
GUT MICROBIOTA

CHILDHOOD IS A PERIOD

OF GUT MICROBIOME FORMATION

The presence and origin of meconium "microbiota" is controversial [3–5]. Normally,
microbiota is absent from the fetal gut, since there are no substrates for its nutrition. The
sources of microorganisms in a newborn's meconium can be both vaginal, skin and fecal
microbiota of a mother, as well as the microbiota of the uterine cavity and the outer surface
of the chorionic villi. In any case, before the beginning of feeding the child, the meconium
microbiota is transient.

The establishment of the infant's own gut microbiota is a long and dynamic process in which
four successive phases are distinguished [6].
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The human gut microbiota is a complex, dynamic ecosystem inhabited by a huge
number of different microorganisms, including bacteria, fungi, archaea, and viruses.
They interact with each other and with the human organism, participating in a variety
of metabolic processes. The total number of microbial cells in the human gut can
exceed the number of the body's own cells by an order of magnitude [1]. Moreover,
the total number of protein-coding genes in the microbiota is hundreds of times
greater than the number of human genes [2]. This allows the gut microbiome to
perform a range of functions that are inaccessible to cells in the human body.

The gut microbiota is involved in carbohydrate and protein metabolism, lipid
exchange, and also produces important metabolic intermediates such as short-chain
fatty acids (SCFAs), secondary bile acids (BAs), vitamins and lipopolysaccharides.
These metabolites act as signaling molecules and are involved in the functioning of all
systems of the human organism. In particular, they are involved in the regulation of
appetite, intestinal motility, energy consumption and accumulation. The gut
microbiota stimulates the maturation of the immune system and is linked to the
barrier function of the gut, protecting it from colonization by pathogens.

At the species level, it is difficult to determine the phylogenetic "core microbiota"
which are the dominant microorganisms found in most people (>50% of the
population). This can be explained by the functional redundancy of the microbiota —
some functions can be performed by members of different taxa. In addition, the
metabolic functions of microorganisms can be homogeneous even within a family, so
different species can functionally replace each other and prevail in the microbiota of
different healthy people without disturbing the biocenosis.

* — according to nomenclature approved by International Committee on Systematics of Prokaryotes, the following names are
adopted (February, 2021): Bacillota (previously Firmicutes), Pseudomonadota (previously Proteobacteria), Bacteroidota
(previously Bacteroidetes), Actinomycetota (previously Actinobacteria), Fusobacteriota (previously Fusobacteria),
Verrucomicrobiota (previously Verrucomicrobia)

The dynamics of gut microbiota formation in children depends on gestational age, type of
birth, type of feeding and antibiotic use, so its composition may differ in children of the same
age.

The gut microbiota of naturally born infants is characterized by low diversity but stable
composition, since a child comes into contact with representatives of mother's vaginal,
skin, and fecal microbiota during birth process [7-8]. In children born by caesarean
section, the formation of gut microbiota takes more time. Also opportunistic
microorganisms are detected more often there, such as Clostridium difficile,
Enterococcus spp., Klebsiella spp., Streptococcus spp. and Veillonella spp.

During breastfeeding, gut microbiota is represented mainly by Bifidobacterium spp. (in
particular Bifidobacterium breve, Bifidobacterium bifidum and Bifidobacterium longum),
as well as Lactobacillus spp., Streptococcus spp., Enterococcus spp. and Lactococcus
spp. [9]. In artificially fed children, the gut microbiota is dominated by anaerobes from the
genera Bacteroides and Clostridium, while the number of bifidobacteria is reduced [10-
11].
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Gestational age is another key factor that influences the formation of gut microbiota. In
premature infants, the development of the digestive and immune systems is not
completed. Hospitalization, artificial feeding and antibiotic use, usually required for such
children, can lead to irreversible changes in the natural process of gut colonization and
development of the intestinal microbiota [12]. In particular, preterm infants have delayed
anaerobic colonization and their faeces contain higher amounts of Enterobacteriaceae,
Enterococcus, and opportunistic microorganisms, compared to full-term infants [13].

The use of antibiotics reduces the overall diversity of the microbiota and leads to an
increase in the content of drug-resistant and potentially pathogenic bacteria from
Enterobacteriaceae and Clostridium taxa, at the same time decreasing the number of
Bifidobacteriaceae, Bacilli and Lactobacillales [14].

DIVERSITY OF THE GUT MICROBIOTA

Evolutionarily, many metabolic functions of the macroorganism were assigned to the gut
microbiota. Most diverse composition of microbiota is the most "useful" for human organism
because provides as many metabolic ways as possible. When assessing the diversity of the
gut microbiota, it is important to take into account the ability of different microorganisms to
jointly metabolize substances, the utilization of which requires the participation of enzymes
present in different microorganisms taxa.

A decrease in the content of one key type of microorganisms (for example, as a result of
antibiotic treatment) can lead to a decrease in the number of other microorganisms and a
partial or complete loss of some functions of gut microbiota.

The association between reduced microbiota diversity and presence of diseases indicates
that a species-rich gut ecosystem is more resilient to adverse environmental stresses [15].

Understanding how the gut microbiota affects human health requires a shift in focus
from individual pathogens to an ecological approach that considers the gut
microbiota as a whole and in interaction with the host.

NORMAL MICROBIOTA

Normal gut microbiota is represented by a wide range of microorganisms, which are mainly
representatives of three phyla: Bacillota (Firmicutes), Bacteroidota (Bacteroidetes),
Actinomycetota (Actinobacteria).
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ACTINOMYCETOTA (ACTINOBACTERIA)

In the gut microbiota of children the phylum Actinomycetota (Actinobacteria) is represented
by the genus Bifidobacterium and the class Coriobacteriia. Bifidobacteria are among the first
microorganisms colonizing the gut of a child after birth. They are the dominant group of the
gut microbiota in the first months of life. With age, the microbiota becomes more diverse in
composition, but bifidobacteria still retain their important role in maintaining human health.
Bifidobacteria help to prevent the invasion of pathogens which cause intestinal infections,
thus preventing the colonization of the gut by pathogens [16].

ACTINOMYCETOTA (ACTINOBACTERIA)

Bifidobacterium spp.

metabolically
active
"child"
species

The dominant group in gut microbiota before the introduction of complementary
foods. These bacteria ferment breast milk oligosaccharides, promote the
reproduction and fixation of lactobacilli in the biocenosis, and the activation of
cellular immunity and T-regulatory cells. Contribute to the development of
immature intestinal epithelial cells

[17-
20]

B. bifidum Ferments breast milk oligosaccharides, metabolizes plant
polysaccharides when complementary foods are introduced.
Breaks down carbohydrate parts of mucins

[16,
21]

B. longum
subsp.
longum

The most abundant type of bifidobacteria. Predominant in the
intestines of both breastfed and formula-fed children

[22]

B. longum
subsp.
infantis

Predominant in the intestinal microbiota of breast-fed children

B. breve Ferments breast milk oligosaccharides, metabolizes plant
polysaccharides when complementary foods are introduced

metabolically
active
"adult"
species

Predominate among bifidobacteria of the gut microbiota after the introduction of
complementary foods and the cessation of breast feeding

Bifidobacterium adolescentis
Bifidobacterium catenulatum subspp
Bifidobacterium animalis subsp. lactis
Bifidobacterium dentium

Ferment plant-derived polysaccharides and oligosaccharides, contributing to the
activation of the humoral immunity and pro-inflammatory T17

[23]

Coriobacteriia

Coriobacteriia Takes part in the biotransformation of polyphenols: lignins,
flavonoids, tannins, which are natural antioxidants
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BACILLOTA (FIRMICUTES)

Most of the gut microorganisms of the phylum Bacillota (Firmicutes) belong to the class
Clostridia. This is the most represented taxon in the human intestine, the members of which
can be included both in the normal microbiota and in opportunistic or even pathogenic
microbiota.

Clostridia of normal flora break down proteins and fats, supplying food substrates to other
microorganisms. Clostridia produce butyrate (SCFA) which is the main source of energy for
epithelial cells of the colon. Within the Clostridium genus, the most abundant in gut
normobiota are Clostridium leptum gr. and Lachnospiraceae (Clostridium coccoides gr.),
accounting for up to 40% and 35%, respectively, of the total number of bacteria [24].

BACILLOTA (FIRMICUTES)

Clostridium
leptum gr (claster
IV)

Includes four species: C. leptum, C. sporosphaeroides, C. cellulosi and
Faecalibacterium prausnitzii

[24-
25]

Faecalibacterium
prausnitzii

The most common representative of Clostridium leptum gr. Promotes the
secretion of anti-inflammatory interleukins IL-10 and IL-12 and inhibition of
the production of pro-inflammatory IL-8. It is considered to be a biomarker of
intestinal diseases: its presence in the microbiota decreases in inflammatory
pathologies

[25-
27]

Dialister
spp./Allisonella
spp./Megaspherae
spp./Veillonella
spp.

Is included in the Veillonellaceae family, which are propionate-producing
bacteria

[28]

Lachnospiraceae
(Clostridium
coccoides gr,
claster XIVa)

Includes Clostridium, Butyrivibrio, Dorea, Coprococcus, Eubacterium,
Ruminococcus and Roseburia. Are capable of metabolizing all five mucin
monosaccharides. Lachnospiraceae is present in early age children

[25-
29]

Lactobacillaceae A group which is important from a probiotic point of view. They colonize the
microbiome and produce lactate, preventing the propagation of pathogens.
Increase the barrier function of the gastrointestinal tract and participate in
the restoration of homeostasis in intestinal disorders

[30]

Lactococcus lactis Marker of animal milk presence in the diet, e.g., the use of artificial milk
formulas. One of the main producers of lactate among lactobacilli

Streptococcus
spp.

Belong to lactic acid bacteria, ferment carbohydrates [31]
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BACTEROIDOTA (BACTEROIDETES)

The Bacteroidota (Bacteroidetes) taxa is the second largest phylum in the gut microbiota.
Representatives of the phylum Bacteroidota (Bacteroidetes) play an important role in the
metabolism of polysaccharides. Also they are the main producers of anti-inflammatory short-
chain fatty acids (SCFAs) in the gut and secrete metabolites involved in the regulation of the
immune and nervous systems functioning.

BACTEROIDOTA (BACTEROIDETES)

Bacteroides
spp.

Are associated with high intake of animal proteins and fats. In case of lack of
vegetable carbohydrates, they are able to use polysaccharides produced by
intestinal cells, which is important during nutritional deficiencies. The main
producers of vitamin K

[32-
33]

Prevotella spp. Are able to degrade polysaccharides in a high-fiber mixed diet and dominate the
gut microbiota in rural populations. Synthesize propionate

[34]

Parabacteroides
spp.

Synthesize antimicrobial substances, thus preventing gut colonization by
pathogenic bacteria. They are most often found in full-term infants who were
born naturally. Play a leading role in the conversion of bile acids, which
modulates lipid and glucose metabolism, preventing insulin resistance and
obesity

[35]

Alistipes spp. Produce acetate and propionate [36]

Butyricimonas
spp.

Produce acetate, propionate and succinate

Thus, the most part of gut microbiota in children after two years old is represented by
bacteria of the phylum Bacillota (Firmicutes). Their decrease and the shift of the Bacillota
(Firmicutes)/Bacteroidota (Bacteroidetes) ratio towards Bacteroidota (Bacteroidetes) may be
associated with the development of the inflammatory process.

Ulcerative colitis and Crohn's disease are often associated with a significant increase in
Bacteroides and Prevotella representatives, a change in the number of bifidobacteria, and a
decrease in Firmicutes – C. leptum gr, especially F. prausnitzii [37-38]. In celiac disease,
there is a decrease in Lactobacillus and Bifidobacteria and an increase in pro-inflammatory
bacteria, including the Veillonellaceae family.

OTHER BACTERIA

The end product of most biochemical reactions in the gut is molecular hydrogen. To maintain
the metabolic activity of the microbiota, its oxidation is important. This function in the gut
biocenosis is performed by three groups of microorganisms: acetogens (Blautia spp.,
Lachnospiraceae family), sulfate-reducing bacteria (Desulfovibrio spp.), and methanogens
(archaea from the Methanobacteriaceae group, namely, Methanobrevibacter and/or
Methanosphaera) [39]. Normally, faecal samples may contain the representatives of several
groups or only one of them [40].
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The main mucin metabolizer in children over two years old and adults is Akkermansia
muciniphila (Verrucomicrobiota phylum (Verrucomicrobia). A. muciniphila colonizes the
mucosal layer of the human large intestine and enhances its barrier function.

A. muciniphila split intestinal mucin mainly into propionic and acetic acids, which become a
substrate for F. prausnitzii, one of the main producers of butyrate, which contributes to the
suppression of inflammatory processes in the intestine [41-42].

OPPORTUNISTIC MICROBIOTA (PATHOBIONTS)

AND PATHOGENICITY AND RESISTANCE MARKERS

Clostridium difficile
gr.
Clostridioides
difficile
tcdA, tcdB
(markers of
pathogenicity)

Clostridioides difficile can produce enterotoxins A (tcdA) and B (tcdB),
which cause acute inflammation, damaging of the intestinal barrier, and
fluid influx. It has multiple antibiotics resistance, causes nosocomial
infectious diarrhea. Symptoms can range from mild diarrhea to severe
colitis and intestinal perforations

[25]

C. perfringens gr. Constitute a part of the gut microbiota in preterm infants, and in 30% of
them C. perfringens gr. are detected already in the intensive care unit.
Capable of producing a large number of toxins. C. perfringens gr. is
associated with the development of necrotizing enterocolitis in preterm
infants, which is often lethal

[25,
43,
44]

Enterobacterales Representatives of this group are considered as markers of inflammation.
During inflammation there is an increase in the number of facultative
anaerobes from the order Enterobacterales and a decrease in the number of
representatives of the normobiota. Enterobacterales may be associated
with irritable bowel syndrome, inflammatory bowel disease, and necrotizing
enterocolitis

[45-
46]

Enterococcus spp. Includes both commensal species and species that can cause diarrhea in
newborns. Commensal species can stimulate the immune system and affect
the maintenance of intestinal homeostasis. E. faecalis and E. faecium are
the most common species found in humans

[47]

Erysipelotrichaceae Have high immunogenicity, pro-inflammatory effect and, possibly, multiple
resistance to antimicrobial drugs. The number of representatives of
Erysipelotrichaceae increases significantly in inflammatory intestine
diseases

[48-
49]

Staphylococcus
spp.

Are among the first microorganisms colonizing the gut of a newborn,
especially in premature infants. Staphylococcus spp. (usually S.
epidermidis) constitutes a significant part of the microbiota at an early age
in children born by caesarean section
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Staphylococcus
aureus
mecA
(methicillin
resistance
marker)

Representative of the normal skin microbiota. If present in the gut, slows down
the formation of normal microbiota. Can cause diseases of varying severity, up
to sepsis. Strains carrying the mecA gene are resistant to methicillin

[50]

Streptococcus
agalactiae
srr2

Part of normal human microbiota; however, S. agalactiae strains carrying the
srr2 gene have increased virulence. The product of the srr2 gene promotes the
invasion of S. agalactiae into the bloodstream and further into the vascular
membranes of the brain, causing the development of meningitis

[51]

Candida spp. Part of normal human intestinal microbiota. Their number positively correlates
with predominance of carbohydrates in the diet

Candida
albicans

Presents in 30-60% of healthy people, may simultaneously use different
substrates, including lactate and citrate. Antibiotic treatment promotes C.
albicans colonization. Under certain conditions, such as suppression of the
immune system and impaired permeability of the intestinal wall, can cause
invasive infections, including nosocomial infections

[52-
53]

The infection caused by C. difficile is one of the main causes of hospital-acquired diarrhea
and is often associated with antibiotic therapy, which leads to a decrease in the diversity of
gut microbiota and in the number of representatives of the phyla Bacillota (Firmicutes),
Bacteroidota (Bacteroidetes) and Actinomycetota (Actinobacteria). The frequency of
carriage of C. difficile in children from three years old and adults is about 0-3%. At the same
time, in children younger than one year old, the carriage frequency can reach 61% [55].
Children of this age group are more likely to have non-toxigenic strains and do not develop
any symptoms of infection. According to one hypothesis, this is due to the absence of
receptors for enterotoxin A in newborns [56]. As the child's immune system matures, C.
difficile is normally eliminated from the gut microbiota by about two years.
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METHODS TO STUDY THE COMPOSITION OF THE

HUMAN GUT MICROBIOTA

The ENTEROBIOME Kids reagent kit detects microbial taxa that make up at least
99.9% of the total prokaryotic mass of a child's feces. According to published data,
functional taxonomic groups were identified, united according to the main metabolic
characteristics and effects on the host organism. Thus, the taxa identified in the
ENTEROBIOME Kids reagent kit are detailed to the level of clinical significance, taking
into account the age of the child.

The ENTEROBIOME Kids reagent kit is designed for detection of colon associated bacteria
DNA (Bacillota (Firmicutes), Pseudomonadota (Proteobacteria), Bacteroidota
(Bacteroidetes), Actinomycetota (Actinobacteria), Fusobacteriota (Fusobacteria),
Verrucomicrobiota (Verrucomicrobia)), Euryarchaeota phylums), including Candida fungi, as
well as gene of methicillin-resistance Staphylococcus spp. (mecA), Cl. difficile with
enterotoxins A and B (tcdA, tcdB), Str. agalactiae with the invasiveness marker gene (srr2) by
real-time PCR in DNA preparations obtained from children's faeces samples in order to
assess the composition of the large intestinal microbiota.
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The standard method for studying the composition of the human microbiota is
bacterial culture. However, 50-80% of the microorganisms that make up the gut
microbiota are difficult to cultivate and are not detected by the microbiological
method. In addition, the results of bacterial culture are directly dependent on the
preservation of the microorganisms viability.

Next generation sequencing (NGS) method allows one to identify microorganisms
with an accuracy to the species, as well as to calculate the ratios between species.
However, the information obtained using NGS is often redundant and requires highly
qualified staff to interpret it, which makes it difficult to use sequencing as a routine
research method. At the same time, NGS has been used to identify taxa that are most
relevant for the analysis with other methods.

Currently, the most optimal approach for studying the microbiota is to use real-time
PCR. This is an accurate and fast quantitative determination of microorganisms in a
sample using species-specific or group-specific primers and the subsequent
normalization of the results obtained by the number of copies of the target genes.
The multi-tube and multiplex assay format makes it possible to combine the
identification of large taxa with the detection of several key microbiota species and/or
subpopulations.

THE STUDY IS RECOMMENDED

when it is necessary to determine the qualitative composition and quantitative assessment of
the microbiota of the large intestine in the context of medical and diagnostic procedures

BIOMATERIAL FOR TESTING

feces (including meconium)

FEATURES OF THE REAGENT KIT

Determination of the gut microbiota status (normocenosis/dysbiosis) by the relative
abundance of normobiota and opportunistic microbiota in the total bacterial mass (TBM):

quantitative estimation of normobiota (phyla Actinomycetota (Actinobacteria), Bacillota
(Firmicutes), Bacteroidota (Bacteroidetes), Pseudomonadota (Proteobacteria)),
opportunistic microbiota and yeast fungi from genus Candida;

estimation of the normal microbiota diversity;

determination of the number of bifidobacteria and lactobacilli;

determination of bifidobacteria species;

calculation of the Bacillota (Firmicutes), Bacteroidota (Bacteroidetes) ratio;

estimation of the presence of the representatives of Bacteroidetes taxa;

detection of markers of pathogenicity and resistance: mecA, srr2, tcdA, tcdB

Multiplex format — several DNA targets are
detected simultaneously in one test tube;

Internal control — assessment of the quality
of DNA extraction and PCR;

Automatic generation of the results form
when using the recommended Real-time PCR
instruments of the RealTime_PCR software;

Availability of preset templates with test
parameters, which automatically set the
necessary settings and calculate the results.
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