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SUMMARY

This review article summarizes current understanding of the microbiota development in neonatal mammals based on the results of modern experimental studies in
animals focusing on three aspects: initial colonization, microbiota effect on the immune function of the developing newborn animal intestine and external factors
influencing the microbiome shaping during the juvenile period. The presented study results confirm that the microbial landscape correction is the most important
factor for animal health improvement since healthy microflora contributes to the intestinal infection frequency and intensity reduction, and this, in turn, minimizes
the use of antibiotics. The microbiome is known to have an impact on the immune system development, metabolic processes and even on the ethology, so an
atypical microbial population can cause immune and metabolic disorders. The active interaction between microorganisms and the host organism begins already
at birth. Even different modes of delivery (caesarean or vaginal delivery) may determine the initial colonization of the newborn. The animal genetics, nutrition
and environment also influence the intestinal microbiota development. In this regard, further studies of probiotics are important to understand their efficacy for
diarrhea prevention and treatment, their use as an alternative to antibiotics as well as for enhancement of the animal resistance to stress factors.
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PE3IOME

[lanHblit 0630p HanpasneH Ha 0606LLeHIe COBPEMEHHOr0 MOHUMAHNA CTaHOBIIEHIA MIKPOOUOTbI HOBOPOM/EHHBIX MNEKOMUTAIOLLNX Ha OCHOBE Pe3yNbTaToB CO-
BPEMeHHbIX 1CCNIe[I0BaHMI B IKCMEPUMEHTaX CKUBOTHBIMU B TPeX acneKTax, BKNIoYas HauanbHYI0 KONOHM3aLMI0, BlMAHIE MUKPOOMOTbI HA IMMYHHYIO GYHKLMIO
KULIEYHIKA Pa3BUBAIOLLIEroCA HOBOPOX/IEHHOTO 1 BO3AEICTBIE BHELLHUX GaKTOPOB Ha HOPMUPOBaHIE MUKPOOUOMA B HOBEHUIbHBII Nepuop. Pe3ynbTaTbl npes-
(TaBJIeHHbIX B CTaTbe NCCIeA0BAHNIA MOATBEPXKAAKT, UTO KOPPEKLMA MUKPOOHOTO Neii3axa — BaXHeliLLuil GakTop ynyuLleHnA 310pOBbA XKUBOTHOTO C yUeToM
TOT0, 4TO UMEHHO 310POBaA MUKPOGIOPa CMOCOBCTBYET CHINKEHUIO YACTOTbI 1 MHTEHCUBHOCTU KULLIEYHbIX MHOEKLMI, a 3T0, B CBOK 04epefb, MUHUMU3MpPYET
1CNONb30BaHMe aHTUOMOTUKOB. VI3BECTHO, 4T MUKPOBIOM BIUAET Ha pa3BUTIE UIMMYHHOI CUCTEMbI, MeTabonnyeckine MPOLECChl U axe Ha STONOrHI0, B CBA3M
CYeM HeTUNMYHAA MIKpOOHaA nonynALma cnocobHa BbI3BaTb HAPYLUEHMA KaK UIMMYHUTETA, Tak U MeTab0M3Ma OpraHu3ma. AKTUBHbIN NpoLiecc B3aumogencTmna
MUKPOOPraH3MOB 1 OpraHi3ma X03AHa HAUMHAETCA Yake MU PoXKAeHN. [laxe pasnuuHble Cnocobbl poZ0B — KecapeBo UV BaruHanbHoe pofopa3spelLeHue —
MOTYT ONpeaenaThb HavallbHYlo KONOHU3aLM0 HOBOPOXZeHHOr0. Kpome Toro, Ha hopMupoBaHIne MUKPOBIOTBI KULLIEUHMKA BAMAIOT FeHETUKa 0C06M, NUTaHMe
11 OKpy>KatoLLas cpepa. B (BA3M € 3TUM aKTyanbHo n3yyeHune npobuoTMKoB — noHuMaHue ux 3GeKTUBHOCTM NPU NPOYUNAKTUKE M NEYeHNI Anapein, UCMONb30-
BaHMe KaK anbTepHaTVBbI aHTUOMOTIKAM, @ TaKKe NA MOBBILLEHNA YCTORYMBOCTI KUBOTHBIX K CTPECCOBBIM GaKTOpaM.

KnioueBbie cnosa: MI/IKpOﬁI/IOM KULLIEYHMKA, KONIOHW3ALIAA, MIIEKOMUTAIOLLNE, MONIOAHAK, CeNbCKOX03ANCTBEHHDIE KIBOTHbIE.
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INTRODUCTION

On livestock farms, gastro-intestinal pathology in
young animals is the most significant economic factor
causing financial losses as compared to other diseases.
Diarrhea affects the fluid and nutrient absorption that con-
tributes to growth impairment and overall negative effect
on the animal health. Furthermore, if not treated promptly,
this disorder rapidly spreads in the animal population and
can result in high mortality [1].

Currently, diarrhea is commonly prevented with anti-
biotics against pathogenic bacteria being frequent diar-
rhea causes. A significant disadvantage of antibiotic use
is emerging and spread of antimicrobial-resistant micro-
organism strains [2]. In large livestock holdings, bacteria
rapidly acquire resistance genes due to constant presence
of large numbers of animals in the limited space [3]. There-
fore, effective and justified alternative for antimicrobial
prevention of diarrhea in young livestock is required.

Many studies allow us to consider the gut microbiota as
an important factor for the immune function development
and the newborn health support. From this point of view,
the intestinal microbiome determines the young animal
health and resistance to intestinal infections. Nevertheless,
the mechanisms of the microbiota impact on theimmune
and metabolic process development and establishment
are largely undetermined [4].

Even Louis Pasteur has suggested that the microbiota
has an important effect on the mammals'’ life. Animals as
hosts have abundant and diverse population of microor-
ganisms directly influencing the mechanisms of such bio-
logical processes as immunity and metabolism [5].

MICROFLORA EFFECT
ON IMMUNE SYSTEM DEVELOPMENT

Host-microflora interaction plays a vital role in appro-
priate immune system development. Many researchers
believe that the critical period for animals starts imme-
diately after their birth when microbial antigen exposure
is required for the immunity development [5-7]. Micro-
flora has an impact on the immune system phylogene-
sis, onthogenetic development patterns of mucosal and
general immunity as well as on anti-infective response
effectiveness and adequacy. Various disorders during the
body microbiota establishment, especially in gastro-in-
testinal tract, result in immune-dependent diseases [7].
This is confirmed by the studies of the immune system
in sterile animals having poorly developed mucosa-
associated lymphoid tissue, hypoplastic peyer’s patches
and characterized by decreasing numbers of CD4+-lym-
phocytes and IgA-producing plazmacytes in the mucosa
lamina propria, and at the same time, by the shift in the
T-cell differentiation towards type 2 T-helper cells in the

lymphoid organs and decreased y-interferon produc-
tion [6, 8].

During the experiment in sterile mice H. Sokol et al.
demonstrated that microflora-free mice developed aty-
pical cytokine response to orally administered treated
lipopolysaccharide (immune response-activating macro-
molecule of outer membrane of gram-negative bacteria)
as compared to normal mice having gut microflora. De-
scribed atypical response differed from normal response
in its delayed development followed by excessive cyto-
kine release. In addition, sterile juvenile mice treated with
Bifidobacterium infantis were found to be capable of return
to normal cytokine response whereas in adult mice treated
with the same probiotic the immune response failed to
normalize. Thus, it was demonstrated that the sterile ani-
mals could not resist to pathogens [5]. Importance of own
normal microflora development at early age for avoiding
immune system malfunctions in future was demonstrated.

In their studies, I. H. Ismail et al. showed that the mi-
crobiome disorders in young animals could later result
in autoimmune diseases, including allergy. At the same
time, the authors demonstrated that the development
of these pathological conditions could be minimized by
probiotics [9].

FACTOR INFLUENCING MICROBIOTA
ESTABLISHING

Currently, newborn mammals are believed to be sterile,
and the initial microbial colonization of their bodies can
occur during and immediately after their birth, when mic-
robes first interact with the body and colonize it. Since this
process is rapid, it is supposed to start in the birth canal
or at the first environmental exposure of the newborns in
the case of a caesarean section [6, 10, 11].

Contamination of environment objects with pathogen-
icand opportunistic microorganisms often has a negative
impact on the animal microflora development resulting
in decrease in obligatory microorganisms in its gastroin-
testinal biotope. During the experiment in Holstein and
black-and-white calves, Russian researchers detected
Bifidobacterium spp.in 1 g feces (diluted at 10=-107"°) from
clinically healthy animals whereas the said microorga-
nisms were not detected in animals with diarrhea, toxemia
and dehydration. In addition, a decrease in lacto-positive
Escherichia coli strains and increase in lactose-negative
enetrobacteria and bacteria with low lactase activity were
observed as well as hemolytic Escherichia coli strains were
detected in diseased animals [12].

In general, microbiota establishment is a dynamic pro-
cess following the initial colonization that depends on such
factors as host genetics, diet, maternal stress, interaction
with the environment, early exposure to antibiotics [13].
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In particular, the macroorganism genetics determine
the intestine microenvironment that, in turn, influences
the suitability of the internal environment for microbial
colonization. Z. A. Khachatryan et al. detected an apparent
association between gene mutations and relevant chan-
ges in the intestinal microflora characterized by depletion
of the total bacteria number, loss of diversity and signifi-
cant quantitative changes in the populations of some bac-
teria [14]. Nevertheless, no genetic association between
intestinal microbiota and long-term growth and weight
indicators has not been yet detected that requires further
investigations in this field.

In addition, prenatal maternal stress could have an
impact on the offspring intestinal microflora composition.
According to D. Zhou et al., the dam’s physiological param-
eters change during this period including a rapid heart-
beat and stress hormone release. Moreover, the dam'’s
behavior may change with increase or decrease in her ap-
petite and activity. Such changes may have an impact on
dam’s microflora and potentially on the initial colonization
of her offspring at birth. Maternal stress can also result in
increase in cytokine concentration and, as consequence,
in inflammation than affects the developing fetus causing
changes in the fetus immune function [15].

MICROBIOTA EFFECT
ON ETHOLOGY AND ADAPTATION

N. Sudo et al. presented evidence on the association of
microorganisms with host behavioral responses based on
the results of comparative tests of sterile mice and mice
colonized with bacteria. To test the hypothesis that post-
partum microbial colonization may have an impact on
the development of the brain plasticity, the researchers
compared the hypothalamic-pituitary response at differ-
ent stress levels in two groups of genetically identical mice.
Mice of one group were sterile and mice in other group
were colonized with the specific bacteria. During the ex-
periment, the mice were placed in 50 ml conical tube for
one hour or in glass container covered with ether-soaked
filter paper for 2.5 minutes. Sterile mice demonstrated
more intensive stress response as compared to the mice
with microflora. Moreover, decreased stress response was
observed in the sterile mice following Bifidobacterium in-
fantis probiotic administration [16].

In other studies, P. Bercik et al. detected that admin-
istration of antimicrobials to the mice colonized by the
complete intestinal microbial community impaired the
intestinal microbiota composition and enhanced the re-
sponse to the stress factor. Therewith, the same antimicro-
bials administered to sterile mice had no impact on their
behavior [17]. The study results demonstrated a potential
association between intestinal microflora and animal be-
havior.

Experiment results published by M. Vijay-Kumar et al.
showed the microbiota impact on the host metabolic
dysfunction.Toll-like receptor 5 (TLR5)-deficient mice were
used for the experiments. The said membrane protein is
known to play a key role in gut innate immunity and to
participate in pathogenesis of obesity-associated chronic
inflammation. Then, the microbiota of these mice were in-
oculated to sterile wild-type mice. Significant hyperphagia
and progressing metabolic disorder were observe in te-
sted TLR5-deficient mice. Sterile wild-type mice colonized
with the microbial strains derived from the intestines of
the TLR5-deficient mice immediately manifested distinct
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changes in their intestinal microbiota, and then signs
of the metabolic syndrome (obesity) [18]. The changes
in microbe-free mice body constitution from normal to
obese after colonization by the specific microbial popu-
lation suggests that the gut microbiota could affect the
host’s metabolic functions.

CONCLUSION

Microbial colonization of young animals has a sig-
nificant impact on their physiology and performance.
The intestinal microflora and its proper development,
particularly at a young age, can significantly determine
the further functioning of certain systems, as well as act
as a potential tool for reducing the diarrhea incidence
in young livestock animals [1]. In this regard, studies of
probiotics are of the most importance. It is important to
understand how effective probiotics are for diarrhea pre-
vention and treatment, whether they can serve as a full-
fledged alternative to antibiotics, and whether they can
be used to enhance animals’ resistance to stress factors.
Impact of dam’s genetics and body state on her offspring
microbiota formation is also important. Given the fact
that the intestinal microbial landscape is a very mobile
and fragile system, use of antimicrobial drugs for preven-
tive purposes should be avoided.
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