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Abstract

Background: The purpose of this meta-analysis was to assess the value of probiotics in the treatment of adult female bacterial vaginosis
(BV).Methods: We looked for published randomized controlled trials in PubMed, Embase and The Cochrane Library from the inception
dates of the database to January 3rd, 2022. We conducted the search focusing on the treatment of adult female BV with probiotics. Two
independent researchers screened the literature, evaluated the trial quality and extracted the data according to the inclusion and exclusion
criteria. The primary outcome was the ratio of patients with BV with recurrence according to Nugent score 7–10 for recurrence after
treatment. After heterogeneity was assessed using Review Manager 5.4 software, meta-analysis and bias assessment were performed
using Stata 17.0 software. Results: A total of 5 articles representing 425 patients were included in this meta-analysis. Compared with
antibiotics alone or antibiotics combined with a placebo, probiotics or probiotics combined with antibiotics significantly reduced the
rate of recurrence at around the 30th day (risk ratio (RR) 0.11; 95 % confidence interval (CI) 0.03–0.33). However, in the analysis of
heterogeneity, we found that after 30 days, the therapeutic effect of probiotics decreased with the extension of follow-up time (RR 0.50;
95% CI 0.24–1.03), (RR 1.24; 95% CI 0.88–1.76). Conclusions: The short-term efficacy of probiotics in the treatment of BV in adult
female patients may be satisfactory, but the long-term efficacy of probiotic therapy may be suboptimal and still requires validation by
further clinical trials.
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1. Introduction
Bacterial vaginosis (BV) is one of the most common

reproductive diseases in adult women [1]. The worldwide
incidence rate is generally over 20%, even exceeding 60%
in certain parts of Africa [2]. A considerable number of
patients with BV have no clinical symptoms. Fewer than
20% of patients showed obvious clinical symptoms, such
as pain, itching, and burning [1,3,4]. While many asymp-
tomatic and atypical patients are unaware of the harm of BV
[5], BV may lead to endometritis and pelvic inflammatory
disease (PID) [6–8], and may facilitate sexually transmitted
infections (STIs) such as Chlamydia trachomatis, Neisse-
ria gonorrhoeae and even human immune-deficiency virus
(HIV) infection [2,6,9,10]. In addition to infertility, BV
may also be associated with a variety of adverse pregnancy
outcomes, such as abortion, premature birth, and premature
rupture of membranes (PROM) [3,6,11,12].

BV can be diagnosed based on clinical or laboratory
criteria [13,14]. Due to the complexity and cost of molec-
ular testing, the commonly used diagnostic standards are
Amsel criteria and Nugent score [15,16]. According to Am-
sel criteria, the diagnosis of BV includes at least three of
these four items: (1) clue cell positive: >20% cells on mi-
croscopy of saline solution wet mount, (2) thin, white or
yellow, homogeneous discharge, (3) vaginal pH of >4.5,
(4) a positive whiff test: release of a fishy odor when 10%

potassium hydroxide is added to the vaginal secretion [17].
At present, the World Health Organization (WHO) consid-
ers Nugent score as the gold standard for the diagnosis of
BV [18]. Nugent score is a weighted combination of the fol-
lowing morphotypes: Lactobacillus, Gardnerella vaginalis
and Bacteroides spp. Nugent scores are considered normal
(0–3), intermediate (4–6), and BV (7–10) [19].

The etiology of BV is not entirely clear. The re-
duction of hydrogen peroxide (H2O2)-producing Lacto-
bacillus raises vaginal pH levels, causing G. vaginalis to
greatly multiply [20–22]. Moreover, studies have shown
that the mass reproduction of G. vaginalis is conducive to
the growth of some biofilms, which in turn makes other
anaerobes multiply in large numbers [23–26]. These fac-
tors lead to the imbalance of vaginal microenvironment, and
consequently, BV [18]. Any behavior that affects the com-
position of vaginal microorganisms, such as frequent inter-
course and vaginal douching, may lead to BV. The tradi-
tional treatment of BV is the use of broad-spectrum antibi-
otics for anaerobes, in which metronidazole or clindamycin
are recommended as the first-line drugs; presently, the for-
mer is widely used [27,28].

It is worth noting that traditional metronidazole treat-
ment has many side effects, such as nausea, and is prone
to drug resistance [29]. Crucially, antibiotic therapy dis-
regards changes of the vaginal microbial environment, and
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may further damage the vaginal ecosystem [30]. Studies
have reported that although the cure rate of metronidazole
in the treatment of BV is more than 70% within one month,
over half of patients will still relapse within six months
[31]. Thus, it is necessary to explore more safe and effec-
tive treatment methods.

According to the Food and Agriculture Organization
(FAO) and the WHO, probiotic are defined as live micro-
organisms which, when administered in adequate amounts,
confer a health benefit to the host by food and Agricul-
ture Organization (FAO) and World Health Organization
(WHO) [32]. The concept of probiotics can be traced back
to fermented dairy products in 1907 [33], while the term
was first described in 1965 by Lilly et al. [34]. There are
numerous kinds of probiotics, such as Lactobacillus, Bifi-
dobacterium and Streptococcus [32,35]. In light of their
effectiveness and safety, probiotics are now widely used
to treat various clinical diseases ranging from gastrointesti-
nal diseases, urogenital infections, and cancer to periodon-
tal diseases [32,36,37]. The application of probiotics in the
treatment of BV may have the advantages of fewer side ef-
fects, lack of drug resistance and improvement of the vagi-
nal ecological environment [15].

Despite numerous randomized controlled trials
(RCTs) on probiotics in the treatment of BV, the efficacy
of probiotics is still controversial. Some clinical trials have
demonstrated that probiotics are beneficial to BV in adult
women [20], but others dispute these claims [38,39]. To
assess the influence of probiotics on the treatment of BV,
we performed a systematic review and meta-analysis of
RCTs to evaluate the therapeutic value of probiotics in BV
patients.

2. Materials and Methods
Our study strictly follows the statement guidelines of

the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) [40]. The protocol was regis-
tered on PROSPERO (CRD42022310132).

2.1 Literature Search Strategy

We searched the following databases each from in-
ception to January 3rd, 2022: PubMed, Embase and The
Cochrane Library. We also searched the MESH database
for all words related to BV and probiotics. The terms as-
sociated with BV included “Vaginosis, Bacterial”, “Bacte-
rial Vaginitides”, “Vaginitides, Bacterial”, “Bacterial Vagi-
nosis”, “Vaginitis, Nonspecific”, “Nonspecific Vaginitis”,
“Bacterial Vaginoses”, “Vaginoses, Bacterial”, “Bacterial
Vaginitis” and “Vaginitis, Bacterial”. The words associ-
ated with “probiotics” included “Probiotics” and “Probi-
otic”. We then used subject words and free words to search
the three databases. We used Boolean notation to combine
subject words and free words for search strategy: “Vagi-
nosis, Bacterial OR Bacterial Vaginitides OR Vaginitides,
Bacterial OR Bacterial Vaginosis OR Vaginitis, Nonspe-

cific OR Nonspecific Vaginitis OR Bacterial Vaginoses OR
Vaginoses, Bacterial OR Bacterial Vaginitis OR Vaginitis,
Bacterial” AND “Probiotics OR Probiotic”. The search
strategies for RCTs included use of the RCTs filters for dif-
ferent databases on the Cochrane site.

Two researchers independently searched the literature
and checked whether the documents were consistent. In the
case of inconsistent literature search, the two authors solved
it through negotiation. If it could not be solved through
negotiation, the third researcher would make a decision.

2.2 Selection Criteria
Inclusion criteria: (1) study design: RCTs and two-

armed studies; (2) study population: non-pregnant and non-
lactating adult women diagnosed with BV by Amsel crite-
ria or Nugent score and suffering from BV only; (3) inter-
vention: use probiotics (regardless of the type, course and
method used) only or in combination with tr aditional an-
tibiotics; (4) controlled intervention: traditional antibiotics
or a placebo or traditional antibiotics in combination with
a placebo; (5) measurement of treatment outcome: Nugent
score; (6) human research.

Exclusion criteria: (1) non RCTs: systematic reviews,
comments, retrospective studies, cohort studies, case re-
ports, etc., animal experiments, one-arm studies; (2) en-
rolled pregnant females or males, patients with the age<18
years, vaginal infections or urinary tract infections (e.g.,
HIV); (3) studied healthy females with or without a history
of urogenital tract infection; (4) full text was not available;
(5) insufficient or irrelevant data reported; (6) reported in
neither English nor Chinese.

Two researchers independently read the titles and ab-
stracts of all literature found after excluding duplicate lit-
erature. Subsequently, they eliminated the literature that
obviously did not meet the requirements according to the
inclusion and exclusion criteria. They then read the full text
and determined the final inclusion in this study. Any dis-
agreement was resolved through negotiation. If no agree-
ment could not be reached through negotiation, it would be
judged by the third researcher.

2.3 Data Extraction
The following data were extracted from the final qual-

ified literature: author, year of publication, country, sam-
ple volume (probiotic/control), age range, diagnostic stan-
dards, intervention measures (type, quantity, dosage form,
frequency and course of treatment), control measures (type,
quantity, dosage form, frequency and course of treatment),
follow-up time and outcome assessed.

Two researchers used the same form to extract the
above data independently. To ensure the accuracy and in-
tegrity of the extracted data, double check was carried out
after the data extraction was completed. Disputes were set-
tled by both researchers through discussion. If no agree-
ment could be reached, it would be decided by the third
researcher for arbitration.
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2.4 Quality Assessment

The quality of the included RCTs was assessed using
the Cochrane “risk of bias table” that was recommended
by the Cochrane Handbook for Systematic Review. This
evaluation scale consists of 7 items: random sequence gen-
eration (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias), in-
complete outcome data (attrition bias) selective reporting
(reporting bias) and other bias [41]. Each domain is di-
vided into low risk of bias, unclear risk of bias and high
risk of bias. The quality assessment was performed by two
researchers independently and disagreements were adjudi-
cated by consultation. The third researcher intervenedwhen
the negotiation could not be solved.

2.5 Statistical Analysis

The RR (RR = risk of event in experimental group/risk
of event in control group) was used as an effective index,
and all outcomes were expressed as RR and their 95% con-
fidence interval (CI). RR <1 indicates that the recurrence
rate of probiotic group was lower than that of control group
according to Nugent score 7–10 for recurrence. RR >1 in-
dicates that the recurrence rate of control group was lower
than that of probiotic group according to Nugent score 7–10
for recurrence. RR = 1 indicates that the probiotic and con-
trol groups had comparable outcomes according to Nugent
score 7–10 for recurrence. All data in this study were an-
alyzed by Review Manager 5.4.1 software (The Cochrane
Collaboration, Copenhagen, Denmark) and Stata 17.0 soft-
ware (Stata Corporation LLC, College Station, TX, USA).
Heterogeneity among the studies was tested by the inconsis-
tency index (I2) andQ statistics. TheQ statistic p< 0.10 or
I2 ≥50% showed that there was heterogeneity among the
studies and a random-effects model should be applicated.
Measured by I2, studies were considered to have no het-
erogeneity (0–25%), low heterogeneity (25–50%), moder-
ate heterogeneity (50–75%), and high heterogeneity (75–
100%) [42]. We performed a random-effects model meta-
analysis for heterogeneous outcomes and carried out sen-
sitivity analysis. After the sensitivity analysis, there was
no heterogeneity between studies; we used a fixed-effects
model to perform meta-analysis. We used descriptive anal-
ysis for data that could not be merged; the publication bias
was estimated by funnel plots.

3. Results
3.1 Study Identification and Selection

A total of 372 articles were identified after the initial
database search according to the search strategy (PubMed:
114, Embase: 133, Cochrane: 125). Based on our inclu-
sion and exclusion criteria, five RCTs consisting of 425 in-
dividuals were included in this study. A flow diagram of
literature selection is shown in Fig. 1.

Fig. 1. Flow diagram of the study selection.

Fig. 2. Risk of bias summary of included studies.

The quality assessments of these five RCTs are shown
in Fig. 2,3 based on the Cochrane “risk of bias table”.
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Fig. 3. Risk of bias graph of included studies.

Fig. 4. Forest plot showing the effect of probiotics on the adult female patients with BV in five RCTs.

Fig. 5. L’Abbe plot showing the heterogeneity of the five RCTs.

3.2 Study Characteristics
Published between 2006 and 2021, the five studies in-

cluded 425 adult female patients with BV; the main char-
acteristics are presented in Table 1 (Ref. [39,43–46]). Two
studies were conducted in Africa, two in Europe and one
in China. The sample sizes ranged from 36 to 126, with

Fig. 6. Galbraith radial plot showing the heterogeneity of the
five RCTs.

216 subjects in the experimental group and 209 subjects in
the control group. As for type of intervention, three experi-
ments applied oral, and two applied vaginal insertion. One
RCT compared probiotics with antibiotics, one compared
the combination of probiotics and antibiotics with antibi-
otics alone, while the remaining three compared the com-
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Fig. 7. Sensitivity analysis of the effect of probiotics on the
adult female patients with BV in five RCTs.

bination of probiotics and antibiotics with the combination
of antibiotics with a placebo. The follow-up ranged from 4
weeks to 112 days.

3.3 Meta-Analysis of the Effect of the Probiotics on Nugent
Score

The treatment results of all included RCTs are shown
in Table 2 (Ref. [39,43–46]). The pooled results from the
random-effects model combining the RR for the recurrence
rate of BV are shown in Fig. 4 (Ref. [39,43–46]). The com-
bined results of the five studies show that probiotics supple-
mentation or treatment alone can significantly reduce the
recurrence rate of BV in adult female patients (RR 0.35;
95% CI 0.11–1.14). After heterogeneity test, it was found
that the heterogeneity of the five articles was statistically
significant (The Q statistic p < 0.0001, I2 = 83% > 50%).

Combining the forest plot, the L’Abbe plot (Fig. 5),
the Galbraith radial plot (Fig. 6) and the baseline charac-
teristics of the studies, it appeared there was a strong possi-
bility of heterogeneity in Bohbot’s study and Zhang’s study.
The follow-up time between intervention and outcome eval-
uation was more than 30 days. Excessive follow-up time
may affect the final efficacy evaluation. As one of the
two studies showed results in complete variance from other
studies (RR 1.24; 95% CI 0.88–1.76), we deleted these two
RCTs (Fig. 7, Ref. [39,43–46]).

After excluding these two studies, we found that the
heterogeneity of the remaining three RCTs was not statisti-
cally significant (The Q statistic p = 0.38 > 0.1, I2 = 0%).
Therefore, we performed meta-analysis by a fixed-effects
model; the results suggest that for adult female patients
with BV, probiotics supplementation or treatment alone can
significantly reduce the recurrence rate (RR 0.11; 95% CI
0.03–0.33) (Fig. 8, Ref. [43,44,46]). Further sensitivity
analysis was conducted by eliminating each study one by
one; the overall combined RR did not materially change
with a range from 0.05 (95% CI 0.01–0.37) to 0.2 (95% CI
0.06–0.68), suggesting that the results of the meta-analysis

of this study were essentially stable and the meta-analysis
has good reliability (Fig. 9, Ref. [43,44,46]).

3.4 Publication Bias
The publication bias of the three RCTs was tested by

funnel plot and Begg’s test. No publication bias was ob-
served in the funnel plot (Fig. 10) and Begg’s test (Z = 0.00,
p = 1.000).

4. Discussion
It is well known that as the antibiotics used to treat

adult female BV are prone to drug resistance and lead to
a high recurrence rate, probiotic treatment has risen to the
fore [47,48]. However, probiotics are still controversial in
the treatment of adult female BV [15]. To evaluate the effi-
cacy of probiotics in this context, we performed the present
meta-analysis of five RCTs based on inclusion and exclu-
sion criteria [39,43–46]. The results of our analysis show
that probiotics alone or in combination with antibiotics in
the treatment of adult female BV may be effective in the
short term, but long-term effects appear to be less promis-
ing.

After excluding heterogeneity in this meta-analysis, it
was found that patients with BV receiving probiotic supple-
mentation or treatment alone had a lower recurrence rate
than those receiving antibiotics alone or antibiotics com-
bined with a placebo.

The efficacy of probiotics can be explained by exhibit-
ing antagonistic knacks against BV pathogens: antibac-
terial, antibiofilm, anti-colonization or anti-adhesion, co-
aggregation, and host immunomodulation [49]. Antibacte-
rial means probiotics can ferment the glycogen in the vagi-
nal tract to produce lactic acid. The lactic acid reduces the
vaginal pH to<4.5 and itself has a host immunomodulatory
effect, inhibiting the growth of pathogens [50]. In addition
to producing lactic acid, probiotics also produce other an-
tibacterial substances such as bacteriocins and antimicro-
bial peptides that confer multiple inhibitory actions against
BV pathogens [51]. Probiotics play an anti-adhesion role
by replacing pathogens, competing with pathogens for nu-
trition and location, as well as self-adherence for protection
[49,52–54]. Through co-aggregation, probiotics can create
a microenvironment that threatens the growth of pathogenic
bacteria and block the adhesion of pathogenic bacteria [55].
Studies have shown that probiotics can destroy not only
the original biofilms, but also inhibit the formation of new
biofilms, such as the biofilms of G. vaginalis, Atopobium
vaginae and Candida spp [49,56,57]. Moreover, probiotics
can exert the ability of re-epithelialization to repair the dam-
age of vaginal physical barrier caused by viruses and bac-
teria [58].

Our meta-analysis found two articles with strong het-
erogeneity [39,45]. Further analysis determined that the in-
tervention measures in both articles entailed a combination
of probiotics and antibiotics. In Bohbot’s study, the control
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Fig. 8. Forest plot showing the effect of probiotics on the adult female patients with BV in three RCTs.

Fig. 9. Sensitivity analysis of the effect of probiotics on the
adult female patients with BV in three RCTs.

Fig. 10. Funnel plot showing the publication bias among three
RCTs.

group used antibiotics plus a placebo for 56 days and was
surveilled for 112 days [45]. In Zhang’s study, the control
group used antibiotics alone and took probiotics orally for
7 days with surveillance for 90 days [39]. The recurrence

risk of the former (RR 0.50; 95% CI 0.24–1.03) was sig-
nificantly higher than that after merger (RR 0.11; 95% CI
0.03–0.33). The latter (RR 1.24; 95% CI 0.88–1.76) even
appeared in contradiction with the results after the merger
(RR 0.11; 95% CI 0.03–0.33). Compared with the other
three studies, patients were followed up for more than 30
days from the beginning of the intervention to the evalua-
tion of the final results in these two studies, regardless the
duration of intervention was; the follow-up time of the latter
exceeded 60 days. Two of the studies assessed the results
immediately after stopping the intervention for 28 days and
30 days, respectively; the recurrence risk of these studies
was the lowest among the five (RR 0.12; 95% CI 0.01–
2.02), (RR 0.03; 95% CI 0.00–0.54) [43,46]. The results of
our analysis suggest that in the case of the same course of
treatment, the shorter the follow-up time, the better the final
curative effect. In the case of the same follow-up time, the
longer the medication time, the better the effect may be re-
flected. For the probiotics plus antibiotics group, excessive
follow-up time may even weaken the therapeutic effect of
antibiotics, perhaps because probiotics and antibiotics may
bemaintained at a high level due to the short-term follow-up
after the intervention, whereas long-term follow-up reduces
the level of probiotics. However, antibiotics kill not only
pathogens, but also inhibit the growth of remaining probi-
otics, and the lack of supplementation of probiotics ampli-
fies this inhibitory effect [59]. From our point of view, the
high recurrence rate of BV in these two studies may be re-
lated to the long follow-up time. This may suggest that the
short-term effect of probiotics (supplemental or alone) in
the treatment of BV is worth affirming, but the long-term
effect is suboptimal. Strengthening and consolidating the
efficacy of probiotics may require increasing the course of
treatment. Further clinical trials are necessary to validate
our findings.
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Table 1. Characteristics of the included studies in the systematic review and meta-analysis.

ID Author
Publication

year
Study type Country

Sample size
(probiotic/control)

Age
Diagnostic
standards

Intervention measures Dosage form and
use time (probiotic)

Follow-up
Outcome assessed

(interested)Probiotic group Control group

1 Kingsley
Anukam [43]

2006 DB-RCT Nigeria 125 (65/60) 18 to 44 Symptoms and
signs, a positive
Nugent and BV
Blue test score

Took metronidazole (1 g, days
1–7) plus Lactobacillus (days

1–30) orally

Took metronidazole (1 g, days
1–7) plus placebo (days 1–30)

orally

Oral capsules,
30 days

30 days Nugent score

2 Kingsley C.
Anukam [44]

2006 OL-RCT Nigeria 40 (20/20) 18 to 50 Symptoms and
signs, a positive
Nugent score,
≥3 of Amsel

criteria

Inserted vaginally two gelatin
capsules containing L.
rhamnosus GR-1 and L.

reuteri RC-14 (1 × 109 each
organism) at bedtime for 5

days

Applied 0.75% metronidazole
vaginal gel to the vagina
twice a day (once in the

morning, once in the evening)
for 5 days

Vaginal capsules
insertion, 5 days

30 days Nugent score

3 J.M. Bohbot
[45]

2018 DB-RCT France 98 (50/48) ≥18 ≥3 of Amsel
criteria

Took metronidazole orally
twice a day for 7 days and

then used vaginal capsules of
L. crispatus IP 174178 (109

CFU per gram) for 56 days

Took metronidazole orally
twice a day for 7 days and

then used vaginal capsules of
a placebo for 56 days

Vaginal capsules
insertion, 56

days

112 days Nugent score

4 C. Laue [46] 2018 DB-RCT Germany 36 (18/18) ≥18 ≥3 of Amsel
criteria

Took metronidazole for 7
days (2 × 500 mg/d) orally
and then consumed twice

daily verum, verum was 125 g
yoghurt containing (besides
Lactobacillus delbrueckii ssp.
bulgaricus and Streptococcus
thermophilus) living strains
Lactobacillus crispatus LbV

88 (DSM 22566),
Lactobacillus gasseri LbV

150N (DSM 22583),
Lactobacillus jensenii LbV
116 (DSM 22567) and
Lactobacillus rhamnosus

LbV96 (DSM 22560), each 1
× 107 cfu/mL

Took metronidazole orally for
7 days (2 × 500 mg/d) and
then consumed twice daily
placebo (125 g chemically

acidified milk)

Oral yoghurt, 28
days

4 weeks Nugent score

5 Yongke
Zhang [39]

2021 OL-RCT China 126 (63/63) 18 to 65 A positive
Nugent score

Received orally administered
probiotic drinks containing
L.rhamnosus GR-1 and L
reuteri RC-14 (≥1 × 109

CFU per day, for 30 days) and
vaginally administered

metronidazole suppositories
(0.2 g per day, for 7 days)

Received metronidazole
vaginal suppositories only
(0.2 g per day, for 7 days)

Oral drinks, 7
days

90 days Nugent score

DB-RCT, double-blinded randomized controlled trial; OL-RCT, open label randomized controlled trial; BV, bacterial vaginosis.
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Table 2. Summary of the outcomes in the meta-analysis.

ID Author
Publication

year
Probiotic group Control group

Number of recurrent patients
(Nugent score 7–10)

Total number
of patients

Number of recurrent patients
(Nugent score 7–10)

Total number
of patients

1 Kingsley Anukam [43] 2006 0 49 17 57
2 Kingsley C. Anukam [44] 2006 2 17 9 18
3 J.M. Bohbot [45] 2018 8 39 16 39
4 C. Laue [46] 2018 0 16 4 17
5 Yongke Zhang [39] 2021 33 52 24 47

Our study summarized RCTs with highly consistent
baseline population characteristics and found via meta-
analysis that probiotics had a positive effect on the treat-
ment of BV in adult women. However, we also found that
this positive effect may gradually decline with the termina-
tion of treatment, until it disappears, and even may have the
opposite effect.

This discrepancy may lead to the design and imple-
mentation of more RCTs to determine the exact efficacy and
optimal course of probiotics in the treatment of BV in adult
women. Several limitations should be acknowledged. (1)
Due to the heterogeneity of patients as well as quantities and
administrationmethods of probiotics and antibiotics used in
each study, and due to the limitation of the number of stud-
ies, we were unable to conduct a detailed subgroup analy-
sis. (2) Other factors related to probiotic consumption, such
as health level and self-care awareness, may affect the re-
search results. (3) Most studies observed only the short-
term efficacy of patients within 30 days, without long-term
dynamic efficacy evaluation to further analyze the efficacy
changes of probiotic supplementation or treatment alone in
adult female patients with BV. (4) The antibiotics used in
the included studies were metronidazole, and there was a
lack of comparative study on the use of other kinds of an-
tibiotics. (5) Language bias may arise from the inclusion of
only English literature.

In the future, more high-quality research must focus
on standardizing the types, routes, doses, time and treat-
ment of probiotics and antibiotics. In addition, attention
should be paid to excluding the influence of other confound-
ing factors related to intervention. The evaluation of re-
search results can be dynamic and continuous for an ex-
tended period. Further studies can also compare differences
in race, types of antibiotics, probiotic strains. Lastly, future
research should address the side effects of probiotics, an
area that has been neglected.

5. Conclusions
Currently, the limited evidence suggests that probi-

otics alone or as a supplement to antibiotics in adult women
with BV is beneficial in the short term, though long-term ef-
fects may be unsatisfactory. However, given the limitations
of this study, the results should be treated with caution. Ad-
ditional large-sample, well-designed and high-quality RCTs
are urgently needed to further explore the short-term and

long-term efficacy of probiotics in the treatment of adult
female BV.

Author Contributions
YPS designed the study, performed the literature

search, screened literature, extracted data, assessed quality,
analyzed the data and drafted the manuscript. ZCC per-
formed the literature search and screened literature. ZXD
extracted data and assessed quality. YSY analyzed the data
and drafted the manuscript. APC evaluated methodological
quality and revised the manuscript. The final version was
confirmed by all authors for submission. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Wewould like to express our gratitude to all those who

helped us during the writing of this manuscript.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.ceog5003050.

References
[1] Onderdonk AB, Delaney ML, Fichorova RN. The Human Mi-

crobiome during Bacterial Vaginosis. Clinical Microbiology Re-
views. 2016; 29: 223–238.

[2] Coudray MS, Madhivanan P. Bacterial vaginosis-A brief synop-
sis of the literature. European Journal of Obstetrics & Gynecol-
ogy and Reproductive Biology. 2020; 245: 143–148.

[3] Soper DE. Bacterial vaginosis and surgical site infections.
American Journal of Obstetrics and Gynecology. 2020; 222:
219–223.

[4] Chen R, Li R, Qing W, Zhang Y, Zhou Z, Hou Y, et al. Pro-
biotics are a good choice for the treatment of bacterial vagi-

8

https://doi.org/10.31083/j.ceog5003050
https://doi.org/10.31083/j.ceog5003050
https://www.imrpress.com


nosis: a meta-analysis of randomized controlled trial. Reproduc-
tive Health. 2022; 19: 137.

[5] Jeng HS, Yan TR, Chen JY. Treating vaginitis with probiotics in
non-pregnant females: A systematic review and meta-analysis.
Experimental and Therapeutic Medicine. 2020; 20: 3749–3765.

[6] Ravel J, Moreno I, Simón C. Bacterial vaginosis and its asso-
ciation with infertility, endometritis, and pelvic inflammatory
disease. American Journal of Obstetrics and Gynecology. 2021;
224: 251–257.

[7] Ya W, Reifer C, Miller LE. Efficacy of vaginal probiotic cap-
sules for recurrent bacterial vaginosis: a double-blind, random-
ized, placebo-controlled study. American Journal of Obstetrics
and Gynecology. 2010; 203: 120.e1–120.e6.

[8] Ness RB, Kip KE, Hillier SL, Soper DE, Stamm CA, Sweet RL,
et al. A cluster analysis of bacterial vaginosis-associated mi-
croflora and pelvic inflammatory disease. American Journal of
Epidemiology. 2005; 162: 585–590.

[9] Allsworth JE, Peipert JF. Severity of bacterial vaginosis and the
risk of sexually transmitted infection. American Journal of Ob-
stetrics and Gynecology. 2011; 205: 113.e1–113.e6.

[10] van Teijlingen NH, Helgers LC, Sarrami-Forooshani R, Zijlstra-
Willems EM, van Hamme JL, Segui-Perez C, et al. Vaginal bac-
terium Prevotella timonensis turns protective Langerhans cells
into HIV-1 reservoirs for virus dissemination. EMBO Journal.
2022; 41: e110629.

[11] Subtil D, Brabant G, Tilloy E, Devos P, Canis F, Fruchart A, et
al. Early clindamycin for bacterial vaginosis in pregnancy (PRE-
MEVA): a multicentre, double-blind, randomised controlled
trial. The Lancet. 2018; 392: 2171–2179.

[12] Yalew GT, Muthupandian S, Hagos K, Negash L, Venkatraman
G, Hagos YM, et al. Prevalence of bacterial vaginosis and aer-
obic vaginitis and their associated risk factors among pregnant
women from northern Ethiopia: A cross-sectional study. PLoS
ONE. 2022; 17: e0262692.

[13] Redelinghuys MJ, Geldenhuys J, Jung H, Kock MM. Bacterial
Vaginosis: Current Diagnostic Avenues and Future Opportuni-
ties. Frontiers in Cellular and Infection Microbiology. 2020; 10:
354.

[14] Coleman JS, Gaydos CA. Molecular Diagnosis of Bacterial
Vaginosis: an Update. Journal of Clinical Microbiology. 2018;
56: e00342–18.

[15] Li C, Wang T, Li Y, Zhang T, Wang Q, He J, et al. Probiotics
for the treatment of women with bacterial vaginosis: A system-
atic review and meta-analysis of randomized clinical trials. Eu-
ropean Journal of Pharmacology. 2019; 864: 172660.

[16] van der Veer C, van Houdt R, van Dam A, de Vries H, Bruisten
S. Accuracy of a commercial multiplex PCR for the diagnosis of
bacterial vaginosis. Journal of Medical Microbiology. 2018; 67:
1265–1270.

[17] Amsel R, Totten PA, Spiegel CA, Chen KC, Eschenbach D,
Holmes KK. Nonspecific vaginitis. Diagnostic criteria and mi-
crobial and epidemiologic associations. American Journal of
Medicine. 1983; 74: 14–22.

[18] Abou Chacra L, Fenollar F, Diop K. Bacterial Vaginosis: What
DoWe Currently Know? Frontiers in Cellular and Infection Mi-
crobiology. 2021; 11: 672429.

[19] Nugent RP, Krohn MA, Hillier SL. Reliability of diagnos-
ing bacterial vaginosis is improved by a standardized method
of gram stain interpretation. Journal of Clinical Microbiology.
1991; 29: 297–301.

[20] Rani VU. The efficacy of probiotic b. Coagulans (snz-1969)
tablets in the treatment of recurrent bacterial vaginosis. Interna-
tional Journal of Probiotics and Prebiotics. 2017; 12: 175–182.

[21] Sobel JD. Bacterial vaginosis. Annual Review of Medicine.
2000; 51: 349–356.

[22] Joesoef MR, Schmid GP. Bacterial vaginosis: review of treat-

ment options and potential clinical indications for therapy. Clin-
ical Infectious Diseases. 1995; 20: S72–S79.

[23] Huang H, Song L, Zhao W. Effects of probiotics for the treat-
ment of bacterial vaginosis in adult women: a meta-analysis of
randomized clinical trials. Archives of Gynecology and Obstet-
rics. 2014; 289: 1225–1234.

[24] Swidsinski A, Verstraelen H, Loening-Baucke V, Swidsinski S,
Mendling W, Halwani Z. Presence of a polymicrobial endome-
trial biofilm in patients with bacterial vaginosis. PLoS ONE.
2013; 8: e53997.

[25] Verstraelen H, Swidsinski A. The biofilm in bacterial vaginosis:
implications for epidemiology, diagnosis and treatment. Current
Opinion in Infectious Diseases. 2013; 26: 86–89.

[26] Arroyo-Moreno S, Cummings M, Corcoran DB, Coffey A, Mc-
Carthy RR. Identification and characterization of novel en-
dolysins targeting Gardnerella vaginalis biofilms to treat bac-
terial vaginosis. NPJ Biofilms and Microbiomes. 2022; 8: 29.

[27] Bradshaw CS, Sobel JD. Current Treatment of Bacterial
Vaginosis-Limitations and Need for Innovation. The Journal of
Infectious Diseases. 2016; 214: S14–S20.

[28] Workowski KA, Bolan GA. Sexually transmitted diseases treat-
ment guidelines, 2015. Morbidity and Mortality Weekly Report
Recommendations and Reports. 2015; 64: 1–137.

[29] Krulewitch CJ. An unexpected adverse drug effect. Journal of
Midwifery and Women’s Health. 2003; 48: 67–68.

[30] FerrerM,Méndez-García C, Rojo D, Barbas C,Moya A. Antibi-
otic use and microbiome function. Biochemical Pharmacology.
2017; 134: 114–126.

[31] Vodstrcil LA, Muzny CA, Plummer EL, Sobel JD, Bradshaw
CS. Bacterial vaginosis: drivers of recurrence and challenges
and opportunities in partner treatment. BMC Medicine. 2021;
19: 194.

[32] Gupta V, Garg R. Probiotics. Indian Journal of Medical Micro-
biology. 2009; 27: 202–209.

[33] Metchnikoff E. The Prolongation of Life: Optimistic Studies
(pp. 161–183). Putman’s Sons: New York. 1908.

[34] Lilly DM, Stillwell RH. Probiotics: growth-promoting factors
produced by microorganisms. Science. 1965; 147: 747–748.

[35] Williams NT. Probiotics. American Journal of Health-System
Pharmacy. 2010; 67: 449–458.

[36] Matsubara VH, Bandara HMHN, Ishikawa KH, Mayer MPA,
Samaranayake LP. The role of probiotic bacteria in managing
periodontal disease: a systematic review. Expert Review of
Anti-Infective Therapy. 2016; 14: 643–655.

[37] Reid G, Jass J, Sebulsky MT, McCormick JK. Potential uses of
probiotics in clinical practice. Clinical Microbiology Reviews.
2003; 16: 658–672.

[38] Homayouni A, Bastani P, Ziyadi S, Mohammad-Alizadeh-
Charandabi S, Ghalibaf M, Mortazavian AM, et al. Effects of
probiotics on the recurrence of bacterial vaginosis: a review.
Journal of Lower Genital Tract Disease. 2014; 18: 79–86.

[39] Zhang Y, Lyu J, Ge L, Huang L, Peng Z, Liang Y, et al.
Probiotic Lacticaseibacillus rhamnosus GR-1 and Limosilacto-
bacillus reuteri RC-14 as an Adjunctive Treatment for Bacte-
rial Vaginosis Do Not Increase the Cure Rate in a Chinese Co-
hort: A Prospective, Parallel-Group, Randomized, Controlled
Study. Frontiers in Cellular and Infection Microbiology. 2021;
11: 669901.

[40] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Annals of Internal Medicine. 2009; 151: 264–269.

[41] Higgins JPT. Commentary: Heterogeneity in meta-analysis
should be expected and appropriately quantified. International
Journal of Epidemiology. 2008; 37: 1158–1160.

[42] Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. British Medical Journal. 2003;

9

https://www.imrpress.com


327: 557–560.
[43] Anukam K, Osazuwa E, Ahonkhai I, Ngwu M, Osemene G,

Bruce AW, et al. Augmentation of antimicrobial metronidazole
therapy of bacterial vaginosis with oral probiotic Lactobacillus
rhamnosus GR-1 and Lactobacillus reuteri RC-14: randomized,
double-blind, placebo controlled trial. Microbes and Infection.
2006; 8: 1450–1454.

[44] Anukam KC, Osazuwa E, Osemene GI, Ehigiagbe F, Bruce AW,
Reid G. Clinical study comparing probiotic Lactobacillus GR-1
and RC-14 with metronidazole vaginal gel to treat symptomatic
bacterial vaginosis. Microbes and Infection. 2006; 8: 2772–
2776.

[45] Bohbot JM, Darai E, Bretelle F, Brami G, Daniel C, Cardot JM.
Efficacy and safety of vaginally administered lyophilized Lacto-
bacillus crispatus IP 174178 in the prevention of bacterial vagi-
nosis recurrence. Journal of Gynecology Obstetrics and Human
Reproduction. 2018; 47: 81–87.

[46] Laue C, Papazova E, Liesegang A, Pannenbeckers A, Aren-
darski P, Linnerth B, et al. Effect of a yoghurt drink containing
Lactobacillus strains on bacterial vaginosis in women–a double-
blind, randomised, controlled clinical pilot trial. Beneficial Mi-
crobes. 2018; 9: 35–50.

[47] Mei Z, Li D. The role of probiotics in vaginal health. Frontiers
in Cellular and Infection Microbiology. 2022; 12: 963868.

[48] Gustin AT, Thurman AR, Chandra N, Schifanella L, Alcaide
M, Fichorova R, et al. Recurrent bacterial vaginosis following
metronidazole treatment is associated with microbiota richness
at diagnosis. American Journal of Obstetrics and Gynecology.
2022; 226: 225.e1–225.e15.

[49] Basavaprabhu HN, Sonu KS, Prabha R. Mechanistic insights
into the action of probiotics against bacterial vaginosis and its
mediated preterm birth: An overview. Microbial Pathogenesis.
2020; 141: 104029.

[50] Aldunate M, Srbinovski D, Hearps AC, Latham CF, Ramsland
PA, Gugasyan R, et al. Antimicrobial and immune modulatory
effects of lactic acid and short chain fatty acids produced by

vaginal microbiota associated with eubiosis and bacterial vagi-
nosis. Frontiers in Physiology. 2015; 6: 164.

[51] Wang S, Wang Q, Yang E, Yan L, Li T, Zhuang H. Antimicro-
bial compounds produced by vaginal are able to strongly inhibit
growth, hyphal formation and regulate virulence-related gene
expressions. Frontiers in Microbiology. 2017; 8: 564.

[52] Leccese Terraf MC, Juarez Tomás MS, Rault L, Le Loir Y, Even
S, Nader-Macías MEF. In vitro effect of vaginal lactobacilli on
the growth and adhesion abilities of uropathogenic Escherichia
coli. Archives of Microbiology. 2017; 199: 767–774.

[53] Mailänder-Sánchez D, Braunsdorf C, Grumaz C, Müller C,
Lorenz S, Stevens P, et al. Antifungal defense of probiotic Lac-
tobacillus rhamnosus GG is mediated by blocking adhesion and
nutrient depletion. PLoS ONE. 2017; 12: e0184438.

[54] Jayashree S, Karthikeyan R, Nithyalakshmi S, Ranjani J, Gu-
nasekaran P, Rajendhran J. Anti-adhesion property of the poten-
tial probiotic strain 8711 against methicillin-resistant (MRSA).
Frontiers in Microbiology. 2018; 9: 411.

[55] Pino A, Bartolo E, Caggia C, Cianci A, Randazzo CL. Detec-
tion of vaginal lactobacilli as probiotic candidates. Scientific Re-
ports. 2019; 9: 3355.

[56] Matsuda Y, Cho O, Sugita T, Ogishima D, Takeda S. Culture
supernatants of Lactobacillus gasseri and L. crispatus Inhibit
Candida albicans biofilm formation and adhesion to HeLa Cells.
Mycopathologia. 2018; 183: 691–700.

[57] Armstrong E, Hemmerling A, Miller S, Burke KE, Newmann
SJ, Morris SR, et al. Metronidazole treatment rapidly reduces
genital inflammation through effects on bacterial vaginosis-
associated bacteria rather than lactobacilli. The Journal of Clin-
ical Investigation. 2022; 132: e152930.

[58] Takada K, Komine-Aizawa S, Kuramochi T, Ito S, Trinh
QD, Pham NTK, et al. Lactobacillus crispatus accelerates re-
epithelialization in vaginal epithelial cell line MS74. American
Journal of Reproductive Immunology. 2018; 80: e13027.

[59] Spiegel CA. Bacterial vaginosis. Clinical Microbiology Re-
views. 1991; 4: 485–502.

10

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Literature Search Strategy
	2.2 Selection Criteria
	2.3 Data Extraction
	2.4 Quality Assessment
	2.5 Statistical Analysis

	3. Results
	3.1 Study Identification and Selection
	3.2 Study Characteristics
	3.3 Meta-Analysis of the Effect of the Probiotics on Nugent Score
	3.4 Publication Bias

	4. Discussion
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

