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Abstract 

Preterm birth (PTB) remains one of the most pressing problems in modern 

obstetrics and neonatology, being a leading cause of perinatal morbidity, neonatal 

mortality, and long-term neurological and metabolic complications in children. 

Despite significant advances in perinatal medicine, the incidence of PTB in most 

countries worldwide has not shown a substantial decline, highlighting the need to 

identify new pathogenetic mechanisms underlying its development. In recent 

years, increasing attention has been focused on the role of the microbiome in 

maintaining physiological pregnancy and in the development of obstetric 

complications. 

This review summarizes current scientific data regarding the role of the 

vaginal, gut, oral, and intra-amniotic microbiome in the pathogenesis of preterm 

birth. The characteristics of the normal vaginal microbiome during pregnancy, the 

significance of Lactobacillus spp. dominance, as well as the role of vaginal 

dysbiosis, anaerobic flora, and microbe-induced inflammation in the premature 

activation of labor are discussed. Particular attention is paid to the molecular 

mechanisms involving Toll-like receptor activation, NF-κB signaling pathways, 

and the production of proinflammatory cytokines, prostaglandins, and matrix 
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metalloproteinases involved in cervical remodeling, premature rupture of 

membranes, and stimulation of myometrial contractility. 

Current approaches to microbiome diagnostics, including 16S rRNA 

sequencing, shotgun metagenomics, and metabolomic analysis, are analyzed as 

promising tools for developing personalized models for PTB risk prediction. 

Modern strategies for the correction of microbiome disturbances during pregnancy 

are also reviewed, including the use of probiotics, dietary modification, targeted 

antimicrobial therapy, and experimental vaginal microbiome transplantation. The 

перспективність integration of microbiome analysis into prenatal monitoring 

systems and the need for further large-scale studies to implement personalized 

preventive strategies into clinical practice are emphasized. 

Keywords: preterm birth, microbiome, vaginal dysbiosis, pregnancy, 

Lactobacillus spp., bacterial vaginosis, probiotics. 

 

Problem Statement. Preterm birth remains one of the leading causes of 

perinatal morbidity and mortality worldwide. According to the World Health 

Organization, approximately 15 million preterm infants are born annually, and the 

rate of preterm birth in most countries ranges from 8% to 12% of all deliveries [1, 

2]. Prematurity is associated with a high risk of neonatal mortality, respiratory 

disorders, central nervous system injury, metabolic disturbances, and long-term 

disability in children [3]. Despite significant advances in modern obstetrics, the 

effectiveness of preterm birth prevention remains insufficient, and its incidence 

has not demonstrated a stable downward trend. 

The etiology of preterm birth is multifactorial and includes infectious and 

inflammatory processes, placentation disorders, cervical insufficiency, multiple 

pregnancy, as well as genetic and socio-economic factors. However, in a 

substantial proportion of women, the exact pathogenetic mechanisms underlying 

spontaneous preterm labor remain unclear [4]. Over the past decade, increasing 
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attention has been focused on the role of the reproductive tract, gut, and oral 

microbiome in the development of local and systemic inflammatory responses 

capable of prematurely activating labor mechanisms. The development of next-

generation sequencing (NGS) technologies has enabled detailed characterization 

of microbial communities and identification of associations between vaginal 

dysbiosis, reduced dominance of Lactobacillus spp., and an increased risk of 

preterm birth [5]. Therefore, summarizing current evidence regarding the role of 

the microbiome in the pathogenesis of preterm birth and evaluating the prospects 

for novel approaches to prediction, prevention, and therapeutic correction of 

microbiome disturbances remain highly relevant. 

Analysis of recent research and publications. Current studies confirm that 

the vaginal microbiome plays an essential role in maintaining normal pregnancy. 

Healthy pregnant women are typically characterized by the dominance of 

Lactobacillus spp., particularly L. crispatus, which maintain a low vaginal pH, 

produce lactic acid, and inhibit the growth of anaerobic pathogens. Reduced 

lactobacilli dominance and the formation of CST IV-type vaginal microbiota have 

been associated with an increased risk of spontaneous preterm birth [6, 7]. 

Particular attention has been paid to Gardnerella vaginalis, Sneathia spp., 

Prevotella spp., Ureaplasma spp., and Mycoplasma hominis, which are capable of 

inducing local inflammation and activating Toll-like receptors. 

The role of microbe-induced inflammation in the premature activation of 

labor is widely discussed in the current literature. Activation of NF-κB signaling 

pathways is accompanied by increased production of IL-1β, IL-6, TNF-α, 

prostaglandins, and matrix metalloproteinases, contributing to cervical ripening, 

myometrial contractility, and premature rupture of membranes [14]. Recent 

studies have also demonstrated the importance of the gut and oral microbiome in 

the development of systemic inflammatory responses and the possible 

hematogenous translocation of bacteria to the feto-placental complex [19]. 
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A promising area of current research is the implementation of microbiome 

technologies into clinical practice. Metagenomic sequencing, shotgun 

metagenomics, and metabolomic analysis make it possible to identify a 

“microbiome signature” associated with the risk of preterm birth already during 

the first and second trimesters of pregnancy [10]. At the same time, considerable 

attention is being paid to personalized approaches for correcting dysbiosis, 

including the use of probiotics, dietary modification, targeted antimicrobial 

therapy, and vaginal microbiome transplantation. However, the results of clinical 

studies remain heterogeneous, highlighting the need for further large-scale 

randomized trials. 

Purpose of the article. The aim of this study was to summarize current 

scientific data regarding the role of the microbiome in the pathogenesis of preterm 

birth, analyze the mechanisms of microbe-induced inflammation, and evaluate 

promising approaches to early diagnosis, prevention, and therapeutic correction of 

microbiome disturbances during pregnancy. 

Presentation of the main material of the study. During pregnancy, the 

vaginal microbiome undergoes further stabilization characterized by an increased 

relative abundance of L. crispatus and L. iners and reduced microbial diversity, 

which is considered a protective maternal adaptation [5,7]. Lactobacilli play a key 

protective role by producing lactic acid, thereby maintaining the vaginal pH at 

3.8–4.5, as well as synthesizing bacteriocins and hydrogen peroxide that inhibit 

the growth of opportunistic microorganisms [8,9]. 

Importantly, not all lactobacilli exhibit the same protective potential. 

According to the study by Fettweis J.M. et al. (2019), dominance of Lactobacillus 

crispatus is associated with the lowest risk of preterm birth, whereas 

predominance of L. iners or the formation of CST IV (characterized by reduced 

lactobacilli content and dominance of anaerobic flora) is associated with an 

increased risk of spontaneous preterm birth. L. iners is considered an unstable 
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transitional species capable of coexisting with opportunistic anaerobes and 

contributing to the development of vaginal dysbiosis [5]. 

The association between vaginal microbiome dysbiosis and preterm birth is 

supported by extensive epidemiological evidence. Bacterial vaginosis (BV), the 

most common manifestation of vaginal dysbiosis, is considered one of the most 

significant independent risk factors for preterm birth. A meta-analysis by Leitich 

et al., which included more than 20,000 pregnant women, demonstrated that BV 

approximately doubles the risk of preterm birth [10]. 

However, conventional clinical diagnostic methods for BV (Amsel criteria 

and Nugent scoring system) are unable to fully identify microbiome variations 

associated with an increased risk of preterm birth. Studies using next-generation 

sequencing (NGS) have shown that some women without clinical signs of BV 

exhibit subclinical dysbiosis characterized by increased levels of Gardnerella 

vaginalis, Prevotella bivia, Sneathia amnionii, and other anaerobes, which is 

associated with a similarly elevated risk of preterm birth [11]. 

An important finding was the identification of a direct correlation between 

the composition of the cervicovaginal microbiome in early pregnancy and 

subsequent obstetric outcomes. In the prospective study by Kindinger et al. 

(2017), women with L. crispatus dominance during the first trimester had a 

significantly lower risk of preterm birth compared with women with an L. iners-

dominant microbiome or polymicrobial communities (p<0.001) [12]. 

Disruption of the vaginal microbiome and ascending microbial invasion are 

considered among the key mechanisms underlying spontaneous preterm birth. 

Vaginal dysbiosis is characterized by a reduction in protective lactobacilli, 

particularly Lactobacillus crispatus, accompanied by excessive colonization by 

anaerobic microorganisms (Gardnerella vaginalis, Ureaplasma spp., Mycoplasma 

hominis, Prevotella spp., Sneathia spp.). Microorganisms and their structural 

components are capable of penetrating through the cervical canal into the decidual 
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tissue, fetal membranes, and amniotic fluid, thereby activating a local immune 

response. Toll-like receptors (TLRs) of innate immune cells play a crucial role in 

this process by recognizing pathogen-associated molecular patterns (PAMPs). In 

particular, lipopolysaccharide from Gram-negative bacteria activates TLR4, 

bacterial peptidoglycan activates TLR2, and bacterial DNA activates TLR9. 

Activation of TLRs initiates an intracellular signaling cascade via the adaptor 

protein MyD88, followed by activation of the transcription factor NF-κB, which 

regulates the synthesis of proinflammatory mediators [13]. 

Activation of NF-κB results in increased production of proinflammatory 

cytokines (IL-1β, IL-6, TNF-α), chemokines, prostaglandins, and matrix 

metalloproteinases, forming the so-called “inflammatory cascade of labor.” 

Prostaglandins stimulate myometrial contractility, whereas metalloproteinases 

promote degradation of cervical and fetal membrane collagen, accelerating 

cervical ripening and premature rupture of membranes. Simultaneously, 

infiltration of neutrophils and macrophages into the decidual tissue and 

chorioamnion contributes to the maintenance of chronic inflammation. Thus, 

microbe-induced inflammation represents a central pathogenetic mechanism of 

preterm birth, integrating immune, biochemical, and tissue processes that 

prematurely activate the physiological program of labor. This process is 

characterized by multifactorial interactions among microbial, immune, and 

genetically determined factors [14]. 

Although amniotic fluid was long considered sterile, the application of 

molecular genetic techniques, particularly next-generation sequencing (NGS), has 

enabled the detection of microbial sequences in the amniotic fluid of some women 

with preterm birth. The presence of intra-amniotic microorganisms is associated 

with activation of the intrauterine inflammatory response, chorioamnionitis, and 

adverse neonatal outcomes even in the absence of classical clinical signs of 

infection [15]. 
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The primary mechanism of intra-amniotic infection is believed to be the 

ascending spread of microorganisms from the lower genital tract through the 

cervical canal. However, hematogenous dissemination of bacteria from distant 

sites, including the oral cavity and gastrointestinal tract, has also been described. 

Evidence supporting this pathway includes the detection of microorganisms such 

as Fusobacterium nucleatum and Streptococcus mutans in amniotic fluid and 

placental tissues, both of which are traditionally associated with the oral 

microbiota [16]. 

Recent evidence suggests the existence of a complex interaction between 

the maternal gut microbiome and pregnancy outcomes. The gut microbiome 

modulates systemic levels of inflammatory cytokines and short-chain fatty acids 

(SCFAs), which influence immune tolerance within the fetoplacental complex. 

Reduced butyrate production — the primary energy substrate for enterocytes and a 

potent inhibitor of NF-κB — in cases of intestinal dysbiosis may enhance the 

maternal systemic inflammatory response and increase myometrial excitability 

[17]. 

Notably, in the study by Vinturache et al. (2016), the gut microbiome of 

women with preterm birth differed significantly from that of women with term 

pregnancies: a reduced relative abundance of Akkermansia muciniphila and 

Bifidobacterium spp. was observed alongside an increased abundance of 

Clostridiales and Enterobacteriaceae [18]. These alterations correlated with 

elevated serum levels of C-reactive protein and IL-6. 

Current studies confirm that oral microbiome dysbiosis and periodontitis 

may be associated with an increased risk of preterm birth through systemic 

inflammatory responses and the possible translocation of bacteria to the 

fetoplacental complex. Particular attention has been focused on Fusobacterium 

nucleatum, a member of the oral microbiota associated with chorioamnionitis, 

premature rupture of membranes, and preterm birth [19]. In addition to direct 
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bacterial invasion, periodontal pathogens are capable of stimulating the production 

of proinflammatory cytokines (IL-1β, TNF-α, IL-6) and prostaglandins, which 

may prematurely activate the mechanisms of labor [20]. 

At the same time, recent systematic reviews suggest that the relationship 

between periodontitis and preterm birth is complex and depends on microbiome 

composition, the severity of systemic inflammation, and the timing of dental 

intervention. Early microbiome diagnostics and personalized prevention of 

inflammatory pregnancy complications are currently considered promising 

approaches [16]. A meta-analysis demonstrated that treatment of periodontitis may 

be associated with approximately a 15% reduction in the risk of preterm birth (RR 

0.85), although the level of evidence was assessed as moderate due to study 

heterogeneity and the risk of systematic bias. The authors emphasized that the 

findings are not yet conclusive but support the concept linking oral inflammation, 

systemic production of proinflammatory cytokines, and activation of the 

mechanisms underlying preterm labor [21]. 

Traditional diagnostic methods for vaginal dysbiosis (Amsel criteria and the 

Nugent scoring system) have limited predictive value for preterm birth because 

they fail to detect a substantial proportion of uncultivable microorganisms within 

the vaginal microbiome. The use of 16S rRNA metagenomic sequencing has 

significantly expanded our understanding of microbial community composition, 

although this method still has certain limitations, including amplification bias and 

insufficient assessment of bacterial functional activity [22]. 

A promising approach is whole-genome shotgun metagenomics, which 

enables evaluation not only of the taxonomic composition of the microbiome but 

also of its functional characteristics, including virulence genes, antimicrobial 

resistance genes, and metabolic activity. Combining these technologies with 

metabolomic analysis of vaginal secretions makes it possible to identify a 
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“microbiome signature” associated with the risk of preterm birth already during 

the first and second trimesters of pregnancy [23]. 

Among microbiome markers associated with an increased risk of preterm 

birth, the most significant include reduced dominance of Lactobacillus crispatus, 

increased vaginal microbial diversity with predominance of anaerobic flora, 

detection of Sneathia spp. and Ureaplasma parvum/urealyticum, as well as 

increased bacterial sialidase activity and vaginal pH >4.5 [24]. 

Lactobacillus-based probiotics remain one of the most promising and safest 

approaches for correcting vaginal dysbiosis during pregnancy. Recent systematic 

reviews indicate that the use of vaginal and oral probiotics contributes to 

restoration of a Lactobacillus-dominant microbiome, reduction in the incidence of 

bacterial vaginosis, and attenuation of local inflammatory responses. However, 

convincing evidence regarding a significant reduction in the rate of preterm birth 

is still insufficient due to study heterogeneity and differences in probiotic strains 

used [25]. Particular interest has been focused on preparations containing 

Lactobacillus crispatus, L. rhamnosus GR-1, and L. reuteri, which have 

demonstrated the ability to stabilize the vaginal microbiome and suppress the 

growth of anaerobic pathogens. 

Another promising strategy is the combined vaginal and oral administration 

of probiotics aimed at simultaneous correction of both vaginal and gut microbiota 

and reduction of systemic inflammation. Current studies are also exploring the 

possibility of personalized selection of probiotic strains according to the vaginal 

microbiome community state type (CST) and the individual risk of preterm birth 

[16,20]. 

Analogous to fecal microbiota transplantation (FMT), which has 

demonstrated effectiveness in recurrent Clostridioides difficile infection, the 

concept of vaginal microbiota transplantation (VMT) has been actively 

investigated in recent years. Initial studies demonstrated the possibility of partial 
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restoration of a Lactobacillus-dominant vaginal microbiome following transfer of 

vaginal secretions from healthy donors. Particular interest has been generated by 

the studies of Dominguez-Bello et al. on “vaginal seeding” in newborns delivered 

by cesarean section, which confirmed the possibility of modifying early microbial 

colonization [26, 27]. Currently, vaginal microbiota transplantation is considered 

an experimental approach for the correction of persistent vaginal dysbiosis, and 

clinical studies evaluating its safety and efficacy are ongoing. 

Traditional treatment of bacterial vaginosis with metronidazole or 

clindamycin is associated with a high recurrence rate, which is related to the 

nonspecific effects of antibiotics on the vaginal microbiome and insufficient 

restoration of Lactobacillus-dominant flora. Modern approaches involve 

personalized correction of vaginal dysbiosis based on the individual microbiome 

profile, including targeted antimicrobial therapy followed by restoration of 

lactobacillary flora using probiotics. A promising strategy is the use of 

dequalinium chloride, which demonstrates antimicrobial activity against anaerobic 

pathogens while exerting a relatively lower impact on Lactobacillus spp. [28]. 

Maternal nutrition during pregnancy significantly influences the 

composition of the gut microbiome and indirectly affects the vaginal microbiome. 

The Mediterranean diet, rich in fiber, polyphenols, and omega-3 fatty acids, is 

associated with increased production of short-chain fatty acids, particularly 

butyrate, and reduced systemic inflammatory responses. Recent cohort studies 

indicate that greater adherence to a Mediterranean dietary pattern during 

pregnancy is associated with a lower risk of preterm birth and improved perinatal 

outcomes [29]. 

Conclusions. Current evidence suggests that the microbiome is an important 

factor in the regulation of pregnancy and the pathogenesis of preterm birth. 

Alterations in the vaginal, gut, and oral microbiome are associated with activation 

of local and systemic inflammatory responses, increased production of 
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proinflammatory cytokines, and premature activation of labor mechanisms. The 

most unfavorable conditions are characterized by reduced dominance of 

Lactobacillus crispatus and predominance of anaerobic flora (Gardnerella, 

Sneathia, Prevotella, Ureaplasma). 

The use of modern molecular genetic technologies, including 16S rRNA 

sequencing, shotgun metagenomics, and metabolomic analysis, has significantly 

expanded our understanding of the role of the microbiome in the development of 

preterm birth and created the basis for personalized approaches to prediction and 

prevention. Promising directions include early microbiome diagnostics, 

individualized correction of vaginal dysbiosis, probiotic therapy, and further 

investigation of vaginal microbiota transplantation. However, further large-scale 

studies are required for the implementation of microbiome technologies into 

routine obstetric practice. 
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