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Abstract

The intestinal microbiota is currently known as a "metabolic organ” that significantly influences the health of the host
from the first years of life, being a crucial factor for optimal development of immunity and regulation of different
physiological processes such as digestion, absorption, metabolism and synthesis of nutrients. This work aims to show
the relationship between epigenetics, the exposome and the development of the intestinal microbiota in the newborn
according to the route of birth. A documentary review of the literature of the last 5 years was carried out and it was
found that the majority of non-communicable diseases are due to epigenetic modifications that can occur in the prenatal
stages, together with environmental factors that also contribute to these epigenetic changes, term known as an
exposome. In this sense, the greatest exposure of microorganisms for the development of intestinal colonization is at
the time of birth, being Bifidobacterium one of the most important genera that contribute to immune function, found to
a lesser extent in newborns born by abdominal route (cesarean section ), this type has been associated with dysbiosis
of the intestinal microbiota, generating consequences in the development of diseases such as obesity, diabetes, asthma,
food allergy and autism spectrum disorder. Allowing to conclude that both epigenetics and the exposome and the
intestinal microbiota are simultaneously related from the early stages of life and can be the cause of various non-
communicable diseases.
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1. Introduction

The period of life in which the epigenetic modifications of DNA are most intense goes from conception to 2 years of age,
known as the "period of 1000 days", at this time early nutrition, psychic factors and the environment through epigenetic
changes may play a key role in the programming of neonatal fetal development by influencing the susceptibility of the
subsequent development of noncommunicable diseases [1]. The microbiota of the individual is determined from this
moment on and predominantly during the first year of life, this will largely depend on the way in which birth occurs [2].

The microbiota is defined as the set of microorganisms that coexist with humans, occupying specific niches on the
surfaces of the skin and mucosa, in a symbiotic relationship with the host [3]. The total number of microorganisms and
their genetic material is defined as the microbiome. This term was coined in 2001 by Joshua Lederberg, an American
molecular biologist who won the Nobel Prize in Medicine in 1958 [4].
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The intestinal microbiota is heterogeneous and is composed mainly of bacteria, with a minority of viruses (intestinal
viroma), fungi and yeasts [5, 6]. The human intestine, primarily the large intestine, houses the highest amount of
microbiota in the body compared to other niches such as the skin, vagina, mouth, and ears. It contains 1014 bacteria that
represent 10 times the total number of human cells. In particular, after bacterial colonization in infants, the intestinal
microbial composition is unique for each individual [7].

Today it is considered a “metabolic organ” [8], which is an important mediator in health and disease and interacts with
various organs and systems in the body, including the brain, liver, skeletal and cardiovascular systems. Being a complex
ecosystem shaped by evolution, with host-bacteria associations that promote a delicate balance, developed to modulate
the immune response and promote health [9]. Through interactions with the host, the intestinal microbiota participates
in the regulation of many physiological processes such as food digestion, nutrient absorption and metabolism, the
synthesis of vitamins (K, B12, biotin, folic and pantothenic acid) and bile acids, as well as the modulation of innate
immunity, promotion of maturation and integrity of the intestinal epithelium, growth and development of strains, up to
the prevention of the spread of pathogenic microorganisms [6, 10, 11]. Multiple bacteria in the gut microbiota are
involved in the production of a wide variety of enzymes, including cytochrome (CYP) P450, which carry out different
types of metabolic reactions to a large number of oral foods and medications. These reactions include the processes of
hydrolysis, decarboxylation, deamination, demethylation, ring opening of heterocyclic compounds, reduction,
dehydroxylation, aromatization and dehalogenation [2].

Some evidence suggests that early events in fetal and neonatal life can program some diseases, which has demonstrated
the importance of perinatal risk and suggests that the increase in the frequency of chronic diseases is caused by the
combination of genetic and environmental factors in the first years of life [12]. The fetus was previously thought to
develop under sterile conditions, but recent data have suggested the presence of a microbiota in the uterus, particularly
in the placenta [13]. In addition to this, the neonatal and infantile periods have been shown to be important stages in
the permanence of the intestinal microbial community [14]. The mode of birth affects the initial bacterial establishment,
as the bacteria found in the vaginally delivered baby are very different from those experienced through cesarean
deliveries [6], which can potentially affect the neonatal immune response [15]. It is now well known that elective
caesarean section can affect the gut microbiota of the newborn up to six years of age [12].

According to the health statistics of the Organization for Economic Cooperation and Development (OECD), which is an
international intergovernmental organization of which 37 member countries are members, “the rates of caesarean
sections have increased in most of the countries of the OECD, averaging 20% in 2000 to 28% in 2013. The increase has
been particularly strong in middle-income countries such as Turkey, Mexico and Chile, where caesarean section rates
now account for 45% or more than all deliveries” [16].

The World Health Organization recommends that the proportion of cesarean births should be between 10-15%. In
Mexico, the Official Mexican Standard 007 establishes as acceptable 15% in second-level hospitals and 20% in third-
level hospitals; however, the rate of cesarean sections according to the 2012 National Health and Nutrition Survey is
45.1% of all births [17, 18]. The high frequency of caesarean sections is already considered a public health problem [19],
in parallel to this increase, the rates of allergic diseases and childhood obesity have shown a sustained increase over
time [3]. Due to the above, the objective of this review is to analyze the relationship between epigenetics, exposome and
development of the intestinal microbiota in the newborn, according to the route of birth and its impact on long-term
health.

2. Methodology

A documentary review of the literature was carried out on the current situation between epigenetics, exposome and
intestinal microbiota, as well as its impact on the prenatal and postnatal stages. It was also related to the development
of the intestinal microbiota in the full-term neonate, with its possible alterations according to the route of birth. This
made it possible to take advantage of all the scientific information and infer about the consequences of dysbiosis caused
by the abdominal birth route (cesarean section) in the newborn. Articles published in databases were selected, covering
the period 2015-2020.
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3. Results and discussion

3.1. Composition of the gut microbiota

In its early days, the ecological dynamics of human commensal bacteria has been a field of difficult study, primarily
because of the technical problems associated with the non-culturable nature of most of these bacteria. However, with
the technological advance that has led to the emergence of next-generation sequencing techniques, in addition to
complex bioinformatic platforms [20], it has been determined that the intestinal microbiota is made up of four bacterial
phyla: Firmicutes and Actinobacteria (Gram positive) and, Bacteroidetes and Proteobacteria (Gram negative) [21]. The
Firmicutes: Bacteroidetes ratio has been suggested as an indicator of the degree of maturation of the human intestinal
microbiota, being lower in infants and the elderly compared to adult individuals [22].

Of the genes identified at the intestinal level, 98% are bacterial and between 1000 and 1150 bacterial species are
described, with an average of 160 species per individual. As has been established with the development of the Human
Microbiome Project, the diversity of the microbiome is unique for each individual and is strongly related to the
conditions of the microbial habitat. At the intestinal level, the spectrum of the bacterial community varies in each
segment of the intestine considered, from the cecum to the rectum [23].

3.2. Relationship between epigenetics, exposome and gut microbiota

Currently the interpretation of the correlation between epigenetics, exposome and the intestinal microbiota of an
individual can contribute to a better understanding of the etiopathogenesis of some non-communicable diseases [24].
The origin of the development of health and disease highlights the importance of the period of the first 1000 days, a
period that includes: 270 days from conception to birth, 365 days of the first year of life and 365 days of the second year
of life [2]. During this time, the imprinting of epigenetic DNA is more active, which means that the genes "preserve the
memory of where they come from" (father or mother), in addition to forming most of the organs, tissues, physical and
intellectual potential and eating habits [1, 24].

Changes in the quality or quantity of the nutrients consumed by the pregnant woman and the child can permanently
influence their developing organs, the effects are known as "fetal programming” and constitute an important factor in
the appearance of diseases non-communicable, mainly in adulthood. Thus, nutritional deficiencies during pregnancy
that cause delayed intrauterine growth are associated with an increased risk of type 2 diabetes and coronary heart
disease in the offspring [24].

Epigenetics refers to the set of functional elements that regulate the gene expression of a cell without altering the DNA
sequence [25], it is also a field of study to understand how the origins of fetal programming are subject to the presence
of certain environmental stimuli during pregnancy, the latter being able to promote variation in gene expression from
the same fetal genome, resulting in different phenotypes [26]. Several studies have shown that epigenetic mechanisms
(DNA methylation, histone modification, and the effect of small non-coding RNAs) are responsible for tissue-specific
gene expression during embryonic, fetal, and neonatal growth. One of the most studied epigenetic mechanisms is DNA
methylation, as it is a regulator of chromosomal processes that inactivate gene expression, today it can be stated that
epigenetic modifications are potentially reversible and are influenced by the environment [1,26,27]. It is considered
that epigenetic mechanisms can be activated by various factors during pregnancy due to an unfavorable intrauterine
environment (Table 1). Epigenetic modifications present a high degree of stability, if genes linked to diseases are turned
on or off, they can remain in a family for many generations (transgenerational transmission without altering the DNA
sequence, due to the alteration of the epigenome) [1].

Table 1 Factors involved in the activation of epigenetic mechanisms during pregnancy

Hypoxia

Maternal violence

Drug's use

Stress

Bad nutrition

Maternal pathologies

Exposure to endocrine disruptors

Vulnerability in the social determinants of health

(1]
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Epigenetic mechanisms act in the development of complex non-communicable diseases such as cancer, asthma, arterial
hypertension, cardiovascular disease, type 2 diabetes mellitus, epilepsy, Alzheimer's, psychiatric and immunological
disorders and obesity. They are also involved in the cognitive process of memory and neuroplasticity, as well as in the
expression of attitudes, psychopathies and personality [25, 28].

All environmental exposures during the life course (including lifestyle and other non-genetic factors), from the prenatal
period onwards are known as exposomes, this concept was introduced for the first time in 2005 by Christopher P. Wild,
a molecular epidemiologist and director of the International Agency for Research on Cancer in the United States. The
exposome was developed to highlight the need for more accurate, reliable, and comprehensive environmental exposure
data to complement the impressive advances made in measuring the human genome [29, 30]. The exposome contains
three overlapping domains of non-genetic factors that contribute to disease risk: general external, specific external, and
internal (Table 2) [2, 24].

Table 2 Factors Involved in the Domains Contained by the Exposome

General external domain Specific external domain Internal domain
Social capital Occupation Inflammation
Education level Lifestyle Metabolism

Climatic factors Exposure to pollutants Oxidative stress
Rural or urban environment | - Gut microbiota
Socioeconomic level - Circulating hormones
Residence location - -

- Not present in the domain; Source: [1, 24]

The first 1000 days of life can be an important starting point for describing the dynamics of the exposome. The
pregnancy period is important to develop a lifetime exposure, in addition to multiple environmental factors such as:
environmental pollution, tobacco smoke, noise, pesticides and radiation, which can lead to serious and chronic diseases.
These environmental exposures, during this stage, can permanently modify the body's structure, physiology, and
metabolism, which have been associated with intrauterine growth retardation and neurotoxic, immunotoxic, and
obesogenic effects in children [2, 29].

The presence of gestational diabetes or obesity in pregnant women favors an intrauterine environment of nutritional
imbalance and excess energy in the transport of metabolic substrates through the placenta to the fetus. As a
consequence, the offspring develop larger amounts of physiologically unnecessary adipose tissue and with this, they are
more likely to subsequently develop metabolic disorders [26].

Recent studies have shown that certain prenatal exposures associated with childhood asthma are also related to
changes in DNA methylation in the child's peripheral blood cells. Maternal smoking during pregnancy was shown to
alter the infant's methyloma, implying that prenatal smoke exposure can lead to adverse fetal outcomes, including
asthma [31]. Similarly, exposure to air pollution during embryonic development and early in life can result in epigenetic
modification (methylation of DNA in the placenta) and reprogramming of the fetus, which can influence susceptibility
to disease in the adulthood [32]. Furthermore, it is assumed that the infant's exposure to chemicals from human blood
and milk may affect immune tolerance, intestinal colonization (microbiome), small bowel development, nutrient
availability and absorption during prenatal periods and postnatal [24].

The gastrointestinal exposome is defined as the interaction between the host, the intestinal microbiota and all the
environmental exposures to which the human being is subjected throughout life. Among the most representative
components of this include: drugs, nutrients, pathogens transmitted by food, biological toxins and other synthetic
contaminants. The gastrointestinal exposome can alter the composition, diversity and biological activity of the intestinal
microbiota. For example, a high-fat diet can change the amount and diversity of the intestinal microbiota, which favors
the decrease of Bacteroides and the increase of Firmicutes and Proteobacteria; while a high fiber diet increases the
proportion of Firmicutes [2].
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3.3. Importance of the intestinal microbiota in the newborn

The microbiota has a commensal relationship with the host and plays a key role in human health and disease. Therefore,
the homeostatic balance of the gut microbiome is extremely beneficial to the host. The alteration of the microbiota is
known as “dysbiosis”, which has been related to 3 different phenomena, which can occur at the same time: 1) loss of
beneficial organisms, 2) excessive growth of potentially harmful bacteria and 3) loss of general microbial diversity [10].
The assembly of the intestinal microbiota begins before and during the parturition process and evolves with feeding
during infancy and other factors that are highly related (Fig. 1). The microbiome of a newborn cannot be fully
understood in terms of the isolated individual, but in deep relation to the microbiome of its mother. Variation in the
composition of the human intestinal microbiota is frequently attributed to increasing rates of cesarean deliveries, the
use of antibiotics and feeding based on dairy formulas, among others [20].

In utero Birth Infancy Childhood

Factors Factors Factors
e Placenta » Gestational age e Feeding mode « Host genetics
e Amniotic fluid * Mode of delivery o Family life style o Use of antibiotics

» Geographical location

Dominant microbes Dominant microbes Dominant microbes
+ Proteobacteria e Proteobacteria e Actinobacteria e Proteobacteria

Figure 1 Factors involved in the development of the intestinal microbiota [14]

Studies have shown the importance of the microbiota during brain development, including the indirect effect of the
microbiome on tryptophan metabolism and serotonin (5-HT) synthesis, 5-HT is known to be crucial for development of
the Central Nervous System (CNS) [33], for this reason microbial colonization in the neonate coincides with key periods
of neurological development. Some evidence suggests an association between the interruption of this colonization
process and central nervous system dysfunction with the potential to cause adverse psychological outcomes. The
reciprocal interaction between this system and the enteric nervous system through the signaling of various molecules
produced by the microbiota and the brain can influence the intestine through neurotransmitters that have an impact on
immune function and by variations in cortisol levels can influence intestinal motility and permeability [5].

3.4. Development of the intestinal microbiota in the neonate

For a century, the paradigm has been that the uterus is a sterile environment, being the first microbial exposure of the
human being at the moment of birth. It's worth saying that most of the studies that established the sterile uterus
paradigm date back to research using traditional culture-based methods and traditional microscopy, which are now
considered deficient in assessing a microbiome. Therefore, researchers have resorted to the use of molecular
techniques, which have made it possible to detect bacteria in placentas, amniotic fluid and meconium (a baby's first
stool), in normal pregnancies (Fig. 2). In the amniotic fluid, a microbial community characterized by low diversity with
a predominance of Proteobacteria has been found. Furthermore, it has been suggested that the uterus contains its own
microbiome that may contribute to fetal colonization, as the placenta develops from fetal trophoblasts and the maternal
decidua (the inner lining of the uterus), suggesting several pathways bacterial access to the placenta, including
ascension from the lower genital tract, entry through the mother's bloodstream, active transport of microbes by immune
cells from the intestine or oral cavity, and it has also been proposed that this fetal colonization could occur through
ingestion of amniotic fluid containing bacteria (Fig. 3) [8,14,34,35].
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Regarding the data suggesting that intrauterine bacteria interact with the developing fetus, these data have been
provided by studies in germ-free animals, that is, animals lacking microbial colonization, in which it has been observed
that the function immune at birth differs from that of conventional newborn animals [36].

In 2014, a team of researchers led by Dr. Aagaard identified bacterial deoxyribonucleic acid (DNA) in placental tissue.
Until that time, the isolation of any type of bacteria in the placenta or amniotic fluid had the necessary consideration of
intrauterine infection and, therefore, what was expected was the necessary identification of inflammatory processes
associated with the increase in acute phase reactants and the coincident or later development of infection symptoms.
The identification of a placental microbiome is not necessarily associated with clinical or laboratory signs of infection,
and a normal term gestation sometimes develops. This would indicate that the neonatal microbiome could be seeded
before birth, but regardless of whether or not the prenatal colonization of the fetus is performed as suggested, delivery
marks the time of extensive exposure to microbial communities of fecal, vaginal, and skin and environmental origin, so
this event has an important impact on colonization of the newborn intestine [23].

In relation to the data supporting the "Uterus colonization hypothesis"”, these should be taken with caution, since most
of them were obtained with particular methodological limitations, for example, detectable bacterial DNA could belong
to dead organisms this consideration being relevant for the placenta, since within its functions is the elimination of
microorganisms that could be present in the blood; very few studies have found viable microorganisms in the fetal
environment. In addition, it has been noted that highly sensitive molecular techniques used to study the microbiome
related to the fetus tend to detect contaminating microbes, thus generating false positive results. Avoiding
contamination is nearly impossible when collecting environment-related samples within the uterus of a clinical setting.
Despite the above, the presence of microorganisms in meconium and amniotic fluid is frequently considered evidence
that supports the hypothesis of colonization in the uterus [34, 35].

A STERILE WOMB PARADIGM B INUTERO COLONIZATION HYPOTHESIS
Fetus and placenta are sterile. The placenta harbors its microbiome.
The gut microbiome is acquired after birth. Colonization of the gut begins in utero.

VAGINAL OR CESAREAN
DELIVERY

Figure 2 Schematic representation of the opposing concepts by which the human microbiota is acquired in early life
A) Paradigm of the sterile uterus and B) Hypothesis of colonization in the uterus [35]
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Microbiomes
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Figure 3 Colonization routes of maternal microbiomes towards the neonate [34]
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3.5. Gut microbiota according to the type of delivery (natural vs. cesarean section)

In recent years, several studies have identified that the microbiome that initially colonizes the newborn differs
significantly depending on whether the delivery was vaginal or by cesarean section [8]. Neonates born vaginally have a
gut microbiota taxonomically similar to the mother's gut and vaginal microbiota. In contrast, in the intestinal microbiota
of those born by caesarean section, microorganisms from the skin of the mother and the environment prevail, such as
the oral microbiota and the skin of people who come into contact with the baby (Table 3) [20, 21,23,37,38,39,40].

Table 3 Comparison of the microbiota in full-term infants

Vaginal route Abdominal route (caesarean section)

Greater prevalence

Greater prevalence

Less prevalence

Bacteroides Corynebacterium spp. Actinobacterias
Bifidobacterium Propionibacterium spp. Bacteroides
Lactobacillus spp. E. hormaechei Bifidobacterium
Parabacteroides E. cancerogenus

Escherichia E. faecalis

Prevotella spp. E. faecium

Atopobium o Sneathea E. cloacae

H. parainfluenzae

H. aegyptius

H. influenzae

H. haemolyticus

S. saprophyticus

S. lugdunensis

S. aureus

S. australis

V. dispar

V. pdrvula

K. pneumoniae

K. oxytoca

C. perfringens

[37,21,38, 39, 20, 23]

The great abundance of Bifidobacterium species in babies is considered to promote the maturation of the healthy
immune system, at the same time it has evolved to selectively digest special sugars in breast milk and metabolize sugars,

205



GSC Biological and Pharmaceutical Sciences, 2020, 13(02), 199-210

producing various microbial fermentation products, such as acetate of short chain fatty acids, which lowers the pH,
creating an acidic intestinal environment, while also metabolizing amino acids from breast milk into aromatic lactic
acid, which has emergent functions that include improving the integrity of the infant's intestinal wall. The decrease in
the number of intestinal Bifidobacteria has clinical relevance, since this type of intestinal dysbiosis early in life
predisposes to inflammation. On the other hand, the high presence of Clostridium difficile is considered one of the main
in-hospital risks of severe gastrointestinal infections and asthma during childhood, associating it with a higher risk in
children born by cesarean section, since they show a significantly higher percentage of colonization of this
microorganism [41, 42, 43, 44].

Furthermore, an additional factor that must be considered in establishing the newborn's microbiota is gestational age
[20]. Gestational age is the time elapsed from the first day of the mother's last menstruation to the birth of her child.
The term gestation is 40 weeks, however, those born between 37 and 41 weeks of gestation are considered within this
category [45]. In fact, preterm and term infants show significant differences in the composition of their microbiome
[20]. The intestinal microbiota of preterm infants is characterized by types of potentially pathogenic bacteria that are
commonly found in the hospital environment, this can be reflected in the feces with higher levels of Enterobacteriaceae,
Enterococcus and other pathogenic (opportunistic) microorganisms, compared to the fecal material from term-gestated
newborns, lastly preterm infants exhibit late intestinal colonization of Bifidobacterium or Bacteroides [34,41].

If the number of intestinal bacteria per gram of stool at one month of age were counted, the result would be significantly
higher in newborns vaginally [23]. Actinobacteria have been reported to be present in the feces of babies delivered by
caesarean section on days 7 to 15 after birth [34]. In this way, differences in the gut microbiome of caesarean section
newborns may be visible up to seven years after birth [42]. In addition, the differences between the intestinal microbiota
of babies born vaginally and caesarean section, it has been reported that the latter have reduced levels of immune
mediators such as cytokines and an increase in neonatal respiratory distress, or even mortality has been observed and
medium and long-term disability [37].

3.6. Consequences of intestinal microbiota dysbiosis and its association with the abdominal birth route
(cesarean section)

The neonatal gut microbiota is a complex bacterial ecosystem linked to nutrition, metabolism, and stimulation of the
immune system that can affect the optimal development of the child during different stages of growth [36]. There are
several perinatal factors, such as cesarean delivery, type of feeding, antibiotic treatment, gestational age or environment
that can affect the pattern of bacterial colonization and cause dysbiosis (Fig. 1) [13].

Caesarean section has saved an extremely high number of lives; however, in recent decades, it has become standard
practice and sometimes unnecessary or worse, convenient. In the last 2 decades, caesarean section rates have
approached 50% in some countries, showing little interest in how the "mode of delivery" can affect long-term health in
the newborn and into infancy [9]. This early dysbiosis can persist for several months and therefore can have long-lasting
functional effects with an impact on disease risk later in life [13]. In recent years, an increased risk of food allergies,
asthma, obesity, type 1 diabetes, autism spectrum disorder has been reported as more frequent etiologies in infants
after caesarean section than after vaginal delivery [7, 9, 46].

3.6.1. Allergies and asthma

A drastic increase in the incidence of allergic diseases and asthma has been observed in industrialized countries, partly
associated with industrialization itself, but it has also been related to a reduction in exposure to microorganisms during
the neonatal period and in the first years of life, in this sense, babies at risk of asthma have a reduced amount of certain
taxa of bacteria such as Faecalibacterium and Bifidobacterium [4, 47]. Allergic disorders have been associated with
alteration in the microbiota [11], children born by cesarean section show an imbalance between Th1l and Th2
lymphocytes, presenting a significantly lower level of Th1 response and an increase in Th2, which is associated with an
increased risk of developing allergic diseases and asthma [42,48]. In one study, a cohort of 219 children showed an
increased risk of asthma at 7 years of age in the group of newborns by caesarean section as opposed to those born by
vaginal delivery [3].

3.6.2. Food allergy

It is defined as an adverse immune response to a food and can be mediated by immunoglobulin E (IgE) (eg, Urticaria
and anaphylaxis) or not mediated by IgE (eg, induced enterocolitis syndrome due to dietary proteins and eosinophilic
esophagitis). IgE-mediated food allergy has been associated with immune dysregulation and impaired intestinal
epithelial integrity, thus there is interest in a possible link to the gut microbiome. Studies evaluating the profile of the

206



GSC Biological and Pharmaceutical Sciences, 2020, 13(02), 199-210

gut microbiome have revealed important microbial differences in patients with food allergies compared to healthy
patients, similarly other studies have provided evidence that microbiome dysbiosis precedes the development of food
allergies [49].

3.6.3. Obesity

Worldwide, it is presented as an epidemic behavior. In the study of the origin of this disease, currently not only is the
genetic factor related as a determinant of obesity, but research is pointing to the intestinal microbiota as a factor that
influences the development of this pathology. Recent studies suggest that both Bifidobacteria and Bacteroides appear to
have a protective effect against obesity, which translates into an increased risk for children born by cesarean section
[11]. A first epidemiological study in a cohort of 1255 newborns showed that newborns by caesarean section were twice
as likely to be childhood obesity, even after adjusting for maternal body mass index, birth weight, and other confounding
variables [13].

3.6.4. Type 1 diabetes (T1D)

According to the most recent estimates from the International Diabetes Federation, in 2017, the number of young people
(<20 years) worldwide with T1D was 1 106 500, 13 times the number of the year 2015. T1D is believed to be mediated
by infiltration and destruction of pancreatic 3 cells by autoreactive T lymphocytes, the disease process often begins
during neonatal life and is diagnosed mainly during childhood and adolescence, when cesarean delivery has been
associated with an increased risk of T1D in infants [22].

3.6.5. Autism spectrum disorder

The etiology of autism is not well understood, but in recent years it has been proposed that the gut microbiota could
play an important role in its development. Children with autism have been shown to have dysbiotic fecal microbiota,
with a higher abundance of Bacteroidetes and a lower abundance of Firmicutes compared to controls [33]. In addition,
there are studies that have reported poorer infant cognitive development and higher rates of autism spectrum disorders
associated with cesarean delivery [46].

Berrocal et al, [28] mention that at the end of World War Il between the years 1944-1945, a population in the west of
the Netherlands was subjected to a state of prolonged fasting or starvation, which resulted in a condition of poor
nutrition with a low protein and caloric load, this generated an effect on the epigenome of mothers who were in the
gestation period. The women who managed to survive and later gave birth, it was observed that the children had a
predisposition to suffer type 2 diabetes mellitus, obesity and cardiovascular diseases, due to the poor nutritional status
of the mothers during pregnancy. The DNA methylation pattern is one of the main mechanisms to explain what
happened in this population, since its alteration is related to the appearance of diseases due to changes in gene
expression.

In this same sense, Lugo & Martinez [50], refer that the nutritional status of the mother during pregnancy can influence
embryological development and modulate its phenotype, without affecting the normal nucleotide sequence, through
different epigenetic mechanisms, thus the availability of different micronutrients can result in the alteration of DNA
methylation and the modification of histones, causing dysregulation in the expression of genes that program body
development. According to the foregoing, it can be said that epigenetics and the environment influence simultaneously
from the prenatal stages together with the mother, intervening in the quality of life of the individual.

4., Conclusion

From the moment of conception to birth, the individual is already predisposed to develop non-communicable diseases,
due to the epigenetics and exposome of their predecessors. In the prenatal stage, the development of the intestinal
microbiota occurs; In neonates born by caesarean section, it can cause dysbiosis, causing an impact on the health of the
host and consequently an increased risk of suffering from food allergies, asthma, obesity, type 1 diabetes and autism
spectrum disorder.
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