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Abstract
Background—Bacterial vaginosis (BV) recurs frequently after metronidazole treatment. This
randomized, single-blinded clinical trial (RCT) evaluated the efficacy of topical application of
62% ethyl alcohol in emollient gel (gel) to the penis by male partners of women diagnosed with
BV for preventing post-treatment BV recurrence.

Methods—Among 587 Kenyan women presenting with vulvovaginal symptoms, 236 had BV
(vaginal Gram stain Nugent score ≥ 7), of whom 223 (94.3%) agreed, along with their partners, to
be randomized: 115 to the intervention and 108 to the control arm. In the intervention arm, male
partners agreed to apply gel each morning, and before and after sexual intercourse. All couples
received counseling, condoms, and syndromic treatment of STI symptoms. Follow-up visits were
scheduled 1 week, 1 month, and 2 months post-enrollment, with vaginal Gram stains at every visit
and culture for H2O2-producing lactobacilli at the 2 month visit. The primary outcome was time to
diagnosis of BV during follow-up.

Results—In the primary intent-to-treat analysis, diagnosis of BV was significantly more frequent
in the intervention arm (Hazard ratio 1.44, 95% CI 1.01-2.04). After adjustment for baseline
covariates, the hazard ratio was 1.39 (95% CI 0.98-1.99). At the 2 month visit, prevalences of any
vaginal lactobacilli or of H2O2-producing lactobacilli did not differ appreciably in the two study
arms (p=0.81, and 0.32 respectively).

Conclusion—Daily use of the 62% ethyl alcohol gel by men before and after sex significantly
increased persistence or early recurrence of BV in their partners through two months after
metronidazole treatment. However, no difference was observed in prevalences of vaginal
lactobacilli within this same period.
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INTRODUCTION
In bacterial vaginosis (BV), anaerobic and facultative bacteria replace the normal,
lactobacillus-dominated vaginal flora [1]. Molecular techniques have demonstrated a variety
of new BV-associated bacterial species [2]. BV represents the most common cause of
vaginal discharge symptoms among women of reproductive age and may cause considerable
gynecologic and obstetric morbidity [1,3-8], and increase risk of acquisition of human
immunodeficiency virus type 1 (HIV-1) infection [9-12], especially in African women with
high BV prevalence.

BV is associated with sexually transmitted infections (STI), multiple or new sexual partners
and recent sexual contact [13-16]. The hypothesis that BV can be sexually acquired [17-19]
is consistent with isolation of BV-associated facultative and anaerobic bacteria from the
male perineum, urethra and subprepuce [20,21] and reduction of BV incidence and/ or
recurrence by condom use [15,16]. Inoculation of vaginal fluid from women with BV into
the vaginas of non-infected women reproduced the syndrome [22]. In lesbian couples, BV
concordance is associated with shared use of sex toys [23].

Following successful treatment with oral or intravaginal medication [24], BV commonly
recurs within 3-6 months [25, 26]. Alternative treatments. e.g., iodine washes [27],
intravaginal acid gel [28,29] and suppressive intermittent intravaginal therapy [30] have had
limited or no success. Although oral probiotic use reportedly improved BV treatment [31],
efforts to recolonize the vagina with lactobacilli during or following treatment of BV have
given mixed results [32]. Oral antimicrobial treatment of male partners of women with BV
in studies reported from 1988 to 1993 did not reduce recurrence [33-35] and the effect of
male circumcision on BV among female partners has not been consistent [36,37].

This randomized, single-blinded trial assessed the efficacy of topical application to the penis
of 62% ethanol in emollient gel (Purell®) before and after sexual intercourse by male
partners of monogamous women with BV to reduce recurrence of BV following
metronidazole treatment. We also assessed the impact on prevalence of bacterial
morphotypes resembling G. vaginalis, Prevotella sp., and Mobiluncus sp. on Gram stain of
vaginal fluid, and on vaginal recolonization by Lactobacillus spp. To the best of our
knowledge, data on the effect of Purell has not been reported other than hand sanitation and
in vitro application to epithelial specimens.

MATERIALS AND METHODS
The Institutional Review Board of University of Washington, Kenya Medical Research
Institute, and University of Nairobi approved the protocol. The trial was registered with
clinicaltrials.gov, registration number NCT00542074.

Between June 2003-June 2005 at the Nairobi City Council STI Special Treatment Clinic
(STC), four satellite City Council clinics, and a faith-based health facility, women with
vaginal symptoms, or whose partner had urogenital symptoms, were referred toether with
their male sex partners to the study, together or within 24 hours of each other. Study clinic
visits took place at the STC.
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On day 0, both partners independently gave written informed consent for participation,
received HIV counseling and testing, and underwent face-to-face interviews regarding
demographic, sexual and behavioral characteristics, and symptoms. Female participants
underwent physical examination, including pelvic examination and collection of vaginal
swabs for determination of vaginal pH and detection of volatile amines, using the QuickVue
Advance pH & Amine test® (Quidel, San Diego, CA), diagnosis of BV using Nugent’s
criteria [38], detection of Trichomonas vaginalis by wet mount examination and by culture
(InPouch®, Biomed Diagnostics, Inc., White City, OR); and endocervical specimens for N.
gonorrhoeae and C. trachomatis DNA detection by polymerase chain reaction amplification
(PCR) (Amplicor, Roche Diagnostics Inc., NJ). Men underwent genital examination and
urethral swab for T. vaginalis culture and N. gonorrhoeae and C. trachomatis PCR.
Participants provided blood for HIV-1 serologic screening (Detect HIV-1, Biochem
ImmunoSystems, Inc, Montreal, Canada), with positive tests confirmed by ELISA
(Recombigen, Cambridge Biotech LTD, Ireland), and for syphilis serodiagnosis by Rapid
Plasma Reagin (RPR, Beckton-Dickinson, Baltimore, MD), confirmed by Treponema
pallidum hemaglutination assay (TPHA, Biotech Laboratories, UK).

BV diagnosis was based upon Nugent score ≥ 7 determined by a laboratory technologist;
every fifth smear was reviewed, re-scored and discussed at a weekly meeting of four
laboratory technologists, blinded to initial interpretations. Scores were compared (kappa = .
90), discussed, and a final consensus score determined. These smears were photographed in
at least 8 fields and sent to a blinded microbiologist (CS), who independently scored the
slides. The laboratory technologists’ consensus diagnosis of BV had high concordance with
that of the microbiologist (kappa = 0.87). All technicians were blinded to randomization
assignment for all specimens.

Participants with BV received metronidazole 400 mg TID for 7 days and became eligible for
randomization. All couples received STI prevention counseling, free condoms, and STD
syndromic management per Kenya Ministry of Health guidelines as indicated. Using a
computer-generated random sequence, the study statistician placed single sheets of paper
labeled “Intervention” or “Control” into a series of sealed opaque envelopes, kept in a
locked cabinet by the study coordinator. Once a couple was deemed willing and eligible, the
study nurse consecutively obtained the next envelope from the study coordinator, and
provided it to participants, who opened it themselves.

Randomized couples participated in a discussion on improved genital hygiene, and were
advised to bathe daily. Men in the intervention arm were requested to use 62% ethanol gel
(Purell®, GOJO Healthcare Inc., Akron, OH) at least once daily, and immediately prior to
and following intercourse, squeezing a shilling-sized (size of a US quarter) amount of gel on
their palm, rubbing it gently onto the palms of both hands, and applying a second similar-
sized amount to the genitalia from the tip of the penis towards the base. Uncircumcised men
were instructed to retract the foreskin before gel application. We provided gel in pocket-
sized 4.25 fluid ounce plastic squeeze bottles and encouraged men to carry it with them at all
times. Participants received a brochure concerning STI control and hygienic practices, and
(for the intervention arm) information on use of the study product. Participants received
diaries to record when (s)he had sex, bathed, and, in the intervention arm, when the male
applied gel. Neither participants nor those administering the intervention were blinded to
group assignment. The men began the trial immediately following the enrollment visit.
Women were advised to abstain for the first week of treatment or to use condoms until they
returned to clinic for the one week visit.

Upon completing enrollment visits, community health workers (CHW) escorted couples
home to verify locator information, and visited each couple again on days 14 and 45, to
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encourage continued participation, monitor side effects, and review and replenish study
diaries. Female articipants were asked to return one week, one month, and two months after
enrollment. Male partners were encouraged to return for follow-up visits but were not
required for female participation. Intervention and control participants were seen for follow-
up visits on different days to prevent cross-arm communication. Each follow-up included
interview and examination; women underwent syndromic management for STI-related
symptoms, and vaginal swabbing for determining Nugent’s score. Men also underwent
interview, examination, and syndromic management for STI-related symptoms. At the one-
week visit, couples received post-test counseling, treatment for additional STI detected, and
referral to support groups and/or care for those HIV-infected. After the one-week visit, only
the woman was required to return, bringing diaries for herself and her partners. Because men
were instructed to wait until the gel had evaporated before starting sex, womens’ motivation
to douche to remove gel was expected to be minimal and questionnaires did not include
information on douching or other intravaginal practices.

At the two-month follow-up, vaginal swabs were taken for isolation of lactobacilli and
transported anaerobically (Anaerobe Systems, San Jose, Calif.), emulsified in pre-reduced
1% yeast extract broth for inoculation onto Brucella medium enriched with vitamin K and
hemin, Columbia Agar containing colistin and nalidixic acid (CNA), and Rogosa agar.
Cultures were incubated anaerobically for 5 days at 35°C. Growth of each organism type
was recorded semi-quantitatively. Each colony type found on any of the three plates was
Gram stained, those appearing consistent with lactobacillus underwent additional tests.
Lactobacilli were alpha hemolytic, catalase-negative, produced acid in both slant and butt of
triple sugar iron agar, and did not grow on bile esculin agar. Strict anaerobes were identified
as nonsporeforming Gram-positive rods, negative for indole and nitrate production, and then
identified to species level using simple enzymatic tests; (WeeTabs, Key Scientific, Round
Rock, TX). For isolates confirmed as lactobacillus, H2O2 production was further determined
(Protects, Key Scientific).

Before classification as lost-to-follow-up, participants not returning for study visits were
sought three times at home by the CHW. When participants declined further study
participation, reasons for discontinuation were elicited.

The estimated target sample size (364 couples), providing 80% power to detect a 33%
reduction in recurrence (50% vs. 33.3%) with alpha=0.05 (2-sided), after 20% loss-to-
follow-up. However, prolonged transportation strikes in Nairobi limited enrollment to 223.

The primary analysis was comparative time to first BV (Nugent score ≥ 7) by randomization
arm, using Wilcoxon’s log rank test. Cox regressions were used to estimate hazard ratios
(HRs) for the intervention effect, and to estimate the intervention effect, before and after
adjusting for baseline characteristics differing between study arms. Time-varying covariates
were used to examine a dose-response relationship between gel use and time to BV, and
post-randomization explanatory variables (e.g., reported sexual practices during follow-up).

Because women received syndromic treatment for STI-related symptoms, including vaginal
symptoms, at follow-up visits, and because Nugent scores were not concurrently available to
clinicians during the visit, some symptomatic women with Nugent score < 7 received
metronidazole. Since this could bias comparisons between arms, another analyses compared
time to failure defined as either Nugent score ≥ 7 or receipt of treatment with metronidazole
during follow-up, by randomization arm. Analyses were intent-to-treat; all couples returning
for any follow-up were included, and analyzed according to randomization group. Analyses
employed SAS version 9 (Cary, NC) and Stata version 9 (College Station, TX).
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RESULTS
Of 7153 low-middle income women approached for participation, 587 (8.2%) and their male
partners sought participation in the trial; in 236 (40%) of these couples, the female partner
had a Nugent score ≥ 7. Of these, 223 (93%) the male partner agreed to participate; 115
couples (52%) were randomized to the intervention arm and 108 (48%) to the control arm
(Figure 1). The number of women still in follow-up or already having the study outcome
were 99 (86%) in the intervention arm and 93 (86%), control arm, at one month; and: 93
(81%), intervention and 89 (82%), control arm at two months. Six participants relocated
during the study, 1 died, 1 spouse was murdered, 3 couples separated, 1 couple discontinued
after learning they were HIV-discordant, 1 was too busy, and 37 withdrew or were lost-to-
follow-up without providing reasons. None reported discontinuing due to adverse events.

Age, years of education, marital status, contraception use, circumcision status of the male
partner, and sexual behavior data did not differ between intervention and control groups.
Mean duration of the sexual relationship with the current partner was longer in the control
group (5.8 ± 5.5 years) than in the intervention group (4.5 ± 3.9 years) (Table 1).

BV-free survival curves show women in the intervention arm had a significantly shorter
time to BV detection (log rank test, p = 0.04) (Figure 2). The unadjusted HR for BV
persistence or recurrence in the intervention arm vs. the control arm was 1.44 (95% CI
1.01-2.04), and did not differ significantly by circumcision status of the male partner
(HR=1.37 (0.91-12.04) and 1.77 (0.84-3.71) for partners of circumcised and uncircumcised
men, respectively, (p=0.22). Nor did it differ for condom use or HIV status measured at
baseline. The association of the intervention with BV persistence or recurrence was similar
after adjustment for baseline factors associated with persistent or recurrent BV at p<0.20
(duration of partnership, female HIV status, and male partner circumcision status) but was
not statistically significant (adjusted HR=1.39 (0.98-1.99)), Table 2.

Syndromic management resulted in metronidazole treatment of 8 women (8%) in each arm
at one week, and 47 (51%) in the intervention arm and 38 (44%) in the control arm at one
month. Of these women, 6 in the intervention arm and 7 in the control arm did not have
Nugent score ≥ 7 at one week and 9 intervention and 15 control women, respectively, did
not at one month. Using either Nugent score ≥ 7 or treatment with metronidazole during
follow-up to define “failure,” we found HR=1.31 (95% CI 0.96-1.79) for the intervention
arm vs. the control arm. Prevalence of this definition of “failure” at one month was 67% in
the intervention arm and 59% in the control arm.

Vaginal swab specimens at one- and two-month visits showed fewer lactobacillus
morphotypes (p= 0.08), and more mobiluncus morphotypes (p=0.03) in intervention than in
control women at one month, but no differences in Gardnerella sp morphotypes at either
visit (p=0.45 and p=0.14) (Table 3). At the two-month visit, rates of isolation of any
lactobacilli or of H2O2-producing lactobacilli did not differ significantly in the two study
arms (Table 4).

Women in the two study arms differed little for reported consistent male condom use (27%
vs 31%, p=0.6) or having an outside sexual partner(0% vs 2%, p= 0.2), as did male partner
report of having an outside sexual partner (5% vs 0%, p= 0.13) during the first month of
study participation. Men in the intervention arm did report in their diaries more frequent
sexual intercourse during the first month of follow-up (median 9 acts vs 6, p=0.03).
Adjustment for number of episodes of sexual intercourse did not explain the effect of the
intervention on BV.
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Of 87 male partners in the intervention arm reporting sex in the first month only 39 (45%)
reported 100% gel use compliance on days when sex was reported; the mean was 75%, and
the lower 25th percentile was 56%. On days when sex without a condom was reported, 39
(53%) of 72 reported 100% compliance (mean 81%, lower 25th percentile 70%). Of 39
women whose male partners reported 100% compliance in the intervention arm, 25 (64%)
had BV vs. 36 (41%) of 87 in the control arm. In the intervention arm, we saw no dose
response relationship between the number of gel uses and BV, even when adjusted for the
number of sexual acts and condom use(data not shown).

No serious adverse events were reported in either arm. Penile rash was found at follow-up
visits in 8 of 107 in the intervention arm and 6 of 97 controls, p=0.72. Urethral discharge
was seen in 4 men in the intervention arm and one control, p=0.21.

DISCUSSION
We had postulated that because BV-associated bacteria could be carried on the male
genitalia [21,39], particularly in the sub-prepuce of uncircumcised men [40], that male
partners of women with BV might subsequently re-inoculate the vagina after BV treatment,
resulting in BV recurrence [22]. We had also hypothesized that men with other partners
might transfer BV-associated microorganisms from those partners to their index partner.
Therefore we evaluated whether self-application to the penile epidermis of a gel that rapidly
kills most bacteria [41,42] might prevent vaginal reintroduction of BV-associated bacteria to
partners after metronidazole treatment, thus reducing BV recurrence.

However, we actually observed by survival analysis through two months a significant
increase in post-treatment recurrence or persistence of BV among women whose partners
used the topical microbicide, although (1) no significant difference was observed in
prevalence of BV or in isolation of lactobacillus or H2O2-producing lactobacillus from the
vagina two months post-initiation of treatment; (2) when treatment failure was defined as
either detection of BV or decision of the clinician to give syndromic treatment for BV
during follow-up, the difference between intervention and control arms was not statistically
significant; (3) at one month, although prevalence of BV was significantly higher in the 62%
ethanol gel arm, we did not observe a dose-response relationship between gel use and BV;
and (4) neither percent compliance with gel use, percent compliance with gel use in the
absence of condom use, or the reported number of gel uses adjusted for the number of sex
acts was associated with BV in women in the intervention arm. Thus, use of the alcohol gel
by male partners clearly did not reduce risk of post-treatment persistence or recurrence of
BV, and may have increased that risk. Although the sample size was smaller than planned,
results were sufficient to indicate no need to proceed to a larger trial.

Incident or recurrent BV has been linked to frequent and recent sexual intercourse,
unprotected sexual intercourse, and new sexual partners [12]. Vaginal recolonization by
H202-producing lactobacilli reflects restoration of the normal vaginal ecosystem. Similar
prevalences and concentrations by culture of lactobacillus or any H2O2-producing
lactobacillus at the 2-month visit for both study arms suggests no effect of male gel use on
vaginal recolonization by lactobacilli post-treatment, despite the trend toward fewer
lactobacillus morphotypes and more mobiluncus morphotypes of the vaginal specimens
obtained at the 1-month visit. Fredricks et al hypothesize that mobiluncus morphotype
resembles BVAB on Gram stain, and the increase in Mobiluncus morphotypes may reflect
increase in BVAB.

Several hypotheses might explain an increase in persistence or recurrence of BV in the
intervention arm. Microbicide use daily and before and after sex might alter the penile flora

Bukusi et al. Page 6

Sex Transm Dis. Author manuscript; available in PMC 2013 January 18.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



or the penile epithelium. Use just before sex might have altered the vaginal flora of the
female partner. Rapid evaporation of ethanol during application to the skin, and the lack of
dose response relationship argue against these hypotheses. The effects of the study product
on penile flora of a subset of the uncircumcised male partners are being analyzed in a
separate report. Although topical microbicide use could potentially decrease condom use or
cause increased sexual risk-taking because of sensation-seeking behavior, we saw no
evidence of either in the diaries returned by female participants. If BV-associated organisms
persist in the urethra instead of or in addition to persisting on the surface of the penis, then
microbicide use on the penile epithelium might not influence reintroduction of such bacteria
into the vagina; this would not explain any increase in persistent or recurrent BV with the
intervention arm. We don’t believe the results of this trial rule out the “male factor”
hypothesis for recurrence or persistence of BV.

This study had 14% loss-to-follow-up through 1-month for the primary outcome and
18-19% through 2 months. The first dose of metronidazole treatment was taken during the
enrollment visit; we did not subsequently verify compliance of the women in completing the
dose of metronidazole provided. Syndromic treatment of some women with metronidazole
while still in follow-up is a concern. Although results of our secondary analysis, which
defined “failure” as either BV or syndromic treatment with metronidazole during follow-up,
did not give HRs that differed substantially from those of our primary analysis, the
differences were no longer statistically significant. The small numbers of uncircumcised
male participants did not allow for detailed subanalysis of the hypothesis that uncircumcised
men are more likely to transfer BV-associated organisms to female partners. Women
submitted their partner’s diaries, which may have influenced the self-reporting by the male
participants. Our study population consisted of urban Kenyan women with BV and vaginal
symptoms or a partner with urogenital symptoms, seen in STI or general health clinics and
who were themselves willing and whose male partners were willing to participate. The
modest rate uptake (8.2% of those presenting for screening) was likely partly attributable to
male partners declining participation. Thus our results cannot necessarily be generalized to
all women with BV.

Better understanding of the vaginal ecosystem, the pathogenesis and host factors responsible
for BV, and mechanisms responsible for post-treatment persistence or recurrence, could help
guide development of interventions to reduce frequent persistence or recurrence of this
condition.
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Figure 1.
Study profile for the randomized controlled trial. Numerator for follow-up is those either
still in follow-up and at risk, or who already had BV during follow-up.
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Figure 2.
Survival until first detection of BV by Nugent Score ≥ 7 after the baseline visit (Kaplan-
Meier estimates), by randomization arm (p=0.04, log rank test). Visits were scheduled at 1
week, 1 month, and 2 months following initiation of the treatment regimen. In the
intervention arm there were 72 failures during 117 person-months at risk (61.5% incidence
of BV per month in those at risk). In the control arm there were 58 failures during 132.5
person-months at risk (43.8% incidence of BV per month in those at risk). The number at
risk for both study arms for a given follow-up visit is given on the first day a subject in
either arm returned for that follow-up visit. For the 1 week visit, this was 5 days, for the 1
month visit, 24 days, for the 2 month visit, 55 days.
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TABLE 4

Lactobacillus Culture Results at 2-month Visit, by Treatment Arm: Number (%) Unless Otherwise Noted

Lactobacillus Culture Results Intervention Control P*

N = 61 N = 64

Any Lactobacillus 48 (79) 52 (81) 0.82

Any faculative Lactobacillus 48 (79) 51 (80) [mt]0.99

Any faculative H2O2-producing Lactobacillus 20 (33) 14 (22) 0.23

Any anaerobic Lactobacillus 6 (9) 3 (5) 0.49

Number of H2O2-producing Lactobacillus, mean CFU/mL 1.1 [times] 104 7.8 [times] 103 0.35

*
P value is by Fisher exact test, for binary outcomes, and Wilcoxon Rank Sum test for number of lactobacilli.</.>
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