sexuality, female)) AND Language = (English).

Study selection

Abstracts of studies returned from the database searches were reviewed for eligibility and their
citation lists searched for additional references. In cases of uncertainty regarding inclusion, the
entire text was read. After removal of duplicates and ineligible results, full-text articles were
reviewed.

Data collection

A data extraction spread-sheet was created based on the Cochrane Consumers and Communi-
cation Review Group’s data extraction and assessment template and collated the data as
described below.

Data items

The following information was extracted: 1) study methods, design and aim, 2) population
(sample size, numbers of WSW, country, recruitment site), 3) participant characteristics (age,
WSW definition), 4) BV diagnostic method, 5) statistical analyses and 6) factors assessed for
BV association.

Analysis

Pooling of results for meta-analysis was not possible primarily due to the differences in how
each risk factor was defined and/or presented and also because of the limited studies that con-
tributed data for specific risk factors. We conducted a frequency analysis of factors associated
with BV in WSW populations. The following were assessed for their association with BV: 1)
Demographics (age, ethnicity), 2) Non-sexual behaviours (smoking, vaginal douching), 3) Hor-
monal influences (menstrual cycle, hormonal contraception), 4) Sexual behaviours with female
and male sexual partners (FSP, MSP), 5) Diagnosed, self-report and history of BV in FSPs, and
6) BV-associated bacteria (BVAB), assessed by molecular methods.
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Risk of bias within individual studies

Assessment of bias was based on the STROBE guidelines for reporting observational epidemio-
logical studies.[26] The parameters used were: 1) Selection bias: defined inclusion/ exclusion
criteria, site/country of recruitment and recent female sexual contact; 2) Reporting bias:
response rate for longitudinal studies; 3) Confounding: adjustment for confounding; and 4) for
randomised controlled trials (RCT) and cohort studies: report of sample size calculations.

Results
Study selection

The literature search and assessment process is shown in S2 Fig. We identified 133 studies
from initial searches of PUBMED (n = 44), The Cochrane Library (n = 7), EMBASE (n = 33)
and Web of Science (n = 49). Additional records (n = 3) were identified from citation lists.
Duplicate records (n = 65) were removed and 71 unique references were assessed, with 53
excluded on abstract review. The full texts of 18 articles were examined 14 of which were eligi-
ble for review. Four were excluded because they: did not provide the BV diagnostic method,
reported factors associated with specific BV-associated bacteria but not with BV, did not strat-
ify results by sexuality (WSW versus WSM) so it was not possible to extract results for WSW
alone, or all women in the study had BV with no comparator group.

Study characteristics

Of 14 eligible studies, there were 10 cross-sectional studies, three cohort studies and one RCT.
(Table 1) All the included studies had ethics approval or detailed informed consent of partici-
pants. The majority of studies were from the USA, [13,15,18,27-30] the UK [14,16,31] and Aus-
tralia.[12,19,32] Six studies were drawn from one research group [15,18,20,27,29,30] and two
from another group.[12,19] Seven studies recruited from the community,[14,15,18,20,27,29,30]
four from STI clinics or health services[13,16,28,31] and three recruited or used samples drawn
from both.[12,19,32] Numbers of WSW participants ranged from 39 to 708. BV prevalence was
investigated in 12 studies, two of which further investigated BV persistence rates; two studies
investigated BV incidence. BV prevalence ranged from 12.4% to 51.6% in studies of WSW alone;
one study that included symptomatic WSM and WSW had a BV prevalence of 56.2%.[32] In one
study, 25.8% of BV persisted after treatment;[29] another investigated BV recurrence after a beha-
vioural intervention, with rates of 21.1% in the control and 27.9% in the intervention groups.[30]
Two longitudinal cohorts reported BV incident rates of 9.8 per 100 woman-years,[19] and
another cohort diagnosed 40 BV episodes in 199 women, with a rate of 23 per 100 woman-years.
[15] Results for factors assessed for association with BV are shown in Table 2, Table 3.

Demographics

None of the eight studies that investigated age found any association with prevalent
[12,15,19,20,28,29,31] or incident [19] BV in WSW. Participant ethnicity was investigated in
six studies,[15,16,18,20,29,31] one investigated BV risk factors in African-American WSW
alone.[28] Three studies reported country of birth, which was not associated with prevalent
BV.[12,19,32] One study found a positive association between BV and Asian ethnicity;[31] no
others found associations between ethnicity and BV.

Non-sexual behaviours

The association between smoking and BV in WSW was reported in eight studies.[12,16,18-
20,28,29,31] Three demonstrated a positive association with BV.[12,19,31] Smoking was
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Table 1. Characteristics of studies included for review. Note: AS—Amsel Score, NS—Nugent Score

Study Country Study type Study population (no. Setting Number BV positive/ Total (%) Diagnostic
of individuals, ages if method(s)
reported)
Berger USA Cross-sectional 103 WSW, including Gynaecology Prevalence 29 /101 (28.7) — 2 AS
et al,1995 [13] 21 monogamous practice, community ungradeable
couples clinic
McCaffrey UK Cross-sectional 91 women Specialist lesbian Prevalence 47 / 91 (51.6) Hay-Ison
et al, 1999 genitourinary clinic criteria
[16]
@Marrazzo USA Cross-sectional 326 WSW, including Community Prevalence 81 / 326 (25) NS
et al,2002 [15] 58 monogamous recruitment
couples, age >16
years
Bailey et al, UK Cross-sectional 708 WSW, age 16-53 New patients at a Prevalence 222 / 708 (31.4) AS
2004 [31] years lesbian/ bisexual
sexual health clinic
Evans et al, UK Cross-sectional 171 WSW, 189 Community Prevalence (WSW) 43 /167 (25.7) — 4 Hay-Ison
2007[14] heterosexual women, recruitment ungradeablePrevalence (WSM) 27 / criteria
age 16-50 years 187 (14.4) — 2 ungradeable
PPMarrazzo USA Observational 335 WSW, age 16-30 Community Prevalence 96 / 335 (28.7)Persistence AS + NS
et al, 2008 cohort years recruitment 31/120 (25.8)
[29]
#Marrazzo USA Cross-sectional 237 WSW, age >16 Community Prevalence 14 /237 (5.9) NS + PCR
et al, 2009 years recruitment
[27]
bMarrazzo USA Prospective 335 WSW, age 16-35 Community Prevalence 96 / 335 (28.7) AS + NS
etal, 2010 cohort years recruitment + PCR
[18]
PMarrazzo USA Cross-sectional 335 WSW, age 16-35 Community Incidence 40/ 199 (20.1) AS
etal, 2010 years recruitment
[20]
PPMarrazzo USA Randomised 89 WSW, age 16-30  Community Persistence 12 / 43 (27.9) intervention AS + NS
et al, 2011 control trial years recruitment arm, Persistence 8 /38 (21.1) control
[30] arm
‘Fethers etal, Australia Cross-sectional 193 women, age 17— University Prevalence 24 /193 (12.4) © NS
2012 [32] 21 years® recruitment
146 symptomatic Sexual health clinic Prevalence 82 / 146 (56.2) ©
women®
Muzny et al, USA Cross-sectional 196 WSW, age >18 STD Clinic Prevalence 93 /196 (47.4) AS + NS
2013 [28] years
Bradshaw Australia  Cross-sectional 458 WSW, age 18-55 Community Prevalence 125 / 458 (27) NS
etal, 2014 years recruitment, STI
[12] clinic, GP Clinic
Vodstrcil et al, Australia Longitudinal 298 WSW, age 17-55 Community Incidence 51/298 (10 per 100PY) NS
2014 [19] cohort years recruitment, STI

33Sub-population (of study?®); different variables investigated)
PSame study population (°°Sub-population; different outcomes measured: prevalent, incident and persistent BV)

clinic, GP clinic

CIncludes both women who have sex with women (WSW), women who have sex with men (WSM) and women who have sex with women and men
(WSWM)

doi:10.1371/journal.pone.0141905.t001
associated with incident BV in WSW on univariate analysis in one study, but was not included

in the multivariate analysis due to correlation with other variables.[19] There was no associa-
tion between smoking and incident or prevalent BV in three studies from one group,[18,20,29]
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Table 3. Summary of associations with prevalent or incident/recurrent/persistent BV.

Type of study design
Prevalence Incidence / Recurrence / Persistence
Variable Total number of Number of Total number of Number of
studies studies reporting studies studies reporting
investigating an a significant investigating an a significant
association association association association
Age 5 0 3 0
Ethnicity 4 1 2 0
Smoking 5 2 3 1
Vaginal douching 5 0 3 0
Hormonal 3 0 3 0
contraception
Menstrual cycle 2 0 2 1
Receptive digital- 5 0 2 0
vaginal sex with
FSP
Protected digital- 0 0 1 0
vaginal sex with
FSP
Receptive digital- 5 0 0 0
anal sex with FSP
Receptive oral- 5 0 3 2
vaginal sex with
FSP
Receptive oral- 5 1 1 0
anal sex with FSP
Vaginal sex toy 3 0 0 0
use
Shared vaginal 4 2 2 1
sex toy use
Increased number 6 5 0 0
of lifetime FSPs
Increased number 3 1 2 1°
of recent FSPs/
New FSP
BV history/ 2 2 3 1
symptoms in FSP
(self-report)
BV diagnosed in 4 44 1 1
FSP during study
Increased number 5 1 0 0
of lifetime MSPs
Increased number 2 0 1 1°
of recent MSPs/
New MSPs

9Defined in recent sexual partner(s) in cross-sectional studies (either within last 12 months, or last 3
months), or a new sexual partner in longitudinal cohort studies.

®Significant on univariate analysis; significant on multivariate analysis when new FSP/MSP was combined
with new MSP/FSP in a broader “new partner” category but for the majority of women this represented a
new FSP. FSP (female sexual partner), MSP (male sexual partner)

doi:10.1371/journal.pone.0141905.t003
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or two additional studies.[16,28] Two studies did not stratify smoking according to sexual
behaviour (WSW versus WSM) so the association could not be investigated for WSW.[14,32]

None of the eight studies that examined associations between vaginal douching and BV in
WSWI12,15,18-20,28,29,31] reported an association with BV, although douching was posi-
tively associated with ‘abnormal’ vaginal flora (NS 4-10) in one.[15] Two studies did not strat-
ify douching according to sexual behaviour.[14,32]

Hormonal influences

Hormonal contraceptive use was relatively uncommon in WSW, ranging from 4-13% in the
six studies that investigated its association with BV,[12,18-20,28,29] and it was not found to be
associated with BV. In one study, 41% of participants used hormonal contraception but this
was not stratified by sexual behaviour[32] and in another study contraceptive use was investi-
gated only in heterosexual women.[14]

Results from four studies that investigated associations between BV and stage in the menstrual
cycle were mixed. Two studies found no association;[12,19] another group found that <14 days
since menses onset was positively associated with incident BV,[20] but not with prevalent BV.[18]

Sexual activities

Sexual risk factors for BV in WSW were evaluated in 11 studies.[12,14-16,18-20,28-31] Most
significantly, five of the six studies that investigated numbers of recent or lifetime FSPs demon-
strated a positive association between prevalent BV and increased numbers of lifetime FSPs.
[12,14-16,28,31] Higher numbers of recent female partners, including >1 FSP in the preceding 3
months, was also associated with prevalent[18] and incident[19] BV, though report of a new FSP
within 12 months was not associated with an increased risk in one study.[12] Conversely, one
study found that BV was less common in women who reported >1 lifetime FSP.[20] Increasing
frequency of sex with any partner (though largely reflecting sex with a FSP) was significantly
associated with BV[19] and a direct dose-dependent relationship was seen for BV and episodes
of receptive oral-vaginal sex in one study.[20] No specific sexual practices with FSPs were consis-
tently associated with BV. Receptive oral-vaginal sex was not associated with prevalent BV in six
studies [12,15,16,18,29,31] but was associated with incident BV in two studies, [19,20] one of
which found an association with increasing frequency of oral sex.[20] Two incidence studies
investigated anal sex activities, one found no association between BV and oral-anal sex,[20] the
other found no association with BV and any anal sex activities and incident BV.[29] Receptive
oral-anal sex was positively associated with prevalent BV in one study[15] but not in four others.
[12,16,28,31] Sharing vaginal sex toys was investigated in six studies and was positively associated
with prevalent BV in two studies[15,18] and incident BV in one study,[19] but this was not the
case in other studies.[16,28,29] There was no association between BV and receptive digital-vagi-
nal sex[12,15,16,19,20,28,31] or receptive digital-anal sex.[12,15,16,18,31] A behavioural trial
successfully increased glove use for digital sex but did not alter BV persistence.[30]

Sexual contact with males did not increase the odds of prevalent BV or risk of BV acquisi-
tion in WSW. Five of seven studies that investigated this factor found no association between
BV and number of lifetime[15,16,31] or recent MSPs,[20,31] and one study of African-Ameri-
can WSW found that BV prevalence was lower in women reporting one lifetime MSP than
women reporting >1 lifetime MSPs.[28]

BV in female sexual partners

Five studies examined the association between BV and having a female partner concurrently
diagnosed with BV by Amsel criteria[13] or Nugent score.[12,14,15,19] All showed positive
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associations with BV prevalence and incidence. BV was less reliably associated with self-report
of a female partner’s BV than with a partner’s BV diagnosed using an established method.
Whilst history of a partner with BV was positively associated with prevalent BV[18] and self-
report of a partner with BV symptoms was positively associated with BV prevalence [12] and
incidence[19], Marrazzo and colleagues found no association between self-report of a partner
with BV and BV prevalence[20] or persistence,[29] once adjusting for other factors.

BV-associated bacteria

Five studies examined the association between BV and vaginal bacterial species by molecular
methods.[15,20,27,29,32] Bacteria positively associated with BV in WSW included G.vaginalis,
[15,32] A. vaginae,[20,32] Megasphera type L,[32] U.urealyticum,[15] Prevotella spp.[15], coag-
ulase-negative staphylococci,[15] anaerobic gram-positive cocci,[15] and gram-negative rods.
[15] One study found BVAB3 and P.lacrimalis were associated with persistent BV.[29]
Women with vaginal or rectal colonisation with L.gasseri were more likely to have prevalent
BV[27] but women with L.crispatus at baseline were less likely to develop BV over the next 12
months.[20] Fethers et al [32] included WSM, but found detection of Megasphera I was associ-
ated with BV in WSW.

Assessment of bias

Table 4 displays the assessment tools. Table 5 displays the results for reviewed papers. Inclusion
criteria were described in 12 studies,[12-15,18-20,27-30,32] and six described exclusion crite-
ria.[12-14,19,30,32] Recent female sexual contact was an inclusion criterion in 10 studies.

Table 4. Method for assessment of internal and statistical validity of studies included for review.
Some criteria not applicable depending on study design, these boxes left blank in Table 5.

Bias Criteria Symbol in
Table 5
Selection bias Inclusion and exclusion Described v
criteria
Not described X
Site of recruitment Described v
Not described X
FSP contact for WSW Sexual contact with FSP within a specific v
definition time frame required for inclusion/
characterisation as WSW
No timeframe specified OR lifetime FSP OR X

population drawn from attendees at a WSW
sexual health clinic (i.e. Assumed FSP
contact) OR self-identifying WSW without
specified criteria

Reporting bias Response rate reported Reported v
(Longitudinal studies)

Not reported X
Confounding Adjustment for Univariate analysis (not adjusted) X
confounding
Multivariate analysis (adjusted) v
Sample size Sample size calculations Described v
calculations (RCTs, cohort studies)
Not described X

doi:10.1371/journal.pone.0141905.t004
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[12,15,18-20,27-30,32] Others recruited women with any lifetime female sexual contact,[13]
self-identifying WSW/[14] or from a lesbian/ bisexual health clinic.[16,31]

Confounding was adjusted for in 10 studies.[12,14,15,18-20,28,30-32] One study investi-
gating BV persistence adjusted for treatment non-adherence but small participant numbers
precluded multivariate analyses.[29] Three studies did not analyse confounders.[13,16,27] A
longitudinal cohort study and RCT reported sample size calculations;[19,30] one prospective
cohort study did not report sample size calculations.[18]

Discussion

To our knowledge, this is the first systematic review of risk factors associated with BV in

women who have sex with women. In this population, we found that prevalent and incident

Table 5. Assessment of internal and statistical validity of studies included for review. Blank where criteria not required due to study design.

Study

Berger et al,
1995 [13]
McCaffrey et al,
1999 [16]

@Marrazzo et al,
2002 [15]

Bailey et al,
2004 [31]

Evans et al,
2007[14]

bMarrazzo et al,
2008 [29]

2Marrazzo
et al, 2009 [27]

bMarrazzo et al,
2010 [18]
bMarrazzo et al,
2010 [20]
b®Marrazzo
et al, 2011 [30]
°Fethers et al,
2012 [32]
Muzny et al,
2013 [28]
Bradshaw et al,
2014 [12]

Vodstrcil et al,
2014 [19]

3aSub-population (of study?); different variables investigated)

Inclusion
criteria

v

X

Exclusion
criteria

v

X

Selection bias

Site of
recruitment

v

v

Recent FSP for
WSW definition

X (Lifetime contact
with FSP)

X (Attending
lesbian sexual
health clinic)

v

X (Attending
lesbian/ bisexual
health clinic)

X (Self-identifying)

v

Reporting

Response
rate reported

Confounding Sample size

Adjustment for confounding  Sample size
statement

v

Adjusted for one key variable;
small numbers preclude
multivariate analysis

Univariate analyses

v X

v

®Same study population (°°Sub-population; different outcomes measured: prevalent, incident and persistent BV)

°Includes both women who have sex with women (WSW), women who have sex with men (WSM) and women who have sex with women and men

(WSWM)

doi:10.1371/journal.pone.0141905.t005
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BV were associated with increased number of lifetime and recent FSPs and having a female
partner with confirmed BV. However, unlike studies in WSM, no association between BV and
ethnicity, vaginal douching or hormonal contraception was found. The association between
BV and exposure to increased numbers of female partners and a female partner with BV
together with a high concordance of BV between female sexual partners in published studies
supports the concept that BV is likely sexually transmitted between women. These findings fur-
ther support a previous meta-analysis that showed that having a FSP is associated with a 2-fold
increased risk of BV.[11]

Our review indicates that among women with female partners, the presence of BV in one’s
partner was consistently associated with BV in the index. This association was most robust
when the partner’s BV was diagnosed using an established method, rather than reliance on
self-report of a partner’s BV history or symptoms, which may be inaccurate as BV knowledge
is often low, even in high-risk groups.[33] Increased number of recent and lifetime FSPs were
positively associated with prevalent and incident BV in WSW but among WSW who also had
sex with men, there was no association between increased number of recent and lifetime male
partners and BV. If BV is transmitted between women, the association between BV and
increased numbers of FSPs may reflect the high probability of encountering BV in a new part-
nership drawn from a population with relatively high overall prevalence estimates (25-50%).
By comparison, one cohort study found a greatly reduced risk of BV acquisition for women
who were both BV negative at enrolment and remained in that relationship over two years.[19]
Importantly, no specific sexual activities were consistently associated with BV in WSW in this
review, however some studies demonstrate an increased risk of BV acquisition with increasing
frequency of sexual contact. This may be due to the ubiquitous nature of many sexual practices
and the rarity with which sexual behaviours occur in isolation.

Many BVAB identified in WSW are also associated with BV in WSM,[32,34] however some
differences may exist in the composition of the vaginal bacterial communities between WSW
and WSM. One study found that Megasphera I detection was particularly sensitive for the diag-
nosis of BV (by Nugent criteria) in WSW.[32] Others have found that BV-positive WSW have
higher levels of Prevotella spp. and lower vaginal bacterial diversity compared to WSM.[35]
Opverall there are comparatively fewer studies examining the vaginal microbiota in WSW com-
pared to studies in WSM.

BV was not associated with age, ethnicity, vaginal douching or hormonal contraceptive use
in WSW. Studies of WSM demonstrate reduced risk of prevalent, incident and recurrent BV in
women using hormonal contraception,[36] and increased risk of BV in WSM that douche,
[37,38] but the low rates of these practises in WSW enrolled in the included studies may have
limited the power of included studies to detect any association with BV. The observation that
BV was not associated with ethnicity in WSW but was in WSM may indicate that it is not an
independent risk factor, but confounded by unmeasured sexual risk.

BV was inconsistently associated with smoking despite it being a risk factor in WSM.[39]
Rates of smoking in WSW are generally high,[40] and may be correlated with other factors,
[19] which could have limited our ability to examine the effect of smoking as an independent
risk factor for BV. Similarly, the association between stage in the menstrual cycle and BV in
WSW was also inconclusive. Studies of WSM suggest that BV is more common in the first 7
days of the menstrual cycle.[41] However, few studies investigated this variable in WSW, limit-
ing our ability to assess associations.

This review has a number of limitations to be considered. We may have omitted relevant
results by limiting our search to English language publications and by limiting inclusion to
published, peer-reviewed papers to control for quality, we may have omitted otherwise relevant
conference abstracts and other non-peer reviewed literature. All studies were undertaken in
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high income countries: the USA, UK and Australia and most studies investigated predomi-
nantly Caucasian populations, [14-16,18,20,27,29-31] which may limit the generalizability of
our findings to WSW in the broader community and other countries. Despite the high preva-
lence estimates of BV in WSW, few studies have investigated BV in this population. Although
we endeavoured to include all eligible published literature, several research groups dominated
publications, and our findings may therefore have placed undue importance on the findings of
these groups.

A strength of this review is the broad assessment of studies’ potential biases. In particular,
we considered studies’ definition of ‘WSW’ in assessing potential selection bias. Despite the
variety of ways to define sexuality, sexual activities with partners of a specific sex may provide
the most relevant definition for studies investigating sexual risk factors for disease. Studies that
recruited self-identifying WSW or women attending lesbian/bisexual health clinics may involve
women who identify as lesbian or bisexual but have no female sexual contact.[40] It is impor-
tant to consider that WSW with and without male partners may have different epidemiological
risks, not just due to partner’s sex but to differences in sexual behaviours, hormonal contracep-
tive use, lubricants and condom use.

Conclusion

Our systematic review of BV in WSW found evidence that BV among this population is associ-
ated with increased number of female partners and having a partner having confirmed BV.
These epidemiological data have important implications for our understanding of BV patho-
genesis, providing indirect evidence of BV transmission between women and their female part-
ners. These data inform our current clinical management approaches and highlight the need to
consider partner screening and treatment in BV-positive women and female partner treatment
trials.

Supporting Information

S1 Fig. PRISMA Checklist: PRISMA checklist for factors included for this systematic
review. From: Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group (2009). Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097

(DOC)

S2 Fig. PRISMA flow diagram. PRISMA flow diagram for selection of studies for the system-
atic review of risk factors for BV among WSW. From Moher D, Liberati A, Tetzlaff ], Altman
DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.
pmed1000097

(TIFF)

Acknowledgments

We would like to acknowledge the support the staff at the Melbourne Sexual Health Centre for
their support of this review.

Author Contributions
Analyzed the data: DSF LAV CSB. Wrote the paper: DSF LAV JSH CKF ML RPM CSB.

PLOS ONE | DOI:10.1371/journal.pone.0141905 December 16,2015 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141905.s001
http://dx.doi.org/10.1371/journal.pmed1000097
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141905.s002
http://dx.doi.org/10.1371/journal.pmed1000097
http://dx.doi.org/10.1371/journal.pmed1000097

@' PLOS ‘ ONE

Risk Factors for BV among WSW: A Systematic Review

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

Beverly ES, Chen HY, Wang QJ, Zariffard MR, Cohen MH, et al. (2005) Utility of Amsel criteria, Nugent
score, and quantitative PCR for Gardnerella vaginalis, Mycoplasma hominis, and Lactobacillus spp. for
diagnosis of bacterial vaginosis in human immunodeficiency virus-infected women. Journal of clinical
microbiology 43:4607-4612. PMID: 16145114

Sweet RL (1995) Role of bacterial vaginosis in pelvic inflammatory disease. Clinical Infectious Dis-
eases 20: S271-S275. PMID: 7548573

Chaim W, Mazor M, Leiberman J (1997) The relationship between bacterial vaginosis and preterm
birth. A review. Archives of gynecology and obstetrics 259: 51-58. PMID: 9059744

Purwar M, Ughade S, Bhagat B, Agarwal V, Kulkarni H (2001) Bacterial vaginosis in early pregnancy
and adverse pregnancy outcome. Journal of obstetrics and gynaecology research 27:175-181. PMID:
11721727

Hillier SL, Nugent RP, Eschenbach DA, Krohn MA, Gibbs RS, et al. (1995) Association between bacte-
rial vaginosis and preterm delivery of a low-birth-weight infant. New England Journal of Medicine 333:
1737-1742. PMID: 7491137

Krohn MA, Hillier SL, Lee ML, Rabe LK, Eschenbach DA (1991) Vaginal Bacteroides species are asso-
ciated with an increased rate of preterm delivery among women in preterm labor. Journal of Infectious
Diseases 164: 88-93. PMID: 2056221

Hay PE, Lamont RF, Taylor-Robinson D, Morgan DJ, Ison C, et al. (1994) Abnormal bacterial colonisa-
tion of the genital tract and subsequent preterm delivery and late miscarriage. Bmj 308: 295-298.
PMID: 8124116

Atashili J, Poole C, Ndumbe PM, Adimora AA, Smith JS (2008) Bacterial vaginosis and HIV acquisition:
a meta-analysis of published studies. AIDS (London, England) 22: 1493.

Cu-Uvin S, Hogan JW, Caliendo AM, Harwell J, Mayer KH, et al. (2001) Association between bacterial
vaginosis and expression of human immunodeficiency virus type 1 RNA in the female genital tract. Clin-
ical infectious diseases 33: 894-896. PMID: 11512096

Bilardi JE, Walker S, Temple-Smith M, McNair R, Mooney-Somers J, et al. (2013) The burden of bacte-

rial vaginosis: women's experience of the physical, emotional, sexual and social impact of living with
recurrent bacterial vaginosis. PLoS One 8.

Fethers KA, Fairley CK, Hocking JS, Gurrin LC, Bradshaw CS (2008) Sexual risk factors and bacterial
vaginosis: a systematic review and meta-analysis. Clinical Infectious Diseases 47: 1426—1435. doi:
10.1086/592974 PMID: 18947329

Bradshaw CS, Walker SM, Vodstrcil LA, Bilardi JE, Law M, et al. (2014) The influence of behaviors and
relationships on the vaginal microbiota of women and their female partners: the WOW Health Study. J
Infect Dis 209: 1562—-1572. doi: 10.1093/infdis/jit664 PMID: 24285846

Berger BJ, Kolton S, Zenilman JM, Cummings MC, Feldman J, et al. (1995) Bacterial vaginosis in lesbi-
ans: a sexually transmitted disease. Clin Infect Dis 21: 1402—1405. PMID: 8749623

Evans AL, Scally AJ, Wellard SJ, Wilson JD (2007) Prevalence of bacterial vaginosis in lesbians and
heterosexual women in a community setting. Sex Transm Infect 83: 470-475. PMID: 17611235

Marrazzo JM, Koutsky LA, Eschenbach DA, Agnew K, Stine K, et al. (2002) Characterization of vaginal
flora and bacterial vaginosis in women who have sex with women. J Infect Dis 185: 1307-1313. PMID:
12001048

McCaffrey M, Varney P, Evans B, Taylor-Robinson D (1999) Bacterial vaginosis in lesbians: evidence
for lack of sexual transmission. IntJ STD AIDS 10: 305-308. PMID: 10361919

Bailey JV, Farquhar C, Owen C, Mangtani P (2004) Sexually transmitted infections in women who have
sex with women. Sex Transm Infect 80: 244—246. PMID: 15170014

Marrazzo JM, Thomas KK, Agnew K, Ringwood K (2010) Prevalence and risks for bacterial vaginosis
in women who have sex with women. Sex Transm Dis 37: 335-339. PMID: 20429087

Vodstrcil LA, Walker SM, Hocking JS, Law M, Forcey DS, et al. (2015) Incident Bacterial Vaginosis
(BV) in Women Who Have Sex With Women Is Associated With Behaviors That Suggest Sexual Trans-
mission of BV. Clin Infect Dis 60.

Marrazzo JM, Thomas KK, Fiedler TL, Ringwood K, Fredricks DN (2010) Risks for acquisition of bacte-
rial vaginosis among women who report sex with women: a cohort study. PLoS One 5: 0011139.

Moher D, Liberati A, Tetzlaff J, Altman DG (2010) Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Int J Surg 8: 336—341. doi: 10.1016/}.ijsu.2010.02.007 PMID:
20171303

Amsel R, Totten PA, Spiegel CA, Chen KC, Eschenbach D, et al. (1983) Nonspecific vaginitis. Diagnos-
tic criteria and microbial and epidemiologic associations. Am J Med 74: 14—22. PMID: 6600371

PLOS ONE | DOI:10.1371/journal.pone.0141905 December 16,2015 14/15


http://www.ncbi.nlm.nih.gov/pubmed/16145114
http://www.ncbi.nlm.nih.gov/pubmed/7548573
http://www.ncbi.nlm.nih.gov/pubmed/9059744
http://www.ncbi.nlm.nih.gov/pubmed/11721727
http://www.ncbi.nlm.nih.gov/pubmed/7491137
http://www.ncbi.nlm.nih.gov/pubmed/2056221
http://www.ncbi.nlm.nih.gov/pubmed/8124116
http://www.ncbi.nlm.nih.gov/pubmed/11512096
http://dx.doi.org/10.1086/592974
http://www.ncbi.nlm.nih.gov/pubmed/18947329
http://dx.doi.org/10.1093/infdis/jit664
http://www.ncbi.nlm.nih.gov/pubmed/24285846
http://www.ncbi.nlm.nih.gov/pubmed/8749623
http://www.ncbi.nlm.nih.gov/pubmed/17611235
http://www.ncbi.nlm.nih.gov/pubmed/12001048
http://www.ncbi.nlm.nih.gov/pubmed/10361919
http://www.ncbi.nlm.nih.gov/pubmed/15170014
http://www.ncbi.nlm.nih.gov/pubmed/20429087
http://dx.doi.org/10.1016/j.ijsu.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20171303
http://www.ncbi.nlm.nih.gov/pubmed/6600371

@' PLOS ‘ ONE

Risk Factors for BV among WSW: A Systematic Review

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Nugent RP, Krohn MA, Hillier S (1991) Reliability of diagnosing bacterial vaginosis is improved by a
standardized method of gram stain interpretation. Journal of clinical microbiology 29: 297-301. PMID:
1706728

Spiegel C, Amsel R, Holmes K (1983) Diagnosis of bacterial vaginosis by direct gram stain of vaginal
fluid. Journal of clinical microbiology 18:170-177. PMID: 6193137

Ison C, Hay P (2002) Validation of a simplified grading of Gram stained vaginal smears for use in geni-
tourinary medicine clinics. Sexually transmitted infections 78: 413—-415. PMID: 12473800

Von EIm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, et al. (2007) The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observa-
tional studies. Preventive medicine 45:247-251. PMID: 17950122

Marrazzo JM, Antonio M, Agnew K, Hillier SL (2009) Distribution of genital Lactobacillus strains shared
by female sex partners. J Infect Dis 199: 680—683. doi: 10.1086/596632 PMID: 19199538

Muzny CA, Sunesara IR, Austin EL, Mena LA, Schwebke JR (2013) Bacterial vaginosis among African
American women who have sex with women. Sex Transm Dis 40: 751-755. doi: 10.1097/OLQ.
0000000000000004 PMID: 23949590

Marrazzo JM, Thomas KK, Fiedler TL, Ringwood K, Fredricks DN (2008) Relationship of specific vagi-
nal bacteria and bacterial vaginosis treatment failure in women who have sex with women. Ann Intern
Med 149: 20-28. PMID: 18591634

Marrazzo JM, Thomas KK, Ringwood K (2011) A behavioural intervention to reduce persistence of bac-
terial vaginosis among women who report sex with women: results of a randomised trial. Sex Transm
Infect 87: 399—-405. doi: 10.1136/sti.2011.049213 PMID: 21653935

Bailey JV, Farquhar C, Owen C (2004) Bacterial vaginosis in lesbians and bisexual women. Sexually
transmitted diseases 31: 691-694. PMID: 15502678

Fethers K, Twin J, Fairley CK, Fowkes FJ, Garland SM, et al. (2012) Bacterial vaginosis (BV) candidate
bacteria: associations with BV and behavioural practices in sexually-experienced and inexperienced
women. PLoS One 7:17.

Forcey DS, Walker SM, Vodstrcil LA, Fairley CK, Bilardi JE, et al. (2014) Factors associated with partic-
ipation and attrition in a longitudinal study of bacterial vaginosis in Australian women who have sex with
women. PLoS One 9.

Fredricks DN, Fiedler TL, Marrazzo JM (2005) Molecular identification of bacteria associated with bac-
terial vaginosis. New England Journal of Medicine 353: 1899-1911. PMID: 16267321

Muzny CA, Sunesara IR, Kumar R, Mena LA, Griswold ME, et al. (2013) Characterization of the vaginal
microbiota among sexual risk behavior groups of women with bacterial vaginosis. PLoS One 8.

Vodstrcil LA, Hocking JS, Law M, Walker S, Tabrizi SN, et al. (2013) Hormonal contraception is associ-
ated with a reduced risk of bacterial vaginosis: a systematic review and meta-analysis. PLoS One 8.

Brotman RM, Klebanoff MA, Nansel TR, Andrews WW, Schwebke JR, et al. (2008) A longitudinal study
of vaginal douching and bacterial vaginosis—a marginal structural modeling analysis. Am J Epidemiol
168: 188—196. doi: 10.1093/aje/kwn103 PMID: 18503038

Trabert B, Misra DP (2007) Risk factors for bacterial vaginosis during pregnancy among African Ameri-
can women. Am J Obstet Gynecol 197: e1-8.

Hellberg D, Nilsson S, Mardh P-A (2000) Bacterial vaginosis and smoking. International journal of STD
& AIDS 11:603-606.

Mooney-Somers J, Deacon R, Richters J, Price K, Sophia LdIB, et al. (2012) Women in contact with the
Sydney gay and lesbian community: Report of the Sydney Women and Sexual Health (SWASH) Sur-
vey 2006, 2008 and 2010.

Hay PE, Ugwumadu A, Chowns J (1997) Sex, thrush and bacterial vaginosis. IntJ STD AIDS 8: 603—
608. PMID: 9310218

PLOS ONE | DOI:10.1371/journal.pone.0141905 December 16,2015 15/15


http://www.ncbi.nlm.nih.gov/pubmed/1706728
http://www.ncbi.nlm.nih.gov/pubmed/6193137
http://www.ncbi.nlm.nih.gov/pubmed/12473800
http://www.ncbi.nlm.nih.gov/pubmed/17950122
http://dx.doi.org/10.1086/596632
http://www.ncbi.nlm.nih.gov/pubmed/19199538
http://dx.doi.org/10.1097/OLQ.0000000000000004
http://dx.doi.org/10.1097/OLQ.0000000000000004
http://www.ncbi.nlm.nih.gov/pubmed/23949590
http://www.ncbi.nlm.nih.gov/pubmed/18591634
http://dx.doi.org/10.1136/sti.2011.049213
http://www.ncbi.nlm.nih.gov/pubmed/21653935
http://www.ncbi.nlm.nih.gov/pubmed/15502678
http://www.ncbi.nlm.nih.gov/pubmed/16267321
http://dx.doi.org/10.1093/aje/kwn103
http://www.ncbi.nlm.nih.gov/pubmed/18503038
http://www.ncbi.nlm.nih.gov/pubmed/9310218

