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Abstract

Objectives—Bacterial vaginosis (BV) is a condition characterized by a disturbed vaginal
ecosystem which fluctuates in response to extrinsic and intrinsic factors. BV recurrence is
common. To explore whether consistent condom use was associated with BV occurrence or
recurrence, we compared the effect of condom use on BV prevalence after six months, among
women with and without BV at baseline.

Methods—We used data from a randomized controlled trial, conducted among female sex
workers in Madagascar during 2000-2001, that assessed the impact of adding clinic-based
counseling to peer education on sexual risk behavior and sexually transmitted infection incidence.
BV was diagnosed at two time points (baseline and six months) according to modified Amsel
criteria. Consistent condom users were women reporting no unprotected sex acts with clients in
the past month or non-paying partners in the past year. Adjusted prevalence ratios (PRs) and 95%
confidence intervals (Cls) were calculated using multivariable regression models.

Results—At baseline, 563 (56%) women had BV. Of those, 360 (72%) had BV at 6 months,
compared to 158 (39%) of those without BV at baseline. The adjusted 6-month PR for BV
comparing consistent to inconsistent condom users was 0.99 (95% CI: 0.85-1.13) among women
with BV at baseline and 0.62 (95% CI: 0.30-0.94) among women without BV at baseline.

Conclusions—Consistent condom use was associated with reduced BV prevalence at 6 months
for women who were BV-negative at baseline, but had no effect among women who were BV-
positive at baseline. Male condoms appeared to protect against BV occurence, but not BV
recurrence.

Corresponding author: Marcel Yotebieng, MD, MPH, Doctoral candidate, University of North Carolina at Chapel Hill, Department of
Epidemiology, McGavran-Greenberg, CB # 7435, NC 27599, PH: 919-593-3208, FAX: 919-966-2089, yotebieng@unc.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yotebieng et al.

Keywords

Page 2

bacterial vaginosis; recurrence; Madagascar; sex worker; condom use

INTRODUCTION

Bacterial vaginosis (BV) is the most common cause of abnormal vaginal discharge in
women of reproductive age (Hapsari ef a/, 2006). It is characterized by a reduction in vaginal
lactobacilli with an associated increase in BV-associated organisms such as Gram-negative
and anaerobic bacteria (Gardenerella vaginalis, Bactroides sp, Provetella sp, Mobiluncus sp,
and Peptostreptococcus sp) and genital mycoplasmas (U. urealyticum and M. hominis)
(Hillier et al, 1993). BV has been associated with adverse pregnancy outcomes including
premature rupture of membranes, premature delivery, low birth weight, and post-partum and
post-abortion endometritis (Hillier et a/, 1995; Kurki ef a/, 1992). Women with BV are also
at increased risk of sexually transmitted infections (STIs) (Wiesenfeld et a/, 2003)),
including HIV (Taha et a/, 1998). However, the cause of the microbial alteration leading to
BV is not fully understood.

BV-associated organisms are also found in non-chlamydial non-gonococcal urethritis in men
(Workowski & Berman, 2006). In addition, risk factors associated with BV include
behaviors that increase STI risk, such as having new or multiple sexual partners (Bradshaw
et al, 2005), suggesting that BV might be sexually transmitted. However, other factors not
known to be associated with sexual activity (vaginal douching, lack of vaginal lactobacilli)
have also been linked with BV (Ness et a/, 2002). Moreover, as many as 25% of girls 14-19
years old in the US have BV, irrespective of sexual experience (Gottlieb et a/, 2008) and BV
may also present as a natural variability associated with menstrual cycle (Morison et al,
2005). Thus BV may be acquired through both sexual behaviors and non-sexual factors.

BV can occur as a new acquisition (BV occurrence) or re-emergence of a previous episode
(BV recurrence). The two antibiotics used in the recommended first-line therapy
(metronidazole and clindamycin (Anonymous, 1998) have imperfect cure rates ranging from
80% — 90% at 1 month (Koumans et a/, 2002) and recurrence rates as high as 69% in the
first year after treatment have been described (Bradshaw et a/., 2006). In epidemiologic
studies it can be difficult to distinguish between BV occurrence and recurrence. This
difficulty is exacerbated because a “cured” BV case is simply the normalization of vaginal
flora and symptoms rather than the eradication of any particular pathogen (Anonymous,
1998). This lack of differentiation may be the reason behind inconclusive results from
studies of BV risk factors, particularly factors associated to the sexual route of BV
acquisition. For example, several studies have demonstrated that condoms are protective
against BV (Hutchinson et a/, 2007; Smart et a/, 2004), whereas others found evidence of
effect that condoms prevent BV (Bradshaw et a/, 2005; Schwebke et a/, 2004). In addition,
treatment of the male sex partners of women with BV has not been beneficial in preventing
the recurrence of BV in women (Mutyavanich et a/, 1993), calling into question whether
sexual transmission is a likely route of infection. However, beside the Hutchinson study, all
those studies did not clearly differentiate between repeat and first incidence of BV.
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Assuming that sexual factors are associated only with the initial BV acquisition but not with
re-emergence of a persistent episode, analyzing the association between condom use and a
single, heterogeneous outcome capturing all types of BV cases could lead to an
underestimation of the importance of condom and therefore of the sexual route in BV
acquisition.

In this secondary data analysis, we examined the effect of consistent condom use on BV risk
at six months. We hypothesized that repeat BV is more likely due to a re-emergence of a
persistent, existing BV infection rather than acquisition of a new case of BV, and therefore
that consistent condom use was more likely to have a stronger protective effect on women
who were BV-negative at baseline than on women who were BV-positive at baseline.

METHODS

Data and procedures

We used data from a randomized controlled trial (RCT), conducted among female sex
workers (FSWs) in Madagascar in 2000-2001, that was designed to assess the impact of
adding clinic-based counseling to peer education on sexual risk behavior and STI incidence
(Feldblum et al., 2005; Hoke et al., 2007). Self-identified active FSWSs (n=1,000), age 16 or
older, with no signs of pregnancy, were individually randomized to receive condom
counseling by peer educators (peer-only arm), or peer counseling plus clinic-based
counseling (peer+clinic). Participants were followed for 18 months in two public
dispensaries in the capital city, Antananarivo, and in the principal port city, Tamatave. The
details of the randomization process and the main findings from the intervention have been
published elsewhere (Feldblum et a/., 2005; Hoke et al., 2007).

The study had two phases: an initial phase (from baseline through 6 months) during which
only male condoms were available, and a second phase when both male and female condoms
were promoted. The analyses presented here used data from the first 6 months of the study
only. After enrollment, each study participant returned to the clinic every 2 months for
follow-up visits. At each visit, data on sexual activity and condom use were collected
through face-to-face interviews. In addition, at the baseline and 6-month visits, one clinician
at each study site examined participants and collected specimens for laboratory testing
(Feldblum et al., 2005). After examination, all participants were treated presumptively for
gonococcal and chlamydial infection with ciprofloxacin (500 mg orally in a single dose) and
azithromycin (1 g orally in a single dose). Treatment was given one week later for syphilis
(benzathine penicillin, three doses of 2.4 million units IM at 1-week intervals for latent
syphilis of unknown duration, one dose for early syphilis), candidiasis (nystatin, one ovule
(100 000 1U) per night for 10 consecutive nights), and trichomoniasis and BV
(metronidazole, 2 g orally in a single dose) as needed.

Variable definition

Outcome—This analysis uses BV data from two time points: baseline and 6 months. BV
was classified according to modified Amsel criteria (Workowski & Berman, 2006). Women
were BV-positive if at least three of the following criteria were met: pH of the vaginal fluid
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>4.5, homogenous vaginal discharge, clue cells on microscopic examination, or a positive
amine test (the “whiff” test).

Exposure—In the RCT, condom use was measured differently for clients (paying sex
partners) and non-paying partners. For clients, participants were asked at each visit (once
every two months) the number of sex acts they had had with clients over the preceding 30
days and how many of those acts were protected by condoms. For non-paying partners, this
information was asked for the preceding 12 months. Women who reported no unprotected
sex with clients at all 3 follow-up visits (2, 4, and 6 months) and no unprotected sex with
non-paying partners in the past 12 months at the 6-month visit were classified as consistent
condom users. All other participants were classified as inconsistent users.

We also assessed several potential confounding factors, including age, study site,
randomization group, marital status (married/cohabiting, single (with or without a steady
partner), and widowed/separated/divorced), average number of sex partners in the week
preceding each of the 3 follow-up visits, and vaginal cleansing practices (use of water only
vs. use of water plus other products).

Statistical analysis

Prevalence ratios (PR) assessing the effect of consistent condom use on BV risk at 6 months
were calculated among women with and without BV at baseline. Prior to multivariable
modeling, we first examined the bivariate association between consistent condom use and
BV at six months. We used the Mantel-Haenszel test of homogeneity to assess if the crude
effect of consistent condom use on BV differed by baseline BV status.

The odds ratio was not an appropriate choice for the measure of effect because our outcome
(BV) was very common (57.5%) (Altman et al., 1998). Binomial models did not converge.
To estimate the adjusted PRs and their confidence intervals, the method recently proposed
by Localio et al. (Localio et al., 2007) was used. Standard errors, estimated using bootstrap
methods, were used to calculate the 95% confidence intervals (CI) for the adjusted PRs.

Prior knowledge and bivariate analyses were used to select variables that were included in
the initial model. We also included an interaction term between BV at baseline and
consistent condom use in the initial model, to allow computation of the effect of consistent
condom use on BV at 6 months in each stratum of baseline BV status. We used likelihood
ratio tests (LRT) to assess the contribution of the interaction term to the fit of the model. The
significance level for the test of homogeneity and the LRT for the interaction term was
a=0.10 (Kleinbaum & M., 2002). To arrive at the most parsimonious model that captured
the effect of consistent condom use on 6-month BV risk, we used a manual, backward
elimination, change-in-estimate strategy to eliminate covariates that did not substantially
affect the effect estimate (the change-inestimate criterion was 10%). Regardless of the
change in the effect estimate, we retained two additional variables in the final multivariable
model — use of hormonal contraception and vaginal cleansing practices — because of a priori
hypotheses about their role in BV risk.
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RESULTS

Of the 1,000 women that were randomized at baseline, 901 (90%) returned for the 6-month
visit. By design, 50% of participants were from Antananarivo and 50% from Tamatave.
Participants were also equally split between the two randomization groups (Table 1). At
baseline 65% of women were single, and the mean age was 28 years. Half reported more
than six paying sexual partners a week. During at least one of the three follow-up visits, 25%
of women reported using hormonal contraception, 62% reported having had sex with a non-
paying partner within the past week, and all reported vaginal cleansing. Most (68%) women
reported using water only for vaginal cleansing.

BV was highly prevalent among study participants. At baseline, 563 women (56%) had BV
and virtually the same percentage of BV-positives was observed at 6 months (57%). Fifty
four women (6%) were classified as consistent condom users over the six-month follow-up.
In bivariate analyses, 360 participants (72%) who had BV at baseline were again BV-
positive at 6 months, compared to 158 (39%) of those without BV at baseline who were BV-
positive at 6 months. Participants who were younger, single, used a product other than water
for vaginal cleansing, used no hormonal contraception, from Tamatave, or with BV at
baseline were less likely to use condoms consistently and more likely to be diagnosed with
BV at 6 months. In addition, women who reported a non-paying sexual partner in the past
week were less likely to be diagnosed with BV at 6 months. The unadjusted PR for BV at
the 6-month visit comparing consistent to inconsistent condom users was 0.60 (95%CI: 0.41,
0.86) among all women, 0.98 (95% CI: 0.72, 1.33) among women with BV at baseline, and
0.46 (95% CI: 0.23, 0.90) among those without BV at baseline. The Mantel-Haenszel test
for homogeneity of the PRs by baseline BV status was significant (p=0.01) (Table 2).

In the initial multivariable model including BV at baseline, the interaction term between BV
at baseline and consistent condom use, and all potential confounders, the LRT for the
interaction term met our criteria for significance (see Methods) (p=0.08). The final
multivariable model adjusted for use of hormonal contraception, age, average number of
paying sex partner in the past week, and vaginal cleansing practices. The adjusted PR for the
effect of consistent condom use on BV at six months was 0.70 (95%CI: 0.38, 1.01) among
all women, 0.98 (95% ClI: 0.85, 1.13) among women with BV at baseline, and 0.62 (95% ClI:
0.30, 0.94) among those without BV at baseline (Table 2).

DISCUSSION

BV was very common among study participants, consistent with previous observations in
Madagascar that sexual and reproductive tract infections are highly prevalent among women
seeking primary care for genitourinary infections and highest among female sex workers
(Behets et al., 2001; Behets et al., 2005). Only 6% of participants were classified as
consistent condom users during the 6-month follow-up period. This low level of condom use
matches the high rates of STIs described in other reports from this trial (Feldblum et al.,
2005; Hoke et al., 2007).
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Alternative definitions of consistent condom use were considered: (1) condom use at last sex
with a client at each of the 3 follow-up visits, (2) condom use in all sex acts with clients in
the past 30 days at each of the 3 follow-up visits, (3) condom use at last sex with a client and
last sex with a non-paying partner, at each of the 3 follow-up visits, and (4) consistent
condom as defined above. Condom use was low in general ranging from 66% with definition
(1) to 6% with definition (4). With each of these definitions, we detected no effect of
condom use on BV prevalence at 6 months among women with BV at baseline. However,
among women without BV at baseline, we saw a protective effect of condom use on BV at 6
months for all 4 definitions. But the magnitude of the strength of the protective association
between condom use and 6-month BV prevalence increased as the total number of sex acts
covered by the definition increased (results not shown).

Consistent condom users were women who reported no unprotected sex with clients at all
the 3 follow-up visits (2, 4, and 6 months) and with non-paying partners in the past 12
months at the 6-month visit. While this definition does not cover all sex acts during the
follow-up period, it reduces possible measurement error by shortening the period over which
women were asked to remember their sexual behavior. Nevertheless, because participants
were asked to report both the total number of sex acts they had had over a 30-day period
and, out of these, the number when condoms were used, it is possible that some misreporting
occurred (recall bias). It is also possible, given that participants were actively counseled to
use condoms, that some may have overstated the number of acts in which they used
condoms (social desirability bias). We expect that bias resulting from recall error or social
desirability, which we hypothesize would lead to an overestimate of condom use, is likely to
be nondifferential with respect to the outcome (BV status at 6 months), and therefore our
observed estimates may be biased toward the null. However, given the large difference in 6-
month BV risk between BV-positive and BV-negative women at baseline, we do not think
that bias is likely to explain our results.

In both unadjusted and multivariate analyses, the effect of consistent condom use was
different depending on women’s baseline BV status. Among women negative for BV at
baseline, women who reported using condoms consistently had a significantly lower risk of
acquiring BV after 6 months. In contrast, consistent condom use did not appear to have any
effect among those with BV at baseline. These findings suggest that, among those with BV
at baseline, BV recurrence is not likely to be a new acqusition from a male partner. Our
results for women without BV at baseline agree with previous studies that suggest that
consistent condom use reduces BV risk (Hutchinson et al., 2007), and provide additional
evidence that at least some BV can be acquired sexually (and hence consistent condom use
is an effective mean to prevent it). The finding that consistent condom use had no effect on
the risk of repeat BV is also consistent with a study of BV recurrence among Australian
women. Those authors reported no association between BV recurrence and women’s
reported number of male sex partners or condom use (Bradshaw et a/., 2006).

We note that although our results fit both with our a priorihypothesis about the role of
condom use on BV and with the sparse prior literature on this topic, these findings alone
cannot determine whether recurrent BV is simply a reemergence of an existing condition or
acquisition of a new one through a non-sexual transmission route. BV may be best described
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as a disturbed ecosystem with resilience fluctuating in response to various extrinsic and
intrinsic factors (sexual activity, hygiene, host factors, contraceptive choices, etc.). Therefore
classifying a woman as BV-negative at baseline in this study (one time point) may represent
misclassification, and given the 6-month interval between the two BV assessments, it is
difficult to assess accurately whether BV as detected at the 6-month visit was incident or
prevalent. However, any misclassification is likely to be nondifferential with respect to the
exposure (condom use), and any bias would push our estimate toward the null. In addition,
though our findings in women without BV at baseline suggest that BV might be acquired
through sexual route, studies of the dynamic of BV associated organisms in both male and
female sex partners are needed to confirm this observation.

We did not perform a test of cure among women treated for BV at the baseline visit. The
high frequency of BV at 6 months among women with BV at baseline (72%) compared to
the substantially lower frequency among women without BV at baseline (39%) may suggest
that oral metronidazole, administered in single dose (as was the recommended treatment at
the time this study was implemented (Anonymous, 1998), might not be sufficient to
eradicate BV-associated pathogens. This interpretation is consistent with findings from a
recent study designed to determine the efficacy of the current standard treatment with oral
metronidazole for 1 week in the eradication of the bacterial vaginosis biofilm (a complex
aggregation of microorganisms marked by the excretion of a protective and adhesive matrix)
(Swidsinski et al., 2008). That study reported that although all patients initially recovered
from their symptoms, treatment cessation brought about a consistent resurgence of a dense
and active bacterial biofilm on the vaginal mucosa, primarily consisting of Gardnerella
vaginalis and Atopobium vaginae. However, the study did not follow participants long
enough to see whether symptoms reappeared or not.

In conclusion, our results show that though consistent condom use had a protective effect on
the 6-month prevalence of BV among BV-negative women at baseline, it had no effect on the
6-month prevalence of BV among women who were classified as BV-positive at baseline.

Acknowledgments

Funding/Acknowledgements

Marcel Yotebieng is an NIH Fogarty Fellow sponsored by grant No. DHHS/NIH/FIC 5 D43 TW01039-08 AIDS
International Training and Research Program at the University of North Carolina at Chapel Hill. We thank Dr. Jay
Kaufman for his comments on the Methods section of this paper.

References

Altman DG, Deeks JJ, Sackett DL. Odds ratios should be avoided when events are common. Bmj.
1998; 317(7168):1318.

1998 guidelines for treatment of sexually transmitted diseases. Centers for Disease Control and
Prevention. MMWR Recomm Rep. 1998; 47(RR-1):1-111.

Behets F, Andriamiadana J, Rasamilalao D, Ratsimbazafy N, Randrianasolo D, Dallabetta G, et al.
Sexually transmitted infections and associated socio-demographic and behavioural factors in women
seeking primary care suggest Madagascar's vulnerability to rapid HIV spread. Trop Med Int Health.
2001; 6(3):202-211. [PubMed: 11299037]

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yotebieng et al.

Page 8

Behets FM, Van Damme K, Rasamindrakotroka A, Hobbs M, McClamroch K, Rasolofomanana JR, et
al. Socio-demographic and behavioural factors associated with high incidence of sexually
transmitted infections in female sex workers in Madagascar following presumptive therapy. Sex
Health. 2005; 2(2):77-84. [PubMed: 16335745]

Bradshaw CS, Morton AN, Garland SM, Morris MB, Moss LM, Fairley CK. Higher-risk behavioral
practices associated with bacterial vaginosis compared with vaginal candidiasis. Obstet Gynecol.
2005; 106(1):105-114. [PubMed: 15994624]

Bradshaw CS, Morton AN, Hocking J, Garland SM, Morris MB, Moss LM, 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):1478-1486. [PubMed: 16652274]

Feldblum PJ, Hatzell T, Van Damme K, Nasution M, Rasamindrakotroka A, Grey TW. Results of a
randomised trial of male condom promotion among Madagascar sex workers. Sex Transm Infect.
2005; 81(2):166-173. [PubMed: 15800098]

Gottlieb, L.; Sternberg, M.; Xu, F.; Datta, S.; Berman, SM.; Markowitz, L. Prevalence of Sexually
Transmitted Infections and Bacterial Vaginosis among Female Adolescents in the United States:
Data from the National Health and Nutrition Examination Survey (NHANES) 2003-2004. Paper
presented at the 2008 National STD Prevention Conference; Chicago, IL.. 2008.

Hapsari ED, Hayashi M, Matsuo H. Clinical characteristics of vaginal discharge in bacterial vaginosis
diagnosed by Nugent's criteria. Clin Exp Obstet Gynecol. 2006; 33(1):5-9. [PubMed: 16761528]

Hernan MA, Hernandez-Diaz S, Werler MM, Mitchell AA. Causal knowledge as a prerequisite for
confounding evaluation: an application to birth defects epidemiology. Am J Epidemiol. 2002;
155(2):176-184. [PubMed: 11790682]

Hillier SL, Krohn MA, Cassen E, Easterling TR, Rabe LK, Eschenbach DA. The role of bacterial
vaginosis and vaginal bacteria in amniotic fluid infection in women in preterm labor with intact
fetal membranes. Clin Infect Dis. 1995; 20(Suppl 2):S276-278. [PubMed: 7548574]

Hillier SL, Krohn MA, Rabe LK, Klebanoff SJ, Eschenbach DA. The normal vaginal flora, H202-
producing lactobacilli, and bacterial vaginosis in pregnant women. Clin Infect Dis. 1993; 16(Suppl
4):S273-281. [PubMed: 8324131]

Hoke TH, Feldblum PJ, Van Damme K, Nasution MD, Ralimamonjy L, Raharimalala L, et al.
Randomized controlled trial of alternative male and female condom promotion strategies targeting
sex workers in Madagascar. Sex Transm Infect. 2007; 83(6):448-453. [PubMed: 17591662]

Hutchinson KB, Kip KE, Ness RB. Condom use and its association with bacterial vaginosis and
bacterial vaginosis-associated vaginal microflora. Epidemiology. 2007; 18(6):702—708. [PubMed:
17917605]

Kleinbaum, DG.; MK. Logistic regression : a self-learning text. 2. New York, NY: Springer-Verlag
New York, Inc; 2002.

Kurki T, Sivonen A, Renkonen OV, Savia E, Ylikorkala O. Bacterial vaginosis in early pregnancy and
pregnancy outcome. Obstet Gynecol. 1992; 80(2):173-177. [PubMed: 1635726]

Localio AR, Margolis DJ, Berlin JA. Relative risks and confidence intervals were easily computed
indirectly from multivariable logistic regression. J Clin Epidemiol. 2007; 60(9):874-882.
[PubMed: 17689803]

Morison L, Ekpo G, West B, Demba E, Mayaud P, Coleman R, et al. Bacterial vaginosis in relation to
menstrual cycle, menstrual protection method, and sexual intercourse in rural Gambian women.
Sex Transm Infect. 2005; 81(3):242-247. [PubMed: 15923295]

Ness RB, Hillier SL, Richter HE, Soper DE, Stamm C, McGregor J, et al. Douching in relation to
bacterial vaginosis, lactobacilli, and facultative bacteria in the vagina. Obstet Gynecol. 2002;
100(4):765. [PubMed: 12383547]

Schwebke JR, Desmond RA, Oh MK. Predictors of bacterial vaginosis in adolescent women who
douche. Sex Transm Dis. 2004; 31(7):433-436. [PubMed: 15215700]

Smart S, Singal A, Mindel A. Social and sexual risk factors for bacterial vaginosis. Sex Transm Infect.
2004; 80(1):58-62. [PubMed: 14755039]

Swidsinski A, Mendling W, Loening-Baucke V, Swidsinski S, Dorffel Y, Scholze J, et al. An adherent
Gardnerella vaginalis biofilm persists on the vaginal epithelium after standard therapy with oral
metronidazole. Am J Obstet Gynecol. 2008; 198(1):97 €91-96. [PubMed: 18005928]

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yotebieng et al. Page 9

Taha TE, Hoover DR, Dallabetta GA, Kumwenda NI, Mtimavalye LA, Yang LP, et al. Bacterial
vaginosis and disturbances of vaginal flora: association with increased acquisition of HIV. Aids.
1998; 12(13):1699-1706. [PubMed: 9764791]

Wiesenfeld HC, Hillier SL, Krohn MA, Landers DV, Sweet RL. Bacterial vaginosis is a strong
predictor of Neisseria gonorrhoeae and Chlamydia trachomatis infection. Clin Infect Dis. 2003;
36(5):663-668. [PubMed: 12594649]

Workowski KA, Berman SM. Sexually transmitted diseases treatment guidelines, 2006. MMWR
Recomm Rep. 2006; 55(RR-11):1-94.

References

1998 guidelines for treatment of sexually transmitted diseases. Centers for Disease Control and
Prevention. MMWR Recomm Rep. 1998; 47(RR-1):1-111.

Bradshaw CS, Morton AN, Garland SM, Morris MB, Moss LM, Fairley CK. Higher-risk behavioral
practices associated with bacterial vaginosis compared with vaginal candidiasis. Obstet Gynecol.
2005; 106(1):105-114. [PubMed: 15994624]

Gottlieb, L.; Sternberg, M.; Xu, F.; Datta, S.; Berman, SM.; Markowitz, L. Prevalence of Sexually
Transmitted Infections and Bacterial Vaginosis among Female Adolescents in the United States:
Data from the National Health and Nutrition Examination Survey (NHANES) 2003-2004. Paper
presented at the 2008 National STD Prevention Conference; Chicago, IL. 2008.

Hapsari ED, Hayashi M, Matsuo H. Clinical characteristics of vaginal discharge in bacterial vaginosis
diagnosed by Nugent's criteria. Clin Exp Obstet Gynecol. 2006; 33(1):5-9. [PubMed: 16761528]

Hillier SL, Krohn MA, Cassen E, Easterling TR, Rabe LK, Eschenbach DA. The role of bacterial
vaginosis and vaginal bacteria in amniotic fluid infection in women in preterm labor with intact
fetal membranes. Clin Infect Dis. 1995; 20(Suppl 2):5276-278. [PubMed: 7548574]

Hillier SL, Krohn MA, Rabe LK, Klebanoff SJ, Eschenbach DA. The normal vaginal flora, H202-
producing lactobacilli, and bacterial vaginosis in pregnant women. Clin Infect Dis. 1993; 16(Suppl
4):S273-281. [PubMed: 8324131]

Hutchinson KB, Kip KE, Ness RB. Condom use and its association with bacterial vaginosis and
bacterial vaginosis-associated vaginal microflora. Epidemiology. 2007; 18(6):702-708. [PubMed:
17917605]

Kleinbaum, DG.; MK. Logistic regression : a self-learning text. 2. New York, NY: Springer-Verlag
New York, Inc; 2002.

Koumans EH, Markowitz LE, Hogan V. Indications for therapy and treatment recommendations for
bacterial vaginosis in nonpregnant and pregnant women: a synthesis of data. Clin Infect Dis. 2002;
35(Suppl 2):5152-172. [PubMed: 12353202]

Kurki T, Sivonen A, Renkonen OV, Savia E, Ylikorkala O. Bacterial vaginosis in early pregnancy and
pregnancy outcome. Obstet Gynecol. 1992; 80(2):173-177. [PubMed: 1635726]

Morison L, Ekpo G, West B, Demba E, Mayaud P, Coleman R, et al. Bacterial vaginosis in relation to
menstrual cycle, menstrual protection method, and sexual intercourse in rural Gambian women.
Sex Transm Infect. 2005; 81(3):242-247. [PubMed: 15923295]

Ness RB, Hillier SL, Richter HE, Soper DE, Stamm C, McGregor J, et al. Douching in relation to
bacterial vaginosis, lactobacilli, and facultative bacteria in the vagina. Obstet Gynecol. 2002;
100(4):765. [PubMed: 12383547]

Schwebke JR, Desmond RA, Oh MK. Predictors of bacterial vaginosis in adolescent women who
douche. Sex Transm Dis. 2004; 31(7):433-436. [PubMed: 15215700]

Smart S, Singal A, Mindel A. Social and sexual risk factors for bacterial vaginosis. Sex Transm Infect.
2004; 80(1):58-62. [PubMed: 14755039]

Swidsinski A, Mendling W, Loening-Baucke V, Swidsinski S, Dorffel Y, Scholze J, et al. An adherent
Gardnerella vaginalis biofilm persists on the vaginal epithelium after standard therapy with oral
metronidazole. Am J Obstet Gynecol. 2008; 198(1):97 €91-96. [PubMed: 18005928]

Taha TE, Hoover DR, Dallabetta GA, Kumwenda NI, Mtimavalye LA, Yang LP, et al. Bacterial
vaginosis and disturbances of vaginal flora: association with increased acquisition of HIV. Aids.
1998; 12(13):1699-1706. [PubMed: 9764791]

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Yotebieng et al. Page 10

Vutyavanich T, Pongsuthirak P, Vannareumol P, Ruangsri RA, Luangsook P. A randomized double-
blind trial of tinidazole treatment of the sexual partners of females with bacterial vaginosis. Obstet
Gynecol. 1993; 82(4 Pt 1):550-554. [PubMed: 8377981]

Wiesenfeld HC, Hillier SL, Krohn MA, Landers DV, Sweet RL. Bacterial vaginosis is a strong
predictor of Neisseria gonorrhoeae and Chlamydia trachomatis infection. Clin Infect Dis. 2003;
36(5):663-668. [PubMed: 12594649]

Workowski KA, Berman SM. Sexually transmitted diseases treatment guidelines, 2006. MMWR
Recomm Rep. 2006; 55(RR-11):1-94.

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



Page 11

Yotebieng et al.

,3ulieseq JessouiBen feleleg

009 00S 969 ¥0€ 8'VE 96T aAelewe |

0°0S 00S tv0e €€T 99 L9€ OALIeUBLRIUY

4915

00§ 005 8'Gr 00z €€S 00€g Burjesunod Ajuo Jaad

0'0S 005 2S5 182 L9y €92 Buijasunod o1uIfd + Jead

xazoa uolreziwopuey

'8¢ Eve  €¢E 0€T L'¢v €Te ON

6'T9 845 119 ¢le €19 98¢ SOA

yoam sed ay) ul Joulred xas Buiked-uoN

W) er 106 (£999L  zor (T9)ers  eey 4(AS)SAEP L, wedayiuisielp Jo BGuINU BN

72 L19 T19 0. 918 L0V ON

6'v¢ ve¢ 8'¢CE C¢€T  v¥'81 6 SIA

Uo13de0e 13U0d [euoW JOH

v'ee A4 T 9T 26 Pa0.IoAIp/paTesedas/pamopI

819 w9 ¥'ES €ec  L'eL 1144 pusiiyfoq Apess noynm Jo yum s|6uls

8Tl LTT Tyl 29 66 s Bunigeyod 1o paLeN

snes el e N

06 L¥8 806 G9€ 996 8y ON

09 S 4] JAS v'e LT SIA

85N WOPUOD JUBISISUOD

Sey €8¢ 109 vwe 6'Lc 6€T ON

§'/S 81§ €'6€ 89T T1'¢L 09¢€ SIA

syuow g resisouiBen [eleoeg

obejusoled N obeeoleg N ebeeolg LN So|cel e
|[eJono anlebaN aAIIs0d

sniels Adaulpseg

reaseBepe| ul (SMS4)

SIBYIOM Xas a[ewa) Buowre snels Ag auljaseq AqQ Sa1elIeA0D Pa108]as pue ‘syiuow XIs 18 (Ag) sisoulBea [erialorq ‘asn WOpUOD JUSISISU0I JO uonngLIsig

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



Page 12

Yotebieng et al.

auljaseq 1e uezmmmek

"sHsIA dn-mojjoy € ayp 40 yoes Buipasaid sAep 2 ay) 10y pauiodal S1Ual|d JO Jaquinu Ues|y

*¥

“UOITRIAGD paepuElS B|dwies = S “MSIA JIUOW-9 10§ PaUINIaI T ‘dUIIaseq Je PazZILIOPUES (SAMSH) SI9IOM Xas a[ewsy 000T dU} JO
”

6'¢9 7€E  60°¢CE 6¢T 80Ty S0¢ ON
T.E 199 69 €LC 689 6¢ SOA

Busues|o feuiben Joj Ajuo eremasn
(ere)ozsz 106 (58)8e'8z L&y (62).T8Z 198 4(@s) v s sk utaby
L'Ey LEY ON
€99 €99 SOA
obejusoled N ebeleolg N ebesoieg (N So|celre

|[e ono anleboN aAIIs0d

snieis Agaulpseg

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



Page 13

Yotebieng et al.

(12) 1eAIBIUl BOUBPILUOD %56
3y} 81e|Nd[ed 01 pasn sem poyaw delisiooq e pue dnoif ainsodxa Yyaes Ul st 8y} 1enaes 0} ajewnsa Jeyswered ay) Buisn pue [spow onsiBoj e Bumiy Aq paurelqo sem (Hd) onel sousjenald paisnipe ay |

*SISABUE SIUY) Ul PasN SeM MSIA YIUOW-9 a3 10} PaUINISS OYM USLLIOM TOG dY} oLy Emn_qN

‘Buisues|d [eulbea 1oy Ajuo Jarem Jo asn ‘Yaam 1sed sy ul siaupred xas Huiked Jo Jaquinu abesane ‘abe ‘uondaduod feuowloy Jo asn 4oy paisnipe
X¥

SIXI0M X8S 8]ewWa) = SMSH ‘T0'0 = 1581 A1I8usBowoy [9ZsUseH-|9UB|Al 10} 8nfeA-d
¥

(T0T-8€0) 0.0 (98°0-1Tt'0) 090 1[e13A0
(v6'0-0€0) 290 (06'0-€2°0) 9’0 ON
(ETT-580) 660 (eeT1-2L0) 860 SOA
1D %56  xx2d PEENIPY 1D %56 «8d3PMIO  suipseq e Ag

" Jeosefepe|n

Ul SAVASH Buowe snyeis Ag auljaseq Aq paiirens ‘syuow 9 1e (Ag) sisoulben [er1s1oeq Uuo asn WOpUOoI JUa]SISU0I JO S19a))a paishipe pue spni)

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Trop Med Int Health. Author manuscript; available in PMC 2016 December 16.



	Abstract
	INTRODUCTION
	METHODS
	Data and procedures
	Variable definition
	Outcome
	Exposure

	Statistical analysis

	RESULTS
	DISCUSSION
	References
	References
	Table 1
	Table 2

