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Abstract

During pregnancy, the maternal microbiome influences the development of the fetus and generally creates the prerequisites
for the formation of the infant microbiome. Currently, the study of external factors on the formation of the microbiome, including the
influence of the mother's microbiome on the formation of the infant's microbiome, remains relevant.

The purpose of this review: to provide up-to-date data on the development of the intestinal microbiota of a child at the early
stages of its formation and the factors influencing this process.

Research of publications were conducted in search engines as PubMed, eLibrary.ru, Google Scholar. The selection of
publications was carried out in accordance with the purpose of the review.

We analyzed current data on the infant gut microbiome and concluded that the infant gut microbiome is affected by maternal
age, maternal overweight, obstetric history, gestational age, mode of birth, work performed during pregnancy, place of residence, diet
during pregnancy and lactation, illness and antibiotics. All these factors affect the state of the maternal microbiome itself and affect the
microbiome of the child through breastfeeding. The intestinal microflora of the newborn is largely dependent on the state of the mother's
microbiome, it is mainly through breast milk. The microbes of our body control all life processes, as well as the stability of the internal
environment.
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Introduction

In recent years, due to the achievements of
medicine, the diseases of mother and child are decreasing,
attention is paid to the health of mother and child, a lot
of medical work is carried out. The main object requiring
serious study of the health of the child and mother is the
microbiota, so we pay attention to the study of this topic.

The human microbiota is an evolutionarily formed
ecological system of microorganisms that inhabits the
open cavities of the body and maintains the biochemical,
metabolic, and immunological balance necessary to
maintain health [1].

Microbiota is a community of millions and millions
of microorganisms living in the human intestine; an internal
microbial ecosystem. It is known that the formation of the
microbiota begins from the moment of birth of a child
and changes throughout life under the influence of the
following factors: diet and eating regimen; the presence
of diseases; taking medications (for example, antibiotics
or hormonal medicines); taking prebiotics / probiotics /
synbiotics; lifestyle features.

The human microbiome is a complex organism
consisting of 10-100 trillion microbial cells (bacteria,
archaea and microbial eukaryotes) and viruses, the
genomic catalog of this superorganism consists of 3.3
million genes. The maternal microbiome contributes to
the modulation of the fetal immune system starting from
the antenatal period [2].

The formation of microbial communities at an
early age plays an important role in the immunological,
endocrine, metabolic and other pathways of human
development. The human microbiome can be considered
as a whole separate organ of our body. We acquire it
before birth and how it will be depends on many factors,
such as the microbial flora of the mother's intestines,
the way of birth, nutrition and its frequency, vaccination,

Search strategy

We searched for sources using the keywords:
infant microbiome, intestinal microbiome, children in the
scientific databases PubMed, Google Scholar, Web of
Science, and Curenica. The depth of the search was 10
years (2012 to 2022). Sources were selected according
to the purpose of the literature review. Preference was
given to publications in peer-reviewed journals. In the
first stage, a general array of articles was selected, from

Main part

The formation of the intestinal microbiota begins
in the intrauterine period and continues for many years
postnatally. Research has identified microbial DNA and
cellular structures of intestinal bacteria in the placenta
and amniotic fluid before birth in the absence of ruptured
membranes [8]. Nutrition, maternal lifestyle and the
use of anti-bacterial medications during pregnancy play
an important role in the formation of the fetal intestinal
microbiota.

During childbirth, the mother is the first source of
colonization of the gastrointestinal tract of the child, while
the natural method of delivery is one of the fundamental
factors influencing the formation of the microbiota.

Currently, factors that have been clearly proven
to affect the microbiota of the vagina and other parts of
pregnant women are diet, antibiotic use, infection and
maternal stress. Factors that need to be further studied
are immune status, age and genetic background. In

diseases, administration of antibiotics, complementary
foods, etc. [3].

Itis of obvious interest to determine the significance
of maternal health factors in the formation of the level of
health of the newborn.

As the maternal body is the environment for fetal
development, any deviations in maternal homeostatic
parameters have a direct impact, based on the
principles of the functional approach of the mother-fetal
relationship, the «organ to organ» principle, the concept
of histohaematic barriers and the importance of placental
function [4].

According to refined calculations, the total mass
of the human microbiota is approximately 0.2 kg [5]. The
human body contains about 3.8x1013 bacteria, which
is equal to the number of the body's own cells. Several
biotopes with microbial populations are distinguished in
the human body [6].

However, the most important biotope of the human
body is the intestine, which includes more than 700 genera
of bacteria and 2500 different types of microorganisms
[71.

The microbiota at an early age is not only the
main regulator of infant health, but is also associated with
long-term health. Pregnancy and the newborn period is a
golden time for the formation of the microbiota of infants,
which is influenced by both environmental factors and
genetic factors.

The purpose of this review: to substantiate the
current general information about the state of the issue
of the formation and dynamics of the child's microbiome,
to provide up-to-date information through a review of the
literature on the early development of the microbiome of
young children and the factors influencing this process.

which the most relevant ones were filtered according to
keywords and context.

Inclusion criteria: Evidence level A, B publications:
meta-analyses, systematic reviews, cohort and cross-
sectional studies.

Exclusion criteria: summary reports, newspaper
articles and expert opinion in the form of short report.

addition to these factors, complications during pregnancy
are also important influencing factors. All stages of
pregnancy have a significant impact on the formation of
the microbiota. It is known that the abundance of many
types of microbes changes significantly during pregnancy.

When a full-term baby is born naturally, they
swallow small amounts of the mother's vaginal and
intestinal microorganisms. Then these are mainly bacteria
from the genera Prevotella, Sneathia and Lactobacillus.
In the case of a caesarean section delivery, the newborn
is initially colonized by the skin microbiome of the mother
and medical staff, primarily consisting of bacteria from
the genera Propionibacterium, Corynebacterium, and
Streptococcus [9,10].

In these infants, a delayed colonization of the
intestinal phyla Bacteroidetes and low bacterial diversity
have been observed during the first two years of life [11].
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However, from four months of age the differences
in bacterial diversity with naturally born children begin to
fade, and by 12 months of age almost disappear [12].

The intestinal microflora in the first few days of
life is heterogeneous and its composition changes very
rapidly. During natural birth the infant's digestive tract is
intensively colonised by aerobic and facultative anaerobic
bacteria: E. coli and other enterobacteria, enterococci and
staphylococci, which reduce the oxygen concentration in
the intestine and thus create conditions for colonisation by
obligate anaerobes. From the end of the baby's first week
of life the intestinal microbiota begins to be dominated
by rigid anaerobes (bifidobacteria, bacteroides and
clostridia), which suppress the aerobic flora. The source of
bifidobacteria and bacteroides for the baby is usually the
maternal intestinal flora [13,14]. There are peculiarities in
the formation and composition of the intestinal microbiota
of children born by caesarean section. Babies born via
caesarean section do not acquire their mother's vaginal
and intestinal microflora during birth. Instead, their
primary source of microorganisms comes from them the
microflora present on the mother's skin, the medical staff,
the delivery room, and the hospital wards [11].

In addition, caesarean section is associated with
antibiotic therapy for the mother, late onset and often a
short period of breastfeeding, which can affect the baby's
intestinal microflora [15]. The intestinal microflora of
children born by vaginal delivery are usually represented
by microorganisms of the genera Prevotella, Sneathia
and Lactobacillus, which are part of the maternal vaginal
microflora. In children born by caesarean section, the
intestinal microbiota is characterised by a lower diversity of
bacterial species and a low bifidobacterial and bacteroide
content compared with the intestinal microflora of children
in vaginal delivery [16].

Various opportunistic microbes (C. difficile,
Enterococcus spp., Klebsiella spp., Sreptococcus spp.,
Haemophilius and Veillonella) are more often found in the
intestinal microbiota of children born surgically [17,18].
During cesarean section, the formation of intestinal
microflora in children takes longer [1]. Thus, natural
childbirth or cesarean section is an important factor
affecting the formation and composition of the intestinal
microflora.

Itis now known that the microbiota of the intestine,
the most colonized biotope of the human body, largely
determines its health, as representatives of the microbiota
largely determine the immune response and resistance to
pathogens, participate in the metabolism of a wide range
of micro and macronutrients [19]. In addition, the intestinal
microbiota performs the functions necessary for the vital
activity of the organism, including immunomodulatory,
detoxification, anticarcinogenic, digestive, colonization
resistance, as well as maintaining the biochemical,
metabolic and immune balance necessary for maintaining
the internal environment and human health in general
[20,21].

The nature of breastfeeding plays an important
role in the colonisation process of the baby's intestines
in the postpartum period. Numerous studies have shown
that breast milk has symbiotic properties.

During breastfeeding the intestinal microbiota
is mainly composed of lactic acid bacteria such
as Lactobacillus, Leuconostoc, Streptococcus,
Enterococcus, Lactococcus and Weissella, as well as
some beneficial Bifidobacterium species [22,23]. Some

studies have shown that anaerobic flora, Bacteroides and
Clostridium, dominate the microbiota in children receiving
formula milk [24].

Most modern milk formulas are enriched with
oligosaccharides, which should theoretically promote
the development of the bacteria type Bifidobacterium.
However, changes in the composition of the colonic
microbiota in formula-fed children are characterised by
an overdevelopment of bacteroides and clostridia and
an increase in the proportion of opportunistic bacterial
species, such as Escherichia coli, Clostridium difficile
[25,26].

It is possible that the effect of breast milk on the
formation of the infant's colon microbiota is not only due
to oligosaccharides. In addition to these, breast milk
contains Ig A and IgG immunoglobulins, the antimicrobial
substances lysozyme and lactoferrin, interleukin-10, and
lymphocytes, which modulate the child's immune system
and influence the composition of microorganisms that
take root in the gastrointestinal tract [27,28]. The addition
of pasteurized human milk to the diet of formula-fed
infants is known to promote the formation of a microbiota
similar to that of breastfed infants [26].

According to some studies, in the first year of
life, the infant microbiota is characterised by relatively
low microbial diversity. Gradually, depending on the type
of diet and the breadth of contact with the environment
(presence of animals in the home, number of siblings,
hygienic conditions, use of antibiotics), the taxonomic
diversity of the colon microbiota enriches considerably
[29,30].

According to researchers, after the introduction of
complementary foods into the child's diet, in addition to
the activation of the growth of polysaccharide-fermenting
bacteria, there is a significant change in the microbial
community of the colon, characterized by a decrease
in the proportion of Bifidobacterium (Bacteroidetes or
Firmicutes) [31,32].

To this day, it has been established that the normal
intestinal microbiota has the following functions: prevention
of colonisation of the digestive tract by pathogenic
microorganisms (direct competition with pathogenic
bacteria for nutrient substrate and habitat); participation
in the regulation of gastrointestinal motility; formation of
local and systemic immunity (as antigen); and formation
of food tolerance; non-digestible endogenous and
exogenous detoxification of substrates and metabolites;
intestinal microbiota absorb toxic substances and destroy
them with intestinal contents or use them for their own
needs; takes part in cholesterol metabolism in the
enterohepatic circulation of bile acids; participates in the
synthesis of vitamins B, K, biologically active substances,
etc. Bifidobacteria synthesize B vitamins and play a role in
vitamin C and D metabolism, while vitamin K production is
performed by microorganisms of the bacteroidetes group
[33].

Family members and close relatives (siblings)
have also been described as important environmental
factors that may influence the colonisation pattern of
the infant intestinal microbiota, but so far there is no
conclusive evidence for the influence of birth parity, the
sex of the children, remains to be established.

According to a cohort study in the Netherlands,
it has been shown that 1-month-old infants, along with
older siblings, have more bifidobacteria in the intestinal
microbiota than infants without siblings [34].
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In this case study, it was also reported that the
proportion of bacteria not related to Escherichia coli
increased in infants without older siblings.

A recent study with a Danish cohort has shown
that the presence of older siblings is associated with
increased microbial diversity and intestinal biodiversity in
early childhood, while the presence of pets has little effect
on the intestinal microbiota.

Geographic location may also influence the
microbiota, as differences in the microbiota appear to be
related to diet and lifestyle in a particular area. In addition,
different ethno-geographical populations have different
regional diets and cultural practices. For example, the
microbiota of children living in rural Africa differs from the
microbiota of children living in urban areas of Italy [35]. At
the same time, several other studies have investigated
microbial diversity and composition on geographical
influences related to ethnicity or diet [34].

In general, home structure and family environment
(rural or urban) appear to influence colonisation of the
intestinal microbiota after birth, although more research is
needed to identify specific contributing factors.

Conclusions

Thus, the development of the infant intestinal
microbiota begins during the period of intrauterine
development. The qualitative and quantitative parameters
of the intestinal microbiota of the newborn are influenced
by a number of exogenous and endogenous factors,
including nutritional and environmental characteristics,
primarily related to the maternal body.

The formation of the intestinal microbiota in infants
and children in the first year of life is also influenced by the
mode of delivery - natural childbirth or caesarean section,
and the nature of breastfeeding - breastfeeding or artificial
feeding. Despite the considerable amount of information in
this area, the interpretation of the results obtained in many
studies is ambiguous among the authors. This is due, in
particular, to different ways of identifying microorganisms,
the lack of clear recommendations for the study of the
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Tyningime
XKykminik ke3iHOe aHa Mukpobuomachkl ypblKmbIH O0aMybiHa acep emeli XeHe Xalfbl Hepecme MUKPObUOMAaChIHbIH

KarnbinmacybiHa anfbiuapmmapobl xacalobl. Kasipei yakbimma MUKpobuoMaHbIH KafbinmacyblHa CbipmKbl ¢hakmopriapObl, COHbIH
iwiHOe Hapecme MuKkpobuomachIHbIH KanbinmacybiHa aHa MukpobuomachkiHbIH 8cepiH 3epmmey e3ekmi 60nbin Kana 6epedi.

UlonydbiH makcamsbl: 6ana iwek MUKpobuomacbkiHbIH KasblnmacyblHbIH XeHe 0aMyblHbIH arnFawkbl ke3eHOepiHe acep
ememiH ¢hakmoprap myparibl 3amaHayu manimemmep 6epy.

3epmmey xapusinaHbimdapsl PubMed, eLibrary.ru, Google Scholar i3dey xytienepiHde i30ecmipindi. bacbinbimOapos! ipikmey
wory MakcambiHa calKec xypai3inoi.

Hapecme iwek mukpobuomacsl myparibi afbiMOarbl 0epekmepdi mandaldblK XoHe Hapecme ileK MUKpobuoMacbiHa aHaHbIH
)Kacbl, aHaHbIH apmblIK canMmarbl, akywepiik aHaMHe3, XyKmisnik Mep3imi, 6ocaHy Xorbl, aHaHbIH XYKMIrik ke3iH0eai amKapfaH XYMbICbl,
MyYPFbIbIKMbI XKepi, XyYKmirik kesiHOeei xoHe emi3y KesiHOeai mamMakmaHybl, aybipFaH aypyrnapbl xoHe KabblndaraH fpenapammapb|
acep emedi OezeH KopbimbiHObIFa Kkendik. Ocbl gpakmopriapObiH 6apribifbl aHaHbIH MUKPObUOMachIHa xoHe 0e eMuweK emidy apKbiribl
banaHbIH MukpobuomachiHa acep emedi. XaHa myraH HopecmeHiH iwek Mukpoghbriopachbl kebiHece aHaHbIH MUKPObUOMAaChbIHbIH
KyUiHe 6alinaHbicmbl, 051 Heai3iHeH emwek cymimeH emedi. bi3diH 0eHemi30iH Mukpobmapb! 6apsibik emipsik npouecmepdi, coHOali-ak
iWKi opmaHbIH mypakmbifiblfbiH 6aKblialiobl.

Tytlin ce30ep: Mukpobuoma, Kkecapb miriei, eMwek cymimeH emisy, maburu xonmeH 6ocaHy, bananap.
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Pe3rome

Bo epewmsi 6epeMeHHOCMU MamepuHCKasi Mukpobuoma enusiem Ha pazeumue rioda u 6 yesioM cozdaem npedrnochiiku
0nsi hopmuposaHusi Mukpobuoma mnadeHya. B Hacmosiwue epemsi ocmaromcsi akmyasbHbIMU U3yYeHUe 8HEeWHUX (hakmopos Ha
hopmuposaHue MUKpobUOMa, 8 MOM YUC/IE TUSIHUS MUKPOBUOMa Mamepu Ha (hopMuposaHue Mukpobuoma miadeHya.

Lenb Hacmosiwe2o o630pa: npedocmasumb CO8PeMEHHbIE OaHHbIE O passuMuU MUKpObUOMbI KUWEYHUKa pebeHKka Ha
paHHUX cmadusix e2o ¢hopMupo8aHUsi U hakmopax, 8IUsIIUUX Ha 3mom fpoyecc.

lMposedeH nouck Hay4YHbIX ybnukayul e nouckosbix cucmemax PubMed, eLibrary.ru, Google Scholar. Om6op ny6nuxkayut
ocywecmernsncs 8 coomeememesuu ¢ yesbo 0b63opa.

Mbl npoaHanuauposarnu cospeMeHHble OaHHble O MUKPOGUOMe KuweyHuka mradeHues U npuwisiu K ebigody, 4mo Ha
MUKPOBUOM Kuwe4yHUKa pebeHka erusm eospacm Mamepu, U3bbimoYHbIU 8eC Mamepu, akywepcKkuli aHamHes3, 2ecmayuoHHbIL
go3pacm, crocob poxdeHus, paboma, KOMOPY OH 6bIMOsHSA 80 8peMsi 6epeMeHHOCMU, Mecmo Xumerbcmea, e2o duema 60
spemsi 6epeMeHHOCMU U KOpMIieHUs 2pyObto, 6oM1e3HuU U npuem aHmubuomukos. Bce amu ghakmopbl ompaxaromesi Ha cocmosiHUU
co6CmMeeHHO MamepUHCKO20 MUKpobUoMa U eniusiem Ha MUKkpobuom pebeHka nocpedcmeom epydHo20 eckapmiusaHusi. Mukpogropa
KUWEYHUKa HOBOPOXOEHHO20 80 MHO20M 3a8UCUM OM COCMOSIHUSI MUKPOGUOMbI Mamb, OHa 8 OCHOBHOM Yepe3 2pyOHOe MOJIOKO.
Mukpobbi Hawezo opaaHu3Ma KOHMPOUPYM 8Ce MPOUECChI XU3Hb, a makxe cmabusibHocmb 8HympeHHel cpedbI.

Krnroyeenle criosa: MUKpO6U0ma, Kecapeso ce4eHue, epyOHoe 8cKapmsiusaHue, ecmecmeeHHble podb/, demckuli so3pacm.
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