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Objective: The present study aims to conduct a comprehensive meta-analysis of randomized controlled
trials (RCTs) investigating the efficacy of probiotics as an adjunct treatment for preventing and treating
gynecological infections.
Materials and methods: The study adopted a systematic review of scientific databases including PubMed,
Cochrane, and EMBASE, using defined MeSH terms. The inclusion and exclusion criteria were set to refine
the search, with the data extraction and quality assessment being conducted by two independent
investigators.
Results: A total of 35 articles, comprising 3751 patients, were included in the meta-analysis. The appli-
cation of probiotics demonstrated a notable increase in the cure rates of bacterial vaginosis (BV) and
vulvovaginal candidiasis (VVC) as compared to control groups. A significant BV cure rate (OR: 5.972; 95%
Cl: 2.62—13.59; p-value: 0.01) was noted with probiotic use, which was even more pronounced when
used as an adjunctive treatment with antibiotics (OR: 2.504; 95% CI: 1.03—6.06; p-value: 0.04). Addi-
tionally, probiotic use significantly reduced the recurrence rates of BV (OR: 0.34; 95% CI: 0.167—0.71; p-
value: 0.004). For VVC, a significant increase in the cure rate was observed in the probiotic group (OR:
3.425; 95% CI: 2.404—4.879; p-value: 0.01), along with a lower recurrence rate (OR: 0.325; 95% CI: 0.175
—0.606; p-value: 0.01).
Conclusion: Our findings underscore the potential role of probiotics as a beneficial adjunctive treatment
for gynecological infections, indicating an improved cure rate and decreased recurrence. However,
additional well-designed studies are necessary to corroborate these findings.

© 2024 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Bacterial vaginosis (BV) and vulvovaginal candidiasis (VVC) are
predominant classifications of vaginitis, frequently accompanied by
discomforting symptoms such as a malodorous discharge, pruritus,
a burning sensation, and pelvic discomfort in the female popula-
tion. Such conditions are the leading instigators for appointments
with clinical obstetricians and gynecologists [1,2].

BV emerges from alterations in the typically lactobacilli-
dominant vaginal microbiota, which is instrumental in sustaining
a low vaginal pH via the production of H,0; and lactic acid. These
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metabolites thwart the transformation of the vaginal microbiota
into pathogenic species such as Gardnerella vaginalis, Ureaplasma,
and Mycoplasma, among others [3,4]. It is noteworthy that BV does
not merely result from the presence of pathogenic organisms but
necessitates a pathogenic count escalating to 100 to 1000 times
that of the benign vaginal bacteria [5]. Concurrent research high-
lights that the etiology of BV extends beyond an imbalance and
overgrowth of pathogens to involve persistent biofilms. These
biofilms significantly contribute to recurrent and resistant condi-
tions by functioning as an immunity-subverting mechanism and
obstructing the penetration of antibiotics to the pathogens. This
phenomenon could potentially elucidate the antibiotic resistance
observed in vaginitis cases [6]. Although BV is generally classified as
a mild condition, it may lead to serious complications including
miscarriage, premature rupture of membranes (PROM) during
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pregnancy, pelvic inflammatory disease (PID), endometritis, and
infertility [7]. VVC is instigated by an overproliferation of yeast
organisms, predominantly albicans and non-albicans Candida spe-
cies [8]. In contrast to BV-anaerobe pathogens, Candida species
demonstrate a high pH tolerance, which facilitates their coexis-
tence with lactobacilli in the vaginal microbiota [2]. The symp-
tomatic manifestation of VVC includes pruritus, follicular vaginal
discharge, redness, and dysuria [9]. Existing data indicates that
approximately 75% of women will encounter VVC at least once in
their lifespan [10]. Triggers such as antibiotic administration, sexual
multiplicity, pregnancy, or hormone replacement therapy can
precipitate this condition. Nonetheless, a definitive trigger often
remains elusive [11].

Standard antifungal and antibiotic treatments have demon-
strated efficacy, with the first-line antibiotic regimen for BV showing
a 70%—80% cure rate post a four-week treatment course [12].
However, these treatments can exert both physiological and non-
physiological influences on the benign vaginal microbiota. The
administration of antibiotics may result in the suppression of lac-
tobacilli and other vital organisms of the normal vaginal microflora,
leading to an increase in vaginal pH, ecological disruption, and
subsequent pathogen replacement [13]. Additionally, it has been
suggested that an imbalance in the vaginal microbiota could pre-
cipitate the onset of hormonal, reproductive, and metabolic disor-
ders [14]. Probiotics, as viable organisms (particularly Lactobacillus
reuteri RC-14 and L. rhamnosus GR-1), have the capacity to integrate
themselves into biofilms, resulting in their disintegration and
reduction [15,16]. Despite personal hygiene measures, the majority
of microbes that constitute the vaginal microflora originate from the
gastrointestinal tract [3]. Emerging evidence suggests the potential
for genitourinary infection prevention and treatment through the
modification of gastrointestinal and vaginal microflora [17]. For oral
probiotics to be effective, the organisms must be capable of with-
standing the low pH of the upper gastrointestinal tract and suc-
cessfully colonize the targeted area[18]. Hence, a specific quantity of
a targeted probiotic could assist the urogenital tract in regaining a
healthy microflora. However, uninformed and inappropriate use of
probiotics could lead to undesirable effects, particularly in immu-
nocompromised patients [19]. Although there is a plethora of
studies advocating for the benefits of probiotics in the prevention
and treatment of vaginitis, the efficacy of probiotics remains a
subject of debate. A majority of these studies have assessed the
clinical effects of probiotics on gynecological infections, however,
potential bias cannot be completely ruled out due to the heteroge-
neity in treatment protocols, varied follow-up durations, and overall
heterogeneity. This study presents an updated meta-analysis of
randomized controlled trials (RCTs) studies to decipher the actual
role of probiotics as an adjunct treatment in the prevention and
treatment of gynecological infections. Additionally, through sub-
group analysis, we aim to assess the impact of the species and genus
diversity of probiotics, administration routes, and treatment design
on therapeutic outcomes.

Methods
Research approach and data collection

This current meta-analysis was undertaken with the objective of
elucidating the efficacy of probiotics in the remediation or recur-
rence of BV and VVC. Relevant studies and literatures were acquired
through comprehensive searches of databases such as PubMed,
Cochrane, and EMBASE, up until the date of August 4, 2022. MeSH
keywords used in the search included “probiotic bacteria”, “Lacto-
bacillus”, “urogenital infections”, “bacterial vaginosis”, “vulvovagi-

nitis”, “vaginitis”, and “vulvovaginal candidiasis”. The search
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criteria included studies that incorporated both (probiotic bacteria
or Lactobacillus) and (urogenital infection or bacterial vaginosis or
vaginitis or vulvovaginal candidiasis or vulvovaginitis). Each iden-
tified study was independently scrutinized by two investigators.
Any discrepancies were addressed and resolved via consultation
with a third author. Lastly, to preclude potential data omissions,
cited references were manually inspected.

Criteria for study selection

The following were the parameters for study inclusion: 1)
Availability in English or Chinese languages; 2) Types of studies
encompassing randomized control trials and case—controlled
studies; 3) Study participants consisting of non-pregnant, non-
lactating women; 4) Participants having current or past history of
BV and/or VVC according to Nugent score or Amsel's criteria; 5)
Studies comparing probiotic treatment versus non-probiotic
treatment, with or without antibiotic therapy. Exclusion criteria
were as follows: 1) Non-RCT studies including letters, comments,
editorials, reviews, retrospective studies, one-arm studies, and
other study types apart from RCTs; 2) Studies without a control
group; 3) Studies on pediatrics or pregnant or lactating women; 4)
Studies on healthy women with no history of gynecological
infection.

Data extraction process and quality evaluation

The extracted data from studies that fulfilled the selection
criteria included the following: the name of the first author, the
country in which the study was conducted, the year of publication,
the genus and species of probiotics used, the interval between
antibiotic usage and probiotic intervention, the dosage, the route
and duration of intervention, and ultimately, the treatment
outcome. All data was independently extracted and reviewed by
two investigators, and any discrepancies were resolved by consul-
tation with a third author.

Statistical evaluation

The Comprehensive Meta-Analysis (CMA) software version 2.2
(Biostat, Englewood, NJ) was employed for the analysis of the
amassed data. To assess the heterogeneity of the results, the
Cochrane Q-test (p < 0.05 was considered significant) and I-
squared (I?) were utilized. The overall efficacy of probiotic treat-
ment was estimated as a percentage and 95% confidence intervals
(ClIs) through pooling the data. The most suitable analytic models
were determined using random-effect (when p < 0.05 and I? > 50%,
implying significant heterogeneity) and fixed-effect (when p > 0.05
and I? < 50%, implying acceptable heterogeneity) measurements.
The potential for publication bias was assessed via funnel plot
asymmetry. Finally, we performed subgroups analyses based on
intervention types, administration route of probiotic application,
and the number of species and genus of probiotic bacteria to better
understand the impact of treatment.

Results
Search results and process

The initial database inquiry yielded 964 studies, 901 of which
were subsequently eliminated after title and abstract screening. Of
the 63 full-text articles reviewed, 28 were excluded due to non-
compliance with the pre-set inclusion criteria. Reasons for exclu-
sion included duplication, limited full-text availability, irrelevance
to the study type, and the withholding of data by the authors
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Fig. 1. Flow-diagram of study selection process.

(Fig. 1). Consequently, this meta-analysis includes a total of 35 ar-
ticles, collectively examining a sample of 3751 patients, all selected
based on the outlined inclusion criteria [20—54].

Study characteristics

The meta-analysis encompassed 3751 non-pregnant female
participants ranging in age from 18 to 50 years, who were diag-
nosed with either BV or VVC. The diagnosis of BV/VVC employed
various methodologies, including Amsel's criteria, Nugent scores of
7—10, clinical symptoms coupled with microscopy or culture, and
clinical signs alone. Follow-up durations ranged from 2 weeks to 12
months for BV and from 5 days to 6 months for VVC. The studies
incorporated in this analysis represent a global cross-section of
RCTs, with probiotic interventions being delivered either orally or
vaginally. Probiotic species utilized in the studies included a broad
spectrum of strains, administered as either singular or combined
species via oral or vaginal capsules, tablets, or tampons (Table 1).

Statistical results of BV cure

The analysis of 16 articles pertaining to BV cure rates demonstrated
a high therapeutic response in BV patients receiving probiotic treat-
ment (ER: 86%, 95% CI: 0.745—0.933; P-value: 0.0 I2: 93%; Egger: 0.06;
Begg: 0.26) (Table 2). When compared to controls, probiotic recipients
exhibited significantly elevated cure rates (OR: 5.972 95% CI:
2.62—13.59; P-value: 0.01; I’: 89%; Egger: 0.21; Begg: 0.34). Moreover,
subgroup analysis indicated that patients using probiotics in
conjunction with antibiotics demonstrated higher BV cure rates
compared to those on antibiotic therapy alone (OR: 2.504 95% CI:
1.03—6.06; P-value: 0.04; I*: 68%; Egger: 0.75; Begg: 0.8) (Fig. 2). The
subgroup analysis also suggested that employing one species or more
than two species of probiotics resulted in higher cure rates, regardless
of oral or vaginal administration. However, the ‘antibiotic vs. probiotic’
subgroup analysis revealed a lower heterogeneity, indicating superior
cure rates for antibiotics alone compared to probiotics (OR: 3.03 95%
Cl: 0.96—9.5; P-value: 0.05; I*: 47%; Egger: ND; Begg: ND).

Statistical results of BV recurrence

The analysis of 13 articles indicated a notable reduction in BV
recurrence rates in patients using probiotics (ER: 22%, 95% CI:
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0.136—0.34; P-value: 0.01 I*: 88%; Egger: 0.17; Begg: 0.5) (Table 3).
Furthermore, compared to control groups, those using probiotics
displayed a significantly lower risk of BV recurrence (OR: 0.34 95%
Cl: 0.167—0.71; P-value: 0.004; I>: %; Egger: 0.26; Begg: 0.42)
(Fig. 3). Additionally, patients using vaginal probiotics showed a
reduced risk of BV recurrence, as shown by subgroup analysis with
adequate data (OR: 0.18 95% CI: 0.09—0.36; P-value: 0.01; I>; 22%;
Egger: 0.75; Begg: 1.00). Subgroup  analysis for
‘antibiotic + probiotic vs. antibiotic’ suggested that the use of
probiotics as an adjunct to antibiotics resulted in lower BV recur-
rence rates (OR: 0.06 95% CI: 0.01—0.28; P-value: 0.01; I>: 0%; Egger:
ND; Begg: ND). However, due to data limitations, additional
research is required to corroborate these findings. Similar positive
outcomes were observed in genus subgroup studies, demonstrating
a reduced BV recurrence rate with the use of one or more genera of
probiotics.

Statistical results of VVC cure

Further analysis of 6 articles for VVC demonstrated a high cure
rate in the probiotic group (ER: 92%, 95%Cl: 0.851—0.959; P-value:
0.01 I%: 80%; Egger: 0.001; Begg: 0.008) and a higher cure rate
compared to the non-probiotic control group (OR: 3.425 95% Cl:
2.404—4.879; P-value: 0.01; I>: 0%; Egger: 0.617; Begg: 0.7)
(Table 4) (Fig. 4). Moreover, patients using vaginal probiotics
showed a higher VVC cure rate with no significant heterogeneity
(OR: 2.85 95% ClI: 1.75—4.63; P-value: 0.01; I’ 0%; Egger: 0.23;
Begg: 0.73).

Statistical results of VVC recurrence

The data analysis of eleven articles focused on VVC recurrence
demonstrated a low recurrence rate (ER: 0.09%, 95% CI:
0.055—0.159; P-value: 0.01, I>: 84%; Egger: 0.13; Begg: 0.11)
compared to the control group that abstained from using probiotics
(OR: 0.325, 95% CI: 0.175—0.606, P-value: 0.01; 1*: 77%; Egger: 0.11;
Begg: 0.53) (Table 5) (Fig. 5). Moreover, in the subgroup analysis of
the ‘antibiotic + probiotic vs antibiotic group,’ it was suggested that
probiotics, when used as adjunct therapy along with antibiotics,
could be more effective than antibiotics alone. An evaluation was
carried out in the ‘one genus’ subgroup analysis to examine the
efficacy of using a singular genus of probiotic in the prognosis of
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Table 1
Characteristics of the included studies in the meta-analysis.

First author Country Year Study type; interval Probiotic supplementation intervention Dosage/rout/duration  Treatment outcome (Cure/Recurrence) Ref
BV vVvC
Case Control Case Control
Larsson Norway 2008 RCT; L. gasseri + L. rhamnosus 108-10° colony 64% 78% NA NA [20]
Case: forming units (CFU); Recurrence: 64.9% Recurrence: 46.2%
Clindamycin + lactobacilli vaginal capsules, 10 (24/37) (18/39)
vaginal gelatin capsule days per month for 4
Control: months
clindamycin + placebo
Petricevic Austria 2008 RCT; L. casei + L. rhamnosus 10° colony forming 6.1% 10.2% NA NA [21]
Case: units (CFU); vaginal
Clindamycin + probiotics capsules for 7 days
Control:
Clindamycin
Mastro-marino Italy 2009 RCT; Florisia (L. brevis CD2 + L. salivarius subsp. salicinius 10° colony forming 15/18 2/16 NA NA [22]
Case: FV2 + L. plantarum FV9) units (CFU); one vaginal Recurrence: 7/18  Recurrence: 13/16
Probiotics tablet; daily for 7 days for BV for BV
Control:
Placebo without any
antibiotic
Bradshaw Australia 2012 RCT Gynoflor (L. acidophilus KS400 + 0.03 mg estriol) 107 colony forming 30 days: 30 days: NA NA [23]
Case: units (CFU); single 9/133 18/275
MTZ-probiotic vaginal pessary for 12 180 days: 180 days:
Control: day 37/133 78/275
Clinda + MTZ-placebo
van de Wijgert USA 2020 RCT: Ecologic Femi+ (B. bifidum W28 + L. acidophilus 1.5 x 10° colony Recurrence of BV at Recurrence of BV at NA NA [24]
Case: W70 + L. helveticus W74 + L. brevis forming units (CFU); month 2; month 2;
Counseling -+ Probiotics W63 + L. plantarum W21 + L. salivarius W24) vaginal capsule per day 5/12 11/21
Control: for the first five days For 6 months:6/9  For 6 months:
Counseling + MTZ followed by thrice 9/19
weekly for 2 months
Van de Wijgert USA 2020 RCT: Gynophilus LP (L. rhamnosus Lcr35) 1.6 x 10° colony Recurrence of BV at Recurrence of BV at NA NA [24]
Case: forming units (CFU); month 2; month 2;
Counseling + Probiotics vaginal capsule once 6/10 at month 6: 11/21
Control: every four days for 2 2/7 at month 6:
Counseling + MTZ month 2[7
9/19
Eriksson Sweden 2005 RCT: L. gasseri + L. casei var rhamnosus + L. fermentum  10° colony forming Recurrence; (41/ Recurrence; (34/ NA NA [25]
Case: (impregnated tampons) units (CFU); for 5 days 91) 96)
Clindamycin + probiotics
Control:
Clindamycin + placebo
Hemalatha India 2012 RCT; Florisia (L. brevis CD2 -+ L. salivarius subsp. 10° colony forming 36/75 29/73 NA NA [26]
Case: salicinius + L. plantarum) units (CFU); one daily
Probiotics vaginal tablet for 8 days
Control: pH-lowering tablet
control
Ling China 2013 RCT; L. delbrueckii subsp. lactis DM8909 10° colony forming Recurrence; 22/25 Recurrence; NA NA [27]
Case: units (CFU); once daily 25/30

Metronidazole + Probiotics

Control:
Metronidazole

for 10 days
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Czaja

Pirotta

Witt

Kovachev

Laue

Davar

Recine

Heczko

Nouraei

Marcone

Anukam

Anukam

France

USA

Australia

Austria

Bulgaria

Germany

Iran

Italy

Poland

Iran

Italy

Nigeria

Nigeria

2017

2007

2004

2009

2015

2018

2016

2016

2015

2012

2010

2009

2006

RCT:

Case:

Metronidazole + Probiotics
Control:

Metronidazole

RCT:

Case:

Probiotics

Control: placebo

RCT:

Case:

Probiotics

Control: placebo

RCT;

Case:

Probiotic + Itraconazole
Control:

Itraconazole

RCT: no-intervention Case:
Azole topical

treatment + Probiotics
Control:

Azole topical treatment
RCT;

NA

RCT:

Case:

Probiotics

Control: placebo
prospective case—control;
metronidazole 500 mg
orally twice a day for 7 days
plus probiotics

RCT:

Case:

Metronidazole + Probiotics
Control:

Metronidazole

RCT:

Case:

Fluconazole + Probiotics
Control:

Fluconazole capsules

(2 x 150 mg) + placebo
RCT:

Case:

Metronidazole + Probiotics
Control:

Metronidazole

RCT:

Case:

Fluconazole + Probiotics
Control:

Fluconazole (150 mg)

RCT:

Case:

Metronidazole + Probiotics
Control:

Metronidazole

Physioflor (L. crispatus IP 174178)

L. crispatus CTV-05

Femilac
(L. rhamnosus + L. delbrueckii + L. acidophilus
+ S. thermophilus)

L. gasseri

Lactagyn (L. acidophilus, L. rhamnosus,
S. thermophilus, L. delbrueckii subsp. bulgaricus)

yoghurt containing Lactobacillus strains
Lactobacillus acidophilus Bifidobacterium bifidum

Bifidobacterium longum

Lactobacillus rhamnosus BMX 54 as adjuvant
treatment

L. gasseri and L. rhamnosus

Protexin probiotic Lactobacillus

Long-term vaginal administration of Lactobacillus
rhamnosus

Lactobacillus rhamnosus GR-1 and Lactobacillus
reuteri RC-14

oral probiotic Lactobacillus rhamnosus GR-1
and Lactobacillus reuteri RC-14

10° colony forming
units (CFU); once
vaginal capsule a day
for two menstrual
cycles

5 x 10® colony forming
units (CFU); vaginal
suppository for 5 days

a teaspoon of powder
twice daily and one
pessary at night for 10
days

10° colony forming
units (CFU); Vaginal;
one tablet for 6 months

10° colony forming
units (CFU); Vaginal
capsules for 10-day

NA

10° colony forming
units (CFU);
Oral capsule for 10-day

10* CFU; vaginal
tablets;
once a day for 10 days

>108 CFU;
One capsule twice daily
oral capsule for 10 days

Oral capsules for 10
days

more than 40,000 CFU;
40 mg vaginal capsules
once a week for 6
months

(5 billion live organisms
per dose); one Oral
capsule for 3 months

10° CFU; vaginally two
gelatin capsules for 5
days

8/39

NA

NA

NA

NA

100%

NA

90.4%

Recurrence;
45.2%

NA

Cure;
96%

NA

Recurrence;
10%

16/39

NA

NA

NA

NA

76.5%

NA

79.2%

Recurrence;
47.0%

NA

Cure;
74%

NA

Recurrence;
45%

NA

Recurrence;
4/15

Recurrence;
17/59

Recurrence
rate;
15/45

NA [28]
Recurrence; [29]
(2/15)

Recurrence; [30]
9/54

Recurrence rate; [31]
12/31
At 6 months:

At 6 months: 5/23

6/25
Recurrence:
10/209

NA
Recurrence;
7.2%

NA

NA

Cure;
93.3%

NA

Cure;

79%

NA

Recurrence: [32]
(76/207)

NA [33]
Recurrence; [34]
35.5%

NA [35]
NA [36]
Cure; [37]
82.2%

NA [38]
Cure; [39]
43%

NA [40]

(continued on next page)
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Table 1 (continued )

First author Country Year Study type; interval Probiotic supplementation intervention Dosage/rout/duration ~ Treatment outcome (Cure/Recurrence) Ref
BV VVvC
Case Control Case Control
Anukam Nigeria 2006 RCT: Lactobacillus rhamnosus GR-1 10° CFU; Cure; Cure; NA NA [41]
Case: Lactobacillus reuteri RC-14 Oral twice daily for 30 88% 40%
Metronidazole + Probiotics days
Control:
Metronidazole
Martinez Brazil 2009a RCT: Lactobacillus rhamnosus GR-1, and Lactobacillus 10° CFU; two Recurrence; Recurrence; NA NA [42]
Case: reuteri RC-14 Oral capsules 12.5% 46.9%
Tinidazole + Probiotics Daily for 28 days Cure; Cure;
Control: Tinidazole 87.5% 50%
Martinez Brazil 2009b RCT: Lactobacillus rhamnosus GR-1 and Lactobacillus 10° CFU; two oral NA NA Recurrence; Recurrence; [43]
Case: reuteri RC-14 capsules for 4 weeks 10.3% 38.5%
Fluconazole + Probiotics
Control:
Fluconazole
Yang China 2009 RCT: Lactobacillus Vaginal capsule; Once NA NA Recurrence; Recurrence; [44]
Case: daily for 10 days 7.1% 16.7%
clotrimazole + Probiotics Cure; Cure;
Control: clotrimazole 92.86% 83.33%
Hua China 2008 RCT: Lactobacillus Vaginal capsule; Once NA NA Recurrence; Recurrence; [45]
Case: daily for 10 days 4.8% 13.9%
Miconazole + Probiotics Cure; Cure;
Control: 70.34% 67.52%
Miconazole
Marcone Italy 2008 RCT: Lactobacillus rhamnosus >40,000 Cure; Cure; NA NA [46]
Case: CFU; Vaginal tablet; At 1 month: 96% At 1 month:
Metronidazole + Probiotics Once a week for two At 6 months: 98%  91%
Control: months Recurrence: At 6 months: 74%
Metronidazole 2% Recurrence:
26%
Ma China 2007 RCT: Lactobacillus Vaginal capsule (0.5 g) NA NA Cure; Cure; [47]
Case: once daily for 7 days 85.2% 70.4%
Miconazole + Probiotics
Control:
Miconazole
Mai China 2007 RCT: Lactobacillus Vaginal capsule NA NA Recurrence; Recurrence; [48]
Case: (0.25 g); Once daily for 5.9% 15.5%
Clotrimazole + Probiotics 10 days Cure; Cure;
Control: 94.1% 83.3%
Clotrimazole
Han China 2006 RCT: Lactobacillus Vaginal capsule; Once NA NA Recurrence; Recurrence; [49]
Case: daily for 10 days 3.9% 13.0%
Clotrimazole + Probiotics Cure; Cure;
Control: 96.1% 86.96%
Clotrimazole
Vicariotto Italy 2012 RCT: L. fermentum LF15 and L. plantarum LPO1 400 million live cells ~ Recurrence; Recurrence; NA NA [50]
Case: per dose; Slow-release Day 28: 8.3% Day 28:
Probiotics Vaginal tablets once a Day 56: 83.3% 80%
Control: placebo day for 7 consecutive Day 56: 10%
days
Ya China 2010 RCT: Combination product containing L. rhamnosus A- 8 billion CFU; Recurrence; Recurrence; NA NA [51]
Case: 119 L. acidophilus A-212 Streptococcus. thermophilis Vaginal capsule a day  15.78% 45%
Probiotics A-33 for 7 days

Control: placebo
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VVC recurrence. The results indicated that patients who used a
singular genus probiotic were notably at a lower risk of VVC
recurrence (OR: 0.31, 95% CI: 0.21-0.45, P-value: 0.01; I>: 47%;
Egger: 0.17; Begg: 1.00). On the other hand, the data analysis of the
‘more than 1 genus’ subgroup analysis exhibited heterogeneity.
Thus, more studies are warranted to affirm the current findings.

[52]
[53]
[54]
[54]

NA

NA
Recurrence;
25.0%

Cure;

94.2%

NA

Publication bias

The analysis of Begg's and Egger's p-value test was revealed the
presence of a slight publication bias. Funnel plot was also
confirmed the potential publication bias in the eligible studies
(Fig. 6); However, the trim-fill method was applied in the case of
considerable publication bias. In this regards, there is no changes
was observed after the application of trim-fill method in the pooled
estimates. Thus, the trim-fill method was approved the stability of
overall estimates.

%

Recurrence;
Cure;

98.1%

NA
NA
NA

Cure;

10.3%

Cure;

22.2%

NA
Recurrence;
23.5%

Cure;

92.2%

Discussion

Our comprehensive meta-analysis presents a consolidated ex-
amination of several RCTs and provides an in-depth perspective on
the potential role of probiotics as an adjunctive treatment for gy-
necological infections. The study underscores the beneficial effects
of probiotics in the management of bacterial vaginosis (BV) and
vulvovaginal candidiasis (VVC), as indicated by the synthesized
data.

A striking observation in our study was the substantial cure rate
for BV among patients administered probiotics, an observation that
was even more pronounced when probiotics were used in
conjunction with antibiotics. This intriguing finding underscores
the premise of the potential for a synergistic or complementary
action between antibiotics and probiotics. The possible explanation
could be that while antibiotics eliminate pathogenic bacteria,
probiotics could hasten the restoration of the healthy vaginal
microbiota, thereby preventing recolonization by pathogenic bac-
teria [55]. In another meta-analysis conducted by Chen and co-
workers, they resulted that there was no significant difference in
the cure rate between the efficacy of probiotics and antibiotics in

Cure;

57.1%

Cure;

87.5%

NA
Recurrence;
1.7%

Cure;

98.3%

Vaginal capsule

Twice daily for six days
107 CFU; table once
daily for 7 days
Vaginal capsule

Once daily for 7 days
Vaginal capsule

Once daily for 7 days

10° CFU;

L. acidophilus plus 0.03 mg estriol for 6 days

9
é the treatment of BV [56]. Probiotics are not a homogeneous group
S of microorganisms, and different strains may have different effects
8 on the vaginal microbiota and immune system [57]. Moreover, the
3 E E optimal dose and duration of probiotic administration for BV
é T T treatment and prevention are still unclear, and may vary depending
'§ '§ g on the individual characteristics of the patients [58]. Also in a meta-
=2 3 3 analysis published in 2019, it has been displayed that probiotics
8 alone were more effective in treating BV in both short and long
9 g term, whereas probiotics after antibiotic treatment was only
3 2 effective in the short term [59]. One possible explanation for this
3 S S + finding is that probiotics after antibiotic treatment may not be able
g g i ig“ ié to fully restore the diversity and stability of the vaginal microbiota,
g8 88 2 2 g .3 which are essential for maintaining vaginal health. Antibiotics can
68 .88 .58 .885 kill both harmful and beneficial bacteria in the vagina, creating a
G2¢ 5 2 S EGE8ESEEEEE disruption in the vaginal ecosystem that may take a long time to

FOAOUOEUAUEUUJOUEU=0 = L. . .
recover. Probiotics may help replenish some of the beneficial bac-
e g g g teria, but they may not be able to restore all of them, or they may
- - o o not be able to compete with the remaining harmful bacteria that
@ g P o may have developed resistance to antibiotics [60,61]. Therefore,
g 2 £ £ probiotics after antibiotic treatment may not be sufficient to pre-
<2 = < b vent BV recurrence in the long run. However, not all probiotics are
equally effective for BV treatment and prevention. The type, dose,
and delivery method of probiotics may influence their efficacy and

£ 2 safety.

Z:’ ;‘é £ 5 Moreover, the individual characteristics of the patients, such as

their vaginal pH, immune status, hormonal levels, and genetic
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Table 2
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Comparative analysis of BV cure rates using probiotic treatment, antibiotic treatment, and combined therapy.

Intervention Random-effects model

Heterogeneity Publication bias

OR 95% Cl p-value 2 Egger's Begg's
AB -+ pro Vs. AB 2.504 1.03—6.06 0.04 68% 0.75 0.80
AB + pro Vs. AB + placebo 3.31 0.44—-24.92 0.24 95% 0.45 1.00
AB Vs. pro 3.03 0.96—-9.5 0.05 47% ND ND
Pro Vs. placebo 16.49 3.63-74.93 0.01 92% 0.39 0.22
1 species 438 1.38-13.91 0.01 88% 0.26 0.45
More than 2 or 2 species 6.03 1.81-20.13 0.01 92% 0.29 0.17
Oral 8.3 4.62—14.90 0.01 00 ND ND
Vaginal 5.7 2.19-14.87 0.01 90% 0.2 0.27
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio  limit limit  Z-Value p-Value
Larsson 0.501 0.268 0.937 -2.165 0.030 -.-
Petricevic 0.585 0.205 1.667 -1.004 0.315
Mastro-marino  9.593 0.457 201.562 1.455 0.146 i
Hemalatha 1.401 0.730 2688 1.013 0.311
Ling 1.467 0.314 6.854 0.487 0.626
Laue 60.948 3.645 1019.221 2.860 0.004 —
Recine 2.392 1.063 5.385 2.107 0.035 —
Marcone (a) 8.432 2.820 25218 3.815 0.000
Martinez (a) 7.333 3.572 15.056 5.429 0.000
Marcone (b) 17.216 3.960 74844 3.796 0.000 —H—
Vicariotto 46.000 19.215 110.121 8.596 0.000 +
Anders Hallen 77.880 4.327 1401.602 2.953 0.003 e |
Anukam (b) 7.364 1.337 40.548 2294 0.022 T
Anukam (c) 10.594 3.879 28.936 4.604 0.000
Parent 26.000 12.080 55.962 8.330 0.000 -
Lin b 4261 0.882 20.591 1.803 0.071 +—+—
5972 2624 13.591 4.259 0.000 ’
0.01 01 1 10 100
Fig. 2. Forest plot of the meta-analysis on the cure of bacterial vaginosis patients.
Table 3
Comparative analysis of BV recurrence rates with the use of probiotics, antibiotics, and combined therapy.
Intervention Random-effects model Heterogeneity Publication bias
OR 95% Cl p-value I? Egger's Begg's
AB -+ pro Vs. AB 0.06 0.01-0.28 0.01 00% ND ND
AB + pro Vs. AB + AB' + plc 0.03 0.45-2.37 0.01 00% ND ND
AB + pro Vs. AB + plc 0.54 0.24-1.21 0.13 84% 0.33 0.46
AB Vs. pro 0.44 0.09—-1.94 0.27 77% 0.09 0.29
Pro Vs. plc 0.08 0.01-0.45 0.004 86% 0.85 1.00
1 species 0.43 0.13—-1.47 0.18 77% 0.53 0.73
More than 2 or 2 species 0.27 0.11-0.66 0.004 90% 0.25 0.75
1 genus 0.33 0.14-0.77 0.01 89% 0.26 0.27
More than 1 genus 0.3 0.14-0.64 0.002 32% ND ND
Oral 0.4 0.07-2.11 0.28 92% ND ND
Vaginal 0.18 0.09-0.36 0.01 22% 0.75 1.00

factors, may also affect their response to probiotics and antibiotics.
Therefore, more research is needed to identify the optimal probiotic
strains, doses, and regimens for different clinical conditions and
populations. Moreover, our study revealed a significant decrease in
the recurrence rate of BV among probiotic users. Particularly
noteworthy was the decreased recurrence rate among patients who
received probiotics through vaginal administration. Treatment of
BV with currently recommended antibiotics has always been in
great dispute with its high rates of recurrence. It may be due to the
presence of BV-associated bacteria and multispecies BV biofilm that
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some women develop diseases [62]. In compliance with our study,
an investigation operated by Marcone et al. demonstrated that the
long-term efficacy of probiotics significantly prevented BV recur-
rence [46]. This finding supports the hypothesis that probiotics can
aid in maintaining the stability of the vaginal microbiota by directly
colonizing the vagina and exerting their beneficial effects locally.
With regards to VVC, our meta-analysis pointed towards a
marked improvement in the cure rate among patients administered
probiotics, with a significant decrease observed in the recurrence
rate as well. Also another study concluded the enhancing effect in
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Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio  limit limit Z-Value p-Value

Larsson 0.632 0251 1590 -0.975 0.330 |

Mastro-marino  0.147 0.030 0.708 -2.390 0.017

Bradshaw 1.036 0453 2373 0.084 0.933

van de Wijgert 0649 0.155 2719 -0.591 0.555

Van de Wijgert 1.364 0296 6.283 0.398 0.691

Eriksson 1495 0831 2.691 1.342 0.180

Bohbot 0.371 0136 1.014 -1.933 0.053

Heczko 0923 0529 1609 -0.284 0.777

Martinez (a) 0.169 0.083 0.340 4.967 0.000 i

Vicariotto 0.022 0009 0052 -8596  0.000 <l

Anukam (b) 0.306 0.062 1512 -1.453 0.146 -

ya 0229 0.09 0550 -3.300 0.001 -

Linb 0.065 0015 0282 -3.644 0.000 —.I—
0.344 0167 0.710 -2.889 0.004 e 2

0.01 0.1 1 10 100

Fig. 3. Forest plot of the meta-analysis on the recurrence of bacterial vaginosis patients.

Table 4

Comparative analysis of VVC cure rates using probiotic treatment, antibiotic treatment, and combined therapy.

Intervention Random-effects model

Heterogeneity Publication bias

OR 95% Cl p-value 12 Egger's Begg's
AB —+ pro Vs. AB 2.85 1.75-4.63 0.01 0% 023 0.73
AB + pro Vs. AB + plc 421 2.51-7.06 0.01 0% ND ND
1 species 291 1.16-7.33 0.02 0% ND ND
More than 2 or 2 species 4.98 2.67-9.29 0.01 0% ND ND
Oral 3.06 1.04-9.03 0.04 71% ND ND
Vaginal 2.85 1.75-4.63 0.01 0% 023 0.73
Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Nouraei 2916 1.160 7.334 2275 0.023 ——
Anukam (a) 4987 2674 9299 5054  0.000 B
Ma 2429 1211 4870 2.499 0.012 B
Mai 3209 1209 8519 2.340 0.019 ——
Han 3586 1.127 11.412 2.162 0.031 ——
Lina 3.128 0616 15.886 1.375 0.169 -
3425 2404 4879 6.821 0.000 ¢
0.01 0.1 1 10 100

Fig. 4. Forest plot of the meta-analysis on the cure of vulvovaginal candidiasis patients.

improving short-term clinical cure rate when probiotics were
added compared with conventional antifungal drugs alone [63].
These findings could be explained by the potential role of probiotics
in enhancing the host's immune response, thereby improving the
resistance to Candida colonization and infection [63]. Additionally,
certain probiotic strains may exert direct anti-Candida activity [64].
This potential may be due to production of antimicrobial sub-
stances, such as hydrogen peroxide, lactic acid, acetic acid, and
bacteriocins, that can lower the pH and inhibit the growth and
virulence of Candida species [65]. Also competition for nutrients
and adhesion sites on the mucosa which prevents the colonization
and biofilm formation of Candida species may be considered as
another possible mechanism [66].
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Despite these promising outcomes, our study has certain limi-
tations. The presence of considerable heterogeneity among the
included studies, due to variations in study designs, probiotic
strains used, duration of treatment, and administration routes, may
have influenced our results. In addition, there are slight publication
bias that originated from clinical heterogeneity as well as meth-
odological heterogeneity of included studies. The studies included
in our meta-analysis were relatively short-term, which restricts our
ability to draw conclusions about the sustained and long-term ef-
fects of probiotics. The lack of data pertaining to certain de-
mographic groups, such as pregnant women and those with
specific comorbidities, limits our understanding of the breadth of
the benefits and potential risks associated with probiotics.
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Table 5
Comparative analysis of VVC recurrence rates with the use of probiotics, antibiotics, and combined therapy.
Intervention Random-effects model Heterogeneity Publication bias
OR 95% CI p-value I Egger's Begg's
AB + pro Vs. AB 033 0.22—-0.51 0.01 21% 0.17 0.06
AB + pro Vs. AB + placebo 0.17 0.08—-0.37 0.01 0% ND ND
No intervention control 0.08 0.04—-0.17 0.01 0% ND ND
Pro Vs. plc 0.8 0.1-6.29 0.83 90% 0.73 1.00
More than 2 or 2 species 0.3 0.05—-1.77 0.18 93% 0.08 0.29
1 genus 0.31 0.21-0.45 0.01 47% 0.17 1.00
More than 1 genus 0.28 0.04—-1.82 0.18 93% 0.45 0.29
Oral 0.15 0.08—-0.27 0.01 0% ND ND
Vaginal 0.39 0.84-0.18 0.01 80% 0.21 0.75
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limt Z-Value p-Value
Czaja 2364 0361 15455 0.898 0.369 —
Pirotta 2.024 0814 5.032 1:517 0.129
Witt 0.792 0.306 2.051 -0.481 0.631
Kovachev 0087 0043 0174 6897  0.000 1
Davar 0.134 0.056 0.319 -4531 0.000
Martinez (b)  0.174 0081 0.374 -4472  0.000 -
Yang 0367 0.145 0930 -2.113 0.035 —-
Hua 0323 0.112 0935 -2.084 0.037 ——
Mai 0335 0125 0896 -2.179 0.029 —
Han 0279 0088 0887 -2.162 0.031 —l—
Lina 0.125 0.042 0375 -3.712 0.000
0325 0.175 0606 -3538  0.000 <o
0.01 0.1 1 10 100

Fig. 5. Forest plot of the meta-analysis on the recurrence of vulvovaginal candidiasis patients.

Funnel Plot of Standard Error by Logit event rate
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Fig. 6. Funnel plot of the meta-analysis on the cure of bacterial vaginosis patients.
However, despite these limitations, our study has several sig- us to discern the potential effects of probiotics across different
nificant strengths. One of the key strengths of our study is its populations and ethnicities. Additionally, our study evaluated
comprehensiveness, with the inclusion of a large number of RCTs multiple aspects of gynecological infections, including cure rates

from different geographical locations, thereby enhancing the and recurrence rates for both BV and VVC, providing a holistic view
generalizability of our findings. This diverse representation allows of the potential benefits of probiotics. Furthermore, our analysis
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was not confined to any particular strain or species of probiotics,
thus offering a broad perspective on the therapeutic potential of
various probiotic strains.

Conclusion and further perspectives

To conclude, the meta-analytical findings of our study present
substantial evidence in favor of the potential efficacy of probiotics
as an adjunctive therapy for prevalent gynecological infections.
This synthesis of existing research provides an encouraging indi-
cation of the potential role probiotics can play in women's health,
particularly in relation to common gynecological infections. To
derive more generalizable results and to cement the use of pro-
biotics as a therapeutic tool, further research should focus on a
diverse demographic population. This inclusion will help in un-
derstanding the implications of age, ethnicity, genetic predisposi-
tion, and socio-economic status on the efficacy of probiotics in
treating these gynecological infections. Moreover, conducting such
expansive studies will enable us to examine the potential hetero-
geneity and possible confounders that could be influencing our
results. In addition to broadening demographic analysis, it is crucial
that future research delineates a comprehensive understanding of
the intricate interactions that occur between the probiotics and the
host organism. Detailed knowledge about the underlying mecha-
nisms, including the immune responses and genetic factors, which
dictate the therapeutic efficacy of probiotics, is essential. By
decoding these interplays, it would be possible to optimize thera-
peutic regimens and personalize treatment, thus advancing the
precision medicine approach in women's health. Thus, this study
sheds light on an important aspect of women's health, marking an
initial stride towards understanding the potential role of probiotics
as a therapeutic intervention. Further, it adds a valuable contribu-
tion to the academic discourse surrounding probiotics and paves
the way for future research in this area, enhancing our knowledge
and potentially having far-reaching implications for women's
healthcare practices.
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