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Abstract
Background  The microbiota of the reproductive system is a vital factor in fertility, pregnancy and neonatal health. 
Microbiota composition may control implantation, gestational preservation and neonatal colonization. The vaginal, 
cervical and uterine/endometrial niches exhibit varying levels of consistency with evidence based on sampling 
techniques and analysis.

Methods  We searched PubMed, Google Scholar, Scopus and Web of Science for articles published between 
January 2015 and September 2025. The inclusion criteria were human studies that have assessed microbiota of 
the reproductive tract in the vaginal, cervical, endometrial, placental or amniotic compartments against fertility, 
pregnancy or neonatal outcome. We excluded male-only, non-reproductive microbiomes or outcomes not aligned 
to fertility, pregnancy complications or neonatal health. Screening was done independently by two reviewers while a 
third reviewer assisted with conflict resolution.

Due to heterogeneity, a structured meta-analysis was not possible. We synthesized evidence narratively following 
screening for eligibility.

Results  The most consistent evidence links vaginal dysbiosis particularly depletion of stable Lactobacillus-dominant 
communities and enrichment of anaerobic taxa with inflammatory disruption of cervicovaginal barrier function and 
increased risk of preterm birth related outcomes. By contrast, associations involving cervical especially endometrial 
microbiota with implantation failure, recurrent pregnancy loss and IVF outcomes remain suggestive but less 
consistent across studies. Evidence for a resident placental microbiota remains controversial with several recent low-
biomass analysis favoring contamination interpretations over proof of viable colonization. Across sites, Lactobacillus 
dominance was not uniformly protective because species and strain level differences especially between Lactobacillus 
crispatus and Lactobacillus iners appeared clinically relevant. Maternal dysbiosis occurring pre-conception or early 
in pregnancy seem to have the greatest impact on adverse outcomes such as preterm birth. Modulation of local 
immune responses, inflammatory signaling and cervicovaginal barrier integrity were major highlighted mechanistic 
pathways. Emerging translational strategies include strain targeted probiotics/live biotherapeutics and vaginal 
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​Introduction
The Microbial community is present in all areas of the 
female reproductive tract, including the vulva and vagina, 
up to the cervix, and even in the uterine cavity [1]. The 
increased attention to the reproductive tract microbiome 
over the years has helped to shed light on its central role 
in reproductive pathology and physiology. Recent narra-
tive syntheses have highlighted the role of reproductive 
tract microbiota in gynecologic pathology, particularly in 
inflammatory and neoplastic processes, through shared 
host–microbial mechanisms [2]. Microbial homeostasis 
(eubiosis) has been shown to promote mucosal barrier 
activity and immune homeostasis [3] whereas a dysbiotic 
microbiota can trigger inflammation or cause direct tis-
sue damage to reproductive organs [4, 5]. Gao et al. 2024 
[6] presented evidence that suggests that microbial eco-
systems residing in the vagina, cervix and endometrium 
play a dynamic role in regulating fertility, successful 
implantation, and pregnancy outcomes through immune 
signaling, epithelial integrity and metabolic pathways. 
The implications of these interactions amongst hosts 
and microbes are far-ranging. They may affect the abil-
ity of a couple to conceive, the progression and the result 
of a pregnancy and the well-being of a newborn during 
the first days of life and later. Anatomical integrity in this 
review, is the structural and functional ability of repro-
ductive tract barrier systems which restrain microbial 
ascent and excess inflammation and facilitate implanta-
tion and pregnancy maintenance. This concept involves 
operationally epithelial barrier continuity, tight-junction 
integrity, cervical mucus barrier activity and extracel-
lular matrix stability. It also involves controlled local 
immune signaling and in pregnancy, maintenance of the 
fetal membranes and placental interface. This framework 
links microbial community structure to reproductive 
outcomes via three interconnected mechanistic domains: 
mucus and epithelial barrier maintenance, inflamma-
tory and immunologic regulation, and matrix remodeling 
linked to tissue weakening or microbial ascendancy.

Global significance
Pregnancy complications and infertility are of significant 
public health concern throughout the world [7, 8], and 

in most cases, they have complicated etiologies. Cur-
rent adverse outcomes are at least partially explained by 
classical risk factors (e.g., age, genetics, and underlying 
health conditions). Researchers are trying to determine 
the role of the maternal microbiome as a contributing 
factor. The vaginal microbiota has been identified as a 
gatekeeper that may prevent or predispose to such dis-
eases as bacterial vaginosis (BV), pelvic inflammatory 
disease, preterm labor, and neonatal infection [9]. The 
study of these microbial ecosystems offers a more holistic 
view of reproductive health, a combination of microbiol-
ogy with the field of gynecology and obstetrics.

Aim
The aim of this review is to synthesize current findings 
linking reproductive tract microbiota with fertility (nat-
ural conception and assisted reproductive technology 
outcomes), pregnancy outcomes (including miscarriage 
and preterm birth), and neonatal health. We examine 
proposed biological mechanisms that may underlie these 
associations. Emerging microbiome targeted interven-
tions, their translational limitations and future research 
priorities will also be evaluated.

Although the main scope of this review is the female 
reproductive tract microbiota, only those gut-mediated 
and systemic pathways with direct mechanistic signifi-
cance in reproductive tract immune regulation, preg-
nancy complications or maternal-to-neonatal microbial 
transmission are discussed.

Anatomical integrity is used in this review to refer to 
the structural and functional competency of host barriers 
that restrict microbial ascent and dysregulated inflamma-
tion. In pregnancy, these are the vaginal/cervical epithe-
lium, cervical mucus layer and gestation barriers which 
are the fetal membranes (chorion-amnion) and placental 
interface.

Methods
Literature search and study selection
This review was conducted as a narrative review with 
structured literature identification and transparent 
study selection procedures. We searched PubMed, Sco-
pus, Web of Science, and Google Scholar for literature 

microbiota transplantation although safety and standardized endpoints remain key constraint. Interventional and 
translational studies suggests that microbiome modulation can shift cervicovaginal community structure toward 
Lactobacillus enrichment.

Conclusion  There are significant relations between the reproductive tract microbial conditions, anatomical/immune 
health and reproductive outcomes but they are species/strain and context specific. There is a need to make early risk 
stratification, mechanistic validation and carefully controlled intervention studies priorities in future work before broad 
clinical implementation.

Keywords  Microbiota, Lactobacillus, Dysbiosis, Pregnancy, Preterm, Vaginosis, Infertility, Endometrium
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published from January 2015 to September 2025. A rep-
resentative full Boolean search strategy was developed 
for PubMed and adapted for syntax and indexing differ-
ences in Scopus, Web of Science, and Google Scholar. 
The PubMed search string was as follows: ((vaginal OR 
cervicovaginal OR cervical OR endometrial OR uterine 
OR placental OR amniotic fluid) AND (microbiota OR 
microbiome OR ‘16S rRNA’ OR ‘16S rDNA’ OR metage-
nomic OR sequencing) AND (fertility OR infertility OR 
subfertility OR IVF OR ART OR implantation OR mis-
carriage OR pregnancy OR preterm birth OR PPROM 
OR neonatal outcome OR neonatal colonization)). Rel-
evant human studies were selected for narrative syn-
thesis. Where necessary, seminal pre-2015 references 
were retained only to provide foundational biological 
or conceptual context. Due to the fact that endometrial, 
placental, and amniotic samples are usually prone to con-
tamination related bias, we interpreted these studies with 
special care. Greater attention was given to studies that 
reported negative controls, sequencing platform trans-
parency and clear distinction between microbial DNA 
detection and evidence of viable colonization.

Microbiota sampling methods
The sampling methods in the included literature used 
varied across anatomical site. High vaginal or mid-vagi-
nal swabs were often used to obtain vaginal microbiota. 
Endocervical swabs or cytobrush-based sampling were 
usually used to gather cervical microbiota during spec-
ulum examination. Endometrial microbiota was often 
investigated using transcervical catheter aspirates and 
endometrial biopsy although these approaches were rec-
ognized as vulnerable to contamination from the lower 
genital tract. Placental and intrauterine microbiota stud-
ies analyzed placental tissue biopsies, membrane samples 
or amniotic fluid using either culture-based methods or 
sequencing-based approaches such as 16S rRNA gene 
sequencing.

Inclusion and exclusion criteria
We included human observational and interventional 
studies of the female reproductive tract microbiota 
(vaginal, cervical, endometrial, placental, or amniotic 
fluid) in relation to fertility, pregnancy or neonatal out-
come. Studies focusing solely on male factor infertility, 
non-reproductive microbiota, animal models, or lack-
ing relevant clinical outcomes were excluded. Only arti-
cles published in English Language were included. Grey 
literature and conference abstracts were not included. 
The PECO framework was structured as follows: Popu-
lation—women of reproductive age or pregnant women 
and neonates where maternal reproductive tract microbi-
ota was clinically relevant. Exposure -reproductive tract 
microbiota composition or dysbiosis in vaginal, cervical, 

endometrial, placental, or amniotic compartments. 
Comparator- eubiotic vs dysbiotic states, Lactobacillus-
dominant vs non-Lactobacillus-dominant communities, 
or clinically stratified outcome groups where available. 
Outcomes- fertility, implantation, IVF/ART outcomes, 
miscarriage, preterm birth, PPROM, pregnancy compli-
cations, and neonatal microbial or clinical outcomes.

Screening and selection
Titles and abstracts were screened by two independent 
reviewers, followed by full-text assessment of potentially 
relevant articles. Conflicts were resolved by discussion 
and consensus by a third reviewer. The study selection 
process is summarized in the PRISMA flow diagram 
(Fig.  1) showing records identified, screened, excluded 
and included.

Assessment of study quality
Due to the heterogeneity of study designs and the narra-
tive nature of this review, a formal risk of bias tool was 
not uniformly applicable. However, evidence quality was 
appraised using a structured qualitative approach based 
on study design, methodological transparency, sampling 
and contamination control (particularly for low-biomass 
studies), clarity of outcome definitions, and consistency 
across studies. Based on these criteria, evidence was cat-
egorized as strong, moderate, or preliminary.

Data extraction and synthesis
In each of the included sources, we synthesized the fol-
lowing data: microbiota composition (which taxa were 
predominant or altered), a measure of anatomical or 
immunological integrity (e.g. inflammatory marker, bar-
rier functioning assays), and the effect on fertility/preg-
nancy/neonatal outcomes. A qualitative synthesis was 
done because of the heterogeneity of the design of the 
studies. We classified results into thematic groups based 
on key phases of the reproductive process and anatomi-
cal locations. This helped in providing a logical story of 
the relationship between microbial patterns and clinical 
endpoints.

Findings
Site-specific reproductive tract microbiota
Vaginal microbiota
Vaginal microbiota is one of the most studied microbial 
ecologies of the female body [10]. The vaginal microbiota 
of healthy reproductive-age women is generally of low 
diversity and dominated by the genus Lactobacillus [11, 
12]. The reproductive-age vaginal microbiota typically 
shows low diversity with dominance of lactic acid pro-
ducing Lactobacillus spp. (e.g., L. crispatus, L. jensenii, L. 
gasseri) in an acidic environment (pH ~ 3.5–4.5) [13, 14] 
The comparative microbial composition across different 
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jensenii, respectively). CST IV is characterized by low 
Lactobacillus abundance and enrichment of strict anaer-
obes, including Gardnerella, Atopobium, Prevotella, and 
Sneathia [52].

Discussion
Although Lactobacillus-dominant vaginal communi-
ties are commonly associated with reduced risks of BV 
and sexually transmitted infections (STIs), growing evi-
dence suggests that Lactobacillus dominance should be 
interpreted as a species, strain, and ecological context-
dependent state rather than as a uniformly protective 
marker. In clinical and metabolomic studies in females 
with repeated BV. Zhu et al. [53] showed that antibiotic 
treatment often results in post treatment dominance by 
Lactobacillus iners rather than Lactobacillus crispatus. 
They observed that L. iners dominated states are asso-
ciated with higher BV recurrence and reduced stability. 

reproductive tract sites under eubiotic and dysbiotic 
conditions is summarized in Table 1. Lactobacilli are the 
keystone defenders inhibiting the growth and adhesion 
of potentially harmful microbes producing lactic acid, 
hydrogen peroxide, bacteriocins, and biosurfactants [15, 
51]. It is believed that this acidic and antimicrobial envi-
ronment keeps the vaginal epithelium and upper genital 
tract infections at bay. Furthermore, commensal Lacto-
bacillus species may co-aggregate with pathogens and 
prevent their adherence on the epithelial surface, thus 
further protecting the integrity of the mucosa [17].

Even though Lactobacillus numerically dominates the 
vaginal flora of most women, vaginal microbial ecology 
is not homogenous. In this respect, vaginal communities 
are usually sorted into Community State Types (CSTs) 
according to the primary taxa and/or total diversity: 
CST I, II, III, and V are typically dominated by Lacto-
bacillus species (L. crispatus, L. gasseri, L. iners and L. 

Fig. 1  PRISMA diagram. Figure 1 is a PRISMA 2020 flow diagram of study selection which shows the Identification, screening and final inclusion of studies 
retrieved from Scopus, PubMed, Web of Science, and Google Scholar
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Table 1  Comparison of microbial composition in different reproductive tract sites (Eubiotic vs Dysbiotic)
Site Condition Dominant Taxa Microbial Load pH 

(Vagina)
Example 
CST

Anatomical 
Barriers/Notes

Reference(s)

Vagina Eubiotic Lactobacillus spp. (L. crispatus, L. 
iners, L. jensenii, L. gasseri)

High; 
Lactobacillus-dominant

~ 3.5–4.5 CST I (L. 
crispatus)

Acidic, Lactobacillus-
dominated mucosa; 
squamous epitheli-
um and mucus limit 
pathogen ascent

[2, 10, 13, 15, 
16]

Vagina Dysbiotic BV-associated anaerobes: 
Gardnerella, Atopobium, Pre-
votella, Sneathia (± Ureaplasma/
Mycoplasma)

Higher diversity; Lacto-
bacillus depleted

> 4.5 CST IV 
(low-Lac-
tobacillus)

Weakened barrier; 
↑BV/STIs/sPTB risk; 
mucin degradation 
(↑sialidase) and 
inflammation

[17–26]

Cervix Eubiotic Lactobacillus-dominant (continu-
um of vaginal microbiota)

Moderate; protected by 
mucus

N/A Shares 
vaginal 
CSTs I–III

Endocervical mucus 
plug and local 
immunity; samples 
easily contaminated 
from vagina

[13, 17, 
27–31]

Cervix Dysbiotic Lactobacillus-depleted; anaerobes 
(e.g., Gardnerella, Sneathia); often L. 
iners present

Higher diversity/
pathobionts

N/A CST IV-like Lactobacillus 
depletion + BV-
associated taxa; 
linked to inflamma-
tion and slower HPV 
clearance/↑epithelial 
abnormalities

[13, 17, 
27–31]

Endo-
me-
trium

Eubiotic Low-biomass; often Lactobacillus 
if any

Very low (orders of mag-
nitude below vagina)

N/A LD (Lacto-
bacillus-
dominant) 
vs NLD

Near-sterile/
low-biomass cav-
ity; transcervical 
sampling vulnerable 
to vaginal/kit con-
tamination; interpret 
with controls

[32–40]

Endo-
me-
trium

Dysbiotic Non-Lactobacillus anaerobes 
(e.g., Gardnerella, Prevotella, 
Anaerococcus)

Increased burden; In-
creased microbial signal 
and/or inflammation

N/A NLD 
(non-Lac-
tobacillus-
dominant)

Chronic endometri-
tis with inflamma-
tion; associated with 
reduced implanta-
tion and IVF success

[32–40]

Pla-
centa 
(Term)

Eubiotic No stable resident microbiota; 
signals often reflect

Extremely low/undetect-
able in health

N/A N/A Placenta and 
membranes form a 
largely sterile fetal 
barrier; most posi-
tive signals reflect 
contamination

[41–46]

Pla-
centa 
(Infect-
ed)

Dysbiotic 
(Chorioam-
nionitis)

Pathogens: Ureaplasma, Fusobacte-
rium, E. coli, GBS, Mycoplasma

Detectable load by 
culture/16S

N/A N/A Barrier failure with 
maternal–fetal 
inflammation; 
associated with 
PTB, PPROM and 
neonatal sepsis via 
ascending or hema-
togenous spread

[47–50]

Table 1 compares the microbial composition in different reproductive tract sites under eubiotic and dysbiotic conditions. The table outlines the dominant taxa, 
microbial load, pH, and example Community State Types (CST) for each site. It also describes anatomical barriers and notes the potential clinical implications of each 
condition

Evidence level: Evidence summarized in this table is derived from a qualitative synthesis of human observational, molecular, and translational studies. It varies 
by anatomical site. Evidence is strongest for the vaginal microbiota and dysbiosis-associated states such as BV. It is moderate for cervicovaginal continuity and 
endometrial low-biomass patterns and more limited for placental microbial signals in uncomplicated pregnancy

Abbreviations: BV bacterial vaginosis, CST community state type, GBS Group B Streptococcus, HPV human papillomavirus, IVF in vitro fertilization, LD Lactobacillus-
dominant, NLD non-Lactobacillus-dominant, PPROM preterm premature rupture of membranes, PTB preterm birth, STI sexually transmitted infection
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This is consistent with the opinion that a Lactobacillus 
dominant community may not be universally protec-
tive. In line with these clinical findings, Nori et al. [16] 
revealed that vaginal L. crispatus and L. iners showed 
significant strain and subspecies level genomic hetero-
geneity, which included variations in those genes associ-
ated with host interaction and colonization capabilities. 
On the mechanistic level, a recent study by Xu et al. [27] 
points out the differences in the mechanisms of adhesion 
and colonization, the production of antimicrobial fac-
tors including bacteriocins and lactic acid. There are also 
interactions with pathogens and biofilms, and immuno-
modulatory effect of vaginal lactobacilli. These further 
underlines that host and environmental factors such 
as hormonal cycling, pregnancy, and other physiologi-
cal states are of critical importance to vaginal microbial 
balance. Together, these studies have provided a subtle 
ecological explanation in that L. iners preeminence could 

indicate transitional or unsteady community conditions 
and that L. crispatus-dominant communities are more 
simply related to resilience. It highlights the fact that con-
text of community and host considerations are necessary 
in defining eubiosis as opposed to solely Lactobacillus 
dominance. The contrasting states of cervicovaginal eubi-
osis and dysbiosis are illustrated in Fig. 2.

Cervical microbiota
Cervix is an important anatomical transition zone 
between the vagina and the sterile upper tract. The role 
of the cervix in microbiology has traditionally been 
viewed primarily as a barrier. The cervical mucus plug in 
pregnancy keeps ascending microbes out. Studies have 
indicated that a unique microbial niche is possibly har-
bored in the cervix. Cervicovaginal microbiota generally 
appear similar to the vaginal communities [28], although 
some reports suggest that some of these taxa including 

Fig. 2  Cervicovaginal eubiosis and dysbiosis: barrier integrity and potential ascending infection. Figure 2. Panel A shows a Lactobacillus-dominant cer-
vicovaginal environment with lactic acid production, acidic pH, intact vaginal epithelium and a preserved cervical mucus plug. Lactobacillus spp. shown 
mainly in the vaginal/lower cervicovaginal compartment, while the uterus/endometrium is represented as a low-biomass protected upper tract. Panel B 
shows dysbiosis, with BV-associated anaerobes such as Gardnerella, Prevotella, Atopobium, and Sneathia, increased pH, inflammation, epithelial disrup-
tion, mucus plug weakening and potential ascending infection. Arrows indicate possible ascent of dysbiotic/pathogenic taxa after barrier compromise 
not normal Lactobacillus migration or quantitative microbial distribution. Figure generated using ChatGPT (OpenAI, DALL·E) and edited by the authors 
for scientific accuracy and clarity
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Mycoplasmataceae (Mycoplasma and Ureaplasma spe-
cies), are more commonly found in the cervical canal 
than around the vaginal introitus [14, 29]. Mycoplasma 
and Ureaplasma may be either asymptomatic commen-
sals or opportunistic pathogens associated with pelvic 
inflammatory disease and preterm birth [30]. Human 
Papillomavirus (HPV) infection also takes place in the 
cervix. There is recent evidence that the resident micro-
biota at the site can be involved in HPV persistence or 
clearance, and consequently cervical dysplasia [28]. An 
example of this is that a cervicovaginal microbiota high 
in Lactobacillus (particularly L. crispatus) is linked to 
accelerated HPV clearance, and a microbiota high in 
BV-associated bacteria is linked to slower clearance and 
increased risk of cervical epithelial abnormalities [52].

In some reports, sampling of the cervix has been 
defined as a continuum with the vagina. However, micro-
bial ascension can be altered by the anatomical integrity 
of the cervix (e.g. closed versus dilated, mucus versus 
absent, inflammatory state) [31, 32].

Endometrial microbiota
Historically, the upper uterus (endometrium) was con-
sidered sterile in healthy individuals, and the presence of 
bacteria was generally interpreted as evidence of infec-
tion [33]. Modern molecular methods have been able to 
detect microbial DNA signals in some upper-tract sam-
ples. Whether these represent viable resident communi-
ties remains argued, particularly because of low-biomass 
contamination risk [34, 35]. The endometrial microbiota 
of healthy, non-pregnant women also seems to contain a 
much smaller number of microbes than the vagina [36]. It 
is frequently dominated by a small number of genera such 
as Lactobacillus (Firmicutes phylum) and Bacteroides 
or other Flavobacterium (Bacteroidetes phylum). In one 
study they found that the endometrial tissue of asymp-
tomatic women typically contained Lactobacillus spe-
cies and a small amount of Gardnerella, but with a total 
bacterial burden far less than vaginal swabs of the same 
women [37]. These low microbial biomass values should 
be interpreted with care because vaginal or lab contami-
nation can easily cause the presence of an endometrial 
microbiome to be overstated. Paired sampling methods 
that is sampling vagina, cervix, and endometrium in the 
same patient are encouraged to identify the difference 
between the bacteria that are really present in the uterus 
and the ones that were introduced during transcervical 
sampling. Recent studies indicate that when a Lactoba-
cillus-dominated microbiota spreads into the uterus it 
could be either harmless or potentially useful in promot-
ing endometrial receptivity [38, 39]. Conversely, non-
Lactobacillus anaerobes such as Gardnerella, Atopobium, 
Sneathia and Streptococcus spp. have been detected in 
the endometrium and linked to chronic endometritis 

and implantation failures [14]. Chronic endometritis is 
a severe, asymptomatic inflammation of the uterine lin-
ing that is typically identified by histological detection of 
the presence of plasma cells in the endometrium and is 
commonly associated with bacterial presence. The impli-
cated organisms include Enterococcus, Streptococcus, E. 
coli or Mycoplasma [35]. This low-grade inflammation 
may cause disruption of the finely tuned environment 
required to implant an embryo.

Placental and intrauterine low-biomass debate
The question of whether the placenta and amniotic fluid 
have their own microbiota remains controversial. A pre-
liminary study of placental tissues of term pregnancies 
revealed the presence of bacterial DNA and community 
profile that is more suggestive of the oral microbiome 
than of the vaginal microbiome [14]. Panzer et al. [40] 
re-analyzed 15 publicly available placental 16S datasets 
with a harmonized pipeline and found that environmen-
tal DNA and mode of delivery exert a strong influence on 
the apparent signal. This prompted them to conclude that 
the existing evidence of the DNA-based data does not 
strongly support a uniform placental microbiota. Within 
a larger fetal microbiome synthesis, Kennedy et al. [41] 
argue that placenta results represent a cautionary exam-
ple of sequence based low biomass microbiome pitfalls. 
They emphasized that DNA detection alone is not proof 
of a live, replicating ecosystem of microorganism. They 
therefore called for transdisciplinary standard which goes 
beyond contamination controls to biological/ecological 
credibility and mechanistic/functional evidence. In line 
with this, a study of term pregnancies through sequenc-
ing and bacterial culture by Sterpu et al. [42] found no 
evidence of a placental microbiome. They interpreted 
the rare signals as more likely evidence of contamina-
tion or exposure to microbes in the postpartum period, 
than colonization. By 2025, many have tended to take the 
position that the placenta and by extension the fetus is 
mostly sterile in normal pregnancies, and that the posi-
tive results of previous studies could have been due to 
contamination [40, 43].

It has been established clinically that pathological 
intrauterine infections are possible and dangerous. An 
example of this is chorioamnionitis, infection of the pla-
centa and fetal membranes—a known cause of preterm 
labor and neonatal sepsis [44, 45]. The commonly occur-
ring bacteria in such cases are Ureaplasma urealyticum, 
Fusobacterium, Gardnerella, Group B Streptococcus, 
and many others [46]. These infections are commonly 
preceded by an ascending vaginal infection. Oral bac-
teria such as Fusobacterium nucleatum have also been 
detected in the amniotic fluid or fetal tissues of women 
with stillbirth or preterm labor who had periodontal dis-
ease indicating a potential hematogenous pathway where 
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bacteria in the mouth infects the placenta through blood-
stream [47]. Therefore, though a healthy commensal 
placental microbiome is uncertain, anatomical integrity 
violations via the cervix or blood have devastating conse-
quences when they expose the fetus to bacteria. Preserva-
tion of the integrity of the fetal membranes and placental 
barrier is therefore in part dependent on the condition of 
the lower genital tract microbiota. A healthy microbiome 
helps to avoid ascending infection whereas dysbiosis can 
lead to the production of enzymes and inflammations 
that weaken the barriers.

Host defense mechanisms and microbiota
Lactobacillus-dominated microbiota throughout the 
female reproductive tract have been persistently associ-
ated with maintenance of epithelial integrity by synergis-
tic action on junctional integrity, mucus homeostasis and 
mucosal immune control. Delgado-Diaz et al. [48],using 
Lactobacillus-derived lactic acid have shown an imme-
diate effect on cervicovaginal epithelial barrier integrity 
by increased tight-junction proteins (claudins and occlu-
dins) and strengthening junctional stability and epithelial 
homeostasis. Similarly, Schwecht et al. [49] demonstrated 
that lactic acid synthesized by vaginal lactobacilli main-
tains epithelial barrier functions in addition to preventing 
dysbiotic metabolite induced inflammation. This has a 
dual effect on junctional maintenance and immunological 
regulation. On the level of mucus and barrier immuno-
protective crosstalk, Dong et al. [50] provide evidence 
that Lactobacillus-dominant microflora can facilitate 
the cervical mucus organization and functionality and 
prevent pathogenic invasions and overactive immune 
stimulation. Within the immunoregulatory aspect, Glick 
et al. [54] reported the presence of bioactive b-carboline 
compounds produced by vaginal lactobacilli that has 
anti-inflammatory effects on the host mucosal tissues. 
This contributes to the understanding of the mechanism 
of how the dominance of Lactobacillus maintains muco-
sal tissues. Also, the synthesized emerging evidence in 
Cheng et al. [55] demonstrates that Lactobacillus driven 
microbial ecosystems are essential in maintaining region 
level physiology of reproductive tracts. This is through 
the coordination of epithelial homeostasis, mucus stabil-
ity, and immune responsiveness both locally and systemi-
cally. Collectively, all of these results help to reinforce the 
idea that Lactobacillus dominant communities play a piv-
otal role in maintaining the integrity of the reproductive 
tract by an extremely well-coordinated set of structural 
and immunological responses. Key host factors contrib-
uting to anatomical integrity and their interactions with 
microbiota are outlined in Table 2.

Microbiota and host anatomical defenses clearly 
depend on each other. The vaginal and cervical epithe-
lium secretes both mucus and antimicrobial peptides 

(AMPs), and contains immune cells to monitor patho-
gens [62, 63]. Some of these defensive factors are induced 
by commensal microbes such as the lactic acid produced 
in response to estrogen stimulated Lactobacillus prolifer-
ation which activates host immunity and keeps epithelial 
junctions tight [57]. The host environment (pH, nutrient 
availability, antibodies) in its turn selects those Lactoba-
cilli that are beneficial forming a positive feedback loop. 
Disruption of this balance through antibiotic use or hor-
monal effects may alter the composition of the microbi-
ota thus modulating tissue integrity through changes in 
immune signaling or direct microbial influence.

Reproductive and obstetric outcome
Fertilization and implantation are the first steps towards 
a successful pregnancy, and both of these processes can 
be affected by the microbial ecosystem of the reproduc-
tive system. The composition of the vaginal and endome-
trial microbiota has also been found to be associated with 
both natural fertility and the results of assisted reproduc-
tive techniques (ART) [58, 59].

Bacterial vaginosis-associated dysbiosis and infertility
Bacterial vaginosis (BV)-associated dysbiosis may impair 
fertility by disrupting the cervicovaginal conditions 
required for sperm survival, sperm transport and con-
ception. Lactobacillus depletion, enrichment of anaer-
obes such as Gardnerella, Prevotella, Atopobium and 
Sneathia can create a hostile biochemical environment 
and alter cervical mucus properties required for sperm 
passage [64]. BV-associated inflammation and increased 
susceptibility to sexually transmitted infections may 
further compromise fertility through cervicitis, pelvic 
inflammatory disease, endometrial involvement and 
tubal damage. Thus, BV-associated dysbiosis may repre-
sent a modifiable contributor to infertility, particularly in 
women with recurrent reproductive failure, chronic cer-
vicitis, or coexisting genital tract infections.

Inflammatory signaling and enzyme-mediated deg-
radation of mucin- and matrix-rich barriers are also 
some of the mechanisms through which fertility may 
be impaired. Pelayo et al. demonstrated that Prevotella 
spp. are a significant contributor to vaginal sialidases 
with such enzymes being common and transcriptionally 
expressed in vaginal metagenomes. This supports the 
concept that BV-associated consortia have the capacity 
to promote high levels of neuraminidase/sialidase activity 
[65] This can target host glycans, including mucin-asso-
ciated substrates. Agarwal et al. [66] have given direct 
biochemical and mechanistic evidence that Gardnerella 
vaginalis degrades cervicovaginal mucus sialoglycans. 
They described a pathway where G. vaginalis cleaves 
sialic acid residues of mucus sialoglycoproteins with siali-
dase followed by capturing and degrading the released 
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Component Location/role Microbiota interaction 
(beneficial vs harmful)

Key mechanisms/
mediators

Impact on integrity/
pregnancy

Reference(s)

Cervical mucus 
& cervical mucus 
plug (CMP)

Endocervix; gel barrier 
in pregnancy; gates 
ascending microbes; 
mucus architecture 
supports cervical 
closure

Beneficial: Lactobacillus-
dominant cervicovaginal 
communities are associated 
with a more protective 
mucus barrier
Harmful: BV‑associated taxa 
(e.g., Gardnerella/Prevotella) 
produce sialidases/glyco-
sidases that erode mucus 
glycans and reduce barrier 
function

Gel‑forming mucins (e.g., 
MUC5B/MUC5AC); lactic 
acid–supported mucus 
organization; bacterial si-
alidases/mucinases; glycan 
foraging

Weakened mucus → easier as-
cent of microbes, heightened 
local inflammation, ↑ risk of 
intrauterine infection and 
downstream PTB/PPROM

[18, 19, 30, 
56]

Epithelial tight 
junctions & 
mucosal barrier 
(vagina/cervix)

Vaginal/cervical 
epithelium; physi-
cal barrier limiting 
microbial transloca-
tion and dampening 
inflammation

Beneficial: Lactobacillus‑de-
rived lactic acid supports 
epithelial homeostasis and 
tight‑junction integrity
Harmful: Dysbiotic metabo-
lites/inflammation loosen 
junctional integrity, increas-
ing permeability

Tight‑junction proteins 
(claudins/occludins); lactic 
acid; TLR‑linked inflamma-
tory signaling (IL‑1β/IL‑6/
TNF‑α)

Barrier disruption is associated 
with increased susceptibil-
ity to ascending infection, 
cervicovaginal inflammation, 
and membrane/placental 
interface stress

[54, 55, 57]

Antimicro-
bial peptides 
(AMPs) & innate 
antimicrobials

Secreted by vaginal/
cervical epithelium 
and leukocytes; con-
tribute to antimicro-
bial tone and immune 
calibration

Beneficial: Eubiosis supports 
AMP expression and patho-
gen control
Harmful: Dysbiosis/inflam-
mation associates with 
reduced protective factors 
(e.g., β‑defensin‑2 reported 
lower in PTB‑linked profiles)

β‑defensins; secretory 
leukocyte protease inhibitor 
(SLPI); lactoferrin; epithelial 
sensing of commensals

Reduced AMP activ-
ity → increased pathogen 
persistence, inflammatory am-
plification, and higher risk of 
adverse pregnancy outcomes

[20, 58, 59]

Innate immune 
surveillance 
(macrophages, 
neutrophils) & 
cytokine tone

Immune cells embed-
ded in FRT mucosa; 
balance defense vs 
tolerance (sperm/
embryo)

Beneficial: Lactobacil-
lus‑dominant states corre-
late with restrained immune 
activation (homeostasis)
Harmful: Pathobionts/
dysbiosis activate TLR path-
ways → excess cytokines/
chemokines and tis-
sue‑damaging inflammation

TLR signaling; IL‑1β, IL‑6, 
TNF‑α; chemokines (e.g., 
MIP‑1β)

Excess inflammation compro-
mises tissue integrity (cervix/
membranes), facilitates micro-
bial ascent, and contributes to 
PTB pathways

[20, 31]

Fetal membranes 
ECM (chorioam-
nion) & protease/
MMP balance

Chorioamniotic mem-
branes provide tensile 
strength and barrier 
around fetus; resist 
stretch and infection

Beneficial: Intact ECM resists 
biomechanical stress and 
microbial invasion
Harmful: Ascending 
infection/dysbiosis drives 
collagenase/protease 
activity and inflammatory 
up‑regulation of degrada-
tive pathways

Collagen‑rich ECM; 
microbial collagenases/
proteases (BV‑linked); 
inflammation‑driven degra-
dative enzymes

ECM weakening → PROM/
PPROM, chorioamnionitis 
risk, fetal exposure to mi-
crobes → neonatal morbidity/
sepsis risk

[60, 61]

Table 2 summarizes key host structural and immunological factors that maintain female reproductive tract integrity. It highlights their anatomical roles, interactions 
with the microbiota (protective vs dysbiotic), underlying molecular mechanisms and implications for infection risk and adverse pregnancy outcomes

Evidence level: Evidence summarized in this table is based on a qualitative synthesis of mechanistic, observational, and translational studies. It therefore varies 
in strength across anatomical sites and pathways. Evidence is strongest for cervicovaginal barrier dysfunction, microbiota-associated inflammation and links to 
preterm birth and PPROM. Evidence for upper reproductive tract and low-biomass microbial environments remains more limited

Abbreviations: AMP antimicrobial peptide, BV bacterial vaginosis, CMP cervical mucus plug, ECM extracellular matrix, FRT female reproductive tract, MMP matrix 
metalloproteinase, PROM premature rupture of membranes, PPROM preterm premature rupture of membranes, PTB preterm birth, TLR Toll‑like receptor

Table 2  Host factors contributing to anatomical integrity and their interaction with microbiota
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monosaccharide. They therefore contribute to mucosal 
sialic acid depletion and pathogenic erosion of the mucus 
barrier in BV. Lithgow et al. [18] published evidence of 
collagenase activity by the microbes in the vagina of pre-
term labour in which collagen rich structures like cervix 
and chorioamniotic membranes are proposed as biome-
chanical barriers. These barriers can be broken by the 
proteolytic activity of microbes. This is consistent with a 
plausible pathway by which BV-linked protease and colla-
genase activity could contribute to ECM remodeling and 
membrane weakening aligning clinically with PROM/
PPROM and infection susceptibility.

Original research has demonstrated that women who 
have untreated bacterial vaginosis (BV) or a disturbed 
vaginal flora can be sub fertile [64]. BV-associated organ-
isms are also capable of providing a hostile environment 
to sperm by increasing vaginal pH and releasing enzymes 
that destroy sperm or the cervical mucus [56]. Aug-
mented sialidase enzyme action evident in BV as earlier 
mentioned are capable of breaking down the mucus gly-
coproteins [60]. This degeneration not only compromises 
a protective mucus shield but may also slow down sperm 
motility since spermatozoa depend on their ability to nav-
igate healthy mucus. Increased vaginal sialidase activity 
in early pregnancy has been associated with an increased 
risk of spontaneous and early preterm birth in BV posi-
tive women. Recent clinical validation studies continue 
to highlight this association noting that high sialidase 
levels in early gestation are predictive of early spontane-
ous preterm birth and late miscarriage [67]. This finding 
supports the notion that high sialidase is not merely a BV 
characteristic but rather a risk stratifying factor of preg-
nancy loss. Agarwal and Lewis [68] have reviewed evi-
dence that BV-associated taxa (particularly Gardnerella) 
use sialidases to liberate sialic acids from cervicovagi-
nal mucus sialoglycans which helps sialoglycan foraging 
and mucus glycan depletion. They also discuss how this 
enzymatic erosion of mucus may restructure the local 
environment in a pattern that is consistent with impaired 
barrier function and altered host-microbe interactions. 
In summary, a high level of vaginal sialidase during preg-
nancy in the early years indicates the increased risk of 
miscarriage or early birth of an infant. Although the fer-
tilization process has taken place, the embryo might have 
less chance of surviving in this environment.

Upstream disruptors of the cervicovaginal microbiome in 
infertility: STIs and PCOS
In a microbiota-pregnancy-outcomes model, STIs are 
also examples of upstream disturbances, which can 
cause a shift in the cervicovaginal microbial ecosystem. 
C. trachomatis and N. gonorrhoeae may ascend the geni-
tal tract, causing PID via upper tract and endometrial 

involvement and long-term consequences such as tubal 
damage and infertility [19].

Emerging evidence suggests that systemic infertility-
associated endocrine conditions including polycystic 
ovary syndrome (PCOS) may be accompanied by altera-
tions in the cervicovaginal microbiome [69,  70]. This 
relationship should be interpreted as potentially bidi-
rectional rather than strictly one-way. On one hand, the 
hormonal and metabolic features of PCOS may alter the 
vaginal microenvironment through changes in estro-
gen signaling, glycogen availability, epithelial matura-
tion, immune tone and local nutrient conditions, thereby 
favoring reduced Lactobacillus abundance and enrich-
ment of taxa such as Mycoplasma, Prevotella and Strep-
tococcus [69, 70]. On the other hand, microbiota-related 
metabolic and inflammatory pathways may influence 
endocrine signaling, including follicle-stimulating hor-
mone (FSH)-related pathways, although current evidence 
remains mainly associative and should not be interpreted 
as proof of direct causation [71]. Therefore, reproductive 
tract dysbiosis may accompany and potentially exacer-
bate infertility-related endocrine disorders, while endo-
crine dysfunction itself may also predispose to microbial 
imbalance.

Endometrial microbiota and implantation
The endometrium is a very important location in defining 
a pregnancy when implantation of the embryo occurs. 
Even in case of conception the embryo should implant 
itself into a receptive endometrial lining. Some recent 
research has narrowed on the endometrial microbiome 
to determine the role it plays in implantation success or 
failure. In one of the studies, the investigators discov-
ered that women with > 90% Lactobacillus DNA in their 
endometrial fluid had much higher rates of implantation 
and live birth following IVF, than women whose endo-
metrium was colonized by non-Lactobacillus microbes. 
The latter group reported higher rates of implantation 
failure and miscarriage [72, 73]. Therefore, these findings 
suggest that a pathogen-depleted Lactobacillus-enriched 
endometrial environment favors embryo attachment and 
maternal–fetal immune tolerance.

In line with this, one of the studies found that endome-
trial dysbiosis is linked to impaired implantation of the 
embryo, which is probably mediated by inflammatory 
mechanisms [74]. An endometrium harboring Gard-
nerella vaginalis or Escherichia coli may initiate a local 
innate immune response through Toll-like receptors 
that renders the uterine lining unreceptive [14]. Endo-
metrial dysbiosis is associated with a pro-inflammatory 
milieu (elevated IL-1β, IL-6, TNF-α) that is antagonistic 
to implantation [14]. Similarly, in our included sources, 
Fasoulakis et al. [14] also posit that endometrial epithe-
lial integrity may be disrupted by pathogenic microbes 
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and contribute to inflammation thus reducing endome-
trial receptivity. It is particularly interesting to note that 
chronic endometritis has been identified in a high per-
centage of women who experience recurring implanta-
tion failure (RIF) or recurring pregnancy loss. When 
these women are given antibiotics to clear the infection, 
some of them have a better fertility outcome, which is 
indicative of causation.

Implantation outcomes may also be reflected or influ-
enced by cervical microbiota. Recent studies have char-
acterized the cervical microbiome of IVF patients. They 
discovered that a dysfunctional cervical microbiota (such 
as Streptococcus, Staphylococcus or Gardnerella rather 
than lactobacilli) could be used to predict reduced suc-
cess in pregnancy [14, 75, 76]. Wu et al. suggested an 
embryo implantation failure predictive model depending 
on cervical bacterial genera presence that performed well 
in high-risk patient identification [77]. This highlights the 
fact that the cervical environment which is more readily 
sampled than the endometrium may be used as a proxy 
of upper tract microbial health in infertility workups.

Non-invasive markers of endometrial microbiome status in 
ART
Since collection of an endometrial sample involves an 
invasive biopsy or aspirate, other researchers have sought 
alternative that are less invasive. Menstrual blood and 
vaginal swabs are under investigation as peep holes into 
the uterine environment. Menstrual blood in particular 
was demonstrated to be associated with microbial DNA 
that signals endometrial microbiome health and can be 
utilized to estimate health in the endometria [78,  79]. 
This points out that menstrual effluent could potentially 
be used as a non-invasive biomarker of endometrial 
receptivity that could provide microbiological and immu-
nological data.

Mechanisms underlying microbiota-driven hostility to 
fertility
In mechanistic support of inflammation and barrier 
mediated infertility, Zhang et al. [80] developed patient 
derived endometrial epithelial gland organoids and dem-
onstrated that E. coli infection produces a robust pro-
inflammatory response, with critical rises in TNF-a, IL-8 
and IFN-g following infection. They also discuss an LPS-
TLR4/NF-kB axis driving cytokines (e.g. IL-1, IL-6, TNF-
a) that may shape implant. In addition to this, Weckel 
et al. [81] utilized an ex vivo human decidua (mater-
nal–fetal interface) infection model and established that 
Group A Streptococcus (S. pyogenes) invades tissues 
rapidly and kills approximately half of the host cells in 2 
h and at the same time blocks the host innate immune 
response. Through competitive interference, an endo-
metrial bacterial biofilm may hinder embryo adhesion 

by occupying epithelial surface area and affecting local 
receptivity [82]. Consistent with the bidirectional model, 
emerging evidence suggests that reproductive tract and 
gut–genital microbiota may interact with endocrine sig-
naling through microbial metabolites, inflammatory 
mediators, and modulation of local hormone receptor 
activity [83]. However, these associations remain con-
text-dependent, and the current evidence does not yet 
establish whether microbiota changes are a cause, con-
sequence, or amplifier of altered reproductive hormone 
signaling. This bidirectional hormone–microbiome inter-
action is also relevant in pregnancy, where endocrine 
changes are among the major drivers of cervicovaginal 
microbial stability. In a normal pregnancy, the vaginal 
microbiome tends to stabilize and even become more 
dominated by Lactobacillus than before pregnancy. It has 
been suggested that the increased estrogen and glycogen 
pools in vaginal epithelial cells during pregnancy nour-
ish Lactobacilli making them dominant [84]. This leads to 
reduced diversity microbiome dominated by Lactobacil-
lus crispatus and other related species in many women 
as pregnancy advances which is thought to be beneficial. 
However, not all women experience this protective shift 
[85]. A longitudinal study mentioned in a 2025 system-
atic review by Ferrante et al. concluded that there was 
indeed a significant change between the first and second 
trimesters: L. crispatus, L. gasseri, and L. jensenii popu-
lations either decreased or increased [85]. L. iners was 
found to be a moderately ambiguous Lactobacillus. It is 
commonly found in transitional conditions and is not so 
evidently protective as L. crispatus. With the increase of 
L. iners, there was a relative increase of Gardnerella, Ure-
aplasma, and Mycoplasma in women who gave birth to 
preterm babies [85]. This implies that changes in micro-
biota in early pregnancy may be predictive. Women who 
fail to sustain a L. crispatus dominant low diversity vagi-
nal microbiome seem susceptible to complications. The 
proposed mechanistic pathways linking cervicovaginal 
dysbiosis to preterm birth are shown in Fig. 3.

Spontaneous preterm birth (sPTB)
Preterm birth (birth before 37 weeks) is associated with 
one of the highest rates of neonatal morbidity and mortal-
ity. The contribution of the vaginal microbiome to sPTB 
has been highly researched. Studies revealed that women 
with a low-Lactobacillus vaginal microbiome (similar to 
CST-IV, high diversity) during pregnancy are at a much 
greater risk of preterm delivery compared to women with 
high-Lactobacillus communities [86, 87]. Gardnerella, 
Atopobium, or Sneathia are associated with increased 
rates of PTB. It was also observed that women with recur-
rent PTB tended to harbor microbiota dominated by L. 
iners early in pregnancy [88]. Ferrante et al. also observed 
that the existence of Ureaplasma, Mycoplasma, and 
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Gardnerella during pregnancy is linked to the high-rate 
of PTBs [85]. These bacteria are able to climb up beyond 
a compromised cervix or penetrate microlesions. They 
are hard to identify in normal practice since they often 
do not result in obvious symptoms until the inflamma-
tion they precipitate leads to labour. Premature Rupture 
of Membranes (PROM) and its earlier variant PPROM 
(Preterm Premature Rupture of Membranes) are closely 
related to subclinical infection. A common observation 
when membranes rupture without labour is that amniotic 
fluid culture or sequencing reveals the presence of bacte-
ria. In the study by Yang et al., the particular focus was on 
PPROM cases that resulted in neonatal sepsis. They also 
discovered that PPROM and neonatal sepsis were closely 
linked to pathogenic microbiomes in the vagina [89].The 

diversity of vaginal microbiota was significantly greater 
in PPROM patients than in the controls and Gardner-
ella vaginalis and Streptococcus gallolyticus were found 
in both the vaginal secretions and the placental tissues of 
PPROM cases. This clearly points to an upwards infec-
tion resulting in membrane rupture and fetal infection. It 
underscores how a breach in anatomical integrity can be 
both caused by and a conduit for vaginal microbes.

Microbial factors are also a suspected cause in first 
trimester losses. Some studies have associated the pres-
ence of BV or aerobic Vaginitis with an increased risk 
of miscarriage. To illustrate this, women undergoing 
IVF who had a normal microbiota had a lower rate of 
early pregnancy loss than women with abnormal endo-
metrial microbiome (low Lactobacillus, presence of 

Fig. 3  Conceptual pathways linking cervicovaginal eubiosis and dysbiosis to preterm birth. Figure 3 is a conceptual pathway linking cervicovaginal 
eubiosis and dysbiosis to preterm birth Lactobacillus-dominant eubiosis is associated with acidic pH, preserved cervical mucus integrity and immune 
homeostasis. Dysbiosis is associated with barrier weakening, inflammation, ascending infection and pathways that may contribute to membrane rupture, 
uterine contractions, and preterm birth. This figure is schematic and intended for conceptual illustration only, not quantitative comparison. Figure gener-
ated using ChatGPT (OpenAI, DALL·E) and edited by the authors for scientific accuracy and clarity
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Streptococcus or E. coli) [14]. In addition, the role of 
chronic endometritis is being increasingly acknowledged 
in recurrent pregnancy loss. Some studies have found 
that antibiotic treatment of chronic endometritis can 
increase the subsequent rates of pregnancy success [90].

Other pregnancy complications
Researchers are examining relationships of microbiota 
with other conditions in pregnancy:

Preeclampsia: Although the association between the 
vaginal microbiome and preeclampsia is less obvious, 
some studies have reported differences in the gut micro-
biome of women who develop preeclampsia [91]. It has 
been postulated that a factor when considering systemic 
inflammation may be gut dysbiosis.

Gestational Diabetes Mellitus (GDM): Surprisingly, an 
altered microbiota of the vagina has been reported in 
GDM. It was observed in one study that some Lactoba-
cillus strains (such as L. lucteri, L. amylovorus) had been 
linked to cases of GDM and that L. iners was reduced in 
GDM [52]. Perhaps the microbiome is changed by meta-
bolic changes in diabetes (e.g. increased glucose in vagi-
nal fluids).

Neonatal microbiome development and early-life 
interventions
In addition to infections, the maternal microbiota affects 
the development of the neonatal microbiome which has 
long-term health consequences. Some studies reported 
that the vaginal microbiota of the mother bore minimal 
similarity with the meconium microbiota of the baby and 
that although mothers were Lactobacillus-dominant, the 
first stool of the baby did not necessarily include Lacto-
bacillus [20, 21]. Others claim that the main source of 
colonization of the neonatal gut comes through mater-
nal gut bacteria reaching the baby either by transloca-
tion into amniotic fluid during pregnancy or by exposure 
to feces during delivery [22]. In a vaginal delivery, the 
infant is exposed to the vaginal and fecal microbes of the 
mother which settle on the skin, eyes, mouth, and gut of 
the infant. This priming inoculation is essential in the 
development of the microbiome in the newborn [23]. 
Therefore, the baby microbiome is likely a pool of the 
microbiome of a mother in all its locations -gut, vagina, 
skin and breast.

Bogaert et al. [24] profiled six maternal body sites and 
four infant body sites during the first 30 days of life. They 
found that mother-to-infant microbial transfer occurs 
and that on average, 58.5 per cent of infant microbiota 
composition could be compartmentalized to maternal 
source communities. They observed that in C-section 
born babies, the reduced seeding of the infant micro-
biota by maternal microbes may be partially replaced by 
alternative pathways. Similarly, Dube-Zinatelli et al. [25] 

in their review highlight that the impacts of maternal 
microbes on the development of immune systems in the 
earliest phases of life provide critical sources of micro-
bial and immune training in the earliest phases of devel-
opment. This has subsequent effects on baby wellbeing. 
Infants born by Cesarean section (C-section) avoiding 
the vaginal canal have been found to develop microbi-
ome differently and to be slightly more susceptible to a 
number of conditions including allergies and asthma 
[26]. C-section newborns do not receive such an early 
Lactobacillus and Bifidobacterium of the mother but 
rather receive more of a skin bacterium or hospital and 
environmental bacterium as their initial colonizers. Some 
of these differences even out over time, especially with 
breastfeeding, but early life differences in microbiota 
have been correlated with immune differences [61, 92]

One of the studies of maternal microbiota and neo-
natal immunity showed that Cesarean section is associ-
ated with 1.5- to twofold increased odds of childhood 
allergy, purportedly due to varying degrees of exposure to 
microbes [93]. As a result, there is interest in interven-
tions such as vaginal seeding (swabbing C-section infants 
with vaginal fluids of the mother) to determine whether 
it can to some extent re-establish some of the microbial 
benefits. Mueller et al. [94] observed that vaginal seed-
ing of C-section infants partially colonized the baby with 
maternal vaginal and gut microbes resulting in a microbi-
ome that was more similar to vaginally delivered babies. 
Safety is being debated especially if the mother’s vagi-
nal microbiome is not optimal. But it underscores how 
important maternal vaginal flora is for initial coloniza-
tion. Potential maternal–neonatal microbiota transmis-
sion routes are depicted in Fig. 4.

Therapeutic and preventative interventions
Antibiotic therapies
In recent translational research, antibiotics have been 
shown to be helpful where they eliminate a specific intra-
uterine inflammatory situation but less predictable where 
they are used to establish long-term vaginal eubiosis fol-
lowing BV therapy. This encourages interest in post anti-
biotic restoration programs. Liu et al. [95] reported that 
women with chronic endometritis (CE) who were cured 
had more ongoing pregnancy/live birth and clinical preg-
nancy rates but more prospective studies are required to 
establish the reproductive effects. Conversely, in their BV 
recurrence review, Vodstrcil et al. [96] highlighted that 
first-line antimicrobials (metronidazole or clindamycin) 
are usually adequate (70–85%). They noted that although 
the BV-associated bacteria are expected to be cured 
within one month, over half of women do recur within 
six months. The authors believe that multimodal person-
alized interventions will probably be required. Expand-
ing this concept of restoration, Armstrong et al. [97] 
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reported that L. crispatus CTV-05 live biotherapeutic 
LACTIN-V decreased BV recurrence and vaginal inflam-
mation following treatment with BV. They noted that 
colonization phenotypes were linked to baseline vaginal 
diversity and markers of epithelial disruption. This sup-
ports the idea that post antibiotic outcomes depend on 
ecological context and that microbiome directed thera-
pies may require stratified and targeted implementation. 
Since systemic antibiotics may occasionally backfire by 
destroying Lactobacilli and allowing resistant bacteria or 
fungi to proliferate, focused interventions are preferred 
to avoid collateral damage to the microbiome.

Oral probiotics
This may have an indirect effect on vaginal flora through 
gut-vaginal axis. In expectant mothers receiving Lacti-
caseibacillus rhamnosus GR-1 and Limosilactobacillus 
reuteri RC-14, the vaginal microbiota improved and the 
postpartum rates of BV and candidiasis were minimized. 
Some fertility clinics recommend that women consume 
probiotics prior to IVF [98–101].

Vaginal microbiota transplant (VMT)
Based on the use of fecal transplants to treat Clostridi-
oides difficile infection, researchers have suggested trans-
planting a whole vaginal community to a patient with 

unresponsive dysbiosis. A human VMT pilot reported 
that women with intractable recurrent BV achieved 
durable Lactobacillus-dominant vaginal communities 
and symptom resolution following VMT from screened 
healthy donors [102]. Grewal et al. address vaginal micro-
biota transplant as a future perspective of repopulation of 
a healthy microbiome in women who fail to respond to 
other treatment options [103]. This could potentially be 
a game changer in cases of recurrent BV or even before 
IVF to retain a good microbiota.

Lifestyle and adjunct interventions
Microbiota may also be affected by some lifestyle 
changes. One such example is the avoidance of behaviors 
that interfere with vaginal pH (e.g., douching or washing 
with rough detergent) to preserve Lactobacilli. Diet may 
also be a factor; a low-glycemic, fiber rich diet may pro-
mote a desirable gut flora which may then affect vaginal 
flora through immune regulation or co-metabolism. In 
one of such studies, it was determined that high-fat, low-
fiber diets were associated with persistent GBS coloniza-
tion and a modified vaginal microbiota structure [104]. In 
another study, the incidence of BV was lower in women 
who increased their dairy and fruit consumption [105], 
though it is difficult to attribute causality.

Fig. 4  Maternal neonatal microbiota transmission pathways. Figure 4 is a schematic representation of vertical and perinatal microbial transmission routes 
from the maternal reproductive tract to the neonate including intrauterine, intrapartum, and postnatal exposures that shape early-life microbial coloniza-
tion. Figure generated using ChatGPT (OpenAI, DALL·E) and edited by the authors for scientific accuracy and clarity
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Immunomodulators
Since inflammation is part of the problem of dysbiosis, 
it has been proposed that anti-inflammatory drugs may 
be used to safeguard pregnancy despite the microbes not 
being completely eliminated. Indicatively, progesterone 
supplementation trials in women with a history of PTB 
have demonstrated lower rates of PTB [106]. In addi-
tion to the associations discussed above, a hypothetical 
link has also been proposed between disturbances in the 
maternal uterine microbiota and postpartum hemor-
rhage. Uterine dysbiosis has been proposed as a factor 
that could disrupt local inflammatory balance and post-
partum uterine homeostasis, thereby potentially contrib-
uting to hemorrhagic complications [107].

Implementation challenges and safety 
considerations for pregnancy microbiome 
interventions
The use of pregnancy microbiome interventions is con-
strained by (i) absence of rapid, low-cost point-of-care 
diagnostics (ii) Need for very early detection (iii) strin-
gent maternal–fetal safety in requirements of probiotics 
and VMT and (iv) increasing resistance to antibiotics.

Limitations
This review has limitations. First, the literature was 
judged to be diverse in study design, population, site of 
sampling, technology used for sequencing, and definition 
of clinical outcome, making it difficult to comprehen-
sively compare studies. Second, many microbiome stud-
ies are observational and causality is hard to establish. 
Third, low-biomass niches, including the endometrium, 
placenta, and amniotic fluid, are highly susceptible to 
contamination, batch variability, and overinterpretation 
of microbial DNA. Fourth, antibiotic use, hormonal, sex-
ual, and obstetric risk factors were poorly reported and 
could have confounding effects.

Conclusion and future prospects
A large body of research conducted in recent years has 
strongly associated female reproductive tract microbiota 
to reproductive success. Microbial communities in the 
vagina, cervix, and uterus actively communicate with 
the body of the mother modulating inflammation, tissue 
integrity, and the environment within which conception 
and gestation are taking place. Microbiota homeostasis is 
needed to maintain fertility and healthy pregnancy.

Microbiome-informed assessment of unexplained infer-
tility or IVF failure is an emerging research direction, but 
its routine clinical use will require standardized sampling, 
prospective validation, and outcome-linked diagnostic 
thresholds. In the same way we maximize hormonal con-
centrations and uterine anatomy, we could potentially 
maximize the microbial environment of embryos.

In obstetrics we anticipate more prenatal care with 
stratification of patients by microbiome status. People 
who have had a history of PTB or are known to have BV 
(high risk) may receive increased scrutiny or prophylaxis 
to avoid future relapse. Non-invasive microbiome-based 
tests, including vaginal swab sequencing and metabolite 
profiling, are promising investigational tools, but their 
predictive value and clinical utility require further pro-
spective validation.

In the case of neonatal health, and with growing interest 
in the developmental origins of health and pathology, the 
optimization of the maternal–fetal transfer of microbes 
is a promising direction. This includes enabling vaginal 
birth where safe, promoting breastfeeding, and potentially 
supplementing infants who have missed out on maternal 
microbes (e.g. C-section babies) in ways that are safe.

Research Gaps: More longitudinal research is required 
to prove causality. There is need to establish if there are 
particular keystone species that can be added or removed 
to radically alter the results. In addition, most research 
has been on bacteria but the reproductive tract also con-
tains a virome and a mycobiome.

There is need to integrate microbiome informed diag-
nostics and targeted modulation into reproductive care 
pathways with rigorous evidence, safety oversight and 
equitable access. The potential beneficial impact of this 
microbiome-based solution is that the future of obstet-
ric and neonatal practice can transform radically and 
become more prophylactic and precise. Therefore future 
studies should prioritize prospective cohorts and ran-
domized controlled trials, particularly in underrepre-
sented populations to strengthen causal inference and 
clinical applicability.

This review demonstrates an important shift in the par-
adigm of reproductive medicine and the need to include 
microbiome as a key determinant of fertility, pregnancy, 
and neonatal outcomes.
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