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Abstract

Mode of delivery plays a significant role in shaping the initial microbiome development of newborns.
Cesarean section often disrupts the natural microbial transfer that occurs during vaginal birth,
potentially affecting immune maturation, vaccine responsiveness, and increasing the risk of gut-
related disorders. This issue is particularly concerning in low- and middle-income countries (LMICs),
where C-section rates continue to rise alongside challenges such as maternal and neonatal morbidity,
mortality, and limited healthcare infrastructure. This article reviews global evidence on how birth
mode influences the establishment of the early-life microbiome and outlines context-specific
interventions such as personalized maternal-infant nutrition, improved antibiotic stewardship,
optimized vaccine scheduling, enhanced childbirth education, and professional training. Integrating
microbiome-informed birth practices into national maternal child health programs could help reduce
unnecessary C-sections and promote equitable approaches to improve long-term health and well-
being among cesarean-born infants.
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Introduction

Our lives depend on the vast variety of microorganisms that are present within us. According
to recent studies suggest that the number of bacterial cells and human cells in the body is roughly
equal, and the total mass of bacteria is about 0.2 kilos [1]. Although the collective microbial genome,
or microbiome, consists of about ten times more genes than the human genome does and there is only
around 10% of genetic similarity shared between any two individuals. Microbiome research studies
explore how microbial communities influence human health and physiology. Large-scale initiatives
like the American Gut Project have leveraged citizen science to map the diversity of the human gut
microbiome across thousands of participants worldwide, revealing how lifestyle, diet, and
geography shape microbial communities [2]. In general, the human microbiome consists of three
major categories (bacteria, fungi, and archaea), each associated with different organs and body sites
[3]. Atbirth, infants acquire their initial microbiota from their mother, and this microbial transmission
varies significantly depending on the mode of delivery, such as vaginal delivery or C-section. These
early microbial exposures can influence the baby's immune development and may affect long-term
health outcomes. The global rate of cesarean births is steadily increasing. According to the World
Health Organisation (WHO), the global rate of caesarean section births has risen significantly, from
6% in 1990 to 21% by 2018, and is projected to reach 30% by 2030 with indication of 38 million women
will give birth through c-section annually and 88% of these incidents are expected to occur in low-
and middle-income countries (LMICs) [4] underscoring this growing dependency on surgical births
in regions that often face limited healthcare infrastructure.
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Although caesarean section can be a vital and life-saving procedure, if it is done when there is
no medical necessity, it may cause babies and mothers unnecessary health risks that can last a
lifetime. Although the recent advancements in microbiome studies, scientifically revealed that
infants, who born via cesarean section are predominantly colonized by skin-oral-hospital associated
microbes, with lower diversity of beneficial bacteria, which is potentially impacting the infant's
overall health outcomes, whereas those delivered vaginally, acquired necessity microbiota primarily
from the mother via vaginally and exposes diverse maternal microbes, including beneficial bacteria
such as Lactobacillus and Bifidobacteria, which play a significant roles in immune system development
and gut health [5]. Adhering to the recommended antibiotic schedule during an infant’s first year of
life can impair the functionality of beneficial gut bacteria, although this effect largely depends on
external factors such as the regional health care system and socioeconomic level. Some research
indicates that amoxicillin is one of the most commonly prescribed antibiotics in paediatric care, which
can significantly alter the composition of the infant microbiota. This disruption may persist for up to
two years and potentially affect immune system development and increase susceptibility to allergic
reactions [6]. Although adequate amounts of probiotic food supplements, known for their potent
antibacterial properties, may significantly enhance infant gut health, particularly when combined
with certain vaccines [7].

Currently, caesarean births are becoming more common and routine. As a result, there is an
increasing need for policy awareness and targeted maternal-infant health care strategies that
emphasise safe procedures to minimize long-term impacts, especially concerning the disruption of
early-life microbiome development. WHO investigated that at present, there is no globally
standardized, evidence-based protocol that exists, which can govern the specific steps to follow
during a cesarean section [8]. Practices may vary widely across surgeons, hospital settings, and
countries, leading to inconsistent early-life exposures that may influence infant microbiome
development. Addressing this variation, it is crucial to think on new strategy to explain the
development or refinement of existing rules to promote microbiome-friendly equitable birth practices
globally.

In this manuscript, I aim to synthesize current scientific evidence from existing literature on how
birth mode affects the infant microbiome, considering various factors, and to explore its policy-
relevant implications and practices for optimizing caesarean section deliveries. In order to reduce
infant mortality and improve health, it will cover both clinical and non-clinical interventions, such as
designing vaccine only for c-section babies, work on antibiotic stewardship program, precision
nutrition, childbirth education, nurse-led training, smart medical management, especially in low- and
middle-income countries (LMICs). My main objective in writing this article is to protect every child
who deserves to be safe and well.

Implementation Barriers and Strategies

Nevertheless, Multiple factors influence the rate of ceaserean section birth outcome; many of
them are still poorly understood or inadequately addressed in current healthcare systems. Such as
Clinical reasons, including the increased incidence of maternal obesity, gestational diabetes, multiple
pregnancy and a higher maternal age at birth [9], which are not enough to fully explain by medical
needs alone. Their wide variation across hospitals, healthcare providers, and regions, as well as the
fear of legal action, and various organizational, social, and cultural influences, play a significant role
[10]. A newborn baby desired to be safe and Healthy, by making such programmes is crucial for
proper management of c-section birth practice. Immunization scheduling, awareness programme,
choosing right Nutrition, childbirth education, and nurse-led practice may further influence
maternal-infant health outcomes and integrating genetic understanding is practically equally
important for infant microbiome colonization and long-term health benefits. Despite growing global
awareness, the implementation of microbiome-informed strategies in low- and middle-income
countries (LMICs) remains limited due to several factors, including (i) infrastructural limitations [11],
(if)inconsistent policy adoption [12] (iii) insufficient provider training or lack of awareness regarding
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microbiome-informed care and solution [13]. Monitoring and evaluating during implementation are
crucial for infant health outcomes. Therefore, these structural gaps should be addressed through
coordinated, consistent, and proactive measures. The following section outlines these key challenges
and proposes context-sensitive strategies to strengthen maternal and infant health, with a focus on
microbiome-dependent delivery practices.

Interconnected Pathways: Antibiotics, Vaccination, and Nutrition in Shaping the
Cesarean-Born Infant Microbiome

The child mortality of a cesarean section has been steadily increasing every day due to
vulnerable healthcare systems in LMICs. In 2019, a comprehensive study presented that there were
overall 56.6 stillbirths for every 1000 caesarean section newborns, with sub-Saharan Africa having the
highest rate (82.5 per 1000), and the perinatal death rate was 84.7 per 1000, observed most in the
Middle East and North Africa at 354.6 per 1000, followed by sub-Saharan Africa at 100.4 per 1000
[14]. To reduce this mortality rate and improve pregnancy outcomes, healthcare systems must
implement coordinated strategies across clinical, nutritional, and immunisation sectors to support
microbiome-informed birth practices.

There is strong evidence that microorganisms are associated with vaccine response, antibiotic
exposure, and maternal-infant diet. While genetic and environmental factors also have a greater
relationship between the immune system and microbiota, based on this, it is possible to develop
individual-specific vaccine-induced immunological responses [15]. Considering these often raises the
core question: Can early antibiotic use influence the baby’s immune system? An antibiotic is a type
of medicine that is used to kill or stop the growth of bacteria to treat infections, such as strep throat,
urinary tract infections, or pneumonia, and certain types of infant diarrhoea [16]. Recent studies have
investigated how antibiotic-mediated microbial depletion affects the infant immune system's
response to tetanus, influenza, polio, rotavirus, and BCG vaccination (Only the polio study used
newborns, for ethical reasons) [17]. Antibiotic use, microbiota disruptions, and a rise in immune-
mediated disorder are all negatively correlated with either no improvement or significantly
decreased vaccination immunogenicity. Studies revealed that HIV-infected mothers and their
children show alterations in gut microbiome composition, suggesting that immune-related diseases
like HIV are associated with disrupted microbial transmission [18]. Another example, autism
spectrum disorder (ASD), unlike neurodegenerative diseases such as Parkinson’s and Alzheimer’s
disease, is a neurodevelopmental disorder influenced by aberrant gut microbial colonisation during
early life. Evidence suggests that disruptions in the maternal microbiota, mode of delivery, and early
antibiotic exposure can impair a healthy microbial ecosystem, potentially modulating
neurodevelopmental trajectories through the microbiota—gut-brain axis and contributing to ASD
pathophysiology [19].

Overriding these issues, can diet influence the baby’s immune system? Since the WHO supports
Breast milk [20] should be initiated within an hour of delivery (colostrum), and maintaining exclusive
breastfeeding till 6 months, especially it is crucial and critical for C-section births, where it is not only
the ideal food for infants but also provides a complete source of nutrition and numerous health
benefits. In a study, feeding IF containing B. lactis to C-section full-term infants predominantly
enhanced responses to polio and rotavirus vaccines over the six-week intervention period [21].
Although a balanced maternal diet during pregnancy may influence the initial colonization of the
infant gut microbiome, especially rich in green leafy vegetables, fruits [22] a high dietary fibre and
low-fat diet may help infants' early colonization. Timely nutrition should be prioritized. Usually,
probiotics and prebiotics, along with supplemented food, may have some beneficial effects, but it
does not appear to have a long-term impact on an infant’s gut microbiota [23]. The preterm babies
who are born via c-section before 32 weeks of pregnancy have an unusual start in life. Such conditions
often require sterile incubators, the use of antibiotics, and the inability to breastfeed, and complicated
nutritional supplements that avoid the gastrointestinal tract [24]. Antibiotic use during the first year
of life has been linked with several factors and an increased risk of allergic, asthma, eczema, hay
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fever, wheeze, and atopy [25], and inflammatory bowel disease [26,27]. Addressing these issues, this
paper emphasizes microbiota-based antibiotic planning during and after cesarean delivery, along
with maternal-infant nutrition programmes that can be accessible and culturally adapted to reduce
unnecessary disruption of the infant gut microbiome. Along with integrating microbiome awareness
into vaccination planning is equally important, as early-life microbiota influences immune
development and vaccine responsiveness, particularly for oral vaccines [28]. Therefore, including
these components in national maternal-child health policies enables evidence-based, equitable
treatment that has an extended impact on global health.

Non-Clinical and Community-Based Practices

A mother and the family member play a significant role in developing their child's growth.
Sharing appropriate education, conducting such motivational microbial workshops, seminars are
crucial to understanding microbial importance for prospective parents to make informed decisions
about their potential delivery methods. Until now, there have been no global guidelines on
Microbiome-based Strategies to Improve Caesarean Birth. Although in 2018 WHO published non-
clinical interventions to reduce unnecessary caesarean sections, they're nowhere talking about
microbiome-friendly awareness or practices. Addressing this gap, the new recommended strategy of
community-level microbial knowledge is needed to provide long-term health benefits to the cesarean
birth. It has the potential to follow advised practices. Locally relevant information, education, and
available communication resources like flowcharts, videos, pamphlets, and activities should be used
to share understandable and consistent manner.

Engagement of Medical Professionals in Clinical Practice

Effective implementation of microbiome-based clinical practices requires addressing multiple
barriers within healthcare systems. Resistance among healthcare providers, often due to limited
awareness, inadequate training, or unwillingness to alter established routines, can hinder the
adoption of evidence-based approaches. Integrating broad aspects of microbiome-related modules
into midwifery, nursing, and obstetric curricula is essential to enhance provider competence and
understanding of how birth mode influences infant microbial colonization and long-term health
outcomes.

Successful integration of microbiome-based strategies, such as guiding timely vaccination and
boosters, supporting breastfeeding, optimizing antibiotic use, and promoting diet-based
interventions should work collaboratively. Implementation often requires the involvement of
technical experts for microbial sampling and sequencing, and bioinformaticians for data
interpretation. Clinical checklists that include microbiome awareness during cesarean decision-
making can prompt clinicians to consider microbial consequences alongside medical indications.

Standardizing postnatal protocols, such as early skin-to-skin contact, delayed bathing, exclusive
breastfeeding, and colostrum feeding, can further support microbiome restoration in cesarean-born
infants. Strengthening implementation efforts requires local clinical champions, updated pre-service
and in-service training, and team-based care models with well-defined roles.

Structural and logistical barriers, such as workforce shortages or limited opportunities for
second opinions before surgical births, underscore the need for multidisciplinary coordination and
locally adapted guidelines. Additionally, culturally sensitive education and counselling should
address maternal preferences for cesarean birth, which may stem from fear, misconceptions, or social
pressures. Financial incentives that inadvertently promote unnecessary surgical deliveries should
also be reevaluated through collaboration between healthcare providers and policymakers. Finally,
documenting and sharing successful implementation models can facilitate broader adoption of
microbiome-informed practices across comparable healthcare settings.

Future Research:
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This article synthesizes current global evidence linking mode of delivery to early neonatal
microbiome colonization, highlighting key determinants such as vaccination, antibiotic exposure,
and nutrition. Microbiomics is a branch of microbiology and systems biology that explores the
composition, diversity, and functional role of microbial communities and their genomes [29]. The
development of this field began around three decades ago, during the era of the Human Genome
Project and the initiation of the Human Microbiome Project. If we think in a genetic perspective, the
human genome lacks 16S rRNA V3 or V4 region, which is present in microbial cells in prokaryotic
ribosomes (bacteria and archaea); researchers are actively targeting this region to amplify and
identify microbial strains, thereby understanding their functions. A study by Linda Wampach et al.
analysed microbial differences in neonates by delivery mode using 165 rRNA-based advanced
sequencing tools [30]. They found that vaginally delivered (VD) infants showed higher expression of
immune-related microbial genes. lipopolysaccharide from early stool samples of Vaginal Delivery
neonates triggered increased production of TNF-a and IL-18 in immune cells and plasma. In contrast,
caesarean section delivery (CSD) disrupted maternal microbial transmission, reducing functional
microbial traits and early immune stimulation. Another study used Shotgun metagenomic
sequencing of stool samples from 98 mothers and their neonates revealed significant differences in
infant gut microbiota based on delivery mode. C-section-delivered infants showed early enrichment
of skin, oral, and environmental microbes such as Staphylococcus, Haemophilus, Enterobacter, and
Veillonella, while vaginally delivered infants had higher abundances of gut-associated genera like
Bacteroides, Bifidobacterium, Parabacteroides, and Escherichia/Shigella. Temporal sampling differences
partly explained variations in Escherichia/Shigella abundance. Although microbial differences
between delivery modes diminished by 4 and 12 months, C-section infants maintained greater
microbiota heterogeneity and reduced prevalence of key Bacteroides species [31]. In this context, a
study by Garcia Mantrana et al. [32] examined the specific relationship between maternal diet during
pregnancy and the composition of both maternal and neonatal gut microbiota, employing 16S rRNA
gene sequencing. This study revealed that particular clusters of gut microbiota in mothers and their
offspring were associated with dietary elements like fibre, lipids, and proteins. Studies examining the
function of vitamin D during pregnancy have produced a sizable body of evidence. Using data from
the same group of the Vitamin D Antenatal Asthma Reduction Trial (VDAART), it was found that a
higher alpha diversity in the gut microbiota of newborns was linked to prenatal dietary practices
categorized as "healthy", characterized by a high intake of vegetables and a low intake of processed
meats and deep-fried foods [33]. Nevertheless, region-specific population studies that integrate gene
sequencing approaches could play a pivotal role in shaping future vaccines specifically reformulated
for C-section infants, representing a major step toward equitable and globally effective immunization
strategies. In implication with antibiotics and diet, leveraging the microbial genetic makeup in a
standardized manner could maximize the benefits for cesarean infants worldwide. For instance,
probiotic supplementation has shown potential to restore microbial and immune balance. A pilot
study demonstrated that infant formula containing a low dose of Bifidobacterium lactis CNCM I-3446
supported immune and gut functions in C-section—delivered infants, producing outcomes broadly
similar to those of breastfed infant [34]. Similarly, emerging evidence from a scoping review suggests
that vaginal seeding exposing C-section newborns to maternal vaginal microbiota can partially
restore early microbial colonization patterns, although standardized safety protocols and larger
clinical trials are still required before implementation [35]. In addition, sustainable technical
investment is crucial for developing next-generation genetic tools that can enhance recovery
outcomes in clinical practice and drive personalised healthcare innovations across the
biopharmaceutical and nutrition sectors. To ensure the responsible application of both clinical and
community-based microbiome interventions, policymakers should emphasise strategies that uphold
the principles of equity, ethics, and public health integrity. Moreover, robust community
participation frameworks can strengthen this approach by ensuring that societal values and cultural
contexts are meaningfully incorporated into microbiome-informed health programs and policy
development.
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Conclusion

The mode of birth has a vital and greater impact on the composition and function of the infant
microbiome, influencing subsequent health where cesarean deliveries are increasing alongside
challenges like unnecessary death, malnutrition, and infectious disease burden, integrating
microbiome-aware practices into pregnant mothers and newborn care is both timely and necessary.
Evidence-based protocol, influence on the field of precision vaccinology, antenatal education,
responsible antibiotic use, early breastfeeding support, Nutrition alteration, and policy frameworks,
can help to reduce the unexpected health effects of surgical births. Strengthening health systems to
support these interventions and investing in context-specific implementation research will be
essential to improving neonatal outcomes globally.
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