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ABSTRACT

Introduction: Preterm prelabor rupture of membranes contributes substantially to
maternal and neonatal morbidity. Because vaginal dysbiosis may promote ascending
infection and membrane weakening, probiotics have been proposed as adjunctive
therapy. This review evaluated maternal and neonatal outcomes associated with oral or
vaginal probiotics in women with, or at risk of, preterm prelabor rupture of membranes.

Methods: PubMed, Scopus, ScienceDirect, and the Cochrane Library were searched
through January 2025. Randomized controlled trials of probiotic interventions were
eligible. Two reviewers independently screened studies, extracted data, and performed
domain-level appraisal using the Joanna Briggs Institute checklist. Owing to clinical and
methodological heterogeneity, findings were synthesized qualitatively without meta-
analysis.

Results: Four randomized trials involving 306 participants were included. Several trials
reported longer latency, higher gestational age at delivery, greater neonatal birth weight,
or fewer neonatal intensive care admissions with adjunctive vaginal probiotics.
However, one trial showed no significant latency benefit, and results varied by
population, formulation, regimen, concomitant antibiotics, and outcome definition.
Certainty was low to very low because of small samples, inconsistency, indirectness, and
imprecision.

Conclusion: Vaginal probiotics may have potential as adjunctive therapy, but current
evidence is preliminary and insufficient to support routine use. Larger multicenter trials
using standardized strains, doses, comparators, and outcomes are required.
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INTRODUCTION

Preterm prelabor rupture

associated with PPROM
respiratory  distress, and

intensive  care
[1,2,12,21,46-49].

unit
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of membranes
(PPROM) is defined as rupture of the fetal
membranes before the onset of labor and before 37
completed weeks of gestation [1,2]. PPROM
remains one of the major causes of preterm birth
and contributes substantially to maternal and
neonatal morbidity worldwide.
include
infection, placental abruption, neonatal sepsis,
increased neonatal
(NICU)

Complications

Emerging evidence suggests that vaginal
microbial homeostasis plays an important role in
maintaining pregnancy. Lactobacillus-dominant
vaginal microbiota contribute to preservation of
acidic vaginal pH and suppression of pathogenic
microorganisms, whereas disruption of normal
vaginal flora may facilitate ascending infection and
inflammatory  responses  associated  with
membrane weakening and spontaneous preterm
birth [4-6,20-33]. Probiotic supplementation has
therefore attracted increasing attention as a
potential adjunctive therapy because it may help
restore microbial balance, suppress pathogenic
colonization, and support recovery of vaginal

intrauterine

admission
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microbiota following antibiotic exposure [7,8,34-
42].

Several studies have investigated probiotics as
adjunctive therapy in PPROM management and
reported possible benefits, including prolonged
latency period and improved neonatal outcomes
[9,11,14,16,17]. However, currently available
evidence remains limited and heterogeneous with
regard to probiotic strains, dosage regimens,
intervention duration, and reported outcomes.

Unlike the 2023 meta-analysis, which
quantitatively pooled selected vaginal-probiotic
trials, this review provides an updated qualitative
synthesis that includes a later pilot trial,
emphasizes strain- and regimen-level clinical
heterogeneity, evaluates methodological domains
using the JBI checklist, and interprets the evidence
without pooling where direct comparability was
considered insufficient [11,13].

Despite increasing interest in probiotic therapy
for PPROM, currently available randomized
controlled  trials remain  limited  and
heterogeneous. Uncertainty persists regarding
optimal probiotic strains, routes of administration,
dosage regimens, and overall clinical effectiveness.
Therefore, this qualitative systematic review aimed
to critically evaluate current evidence regarding
oral and vaginal probiotics as adjunctive therapy in
improving maternal and neonatal outcomes
among women with PPROM.

METHODS

Literature Search

Preparation and reporting of this review
followed PRISMA 2020 guidance [18]. A
comprehensive literature search was conducted
using four electronic databases: PubMed, Scopus,
ScienceDirect, and the Cochrane Library through
January 2025. The search strategy combined
Boolean operators and Medical Subject Headings
(MeSH)-related terms, including: ("PPROM" OR
"preterm prelabor rupture of membranes" OR
"preterm premature rupture of membranes") AND
("probiotics" OR "Lactobacillus" OR "vaginal
probiotics" OR "oral probiotics") AND ("neonatal
outcomes" OR '"preterm birth" OR '"latency
period" OR '"birth weight" OR "NICU
admission"). Database-specific search strategies
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were adapted according to the indexing system of
each database. Additional relevant studies were
identified through manual screening of reference
lists. Detailed electronic search strategies are
presented in Appendix 1.

Detailed database-specific electronic search
strategies, including Boolean operators, MeSH-
related terms, filters, and eligibility restrictions, are

presented in Appendix 1 to improve
reproducibility.
Protocol Registration

This review was not prospectively registered in
PROSPERO. The absence of prospective protocol
registration is acknowledged as a limitation
because it may increase the risk of reporting bias.

Eligibility Criteria

Study selection was based on the PICOS
framework. Eligible studies included randomized
controlled trials involving pregnant women
diagnosed with PPROM or considered at risk of
PPROM. Interventions included oral or vaginal
probiotic administration, while comparison groups
received placebo, antibiotics alone, standard
therapy, or no probiotic treatment. Studies
reporting maternal or neonatal outcomes,
including gestational age at delivery, neonatal
birth weight, latency period, neonatal sepsis, and
NICU admission, were considered eligible.

Review  articles, conference  abstracts,
editorials, case reports, non-randomized studies,
and studies without sufficient outcome data were
excluded.

Data Extraction and Risk of Bias Assessment

Two reviewers independently screened titles
and abstracts, assessed potentially eligible full
texts, and extracted data using a standardized
form.  Extracted data  included  study
characteristics, participant demographics,
probiotic strains and formulations, dose and route,
treatment duration, follow-up period, comparator
protocols, and reported clinical outcomes.
Disagreements were resolved by discussion and
consensus.

Two reviewers independently assessed
methodological quality using the Joanna Briggs
Institute  Critical Appraisal Checklist for
Randomized Controlled Trials [19]. Judgments
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were interpreted by individual methodological
domains rather than by total score alone.
Disagreements were resolved through discussion
and consensus.

Statistical Analysis

Considerable clinical and methodological
heterogeneity was identified among included
studies regarding probiotic strains, treatment
duration, dosing regimens, gestational age at
enrollment, adjunctive antibiotic protocols, and
outcome definitions. Therefore, formal meta-
analysis was not considered methodologically
appropriate. A descriptive qualitative synthesis
was conducted, and comparative outcome
visualization was used to summarize differences in
gestational age at delivery and neonatal birth
weight between intervention and control groups.

No pooled effect size, confidence interval,
weighting analysis, or heterogeneity statistic was
calculated because quantitative meta-analysis was
not performed. The graphical outcome
comparisons presented in this review are intended
solely for descriptive visualization and should not
be interpreted as formal quantitative meta-analytic
results.

Experimental Protocol

The review process included literature
identification, duplicate removal, title and abstract
screening, full-text eligibility assessment, and
qualitative synthesis.

Ethics Approval

Not required. This study was a systematic
review of previously published studies and did not
involve direct participation of human subjects.

RESULTS

Study Selection

Database searches initially identified 1351
records from PubMed, Scopus, ScienceDirect, and
the Cochrane Library. After duplicate removal and
preliminary eligibility screening, 37 articles
underwent title and abstract evaluation. A total of
1314 records were excluded because they were
review articles, conference abstracts, editorials,
non-randomized studies, unrelated topics, animal
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studies, or did not evaluate probiotic interventions
in PPROM.

Six full-text articles were subsequently assessed
for eligibility. Two studies were excluded because
of insufficient outcome reporting or ineligible
study design. Ultimately, four randomized
controlled trials fulfilled the inclusion criteria for
qualitative synthesis. The process of literature
screening and study inclusion is illustrated in
Figure 1.

Characteristics of Included Studies

A total of four randomized controlled trials
involving 306 participants were included in this
review [13,14,16,17]. All four studies evaluated
vaginal probiotics in women with PROM or
PPROM. The trial by Moraes et al. was a small
pilot study and included women with PROM
between 24 and 36 weeks of gestation [13]. All
studies compared probiotic interventions with
control or standard therapy groups. Detailed study
characteristics are presented in Table 1.

Study Quality

Overall, most studies fulfilled key
methodological criteria, including randomization
and blinding procedures. Nevertheless, several
limitations remained, particularly small sample
sizes, incomplete reporting of allocation
procedures, and potential reporting bias due to
unavailable study protocols [19]. Detailed quality
assessment results are presented in Appendix 2.

Most included studies demonstrated low risk of
performance and detection bias because
appropriate blinding procedures were generally
implemented. However, several studies showed
unclear risk of selection bias due to incomplete
reporting of allocation concealment and baseline
comparability. In addition, potential reporting bias
could not be completely excluded because study
protocols and prespecified outcome reporting were
not consistently available.

Synthesis of Outcomes

Across the included studies, probiotic
supplementation was associated with favorable
maternal and neonatal outcomes, including
prolonged latency period, increased gestational
age at delivery, higher neonatal birth weight, lower
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Note: PPROM = preterm prelabor rupture of membranes.

Figure 1. Flowchart describing literature screening and study inclusion process

NICU admission rates, and shorter NICU stay
duration [9,11,14,16,17].

Effect estimates varied across studies.
Descriptive comparisons suggested possible
differences in gestational age at delivery and
neonatal birth weight, but inconsistent findings,
small samples, and clinical heterogeneity preclude
inference of an overall treatment effect
[9,11,14,16,17].

Descriptive Comparative Analysis

Descriptive comparison plots for gestational
age at delivery and neonatal birth weight are
presented in Figures 2 and 3. No pooled statistical
analysis, weighting analysis, or heterogeneity
calculation was performed because of substantial
clinical heterogeneity and limited sample size
across included studies. The direction and

e-ISSN: 2828-9269 « p-ISSN: 2829-2979

magnitude of effects were not consistent across
studies; therefore, the descriptive plots should not
be interpreted as demonstrating an overall
treatment effect [9,11,14,16,17].

DISCUSSION

Current evidence suggests that adjunctive
probiotic  supplementation may potentially
improve maternal and neonatal outcomes in
women with PPROM. Several included studies
demonstrated improvements in gestational age at
delivery, neonatal birth weight, and NICU
admission rates among women receiving
probiotics [9,11,14,16,17].

Clinical heterogeneity was substantial. Trials
differed in gestational age at enrollment, PROM
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Figure 2. Gestational Age at Delivery

Graphs are presented for descriptive visualization only and do not represent formal meta-analytic

forest plots.
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Figure 3. Neonatal Birth Weight

Graphs are presented for descriptive visualization only and do not represent formal meta-

analytic forest plots

versus PPROM case definitions, baseline infection
risk, probiotic species and formulation, frequency
and duration of administration, concomitant
antibiotic regimens, and definitions of latency and
neonatal morbidity. These differences limit direct
cross-trial comparison and were the principal
reason a pooled estimate was not calculated.
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included studies

Interestingly, not all
demonstrated consistent benefit. Yadav et al.
reported minimal differences in latency period and
neonatal outcomes between probiotic and control
groups [17]. These discrepancies may reflect
differences in probiotic strains, baseline maternal

characteristics, concomitant antibiotic protocols,
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and gestational age at enrollment [11,17].
Therefore, interpretation of the currently available
evidence should remain cautious. The relatively
small sample sizes and inconsistent findings across
studies prevent definitive conclusions regarding
probiotic efficacy in PPROM management
[3,14,16,17].

The observed benefits may be associated with
restoration of vaginal microbial homeostasis and
reduction of inflammatory pathways related to
membrane weakening. Lactobacillus-dominant
vaginal microbiota contribute to maintenance of
acidic vaginal pH and suppression of pathogenic
microorganisms [24-37]. Disturbance of this
microbial environment has been associated with
ascending infection and inflammatory activation,
both recognized contributors to spontaneous
preterm birth [21,24-33].

The inconsistent findings across included
studies may reflect strain-specific probiotic effects.
Different Lactobacillus strains possess distinct
antimicrobial, immunomodulatory, and anti-
inflammatory properties, potentially resulting in
variable clinical outcomes [7,8,34-42]. In addition,
differences in gestational age at enrollment,
concomitant  antibiotic  therapy, treatment
duration, and outcome definitions further
complicate direct comparison between studies and
limit external validity [11,14,16,17].

Potential biological mechanisms underlying
probiotic benefit may include restoration of
Lactobacillus-dominant ~ vaginal = microbiota,
maintenance of acidic vaginal pH, suppression of
pathogenic colonization, and modulation of
inflammatory cytokine pathways associated with
membrane weakening and spontaneous preterm
birth [6-8,24-37].

Conventional management of PPROM
commonly includes antibiotic therapy aimed at
reducing infectious morbidity and prolonging
pregnancy duration [44,45]. Nevertheless,
antibiotic exposure may disrupt normal vaginal
flora and contribute to microbial imbalance.
Adjunctive probiotic therapy may therefore help
restore  microbial equilibrium and  limit
recolonization by pathogenic microorganisms
[7,8].

Among the included studies, vaginal probiotic
administration appeared to demonstrate more
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favorable outcomes than oral supplementation,
possibly because of its direct local interaction with
vaginal microbiota [13,14]. However,
interpretation of current evidence should remain
cautious because substantial heterogeneity existed
regarding probiotic strains, dosage regimens,
intervention duration, and reported outcome
measures.

These observations are in line with previous
reports describing improved neonatal outcomes
associated with adjunctive probiotic therapy in
PPROM [11]. However, the relatively limited
number of randomized controlled trials and
methodological variability continue to restrict
definitive recommendations regarding optimal
probiotic protocols in clinical practice.

At present, available evidence remains
insufficient to recommend routine probiotic
administration in all patients with PPROM
[11,44,45]. Nevertheless, probiotics may represent
a promising adjunctive therapeutic strategy that
warrants further investigation through larger
multicenter randomized controlled trials with
standardized intervention protocols. Further
randomized controlled trials with larger sample
sizes are required to clarify the clinical role of
probiotics in PPROM management. Taken
together, currently available evidence should be
considered preliminary rather than definitive
because of methodological heterogeneity and
limited randomized evidence [3,11,14,16,17].

CONCLUSION

Current evidence suggests that vaginal
probiotics may represent a promising adjunctive
strategy in PPROM management because several
included  studies  demonstrated  potential
improvements in maternal and neonatal outcomes.
However, the certainty of evidence remains limited
because of substantial heterogeneity, relatively
small sample sizes, and methodological variability
across studies. Additional large-scale randomized
controlled trials are required to establish optimal
probiotic strains, dosage regimens, routes of
administration, and duration of therapy before
routine clinical implementation can be
recommended.
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Study Limitations

This study has several limitations, including the
relatively small number of included randomized
controlled trials and substantial heterogeneity
regarding  probiotic  strains, routes  of
administration, dosage regimens, gestational age
at enrollment, adjunctive antibiotic protocols, and
outcome definitions. These differences
substantially limit comparability and external
validity. Although four major databases and
reference lists were searched, Embase and Web of
Science were not available for this review; eligible
non-English reports may also have been missed
because the search was restricted to English-
language publications.

In addition, formal quantitative meta-analysis
was not performed because of methodological
heterogeneity and incomplete statistical reporting
across studies. Consequently, pooled effect
estimates and heterogeneity statistics could not be
calculated. Potential publication bias could not be
formally assessed because of the limited number of
included studies and absence of quantitative meta-
analysis. This review was also not prospectively
registered in PROSPERO, which may increase the
risk of reporting bias.

Using GRADE principles, certainty was
judged low to very low across the principal
outcomes because of risk-of-bias concerns,
inconsistency between trials, indirectness arising
from different populations and probiotic regimens,
and serious imprecision from small sample sizes.
Publication bias could not be evaluated reliably
with fewer than 10 studies. These judgments are
narrative because no pooled outcome-specific
estimates were generated.
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Table 1. Characteristics of included randomized controlled trials.

Sample size

Key outcomes

treatment versus placebo with
standard treatment

continued during the latency
period through delivery

probiotic group; most other
outcomes showed little
variation

Study Population (I vs C) Probiotic regimen Treatment/follow-up (Lvs C) Interpretation
Daskalakis et PPROM, 24— 49 vs 57 EcoVag Balance vaginal | Three vaginal doses daily for | GA at delivery: 35.49 vs | Longer latency and improved
al., 2017 [14] 34 weeks capsules: L. rhamnosus DSM | 10 days; maternal and | 32.53 weeks; birth weight: | selected neonatal outcomes;

14870 and L. gasseri DSM | neonatal outcomes assessed | 2439.1 vs  2004.8 g; | small single-center trial
14869 (1x10% CFU); adjunct to | through delivery and | NICU/special care
standard antibiotics neonatal hospitalization admission: 27.1% vs 56.1%
Ibrahim et al., PPROM 33vs 34 Vaginal probiotic plus | Administered during | GA at delivery: 34.5 vs 32.0 | Potential neonatal  benefit;
2018 [16] standard antibiotic | expectant management; | weeks; birth weight: 2224 vs | reporting of allocation and
prophylaxis; exact strain/CFU | follow-up through delivery | 1947 g; NICU admission: | regimen details was incomplete
should be checked against the | and neonatal admission 24.3% vs 55.8%
full trial report
Yadav et al., PPROM, 24— 52 vs 54 Vaginal probiotic adjunctive to | Treatment during expectant | GA at delivery: 31.58 vs | No significant latency or
2022 [17] 34 weeks standard antibiotic | management; follow-up | 31.50 weeks; birth weight: | gestational-age benefit; selected
prophylaxis; formulation | through delivery and | 1555.3 vs 1605.7 g; NICU | neonatal outcomes were
details as reported by the trial | neonatal hospitalization admission: 42.3% vs 42.6% reported as better
authors
Moraes et al., PROM, 24— 16 vs 11 Vaginal L. thamnosus plus L. | Pilot  triple-blind  trial; | Latency period and GA at | Very small pilot trial; estimates
2022 [13] 36 weeks gasseri with standard | treatment and follow-up | delivery were higher in the | are imprecise and not directly

comparable with PPROM-only
trials
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