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SUMMARY

The problem of the intrauterine infection of fetus is one of the most critical ones in veterinary obstetrics and in perinatology due to the high level of infection in
pregnant cows, the risk of developmental disorder of fetus and the birth of sick calves. Complications of pregnancy occur in case of viral, bacterial and protozoal
infections, when the pathogen enters the uterus in an ascending or descending way with further transplacental infection of the fetus. Morphological studies of
placenta of Black Pied cattle infected with bovine viral diarrhea, chlamydia and neosporosis were carried out. The presence of the pathogen was confirmed by
serological and molecular genetic methods. The material used for histological studies was the fetal part of placenta. After sampling, the material was fixed in a
10% neutral formalin solution, then xylene-free method for histological preparation was used. Afterwards, samples were embedded in paraffin. In order to study
morphological structures, samples were sectioned at 5-6 pm, and stained with hematoxylin and eosin. Histological sections were analyzed using a Leica DM 1000
light microscope at a magnification of 100, 200, 400, 630. On the basis of the conducted studies, it was established that bovine viral diarrhea-associated
morphofunctional changes in the “mother — placenta — fetus” system are characterized by involutive-dystrophic changes with microcirculation disorders and the
development of an immunity-associated inflammatory process. Chlamydia abortus intrauterine infection in the “mother — placenta — fetus” system in cows causes
a complex of destructive morphological and functional changes of an infectious and toxic nature with a pronounced inflammatory reaction, involvement of blood
vessels in the pathological process, and endothelial dysfunction development, alongside with tissue necrosis in case of a chronic process. The presence of cellular
structures in the placenta and the inner part of the umbilical cord is a pathognomonic sign of chlamydia. The role of transplacental transmission of Neospora caninum
in cattle was confirmed, the Neospora parasites subjected to basophilic staining were detected not only in the tissues of the placenta, but also in histological sections
of the fetus heart and liver. The main characteristic diagnostic sign is the presence of basophilic stained Neospora parasites in the organs of the mother and fetus,
placenta, and intervillous space. As part of the study morphological features of placenta, one of the most unique histohematic barriers and the basic element of
the intrauterine infectious process, were determined.
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PE3IOME

Mpobnema BHYTPUYTPOOHOTO MHOULMPOBAHUA NNOAA ABNAETCA OAHOI U3 BeyLUUX B aKYLUEPCKOI NPAKTUKe W NEPUHATONOTMI B CBA3Y C BbICOKUM YPOBHEM
UHOULMPOBaHMA 6epemMeHHbIX KOPOB, ONACHOCTbIO HApyLLEHUA Pa3BUTUA NNOAA U POXKAEHUA 60bHOTO TeneHKa. OCNoXHEHUA 6epeMeHHOCTU BO3HUKAIOT NpU
BUPYCHDIX 1 BaKTEPUANbHBIX HOEKLNAX, @ TAKXKe BHYTPUYTPOOHbIX NPOT03003aX, KOrAa Bo36YAMUTENb NIPOHUKAET B MATKY BOCXOAALLMM UIN HUCXOLALLM NyTeM
C AANbHeNiLNM TPaHCNAALeHTapHBIM HGULMPOBaHNEM Nnoga. [poBeeHbl Mopdonoruyeckite CCneo0BaHA NNALEHTbI KOPOB YePHO-NECTPOil NOPOZbl, H-
$ULMPOBaHHbIX BO3OYAMTENAMM BUPYCHOIT AUapen KpYMHOTO POratoro cKoTa, XnaMInAN03a i HeoCropo3a, Hanuuue KoTopbIX NOATBEPX AN CePONOrUYecKIMM
1 MONeKyNAPHO-TeHeTUuecKMI MeToamu. MaTtepuanom Ana rucTonoruyeckix NCCnefoBaHnii CnyXuna nosHas yacTb nnaweHTbl. Oukcaunto matepuana no-
e ot6opa ocywectenanu B 10%-m pacTBope HeiiTpanbHOro GopmanitHa, 3aTem UCob30Banil METOZ NPOBOAKM STUNOBBIN CAPT — KCUION C NOCTeAYIOLM
3aKnloueHreM B napaduH. [ina usyueHns Mopdonoruueckinx CTpyKTyp U3roToBNeHHble cpe3bl TONLUMHON 5—6 MKM OKpALUMBAM FeMATOKCUIMHOM 1 3031HOM
11 MPOBOANNM aHaNK3 Ha (BeTOBOM MuKpockone Leica DM 1000 npu yenuyennn 100, 200, 400, 630. YctaHoBAeHO, 4T0 MOPYODYHKLMOHANbHBIE U3MeHe-
HIA B CCTEME «MaTb — NNIaLeHTa — NA0» NP BUPYCHOI Aapee KpYMHOro Poratoro CKOTa XapaKkTepu3yrTca HBONOTUBHO-ANCTPOGUYECKMIN U3MEHEHUAMU
CHapyLUeHMAMM MUKPOLMPKYNALIMY 1 Pa3BUTUEM BOCTIANUTENBHOTO NPOLIeCca Ha MMYyHHOIE ocHoBe. Mpy BHYTpuyTpo6HOM uHuLMpoBaxuu Chlamydia abortus
B CMCTeMe «MaTb — NNIALeHTa — M04» Y KOPOB HAbMIOAAETCA KOMMAEKC AeCTPYKTUBHBIX MOPYONOrUUECKIX U GYHKLUOHANbHBIX 3MEHEHNIA NHEKLIMOHHO-TOKCH-
YeCKoro XapaKTepa ¢ BbipaXKeHHOi BOCManuTenbHoIi peakLyeii, BOBNEYeHEM B MaTONOrAYecKUii NPOLLECC KPOBEHOCHBIX COCYM0B 1 Pa3BUTUEM SHAOTENMUANbHOI
ANChYHKLUMI C HeKPOTU3aLMeli TKaHeii npu XpoHu3aLuy npoviecca. Hanuume AuencTblx CTPYKTYp B NaLleHTe 1 BHYTPEHHEli YacTv NynouHoro KaHaTuka ABNAeTcA
NaTOrHOMOHUYHBIM NPU3HAKOM Xnamuamo3a. MoATBepx/ieHa posib TpaHCNNaLeHTapHoi nepeaaun Neospora caninum y KpynHoro poratoro ckota, 6a3o¢unbHo
OKpaLLEHHble HeOCnopbl BbIABIEHDI HE TONIbKO B TKAHAX MAALEHTbI, HO 1 B TMCTONOTMYECKMX Cpe3ax CepALa v NeyeHy NnogoB. XapakTepHbIM AUarHoCTnyeckinm
NPU3HaKOM ABAAETCA Hanuuue 6a30pUIbHO OKPALLEHHbIX HEOCNOP B OPraHax MaTepy 1 N10/a, NNaLeHTe ! MeXBOPCUHYATOM NPOCTPaHCTBe. B xohe nccnefosa-
HUii onpeseneHbl Mopdonoruyeckie 0C06eHHOCTU NALEHTBI, ABNAIOLLEIACA OZHUM U3 CAMbIX YHUKANbHBIX TUCTOreMaTiyeckinx 6apbepoB 1 OCHOBHbIM 3BEHOM
peanu3auum BHyTpUyTPOGHOro MHOEKLIMOHHOTO MpoLecca.

KnioueBble coBa: BHYTPUYTPOOHbIE MHOEKLMM, NNALEHTa, GETONNALEHTAPHbIA KOMINEKC, BUPYCHAA AMapes KpYMHOTO Poratoro CKOTa, XAaMUAO3, HEOCTopo3,
MOP(GONOrAYecKie M3MEHeHUA

bnaropapHoctu: WccnepoBanns nposegeHbl npu GuHaHCOBOR nogaepxke MuHoOpHayKin Poccun B pamkax rocymapcTBeHHOr0 3ajaHua no teme
N 0532-2021-0007.

[insa yutuposanusa: Cokonosa 0. B., lpo3gosa 1. 1., LLkypatosa W. A. Mopdonoruyeckme 0cobeHHOCTI NAaLEHTbI KPYNHOTO POraToro ckota Npi BUPYCHDIX,
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INTRODUCTION damage caused to livestock is given to the protozoal para-
The problem of the intrauterine infection of fetus is  sites Neospora caninum and the causative agent of bovine

one of the most critical ones in veterinary obstetrics and
in perinatology due to the high level of infection in preg-
nant cows, the risk of developmental disorder of fetus
and the birth of sick calves [1-3]. Most infectious disea-
ses causing intrauterine infection are subclinical or latent.
However, the changes in the homeostasis parameters
due to stress or other unfavorable environmental factors
induce improper interaction in the “mother — placenta -
fetus” system thus causing the disease manifestation [4].
According to modern concept, a combination of adverse
external influences contributes to the disruption of the
regulation of metabolic and immunological processes
in the “mother - placenta - fetus” system, which leads
to impaired adaptation to pregnancy, the formation of
pathomorphological changes in the fetoplacental com-
plex, the development of multiple organ pathology and
a delay in intrauterine development of the fetus or trans-
plant rejection [5-9].

To date, worldwide, the first and the second place in
terms of reproductive losses of cattle and the economic

viral diarrhea [10-17].

A special role in intrauterine infection of the fetus
belongs to latent infections under conditions of patho-
gen-induced immunosuppression. Thus, for example, the
causative agents of different infections can balance in the

“pathogen - host” system for quite a long time. However, in
case of the weakened immune system, inter alia, immedi-
ate disease clinical manifestation can be observed due to
different stress factors.

Complications of pregnancy are associated with viral or
bacterial infections, as well as intrauterine protozoal infec-
tion, when the pathogen enters the uterus in an ascending
or descending way with further transplacental infection
of the fetus. Such diseases include: a group of acute re-
spiratory viral infections (infectious bovine rhinotracheitis,
bovine viral diarrhea), chlamydia infection and neosporo-
sis of cattle. As a rule, the infectious process affects the
placenta, where a complex of degenerative-inflammato-
ry changes develops. To reveal the pathogenetic mecha-
nisms of intrauterine infection of the fetus, it is necessary
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to study the complex of pathomorphological changes
in the components “mother”, “placenta” and “fetus” with
different infectants, which will form a scientifically based
approach to the development of a system for monitoring
and biological protection of animals from pathogens of
abortogenic infections.

In view of the above, the research was aimed at the
study of morphological changes in the cow’s placenta in
case of viral (bovine viral diarrhea), bacterial (chlamydia)
and protozoal (neosporosis) diseases.

MATERIALS AND METHODS

The tests were performed in the Department of Repro-
ductive Technologies, Federal State Budgetary Scientific
Institution “Ural Federal Agrarian Research Centre, Ural
Branch of the Russian Academy of Sciences” and in agri-
cultural organizations of the Ural Region.

The object of the study was the placenta of Black Pied
cattle infected with pathogens of bovine viral diarrhea,
chlamydia infection and neosporosis. Bovine viral diarrhea
virus antigens were determined using the IDEXX Bovine
Viral Diarrhoea Virus (BVDV) Antigen Test Kit/Serum Plus
(IDEXX Laboratories, Inc, USA), antibodies to Chlamydia
abortus were detected using the IDEXX Chlamydiosis Total
Ab Test kit (IDEXX Laboratories, Inc, USA), determination
of antibodies to N. caninum using the IDEXX Neospora X2
Ab Test kit (IDEXX Laboratories, Inc, USA). The results of
enzyme immunoassay were evaluated using a SUNRISE
reader (Tecan, Austria).

The pathogen DNA was isolated from the biological
material and polymerase chain reaction (PCR) was per-
formed in accordance with the manufacturer’s instruc-
tions for the use of test systems. We used the Diatom™
DNA Prep 200 DNA extraction kit (Isogen Lab Ltd., Russia),
the GenPak® DNA PCR test kit for determining the type
of species-specific chlamydia infection in cattle for ampli-
fying the DNA of Chlamydia pecorum, Chlamydia abortus,
Bovine herpes virus/type 1 (Isogen Lab Ltd., Russia), kits
for the detection of bovine diarrhea virus (InterLabSer-
vice Ltd., Russia). For amplification, an Applied Biosys-
tems 2720 thermal cycler (Singapore) was used. The tests
were performed by electrophoresis using an agarose gel
and a Mini-Sub Cell GT mini-camera (Bio-Rad Laborato-
ries, Inc., USA) with visualization under ultraviolet radia-
tion in a CHEMIDOC XRS+ camera with interpretation of
the results using Gel Doc XR+ Gel Documentation System
(Bio-Rad Laboratories, Inc., USA). Tests for the DNA of the
causative agent of bovine viral diarrhea were performed
by PCR with real-time hybridization-fluorescence de-
tection using a Rotor-Gene 3000 amplifier (Corbett Life
Science, Australia).

The material for histological tests was the fetal part
of the placenta at month 5-6 of gestation (the state of
the stroma, chorion villus, intervillous space, vascular
component were assessed), and the umbilical cord. After
sampling, the material was fixed in a 10% neutral formalin
solution, then the ethyl alcohol - xylene wiring method
was used, followed by paraffin embedding. To study the
morphological structures, the prepared sections 5-6 um
thick were stained with hematoxylin and eosin. Histolo-
gical sections were analyzed using a Leica DM 1000 light
microscope (Germany) at magnifications of 100x, 200X,
400x, 630x.

RESULTS AND DISCUSSION

The study of the relationship between local and general
pathomorphological lesions in case of infectious diseases
is one of the main conditions for revealing the pathoge-
netic mechanisms of the onset and development of in-
fection, the characteristics of macro- and microorganism
interaction, the immunological reactivity of the body and
the course of compensatory-adaptive processes. The mor-
phological assessment of the functional system “mother -
placenta - fetus” is of particular interest when infected
with pathogens of abortogenic infections and invasions
that can pass through placental barrier. In our studies, such
pathogens include bovine viral diarrhea, chlamydia, and
neosporosis. In conditions where infection of the mater-
nal organism occurs, the likelihood of infection of other
components of the system, including the fetus, increases.
At the same time, the organs of the animal reproductive
system, as well as the placenta, are most susceptible to dis-
ruption of morphogenesis and the development of such
a predisposition. The study of morphofunctional changes
can help to identify the features of the interaction of in-
fectious agents with the host’s immune system and deter-
mine its role in the disease pathogenesis. In the future, this
should become the basis for the development of methods
for diagnosing and preventing the development of intra-
uterine infection.

Viral diarrhea-associated placental pathology in cattle.
Histological examination of sections of the fetal part of
the placenta revealed involutive-dystrophic changes
with circulatory disorders. In the villous chorion there is
a pronounced edema of the villous stroma, which has a
diffuse character (Fig. 1). In this case, edema is observed
both in the syncytiotrophoblast itself and in the perivas-
cular space. The presence of lymphoid cell infiltration
indicates the development of inflammatory process in-
cluding the immunity-associated one. The villous stroma
itself is denuded, the epithelial lining of the chorionic villi
is disturbed, and in some areas of the placenta there are
foci of fibrinoid deposition in the intervillous space and
lime salts in the bloodless areas, indicating petrification
of tissues in a state of ischemia (Fig. 2). Circulatory dis-
orders are indicated by such characteristic lesions as
avascular chorionic villi along with vascular thrombo-
sis (Fig. 3) as well as lesions associated with the destruc-
tion of the vascular wall and disorders of cell membrane
permeability. Erythrocyte slugging in small blood vessels
is observed, as well as intravascular hemolysis (Fig. 4).
In this case, hemosiderin deposition is observed both
inside the vessels themselves and in the perivascular
space (Fig. 5). The accumulation of ferric ions in areas of
pathological accumulation of hemosiderin, which have a
high catalytic activity, can have a direct damaging effect
on the walls of blood vessels, aggravating the develop-
ment of the pathological process (Fig. 6). The inclusion
of reperfusion in the compensatory process against the
background of hypoxic disorders contributes to the acti-
vation of lipid peroxidation and the formation of active
radicals, which is important in the overall picture of the
genesis of developing placental dysfunction.

Chlamydia associated placental pathology. During the
morphological examination of the fetal part of the placen-
ta from seropositive to Chl. abortus cows, the presence of a
mesh structure, that is, the denuded stroma, was revealed.
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The villous stroma denudation with desquamation of the
syncytial epithelium was observed (Fig. 7). Villous syncy-
tium is involved in direct contact with the stroma of the
uterine mucosa, provides trophic, transport, gas exchange
functions, and also produces a number of biologically ac-
tive substances and vitamins. Thus, damage to the syncy-
tium is directly detrimental to fetal development. In the
intervillous space of the chorion, widespread formations
of fibrinoid clots were detected (Fig. 8). Cellular structures
with a basophilic crumbly substance, characteristic of
chlamydia infection, were constantly encountered in the

villous chorion (Fig. 9). These cellular structures are formed
from the host cells after the release of elementary bodies
as a result of the pathogen development cycle. The pre-
sence of such structures is a pathognomonic symptom
associated with chlamydia infection. Kochetov V. V. et al.
described similar changes [18]. With a long chronic course
of the infectious process, focal and extensive necrotic le-
sions in placental tissues were detected, characterized by
rejection of chorionic villi with single and multiple accu-
mulations of lime salts, indicating petrification of necrotic
areas (Fig. 10), focal inflammatory polymorphocellular

Fig. 1. Placenta. Viral diarrhea-associated edema of villous
stroma (hematoxylin — eosin, magnification 200x)

Fig. 2. Placenta. Viral diarrhea-associated lime salt
deposition (hematoxylin — eosin, magnification 630x)

Fig. 3. Placenta. Viral diarrhea-associated
thrombus formation in a vessel (hematoxylin —
eosin, magnification 200x)

Fig. 5. Placenta. Viral diarrhea-associated deposition
of hemosiderin (hematoxylin — eosin,
magnification 400x)

Fig. 4. Placenta. Viral diarrhea-associated hemolysis
(hematoxylin - eosin, magnification 400x)

Fig. 6. Placenta. Viral diarrhea-associated fibrinoid
deposition (hematoxylin — eosin,
magnification 200x)
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infiltrates and destruction of the epithelium. In case of
improper compensatory-adaptive reactions in response
to infection, purulent-necrotic disintegration of the pla-
centa was observed.

To study the pathomorphological features of the
development of an inflammatory reaction in case of
chlamydia infection, the microvasculature was assessed.
When examining the fetal part of the placenta of infec-
ted cows, uneven stromal vessel filling was observed.
The blood vessels were mostly constricted or contained
single erythrocytes. In some parts of the chorion, there

was vessel hyperemia with diapedesis of erythrocytes
due to the disorders of the vascular wall permeability.
In some animals, hemodynamics disorders in the form
of thrombosis of the villous capillary network were
observed (Fig. 11). In the vascular network of the fetal
part of the placenta, the breakdown of erythrocytes
was expressed, leukocytes, macrophages, and desqua-
mated endothelial cells were found in vessels of various
calibers, which indicates a bacterial infection of the pla-
centa and the development of endothelial dysfunction.
There is perivascular polymorphocellular infiltration and

Fig. 7. Chorionic villi. Villus denudation in case of chlamydial
infection in cattle (hematoxylin — eosin, magnification 630x)

Fig. 8. Chorion. Intervillous space in case of bovine chlamydiosis.
Fibrinoid clots (hematoxylin — eosin, magnification 630x)

Fig. 9. Villous chorion. Cellular structures characteristic
of chlamydia infection (hematoxylin - eosin,
magnification 630x)

2 iry it .
Fig. 11. The fetal part of the placenta. Thrombosis
of the capillary network in case of bovine chlamydiosis
(hematoxylin — eosin, magnification 400x)

Fig. 10. Chorion. Bovine chlamydiosis-associated focal
necrosis characterised by lime salt deposition. Fibrinoid clots
(hematoxylin — eosin, magnification 630x)

Lt >
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Fig. 12. Umbilical cord. Cellular structures characteristic
of chlamydia infection (hematoxylin - eosin,

magnification 630x)
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Fig. 13. Placenta. Loose villous stroma. Neospora
(hematoxylin - eosin, magnification 400x)

Fig. 15. Placenta. Intervillous space. Neospora
(hematoxylin - eosin, magnification 400x)

the presence of white blood elements in the lumen of
the vessels, which is associated with the development
of a classic inflammatory reaction in the placental tissues.

Histological examination of the umbilical cord tissue
also revealed massive crumbly, basophilic masses with the
presence of cellular structures on its inner part, which is
typical for chlamydia infection (Fig. 12).

Thus, the conducted studies have convincingly shown
that with chlamydia infection in cattle, all three compo-
nents of the“mother — placenta - fetus”system are affected.

Neospora-associated placental pathology. The develop-
ment of the placenta in N. caninum seropositive cows cor-
responded to gestation periods of 150-180 days. In the
fetal part of the placenta, chorionic villi were preserved,
which indicates the absence of a chronic inflammatory
process. There were sharply crowded vessels of all ca-
libers: from capillaries to large blood vessels, and some
destruction of the surface epithelium connecting the
fetal and maternal parts of the placenta, which is typical
for spontaneous abortion [19]. Loose connective tissues
of the villous stroma were observed in the cows’ placenta
infected with neospora (Fig. 13). The epithelial layer of
the chorion was thickened and loosened. It contained
basophilically stained rounded neospora parasites of dif-
ferent thickness (Fig. 14). Some of them were in a state of
necrobacteriosis. The same neospora parasites were also
found in the intervillous space (Fig. 15). In the epithelial
layer of the fetal part of the placenta and the intervil-
lous space, basophilically stained sarcosporidia were also
found (Fig. 16), which is typical for neosporosis. In the

Fig. 14. Placenta. Epithelial layer. Neospora
(hematoxylin - eosin, magnification 400x)

. a o » 1 y ™) 3 - - - XS
s &% e S

C.gi v DR e e M R RT
Fig. 16. Fetal part of the placenta. Epithelial layer.
Neospora (hematoxylin — eosin, magnification 400x)

placenta, signs characteristic of the spontaneous abor-
tion, not associated with the development of a chronicin-
flammatory process, were observed. Neospora parasites
were also found in the internal organs of the fetus, such
as the heart and liver. At the same time, morphological
signs of internal organ lesions in aborted fetuses were
not detected. This is probably due to the fairly developed
immune system of the fetuses, whose gestational age
in the presented studies was 150-180 days, capable of
competently responding to the effects of parasites and
limiting their growth.

Thus, the cause of abortions in neospora-infected
cows was not associated with the development of the
inflammatory process as such, but, most likely, with the
immune response of the mother to the invasion of the fe-
toplacental complex and/or the release of prostaglandins,
provoked by the invasion of N. caninum, which led to the
pregnancy termination. To sum it up the high abortion
rate in N. caninum-associated pregnancies may be due
to several factors. Reactivation of latent infection in sero-
positive animals is due to the suppression of cell-medi-
ated immunity in mid-pregnancy. Unlike chlamydia, with
neosporosis, pathological lesions of the placenta are not
so pronounced, and therefore it is difficult to call these
lesions the main cause of abortion. Most likely, being lo-
calized in the tissues of the placenta, neospora parasites
trigger a cascade of reactions associated with the release
of prostaglandins, which cause uterine contraction, and
pro-inflammatory cytokines, which stimulate the synthe-
sis of matrix metalloproteinases in the trophoblast, which
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leads to the destruction of intercellular relationships and,
as a result, rejection of the fetoplacental complex. In addi-
tion, in case of the general increased sensitization of the
body an infested fetus can also induce the process of re-
jection by the mother’s body.

CONCLUSION

On the basis of the studies performed, it was estab-
lished that morphofunctional changes in the “mother -
placenta - fetus” system in case of viral diarrhea of cattle
are characterized by involutive-dystrophic changes with
microcirculation disorders and the development of an im-
munity-associated inflammatory process.

In case of intrauterine infection with Chl. abortus in the
“mother - placenta - fetus” system in cows, there is a com-
plex of destructive morphological and functional changes
of an infectious-toxic nature with a pronounced inflamma-
tory reaction, involvement of blood vessels in the patho-
logical process and the development of endothelial dys-
function with tissue necrosis during the chronic process.
The presence of cellular structures in the placenta and
the inner part of the umbilical cord is a pathognomonic

sign of chlamydia infection.

The role of N. caninum transplacental transmission in
cattle was confirmed; basophilically stained Neospora par-
asites were detected not only in placental tissues, but also
in histological sections of the heart and liver of fetuses.
Morphological and functional changes in the “mother -
placenta - fetus” system in cows in case of N. caninum in-
vasion are characterized by signs of microcirculation and
hemodynamic disorders, and the development of sensi-
tization. A characteristic diagnostic sign is the presence
of basophilically stained Neospora parasites in the organs
of the mother and fetus, placenta and intervillous space.
Neosporosis-associated pregnancy termination, in our
opinion, is not associated with the development of the
inflammatory process as such, but, most likely, with the
mother’s immune response to invasion of the fetoplacen-
tal complex, which is consistent with the assumptions of
a number of foreign authors [4, 17].

The performed studies made it possible to establish
the morphological features of the placenta, which is one
of the most unique histohematic barriers and the main
link of the intrauterine infectious process, which explains
the close attention of researchers to this temporary organ.
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Cokonosa Onbra BacunbeBHa, JOKTOP BETEPMHAPHDBIX HayK,
CTapluin HayuHbln cotpygHmuk OIBHY YpOAHUL YpO PAH,
r. EkatepunH6ypr, Poccua.

Oposposa Jliogmuna MiBaHOBHA, [OKTOP BeTePUHAPHbIX
HayK, npodeccop, Befywmin HayuHbli COTPYAHUK
OrBHY Yp®AHMULL YpO PAH, r. EkatepuH6bypr, Poccusa.

lkypatosa MpuHa AnekceeBHa, JOKTOP BETEPUMHAPHbIX HAYK,

npodeccop, uneH-koppecnoHaeHT PAH, rnaBHbI HayuHbIN
coTpyaHuk, ®FBHY Yp®AHWUL| YpO PAH, r. EkatepuHbypr, Poccus.
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