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Background. Bacterial vaginosis (BV), caused by an imbalance in the vaginal microbiota, can be treated and prevented by
probiotics. Pregnant women with BV can experience premature labor and spontaneous abortions. Probiotics and prebiotics
promote the proliferation of beneficial microorganisms, alter the composition of the vaginal microbiota, and prevent intravaginal
infections in postmenopausal women. In addition to reducing infection symptoms, pre/probiotics can also help prevent vaginal
infections. Materials and Methods. A systematic review was conducted on studies from 2010 to 2020 to determine the efficacy of
pre/probiotics on the treatment of BV in pregnant and nonpregnant women. The databases Medline, Scopus, Embase, and Google
Scholar were systematically searched using the following keywords: “bacterial vaginosis,” “probiotics,” “prebiotics,” and “syn-
biotics.” Results. A total of 1,871 articles were found in the initial search, and 24 clinical trials were considered eligible. In studies
comparing the effects of pre/probiotics and placebos with or without antibiotic therapy in patients with BV, significant differences
in clinical outcomes were observed. Probiotics reduced the levels of IL-1f and IL-6, as well as the overall Nugent score and Amsel’s
criteria for restitution of a balanced vaginal microbiota. In addition, probiotics can reduce the vaginal colonization of Group B
streptococci among pregnant women. In subjects treated with probiotics, BV cure rates were higher than those in subjects treated
with antibiotics. There were no additional adverse events. Conclusion. Pre/probiotic regimens, when used for BV treatment, are
usually safe and can exhibit long-term and short-term benefits. In order to prove the benefits of pre/probiotics in BV treatment,
additional high-quality research is required.

» «

1. Introduction

Bacterial vaginosis (BV) is one of the most common diseases
among women of childbearing age [1]. The prevalence of BV
varies from 5% in Asia and Australia to 59% in Southern and
Eastern Africa [2, 3]. In pregnant women, one of the par-
ticular groups of interest with elevated BV adverse events
(AEs) rates, the BV prevalence ranges from 8% to 51% [4].

The prevalence of BV among Iranian women is estimated at
18.9% [5]. While BV is considered a mild disease, it can be
associated with uterine infections and adverse pregnancy
outcomes [6, 7]. In addition, there are BV-associated
complications such as pelvic inflammatory disease (PID),
which causes preterm premature rupture of the membranes
(PPROM), miscarriage, and premature delivery [8-10].
Asymptomatic or symptomatic BV is associated with several
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sexually transmitted infections (STIs), including Chlamydia
trachomatis, Neisseria gonorrhoeae, HSV-2, and an increased
risk of increased risk HIV-1 acquisition [1]. Researchers
have recently confirmed the link between BV and human
papillomavirus (HPV) [11]. Treatment of BV with first-line
antibiotics such as metronidazole and clindamycin causes
80% improvement in symptoms of patients after 4 weeks of
treatment [12]; however, recurrence has been observed in
40% to 50% of cases after 12 months after antibiotic
treatment [13]. Although these antibiotics are safe, several
side effects have been reported with their use (Oduyebo
et al., 2009). Clindamycin and metronidazole have been
known to cause gastrointestinal problems, including nausea,
vomiting, and abdominal pain (Menard, 2011). Another
problem with common BV treatment strategies is that they
do not consider the impact of vaginal microbiota disruption
on the disease occurrence, an event deteriorated even more
by antibiotics [14, 15]. BV treatment should focus on
eliminating patients’ clinical symptoms, reducing the re-
currence rate, and regenerating the vaginal microbiome. BV
may be associated with a specific composition and metabolic
pathway of the vaginal microbiome, and probiotics may
reduce the recurrence rate of the condition [16]. When
administered in appropriate amounts, probiotics provide
many therapeutic benefits [17]. Probiotics have been used in
addition to conventional treatment methods to treat BV. The
primary mechanism of treatment for BV with probiotics is
reestablishing the vaginal microbiome [18]. Various studies
have shown that the reduction of vaginal hydrogen per-
oxide-producing Lactobacillus spp. such as L. crispatus, L.
iners, and L. gasseri is closely associated with BV occurrence.
Moreover, Gardnerella vaginalis overgrowth disrupts the
vaginal microbiome by increasing the vaginal pH [19]. G.
vaginalis is closely associated with the colonization of an-
aerobic organisms and the development of BV symptoms
[20]. The effect of metronidazole/clindamycin combined
with pre/probiotics or probiotics alone on treating BV has
been studied recently. However, it has not been adequately
demonstrated that pre/probiotics effectively treat BV. In this
review, pre/probiotics were assessed with and without an-
tibiotics, for example, metronidazole and clindamycin, for
treating BV.

2. Methods

2.1. Guidelines. Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines were used
for this review [21]. This study has been registered in
PROSPERO (the international prospective register of sys-
tematic reviews), CRD42021243764 (https://www.crd.york.
ac.uk/PROSPERO/display_record.php?Recordid=243764).
Our literature search was commenced before registration,
and data extraction was underway (but not completed) when
registered.

2.2. Search Strategy. Four international information data-
bases (Medline, Scopus, Embase, and Google Scholar) were
searched to retrieve studies published from 2010 until 2020
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using the keywords “bacterial vaginosis” and “probiotics.”
The keywords were also used in combination using the
Boolean operator (or equivalent operator for the database) to
improve the results. The search strategy was adapted to the
particularities of each database.

2.3. Eligibility Criteria. Randomized controlled trials
(RCTs), published in English that compared human sup-
plementation with probiotics products and reported ob-
jective measurements of bacterial vaginosis, were included in
this review. Studies without detailed information regarding
the probiotics interventions and those without originality
(reviews, short communications, case studies, abstracts
without full texts, and book chapters) were excluded from
consideration.

2.4. Data Collection and Analysis. Articles were searched and
screened by two independent authors, analyzing the titles
and abstracts as the initial step of the selection process.
Finally, the authors read the studies to see if they met the
eligibility requirements. The selected studies were inde-
pendently coded and extracted by two reviewers. A third
independent author reviewed the process and clarified any
discrepancies. Reference lists of the included publications
were also investigated to identify any articles missed.
Publications cited in more than one database were only
included once. To collect and organize references, EndNote
was used as an auxiliary tool. The following relevant data
were extracted from each study into a Microsoft Excel file:
first year of publication, location of research, sample
characteristics (type and size), experimental conditions
(study design and protocol), and probiotic intervention
(strain type, dose, and duration).

2.5. Risk of Bias. Two independent reviewers used Joanna
Briggs Institute (JBI, 2014) Critical Appraisal Checklist tool
[22] to evaluate the quality of the eligible RCTs. Each study
received a score ranging from 0 to 13 points. Finally, the
studies with high-quality papers were included in the current
review (Supporting information Table 1).

3. Results

The search strategy and article exploring process are shown
in Figure 1. A total of 1,871 articles were excluded based on
their titles and abstracts, following which 183 articles were
retained for detailed full-text evaluation. After the full-text
analysis, 24 studies were found to examine the efficacy of
probiotics and/or prebiotics in combination with conven-
tional antibiotic therapy in treating or preventing BV and
were, therefore, considered for further analysis.

Table 1 summarizes the characteristics and subgroups of
the participants in the articles included in this paper. The
results of different clinical trials evaluating the efficacy of
pre/probiotics with or without antibiotics on BV treatment
are presented in Tables 2 and 3. Most of the studies, which
examined the effects of probiotics on BV treatment, were
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Figure 1: PRISMA flowchart of articles for the systematic review.

TaBLE 1: Summary of subgroups’ characteristics in studies assessing
the effects of pre/probiotics for the treatment of bacterial vaginosis

Patients (N) Trials (N)

Subgroups

BV diagnostic standards

Amsel’s criteria 3,842 14

Nugent’s criteria 4,400 10
Route of intervention

Oral 3,711 12

Vaginal 4,531 12
Regimens combined with pre/probiotics

Clindamycin 450 1

Metronidazole 1,256 10
Pregnancy status

Pregnant 5,182 7

Nonpregnant 3,060 17
Follow-up duration

Short term (< 1 month) 2,940 11

Long term (>1 month) 5,484 13

Total number of patients in all the 24 included trials: 8,242.

carried out in Germany and Indonesia (3 out of the 24
studies and 396 out of the 8,242 participants), followed by
Australia and Poland, each with two studies. The specimens,
including vaginal/cervicovaginal swabs, cervicovaginal la-
vage (CVL), blood, serum, and histopathology samples, were

obtained from subjects with a mean age of 32.1+6.4
(ranging from 18 to 50 years). Among the 24 studies, 10
examined the effect of probiotics in combination with an-
tibiotics, 12 assessed the effect of probiotics, and 2 assessed
the effect of prebiotics without antibiotics on the BV
treatment. A total of 16 different probiotic species were
administered once, twice, or three times daily at doses of
1 x 10* to 6 x 10° colony forming units (CFUs). The average
dose of probiotics was 1.35 x 10° CFU. Figure 2 shows the
frequency of probiotics administered for BV treatment in
different studies. Based on the results of different studies,
Lactobacillus rhamnosus was the most common probiotic
used (28.3%), followed by Lactobacillus reuteri (16.9%) and
Lactobacillus gasseri (9.4%).

Clinical trials assessing the effects of pre/probiotics on
the treatment of bacterial vaginosis: Table 2 shows the results
of 14 RCTs examining the effects of pre/probiotics alone on
BV-affected women, among which one study used only one
probiotic strain to treat genitourinary infections, and 13
studies used two or more probiotic strains.

In the study carried out by Hemalatha et al. [25], CVL
was collected to measure the concentrations of IL-1p,
TNF-a, and IL-6 by ELISA. In both treatment arms, the
activity of NSMASE (neutral sphingomyelinase) was also
quantified. There were no side effects reported for the
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FIGURE 2: Frequency of the probiotic species used for the treatment of women with BV in 24 trials.

probiotic vaginal tablet. It was demonstrated that the pre/
probiotic treatment effectively restored the normal vaginal
microbiota in 32 % of the women, and 47% of the women
had an improved Nugent score (p = 0.0001). However, 20%
of the subjects could not clear up BV 8 days after treatment
(p>0.05). A significant reduction in the IL-18 (p <0.001)
and IL-6 (p = 0.015) levels was observed after treatment
with lactobacilli, but no significant change was observed in
the TNF-« levels. Indarti Budidarmo [26] found that the
eradication rate of BV was 56% in the treatment group and
56% in the control group (p = 0.77). Also, the satisfaction
level (score >67) was higher in the placebo group compared
to the probiotic group, while the difference between the two
groups was not statistically significant (p = 0.65).

Vujic and colleagues [33] tested in their study the ef-
fectiveness of probiotics versus placebo in otherwise healthy
women with BV. In the placebo group, 26.9% of the subjects
regained a balanced vaginal microbiota, while 61.5% did so
in the probiotic group (p <0.001). In the probiotic group,
more than half of the urogenital microbiota was still present
after 6 weeks, but only about half of the microbiota was
maintained in the placebo group (p <0.001).

In a 15-day study, Russo et al. [30] tested in their study
the effectiveness of probiotics versus placebo in otherwise
healthy women with BV. In the placebo group, 26.9% of the
subjects regained a balanced vaginal microbiota, while 61.5%
did so in the probiotic group (p <0.001). In the probiotic
group, more than half of the urogenital microbiota was still
present after 6 weeks, but only about half of the microbiota
was maintained in the placebo group (p <0.001).

In a study by Tomusiak et al. [31], the administration of
probiotics contributed to a significant decrease in both
vaginal pH (p <0.05) and Nugent score (p<0.05) and a
significant increase in the abundance of Lactobacillus spp.
(p <0.05). A total of 82% of women taking the drug at visit
III and 47.5% of those at visit IV had Lactobacillus strains
originating from probiotic capsules. Acute AEs were not
reported.

As mentioned above, the use of probiotics is effective in
BV treatment in women who are not pregnant. Six trials
investigated the effects of probiotics on pregnant women
with BV who had Group B Streptococcus (GBS) colonization
and disrupted urogenital microbiota, based on Table 2.
Additionally, the effects of probiotic administration in
asymptomatic pregnant women have been examined. Gille
et al. [23] assessed the effects of probiotics or placebo on BV
treatment among pregnant women with 12 weeks of ges-
tation. There was no significant difference in the proportion
of normal vaginal microbiota between the two groups after
the treatment (p = 297).

In a trial carried out by Krauss-Silva et al. [27], 4,204
pregnant women with no history of premature births were
screened. The probiotics tested failed to prevent preterm
birth.

Ming Ho et al. [28] conducted a study in which 110
pregnant women with vaginal and rectal colonization of GBS
were treated orally with two placebo capsules or two pro-
biotic capsules for four nights. On admission for delivery,
participants’ feces and rectal samples were examined once
again for GBS colonization. Twenty-one women in the
probiotic group (42.9%) and nine women in the placebo
group (18.0%) experienced a change in colonization between
these periods (p =0.007). Women taking oral probiotics
were found to have lower rates of GBS colonization.

In another trial by Olsen et al. [29], 34 GBS-positive
women at 36 weeks of pregnancy were evaluated. Vaginal
GBS rates did not differ significantly between the control and
intervention groups (p > 0.05). Evaluation of 16 women who
had completed 14 days or more of probiotics administration
(n=6) indicated no difference in the vaginal GBS load
between the probiotic and control groups. Probiotics sig-
nificantly increased the number of vaginal commensals
(p = 0.048).

Eighty-six pregnant women with an intermediate BV
Nugent score at 13 weeks of pregnancy were treated daily
with lactobacilli and placebo. At 28 weeks of pregnancy,
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Nugent scores returned to normal in 30% of the women in
both groups (p>0.05) and remained unchanged until 35
weeks (p>0.05). Most subjects expected a positive preg-
nancy outcome. At 13 weeks of pregnancy, 93 bacterial
species were detected by PCR and DNA sequencing, the
most abundant of which were L. iners, L. crispatus, G.
vaginalis, and Atopobium vaginae. Shannon Diversity Index
was not different between the probiotic and placebo groups
at 13, 28, or 35 weeks of pregnancy. The probiotic group had
higher IL-6 levels at 28 weeks, whereas the placebo group
had lower IL-10 levels at 35 weeks (p >0.05).

In the study by Hussain et al. [24], participants were
given probiotics or placebo once a day throughout preg-
nancy. In the placebo and probiotic groups, BV rates were
the same at 18-20 weeks of gestation (15%). Among women
colonized with the probiotic strains, the proportion of E. coli,
GBS, or other vaginal microbiota was not different. Vaginal
bacterial diversity or composition was not different between
the probiotic and placebo groups during 9-14 or 18-20
weeks gestation.

Participants in the Barthow et al. [36] trial, expecting
infants with a high risk of allergy, were randomly assigned to
receive L. rhamnosus HNOO1 or placebo until delivery and
six months after delivery. The presence of BV and GBS was
investigated. This study showed that supplementation with
L. rhamnosus HNOO1 during pregnancy could reduce BV
rate (p <0.05) and vaginal carriage of GBS (p < 0.05) before
childbirth.

In 2 clinical trials, the effects of probiotics were evaluated
following conventional antibiotic treatment in women with
BV. In one of these trials, 36 women aged >18 years with a
stable menstrual cycle or menopause were diagnosed with
BV based on the Amsel criteria. Oral metronidazole was
administered, after which four weeks were spent consuming
either probiotic (125g of probiotic yogurt) or a placebo.
After 4 weeks of intervention, there were no BVs in the
probiotic group, while 6 of the 17 participants in the control
group still had BV (p =0.018). After the intervention,
Amsel’s score in the probiotic group decreased by 4.0 points
versus 2.0 points in the control group (P = 0.038). In ad-
dition, both vaginal discharge and odor (Amsel criteria
2+3) significantly decreased after 4 weeks in both the
probiotic and the control groups (p = 0.05 and p = 0.001,
resp.). As compared to the control group, the Nugent scores
were decreased by 5.5 (p = 0.0158) in the probiotic group. In
a similar study by Ehsrom et al. [35], RAPD analysis was also
used to assess probiotic strains. Eighty-nine percent of
women receiving probiotics showed the vaginal presence of
these strains following 2-3 days of administration, while 0%
in the placebo group showed probiotic vaginal colonization
(p <0.0001). More than 50% of women in the probiotic
group were colonized by at least one LN strain after one
menstruation. After six months, 93% of the colonies were
still present. Three-quarters of women who received pro-
biotics were cured of BV following 2-3 days of adminis-
tration (placebo: 83%) and 78% by the first menstruation
(placebo: 71%). Following administration (p = 0.03) and
during the second menstruation (p = 0.04), the intervention
groups experienced less malodorous discharge.
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Clinical trials assessing the effects of pre/probiotics
combined with antibiotics on the treatment of bacterial
vaginosis: RCTs assessing the effects of pre/probiotics
combined with antibiotics on the treatment of BV are shown
in Table 3. The effects of single-strain probiotics after
conventional antibiotic treatments were evaluated in four
RCTs. Three RCTs utilized well-characterized and well-se-
lected lactobacilli. One study reported the drugs adminis-
tered, but the other three did not.

One trial compared the efficacy of lactobacilli combined
with 0.03 mg oestriol against metronidazole for BV treat-
ment. In the short term, lactobacilli plus oestriol had similar
effects as metronidazole in treating BV, but after a month,
the efficacy of lactobacilli plus oestriol was reduced. Heczko
et al. compared the effects of metronidazole plus probiotics
against a placebo. BV was confirmed by bacterial culture and
Nugent score in 241 participants. Probiotics extended the
time of BV symptoms relapse by up to 51% (p <0.05)
compared to placebo and metronidazole. Probiotics also
reduced and maintained the low vaginal pH and Nugent
score and increased the vaginal Lactobacillus count fol-
lowing the standard antibiotic treatment. In a different trial,
150 women were studied to assess the diversity and richness,
as well as the efficacy of the vaginal microbiome. The study
included 30 healthy participants, 30 controls with BV, and
30 patients treated with antibiotics or probiotics. On days 5
and 30, probiotic-treated subjects (p = 0.62) had a higher
cure rate than those treated with metronidazole (p = 0.01).
In another study, Palma et al. [45] found a higher chance of
solving HPV-related cytological anomalies in long-term
probiotic users (79.4%) compared to those in short-term
probiotic users (37.5%) (p = 0.041). Compared to long-term
lactobacilli users, 11.6% of the short-term probiotic users
had their HPV cleared up, as evidenced by a negative HPV
DNA test (p = 0.044).

In Wijgert et al’s [44] study, 17 HIV-negative, non-
pregnant BV females were entered into the trial. BV (Nugent
7-10) incidence was 10.18 per person-year in the control
group and lower in the metronidazole (1.41/person-year;
p =0.004), Ecologic Femi+ (3.58/person-year; p = 0.043),
and Gynophilus LP groups (5.36/person-year; p = 0.220).
Hakimi et al. [41] performed a comparison of the effects of
oral metronidazole tablet and prebiotic intravaginal gel on
the treatment and recurrence of BV. Neither the personal or
social characteristics nor the clinical and laboratory markers
differed significantly between the two groups. BV treatment
was improved by the adjuvant administration of the pre-
biotic vaginal gel. In another study [46], the effects of
glucomannan hydrolysates (GMH) and BV Gel were ex-
amined on pregnant BV patients. Flow cytometry was used
to detect Treg cells in peripheral blood mononuclear cells
(PBMC:s) of ten thousand total CD4 + CD25 + Foxp3 cells.
Also, TGF-f levels were observed using ELISA. The results of
the analysis showed that the GMH and BV gel were able to
reduce Nugent scores (p< 0.001) and increase Treg cell
presentation (p = 0.001) and TGF-p3 levels (p < 0.05) among
BV patients. In contrast to their previous findings, Bradshaw
et al. [13] found that combining the first-line antibiotic
therapies with a long-term vaginal probiotic did not reduce
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BV recurrence in women. Studies have been done to de-
termine whether or not BV can be prevented by colonizing
the vaginal area with lactobacilli. Study participants with BV
had 8.3% more probiotics isolated from their stool compared
to the control antibiotic group (p = 0.041). There was no
difference between the BV group and those given triple oral
antibiotic at the 1st or 6th month of treatment (p >0.05).
The 1st or 6th-month BV cure rates did not correlate with
the frequency of the isolated Lactobacillus strains in the
probiotic group. The effects of adding probiotic supplements
to the standard antibiotic therapy on BV recovery were
evaluated by Hamid et al. [40]; the BV recovery rate was not
significantly different between the probiotic group and the
metronidazole (with or without oral probiotics) group. The
two groups did not show any significant differences in the
vaginal pH, KOH test, or clue cell counts after the therapy
(p>0.05).

4. Discussion

In this systematic review, 24 RCTs with 8,242 women
participants were evaluated to come to a conclusion about
the efficacy of probiotic monotherapy and combination
therapy on bacterial vaginosis. It remains unclear whether
the initial pathogenic event is the overgrowth of anaerobes
or the primary diminution of lactobacilli. Several trials (14
RCTs) have shown that BV patients who receive probiotics
alone have significantly higher cure rates than those re-
ceiving placebo and also improve the microbial pattern in
vaginal dysbiosis through the following mechanisms: (1)
maintaining a normal vaginal pH by producing lactic acid,
(2) inhibiting the growth of pathogens by degrading the
epithelium glycogen, and (3) competing with pathogens for
adhesion sites by producing bacteriocins, biosurfactants, and
H,0,. Some articles have confirmed that certain strains of
vaginal lactobacilli are able to produce H,O, which inhibits
the adherence of G. vaginalis to the epithelial cells [47, 48]
and (4) have an immunomodulatory effect. Probiotics
stimulate the immune defense system to produce the cy-
tokines IL-10 and a decrease in serum level of TNF-« [49].
On the other hand, Hemalatha et al. [25] found a significant
reduction in the IL-1f and IL-6 vaginal levels following
treatment with lactobacilli, suggesting that lactobacilli can
have anti-inflammatory effects and can cure BV. Moreover,
lipoteichoic acids on the cell wall of Lactobacillus spp. can
block the inflammatory response induced by the lipopoly-
saccharide by competitively binding to CD14 [19, 50].

There were substantial variations among the pre/pro-
biotics interventions, such as variation in dosage, admin-
istration routes, therapy duration, prebiotics type, or
probiotics strain and species, which make comparisons
across different trials difficult. Even commercially available
products might have variations in their ingredients. The use
of unique commercially available probiotic products as
standardized interventions may solve this issue, but the
accessibility of these products may be limited to certain
regions and periods.

None of the RCTs have reported significant adverse
effects. Since probiotics are not systemically absorbed, they
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are generally regarded as safe for healthy people [17, 51]. A
multicenter RCT [33] has reported that oral or intravaginal
probiotics can be used as side-effect-free alternative treat-
ments for BV. Some publications have suggested that the
administration of probiotics by any routes at doses between
10° to 10'' CFUs can be efficient for BV treatment [52].
Regarding the results of different trials, the most commonly
used probiotic species was L. rhamnosus, and the admin-
istration of a cocktail of different probiotic species was more
effective than probiotic monotherapies. Both the intra-
vaginal and oral administration of pre/probiotics were as-
sociated with significant improvements in the cure rate of
BV. Even though the intravaginal route seems to be the
preferred route by the many RCTs, the ideal route of delivery
for pre/probiotics still remains controversial. Some studies
indicated that orally applied lactobacilli may positively in-
fluence vaginal health [53]. Regarding the oral route of
administration, it is critical to consider the viability of the
probiotics strains under high concentrations of gastric acid
and bile salts as well as the time lactobacilli can reach and
colonize the vagina, which appear to be different person to
person [53]. Marcotte et al. [43] illustrated that the efficacy of
probiotics was consistent with the short-term efficacy of
antibiotics and that the long-term efficacy of probiotics
significantly prevented BV recurrence [54, 55].

The results of several trials have shown that pre/pro-
biotics combined with metronidazole (12 trials; 994 pop-
ulations) or clindamycin (3 trials; 350 populations) are more
efficient in reducing BV recurrence rate compared to
metronidazole or clindamycin alone. Antibiotic therapy on
BV has always been argued to cause high recurrence rates,
which might be due to several factors, including the fact that
some BV is causing microbes to possess genes that repair the
antibiotic-induced DNA damage and hence lead to BV
recurrence. Pre/probiotic adjuvants can help prevent this
event since pre/probiotic + antibiotic combination can aim
at different targets in BV-associated microbes and multi-
species BV biofilm, making it difficult for the microbes to
counteract the effects. Authors of a Cochrane Review have
found that probiotic interventions provide beneficial effects
on BV treatment when given in combination with metro-
nidazole [56]. Moreover, a clinical cohort study illustrated
that the intravaginal administration of L. delbrueckii subsp.
lactis DM8909 is as effective as metronidazole in the
treatment of BV, which might be associated with reestab-
lishing the normal vaginal microbiota by this probiotic
strain. The present systematic review demonstrates that pre/
probiotics might increase the cure rate of BV and could be
administered as a cotreatment along with or as a substitute
for the conventional antibiotic treatment. There are serious
concerns regarding the effects of metronidazole and clin-
damycin on the growth inhibition of Lactobacillus spp. and
hence the vaginal dysbiosis following BV antibiotic treat-
ment. High concentrations of metronidazole, that is, be-
tween 1000 and 4000 mg/ml, can partially inhibit the growth
of Lactobacillus spp., while concentrations of 5000 mg/ml
can completely suppress the growth of these species [57-59].
Some studies have reported that concentrations between 128
and 256 mg/ml can stimulate the growth of Lactobacillus
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spp- [59]. Carlstedt-Duke et al. [60] have observed a minimal
influence of clindamycin on the growth of lactobacilli when
employed simultaneously to restore the gut normal
microbiota of rats. Of note, antibiotic resistance in the
lactobacilli strains was found not to be associated with the
extra chromosomal elements since plasmids were not found
in these strains [58]. This observation would indicate a low
chance of antibiotic resistance transmission to pathogenic
microorganisms.

The utilization, route of administration, and timing of
antibiotics in relation to the probiotic’s intervention varied
significantly among investigations. By applying probiotics and
antibiotics simultaneously, antibiotics might induce inhibi-
tory effects on the probiotics within the gastrointestinal tract.
It is therefore recommended to give antibiotics and probiotics
separately within intervals of 2 to 4 hours [61, 62].

The vaginal microbiota in pregnant women undergoes
subtle changes and may influence several aspects of preg-
nancy outcomes. Furthermore, the effect of probiotics on
BV-associated microbiota dysbiosis during pregnancy re-
mains unknown. In this review, 7 RCTs provide evidence of
pre/probiotics supplementation as prevention and im-
provement of the BV treatment in pregnant women. Yefet
et al., Krauss-Silva et al., and 4 RCTs in Table 2 found that
oral probiotic administration colonized the vagina, although
the rate of colonization was lower than that in nonpregnant
ladies [27, 29, 36, 53, 63, 64]. There are some conceivable
explanations for that. This might be due to a slower
movement of the digestive tract among pregnant women
(due to hormonal changes), which subsequently slows down
the movement of Lactobacilli through the intestinal tract. In
such a case, it may take longer to show vaginal colonization.
Also, oral administration of probiotics may have a positive
influence on the vaginal microbial ecosystem through
competitive inhibition of pathogens or production of
postbiotics [63].

4.1. Strengths and Limitations. Compared with the former
systematic reviews [17, 19, 53, 65], there are some advantages
to the present review; a large number of studies have been
reviewed since 2010, with a low risk of bias (24 RCTs with
8,242 patients) which makes the outcomes more valid and
reliable. The present study also investigated a large number
of factors and outcomes, including the type of intervention
(probiotics or synbiotics), dosages, the length of interven-
tion, and follow-up period for prevention or treatment of
bacterial vaginosis. Nonetheless, there are some limitations
to this study. The small number of available trials, small
sample size, variation in the methods and probiotics
preparation protocols, types of species, number of probiotic
strains, the dosage of probiotics used and mean age of
participants among trials, different length of the interven-
tions used, and the follow-up duration as well as exclusion of
unpublished study data can be a confounding factor for
pooling the studies.
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5. Conclusions

Given the imperative to reduce antibiotic resistance by
decreasing antibiotic therapy, alternative approaches are
needed to treat and prevent BV. In several trials that used
pre/probiotics in combination with antibiotics, probiotics
were rendered effective as an adjunct treatment. In con-
clusion, probiotics may have a positive effect on the treat-
ment of female bacterial vaginosis. However, further
research is needed to validate the beneficial effects and safety
of probiotics in the prevention or treatment of bacterial
vaginosis.

Data Availability

All relevant data are included in the paper.

Ethical Approval

This study was approved by the Ethics Committee (Grant no.
IRBHN.REC.1399.075) of Behbahan Faculty of Medical
Sciences.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Atieh Darbandi and Roya Ghanavati conceived, designed,
and supervised the study. Roghayeh Afifirad and Amir Darb
Emamie contributed to data collection, interpretation, and
final approval of data for the work. Roghayeh Afifirad and
Roya Ghanavati developed the first and final draft of the
manuscript. Parisa Asadollahi and Atieh Darbandi devel-
oped the second draft of the manuscript. All figures and
tables were designed and checked by Roya Ghanavati and
Amir Darb Emamie. All authors reviewed and contributed
to the revisions and finalized the drafts. Roya Ghanavati and
Atieh authors contributed equally to this work.

Acknowledgments

This study was supported by a grant from the Behbahan
Faculty of Medical Sciences (Grant no. 99057).

Supplementary Materials

Table SI: Risk of bias assessment using a Joanna Briggs
Institute (JBI) Critical Appraisal Checklist tool to assess
studies in the systematic review. (Supplementary Materials)

References

[1] C. T. Bautista, E. Wurapa, W. B. Sateren, S. Morris,
B. Hollingsworth, and J. L. Sanchez, “Bacterial vaginosis: a
synthesis of the literature on etiology, prevalence, risk factors,


https://downloads.hindawi.com/journals/ijclp/2022/4774783.f1.docx

14

(2]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

and relationship with chlamydia and gonorrhea infections,”
Military Medical Research, vol. 3, no. 1, p. 4, 2016.

E. H. Koumans, M. Sternberg, C. Bruce et al., “The prevalence
of bacterial vaginosis in the United States, 2001-2004 asso-
ciations with symptoms, sexual behaviors, and reproductive
health,” Sexually transmitted diseases, vol. 34, no. 11,
pp. 864-9, 2007.

C. Kenyon, R. Colebunders, and T. Crucitti, “The global
epidemiology of bacterial vaginosis: a systematic review,”
American journal of obstetrics and gynecology, vol. 209, no. 6,
pp. 505-523, 2013.

M. Abdul-Aziz, M. A. Mahdy, R. Abdul-Ghani et al., “Bac-
terial vaginosis, vulvovaginal candidiasis and trichomonal
vaginitis among reproductive-aged women seeking primary
healthcare in Sana’a city, Yemen,” BMC Infectious Diseases,
vol. 19, no. 1, pp. 1-10, 2019.

S. Sabour, M. Arzanlou, H. Vaez, G. Rahimi, A. Sahebkar, and
F. Khademi, “Prevalence of bacterial vaginosis in pregnant
and non-pregnant Iranian women: a systematic review and
meta-analysis,” Archives of gynecology and obstetrics, vol. 297,
no. 5, pp. 1101-1113, 2018.

H. Leitich, B. Bodner-Adler, M. Brunbauer, A. Kaider,
C. Egarter, and P. Husslein, “Bacterial vaginosis as a risk factor
for preterm delivery: a meta-analysis,” American journal of
obstetrics and gynecology, vol. 189, no. 1, pp. 139-147, 2003.
S. L. Hillier, R. P. Nugent, D. A. Eschenbach et al., “Asso-
ciation between Bacterial Vaginosis and Preterm Delivery of a
Low-Birth-Weight Infant,” New England Journal of Medicine,
vol. 333, no. 26, pp. 1737-1742, 1995.

B. D. Taylor, T. Darville, and C. L. Haggerty, “Does bacterial
vaginosis cause pelvic inflammatory disease?” Sexually
transmitted diseases, vol. 40, no. 2, pp. 117-122, 2013.

M. Shimaoka, Y. Yo, K. Doh et al., “Association between
preterm delivery and bacterial vaginosis with or without
treatment,” Scientific Reports, vol. 9, no. 1, p. 509, 2019.

S. G. Ralph, A. J. Rutherford, and J. D. Wilson, “Influence of
bacterial vaginosis on conception and miscarriage in the first
trimester: cohort study,” BMJ, vol. 319, no. 7204, pp. 220-223,
1999.

K. Kero, J. Rautava, K. Syrjdnen, S. Grenman, and S. Syrjdnen,
“Association of asymptomatic bacterial vaginosis with per-
sistence of female genital human papillomavirus infection,”
European Journal of Clinical Microbiology ¢ Infectious Dis-
eases, vol. 36, no. 11, pp. 2215-2219, 2017.

EH Koumans, LE Markowitz, and V Hogan, “Indications for
therapy and treatment recommendations for bacterial vagi-
nosis in nonpregnant and pregnant women: a synthesis of
data,” Clinical Infectious Diseases, vol. 35, 2002.

C. S. Bradshaw, A. N. Morton, J. Hocking et al., “High re-
currence rates of bacterial vaginosis over the course of 12
months after oral metronidazole therapy and factors associ-
ated with recurrence,” The Journal of infectious diseases,
vol. 193, no. 11, pp. 1478-1486, 2006.

M. Ferrer, C. Méndez-Garcia, D. Rojo, C. Barbas, and
A. Moya, “Antibiotic use and microbiome function,” Bio-
chemical pharmacology, vol. 134, pp. 114-126, 2017.

A. R. Melkumyan, T. V. Priputnevich, A. S. Ankirskaya,
V.V.Murav'eva, and L. A. Lubasovskaya, “Effects of antibiotic
treatment on the lactobacillus composition of vaginal
microbiota,” Bulletin of experimental biology and medicine,
vol. 158, no. 6, pp. 766-768, 2015.

C. Ceccarani, C. Foschi, C. Parolin et al., “Diversity of vaginal
microbiome and metabolome during genital infections,”
Scientific Reports, vol. 9, no. 1, Article ID 14095, 2019.

(17]

(18]

(19]

(20]

(21]

[22
[23

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

International Journal of Clinical Practice

Z. Wang, Y. He, and Y. Zheng, “Probiotics for the Treatment
of Bacterial Vaginosis: A Meta-Analysis,” International
Journal of Environmental Research and Public Health, vol. 16,
no. 20, p. 3859, 2019.

L. Buggio, E. Somigliana, A. Borghi, and P. Vercellini,
“Probiotics and vaginal microecology: fact or fancy?” BMC
Women’s Health, vol. 19, no. 1, p. 25, 2019.

H. Tan, Y. Fu, C. Yang, and J. Ma, “Effects of metronidazole
combined probiotics over metronidazole alone for the
treatment of bacterial vaginosis: a meta-analysis of ran-
domized clinical trials,” Archives of gynecology and obstetrics,
vol. 295, no. 6, pp. 1331-1339, 2017.

K. Sutyak Noll, P. J. Sinko, and M. L. Chikindas, “Elucidation
of the molecular mechanisms of action of the natural anti-
microbial peptide subtilosin against the bacterial vaginosis-
associated pathogen Gardnerella vaginalis,” Probiotics and
antimicrobial proteins, vol. 3, no. 1, pp. 41-47, 2011.

M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “The PRISMA
2020 statement: an updated guideline for reporting systematic
reviews,” International Journal of Surgery, vol. 88, Article ID
105906, 2021.

Aromataris E MZEJMIES], 2020.

C Gille, B Boer, M Marschal et al., “Effect of probiotics on
vaginal health in pregnancy. EFFPRO, a randomized con-
trolled trial,” American journal of obstetrics and gynecology,
vol. 215, no. 5, 2016.

S. Husain, J. Allotey, Z. Drymoussi et al., “Effects of oral
probiotic supplements on vaginal microbiota during preg-
nancy: a randomised, double-blind, placebo-controlled trial
with microbiome analysis,” BJOG: An International Journal of
Obstetrics and Gynaecology, vol. 127, no. 2, pp. 275-284, 2020.
R. Hemalatha, P. Mastromarino, B. A. Ramalaxmi,
N. V. Balakrishna, and B. Sesikeran, “Effectiveness of vaginal
tablets containing lactobacilli versus pH tablets on vaginal
health and inflammatory cytokines: a randomized, double-
blind study,” European Journal of Clinical Microbiology &
Infectious Diseases, vol. 31, no. 11, pp. 3097-3105, 2012.

J. Indarti and U. Budidarmo, “Effectiveness of oral probiotics
as adjuvant therapy in reproductive aged women with vaginal
discharge,” Indonesian Journal of Obstetrics and Gynecology,
vol. 6, no. 1, pp. 3-9, 2018.

L. Krauss-Silva, M. E. L. Moreira, M. B. Alves et al, “A
randomised controlled trial of probiotics for the prevention of
spontaneous preterm delivery associated with bacterial vag-
inosis: preliminary results,” Trials, vol. 12, 2011.

M. Ho, Y.-Y. Chang, W.-C. Chang et al., “Oral Lactobacillus
rhamnosus GR-1 and Lactobacillus reuteri RC-14 to reduce
Group B Streptococcus colonization in pregnant women: a
randomized controlled trial,” Taiwanese Journal of Obstetrics
and Gynecology, vol. 55, no. 4, pp. 515-518, 2016.

P. Olsen, M. Williamson, V. Traynor, and C. Georgiou, “The
impact of oral probiotics on vaginal Group B Streptococcal
colonisation rates in pregnant women: a pilot randomised
control study,” Women and Birth, vol. 31, no. 1, pp. 31-37,
2018.

R. Russo, E. Karadja, and F. De Seta, “Evidence-based mixture
containing Lactobacillus strains and lactoferrin to prevent
recurrent bacterial vaginosis: A double blind, placebo con-
trolled, randomised clinical trial,” Beneficial Microbes, vol. 10,
no. 1, pp. 19-26, 2019.

A. Tomusiak, M. Strus, P. Heczko et al., “Efficacy and safety of
a vaginal medicinal product containing three strains of
probiotic bacteria: A multicenter, randomized, double-blind,



International Journal of Clinical Practice

and placebo-controlled trial,” Drug Design, Development and

Therapy, vol. 9, 2015.

S. Yang, G. Reid, J. R. G. Challis et al., “Effect of oral probiotic

Lactobacillus rhamnosus GR-1 and lactobacillus reuteri RC-

14 on the vaginal microbiota, cytokines and chemokines in

pregnant women,” Nutrients, vol. 12, no. 2, 2020.

G. Vujic, A. Jajac Knez, V. Despot Stefanovic, and V. Kuzmic

Vrbanovic, “Efficacy of orally applied probiotic capsules for

bacterial vaginosis and other vaginal infections: A double-

blind, randomized, placebo-controlled study,” European

Journal of Obstetrics and Gynecology and Reproductive Biol-

ogy, vol. 168, no. 1, pp. 75-79, 2013.

C. Laue, E. Papazova, A. Liesegang et al., “Effect of a yoghurt

drink containing Lactobacillus strains on bacterial vaginosis

in women-a double-blind, randomised, controlled clinical

pilot trial,” Beneficial Microbes, vol. 9, no. 1, pp. 35-50, 2018.

[35] S. Ehrstrom, K. Daroczy, E. Rylander et al, “Lactic acid
bacteria colonization and clinical outcome after probiotic
supplementation in conventionally treated bacterial vaginosis
and vulvovaginal candidiasis,” Microbes and Infection, vol. 12,
no. 10, pp. 691-699, 2010.

[36] C. Barthow, K. Wickens, T. Stanley et al., “The Probiotics in

Pregnancy Study (PiP Study): rationale and design of a

double-blind randomised controlled trial to improve maternal

health during pregnancy and prevent infant eczema and al-

lergy,” BMC Pregnancy and Childbirth, vol. 16, no. 1, p. 133,

2016.

C.S. Bradshaw, M. Pirotta, D. De Guingand et al., “Efficacy of

oral metronidazole with vaginal clindamycin or vaginal

probiotic for bacterial vaginosis: randomised placebo-con-

trolled double-blind trial,” PLoS One, vol. 7, no. 4, Article ID

€34540, 2012.

[38] G.G. G. Donders, B. Van Bulck, P. Van de Walle et al., “Effect
of lyophilized lactobacilli and 0.03 mg estriol (gynoflor) on
vaginitis and vaginosis with disrupted vaginal microflora: a
multicenter, randomized, single-blind, active-controlled pilot
study,” Gynecologic and Obstetric Investigation, vol. 70, no. 4,
pp. 264-272, 2010.

[39] P. B. Heczko, A. Tomusiak, P. Adamski et al., “Supplemen-

tation of standard antibiotic therapy with oral probiotics for

bacterial vaginosis and aerobic vaginitis: a randomised,
double-blind, placebo-controlled trial,” BMC Women’s

Health, vol. 15, no. 1, p. 115, 2015.

R. Hamid, E. Tiro, and J. Tumedia, “Probiotic supplements do

not increase the effectiveness of antibiotics in the treatment of

bacterial vaginosis,” Indonesian Journal of Obstetrics and

Gynecology, vol. 1, no. 4, pp. 194-198, 2013.

S. Hakimi, F. Farhan, A. Farshbaf-Khalili et al., “The effect of

prebiotic vaginal gel with adjuvant oral metronidazole tablets

on treatment and recurrence of bacterial vaginosis: a triple-
blind randomized controlled study,” Archives of Gynecology

and Obstetrics, vol. 297, no. 1, pp. 109-116, 2018.

Z.Ling, X. Liu, W. Chen et al., “The restoration of the vaginal

microbiota after treatment for bacterial vaginosis with met-

ronidazole or probiotics,” Microbial Ecology, vol. 65, no. 3,

pp. 773-780, 2013.

H. Marcotte, P. G. Larsson, K. K. Andersen et al., “An ex-

ploratory pilot study evaluating the supplementation of

standard antibiotic therapy with probiotic lactobacilli in south

African women with bacterial vaginosis,” BMC Infectious

Diseases, vol. 19, no. 1, p. 824, 2019.

[44] J. H. H. M. van de Wijgert, M. C. Verwijs, S. K. Agaba et al,,
“Intermittent lactobacilli-containing vaginal probiotic or
metronidazole use to prevent bacterial vaginosis recurrence: a

(32

(33

(34

[37

(40

(41

(42

(43

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

15

pilot study incorporating microscopy and sequencing,” Sci-
entific Reports, vol. 10, no. 1, p. 3884, 2020.

E. Palma, N. Recine, L. Domenici, M. Giorgini, A. Pierangeli,
and P. B. Panici, “Long-term Lactobacillus rhamnosus BMX
54 application to restore a balanced vaginal ecosystem: a
promising solution against HPV-infection,” BMC Infectious
Diseases, vol. 18, no. 1, p. 13, 2018.

A. D. Retnoningrum, T. Nurseta, T. Nurseta, S. R. Prawiro,
A. T. Endharti, and E. S. Wahyuni, “The effects of gluco-
mannan hydrolysates and BV gel on nugent score, Treg cell
percentage, and TGF-? Level in bacterial vaginosis,” Indo-
nesian Journal of Medicine, vol. 3, no. 1, pp. 33-43, 2018.
M. E. Falagas, G. I. Betsi, and S. Athanasiou, “Probiotics for
the treatment of women with bacterial vaginosis,” Clinical
Microbiology and Infections, vol. 13, no. 7, pp. 657-664, 2007.
W. Mendling, “Vaginal microbiota,” Microbiota of the Human
Body, vol. 902, pp. 83-93, 2016.

J. E. Lee, S. Lee, H. Lee et al., “Association of the vaginal
microbiota with human papillomavirus infection in a Korean
twin cohort,” PLoS One, vol. 8, no. 5, Article ID e63514, 2013.
R. Kaji, J. Kiyoshima-Shibata, M. Nagaoka, M. Nanno, and
K. Shida, “Bacterial teichoic acids reverse predominant IL-12
production induced by certain lactobacillus strains into
predominant IL-10 production via TLR2-dependent ERK
activation in macrophages,” The Journal of Immunology,
vol. 184, no. 7, pp. 3505-3513, 2010.

J. Elias, P. Bozzo, and A. Einarson, “Are probiotics safe for use
during pregnancy and lactation?” Canadian Family Physician,
vol. 57, no. 3, pp. 299-301, 2011.

G. Reid, D. Charbonneau, J. Erb et al., “Oral use ofLacto-
bacillus rhamnosusGR-1 andL. fermentumRC-14 signifi-
cantly alters vaginal flora: randomized, placebo-controlled
trial in 64 healthy women,” FEMS Immunology and Medical
Microbiology, vol. 35, no. 2, pp. 131-134, 2003.

H. Huang, L. Song, and W. Zhao, “Effects of probiotics for the
treatment of bacterial vaginosis in adult women: a meta-
analysis of randomized clinical trials,” Archives of Gynecology
and Obstetrics, vol. 289, no. 6, pp. 1225-1234, 2014.

B. Ma, L. J. Forney, and J. Ravel, “Vaginal microbiome: re-
thinking health and disease,” Annual Review of Microbiology,
vol. 66, no. 1, pp. 371-389, 2012.

S. Srinivasan, N. G. Hoffman, M. T. Morgan et al., “Bacterial
communities in women with bacterial vaginosis: high reso-
lution phylogenetic analyses reveal relationships of micro-
biota to clinical criteria,” PLoS One, vol. 7, no. 6, Article ID
e37818, 2012.

A. C. Senok, H. Verstraelen, M. Temmerman, and G. A. Botta,
“Probiotics for the treatment of bacterial vaginosis,” Cochrane
Database of Systematic Reviews, vol. 4, Article ID Cd006289,
2009.

A. Aroutcheva, J. A. Simoes, S. Shott, and S. Faro, “The in-
hibitory effect of clindamycin onLactobacillus in vitro,” In-
fectious Diseases in Obstetrics and Gynecology, vol. 2001,
Article ID 451598, 6 pages, 2001.

V. Ocafia, C. Silva, and M. E. Nader-Macias, “Antibiotic
susceptibility of potentially probiotic vaginal lactobacilli,”
Infectious Diseases in Obstetrics and Gynecology, vol. 2006,
Article ID 18182, 6 pages, 2006.

J. A. Simoes, A. A. Aroutcheva, S. Shott, and S. Faro, “Effect of
metronidazole on the growth of vaginal lactobacilliin vitro,”
Infectious Diseases in Obstetrics and Gynecology, vol. 9, no. 1,
pp. 41-45, 2001.

B. Carlstedt-Duke, L. Alm, T. Ha, verstad et al., “Influence of
clindamycin, administered together with or without



16

(61]

(62]

(63]

[64]

(65]

lactobacilli, upon intestinal ecology in rats,” FEMS Microbi-
ology Letters, vol. 45, no. 5, pp. 251-259, 1987.

L. Boyanova and I. Mitov, “Coadministration of probiotics
with antibiotics: why, when and for how long?” Expert Review
of Anti-infective Therapy, vol. 10, no. 4, pp. 407-409, 2012.
X. Shi, J. Zhang, L. Mo, J. Shi, M. Qin, and X. Huang, “Efficacy
and safety of probiotics in eradicating Helicobacter pylori,”
Medicine, vol. 98, no. 15, Article ID e15180, 2019.

E. Yefet, R. Colodner, M. Strauss, Y. Gam Ze Letova, and
Z. Nachum, “A randomized controlled open label crossover
trial to study vaginal colonization of orally administered
Lactobacillus reuteri RC-14 and rhamnosus GR-1 in pregnant
women at high risk for preterm labor,” Nutrients, vol. 12,
no. 4, p. 1141, 2020.

D. Vasundhara, V. N. Raju, R. Hemalatha, R. Nagpal, and
M. Kumar, “Vaginal & gut microbiota diversity in pregnant
women with bacterial vaginosis & effect of oral probiotics: an
exploratory study,” Indian Journal of Medical Research,
vol. 153, no. 4, p. 492, 2021.

L. Hanson, L. Vandevusse, M. Jermé, C. L. Abad, and
N. Safdar, “Probiotics for treatment and prevention of uro-
genital infections in women: a systematic review,” Journal of
Midwifery and Women’s Health, vol. 61, no. 3, pp. 339-355,
2016.

International Journal of Clinical Practice



