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Bacterial vaginosis: a primer for clinicians
Suzanne Reitera and Susan Kellogg Spadtb
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ABSTRACT
Bacterial vaginosis (BV) affects approximately one third of women in the United States. While often
asymptomatic, BV infection may be accompanied by serious health consequences, such as preterm birth
and pelvic inflammatory disease, and may facilitate acquisition of sexually transmitted infections.
Identifying appropriate patients for screening, such as pregnant women, women planning pregnancy,
and women with multiple and/or new sexual partners, is imperative for treatment. Diagnosis of BV has
traditionally depended on the presence of vaginal discharge and odor, elevated pH, and clue cells as
determined by microscopy, but newer diagnostic modalities that utilize molecular techniques allow for
more convenient and accurate testing for BV. Approved treatment options consist of antibiotics adminis-
tered as oral or intravaginal formulations. Patient counseling and education regarding treatment options,
including adherence to prescribed treatments, appropriate hygienic practices, and treatment of sympto-
matic same-sex partners, are crucial to optimize patient outcomes and prevent recurrence.
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Introduction

Bacterial vaginosis (BV) is the most common cause of vaginal
discharge in women of childbearing age, accounting for nearly
half of all cases [1]. In the United States, approximately one
third (29%) of women aged 14 to 49 years have either symp-
tomatic or asymptomatic BV [2]. BV is associated with an
altered vaginal environment, although at this time it is unclear
whether the environment is the cause or the result of BV [3–5].
BV may also be referred to as dysbiosis, which is a general
term that may refer to less severe changes in vaginal flora that
are not fully classified as BV [6]. Unlike vaginitis, there is no
clinical inflammation in BV patients; however, a pro-
inflammatory response is observed at the molecular level
[7,8]. BV is characterized by a shift from Lactobacillus bacterial
species to a more diversified population of bacteria that may
include a wide range of species, including Gram-negative rods
and facultative anaerobes [4,9]. It is important to note that BV
represents a general shift in vaginal homeostasis, rather than
a one-size-fits-all definition of what constitutes a shift from
a ‘normal’ vaginal microbiome [4,10].

Several risk factors are associated with increased BV preva-
lence, including sex with multiple partners, sex with women,
ethnicity, tobacco use, age, and presence of sexually transmitted
infections (Table 1) [11–14]. African-American women have
a significantly different vaginal microbiome compared with
those of European women [15], and the prevalence of BV has
been reported as 50% [2]. Worldwide, the burden of BV is highest
in sub-Saharan Africa and in women of sub-Saharan African
descent [16]. As women age and estrogen levels decline, there
may be a role for hormone levels on the natural history of BV,
resulting in abnormal vaginal flora [17]. In one study, the mean

estradiol level of women with BV was less than one quarter of
that of women with normal flora [17]. Incidence and prevalence
of BV is significantly decreased with any hormonal contraceptive
use, and recurrence is halved when using estrogen-containing
contraceptives [18,19]. Additionally, estrogen replacement ther-
apy in postmenopausal women has been shown to increase
colonization of the vaginal microbiome by Lactobacillus species
in addition to decreasing rates of BV infection [10]. Although not
statistically significant, an increase in BV-associated bacteria has
been shown in women who smoke cigarettes, potentially due to
lower estradiol levels [17], and in those with higher numbers of
sexual partners [15].

Vaginal microbiome in women with BV

Recent, nonculture-based studies have demonstrated the diversity
of the vaginal microbiome, especially its variability across race/
ethnicity groups, leading researchers to reconsider the idea of
a ‘healthy’ or ‘normal’ vaginal microbial community [20].
Clinical research on the human microbiome led to the inclusion
of Gardnerella, Atopobium, Prevotella, Peptostreptococcus,
Mobiluncus, Sneathia, Leptotrichia, Mycoplasma, and BV-
associated bacterium 1 (BVAB1) to BVAB3 in BV pathology [4].
Four distinct clades of Gardnerella [21] have been identified, and
studies are ongoing to differentiate pathogenic strains of
Gardnerella from nonpathogenic strains, especially among strains
that may be resistant to one of the primary antibiotic treatments
for BV –metronidazole [22].

Unlike lactobacilli, which prevent the overgrowth of anae-
robes [23], the predominant bacterial species associated with
BV produce malodorous volatile amines [24] and are associated
with increased vaginal transudation and squamous epithelial cell
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exfoliation [25]. As vaginal epithelial cells are desquamated, they
form the classic clue cells that are diagnostic for BV. Clue cells are
desquamated epithelial cells that are covered by Gram-negative
rods and other bacteria associated with BV [26], and are believed
to develop due to exfoliation of the vaginal epithelium [27].
Typical vaginal pH ranges from 4.0 to 4.5, and increases to
a level between 4.5 and 7 as BV progresses [28].

Biofilms

Emerging evidence suggests that the high recurrence rates of
BV may be due to the inability of standard antibiotics, such as
metronidazole, to eradicate the vaginal biofilm completely
and/or the negative impacts of antibiotics on healthy vaginal
microflora [29,30]. Researchers have demonstrated persistence
and recovery of biofilm after antibiotic treatment [31]. Rather
than adhering in loosely attached, unstructured accumulations
within the vagina, G. vaginalis and other bacteria adhere to
the vaginal epithelium, thereby contributing to an environ-
ment conducive to the development of a biofilm scaffolding
that allows other species to adhere [5]. The polymicrobial
nature of these biofilms allows for adaptation to many threats
to the bacteria’s survival, including antibiotic treatment.
A study of 146 biopsies investigated the spatial organization
of vaginal microbiota, and found that G. vaginalis-dominated
biofilms do not grow in children, even from mothers with BV.
This indicates that single organism exposure is not sufficient
for transmission, further highlighting the important role of
biofilms in BV [29].

Risk factors

A systematic review and meta-analysis involving 43 observa-
tional studies found that sexual contact with new and multiple
male and female partners was associated with an increased
risk of BV, while condom use was associated with a reduced
risk [32]. Although many BV-associated bacterial species have
been isolated from the male penile skin, semen, urethra, and
urine [33], studies involving the treatment of male sexual
partners have yielded mixed results. Furthermore, BV was
diagnosed in one quarter to one half of women who have
sex with women, particularly those female partners who have
a symptomatic BV infection, and the risk of BV increases with
a greater number of female sexual partners [34].

Despite these findings that suggest a direct relationship
between BV incidence and sexual activity, BV is not classified
as a sexually transmitted infection because there is no single
causative agent and no clear disease counterpart has been

established in men [32,35]. Current Centers for Disease Control
and Prevention (CDC) recommendations do not recommend
the treatment of sexual partners of women with BV based on
these clinical trials; however, female partners would be treated
if they were symptomatic or concerned that they also might
have BV and sought diagnosis and treatment. With regard to
BV and sexually transmitted infections, studies have shown
that women who have herpes simplex virus and/or human
immunodeficiency virus (HIV) are more likely to develop BV;
conversely, BV may also increase the risk of HIV infection [12].

With regard to race and ethnicity, women of non-European
ancestry are at a higher risk of developing BV, but it is unclear
which genetic, socioeconomic, behavioral, or other differences
are associated [2,15]. In a National Health and Nutrition
Examination Survey (NHANES) conducted from 2001 to 2004,
51% of African-American women, 32% of Mexican-American
women, and 23% of women of European ancestry had BV [2].

Finally, a number of other potential risk factors have been
identified as associated with increased BV prevalence, include
douching, cigarette smoking, and high-fat diets [36,37].
Women with fertility problems have also been found to have
a higher prevalence of asymptomatic vaginosis compared with
healthy women [38]. A potential protective role for folate,
vitamin E, and calcium has been found against BV [39]. No
association has been found between BV and chronic medical
conditions such as diabetes or immunosuppressive states.

Symptoms of BV

Approximately 50%–75% of women with BV are asymptomatic
[40]. When symptoms are present, the most common present-
ing symptoms include an off-white, thin, homogenous vaginal
discharge and/or an unpleasant vaginal odor or ‘fishy smell’
that is particularly noticeable after sexual intercourse and
around the time of menstruation [40,41]. BV does not cause
dysuria, dyspareunia, pruritus, burning, or vaginal inflamma-
tion; if present, these symptoms suggest vaginitis due to
a different pathogen [8,41,42]. Typically, BV does not involve
the cervix, but it can be associated with an endocervical
mucopurulent discharge or easily induced cervical bleeding
on rare occasions [43].

Consequences of untreated BV infection

Several consequences of untreated BV infection have been
identified, including a higher risk of preterm delivery in preg-
nant women [44,45]; the potential to cause endometrial bac-
terial colonization, plasma-cell endometritis, postpartum fever,

Table 1. Risk factors associated with bacterial vaginosis [11–14].

Risk Factors

Increased Risk
Sex with multiple new
partners

Sex with women Non-European ancestry (especially sub-Saharan
ancestry)

Tobacco use Herpes simplex virus or HIV
infection

Douching High-fat diets Age 15–44 years Alcohol
intake

Stress

Decreased Risk
European descent Hormonal contraceptive

use
Estrogen replacement therapy Condom use
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posthysterectomy vaginal cuff cellulitis, and postabortal infec-
tion [46,47]; a higher risk of HIV acquisition and transmission
[48]; a higher risk of acquiring herpes simplex virus type 2,
gonorrhea, chlamydia, and Trichomonas infection [49–51];
a higher association with pelvic inflammatory disease [52];
and a potential association with the development of precan-
cerous cervical lesions, possibly by allowing human papilloma-
virus infection to persist [53]. Pelvic inflammatory disease,
particularly in women aged 15–24 years, has also been asso-
ciated with vaginal flora organisms that cause BV. However, it
has not been definitively established whether the incidence of
pelvic inflammatory disease can be reduced by treating
women with BV [54].

Diagnosis and differential diagnosis of BV

The Nugent or Hay/Ison criteria to evaluate a Gram-stained
vaginal discharge smear represent the gold standard of diag-
nosing BV. However, because this method requires more time,
resources, and expertise than the Amsel criteria, it is usually
not utilized in the clinical setting [55,56]. In routine clinical
practice, health care providers use the Amsel criteria, which
are simple and can be used in any office where microscopy is
available [41,56]. Premenopausal women are diagnosed based
on the presence of at least three of the four Amsel criteria:
characteristic vaginal discharge, elevated pH, clue cells, and
fishy odor (Table 2) [41,56,57]. Compared with the Nugent or
Hay/Ison criteria, the Amsel criteria for BV diagnosis show
a sensitivity of 90% and a specificity of 77% [58]. The Pap
smear is not recommended for BV diagnosis as it has high
specificity (93%) but low sensitivity (49%) for BV [59]. Vaginal
culture is also not appropriate for BV diagnosis: although
G. vaginalis is nearly always found in BV, it is also found in
healthy, asymptomatic women.

Several commercial diagnostic tests are available for the
diagnosis of BV. The BD Affirm VPIII microbial identification
test (Becton Dickinson and Company, Sparks, Maryland) is
a 1-hour multianalyte, nucleic acid probe-based assay system
that can identify and differentiate G. vaginalis, Candida spe-
cies, and T. vaginalis [60]. Sample preparation takes 10 min
(3 min of hands-on time), and clear color results are available
after the 33-min automated test [61]. In a study of women
with or without BV based on Amsel and Nugent criteria, the
BD Affirm VPIII test showed a sensitivity of 90.1% and specifi-
city of 67.6% [60]. The 10-min OSOM BVBlue test (Sekisui
Diagnostics, Lexington, Massachusetts) evaluates elevated
activity of the enzyme sialidase produced by Gardnerella,
Bacteroides, Prevotella, and Mobiluncus species in vaginal fluid
[62]; in a study of 266 women with BV diagnosed based on

Nugent criteria (score 7–10), the BVBlue test had a sensitivity
of 38% and a specificity of 95% [63]. The recently approved
diagnostic BD Max Vaginal Panel, a microbiome-based PCR
assay, can detect BV, vulvovaginal candidiasis, and trichomo-
niasis [64]. These commercial tests play an increasingly impor-
tant role in the diagnosis of BV, particularly in offices without
microscopy, but would likely need to be used in conjunction
with other diagnostic methods based on sensitivity and
specificity.

For a differential diagnosis, many health care providers
anecdotally maintain that a lack of fishy odor (negative whiff
test) makes the diagnosis of BV unlikely. Additionally, practi-
tioners note that although women with BV typically have
a high vaginal pH (>4.5), trichomoniasis, atrophic vaginitis,
and desquamative inflammatory vaginitis can also cause
high vaginal pH. In these cases, clinical and microscopic fea-
tures are used to distinguish whether symptoms are due to BV
or other causes.

Treatment of incident BV by pregnancy and
symptom status

The treatment of incident BV can be categorized by pregnancy
status and whether or not symptoms are present.

Nonpregnant women with asymptomatic BV

For women with BV who are about to undergo a hysterectomy or
pregnancy termination, treatment of asymptomatic BV may pre-
vent postprocedure infection and reduce postoperative complica-
tions by 10%–75% [65–69]. Although evidence suggests that
treatment of nonpregnant women with asymptomatic BV may
reduce the risk of acquiring sexually transmitted infections [70],
including Chlamydia trachomatis, Neisseria gonorrhoeae,
Mycoplasma genitalium [51,70], T. vaginalis [71], HIV [72], and
herpes simplex type 2 [50], the overall potential benefits of treat-
ing women with asymptomatic BV to prevent the transmission of
sexually transmitted diseases remains the subject of debate.

Pregnant women with asymptomatic BV

Approximately one third of pregnant women in the United
States have BV [45,73]. The results of a large meta-analysis
demonstrated that BV is associated with a two-fold increased
risk of preterm birth potentially due to chorioamnionitis [74],
a 2.5-fold higher risk of postpartum endometritis, and
a 6.3-fold higher chance of miscarriage late in pregnancy
[73]. Although treatment of pregnant women with asympto-
matic BV has been shown to reduce the incidence of preterm

Table 2. Amsel criteria [41,56,57].

● Homogeneous, thin, grayish-white discharge that smoothly coats the vaginal walls
● Vaginal pH >4.5
● Positive whiff-amine test, defined as the presence of a fishy odor when a drop of 10% potassium hydroxide (KOH) is added to a sample of vaginal discharge
● Clue cells on saline wet mount

● Clue cells are vaginal epithelial cells studded with adherent coccobacilli that are best appreciated at the edge of the cell
● For a positive result, at least 20% of the epithelial cells on wet mount should be clue cells
● The presence of clue cells diagnosed by an experienced microscopist is the single most reliable predictor of BV
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labor or delivery, current American College of Obstetricians
and Gynecologists (ACOG), US Preventive Services Task Force
(USPSTF), CDC, and Society of Obstetricians and Gynecologists
of Canada guidelines do not recommend routine screening
and treatment of asymptomatic pregnant women
[56,65,75,76]. When BV treatment is considered, selecting the
optimal antibiotic can be challenging, as trials involving the
use of metronidazole and clindamycin during pregnancy to
reduce the risk of preterm birth in high-risk women have
yielded conflicting results [77–80].

The results of a meta-analysis and UK guidelines recom-
mend universal antibiotic prophylaxis of women prior to elec-
tive termination of a pregnancy [69,81]. However, in
a randomized trial of 638 women who screened positive for
BV prior to elective termination, no reduction in post-
procedure complications was observed with prophylactic
treatment with metronidazole plus doxycycline compared
with placebo treatment (21% vs. 19%, respectively) [68].

Nonpregnant women with symptomatic BV

Prior to the approval of secnidazole for the treatment of BV in
adult women in 2017, no new drugs had been approved for
BV treatment in the past decade in the United States. For
symptomatic women, the goal of BV treatment is to provide
symptom relief. The 2015 CDC Sexually Transmitted Disease
Treatment Guidelines recommend treatment of BV for all
women with BV symptoms [56].

Pregnant women with symptomatic BV

Oral BV treatment is effective and should be given to all
pregnant women with symptomatic BV, as it has not been
associated with adverse fetal or obstetrical effects [82,83].
Therapeutic options to date include oral, systemic (rather
than intravaginal) treatments, including metronidazole
500 mg twice daily for 7 days, metronidazole 250 mg three
times daily for 7 days, or clindamycin 300 mg twice daily for
7 days. Importantly, according to the prescribing information,

the use of metronidazole for the treatment of trichomoniasis
and, by extrapolation, for BV during pregnancy should be
restricted to patients for whom alternative treatment was
inadequate.

Selecting BV treatment

Metronidazole and clindamycin

Approved treatments for BV include members of the nitro-
imidazole class of drugs, which includes metronidazole, tini-
dazole, and secnidazole, as well as clindamycin (Table 3)
[56,84–89]. Nitroimidazoles are antimicrobial agents that
are used to treat trichomoniasis, amebiasis, and anaerobic
bacterial infections, and they act by interfering with DNA
synthesis. Current CDC guidelines recommend multidose
oral or intravaginal formulations of metronidazole and clin-
damycin, as well as oral tinidazole [56,90,91]. The cure rate
for twice-daily oral 500 mg doses of metronidazole is 58%
using the revised definition of clinical cure rate (resolution
of 3 of 4 Amsel criteria and Nugent score <4) at 4 weeks
[92]. A similar clinical cure rate (resolution of all 4 Amsel
criteria or Nugent score <4) was observed with 7-day clin-
damycin cream treatment [90]. After 4 weeks, symptomatic
treatment of nonpregnant women with oral or intravaginally
administered metronidazole or clindamycin yields a clinical
cure rate of 70%–80% using various definitions of cure [93].
Selection of metronidazole or clindamycin is made on the
basis of availability, patient preference, side effects, and cost.
Although the oral route of administration is more conveni-
ent than intravaginal administration, oral metronidazole and
clindamycin are also associated with adverse effects such as
headache, nausea, abdominal pain, and Clostridium difficile
diarrhea due to systemic absorption. According to CDC
guidelines and the metronidazole package insert, alcoholic
beverages should not be consumed during metronidazole
therapy and for at least 1 day afterward due to a possible
disulfiram-like reaction, including abdominal cramps, nausea,
vomiting, headaches, and flushing [56].

Table 3. Treatment options for bacterial vaginosis [56,84–89].

Current CDC Guidelines

Treatment Option Common Adverse Effects Clinical Pearls

Recommended Regimens
Metronidazole 500 mg orally twice a day for 7 days Abdominal discomfort, nausea, dizziness, vaginitis Avoid alcohol until 24 h after completion
Metronidazole gel 0.75%, one full applicator (5 g)
intravaginally, once a day for 5 days

Abdominal discomfort, headache, dizziness,
vaginitis

Clindamycin cream 2%, one full applicator (5 g)
intravaginally at bedtime for 7 days

Candida vaginitis, diarrhea, dry skin, nausea May weaken latex condoms and diaphragms for
5 days after use

Alternative Regimens
Tinidazole 1 or 2 g orally once daily for 2 days Nausea, altered taste sense, Candida vaginitis Avoid alcohol until 72 h after completion
Clindamycin 300 mg orally twice daily for 7 days Morbilliform-like skin rashes, abdominal pain,

diarrhea, nausea
Clindamycin ovules 100 mg intravaginally once at
bedtime for 3 days

Dry skin, morbilliform eruption, nausea, Candida
vaginitis, vaginal pain

Ovules may weaken latex or rubber condoms and
diaphragms for 72 h after treatment

Additional Treatment Options Not Currently in CDC Guidelines
Secnidazole 1 or 2 g orally once Nausea, headache, Candida vaginitis May be sprinkled into applesauce, yogurt, or pudding
Lactoferrin 100 or 200 mg vaginal pessaries once
daily for 10 days

Mild nausea, diarrhea, and abdominal discomfort
associated with oral lactoferrin

POSTGRADUATE MEDICINE 11



Single-dose intravaginal treatments are available for the
treatment of BV, namely, clindamycin cream and metronida-
zole gel [90,91]. Single-dose clindamycin cream (2% clindamy-
cin phosphate) yielded clinical and microbiologic cure rates of
64% and 57%, respectively [90], whereas single-dose 1.3%
metronidazole gel yielded clinical and microbiologic cure
rates of 37% and 18% at the 21-day visit [91]. It is unknown
why microbiologic cure rates lag behind clinical cure rates and
at which point lactobacilli species recover to reflect a healthy
vaginal environment. Metronidazole gel 0.75% is indicated for
the treatment of BV in nonpregnant women and is used
intravaginally once or twice per day for 5 days. Clinical cure
rates assessed 4 weeks after completion of therapy were 98/
185 (53%) for the daily and 109/190 (57%) for twice-daily
regimens [94]. Since clindamycin cream is oil-based, there is
a potential to weaken latex condoms and diaphragms if used
within 5 days of clindamycin treatment [56].

Tinidazole

Tinidazole is a second-generation nitroimidazole that is more
expensive than metronidazole because there is no generic
formulation available, but it also has a longer half-life than
metronidazole (12–14 h vs. 6–7 h) and a better side-effect
profile [95]. The efficacy of tinidazole is not inferior to that of
metronidazole [96], and a single-dose regimen is at least as
effective as vaginal clindamycin cream [97]. A randomized,
controlled trial evaluated the efficacy of two regimens of oral
tinidazole, 1 g/day for 5 days or 2 g for 2 days, compared with
placebo. After 21–30 days of treatment using strict US Food
and Drug Administration (FDA) criteria to define cure, the cure
rates were 37% for 1 g/day for 5 days and 27% for 2 g/day for
2 days compared with 5% in placebo-treated patients [98]. In
a recent comparison of tinidazole and oral metronidazole,
lower-dose tinidazole (500 mg once daily for 5 days) yielded
better efficacy than oral metronidazole (500 mg twice daily for
5 days) in terms of cure rates at 4 weeks (94% vs. 75%,
P = 0.0013), and fewer patients presented with either relapse
or reinfection with tinidazole (0 patients) than metronidazole
(13 patients). Moreover, there were significantly fewer reports
of gastrointestinal irritation in patients treated with tinidazole
compared with metronidazole (2 vs. 28, P = 0.03) [99].

Secnidazole (SYM-1219)

Secnidazole (SYM-1219) is a novel granular formulation mem-
ber of the family of 5-nitroimidazoles that was approved in the
United States in 2017 for the treatment of BV [100]. This
granular formulation is designed to be sprinkled into apple-
sauce, yogurt, or pudding and consumed without chewing the
granules. Prior to US approval, secnidazole was used in Europe
and Asia to treat BV, trichomoniasis, and other conditions. In
vitro studies with secnidazole demonstrated clinical and
microbiologic evidence of activity against many anaerobic
Gram-positive and Gram-negative bacteria implicated in BV
[101] and limited activity against beneficial lactobacilli species
[92,102,103]. Pharmacokinetic/pharmacodynamic studies of
secnidazole have been favorable, showing rapid absorption,
high bioavailability, low intersubject variability, longer half-life,

high potency, and minimal potential for interactions with
CYP450 substrates, inhibitors, or inducers, supporting its use
as a single-dose treatment for BV [104,105]. Additionally, the
results of a thorough QT/QTc evaluation of the cardiac safety
of secnidazole at therapeutic and supratherapeutic doses in
healthy individuals demonstrated that secnidazole does not
have any clinically concerning effect on ECG parameters,
including QT interval [106].

The safety profile of secnidazole is well established, given
the long history of successful use of secnidazole outside the
United States to treat BV and parasitic diseases [92,101,102].
Secnidazole has been shown to be safe and well tolerated in
women with BV, including having no effect of single-dose
secnidazole on either the estrogen or progestin components
of combined oral contraceptives, ensuring maintenance of
contraceptive efficacy [107]. Additionally, there is no contra-
indication for the use of secnidazole in the United States with
alcohol, as there is for other BV drugs [56,100].

Results from a randomized, double-blind, noninferiority trial
showed that a single 2 g dose of oral secnidazole was at least as
effective as a 7-day course of metronidazole 500 mg administered
twice per day [92]. In a randomized study of 76women, a single 1 g
oral dose of secnidazole also demonstrated efficacy compared
with a single 2 g dose of oral secnidazole, with clinical cure rates
of 95.5% and 97.4%, respectively [102]. Although no head-to-head
comparisons have been performed, clinical andmicrobiologic cure
rates for single-dose oral treatment with secnidazole granules
(68% and 40%, respectively) are similar to those of single-dose
clindamycin cream (53% and 46%) and 1.3% metronidazole gel
(37% and 19%, respectively). Of note, the FDA requirements for BV
clinical trials have changed since the secnidazole trials were con-
ducted; these changes include a Nugent score ≥7 at enrollment
(previously≥4), a test-of-cure visit at 7–14days after randomization
(previously 21–30 days), and revising the definition of clinical
responders to include the absence of abnormal discharge in addi-
tion to normal discharge [108].

All of the pivotal secnidazole trials included an ethnically
diverse patient population of a large percentage of African-
American women. It was observed that a single 1 g or 2 g dose
of oral secnidazole was superior to placebo, with clinical out-
come responder rates of 68% for 2 g secnidazole vs. 18% for
placebo, even in patients with recurrent infection [109].
The second pivotal clinical trial designed to support licensure
confirmed that a single dose of 2 g secnidazole yielded a clin-
ical outcome responder rate of 53.3% (57/107) vs. 19.3% (11/
57; P < 0.001) in placebo-treated patients [105]. Using an
alternate definition of responder that accounted for resolution
of abnormal discharge consistent with BV or normal discharge,
similar results were reported with a clinical outcome respon-
der rate of 58.9% versus 24.6% (P < 0.001) for single-dose
secnidazole versus placebo [105].

Most currently available BV treatments require patients to
take medication for 5–7 days [56]. As the length and complex-
ity of the drug regimen increases, adherence decreases. Low
adherence can contribute to treatment failure, recurrent and/
or chronic disease, higher health care costs, and possibly more
rapid development of resistance among vaginal bacteria [110].
Studies have shown that approximately half of patients do not
comply with a 5- or 7-day antimicrobial regimen [111]. Thus,
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the convenience of single-dose secnidazole treatment may
improve patient adherence and overall outcomes.

Other agents

Pre- and probiotics
Several other treatments for BV have also been investigated.
Probiotic formulations containing lactobacilli strains have
been shown to reduce BV symptoms, disrupt, and eradicate
vaginal pathogenic biofilms, and restore ‘normal’ microflora
[112,113]. Probiotics are often used alone or with antibiotic
therapy to treat and prevent relapse of BV. However, further
studies are required to determine the optimal route of admin-
istration, bacterial strains, and dose and duration of use [114].
Low-quality evidence suggests that adjuvant probiotic therapy
may increase the rate of short-term clinical or mycological
cure compared with conventional pharmacotherapy [115]. In
the 2015 Sexually Transmitted Diseases Treatment Guidelines,
the CDC does not recommend the use of probiotics due to no
conclusive studies supporting their use [84].

Lactoferrin
Lactoferrin, an iron-binding glycoprotein prebiotic with both
bacteriostatic and bactericidal properties, has been shown in
an open-label, prospective, randomized trial to be effective in
shifting the vaginal microbiome away from Gardnerella,
Prevotella, and Lachnospira and toward Lactobacillus species
when administered as 100 or 200 mg vaginal pessaries [116].
Case studies have demonstrated that lactoferrin may play
a role in preventing refractory vaginitis, cervical inflammation,
and preterm delivery [117].

Biofilm disruptors

Given the increasing evidence that BV is a biofilm-mediated
infection, a number of novel biofilm disrupting agents, such as
DNases, retrocyclins, probiotics, antiseptics, natural antimicro-
bials, and plant-derived compounds are being investigated
[118]. The antiseptic agent dequalinium chloride has recently
demonstrated similar efficacy as clindamycin 2% cream for the
treatment of BV [119].

Thymol, a molecule present in thyme essential oil, has
demonstrated an inhibitory effect on biofilms in vitro [120].
Natural antimicrobials, primarily bacteriocins, may improve
cure rates of antibiotic therapies when used in combination
with conventional antibiotics, especially those in which bacterial
resistance has developed [118]. Vaginal acidification through the
application of acidifying agents, such as vitamin C or buffering
agents (polycarbophil or boric acid), used in combination with
a nitroimidazole antibiotic have been shown to reduce BV recur-
rence, potentially through the disruption of the vaginal biofilm
[118]. Additional promising therapeutic agents for the treatment
of BV include DNase agents that may disrupt vaginal biofilms by
targeting the extracellular DNA that are essential to their struc-
tural integrity [121] and retrocyclin 101, a synthetic cyclic anti-
microbial peptide that inhibited the growth and biofilm
formation of G. vaginalis in vitro [122].

Recently, an amphoteric tenside (WO3191) pessary was
found to disrupt biofilms after metronidazole treatment and

promote growth of Lactobacillus species [123]. In other stu-
dies, two series of cationic amphiphiles (CAms) acted syner-
gistically with metronidazole to disrupt and control biofilm
formation by BV pathogens [124]. Given that currently
approved BV treatments are insufficient to deal with this
multispecies, biofilm-related vaginal disorder as evidenced by
the high recurrence and relapse rates, future research should
be conducted to identify and evaluate these novel, biofilm-
disrupting treatment strategies.

Special considerations/challenges

Breastfeeding women

Vaginal metronidazole or clindamycin may be preferable over
an orally administered medication in breastfeeding women
because only approximately 30% of an intravaginally adminis-
tered dose of either drug is systemically absorbed. When
treating women with symptomatic BV who are breastfeeding
with clindamycin, it is important for health care providers to
monitor infants for diarrhea, candidiasis (thrush and/or diaper
rash), and blood in the stool that may indicate possible anti-
biotic-associated colitis [125]. Breastfeeding women who are
treated with a single, 2 g oral dose of metronidazole are
advised to express and discard their breast milk for 12–24 h
because infant drug exposure is higher with an oral than an
intravaginal dose (29% vs. <2%) [125]. Similarly, breastfeeding
women treated with tinidazole or secnidazole are advised to
interrupt breastfeeding during treatment and for 3 days (tini-
dazole) or 4 days (secnidazole) after the last dose as a precau-
tionary measure [56,100].

Relapses and recurrent infection with BV

Approximately 39% of women who initially respond to BV treat-
ment experience symptom recurrence within 3 months, and
more than half experience a recurrence within the subsequent
12 months [126]. Although the high rate of recurrence may be
due to reinfection, it is more likely due to a failure to eradicate
the pathogens responsible for the incident case of BV, or a failure
to restore the protective vaginal Lactobacillus populations [127].
Specifically, BV infection within the vaginal biofilm may be parti-
cularly difficult to eradicate. Deep-sequencing techniques have
shed light on the changes in the vaginal microbiome with treat-
ment overtime [128]. Using multiplex PCR detection methods,
a high frequency of infection with key BV-related pathogens was
observed in childbearing women and correlated with the sever-
ity of infection as well as complicated and recurrent BV [129].
Treatment failure after oral metronidazole is not associated with
higher loads of G. vaginalis and/or A. vaginae [130].

Limited data are available to guide health care providers in
selecting the optimal treatment strategy for women who
experience recurrent BV infection [56]. Many health care pro-
viders choose to repeat the same treatment regimen that was
used with incident BV infection. In these cases, a 7-day course
of oral metronidazole or clindamycin, or a single dose of oral
secnidazole, vaginal metronidazole gel 1.3%, or vaginal clin-
damycin cream is generally appropriate. Women who exhibit
more than three documented BV recurrences within the
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previous year may benefit from a long-term maintenance regi-
men of metronidazole gel 0.75% or an oral nitroimidazole for
7–10 days followed by twice-weekly gel administration for 4–
6 months [56]; neither oral nor intravaginal clindamycin regi-
mens are advised for long-term or maintenance therapy [19].
Less well-studied treatment options for recurrent BV infections
include combination therapy with metronidazole plus fluco-
nazole or miconazole [131,132]. Use of condoms and absti-
nence have also been reported to prevent recurrence of BV
[19,72,126].

Psychosexual sequelae of chronic bacterial vaginosis

There are significant psychosexual sequelae in women with
chronic BV. Interviews conducted with 35 women with male and/
or femalepartners about their experienceswith recurrent BV found
no significant differences between heterosexual and bisexual
women [133]. Overall, women experienced between 2 and 35
distinct, recurrent episodes of BV that were primarily characterized
by abnormal discharge and malodor. The majority of women in
this study reported a moderate to severe impact of BV on their
physical, emotional, sexual, and social lives. Women who experi-
enced more frequent episodes (≥ 4) and more severe symptoms
were most likely to experience moderate to severe impact.
Physically, the most common impact was malodor followed by
profuse discharge. Emotionally, women felt embarrassed, self-
conscious, uncomfortable, disgusted, ashamed, dirty, annoyed,
and distressed – especially due to a lack of control with regard to
if or when recurrences occurred. Sexually, womenwere concerned
that their partners would be offended by the smell and therefore
avoided sexual activity. Overall, many of the women reported
a decrease in self-esteem and self-confidence because of BV.
Finally, although most women did not feel that recurrent/chronic
BV affected their work or social lives, some limited their social
interactions or took care to sit or stand away from their colleagues.

Role of clinicians in educating/counseling women
about BV

Clinicians play a critical role in educating women regarding
the risk factors that may predispose them to BV infection or
reinfection. Topics of discussion include considering absti-
nence, limiting the number of sexual partners, avoiding
douching, and presenting them with the latest evidence on
how screening and/or treatment of female sex partners may
help to improve patient outcomes. Women with BV and other
vaginal complaints commonly self-medicate with intensive
hygiene regimens and over-the-counter remedies that have
little benefit and may actually increase the likelihood of recur-
rence [134,135]. Timely communication with patients to avoid
these practices may help prevent BV recurrence.

Clinicians also play an important role in identifying BV and
differentiating it from vulvovaginal candidiasis and trichomo-
niasis, and in assessing BV before and during pregnancy [136].
Although it is not current practice to screen for asymptomatic
BV in pregnant women or those planning pregnancy, it is
important to consider the consequences of untreated BV in
this patient population. In assessing BV, clinicians must use

resources such as laboratory tests and medications wisely, and
some opt for pH testing as a fast and low-cost method to
obtain a preliminary BV diagnosis. A recent study conducted in
a primary care setting found that self-administered vaginal
swabs were a valid alternative to clinician-administered high
vaginal swabs for detecting BV [137].

With several FDA-approved treatment options for BV,
a discussion between the clinician and patient to review the
available treatments may improve treatment adherence and
outcomes. Each treatment has a unique side-effect profile and
frequency and/or mode of administration. For example, patients
should refrain from consuming alcohol while using oral or vagi-
nal metronidazole; if this recommendation cannot be adhered
to, an alternate treatment option without an alcohol interaction
should be considered. While some patients may prefer vaginal
formulations for lower systemic absorption and correspondingly
decreased incidence of adverse events, other patientsmay prefer
the ease of administration associated with oral formulations.
Timely and appropriate screening, diagnosis, and counseling
regarding behaviors as well as treatment options are necessary
to optimize outcomes of patients with BV.
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