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Introduction 

The maternal microbiota—the community 

of microorganisms residing in the maternal gut, 

vaginal tract, oral cavity, and other niches—is a 

cornerstone of neonatal health. During critical 

windows of development, such as pregnancy, 

delivery, and the early postnatal period, maternal 

microbiota contributes to immune system priming in 

the neonate. These interactions not only influence 

neonatal susceptibility to infections but also impact 

long-term outcomes, including allergy 

development, autoimmunity, and metabolic health 

[1]. 

The maternal microbiota—the community 

of microorganisms residing in the maternal gut, 

vaginal tract, oral cavity, and other niches—is a 

cornerstone of neonatal health. During critical 

windows of development, such as pregnancy, 

delivery, and the early postnatal period, maternal 

microbiota contributes significantly to immune 

system priming in the neonate. These interactions 

not only influence neonatal susceptibility to 
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A B S T R A C T 

Background: Maternal microbiota plays a pivotal role in shaping neonatal immune 

development, influencing susceptibility to infections and long-term health outcomes. 

This review delves into the intricate interactions between maternal microbiota and 

neonatal immunity, emphasizing microbial transfer mechanisms during pregnancy, 

delivery, and breastfeeding. It explores how maternal microbiota educates the neonatal 

immune system, fostering immune tolerance and protection against pathogens. Factors 

that disrupt maternal microbial composition, such as antibiotic use, maternal diet, and 

infections, are examined in relation to their detrimental effects on neonatal health. The 

review also discusses emerging strategies to optimize maternal microbiota for improved 

neonatal immunity, including probiotics, prebiotics, and targeted dietary interventions. 

Additionally, the broader implications of maternal microbiota research in preventing 

neonatal infectious diseases are explored, highlighting its significance in global health 

efforts. By understanding these complex maternal-neonatal microbial interactions, new 

therapeutic and preventive strategies can be developed to support early-life immune 

resilience. This review underscores the need for further research into maternal microbiota 

modulation as a promising avenue for enhancing neonatal health and reducing infection-

related morbidity worldwide. 
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infections but also impact long-term outcomes, 

including allergy development, autoimmunity, and 

metabolic health [2].  

Recent advances in microbiome research 

have illuminated the complex pathways by which 

maternal microbiota affects neonatal immunity. 

Evidence suggests that the composition of maternal 

gut microbiota can shape the immune profiles of 

offspring, influencing T cell activity and cytokine 

production [1]. Additionally, maternal microbiota is 

transmitted to infants during pregnancy and through 

breastfeeding. The placenta has been shown to 

harbor its own unique microbial community, 

suggesting that some microbial exposure begins 

even before birth [3]. Following delivery, breast 

milk serves as a critical pathway for microbial 

transmission, containing not only nutrients but also 

microbial antigens that stimulate the infant’s 

immune system [2]. This early colonization is vital 

for developing a robust immune system capable of 

distinguishing between harmful pathogens and 

benign substances. 

The mode of delivery significantly Impacts 

the initial colonization patterns of the neonatal 

microbiota. Infants born via cesarean section often 

miss out on exposure to maternal vaginal and fecal 

microbes, leading to altered microbial communities 

that can predispose them to immune dysregulation 

and increased risk of allergic diseases [4]. Research 

indicates that cesarean-born infants tend to exhibit 

an imbalance in Th1/Th2 cell responses, which may 

contribute to a higher incidence of asthma and 

allergies later in life [5].  

Maternal factors such as diet, antibiotic 

use, and environmental exposures further shape the 

maternal microbiome and subsequently influence 

neonatal health outcomes. For example, a diet rich 

in fiber and fermented foods has been associated 

with greater microbial diversity in mothers, which 

correlates with reduced allergic responses in their 

children [6]. Conversely, excessive antibiotic use 

during pregnancy can disrupt maternal microbiota 

composition, potentially leading to negative 

outcomes for the infant’s immune system [7].  

Given these insights into the intricate 

relationship between maternal microbiota and 

neonatal immunity, optimizing maternal microbial 

health emerges as a vital strategy for improving 

neonatal outcomes. Interventions may include 

dietary modifications aimed at enhancing gut 

diversity, administration of probiotics during 

pregnancy, and careful management of antibiotic 

use to maintain a healthy microbiome. Such 

strategies hold promise for mitigating risks 

associated with infectious diseases and promoting 

long-term health in neonates [8]. 

Recent advances in microbiome research 

have illuminated the complex pathways by which 

maternal microbiota affects neonatal immunity. 

This review provides a comprehensive overview of 

these pathways, emphasizing their implications for 

preventing infectious diseases. We also discuss 

maternal factors that shape the microbiota and 

propose strategies to optimize maternal microbial 

health for improved neonatal outcomes. 

This review aims to provide a 

comprehensive overview of the pathways by which 

maternal microbiota influences neonatal immunity 

and discusses their implications for preventing 

infectious diseases. By understanding these 

interactions more deeply, we can better inform 

strategies that promote both maternal and neonatal 

health. 

Development of Neonatal Immunity 

Role of Maternal Microbiota in Immune System 

Priming 

Neonates are born with an immature 

immune system that relies significantly on microbial 

exposures to help develop a functional immune 

response. Maternal microbiota plays a pivotal role in 

this process through several mechanisms: 

Antigen Exposure:  

The maternal microbiota, which is a 

complex ecosystem of microbes residing in the 

mother’s gastrointestinal, vaginal, and other body 

sites, exposes the neonate to a variety of antigens. 

These antigens are recognized by the neonatal 

immune system, which helps train immune cells, 

such as dendritic cells and T cells, to develop the 

ability to distinguish between harmful and harmless 

microorganisms [9]. This exposure primes the 

immune system for future encounters with 

pathogens while also fostering tolerance to 

commensal bacteria [10].  

Tolerogenic Pathways:  

Exposure to maternal microbes, especially 

during the birth process, is essential in guiding the 

neonatal immune system towards a balanced 

immune response. Commensal bacteria present 

during birth and breastfeeding stimulate the 

development of regulatory T cells (Tregs), which 

play a key role in maintaining immune tolerance. 
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This process helps the immune system learn to avoid 

overreacting to harmless microbes, a critical feature 

to prevent autoimmune diseases and allergies [11].  

Cytokine Modulation: Maternal-derived 

microbial metabolites, especially short-chain fatty 

acids (SCFAs) produced by the fermentation of 

dietary fiber by maternal gut microbiota, influence 

neonatal immune responses. SCFAs such as 

butyrate and acetate have been shown to modulate 

the production of pro- and anti-inflammatory 

cytokines in neonatal immune cells, promoting 

immune tolerance and preventing inflammatory 

disorders [12]. These metabolites can also influence 

the development of mucosal immunity in the 

neonatal gut, which is essential for defending 

against infections and regulating immune responses. 

Timing and Critical Windows 

The timing of microbial exposure is critical 

for optimal immune system development. Different 

windows of exposure throughout pregnancy, birth, 

and early infancy can significantly impact neonatal 

immune function: 

In Utero: While traditionally considered a 

sterile environment, recent studies suggest that the 

placenta may harbor a low-biomass microbiota that 

interacts with fetal tissues. These microbes could 

influence fetal immune development, possibly 

shaping the fetus’ ability to respond to infections 

and tolerate antigens post-birth [13]. However, the 

existence of a microbiome in the placenta remains a 

debated topic, with some suggesting microbial DNA 

found in placental tissues could originate from 

maternal blood rather than the placenta itself. 

During Birth: The birth process itself is a 

critical event for shaping the neonatal microbiome. 

Vaginal delivery exposes neonates to maternal 

vaginal and fecal microbiota, which provides initial 

immune system “seeding.” These microbes help 

establish the first line of defense in the neonatal gut 

and skin, promoting the development of both innate 

and adaptive immunity. Cesarean delivery, in 

contrast, results in a microbiome that is more similar 

to that of the hospital environment, potentially 

leading to altered immune system development and 

increased susceptibility to infections and allergies 

later in life [14].  

Postnatally: After birth, breastfeeding 

continues to play a significant role in shaping 

neonatal immunity. Human breast milk is rich in 

immunological factors, including antibodies, 

oligosaccharides, and immune cells, that contribute 

to the development of the infant’s gut microbiota 

and immune system. Lactobacillus and 

Bifidobacterium species, which are often present in 

breast milk, promote the development of a healthy 

immune response. Additionally, the act of 

breastfeeding itself provides ongoing exposure to 

maternal microbiota, continuing the process of 

immune priming [15]. Furthermore, the nutrients in 

breast milk can shape the neonatal gut microbiota by 

supporting the growth of beneficial bacteria, which 

in turn influences the development of systemic 

immunity. 

Maternal Factors Influencing Microbiota 

The maternal microbiome plays a crucial 

role in shaping the neonatal microbiota, influencing 

the health outcomes of infants. Various maternal 

factors, including antibiotic use, diet, infections, and 

mode of delivery, significantly affect the 

composition and diversity of microbial communities 

that neonates are exposed to at birth. This 

comprehensive overview will delve into these 

factors and their implications for neonatal health, 

supported by recent research findings. 

1. Antibiotic Use

Maternal antibiotic use during pregnancy

or delivery is one of the most impactful factors 

influencing neonatal microbiota. Research has 

shown that antibiotics can disrupt the natural 

microbial diversity in both mothers and infants, 

leading to several potential consequences: 

Reduced Transmission of Beneficial 

Microbes: Antibiotics administered during labor can 

diminish the transmission of beneficial microbes 

from mother to neonate during vaginal delivery. 

This is critical as these microbes are essential for 

establishing a healthy gut microbiome in infants 

[16].  

Increased Risk of Dysbiosis: The 

disruption caused by antibiotics can lead to 

dysbiosis in neonates, which has been linked to 

various health conditions such as necrotizing 

enterocolitis (NEC) and other long-term issues like 

allergies and autoimmune diseases. A study [14] 

found that antibiotic exposure in neonates is 

associated with decreased microbial diversity and an 

increased abundance of antibiotic-resistant bacteria. 

2. Diet and Nutritional Status

Maternal diet is a significant modulator of

microbiota composition, influencing both maternal 

and neonatal health: 
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Impact of Fiber-Rich Diets: Diets high in 

fiber promote the growth of beneficial microbes that 

produce short-chain fatty acids (SCFAs), which are 

crucial for immune modulation. SCFAs play a vital 

role in maintaining gut health and regulating 

immune responses [17]. 

Consequences of High-Fat, Low-Fiber 

Diets: Conversely, high-fat and low-fiber diets can 

lead to dysbiosis, reducing the availability of 

beneficial microbial metabolites necessary for 

neonatal immune development. A study  [18] 

demonstrated that maternal dietary patterns directly 

influence the microbial composition transmitted to 

infants during delivery, highlighting the importance 

of maternal nutrition in early microbial colonization. 

3. Infections

Maternal infections during pregnancy can

significantly alter microbiota composition: 

Vaginal Infections: These infections can 

lead to changes in the maternal microbiota that 

increase the risk of preterm birth and influence the 

initial microbial exposures for the neonate. For 

instance, a report by a researcher [19] indicated that 

maternal infections are associated with alterations in 

neonatal microbiota diversity and composition, 

which can affect long-term health outcomes. 

Maternal Immune Response: The maternal 

inflammatory state and immune-related metabolites 

have been linked to the development of both fetal 

and neonatal immune systems. Elevated cytokines 

in maternal circulation may influence the 

establishment of the neonatal microbiome  [20].  

Mode of Delivery 

The method of delivery has profound 

implications for neonatal microbial exposure: 

Vaginal Delivery: Infants born vaginally 

are exposed to maternal vaginal microbes, including 

Lactobacillus and Bifidobacterium, which are 

beneficial for establishing a healthy gut 

microbiome. This exposure is essential for 

developing a diverse microbial community that 

supports immune function [21].  

Cesarean Section: In contrast, cesarean 

delivery limits exposure to maternal vaginal 

microbiota, leading to increased reliance on 

environmental microbes. Research suggests that this 

may predispose cesarean-born infants to dysbiosis 

and associated health issues later in life [22]. 

(Blaser, 2015). Interestingly, some studies have 

explored “vaginal seeding” as a method to transfer 

beneficial microbes from mother to cesarean-born 

infants; however, its effectiveness remains debated 

[23]. 

Mechanisms of Microbial Transfer 

Placental and Amniotic Fluid Transfer 

While traditionally considered sterile, 

emerging research has revealed that the placenta and 

amniotic fluid harbor a low-biomass microbiota. 

Studies suggest that maternal gut and oral 

microbiota can translocate to the placenta via 

hematogenous routes, influencing the fetal immune 

system development [24]. This microbial exposure 

primes the immune system and may shape the 

fetus’s immune responses. For example, maternal 

gut-derived microbial antigens can help in the early 

maturation of the fetal immune system by 

influencing T-cell differentiation and immune 

tolerance [1].  

 Vaginal Delivery 

During vaginal delivery, neonates are 

exposed to maternal vaginal microbes. Species like 

Lactobacillus and Bifidobacterium are prominent in 

this environment and are transferred to the infant, 

especially in the gut, where they help establish the 

early microbiota. This process is vital for promoting 

the development of immune tolerance and the 

maturation of the immune system [14]. Vaginal birth 

is linked to a higher diversity of microbial 

colonization, which has been associated with a 

lower incidence of immune-related diseases [25].  

Breastfeeding 

Breast milk contains a rich and diverse 

microbiota, including strains like Bifidobacterium 

and Streptococcus, and provides the baby with 

essential nutrients that shape the gut microbiome. In 

addition to these microbes, human milk 

oligosaccharides (HMOs) play a pivotal role in 

nurturing beneficial bacteria, particularly 

Bifidobacterium, which promotes gut health and 

strengthens the neonatal immune system [26]. 

Breastfeeding has been associated with a lower 

incidence of infections and allergies in infants, 

primarily due to these immunomodulatory effects. 

Microbiota-Driven Disease Prevention in 

Neonates 

Reducing the Risk of Infections 

A diverse and balanced neonatal 

microbiota is essential for protecting against 

infections. Lactobacillus species, common in the 

neonatal gut, have been shown to reduce the risk of 

gastrointestinal infections, including diarrhea 
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caused by pathogens such as Rotavirus [27]. 

Furthermore, short-chain fatty acids (SCFAs), 

produced by beneficial gut bacteria, enhance the 

integrity of the intestinal barrier, preventing 

pathogen invasion [28].  

Long-Term Immune Health 

Allergy Prevention: Early-life microbial 

exposure is associated with a reduced risk of allergic 

diseases, likely due to the development of immune 

tolerance. This is thought to occur via the 

modulation of the neonatal immune system by the 

gut microbiota [29].  

Autoimmunity: Disruptions in the 

microbiota during critical developmental windows 

may lead to immune dysregulation and an increased 

risk of autoimmune diseases, including type 1 

diabetes. Studies have shown that altered microbiota 

in infancy may contribute to immune system errors 

that predispose to autoimmune disorders later in life 

[30].  

Disruptions to Maternal Microbiota 

1. Antibiotic-Associated Dysbiosis

Antibiotic use, particularly during labor, 

can disrupt the maternal microbiota, significantly 

reducing the diversity of microbial species. This 

disruption impairs the normal transmission of 

beneficial microbes to the infant, which may result 

in increased risks of neonatal infections and 

antibiotic-resistant bacteria [31]. Studies have 

linked antibiotic exposure to an increased risk of 

conditions such as necrotizing enterocolitis in 

preterm infants [32].  

2. Impact of Environmental Factors

Environmental stressors such as pollution, 

dietary factors, and antibiotic use can alter the 

maternal microbiota, reducing microbial diversity 

and affecting microbial transmission during birth. 

Factors like air pollution have been shown to impact 

gut microbiota composition, which in turn can 

influence the neonate’s immune development [33].  

Optimizing Maternal Microbiota for Neonatal 

Immunity 

1. Probiotics and Prebiotics

Probiotics: Supplementing with probiotics 

like Lactobacillus and Bifidobacterium during 

pregnancy can help restore and maintain a healthy 

maternal gut microbiota, which supports the 

establishment of beneficial microbes in the neonate 

[34].  

Prebiotics: Maternal intake of prebiotic 

fibers, found in foods like fruits, vegetables, and 

whole grains, promotes the growth of beneficial gut 

microbes and increases the production of SCFAs, 

further supporting neonatal immune health [35].  

2. Dietary Interventions

Diets rich in fiber, fruits, vegetables, and 

whole grains help support a diverse and balanced 

maternal microbiota, which is crucial for a healthy 

neonatal microbiome [36].  

Omega-3 fatty acids and fermented foods, 

such as yogurt and kimchi, have been shown to 

enhance microbial diversity and have anti-

inflammatory effects, which may be beneficial for 

both the mother and infant [37].  

3. Reducing Unnecessary Antibiotic Use

Antibiotics should be used judiciously 

during pregnancy and labor to preserve the 

microbial diversity of both the mother and the 

infant. Avoiding unnecessary antibiotic exposure 

can help ensure that beneficial bacteria are 

transmitted to the newborn, reducing the risk of 

infections and other long-term health issues [38].  

Implications for Public Health and Research 

1. Maternal Microbiota as a Target for

Intervention 

Targeting the maternal microbiota through 

dietary interventions, probiotics, and responsible 

antibiotic use presents a promising strategy to 

improve neonatal health. By improving maternal 

microbial health, we can significantly reduce the 

risk of neonatal infections, allergies, and 

autoimmune diseases [39].  

2. Integration into Global Health Policies

Incorporating microbiota-focused 

interventions into maternal and neonatal health 

programs could lead to better outcomes for infants 

worldwide. This includes promoting the use of 

probiotics and prebiotics and incorporating 

microbiota screening into prenatal care [40]. Policy 

initiatives should prioritize reducing unnecessary 

antibiotic use during pregnancy and birth to preserve 

microbiota diversity.  

3. Research Directions

Longitudinal Studies: Further 

longitudinal studies are needed to understand the 

long-term effects of maternal microbiota 

interventions on neonatal health. Such research will 

help establish the best practices for promoting a 

healthy microbiome in both mothers and infants.  
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Microbiota-Based Therapeutics: 

Exploring microbiota-based therapeutics, 

such as microbiome transplants, could provide a 

novel way to prevent neonatal infections and 

immune disorders.  

Conclusion 

The maternal microbiota plays a crucial 

role in shaping neonatal immunity, influencing the 

infant’s susceptibility to infections and the 

development of immune tolerance. The transfer of 

microbes through the placenta, during vaginal 

delivery, and via breastfeeding is essential for 

establishing a healthy microbiome in the neonate. 

Disruptions to this transfer, such as those caused by 

antibiotics or environmental factors, can increase 

the risk of health issues in both the mother and child. 

Therefore, optimizing maternal microbiota through 

strategies like probiotics, prebiotics, and careful 

antibiotic use is vital for improving neonatal health 

outcomes. A multidisciplinary approach that 

integrates microbiota research, public health 

policies, and clinical practices is necessary to 

harness the full potential of maternal microbiota in 

preventing infections and promoting long-term 

health for both mothers and their infants. By 

prioritizing these interventions, we can reduce the 

burden of infectious diseases and improve overall 

public health. 
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