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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 (H2O-)-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 ez 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 Qu a l i ty Assessment Records identified through database searching Additional records identified|
: (n=372) through other sources
(PubMed=114, Embase=133, Cochrane=125) (n=0)

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

Records after duplicates removed
(n=197)

bias), blinding of participants and personnel (performance Rmrd:@—’ Records excluded by screening
bias), blinding of outcome assessment (detection bias), in- (@-197) ““e‘(‘:]"j];‘;;""“
complete outcome data (attrition bias) selective reporting

(reporting bias) and other bias [41]. Each domain is di- v Full-texte(n:ic]];; excluded

Full-text articles assessed

vided into low risk of bias, unclear risk of bias and high foreligitilty 1NoRCTs (n-4)

2.Healthy women (n=1)

\ 4

risk of bias. The quality assessment was performed by two (r=24) 3 Non-English publication(n=1)
. . . . 4.No outcomes of interest (n=11)
researchers independently and disagreements were adjudi- 5 Full-text records not available (12)
cated by consultation. The third researcher intervened when i "1 oF
.. tudies included in
the negotiation could not be solved. quanitative synthesis

(meta-analysis)
(n=5)

2.5 Statistical Analysis

. . . . Fig. 1. Fl i f the st lection.
The RR (RR =risk of event in experimental group/risk '8 ow diagram of the study selection

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 (/%) and Q statistics. The Q statistic p < 0.10 or
I2 >50% showed that there was heterogeneity among the
studies and a random-effects model should be applicated.

. Random sequence generation (selection bias)

@ | Allocation concealment (selection bias)

@ | @ | @ | Blinding of outcome assessment (detection bias)

‘ . ‘ . . Incomplete outcome data (attrition bias)

® ©® & | @ | @ |Blinding of participants and personnel (performance bias)

0

8

a

o)

=

£

o

a

g

o)

C

£

0

Q
Measured by /2, studies were considered to have no het- g @
erogeneity (0-25%), low heterogeneity (25-50%), moder- 2 0
ate heterogeneity (50-75%), and high heterogeneity (75— E E)
100%) [42]. We performed a random-effects model meta- 3 8
analysis for heterogeneous outcomes and carried out sen-
sitivity analysis. After the sensitivity analysis, there was C. Laue 2018 . '
no heterogeneity between studies; we used a fixed-effects
model to perform meta-analysis. We used descriptive anal- J.M. Bohbot 2018 | 2 | (2 . .
ysis for data that could not be merged; the publication bias .
was estimated by funnel plots. Kingsley Anukam 2006 . . . ‘
3. Results Kingsley C. Anukam 2006 | ‘2 | '? ? ®e
3.1 Study Identification and Selection Yongke Zhang 2021 . ? ' . '

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 The quality assessments of these five RCTs are shown
literature selection is shown in Fig. 1. in Fig. 2,3 based on the Cochrane “risk of bias table”.

Fig. 2. Risk of bias summary of included studies.
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Fig. 3. Risk of bias graph of included studies.
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Fig. 4. Forest plot showing the effect of probiotics on the adult female patients with BV in five RCTs.
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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

o b/se(b)

e

o
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0 5.63773
1/se(b)

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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Meta—analysis estimates, given named study is omitted

| Lower CI Limit OEstimate | Upper CI Limit
C. Laue |

[46]

J.M. Bohbot
[45]

Kingsley Anukam
[43]

Kingsley C. Anukam
[44]

Yongke Zhang |
[39] 1
0.13 0.44 0.60 0.82 1.05

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, I? = 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
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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
amicroenvironment 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.
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Fig. 9. Sensitivity analysis of the effect of probiotics on the
adult female patients with BV in three RCTs.
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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
be maintained 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.

Publication Sample size Diagnostic Intervention measures Dosage form and Outcome assessed
1D Author Study type Country L Age R . . . Follow-up .
year (probiotic/control) standards Probiotic group Control group use time (probiotic) (interested)
1 Kingsley 2006 DB-RCT Nigeria 125 (65/60) 18 to 44 Symptoms and Took metronidazole (1 g, days ~ Took metronidazole (1 g, days Oral capsules, 30 days Nugent score
Anukam [43] signs, a positive 1-7) plus Lactobacillus (days 1-7) plus placebo (days 1-30) 30 days
Nugent and BV 1-30) orally orally
Blue test score
2 Kingsley C. 2006 OL-RCT Nigeria 40 (20/20) 18 to 50 Symptoms and Inserted vaginally two gelatin Applied 0.75% metronidazole =~ Vaginal capsules 30 days Nugent score
Anukam [44] signs, a positive capsules containing L. vaginal gel to the vagina insertion, 5 days
Nugent score, rhamnosus GR-1 and L. twice a day (once in the
>3 of Amsel reuteri RC-14 (1 x 10° each morning, once in the evening)
criteria organism) at bedtime for 5 for 5 days
days
3 J.M. Bohbot 2018 DB-RCT France 98 (50/48) >18 >3 of Amsel Took metronidazole orally Took metronidazole orally Vaginal capsules 112 days Nugent score
[45] criteria twice a day for 7 days and twice a day for 7 days and insertion, 56
then used vaginal capsules of then used vaginal capsules of days
L. crispatus IP 174178 (10° a placebo for 56 days
CFU per gram) for 56 days
4 C. Laue [46] 2018 DB-RCT Germany 36 (18/18) >18 >3 of Amsel Took metronidazole for 7 Took metronidazole orally for ~ Oral yoghurt, 28 4 weeks Nugent score
criteria days (2 x 500 mg/d) orally 7 days (2 x 500 mg/d) and days
and then consumed twice then consumed twice daily
daily verum, verum was 125 g placebo (125 g chemically
yoghurt containing (besides acidified milk)
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
x 107 cfu/mL
5 Yongke 2021 OL-RCT China 126 (63/63) 18 to 65 A positive Received orally administered Received metronidazole Oral drinks, 7 90 days Nugent score
Zhang [39] Nugent score probiotic drinks containing vaginal suppositories only days

L.rhamnosus GR-1 and L
reuteri RC-14 (>1 x 10°
CFU per day, for 30 days) and
vaginally administered
metronidazole suppositories
(0.2 g per day, for 7 days)

(0.2 g per day, for 7 days)

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.

Publication Probiotic group Control group
ID Author
year Number of recurrent patients ~ Total number ~ Number of recurrent patients ~ Total number
(Nugent score 7-10) of patients (Nugent score 7-10) 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
administration methods 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.
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