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Abstract

Background: Bacterial vaginosis (BV) is one of the most common vaginal infectious diseases in female reproductive
period. Although the existing view is that probiotic treatment may be one of the feasible methods for the treatment
of BV, different intervention methods lead to different treatment results. Therefore, up-to-date and comprehensive
evidence in this regard is essential for the development of intervention strategies.

Objective: This meta-analysis aims to systematically evaluate the role of probiotics in the treatment of BV in adult
women.

Methods: We searched the databases of Embase, Cochrane Library, PubMed, Web of Science and ClinicalTrials.gov
for Randomized Controlled Trials published until November 7, 2021. Meta-analysis was performed by Revman5.3
software to systematically evaluate the clinical efficacy of probiotics adjunctive therapy in the treatment of BV. The
literatures were screened and evaluated according to the inclusion and exclusion criteria. Chi-square test was used to
test the heterogeneity between trials. Random or Fixed effect models were used to analyze the cure rate of BV.

Results: Fourteen randomized controlled trials compared the efficacy of probiotics with antibiotic therapy (probi-
otics + antibiotics group) versus antibiotics alone or plus placebo (antibiotics (+ placebo) group) for BV [Risk Ratios
(RR)=1.23,95% Cl (1.05, 1.43), P=10.009]. Three compared the efficacy of probiotics regimen (probiotics group) and
antibiotics (antibiotics group) in the treatment of BV [RR=1.12, 95% CI (0.60, 2.07), P=0.72]. Another Three compared
the efficacy of probiotics regimen (probiotics group) with placebo (placebo group) [RR=15.20, 95% Cl (3.87, 59.64),

P <0.0001].

Conclusion: Our meta-analysis suggests probiotics may play a positive role in the treatment of BV, but more strong
evidence is needed.
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Plain Language Summary

Our meta-analysis found that probiotics may play an active role in adjuvant treatment of bacterial vaginosis by
conventional antibiotic therapy. It was emphasized that oral administration of L. rhamnose was more effective than
vaginal application of L. rhamnose in the treatment of bacterial vaginosis. The therapeutic effect of probiotics varies

with the administration route and dosage of probiotics.

Introduction

As one of the most common vaginal infectious diseases
in the child-bearing period of women [1], bacterial vagi-
nosis is caused by the imbalance of microecology in the
vagina and the mixed infection of Gardnerella Vaginalis
(GV) and anaerobic bacteria owning to regular irriga-
tion, multiple sexual partners, non-condom use, smok-
ing and reduced estrogen levels [1-4]. BV patients often
have symptoms including increased secretion of vaginal
discharge, fishy smell in leucorrhea, and pruritus and
burning in vulvas. In addition, some studies have shown
that BV is likely to cause a range of health problems such
as premature birth, pelvic inflammation, infection and
transmission of sexually transmitted diseases includ-
ing acquired immune deficiency syndrome [5-11]. And
because of the obvious discomfort of vulva when BV
onsets and the high recurrence rate of BV, women’s life
quality and even their mental health are significantly neg-
atively affected by BV, although the prevalence of BV var-
ies geographically [5].

Approximately 50% of BV patients have clinical symp-
toms, which can be diagnosed by Amsel standard or
Nugent score. Among them, Amsel standard is a con-
venient and practical method, which is widely used as
the gold standard in clinic [1, 12]. If possible, the vaginal
flora could also be graded and evaluated by Nugent scor-
ing system [13, 14]. Nugent scoring system diagnosis of
BV shows a higher sensitivity and lesser dependence on
clinicians.

Since the vaginal microbiota of BV patients has
changed from Lactobacillus, the dominant microbiota
of vagina, to a more diversified community mainly com-
posed of facultative and obligate anaerobic bacteria.
Nowadays, antibiotics such as metronidazole and clinda-
mycin are used worldwide in clinical treatment to fight
against BV related microbes in a short period to give
space for normal vaginal microbiota to restore [15, 16].
However, an extremely high recurrence rate of 69% could
be observed in patients after effective antibiotic treat-
ment. And there may be some adverse effects like gastro-
intestinal discomfort such as nausea and vomiting from
antibiotic use, as well as the risk of developing resistance
to antibiotics [3, 9, 17]. Therefore, it is crucial to explore
a safer and more long-lasting clinical treatment for BV.
Fortunately, probiotics preparations have been proved

to be a safe alternative for restoring the microecological
balance of female reproductive tract and they are gen-
erally accepted by patients [18]. However, even though
more and more Randomized Controlled Trials (RCTs) of
using probiotics as an alternative or adjunctive treatment
for BV have been reported, they result in a controversial
efficacy. There are also obvious differences in dosage regi-
mens of probiotics in previous studies [19-23].

This study aimed to clarify the efficacy and role of
probiotics in BV treatment by adopting meta-analysis
to integrate scattered literatures and systematic analysis
to explore the source of heterogeneity and its impact on
trial results.

Methods

Search strategy

Literature retrieval was conducted independently by two
researchers. The Cochrane Library, PubMed, EMBASE,
Web of Science databases and ClinicalTrials.gov web-
site were searched for RCTs on probiotics in the treat-
ment of bacterial vaginosis that were published prior
to 7 November 2021. We searched the literature using
subject terms and free words, including terms related
to or included “Vaginosis, Bacterial’, including Bacterial
Vaginitides; Vaginitides, Bacterial; Bacterial Vaginosis;
Vaginitis, Nonspecific; Nonspecific Vaginitis; Bacterial
Vaginoses; Vaginoses, Bacterial; Bacterial Vaginitis; Vagi-
nitis, Bacterial. Words related to “Probiotics” or "Lacto-
bacillales", including Lactic Acid Bacteria, Lactobacillus,
Lactobacilli, Bifidobacterium, and LB were also searched.
The study protocol was registered on PROSPERO
(CRD42021289871).

Inclusion and exclusion criteria

The following were the inclusion criteria for considering
full-text publications: (a) studies must be RCTs; (b) study
population was women in childbearing age who were
non-pregnant and were diagnosed only with BV by either
Nugent score [13] or Amsel criteria [1]; (c)intervention
for experimental group was probiotics only (regardless
of dose, route of administration, single or mixed strain)
or probiotics in combination of conventional antibiotics
treatment matched with antibiotics or placebo as control;
(d) the prioritized treatment outcomes was cure or recur-
rent rate of BV.
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The exclusion criteria were articles that (a) studies
which included pregnant women, women with sexually
transmitted infections or other urinary tract infections
other than BV; (b) had no full text available or was not
written in English; (c) failed to report the required
results; (d) had unextractable outcome indicators. For
example, those studies which barely demonstrated the
cure or recurrence rate without the detailed number of
cured or recurrent participants.

Determination of main outcome indicators

The main outcome indicator was higher BV cure rate in
the probiotics group against placebo group or the anti-
biotic group, which was evaluated by cure corresponds
to the diagnostic criteria. In some articles, the outcome
index was the percentage of the recurrence rate, which
we had converted to the cure rate for evaluation. Cure
refers to the normalization of diagnostic indicators, such
as Amsel criteria <1 or Nugent score <3.

Secondary observation indicators included (a) disap-
peared clue cells, negative in sialidase test, and had no
symptoms and signs of BV (such as no unpleasant secre-
tion or odor); (b) normal vaginal flora; (c) prolonged
time of recurrence after initial treatment when adjuvant
therapy with lactic acid bacteria was used; (d) improved
Nugent score to below 7 after treatment.

The most common local adverse events were abnormal
vaginal discharge, abnormal vaginal odor, external geni-
tal irritation and genital pruritus. Safety was assessed by
recording all side effects. Adverse events that occurred
during the trial were evaluated in the treatment group
and the placebo group to determine whether there was a
significant difference between the two groups.

Data extraction and synthesis

Data were extracted in tables, including author, year of
publication, type of study, age, sample size (interven-
tion/control), intervention measures (type, dosage, drug-
delivery way, intervention time), follow-up time, and
diagnosis criteria.

Quality assessment of the studies

Cochrane Handbook for Systematic Reviews of Interven-
tions for assessing risk of bias was recommended quality
assessment method used in randomized controlled trials,
which mainly includes 7 aspects. Two researchers (Chen
and Li) conducted data extraction and risk assessment
respectively. Any differences were discussed and a third
investigator (Qing) was presented to decide whether to
reach an agreement.
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Statistical analysis

RevMan5.3 software was used for statistical analysis of
the included data. The statistical method was expressed
as Mantel-Haenszel (M-H), and the effect measure as RR
and 95% Confidence Interval (CI). P<0.05 indicated that
the difference was statistically significant. Chi-square
test was used for heterogeneity analysis. If P>0.1 and
> <50%, the heterogeneity between studies was low. If
P <0.1 and I?>50%, it indicated that there was significant
heterogeneity between studies. Due to the different clini-
cal designs of these randomized controlled trials, fixed
effect models were used for meta-analysis of trials with
low heterogeneity. For trials with high heterogeneity, we
used random effect models for meta-analysis, and sub-
group analysis or impact analysis.

Subgroup analysis was to find out the causes of hetero-
geneity by grouping the route of administration, diagnos-
tic criteria, recruitment area, follow-up time, species of
probiotics, use of L. rhamnose and dosage of probiotics.
Sensitivity analysis was to gradually exclude the included
literature and recalculate the I? and P values. If heteroge-
neity has changed greatly after the exclusion of an article,
it may be the main source of heterogeneity.

Results

Study identification and selection

According to the established retrieval strategy, 926 rel-
evant literatures were preliminarily retrieved. After
removing the repeated 455 literatures, there were 471
literatures that can be screened. After excluding reviews,
meeting minutes, and others non relevant article types,
382 papers remained. After reading the title and abstract,
there were 57 articles left. An additional 37 articles were
excluded based on inclusion and exclusion criteria.
Finally, 20 relevant articles were included in this study,
involving 2093 participants. The flowchart shows the
process of literature selection (Fig. 1).

Risk of bias assessment

The assessment of risk of bias for the included 20 RCTs
are shown in Fig. 2. Risk of bias were mainly derived from
Random Sequence Generation, eight studies in this sec-
tion had uncertain bias risk. Six of the included studies
achieved a score of seven, indicating good quality. Over-
all, the quality of the included studies was moderate. Of
the 20 studies, most had an uncertain risk of bias, and
only five were considered high risk of bias.

Characteristics of the studies

The main characteristics of the 20 randomized con-
trolled trials included in this meta-analysis are shown
in Table 1. The included trials were published between
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The number of corresponding literatures The number of corresponding literatures
obtained by searching the English database obtained from other sources
n=926 n=0

The number after removing duplicate references

n=471
The number of literatures such as
¢ reviews,conference abstracts and animal
experiments was excluded
n=89
A 4
The number of literature obtained after initial screening
n=382

Studies with inconsistencies or

L @—— interventions/controls were excluded by reading
abstracts

n=325

y
The number of articles eligible for inclusion after

viewing the abstract
n=57

Literatures with non-RCTS, lax experimental
designs or inconsistent research methods
were excluded

=4

full-text articles not available

n=23

The article is not in English

n=10

y
The number of literature included after full text browsing

n=20
Literatures with inconsistent outcome
<1 indicators were excluded
n=0
A 4
The number of literatures to be meta-analyzed
n=20

Fig. 1 PRISMA flow diagram

1992 and 2021, and consist of 1067 patients in the Fourteen randomized controlled trials compared the
experimental group and 1026 patients in the control efficacy of antibiotics in addition to probiotics in BV
group. These twenty articles can be divided into three (antibiotics + probiotics group) and antibiotics alone
cases according to different experimental schemes. (or with placebo) in BV (antibiotics (4 placebo) group).
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Fig. 2 Risk of bias assessment
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Three trials compared the efficacy of probiotics (probi-
otics group) with antibiotics (antibiotics group) for BV,
and three randomized controlled trials compared the
efficacy of probiotics (probiotics group) with placebo
(placebo group) for BV.

Meta-analysis of treatment efficacy

A total of 20 RCTs were included in this study which
were divided into three groups (G1, G2, G3) for analysis
according to the different intervention methods. Funnel
plots suggested the heterogeneity between those studies
(Fig. 3).

G1: Fourteen randomized controlled trials [19, 24-36]
compared the efficacy of probiotic-assisted antibiotic
therapy for BV with antibiotics alone (or plus placebo),
including data from 1662 patients with BV. The cure
rate was 72.98% (624/855) in the antibiotics + probiotics
group and 62.70% (506/807) in the antibiotics (+placebo)
group, with P=0.009, reaching a statistically significant
difference. The results showed that RR was 1.23 with 95%
CI (1.05, 1.43). However, the results were heterogeneous
(I>=83%, P <0.00001), indicating the combined analysis
could not be carried out directly, and the subgroup analy-
sis was needed (Fig. 4A).

G2: Three randomized controlled trials [21, 36, 37]
were conducted to compare the effects of probiotics and
antibiotics. Among them, 92 cases (64.79%) were cured in
the probiotics group and 127 cases (77.44%) were cured
in the antibiotics group. There was no significant differ-
ence in the cure rate of BV between the two treatments
(P=0.72), and there was evidence of obvious heteroge-
neity (I*’=92%, P<0.00001), therefore random effect
analysis was used for further analysis. In conclusion
(RR=1.12, 95% CI (0.60, 2.07)), the result of G2 analy-
sis cannot be considered that probiotics alone is more
effective in treating BV than using antibiotics alone. The
number of articles in G2 is so small that we cannot make
further analysis. Therefore, more studies are needed to
compare the efficacy of antibiotics alone versus probiot-
ics alone in the treatment of BV (Fig. 4B).

G3: Three randomized controlled trials [38—40] com-
pared the efficacy of probiotics with placebo, involving
a total of 125 eligible patients with BV. In the probiotics
group, 39 out of 70 patients were cured (55.71%), com-
pared to 1 out of 55 patients (0.02%) in the placebo group
(P <0.0001, indicating a statistically significant difference
in cure rate). The results of G3 analysis shown I>=0%
and P=0.68, indicating that there was a low heterogene-
ity in the included studies, so a fixed model was used to
analyze G3, with a result of RR equaled to 15.20 with 95%
CI (3.87, 59.64). We can extrapolate from these results
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that probiotics might has a therapeutic effect on BV com-
pared to placebo (Fig. 4C).

Subgroup analysis

For studies with large heterogeneity (G1), we set up a
subgroup analysis and used a random effects model to
explore the causes of heterogeneity (Table 2).

There were no significant differences in other sub-
groups, such as vaginal administration of probiotics,
diagnostic criteria, recruitment areas and species of
probiotics. Although the results of short-term follow-up
were statistically significant, the removal of any study
could not reduce its heterogeneity, and the high hetero-
geneity made the results unreliable.

Although studies of oral administration to probiotics
had great heterogeneity (P=0.003, I*=72%), but it was
statistically significant (P=0.0001). Sensitivity analysis
would be carried out in the next step to further explore
the cause of heterogeneity.

The results of L. rhamnose group and high dose group
were statistically significant (P=0.03, P=0.006), but
mainly affected by route of administration. High-dose
probiotics (>1 x 10° CFU) was more effective than low-
dose probiotics (<1x10° CFU). When L. rhamnose
was taken orally, the results were statistically signifi-
cant (P=0.04), but the heterogeneity was high (I*=76%
P =0.0008). When L. rhamnose was used in the vagina,
the results were not statistically significant. It may be
because L. rhamnose is an intestinal isolate.

Sensitivity analysis

Following subgroup analysis of G1, the oral adminis-
tration route showed higher heterogeneity (I>=71%,
P=0.008). When Zhang Y.2021 was excluded, the whole
oral administration group showed no heterogeneity
(I*=0%, P=0.43). After being analyzed by fixed effects,
the results were statistically significant (RR=1.93, 95%
CI (1.59, 2.35), P<0.00001). This result indicated that
when probiotics was added adjunctively in conventional
antibiotic therapy for BV treatment, the cure rate was
higher than antibiotic therapy alone (or plus placebo) in
oral administration. The heterogeneity of Zhang Y.2021
may come from its research method: vaginal adminis-
tration of metronidazole and oral probiotic, because the
research methods of the other four articles were oral
antibiotics and oral probiotics.

Discussion

The main purpose of this study was to systematically
evaluate the clinical efficacy of probiotics in the treat-
ment of bacterial vaginosis. The results showed that the
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cure rate of probiotics combined with antibiotics in the
treatment of BV was better than that of antibiotics alone,
there was no difference between probiotics and antibiot-
ics alone, and the efficacy of probiotics alone in the treat-
ment of BV was better than that of placebo. For the use of
probiotics, oral probiotics was better than vaginal admin-
istration in the treatment of BV, oral administration of L.
rhamnose was more effective than vaginal in the treat-
ment of BV, high-dose probiotics was more effective than
low-dose probiotics, and the effective rate was different
in short-term follow-up but not in long-term follow-up.
These results might provide a reference for future clinical
treatment of BV.

According to this study, the cure rate of patients with
bacterial vaginosis treated only with probiotics was
significantly higher than that of patients treated with
placebo, suggesting that probiotics may play a role in
the treatment of BV. Compared with the efficacy of
probiotics and antibiotics in the treatment of BV, there
was no significant difference in the cure rate between
the two groups. The clinical cohort study [37] showed
10-day intravaginal injection of probiotics maintained
normal vaginal microbiota for longer, compared with
7-day intravaginal injection of metronidazole. Probiot-
ics could effectively and stably restore vaginal micro-
flora and maintain normal vaginal flora for a longer
time, which provided a new idea for the treatment of
BV. We also need more research on the comparison of
the efficacy of probiotics and antibiotics. Our analysis
showed that using probiotics as an adjuvant therapy to
antibiotics in BV treatment is effective and promising.
When probiotic was given orally, it could be consid-
ered that the efficacy of probiotics assisted antibiotics
in treating BV was better than that of antibiotics alone.
In a meta-analysis published in 2017 [41] there was lim-
ited evidence to support the fact that metronidazole
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combined with probiotic supplements was more effec-
tive in the treatment of BV than metronidazole alone.
However, two other meta-analyses [42, 43] concluded
that, despite limited and weak evidence, probiotics
showed beneficial effects as a substitute or combina-
tion therapy for BV. A meta-analysis published in 2019
[44] showed that probiotics alone were more effective
in treating BV in both short and long term, whereas
probiotics after antibiotic treatment was only effective
in the short term. In short, appropriate sample size and
experimental design are needed to further confirm the
effectiveness and safety of this treatment strategy.

The preferred route of administration of probiotics
has been controversial. On the one hand, an animal
experiment [45] had shown that oral administration
was more effective than vaginal administration on
GV-induced BV. The anti-BV effect of orally intake of
a Lactobacillus rhamnosus HNOO1 (L1), Lactobacil-
lus acidophilus GLA-14 (L2) and Lactoferrin RCXTM
(PM; RECETA ®) may be due to the regulation of
immune response through the gastrointestinal tract
by these probiotics rather than the completion or kill-
ing of GV through the vagina. According to previous
studies [46], the vaginal mucus barrier prevented the
drug from approaching the folded vaginal epithelium,
by which might affect the therapeutic effect of local
drugs. On the other hand, a 16SrRNA gene sequencing-
based study [25] concluded that oral probiotics were
ineffective because probiotics were rarely detected in
both vaginal and fecal microbiota. Our analysis showed
that when probiotic was given orally, it could be con-
sidered that the efficacy of probiotics assisted antibi-
otics in treating BV was better than that of antibiotics
alone. The effectiveness of probiotic products depends
on the number of living cells per administration, while
the probiotic dose is not clearly defined [47]. Our study
showed that the effect of high-dose probiotics in the
treatment of BV was better than that of low-dose pro-
biotics in the treatment of BV. The results of this study
showed that the effect of L. rhamnose was statisti-
cally significant only when it was administered orally.
L. rhamnose is a common Lactobacillus isolated from
gastrointestinal tract. It has been proved that L. rham-
nose HNOO1 could survive under adverse gastrointesti-
nal conditions and adhered to intestinal mucosa [48].
L. rhamnose HNOO1 showed the ability to regulate the
composition of intestinal microbiota [49], but had no
significant effect on the diversity and richness of intes-
tinal microbiota [49, 50].

At present, the main focus of RCTs on probiotics in the
treatment of BV is still effectiveness, so future research
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should pay more attention to the safety of probiotics Conclusion
and the comparison of the efficacy of antibiotics alone
and probiotics alone in the treatment of BV. This study
did not limit the types of antibiotics, the heterogeneity
between studies was controlled, and the possible causes

of heterogeneity in subgroups were found.

an active role as an adjuvant

Our meta-analysis found that probiotics may play

treatment to conven-

tional antibiotic therapy for female bacterial vagino-
sis. However, we need more high-quality, standardized
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Table 2 Summary of subgroup analysis results
Groups No. trials No. patients RR (95 % Cl) P value 1%, % P value of
heterogeneity
All studied 14 1662 1.23(1.05, 1.43) 0.009 83 <0.00001
Administration route of probiotics
Oral 5 351 1.63(1.19,2.22) 0.002 71 0.008
Vagina 8 1282 1.11 (0.96, 1.28) 0.17 79 <0.0001
Oral plus Vagina 1 29 0.52(0.24,1.16) 0.11 / /
Diagnosis standards
Nugent score 7 579 1.01(0.88,1.16) 0.89 50 0.06
Amsel’s criteria 4 554 1.81(0.90, 3.64) 0.09 96 <0.00001
Amsel and/or Nugent score 3 529 1.26 (0.96, 2.29) 0.19 84 0.002
Recruitment area of participants
Europe 6 529 1.13(0.93,1.38) 0.21 73 0.002
Non-Europe 1199 1.20(0.95,1.51) 0.13 87 <0.00001
Follow-up time
Short-term 11 1149 1.21(1.01,1.44) 0.04 84 <0.00001
(<1 month)
Long-term 3 513 1.35(0.87,2.10) 0.18 85 0.001
(> 1 month)
Species of probiotics
Single species 6 995 1.19[0.99, 1.43] 0.06 85 <0.00001
Multiple species 8 667 1.25[0.93, 1.69] 0.14 83 <0.00001
Use of L. rhamnose
Yes I 987 1.28[1.02, 1.60] 0.03 84 <0.00001
No 3 675 1.07[0.92,1.25] 037 64 0.06
Dosage of probiotics
<1x10° 7 929 1.03[0.94,1.12] 0.57 42 0.11
>1x10° 7 733 1.54[1.13,2.08] 0.006 77 0.0002

large-sample randomized controlled trials to verify the
efficacy of probiotics. In addition, the side effects of
probiotics and the selection of high-quality strains may
need to be further studied.

Limitations

There were non-negligible limitations this study.
Although we believed that Lactobacillus had an effect on
the treatment of bacterial vaginosis, in order to include
as many literatures as possible, we did not set restrictions
on their usage. The RCT follow-up period included in
this study was not long, and the long-term effective rate
and recurrence rate cannot be observed, so these vari-
ables need to be included in the future to evaluate the
effectiveness of probiotics in the treatment of BV.
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