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Abstract
Background—We previously demonstrated a decrease in bacterial vaginosis (BV) and an
increase in Lactobacillus colonization among randomized controlled trial (RCT) participants who
received monthly oral periodic presumptive treatment (PPT) [2g metronidazole + 150mg
fluconazole]. Post-trial data were analyzed to test the hypothesis that the treatment effect would
persist following completion of one year of PPT.

Methods—Data were obtained from women who completed all 12 RCT visits and attended ≥1
post-trial visit within 120 days following completion of the RCT. We used Andersen-Gill
proportional hazards models to estimate the post-trial effect of the intervention on the incidence of
BV by Gram stain and detection of Lactobacillus species by culture.

Results—The analysis included 165 subjects (83 active and 82 placebo). The post-trial incidence
of BV was 260 per 100 person-years in the intervention arm versus 358 per 100 person-years in
the placebo arm (hazard ratio [HR]=0.76; 95% confidence interval [CI]: 0.51–1.12). The post-trial
incidence of Lactobacillus colonization was 180 per 100 person-years in the intervention arm
versus 127 per 100 person-years in the placebo arm (HR=1.42; 95% CI: 0.85–2.71).

Conclusions—Despite a decrease in BV and an increase in Lactobacillus colonization during
the RCT, the effect of PPT was not sustained at the same level following cessation of the
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intervention. New interventions that reduce BV recurrence and promote Lactobacillus colonization
without the need for ongoing treatment are needed.
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Introduction
Bacterial vaginosis (BV) is a common vaginal infection that is associated with an increased
risk of HIV-1 acquisition, other sexually transmitted infections (STIs), and adverse
reproductive health outcomes.1–5 Though there are several bacterial species that are
frequently detected among women with BV, the exact etiology of this condition remains
unknown. Standard antibiotic regimens for treatment of BV result in cure rates >75%.6,7

However, approximately one-third of women will experience another episode of BV within
3 months of treatment and more than half will have a recurrence within one year.8–10 Given
the high prevalence of BV and the frequency with which it recurs, alternative treatment
regimens are needed that reduce the incidence and recurrence of BV.

Suppressive antibiotic therapy has been shown to effectively reduce BV recurrence. A
clinical trial compared topical twice-weekly administration of 0.75% metronidazole vaginal
gel versus placebo among women who were successfully treated for BV at enrollment.9 This
trial demonstrated significant reductions in BV among women in the intervention arm after
16 weeks of study product use. Following the completion of suppressive therapy, the
probability of recurrent BV by Amsel’s criteria 11 was 30% in the intervention arm versus
61% in the placebo arm (p=0.001). Unfortunately, the effect of the intervention did not
persist in the absence of treatment. After 12 weeks of post-intervention follow-up, the
probability of recurrent BV was 66% in the intervention arm versus 82% in the placebo arm.

It is possible that longer durations of suppressive therapy are required to facilitate changes in
the vaginal microbiota that will persist following the completion of treatment, resulting in
lower rates of BV recurrence. Previously, we conducted a randomized controlled trial (RCT)
of suppressive therapy using oral periodic presumptive treatment (PPT) to reduce vaginal
infections among Kenyan women.12 We observed a decrease in BV (hazard ratio [HR] =
0.55; 95% confidence interval [CI], 0.49–0.63) and an increase in Lactobacillus colonization
(HR = 1.47; 95% CI, 1.19–1.80) among women randomized to receive oral 2g
metronidazole plus 150mg fluconazole monthly for 12 months. After the trial, women were
invited to continue follow-up in an open cohort study. Given the significant reduction in BV
and increase in Lactobacillus colonization achieved after 12 months of PPT, we wondered if
this intervention might have created vaginal conditions that would result in continued
normal vaginal microbiota after the intervention was completed. Therefore, we analyzed
post-trial data to test the hypothesis that the treatment effect would persist in the absence of
PPT.

Materials and Methods
Female sex workers enrolled in a prospective, open cohort study of risk factors for HIV-1
acquisition were recruited to participate in the RCT.13 Detailed methods for the RCT have
been published.12 Briefly, the trial was conducted in Mombasa, Kenya between May 2003
and December 2006 and enrolled women if they were 18–45 years of age, not pregnant,
HIV-1-seronegative and had no abnormal vaginal discharge or itching at enrollment. Both
the open cohort study and the RCT received approval from the institutional review boards at
Kenyatta National Hospital/University of Nairobi (Nairobi, Kenya) and the University of
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Washington (Seattle, USA). All participants provided separate written informed consent for
the cohort study and the RCT.

At enrollment in the RCT and each of 12 monthly follow-up visits, a face-to-face interview
was conducted to collect information on medical history, sexual history and vaginal washing
practices. A physical examination, including speculum-assisted pelvic examination, was
performed with collection of specimens for diagnosis of genital tract infections. A urine
pregnancy test was performed and blood was collected for HIV-1 testing. Participants were
randomized to receive oral 2g of metronidazole plus 150mg of fluconazole or identical
placebo. At monthly visits, study product was administered orally as directly observed
treatment. Women reporting abnormal vaginal discharge or vulvovaginal itching were
treated syndromically with a single dose of 2g oral metronidazole plus clotrimazole 200mg
vaginal suppositories nightly for 3 nights. Study product was withheld when this treatment
was dispensed. Other genital tract infections were treated according to World Health
Organization and Kenya Ministry of Health guidelines. At completion of the RCT, women
were invited to resume follow-up in the open cohort study. Women who resumed follow-up
continued with standard procedures for the cohort, which were similar to those conducted
during the RCT.

All laboratory procedures for the RCT and the cohort study were performed in Mombasa,
Kenya. A Gram stain of vaginal fluid was evaluated for diagnosis of BV by Nugent
criteria.14 A vaginal saline wet mount was examined microscopically for the presence of
motile trichomonads and fungal elements. A drop of 10% potassium hydroxide was added to
the slide and evaluated again for the presence of yeast buds or hyphae. Trichomonas
vaginalis culture was performed in Diamond’s modified medium. Lactobacillus culture was
performed on Rogosa agar.15 Subculture of Lactobacillus isolates on tetramethylbenzdine
agar containing horseradish peroxidase was performed to evaluate hydrogen peroxide
(H2O2) production.16 Endocervical secretions were cultured on modified Thayer–Martin
media for N. gonorrhoeae. A Gram stain of endocervial secretions was evaluated for
cervicitis, defined as the presence of an average of ≥30 polymorphonuclear leukocytes per
high-power field on microscopic examination (original magnification X100). HIV-1 testing
was performed using an ELISA (Detect-HIV [BioChem ImmunoSystems]). Positive ELISA
results were confirmed using a second ELISA (Recombigen [Cambridge Biotech] or
Vironostika [bioMerieux]).

The objective of this analysis was to test the hypothesis that the treatment effect would
persist following completion of one year of PPT. The study population consisted of non-
pregnant, HIV-1-seronegative women who completed all 12 RCT visits and attended ≥1
cohort study visit within 120 days of their final RCT visit. We decided a priori to include
only the first 3 visits that occurred within the 120-day post-trial period. We used descriptive
statistics, chi-squared tests for categorical outcomes and Wilcoxon rank sum tests for
continuous outcomes to summarize and compare demographic and clinical characteristics by
study arm. The same methods were used to compare women included in the analysis versus
those excluded (factors evaluated are listed in Table 1). Andersen-Gill proportional hazards
models that allow for recurrent events were used to estimate the post-trial effect of the
intervention versus placebo on our primary outcomes: the incidence of BV by Gram stain
(Nugent score ≥7) and any Lactobacillus species by culture. Secondary outcomes included
abnormal vaginal flora (Nugent score >3) and H2O2-producing Lactobacillus species by
culture. Demographic and clinical characteristics that were unbalanced by study arm at the
final RCT visit (p ≤ 0.10), which served as the baseline visit for this analysis, were included
in the final statistical models. To better understand the effect of the intervention on BV
during and after the trial, we conducted a descriptive analysis in which we calculated the
incidence of BV at each RCT and post-trial follow-up visit. All statistical tests were assessed
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using a 2-sided alpha of 0.05. Analyses were conducted using Stata version 11.0 (StataCorp,
Inc., College Station, TX).

Results
The RCT enrolled 310 participants (155 per arm), of whom 208 completed all 12 RCT
visits. Of these 208, 165 participants (83 intervention and 82 placebo) returned for a cohort
study visit within 120 days of their last RCT visit and were included in this analysis.
Participants who returned within 120 days were slightly older (median (IQR): 34 years (30 –
40) versus 31 year (27 – 36); p<0.001) and reported a longer duration of sex work (median
(IQR): 7 years (3–12) versus 4 years (2 – 7); p<0.001) compared to those who did not return
following completion of the RCT.

All participants included in this analysis had at least one post-trial follow-up visit within 120
days of their last RCT visit, 147 participants had two visits (72 intervention versus 75
placebo) and 103 had three visits (56 intervention versus 47 placebo). The minimum time to
the first post-trial visit was 25 days in the intervention arm and 26 days in the placebo arm.
At the final RCT visit, demographic and behavioral characteristics were generally similar by
study arm (Table 1). However, there was a trend towards a higher proportion of women in
the intervention arm reporting vaginal washing in the last week compared to women in the
placebo arm (94% versus 85%; p=0.10). Clinical factors were similar by arm, with the
exception of BV and abnormal vaginal flora. The prevalence of BV at the final RCT visit
was 17% in the intervention arm and 43% in the placebo arm (p<0.001) and the prevalence
of abnormal vaginal flora was 33% in the intervention arm and 61% in the placebo arm
(p<0.001)

The post-trial incidence of BV, abnormal vaginal flora, any Lactobacillus colonization and
H2O2+ Lactobacillus colonization are presented in Table 2. In the post-trial period, we
observed a lower incidence of BV (260 per 100 person-years versus 358 per 100 person-
years) and a higher incidence of any Lactobacillus colonization (180 per 100 person-years
versus 127 per 100 person-years) among women receiving the intervention compared to
women receiving the placebo, respectively. However, the differences were not statistically
significant (Table 2). The findings were similar for abnormal vaginal flora (420 per 100
person-years versus 536 per 100 person-years) and H2O2+ Lactobacillus colonization (77
per 100 person-years versus 61 per 100 person years). The results did not differ in
multivariable models adjusting for vaginal washing in the past week. To better understand
the effect of the intervention over time in the study population, we calculated the incidence
of BV at each visit interval during the RCT and in the post-trial interval by study arm.
Although we observed an overall decrease in the incidence of BV in the intervention arm
during the trial, following the cessation of the intervention, the incidence of BV in the
intervention arm increased during the post-trial period (Figure 1). Thus, the effect of the
intervention appears to wane following cessation of the intervention.

Discussion
In this analysis of post-trial data, the effect of monthly PPT with 2g metronidazole plus
150mg fluconazole was not sustained during the 120 days following cessation of the
intervention. In the RCT, we observed a 45% reduction in the risk of BV and a 47% increase
in the likelihood of Lactobacillus colonization in the intervention arm.12 Though the
incidence of BV was lower in the intervention arm than the placebo during the post-trial
period, the magnitude of the difference was less than what was observed during the RCT. In
addition, we observed that the incidence of BV in the placebo arm decreased following the
completion of the trial (Figure 1). This decrease might be due to chance and could reflect
normal fluctuations in the vaginal microbiota. More importantly, we observed a gradual
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increase in the post-trial incidence in the intervention arm, which suggests that the
suppressive effect of the intervention on BV diminished following cessation. Conversely,
the magnitude of the difference in Lactobacillus colonization was similar to what was
observed during the RCT. However, fewer participants and a shorter duration of follow-up
contributed to a reduction in study power resulting in a difference in Lactobacillus
colonization that was not statistically significant. Vaginal washing, which has been
associated with an increased risk of BV17,18, differed slightly by arm in the post-trial period,
though adjustment for this behavior produced similar results. Our findings are similar to
those of a trial of suppressive therapy using biweekly 0.75% metronidazole vaginal gel.9

The reduced effect of PPT and suppressive therapy following the completion of treatment
highlights the need for new interventions that reduce BV recurrence and promote
Lactobacillus colonization without the need for ongoing treatment.

Advances in our ability to characterize the vaginal microbiota using cultivation-independent
methods, such as fluorescent in situ hybridization (FISH) and 16S rRNA polymerase chain
reaction (PCR) assays, have shed light on microbiological factors associated with BV
recurrence and persistence.19–22 Recent evidence suggests that the high rate of recurrent BV
could be due to the formation of adherent biofilms of BV-associated bacteria.19,20 An
evaluation of vaginal biopsies from women with and without BV by Amsel’s criteria
showed that a dense bacterial biofilm was observed using FISH among 90% of biopsy
specimens from subjects with BV and 10% of subjects without BV (p<0.001).19 These
biofilms were composed primarily Gardnerella and Atobobium, two species highly
associated with BV, 22–24 A follow-up study among women with BV (positive by both
Amsel’s criteria and Nugent’s score) who were treated with 500mg metronidazole twice
daily for 7 days reported a decrease in biofilms in the 7 days following treatment. However,
despite decreases in Nugent score (<7) and the absence of symptoms among all participants,
the biofilm re-emerged in the 5 weeks following treatment.20 In addition, cultivation-
resistant species identified through species-specific 16S rRNA PCR assays have been
associated with BV persistence.21 Among women with symptomatic BV who were treated
with vaginal metronidazole gel, women with persistent BV one month post-treatment were
more likely to have BVAB1, BVAB2, BVAB3, Megasphaera, and Peptoniphulus lacrimalis
detected in vaginal samples at baseline compared to women who experienced clinical cure
(defined as < 3 Amsel’s criteria).

Eradication or more profound reduction in the concentrations of certain critical BV-associate
species might be required to significantly reduce rates of BV recurrence after treatment. This
conceivably could be accomplished by higher doses and/or longer courses of antibiotic
treatment. Low cure and high recurrence rates of BV were observed with single dose oral 2g
metronidazole, leading to a change in treatment guidelines to multi-day regimens that
deliver a higher total dose over a longer duration.6 However, the cure and recurrence rates
with the currently recommended regimens remain unacceptably low and high, respectively.
As a result, alternative antibiotic regimens continue to be evaluated. A trial of topical
therapy demonstrated that metronidazole 500 mg plus nystatin 100,000 units (co-formulated
suppositories) administered for 5 nights was superior to metronidazole 0.75% gel
(containing 37.5 mg of metronidazole per dose) also administered for 5 nights.25 In this
study, BV (positive by both Amsel’s criteria and Nugent’s score) was detected at the first
follow-up visit among 7% of women in the metronidazole plus nystatin arm compared to
26% in the metronidazole gel arm (relative risk = 0.28 [95% CI: 0.11–0.71]). The authors
also assessed BV-free survival following treatment. At 104 days following treatment, 33%
of women in the metronidazole plus nystatin arm had experienced a recurrent episode of BV
compared to 52% of women in the metronidazole arm (p=0.01). Though the rate of BV
recurrence was lower in the intervention arm, it is similar to what has been reported by
others at approximately 3 months post-treatment with oral metronidazole.8
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Non-antibiotic approaches to improve BV cure rates and reduce recurrence have also been
investigated. With the depletion of lactobacilli commonly observed among women with BV,
there is great interest in the use of probiotic regimens to facilitate re-colonization of the
vagina with Lactobacillus species.26 It is hypothesized that Lactobacillus colonization, in
particular colonization with H2O2-producing strains, may be responsible for maintaining a
low vaginal pH and controlling the growth of other bacteria through their ability to produce
lactic acid and H2O2.16,27 A number of small studies have evaluated probiotic regimens
administered either alone or in combination with antibiotics or estriol for BV treatment28;
however, additional evidence is needed to support the use of probiotics for BV treatment.
Continued development and rigorous evaluation of treatment regimens, both antibiotic and
probiotic, that further improve the cure rate and reduce the recurrence rate of BV are
necessary.

The findings from this analysis should be interpreted in the context of several limitations.
This is a secondary analysis in which we selected a sub-group of participants from the RCT.
Our selection criteria for this analysis resulted in the exclusion of a large number of women
either due to incomplete RCT follow-up (<12 visits) or no follow-up visit within the post-
trial period. We chose to restrict our analysis to women who completed all 12 follow-up
visits, since we hypothesized that if there was a true post-trial effect of the intervention we
would be most likely to observe it in this population. By design, our selection criteria
resulted in a smaller sample size. In addition, this analysis included a relatively short
duration of post-trial follow-up. As a result, we cannot rule out the persistence of small
differences in the incidence of BV and Lactobacillus colonization by study arm in the post-
trial period. There is the potential for selection bias in sub-group analyses. However, we are
reassured by the fact that women who were included in the analysis were generally similar
to those excluded. Moreover, among women included in this sub-group analysis, there were
minimal differences by study arm. Behavioral characteristics that are unique to the study
population could also limit the generalizability of our findings. Women in our study reported
high rates of vaginal washing. The post-trial effect of the intervention may differ in
populations who report less vaginal washing. Our characterization of the vaginal microbiota
was limited to detection of Lactobacillus by culture. Therefore, we were unable to assess the
effect of the intervention in the post-trial period on other vaginal bacterial species, including
BV-associated bacteria. Lastly, we used a single dose metronidazole regimen, which was the
recommended treatment during the time that the study was conducted. Currently, single dose
regimens are no longer recommended and have been replaced by multi-day regimens as the
preferred treatment for BV.6

Our findings raise several important points for consideration in future research studies. First,
future studies of periodic presumptive or suppressive treatment for BV should continue to
assess the effect of intervention following cessation of the treatment regimen. It is unlikely
that interventions that require continued treatment will be feasible or acceptable to patients.
Therefore, it is critical to evaluate the sustained effect of the intervention following an
extended course of suppressive therapy. Second, our study employed culture methods alone
to characterize the vaginal microbiota since cultivation-independent methods (16S rRNA
PCR) were not widely available at the time the RCT was conducted. With the increasing
availability of cultivation-independent methods, future studies may be strengthened through
the use of both culture and cultivation-independent methods. Due to the polymicrobial
nature of BV and the importance of cultivation-resistant species in this condition, it is
critical to understand the immediate and long-term effect of treatment on both cultivatable
and cultivation-resistant vaginal bacterial species. Culture and cultivation-independent
methods each have strengths and weakness.29 The use of combined methods allows for a
more complete characterization of the vaginal microbiota and may provide new insights into
mechanisms of BV cure, persistence and recurrence.
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In summary, PPT is a promising approach for reducing the incidence of BV and increasing
Lactobacillus colonization. However, the regimens evaluated to date have demonstrated a
reduced effect following the cessation of therapy. New interventions that decrease BV
recurrence and promote long-term Lactobacillus colonization without the need for ongoing
PPT or suppressive therapy are needed.
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Figure 1.
Incidence of BV at each RCT visit and at the first three post-trial monthly study visits by
RCT study arm1

1The incidence of BV at each study visit among the 165 women who completed all 12 RCT
visits and had at least one cohort study visit within 120 days of completing the RCT

 Placebo _ _ _ _ _ 95% Confidence Interval
 Intervention  95% Confidence Interval

The dashed vertical line represents the end of the RCT. Visits to the right of the dashed line
occurred during the 120-day post-trial period.
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TABLE 1

Demographic and Clinical Characteristics of Participants at Baseline Visit for the Analysis (Corresponding to
Final Randomized Controlled Trial Visit)

Intervention
n = 83

Placebo
n = 82

P

Age (yr) 34 (29–40) 35 (30–40) 0.76

Education duration (yr) 8 (6–8) 8 (7–10) 0.13

Duration of sex work (yr) 7.6 (4–13) 6.2 (3–11) 0.17

Sex in the past week 57 (69) 47 (57) 0.13

Unprotected sex in the past week* 16 (19) 23 (28) 0.19

Hormonal contraceptive use† 23 (28) 24 (29) 0.83

Vaginal washing in the past week 78 (94) 70 (85) 0.10

Bacterial vaginosis 13 (16) 35 (43) <0.001

Abnormal vaginal flora‡ 27 (33) 50 (61) <0.001

Vaginal candidiasis 5 (6) 4 (5) 0.75

Trichomonas vaginalis infection 0 (0) 1 (1) 0.31

Lactobacillus colonization

 Any species 14 (17) 15 (18) 0.81

 Hydrogen peroxide producers 5 (6) 9 (11) 0.25

Neisseria gonorrhoeae infection 0 (0) 1 (1) 0.31

Cervicitis§ 2 (2) 2 (2) 0.98

n (%) or median (interquartile range) presented.

*
Unprotected sex in the past week versus protected sex or no sex in the past week. Among 104 women reporting sex in the past week, 28% of

women in the intervention arm reported unprotected sex compared with 49% in the placebo arm (P = 0.03).

†
DMPA or OCP use.

‡
Nugent score [mt]3.

§
Defined as the presence of an average of [mtequ]30 polymorphonuclear leukocytes per high-power field on microscopic examination of Gram-

stained cervical secretions (original magnification [times]100).

Sex Transm Dis. Author manuscript; available in PMC 2013 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Balkus et al. Page 11

TA
B

LE
 2

Po
st

tr
ia

l F
re

qu
en

cy
 o

f 
B

V
, A

bn
or

m
al

 F
lo

ra
, a

nd
 L

ac
to

ba
ci

llu
s 

C
ol

on
iz

at
io

n 
by

 S
tu

dy
 A

rm

In
te

rv
en

ti
on

P
la

ce
bo

U
na

dj
us

te
d

A
dj

us
te

d

F
re

qu
en

cy
R

at
e*

 (
95

%
 C

I)
F

re
qu

en
cy

R
at

e*
 (

95
%

 C
I)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

H
az

ar
d 

R
at

io
†  

(9
5%

 C
I)

B
V

‡
54

26
0 

(1
99

–3
40

)
76

35
8 

(2
86

–4
48

)
0.

76
 (

0.
51

–1
.1

2)
0.

75
 (

0.
51

–1
.1

1)

A
bn

or
m

al
 v

ag
in

al
 f

lo
ra

‡
87

42
0 

(3
40

–5
18

)
11

4
53

6 
(4

46
–6

45
)

0.
81

 (
0.

61
–1

.0
8)

0.
80

 (
0.

60
–1

.0
7)

A
ny

 L
ac

to
ba

ci
llu

s
39

18
8 

(1
37

–2
57

)
27

12
7 

(8
7–

18
5)

1.
42

 (
0.

85
–2

.7
1)

1.
57

 (
0.

87
–2

.8
2)

H
yd

ro
ge

n 
pe

ro
xi

de
–p

ro
du

ci
ng

 L
ac

to
ba

ci
llu

s
16

77
 (

47
–1

26
)

13
61

 (
36

–1
05

)
1.

26
 (

0.
54

–2
.9

5)
1.

29
 (

0.
54

–3
.1

2)

* R
at

e 
pe

r 
10

0 
pe

rs
on

-y
ea

rs
.

† A
dj

us
te

d 
fo

r 
va

gi
na

l w
as

hi
ng

 in
 th

e 
pa

st
 w

ee
k.

‡ B
V

 =
 N

ug
en

t s
co

re
 [

m
te

qu
]7

; a
bn

or
m

al
 f

lo
ra

 =
 N

ug
en

t s
co

re
 [

m
t]

3.

B
V

 in
di

ca
te

s 
ba

ct
er

ia
l v

ag
in

os
is

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

.

Sex Transm Dis. Author manuscript; available in PMC 2013 May 01.


