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Abstract. With the continuing trend of increasing incidence of acute intestinal infections in children in early
childhood in recent years, the importance of bacterial pathogens of opportunistic nature has remained. The
issues of etiological and epidemiological significance of opportunistic enterobacteria in children without signs of
immunodeficiency remain unresolved. There are many levels of protection of the human body from pathogens,
which are realized through direct mechanisms of interaction between microbes, and indirect mechanisms
mediated by stimulation of the immune system of the mucous membrane by indigenous representatives of
the microbiota. Bacteriocins of commensal bacteria can inhibit pathogenic and opportunistic microorganisms,
participating in the formation of the structure of the microbiota of the gastrointestinal tract. Colonization resistance
of intestinal mucous membranes and colonization activity of microbes are directly opposite, but interrelated
processes. Opportunistic enterobacteria acquire pathogenicity properties and become dangerous pathogens of
infectious diarrhea under certain conditions that are created when the properties of the environment change.
The intestinal microbiota, depending on its condition, is actively involved in the prevention, but sometimes also
in provoking diarrheal diseases. Currently, Klebsiella pneumoniae plays a leading role among the opportunistic
pathogens of intestinal infections of community-acquired origin in children of the first three years of life.

Key words: acute intestinal infections; opportunistic enterobacteria; early childhood; colonization resistance of the
intestine; microbiota;, Klebsiella pneumoniae.
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Pestome. Npu coxpaHAwLLencsa TeHAEHLMN POCTa 3a60/1EBaeMOCTU AETEN OCTPbIMU KULLIEYHbIMU NHbEKLUS-
MW B paHHEM JETCKOM BO3pacTe B MOC/efHMNE rofbl COXPaHAETCA 3HaueHne bakTepuranbHbIx Bo3byauTenei
YCNOBHO-MATOreHHOV MpUpOoAbl. Bonpocbl 3TMonormyeckon v snMaeMrMonornyeckon 3HaYMMoCT YCJTOBHO-
MaTOreHHbIX SHTEPOOAKTEPUI Y OeTel, HE MMEIOLWMX NPU3HAKOB MMMYHOAEbULNTA, OCTAOTCA HepeLLEHHbI-
Mmu. CyLuecTByeT MHOXECTBO YPOBHEN 3aLMTbl OpraHM3mMa YesioBeKa OT NMaToreHoB, KOTOpble peanusyloTca 3a
CYET MPAMbIX MEXaHV3MOB B3aUMOAENCTBUA MeXOy MUKPOOaMM N KOCBEHHbIX MEXaHM3MOB, OMocpefoBaH-
HbIX CTUMYNALMEN UMMYHHOI CUCTEMbI CAIN3MUCTON 060IOYKM MHAUFEHHBIMW NPeACcTaBUTENAMN MUKPOOUOTDI.
BakTeproLMHbI KOMMEHCaNbHbIX 6aKTePU MOTYT MHFMOUPOBaTb NAaTOreHHbIE U YCIIOBHO-MATOFEHHbIE MUKPO-
OopraHu3mbl, yyacTBya B GOPMUPOBaHNN CTPYKTYPbl MUKPOOMOTbI XenyaouyHO-KMILEeYHOro TpakTa. KonoHu-
3aLMOHHaA Pe3NCTEHTHOCTb CNIM3NCTBIX 060NI0YEK KMLIEYHVKA U KOMOHM3aLUMOHHaA akKTUBHOCTb MUKPO6OB
npeacTaBnAlT cobol MPAMO NPOTUBOMONOXKHbIE, HO B3aMMOCBA3aHHbIE NPOLLECChl. YCIOBHO-NAaTOreHHbIe 3H-
TepobaKkTepuy NpMobpeTatoT CBONCTBA MAaTOFeHHOCTU WU CTAHOBATCA OMACHbIMU BO3OYAUTENAMN NHOEKLMOH-
HbIX AVapen Npu onpeaeneHHbIX YCIOBUAX, KOTOPbIe CO3AAI0TCA MPU U3MEHEHUN CBONCTB cpefbl. MUKpobuo-
Ta KULEYHMKa B 3aBMCMMOCTY OT CBOEro COCTOAHUA aKTMBHO y4yacTByeT B MPeAoTBPaLLeHN, HO MHOTAA U B
MPOBOLIMPOBaHMM JMapeliHbiX 3aboneBaHuii. B HacToswee Bpema cpeam YCIIOBHO-NAaTOreHHbIX BO36yauTenein
KULeYHbIX MHOEKLMI BHEOONbHNYHOTO NPONCXOXKAEHUA Y [eTel NepBbIX TPEX NET XKMU3HU TMANPYIOLWaa Poib
npuHapnexxut Klebsiella pneumoniae.

KnioueBble C/l0Ba: ocmpbie KUWeEYHbIE UH(eKUYUU; YC/I08HO-NAMO2EHHbIe SHMEepobakmepuu; paHHuUt demckuti

803pAcm; KOJIOHU3AYUOHHAA pe3ucmeHmMHOCMb KUlWeYyHUKa; Mukpobuoma; Klebsiella pneumoniae.

INTRODUTION

With the continuing trend of increasing inci-
dence of acute intestinal infections (All) in the pop-
ulation of the Russian Federation in the last 10-20
years [1, 2], the high epidemic significance of viral
diarrhea in children [3, 4], and a marked decrease
in the incidence of shigellosis among children,
the importance of All of opportunistic etiology is
retained [5]. A high proportion of Alls associated
with opportunistic representatives of the microbi-
ota (the proportion of Alls of established bacterial
etiology without specifying the pathogen in the
total Alls) is noted in the Astrakhan Region (81.2%),
the Republic of Crimea (62.7%), and the Volgograd
Region (59.4%), the Republic of Tyva (53.3%) (the
national average is 12.8%), which may indicate an
insufficient level of implementation of modern
methods of laboratory etiological diagnosis [1, 6].

The microbiota in individuals with reduced
immunological reactivity is in a state of dysbio-
sis, in which it is possible to replace indigenous
microbial biofilms with polymicrobial biofilms of
opportunistic microorganisms that protect them
from the effects of innate immunity. As a result,
a local infectious process is formed, which, under
certain conditions, can become a generalized form
by intestinal translocation of microorganisms and
their toxins into the lymphatic channel and blood-
stream [7, 8].

Currently, the issues of the etiological and epi-
demiological significance of opportunistic entero-
bacteria in All in pediatric patients without the
signs of immunodeficiency still remain unresolved.

MECHANISMS PROVIDING
RESISTANCE TO COLONIZATION
OF THE INTESTINAL MUCOSA

The integrative function of the intestine the
protection of the body from pathogens and their
translocation to other biotopes is associated with
colonization resistance associated with the mi-
crobial-tissue complex — an evolutionarily es-
tablished multifunctional union consisting of the
microbiota of the parietal zone of the mucous
membrane and underlying tissue structures [9].

“Colonization resistance” is associated with a
stable and diverse microbiota in tandem with the
absence of inflammation and involves specific in-
teractions between the mucosal immune system
and commensal microbes [10]. During all periods
of life, the effectiveness of colonization resistance
is determined by the optimal quantitative and
qualitative composition of the microbiota [11].

The formation of intestinal microbiota begins
during the prenatal period; in ontogenesis is a long-
term multifactorial process, the violation of which
is fraught with the development of various patho-
logical conditions [12]. The formation of the micro-
biota continues until the child is 7 years of age; its
composition is controlled by specific (immune) and
non-specific mechanisms [13]. The intestinal micro-
biota, being the most autonomous and stable mi-
crobial community, dominates in quantitative and
functional terms compared to that in other bio-
topes and maintains the required level of immu-
nological reactivity of the organism. The maximum
number of bacterial cells (about 10') lives in the
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large intestine, which is tens of times greater than
the total number of cells in the human body. In to-
tal, from 400 to 1500 species of microbes live in the
digestive tract, and the total genome of bacteria
contains about 3 million genes, 150 times the size
of the genome of the macroorganism [13, 14]. The
functional orientation and density of indigenous
microbiota is unequal in the upper and lower parts
of the digestive tract [15]. The proximal parts of the
large intestine are inhabited by microbes attached
to the intestinal chyme, the transverse region is in-
habited by planktonic bacteria, and the distal parts
are inhabited by bacteria associated with the mu-
cous membrane [16]. The main metabolites of the
intestinal microbiome, acting at the local level and
in the periphery, are short-chain fatty acids (SCFAs)
formed during the fermentation of dietary fiber,
causing immune, endocrine and neuronal respon-
ses due to numerous SCFA receptors [17-19].
Resistance to colonization by bacterial patho-
gens is one of the most obvious functions of the
human intestinal microbiota [20]. Disturbances in
the composition of the microbiota reduce coloni-
zation resistance and increase the body's suscep-
tibility to intestinal infection. The subtle mecha-
nisms that provide resistance to colonization of the
intestinal mucosa, even by fairly well-known and
common pathogens, remain poorly understood.
Using an experimental model of coli infection in
piglets caused by enterotoxigenic strains (ETEC),
methods of metagenomics and 16S rRNA sequen-
cing showed that in the fecal microbiota of indi-
viduals with developed diarrhea, compared with
individuals resistant to this infection, the ratio of
Bacteroides/Firmicutes ( B/F) was significantly lower
(Fig. 1). In the jejunum of piglets with diarrhea, an
increased percentage of Lactococcus (belonging
to Firmicutes) was detected, and in the feces — a
decreased percentage of Prevotella (belonging to
Bacteroides) and an increased percentage of Es-
cherichia-Shigella. However, the role of Lactococ-
cus and Prevotella in the pathogenesis of diarrhea
caused by ETEC has not yet been determined [21].
There is evidence of direct and indirect inhibi-
tion of some enteric pathogens by host systems
[22]. Secondary bile acids (deoxycholic, lithocho-
lic, ursodeoxycholic, allocholic), short-chain fatty
acids (acetic, propionic, butyric) and bacteriocins,
the production of which depends on the state of
the microbiota, as well as the intestinal mucosal
and epithelial barriers and competition of micro-
biota for nutrient substrates with pathogens, are
considered as factors for direct inhibition of intes-
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Fig. 1.  Analysis of the relative abundance of Bacteroidetes

(B) and Firmicutes (F) in feces using real-time PCR in the
control group of piglets (Control), piglets with pre-diarrhea
(Pre-diarrhea), those who developed diarrhea (Diarrhea) and
those resistant to diarrhea piglets (Resistant) (* — p <0.05,
one-way ANOVA) [21]

Puc. 1. AHanu3 oTHOCUTENbHOM YMCNeHHOCTU Bacteroidetes
(B) v Firmicutes (F) B kane metoaoMm [NLLP B pexxnume peanbHOro
BpEMEeHM Yy KOHTponibHOW rpynnbl nopocsT (Control), nopocsT
¢ npen-guapeent (Pre-diarrhea), pasBuBluelica aunapeein
(Diarrhea) n pesucteHTHbIX K Anapee nopocat (Resistant)
(*— p <0,05, ogHocTopoHHUit ANOVA) [21]

tinal colonization. Short-chain fatty acids function
as communication between the microbiota and
the intestinal epithelium, as well as between dif-
ferent representatives of the microbiota [23].

Indirect inhibition of intestinal colonization by
pathogens is carried out by the innate immune
system, which plays the role of protection against
infectious agents and maintaining tissue homeo-
stasis. The commensal intestinal microbiota and
its components, through pattern recognition re-
ceptors, maintain the innate immune system in
a state of physiological tone due to the balance
of the synthesis of pro-inflammatory and anti-in-
flammatory cytokines and antimicrobial substan-
ces [24]. Thus, commensal intestinal microbiota
induces the differentiation of CD4 T cells to Th17,
which promote resistance colonization of patho-
gens by releasing the cytokine IL-22. Inhibition of
colonization of pathogens is carried out under the
influence of antimicrobial peptides, sigA and other
tissue factors of mucous membrane inflammation
(Fig. 2) [22].

The relationship between changes in the mic-
robiota and the reactions of the immune system
has been established in the normal and reduced
states of colonization resistance of the intestinal
mucosa. In other words, there are many levels of
host protection from pathogens, which are rea-
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Fig. 2. Mechanisms of direct and indirect inhibition of in
mediated by intestinal microbiota [22]

Puc. 2.
0nocpenfoBaHHOrO MMKPOBMOTONM KuLeyHuKa [22]

lized through direct mechanisms of interaction
between microbes, as well as indirect mechanisms
mediated by stimulation of the mucosal immune
system by representatives of the commensal mi-
crobiota that maintain health [10].

INTERACTION BETWEEN BACTERIOCINS
OF INTESTINAL MICROBIOTA
AND THE IMMUNE SYSTEM

Numerous studies have shown that bacte-
riocins of commensal microbiota can inhibit
pathogenic and opportunistic microorganisms,
participating in the formation of the structure of
the microbiota of the gastrointestinal tract (GIT)
and other ecological niches of the body (Fig. 3)
[25, 26].

The inhibitory effects of various bacteriocins
against pathogens responsible for nosocomial in-
testinal infections have been proven [27]. Bacteri-
ocins can be used as growth inhibitors of Entero-
bacteriaceae with multiple resistance to antibiotics,
including K. pneumoniae, Acinetobacter spp. and

testinal colonization by the causative agent of ETEC infection,

MexaHu3Mmbl npamMoro U Henpamoro IAHFM6MpOBaHl/I9I KOIOHMU3aUMN KULLIEYHUKa BOB6y,lJ,IATEJ'IEM ETEC-MH¢€KHMM,

others [28]. Microcin J25, a Gram-negative bacteri-
ocin, exhibits high inhibitory activity against Salmo-
nella and Escherichia coli, which are multi-resistant
to antimicrobial drugs [29]. The sites of application
of most bacteriocins are in the distal parts of the
small intestine and in the colon [30]. The absorp-
tion of bacteriocins through the gastrointestinal
epithelium and vascular endothelium into the
bloodstream has been described [31]. Adminis-
tration of bacteriocins to mice led to the increase
in the number of blood macrophages/monocytes
and antibody production due to modulation of the
activity of antigen-presenting cells [32].
Antimicrobial molecules produced by com-
mensal microbiota — bacteriocins and SCFAs-
strengthen the barrier function of the epithelium
by penetrating the inner mucus layer covering the
epithelium, providing colonization resistance [22,
33]. In response to the effects of infectious agents,
dynamic changes in the intestinal mucosal barrier
occur. The rate of mucin secretion is regulated by
innate and adaptive immunity. Infection of the
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Interaction of bacteriocins with the gastrointestinal tract and the immune system: 1 — stability of the gastrointestinal

tract, including enzyme activity, pH changes, commensal bacteria; 2 — pathways for absorption of bacteriocins by epithelial
cells; 3 — interaction of bacteriocins with the immune system [25]

Puc. 3.

B3anumopencteue baktepuounHoB ¢ XKKT u uMMyHHOM cuctemoin: 1 — ctabunbHOCTb cocTosiius XKKT, Bkatouyas

AKTUBHOCTb (DepMeHTOB, U3MeHeHUs pH, KOMMeHcanbHble 6akTepun; 2 — NyTU BCaCbiBaHUS BAKTEPUOLMHOB 3MUTENNANBHBIMU
KneTkamu; 3 — B3auMopencTeme 6akTepUOLIMHOB C UMMYHHOM cucTeMon [25]

intestinal mucosa by pathogens is accompanied
by hyperproduction of mucus, antimicrobial mol-
ecules and specific immunoglobulins; the rate of
their production is influenced by inflammatory fac-
tors and microbiota [34].

However, more in-depth studies combining
metagenomic and metabolomic approaches are
needed to detail the effects of microbial bacteri-
ocins on the composition and balance of the in-
testinal microbiota [25].

COLONIZATION RESISTANCE
AND INTESTINAL MICROBIOTA

Colonization resistance of the intestinal mu-
cosa and colonization activity of microbes are di-
rectly opposite, but interrelated processes. Short-
chain fatty acids (SCFAs), secreted by bacterial
members of the intestinal microbiota, optimize
the properties of the intestinal environment. In the
case of inflammatory bowel disease, SCFA levels
typically decrease, accompanied by an increase in
opportunistic adherent-invasive E. coli (AIEC). And
therefore, SCFA drugs are sometimes prescribed
for the treatment of inflammatory bowel diseases
[35]. At the same time, the results of a number of

studies have shown that SCFAs can enhance the
virulence of enterobacteria. It turned out that pro-
pionate and butyrate increase the expression of
the virulence genes of AIEC, while strengthening
the epithelial barrier and reducing the severity of
inflammation. Research data show that increas-
ing the colonization activity of the opportunistic
pathogen of All, namely AIEC, due to increased
virulent properties, leads to overcoming coloniza-
tion resistance of the intestinal mucosa [23].

Opportunistic enterobacteria acquire patho-
genic properties and become dangerous agents
of infectious processes under certain conditions,
which are often created when their habitat chan-
ges. Metabolites formed during the digestion of
fiber can lead to the appearance of pathogenic pro-
perties in symbiotic representatives of bacteroids
carrying glycoside hydrolases genes that break
down starch and are activated in the presence of
dietary fiber. For this reason, B. thetaiotaomicron,
as well as B. fragilis, against the background of in-
creasing resistance to antimicrobial peptides and
proteins, are capable of enhancing adhesive pro-
perties, forming a biofilm, and causing dangerous
opportunistic infections [36].
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Commensal E. coli are exposed to a wide range
of antimicrobial agents, which potentiates the in-
crease in antibiotic resistance genes. Changes in the
genetic characteristics of E. coli place it in the cat-
egory of opportunistic pathogens causing urinary
tract infections, neonatal meningitis, and bacte-
remia in immunocompetent patients. Contamina-
tion of food products by E. coli, which has multidrug
resistance and high colonization activity, poses a
danger to consumers due to the very possible de-
velopment of infectious diarrhea [37, 38].

Thus, while it was previously believed that the
microbiota served as a barrier to pathogens in
intestinal infections, today the understanding of
microbiota-mediated resistance to pathogens has
evolved significantly. It is now clear that the mi-
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crobiota, depending on its state, not only active-
ly participates in the prevention, but sometimes
also in the provocation of infectious diseases [39].

KLEBSIELLA PNEUMONIAE
AS A CAUSATIVE AGENT OF NOSOCOMIAL
AND COMMUNITY-ACQUIRED INTESTINAL
INFECTION IN CHILDREN IN EARLY CHILDHOOD
Everyday practice shows that Klebsiella pneu-
monia plays a leading role among opportunistic
pathogens of OCl of community-acquired origin
in children of the first three years of life [40-42].
Traditionally, Klebsiella are considered opportu-
nists because they cause infectious lesions of vari-
ous locations in newborns, immunocompromised
individuals and hospitalized patients [43, 44]. At

IL-23
Inflammatory
cytokines
/ Macrophage
IL-17 lFNv
Type I IFNs

\

NK cell

Inflammatory
okines B
e EJD J CE—— |22
Epithelial cell
CXCL5 Defensins
Lipocalin 2

Fig. 4. Mechanisms of innate immunity to infections caused by K. pneumoniae. Interactions of K. pneumoniae with
neutrophils, macrophages, dendritic and epithelial cells are indicated by black arrows; interactions with subpopulations of T
cells and NK cells involved in bacterial clearance are indicated by blue arrows [47]

Puc. 4. MexaHM3Mbl BpOXAEHHOIO MMMYHUTETA K MHDEKLMSAM, BbI3BaHHBIM K. pneumoniae. B3anmopericteus K. pneumoniae ¢
HelTpodunamu, Makpodaramu, ALEHAPUTHBIMU U INUTENNANbHBIMU KIETKAMK OTMEYEHbl YePHbIMU CTPENKaMU; B3aUMOAENCTBUS
¢ cybnonynsaumamu T-kneTok, NK-KneTok, yyacTBytoLMMK B HaKTepUanbHOM KIMPEHCe, OTMeYeHbl CUHUMM CTpenkamMu [47]
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the same time, microbes of the genus Klebsiel-
la are often found in the intestinal microbiota of
healthy young children [13]. The outcome of co-
lonization of children’s intestines with Klebsiella
depends on the presence of pathogenicity factors
(capsule, lipopolysaccharide, siderophores, types
1 and 3 fimbriae, etc.), the level of contamination
of the mucous membrane, colonization resis-
tance, and immune activity (Fig. 4) [45-471].

The manifestation of All caused by K. pneumo-
niae is a clinical expression of the insufficient effec-
tiveness of the host defense mechanisms against
pathogens [48]. The diagnosis of community-ac-
quired All caused by K. pneumoniae is established
taking into account the detection of the pathogen
in the stool in a high concentration (at least 51g
CFU/g). And yet, the modern level of studying the
biological properties of microorganisms indicates
that a quantitative indicator does not always de-
termine the ability of an isolate to cause a disease,
the development of which is most associated with
the realization of the pathogenic potential of the
pathogen, ensuring its participation in the infec-
tious process [49]. Indirect confirmation of the
connection between the severity of the virulent
properties of K. pneumoniae and the intensity of re-
production is the identification of an increase in re-
sistance to ampicillin/sulbactam and to gentamicin
with an increase in the concentration of the patho-
gen in fecal samples from children with All [50].
Community-acquired cases of intestinal klebsiello-
sis in children of different ages suggest the possi-
bility of contact, household and foodborne infec-
tion [51, 52]. It should be noted, however, that in
a comparative aspect, the clinical and epidemiolo-
gical characteristics of Klebsiella infections of com-
munity-acquired and nosocomial origin in children
have not been sufficiently studied [53].

OPPORTUNISTIC ENTEROBACTERIA
IN COMBINATION WITH VIRUSES
IN INTESTINAL INFECTIONS IN CHILDREN
The scientific literature in young children de-
scribes combinations of Klebsiella infection with
various opportunistic representatives of the En-
terobacteriaceae family, including co-infections of
K. pneumoniae with respiratory viruses [54]. Cur-
rently, against the backdrop of a widespread in-
crease in co-infections, the issue of All caused by
a combination of opportunistic pathogens with
intestinal viruses in children arises [55]. The results
of studying the characteristics of clinical and labo-
ratory signs of All associated with K. pneumonia in
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young children show that the nature and severity
of these signs are determined to a greater extent
by the combination of K. pneumoniae with other
opportunistic enterobacteria than by the combi-
nation of K. pneumoniae with intestinal viruses ,
thereby confirming the importance of the seve-
rity of background intestinal dysbiosis, which is
involved in reducing the nonspecific resistance of
the body. Identifying differences between mono-
and co-infections associated with opportunistic
agents may contribute to a more detailed under-
standing of the pathogenesis of diarrheal diseases.

Recent studies have established that the cha-
racteristics of the intestinal microbiome, along
with the host genotype and the strength of local
immunity, serve as interdependent key factors in
the development of infectious diarrhea. In an in
vitro experiment, it was demonstrated that the
attachment of viral pathogens to host intestinal
epithelial cells was negatively correlated with the
abundance of certain groups of bacteria, such as
Faecalibacterium and Ruminococcus spp., and slgA
titers to noro- and rotaviruses. The authors stated
that there is a relationship between host genetics,
intestinal microbiota and susceptibility to intesti-
nal infections in humans [56]. Another experimen-
tal study demonstrated the preventive effect of
using human milk oligosaccharides in rats for rota-
virus diarrhea, due to the elimination of intestinal
dysbiosis, as well as the immunomodulatory effect
of oligosaccharides in the form of an increase in
the expression of Toll-like receptors (TLRs), which
confirms the active interaction of intestinal viruses
with microbiota and the immune system [57].

A signature of pathogen-dependent intestinal
dysbiosis based on microbiome analysis using 16S
rRNA sequencing was identified in 80 patients
with viral gastroenteritis in Ghana. A number of
pathogens have been identified that are closely
associated with viral diarrhea (Escherichia-Shi-
gella, Klebsiella and Campylobacter). Co-infection
with these pathogens and enteric viruses has
been observed in several cases [58].

Many species of intestinal microbiota bacte-
ria belonging to Bacillus, Enterobacter, Enterococ-
cus and Klebsiella spp. secrete enhancin-like pro-
teins that specifically damage membrane-bound
mucins of the intestinal epithelium, leading to
disruption of the integrity of the epithelial barrier
and the development of viral infection. Deciphe-
ring the molecular mechanisms that regulate
the interaction of microbiota, bacterial and viral
pathogens will in the future become the basis for
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the development of promising strategies to com-
bat diarrheal infections [59].

Native-born authors, in experimental stud-
ies of the effectiveness of using a metaprebiotic
that suppresses pathogens and stimulates the
development of indigenous microbes producing
antimicrobial exometabolites, on convection
white mice, managed to prove the leading role
of colonization resistance and normobiota of the
digestive tract in ensuring the protection of the
sensitive organism from pathogens of intestinal
infections and in creating a selective microeco-
logical advantage, resisting infectious agents, as
a result of bioincompatibility of the “host versus
pathogen” type [60].

CONCLUSION

With the continuing trend of increasing inci-
dence of All in children in early childhood in re-
cent years, the importance of bacterial pathogens
of opportunistic nature has remained. The issues
of etiological and epidemiological significance of
opportunistic enterobacteria in children without
signs of immunodeficiency remain unresolved.
There are many levels of protection of the human
body from pathogens, which are realized through
direct mechanisms of interaction between mi-
crobes, and indirect mechanisms mediated by
stimulation of the immune system of the mucous
membrane by indigenous representatives of the
microbiota. Bacteriocins of commensal bacteria
can inhibit pathogenic and opportunistic micro-
organisms, participating in the formation of the
structure of the microbiota of the gastrointestinal
tract. Colonization resistance of intestinal mucous
membranes and colonization activity of microbes
are directly opposite, but interrelated processes.
Opportunistic enterobacteria acquire pathogeni-
city properties and become dangerous patho-
gens of infectious diarrhea under certain condi-
tions that are created when the properties of the
environment change. The intestinal microbiota,
depending on its condition, is actively involved in
the prevention, but sometimes also in provoking
diarrheal diseases. The intestinal microbiome en-
sures the resistance of the mucous membrane to
the colonization of pathogens through the imple-
mentation of the following main functions: direct
inhibition of pathogens through the production
of antimicrobial compounds; maintaining the
mucous barrier lining the intestinal epithelium;
regulation of local and general immune response;
effective use of exogenous and endogenous host

ISSN 2221-2582

nutrients by commensals. A holistic view that
includes immunological and microbiological as-
pects of the intestinal ecosystem reflects the pro-
cesses that contribute to maintaining intestinal
homeostasis and resistance to colonization by
pathogens. Currently, Klebsiella pneumoniae plays
aleading role among the opportunistic pathogens
of intestinal infections of community-acquired ori-
gin in children of the first three years of life.
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AONOJIHUTEJIbHAA UHOOPMALUA

Bknap aBTOpoOB. BCce aBTOpbl BHeECnM cylle-
CTBEHHbIV BKNag B pa3paboTKy KOHUenumu, npo-
BefleHVe WNCCNefoBaHMA W MNOArOTOBKY CTaTbW,
npounu n ogobpunn GMHaNbHy Bepcuio nepes
nybnmkauven.

KoHnuKT nHtepecos. ABTOPbI AeKNapupyioT
OTCYTCTBUE ABHbIX M MOTEHUMANbHbIX KOHONMKTOB
WHTEpPeCOoB, CBA3aHHbIX C Nybnukaumen Hactos-
Len ctatbu.

UcTouHuK ¢puHaHcmpoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUM BHelHero GrHaHCpoBaHuWA
npv NpoBeAeHNN NCCIIefOBaHNA.
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