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Abstract

Purpose of Review Suppressive therapy and periodic presumptive treatment (PPT) are distinct but related strategies that have
been used to reduce the incidence of bacterial vaginosis (BV). Here, we review clinical trial evidence of the effectiveness of
suppressive therapy and PPT to reduce BV, and discuss their roles for women who frequently experience symptomatic or
asymptomatic BV.

Recent Findings Among women who were recently and successfully treated for symptomatic BV, suppressive therapy with
twice-weekly metronidazole gel for 16 weeks reduces the likelihood of recurrent symptomatic BV and is currently recommended
by the Centers for Disease Control and Prevention for prevention of recurrent BV. The premise of PPT is to provide regimens
used to treat BV at regular intervals to reduce the overall frequency of BV, regardless of symptoms. Three PPT trials were
conducted using different routes (oral or intravaginal), doses, and frequencies of administration. Each trial demonstrated a
significant reduction in BV over the course 12 months, ranging from a 10 to 45% decrease. PPT regimens that substantially
reduce the frequency of BV over time could be evaluated in clinical trials to assess whether a reduced frequency of BV leads to
subsequent reductions in BV-associated sequelae. While both suppressive therapy and PPT reduce BV, their impact wanes
following cessation of the regimen.

Summary Given the high prevalence of BV globally and burden of adverse reproductive health outcomes among women with
BYV, there is a critical need for more effective treatments that produce durable shifts in the microbiota towards vaginal health.

Keywords Bacterial vaginosis - Periodic presumptive treatment - Suppressive therapy - Symptomatic - Asymptomatic

Introduction

This article is part of the Topical Collection on Female Genital Tract

i Bacterial vaginosis (BV) is the most prevalent vaginal infec-
Infections

tion globally, affecting millions of women each year. It is a
polymicrobial condition characterized by a shift from a
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jbalkus @uw.edu Lactobacillus-dominant vaginal microbiota to one character-

ized by high concentrations of anaerobic and Gram-negative
Kayla A. Carter species [1]. Bacterial vaginosis is a common cause of vaginal
kaycart@uw.edu complaints and is associated with a range of serious adverse
R. Scott McClelland health outcomes including HIV acquisition [2], sexually trans-
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[10], endometritis [10—13], histologic chorioamnionitis [14],
and pelvic inflammatory disease (PID) [15, 16]. Among
reproductive-aged women, BV prevalence by Nugent score
varies from roughly 25-30% in the general population to >
_ , _ o , 40% in certain sub-groups [17-26]. Current guidelines from
Vaccine and Infectious Disease Division, Fred Hutchinson Cancer the US Centers for Disease Control and Prevention (CDC)
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these regimens are generally effective at achieving clinical
cure [27-29], approximately one-third of women will experi-
ence a recurrent episode of BV within 3 months of treatment
and more than half will experience a recurrence within 1 year
[30]. Women who experience frequent episodes of symptom-
atic BV report increased psychosocial stress, reduced self-es-
teem, changes in or avoidance of sexual activity, and physical
discomfort [31-33].

A number of factors may contribute to the high rate of BV
recurrence, including failure to recolonize with Lactobacillus
species [34], persistent colonization with BV-associated bac-
teria [35], formation and persistence of biofilms [36, 37], and
potential re-exposure to BV-associated bacteria from sexual
partners [38—40]. This high level of recurrence has motivated
investigations into alternative approaches to BV treatment and
prevention. Several strategies are being assessed to reduce BV
recurrence, including use of probiotics (alone or in combina-
tion with antibiotics), acidifiers, and biofilm disruptors.
Suppressive therapy and periodic presumptive treatment
(PPT) using antibiotics are prevention strategies that have
demonstrated effectiveness in clinical trials. The goal of sup-
pressive therapy is to reduce the incidence of BV among wom-
en who were recently, and successfully, treated for symptom-
atic BV (i.e., prevent recurrence). The goal of PPT is slightly
different, as it relies on providing antibiotic regimens used to
treat BV at regular intervals to primarily asymptomatic women
(with or without BV) in order to reduce the overall frequency
of BV, regardless of symptoms. Given the associations be-
tween BV and adverse reproductive health outcomes, PPT
regimens that substantially reduce the frequency of BV over
time could be evaluated in clinical trials to assess whether a
reduced frequency of BV leads to subsequent reductions in
BV-associated sequelae. Here, we review clinical trial evi-
dence of the effectiveness of suppressive therapy and PPT to
reduce BV, and discuss their roles for women who frequently
experience symptomatic or asymptomatic BV.

Antibiotic Approaches to Reduce the Frequency of BV

Our review focuses on four randomized, double-blind,
placebo-controlled trials that evaluated the effectiveness of
suppressive therapy or periodic presumptive treatment on
BV as the primary outcome. Each trial evaluated a different
regimen, which was administered at varying intervals. Below,
we summarize key characteristics and findings of each trial,
with additional details of the trials presented in Table 1 and
Fig. 1. While it is not possible to make direct comparisons of
regimen efficacy across the four trials given important distinc-
tions in their designs, populations, and outcomes [44], we
highlight similarities and differences in their findings and dis-
cuss key considerations for the use of suppressive therapy and
PPT to reduce BV.

@ Springer

Suppressive Therapy

Sobel et al. conducted the first landmark study to assess the
impact of long-term therapy to prevent recurrent symptomatic
BV, characterized as suppressive therapy [41]. The study pop-
ulation included US women with a history of two or more BV
episodes in the past year who currently had symptomatic BV
by Amsel’s criteria, a measure best suited for characterizing
symptomatic BV [45]. Following successful treatment of
symptomatic BV with 0.75% intravaginal metronidazole gel
nightly for 10 days, women were randomized to 0.75% met-
ronidazole gel or placebo twice per week (nonconsecutive
days) for 16 weeks. Women were evaluated every 4 weeks
for recurrence of BV. Following completion of treatment,
those who had not experienced an episode of recurrent BV
were followed for an additional 12 weeks to evaluate any
sustained impact after cessation of suppressive therapy. The
objective of the trial was to compare the time to BV recurrence
by study arm. Following completion of 16 weeks of twice-
weekly suppressive therapy, 25.5% of women in the metroni-
dazole arm and 59.1% of women in the placebo arm had a
recurrence of symptomatic BV (relative risk [RR] = 0.43; 95%
CI=0.25-0.73). The incidence of BV by Nugent score, a
measure that may include symptomatic and asymptomatic
BV, was also lower in the intervention arm compared with
placebo (RR =0.66, 95% CI 0.39-1.12). This regimen is cur-
rently recommended by the CDC as a treatment approach for
women with multiple recurrences of BV [27].

While there was a significant reduction in the frequency of
recurrent BV among women in the metronidazole arm, it is
worth noting the high incidence of recurrence in both arms,
which may be attributable to enrolling a population with a
history of recurrent BV. After an additional 12 weeks of fol-
low-up, 51.0% of women in the metronidazole arm had expe-
rienced recurrent BV compared with 75.0% placebo women
(RR=0.68; 95% CI 0.49-0.93). Although the frequency of
BV was lower among women who received metronidazole
suppressive therapy, the effect of the intervention appeared
to wane following its cessation.

Period Presumptive Treatment

Others have evaluated PPT regimens in populations with a
high burden of both BV and BV-associated sequelae. A ran-
domized clinical trial in Malawi conducted by Taha et al. com-
pared the effect of quarterly dispensation of 0.75% metroni-
dazole gel for five consecutive nights versus placebo gel on
BV by Nugent score among both HIV-uninfected and HIV-
infected women. The results presented below focus on those
for HIV-uninfected women. It was not a requirement for par-
ticipants to have BV at enrollment to be considered eligible;
however, over 45% of HIV-uninfected women had BV by
Nugent score at enrollment. The prevalence of BV was
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Study Country Route Outcome Assessment Effect Estimate
Sobel [42] us Intravaginal 16 weeks 0.43 —e—

12 weeks post-intervention 0.68 —e&—
Taha [18] Malawi Intravaginal 12 months 0.90 =
McClelland [24] Kenya Oral 12 months 0.55 =

4 months post-intervention 0.75 P
McClelland [48] Kenya, US Intravaginal 12 months 0.65 —a—

I T T T T 1
02 04 06 08 1 1.2
Effect estimate

@ BV assessed by Amsel’s criteria M BV assessed by Nugent score

Fig. 1 Forest plot of effect estimates from clinical trials of suppressive therapy and periodic presumptive treatment

evaluated at quarterly visits, when study product was dis-
pensed, and at each month following receipt of study product.
Among HIV-uninfected women in the active arm, the preva-
lence of BV was lower in the month following receipt of study
product compared with the prevalence at the quarterly visit at
which treatment was dispensed. However, BV prevalence
tended to be slightly higher at the next quarterly visit, indicat-
ing recurrence.

Over the course of the year, the prevalence of BV de-
creased in the active arm from 46% at baseline to 25% at the
last study visit; conversely, the prevalence of Nugent score 0—
3 increased from 37% at baseline to 56% at the last study visit.
Interestingly, a similar trend was observed in the placebo arm,
with 47% of women having prevalent BV at baseline com-
pared with 29% at the last study visit. Overall, the intervention
decreased the frequency of BV over the course of a year;
however, given the parallel decreases observed in the placebo
arm, the effect of the intervention was modest (RR =0.90;
95% CI 0.83-0.97). The authors speculated that the placebo
gel may have had an antimicrobial effect, which could have
contributed to the decreased prevalence of BV in the placebo
arm. It is also possible that other components of trial partici-
pation, such as dispensation of open-label treatment for symp-
tomatic BV or changes in BV-associated risk behaviors such
as intravaginal practices and condomless sex (Hawthorne ef-
fect), may have impacted BV frequency over the course of
follow-up. Although the intervention effectively reduced the
frequency of BV, the impact was not substantial and the prev-
alence of BV appeared to rebound following treatment. While
quarterly PPT may minimize patient burden compared with
more frequently administered regimens, it appears that this
interval of PPT may not be sufficient to promote sustained
changes in the vaginal microbiota.

@ Springer

McClelland et al. evaluated the impact of monthly 2 g met-
ronidazole plus 150 mg of fluconazole versus placebo for
1 year in a cohort of HIV-uninfected women in Kenya [24].
Both regimens were administered orally as directly observed
therapy. Given the high rate of vaginal candidiasis following
BV treatment [41, 46] and associations between vulvovaginal
candidiasis (VVC) and HIV acquisition [19], the antifungal
was included as part of the intervention regimen to reduce
the incidence of VVC. Similar to the study by Taha et al.,
participants were not required to have BV to enroll in the trial;
however, 34% of women had BV by Nugent score at enroll-
ment. Participants were evaluated for BV monthly and at the
end of 1 year, the incidence of BV in the intervention arm was
198.6 per 100 person-years versus 326.4 per 100 person-years
in the placebo arm (hazard ratio [HR] = 0.55; 95% CI 0.49—
0.63). Results were similar when the incidence of clinical BV
by Amsel’s criteria was assessed (HR =0.51; 85% CI 0.42—
0.62). In addition, both the overall detection of Lactobacillus
species by culture and the detection of H,O,-producing
Lactobacillus species on tetramethylbenzidine agar were
higher in the intervention arm compared with placebo
(Table 1). Effects of this intervention were similar in a second-
ary analysis restricted to the subset of women with BV at
enrollment [47]. In summary, this trial successfully reduced
the frequency of BV and increased Lactobacillus species de-
tection over the course of a year. However, in subsequent
analyses that assessed BV incidence in the 4-month period
following completion of the trial, no sustained effect of the
intervention was observed [42].

As CDC and World Health Organization (WHO) guide-
lines shifted to primarily recommend multi-day antibiotic reg-
imens due to their higher effectiveness in treating single epi-
sodes of BV [48], McClelland et al. conducted a second PPT
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trial among Kenyan and US women that evaluated a co-
formulated monthly regimen of high-dose vaginal supposito-
ries containing 750 mg of metronidazole and 200 mg of mi-
conazole used nightly for 5 consecutive nights each month
versus placebo [43]. In contrast to the trial by Taha et al. and
the first trial by McClelland et al., the vaginal suppository PPT
trial enrolled women with a confirmed vaginal infection at
screening (BV, VVC, or Trichomonas vaginalis). Women
were followed for 12 months and the presence of BV by
Nugent score was evaluated every other month. At enroll-
ment, 35% of participants had BV by Nugent score (all were
asymptomatic at their enrollment visit per eligibility criteria
for the trial). The intervention reduced the proportion of visits
with BV compared with placebo (21% vs 33%, RR =0.65;
95% CI 0.48-0.87) and also reduced the proportion of visits
with detection of BV-associated bacteria (BVAB1, BVAB2,
Atopobium vaginae, Leptotrichia/Sneathia, and Megasphaera
spp.) using highly sensitive quantitative PCR assays [49]. The
intervention effect was similar when restricted to women who
reported >80% adherence to study product. The sustained
effect of the intervention following completion of the study
was not evaluated.

Considerations for Suppressive Therapy and PPT
Route of Administration and Potential Side Effects

With any regimen, it is important to consider the route of
administration for its potential impact on dose, effectiveness,
acceptability, and side effects. There are certainly advantages
and disadvantages related to the different routes of adminis-
tration. Single-dose oral PPT results in the fewest doses and,
in the context of clinical trials, oral PPT can be evaluated as
directly observed therapy, ensuring a clear estimate of adher-
ence. However, the higher frequency of systemic side effects,
particularly nausea, is a disadvantage of oral PPT compared
with intravaginal regimens [24]. In addition, the impact of
systemic drug exposure is of particular concern for oral PPT,
as high cumulative systemic doses of metronidazole have
been associated with peripheral neuropathy [50].

Intravaginal products, including low-dose 0.75% metroni-
dazole gel and high-dose (typically 500-750 mg) metronida-
zole suppositories, may be advantageous over oral regimens,
as drug is concentrated locally in the vaginal fluid, reducing
systemic exposure [51] and the likelihood of associated tox-
icity [52]. However, intravaginal regimens are not without
side effects, and women assigned to the active arm of the
suppressive therapy trial reported more frequent episodes of
pain (head, lower back, abdominal, and leg) compared with
women in the placebo arm [41]. In addition, both low-dose
and high-dose intravaginal PPT regimens are more complex,
requiring a higher number of doses to be administered at spe-
cific intervals. There are no direct comparisons of low-dose

and high-dose intravaginal metronidazole for treatment of
symptomatic BV or PPT; thus, it is uncertain if the high-dose
regimen would result in greater efficacy as compared with
lower dose vaginal regimens.

One additional concern related to extended use of both oral
and vaginal metronidazole treatments for suppressive therapy
and PPT is post-antibiotic vaginal candidiasis [41, 46]. In the
suppressive therapy trial, vaginal candidiasis was the most
commonly reported AE and was significantly more common
among women in the intervention arm compared with placebo
(43.1% vs 20.5%, P = 0.02). In contrast, symptomatic vaginal
candidiasis was reported in less than 5% of participants in the
trial by Taha et al. Trials of monthly oral and intravaginal PPT
included an antifungal as part of the PPT regimen and evalu-
ated the effect of PPT on the frequency of vaginal candidiasis.
In both trials, the frequency of vaginal candidiasis was slightly
lower in the PPT arm compared with placebo, but the differ-
ences were not statistically significant. Women receiving PPT
may benefit from co-administration with an antifungal to re-
duce the frequency of post-metronidazole candidiasis; howev-
er, this approach has not been evaluated with suppressive ther-
apy or other PPT regimens. Despite the challenges associated
with oral and intravaginal regimens, it is important that both
routes of administration are available as some women may
prefer one method over the other.

Patient Burden and Adherence

As highlighted above, the frequency of administration and the
number of doses are important considerations for suppressive
therapy and PPT use that may impact adherence. Qualitative
data on women’s experiences with treatment for recurrent BV
are limited. One study conducted among Australian women
who experienced recurrent BV reported that most women
interviewed disliked taking antibiotics, especially on a regular
basis (dispensed as part of standard BV treatment), and many
complained about the side effects [32]. Of the suppressive
therapy and PPT regimens evaluated, the duration under study
ranged from 16 weeks to 12 months, which may be a chal-
lenge for some women. Reported adherence to PPT regimens
in clinical trials was generally high, indicating the acceptabil-
ity of these regimens, with the highest levels of adherence
observed with regimens that were used less often. Self-
reported adherence to quarterly vaginal gel was high, with
93-97% of women reporting adherence to the study regimen
[18]. The study of single-dose oral PPT employed directly
observed treatment and achieved 92% adherence in both study
arms [24]. In the vaginal suppository PPT trial, participants
were considered adherent if they reported using 80% of the
total possible number of vaginal suppositories. This level of
adherence was achieved by 75% participants in the interven-
tion arm and 81% participants in the placebo arm [43]. Data
on adherence was not reported for the Sobel et al. trial [41]. To

@ Springer
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date, only suppressive therapy has been recommended by the
CDC to prevent recurrent symptomatic BV. For women with
three or more episodes of BV in the last year who may be
candidates for suppressive therapy [53], this suppressive reg-
imen should be considered as first-line. For women unable to
adhere to the twice-weekly intravaginal regimen, alternative
dosing schedules or an oral single-dose regimen might be
considered based on individual preferences.

Potential Antimicrobial Resistance

With prolonged exposure to antibiotics in the context of sup-
pressive therapy and PPT, it is critical to consider issues of
antimicrobial resistance [54]. Studies assessing the impact of
routine antibiotic treatment for BV on bacterial isolates report-
ed high levels of resistance (>50%) following clindamycin
therapy, whereas resistance to metronidazole was rare (<
1%) [55]. Emerging data suggest that Gardnerella vaginalis,
which is commonly detected among women with BV [56, 57],
may contribute to recurrence via reduced susceptibility to met-
ronidazole. Several studies have identified multiple clades of
G. vaginalis [58-60], two of which have been demonstrated to
have resistance to metronidazole [61]. Metatranscriptomic
analysis of the vaginal microbiota of women who failed to
respond to BV treatment suggests that G. vaginalis genes that
contribute to repair of DNA damage caused by the antibiotics
are upregulated. This genetic variation within G. vaginalis
subspecies may contribute to the lack of treatment response
in some women [62]. It is unclear whether such antibiotic
resistance is present at initial colonization versus acquired or
activated following repeated metronidazole exposure.
Antibiotic resistance following suppressive therapy or PPT
has not been evaluated; thus, the impact of these regimens
on the development of resistance is uncertain and should be
assessed.

The Roles of Suppressive Therapy and PPT to Reduce BV

Suppressive therapy and PPT are treatment approaches that
have both successfully reduced the frequency of BV. Among
women with symptomatic BV and a history of recurrent BV,
suppressive therapy with twice-weekly metronidazole gel for
16 weeks resulted in a significant reduction in incident symp-
tomatic BV. This regimen has become the cornerstone of treat-
ment for women with recurrent BV. Importantly, the 0.75%
metronidazole gel used in this suppressive regimen is avail-
able globally [27]. Among asymptomatic women (both with
and without BV by Nugent score), reductions in the frequency
of BV were demonstrated with monthly and quarterly PPT,
with larger reductions observed in trials of monthly PPT (both
oral and intravaginal). While the oral PPT regimen (2 g met-
ronidazole) is available globally, high-dose intravaginal
metronidazole/miconazole suppositories are not currently

@ Springer

available in the USA, and the availability of high-dose
intravaginal metronidazole products varies by country.

In contrast to suppressive therapy, which seeks to delay
time to recurrence of symptomatic BV, the objective of PPT
is to decrease the number of occurrences of BV with the hope
that reductions in BV may lead to lower risk of BV-associated
sequelae. This hypothesis has not been explicitly tested in a
phase III clinical trial. However, preliminary data suggest that
intravaginal metronidazole regimens may reduce the inci-
dence of certain STIs [63, 64]. Women randomized to month-
ly high-dose intravaginal metronidazole suppositories had
lower incidences of Chlamydia trachomatis, Neisseria
gonorrhoeae, and Mycoplasma genitalium compared with
women in the placebo arm [64]. In a second study by
Schwebke et al., women randomized to twice-weekly metro-
nidazole gel for 6 months experienced fewer episodes of BV
as well as fewer STIs (outcome =time to first STI
[C. trachomatis, N. gonorrhoeae, T. vaginalis, herpes simplex
virus, or PID]) compared with women receiving standard of
care [63]. In the context of this review of suppressive therapy
and PPT, it is notable that the study by Schwebke et al. utilized
the twice-weekly regimen previously evaluated as suppressive
therapy, but targeted asymptomatic women using a PPT ap-
proach. These findings highlight that while the goals of sup-
pressive therapy and PPT are distinct, the regimens may be
interchangeable in some circumstances. Future trials that di-
rectly compare different suppressions and PPT regimens for
both symptomatic BV and prevention of BV-associated se-
quelae would be helpful for guiding both clinical and public
health practices.

A notable limitation of both suppressive therapy and PPT
with the regimens tested to date is the lack of a sustained effect
following cessation of the regimen. Recent evidence suggests
that pre-treatment colonization with certain bacteria, including
Megasphaera type 2 and BV-associated bacteria (BVAB) type
2, may predict BV recurrence [65, 66]. The impact of pre-
treatment colonization was evaluated in women receiving
monthly high-dose metronidazole intravaginal PPT [43].
Despite receiving effective monthly PPT, women in the inter-
vention arm that were colonized with BVABI or Leptotrichia/
Sneathia at baseline had more BV detected during follow-up
compared with women without detectable concentrations of
these bacteria [67]. Given the associations between pre-
treatment colonization and BV frequency/recurrence, addi-
tional research is needed to better define which women will
benefit most from currently available regimens and which
may require alternative treatments to effect sustained changes
in the vaginal microbiota [68].

The absence of a sustained effect of both suppressive ther-
apy and PPT highlights the urgent need for better interven-
tions that promote shifts in the vaginal microbiota that can be
maintained in the absence of any intervention. As new strate-
gies to prevent BV recurrence emerge, including probiotics
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and biofilm disruptors [69, 70], it will be important to assess
the impact of suppressive therapy and PPT when combined
with these new approaches to evaluate the potential for higher
levels of effectiveness.

Conclusions

Suppressive therapy is an important tool to prevent recurrence
of symptomatic BV among women who experience frequent
episodes of BV. Periodic presumptive treatment reduces the
frequency of BV among women who are asymptomatic but at
risk for both BV and BV-associated sequelac. However, the
effect of both suppressive and PPT regimens has generally
been modest, and none of these regimens appear to provide
a sustained effect following cessation of treatment. Given the
high burdens of both recurrent symptomatic BV and adverse
reproductive health outcomes among women with BV (re-
gardless of symptoms), there is critical need for more effective
treatments that produce durable shifts in the microbiota to-
wards vaginal health.
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