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Today, cases of infection of various animal species with the new SARS-CoV-2
coronavirus have become increasingly common. This virus has been isolated from
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numerous representatives of the feline family, European mink, ferret, raccoon dog,
domestic dog, a number of primates and a number of other animals. In most suscep-
tible animals, infection with this virus is manifested by certain clinical symptoms,
the intensity of which depends on the type and age of the animals, on the presence
Subotsina I., Gromov I, Kupryianav L of concomitant diseases. The pathological process can end in death with the devel-
Features of clinical and pathomorphological opment of characteristic pathoanatomical and histological changes.
picture in spontaneous infection of a According to the results of preliminary studies conducted in the Republic of
domestic cat (lat. Félis catus) with SARS- Belarus, the circulation of SARS-CoV-2 was detected in domestic cats. All the an-
CoV-2 coronavirus. Nauk. visn. vet. med., imals had a history of contact with COVID-19-infected owners. The aim of this
2021. Nel. PP. 79-91. work was to determine the features of clinical and pathoanatomical manifestations,

histological changes in domestic cats infected with SARS-CoV-2.

The studies were conducted among various sex and age groups of domestic
cats. In total, we conducted a study of 300 flushes from various sexes and ages and
pedigreed, autopsy of 10 corpses.

The work was carried out in the Vitebsk State Academy of Veterinary Med-
icine, the Vitebsk Regional Veterinary Laboratory, the RSPC "Epidemiology and
Doi: 10.33245/2310-4902-2021-165-1-79-91 Microbiology" in Minsk, in the Belarusian State Veterinary Center. The circulation
of SARS-CoV-2 in animals was determined by polymerase chain reaction (RT -
PCR). When dissecting the corpses of animals, the nature and severity of patho-
morphological changes were taken into account, a pathoanatomical diagnosis was
made, and macrophotography was performed in natural light.

The main clinical symptoms of the disease in adult animals are depression,
refusal to feed, cough, shortness of breath; in young animals, rhinitis, conjunctivi-
tis, diarrhea are often observed. When dissecting dead animals, macro-changes and
micro-changes in organs and tissues are noted, indicating the development of patho-
logical processes, both in the acute course of the disease and in the chronic one.

Thus, the conducted studies and the results obtained confirmed and supple-
mented the data of world researchers, made it possible to determine the leading clin-
ical symptoms of the disease and pathoanatomical changes in the domestic cat when
infected with SARS-CoV-2. The obtained data of histological changes allowed a
deeper and more detailed assessment and study of the pathogenesis of the disease,
which will contribute to a rational approach in choosing the means of therapy of
this disease.

Key words: cats, coronavirus, SARS-CoV-2, clinical symptoms, pathoana-
tomical changes, histological examination.
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Problem statement and analysis of re- which can occur in both mild and severe forms
cent research. Covid-19 is an infectious disease and end in death. The virus can infect various
caused by the betta-coronavirus SARS-CoV-2, organs through direct infection or through the
which has spread widely around the world and body's immune response. Complications include
caused a pandemic. The disease is characterized multiple organ failure, septic shock, and venous
by the development of acute viral pneumonia, thromboembolism. The most common symp-
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toms of the disease include fever, fatigue, and dry
cough [1-3].

Studies published before the first quarter of
2021 in the Covid-19 issue showed that the virus
not only changes in terms of genetic structure (mu-
tates), but also expands the range of hosts [3, 4].

Initially, it was believed that this disease is in-
herent only in humans, although its zoonotic nature
has been proven [1-3], but today there are data on
the detection of this pathogen in representatives
of the cat family, canids, and fur-bearing animals
[4-8], it is possible to infect a number of farm ani-
mals [6—11]. To date, the transmission of the virus
has been officially recorded and proven not only
from person to person, but also to animals, and
most often to companion animals, which directly
affects and forces us to review the epidemiological
and epizootic aspects of this disease. This feature
is inherent not only in SARS-CoV-2, but also in a
number of other coronaviruses [1, 3, 4, 12].

At the moment, about 100 different types of
coronaviruses are known, and in a large number and
variety of species they are selected from the body
of bats and a number of other animals. Many of the
known coronavirus species are capable of so-called
"jumps" from one type of susceptible organism to
another, which generally explains the detection of
SARS-CoV-2 in a number of animals [1-4, 11, 12].

The participation of domestic pets and other
susceptible animals in the epidemiological chain is
still in doubt, but recent data and reports from for-
eign researchers and tabloids suggest that monkeys,
dogs, ferrets, minks, domestic and wild representa-
tives of the feline family (domestic cat, tigers, lions,
cougars, leopards) are infected, clearly showing
that one species easily infects another [5—13].

Susceptible animals infected with SARS-
-CoV-2 in some cases show a clinical picture, in
some cases there is a death of animals [13—16]. The
main clinical symptoms of the disease in cats were
described: respiratory damage (nasal discharge,
rhinitis, shortness of breath, shallow and frequent
breathing, changes in the type of breathing with a
predominance of abdominal, cough). In some cas-
es, there was a disorder of the gastrointestinal tract
(diarrhea) [7, 9, 13, 15-18].

Chinese researchers conducted an experiment
and proved the transmission of SARS-CoV-2 from
individual to individual within the domestic cat
population. Italian scientists conducted an exten-
sive study of cats and dogs in the most affected
areas of COVID-19 in Italy and identified a fair-
ly high percentage of animals with antibodies to
SARS-CoV-2 (dogs-more than 30%, cats-more
than 40% of all examined animals), which indi-
cates the susceptibility of these animal species to
the new virus [4-7].
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A significant amount of data on the infection
of wild cats and other zoo inhabitants comes from
zoos around the world. In recent months, data have
been received from the American Veterinary As-
sociation (AVMA) on large-scale studies on the
circulation of the SARS-CoV-2 virus among vari-
ous animal species (more than 2000 animals), and
on the detection of this virus in the population of a
number of cats (civets, domestic cats), dogs, dol-
phins, armadillos, and anteaters. Researchers note
the infection of 80% of all surveyed pets (cats,
dogs) [6-11, 13-16].

At the end of 2020 and at the beginning of
2021, a number of reports were received about
the infection of fur-bearing animals on fur farms
where sick staff was present. These are farms in
the Netherlands, Denmark, Spain, Poland, France,
Lithuania and a number of other European coun-
tries [4—12, 17-20]. There is evidence of rapid
transmission of SARS-CoV-2 in the fur-bearing
animal population. Spanish animal breeders report
infection of more than 80% of the mink popula-
tion on the farm. Denmark has published data on
the extermination of the entire population of minks
due to a possible (proven) mutation of the SARS-
CoV-2 virus in the body of minks and its trans-
mission to humans (12 people). The population
is 12-17 million animals [18-21]. Previously, the
Netherlands reported a possible infection of 2 peo-
ple from mink [19, 22]. A large number of private
American farms keeping fur-bearing animals also
reported infection of the European mink [20, 21,
23, 24]. Also, in one of the US states (Utah), the
circulation of SARS-CoV-2 was detected in the
wild (free-living) population) mink [25].

There are data on the possibility of infection
of laboratory animals (white mice), hamster and
guinea pig, raccoon dog, badger, pigs (in experi-
mental infection). Data on the possible (theoreti-
cal) infection of about 400 animal species due to
their ACE-2 receptor protein have been published
[11,15,28-30].

The World Organization for Animal Health
(OIE) informs about the registration of all posi-
tive cases of COVID-19 in animals. The new virus
has been reported in various animals in France,
Belgium, Italy, Spain, the Netherlands, Denmark,
China, Russia, and the United States of America,
and the list of countries and reported cases is up-
dated periodically [5-10, 18].

However, despite the numerous and diverse
data on the spread of SARS-CoV-2 in popula-
tions of various animal species, descriptions of the
clinical picture, pathoanatomical and histological
changes in animals infected with this virus are
practically not found, which generally compli-
cates the diagnostic work of veterinary specialists
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in case of suspected infection of an animal with
SARS-CoV-2 [9, 27, 28].

In the Republic of Belarus, since the begin-
ning of the epidemic, work has been underway to
detect SARS-CoV-2 in animals. At the beginning
of April 2021, several thousand clinical, pathoana-
tomical and histological studies of fallen animals
with a confirmed diagnosis of COVID-19 (cats,
dogs, fur-bearing animals) were conducted.

Among domestic pets, the most pronounced
changes were in the domestic cat. The collection
and systematization of the facts of the disease
manifestation in domestic animals of different
species, a comprehensive study of clinical signs,
pathoanatomical signs and histological changes is
an important element in controlling the spread of
SARS-CoV-2 among animals. The study of these
issues also provides an opportunity to assess the
possible short-and long-term consequences of the
pandemic, including its impact on the animal pop-
ulation. Understanding these issues will allow a
rational approach to solving the problem of ther-
apy of sick pets.

It is possible that the SARS-CoV-2 virus, when
naturally infected with a domestic cat, causes the
development of a pathological process, which, in
turn, manifests itself with certain clinical symp-
toms, a pathoanatomical picture and histological
changes in organs and tissues.

The aim of the research: to determine the
features of clinical and pathoanatomical manifes-
tations, histological changes in domestic cats in-
fected with SARS-CoV-2.

Material and methods of research. The stud-
ies were conducted from April 2020 to the pres-
ent day among the livestock of animals (domestic
cats) owned by private individuals (domestic and
free-range maintenance), kennels (home main-
tenance), and kept in animal shelters (domestic,
free-range maintenance, stray and stray animals).
A total of 300 flushes from various sexes and ages
(newborn kittens, kittens from 1.5-3 months of
age, adult animals) and pedigreed (Maine Coon,
British cat, Cornish Rex, mongrel cats) were
studied. The studies were conducted both for the
purpose of monitoring (a random sample, main-
ly among animals of shelters of the Republic of
Belarus), and according to indications (anamnestic
data — sick and ill owners or breeders with a con-
firmed diagnosis of Covid-19), according to clini-
cal signs (sharp deterioration of the condition, loss
of appetite, weakness, fever, difficulty breathing,
cough, shortness of breath). An autopsy was per-
formed on 10 corpses from fallen animals (kittens
aged 1-2 days, 3 weeks of age and adult animals),
who died as a result of an illness occurring with
the following clinical signs: refusal of food, loss

of body weight, difficulty breathing, shortness of
breath, fever). All animals had a history of contact
with people who were sick or had had Covid-19.
The dead animals were tested positive for SARS-
CoV-2 by PCR.

The work was carried out in the Vitebsk State
Academy of Veterinary Medicine, the Vitebsk
Regional Veterinary Laboratory, the RSPC "Ep-
idemiology and Microbiology" in Minsk, in the
Belarusian State Veterinary Center.

The circulation of SARS-CoV-2 in animals
was determined by reverse transcription poly-
merase chain reaction (RT — PCR), using highly
specific and sensitive test systems for the detection
of SARS-CoV-2 virus RNA in biological materi-
al (SARS-CoV-2 RNA isolation kit, manufactur-
er "ArtBioTech", Minsk, Republic of Belarus).
Scrapings from the mucous membranes of the oral
cavity, nasal cavity and rectum were taken with
cotton swabs and placed in a sterile saline solution,
after which the samples were placed in a sealed
container with a cooling element and delivered to
the laboratory for examination. The reaction was
put in the Vitebsk regional veterinary laboratory.

The study of the clinical picture was carried
out among 15 animals with clinical signs of the
disease, in which positive PCR results were ob-
tained for the detection of the genetic material of
the virus.

The clinical study of animals was carried out
using such methods of clinical research as exam-
ination, thermometry, auscultation, palpation, with
an emphasis on the following indicators: the gen-
eral condition of the animal, appetite, temperature,
number of respiratory movements, type of breath-
ing, condition of the skin and mucous membranes,
assessment of defecation and urination.

The study of pathoanatomical and histological
changes was carried out among the fallen animals,
which had positive PCR results for the detection
of the genetic material of the virus, a total of 10
corpses.

When dissecting animal corpses, the nature
and severity of pathomorphological changes were
taken into account, a pathoanatomical diagnosis
was made [20], and macrophotography was per-
formed in natural light. Autopsies of corpses were
carried out in specially equipped rooms in com-
pliance with personal and biosafety, followed by
neutralization and disposal of biomaterial, disin-
fection of the room and tools that prevent contam-
ination of premises and equipment.

For histological examination, pieces of the
lungs, liver, kidneys, heart, pancreas, and spleen
were selected [21, 20]. The resulting material was
fixed in a 10% solution of neutral formalin. The
fixed material was compacted by pouring it into
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paraffin[22]. Dehydration and paraffinization of the
organ pieces were performed using a "MICROM
STP 120" (Germany) type "Carousel" machine for
histological tissue processing. To fill the pieces
and prepare the paraffin blocks, an automatic sta-
tion "MICROM EC 350" was used. Histological
sections of pieces of organs filled in paraffin were
prepared on a rotary (pendulum) microtome "MI-
CROM HM 340 E". The dewaxed sections were
stained with hematoxylin-eosin. Dewaxing and
staining of histocuts was performed using an au-
tomatic station "MICROM HMS 70". Histological
examination was performed using a "Biomed-6"
light microscope (Russia). The obtained data are
documented by microphotography using the digi-
tal video image reading and input system "DSM-
510", as well as the image input and preprocessing
software "ScopePhoto". Structural changes in the
stroma and parenchyma of organs were taken into
account with the guidance [23, 24].

The results of the study. When studying the
clinical manifestation of the disease caused by
SARS-CoV-2 infection in a domestic cat (15 ani-
mals with confirmed PCR), the following was found.

Based on the anamnestic data in these studies,
the incubation period for infection of animals from
humans is from 6 to 10 days. The main clinical
signs of COVID-19 in a domestic cat are damage
to the respiratory tract and, less often, the devel-
opment of conjunctivitis and the gastrointestinal
tract. Adult animals are more severely ill. The dis-
ease lasts on average from two to three weeks.

The dynamics of the main symptoms of the
disease in cats is as follows: the first signs of the
disease appeared on 6-8 days after contact with
the sick owner, the first symptoms were depres-
sion and refusal of food, in some animals there
was an increase in temperature to 39.5 — 39.7,
then there were outflows from the nose of a se-
rous or serous-catarrhal character, in adult animals
there was a cough, quite strong and abrupt. Then
there was an increase in symptoms of respiratory
tract damage: shortness of breath, profuse nasal
discharge (in some animals — catarrhal-purulent

nature), frequent and shallow breathing, thora-
co-abdominal or abdominal type. Adult animals
with severe shortness of breath and cough most of
the time lay on their stomachs or stood with their
limbs spread wide (Table 1).

Some animals developed conjunctivitis. 30%
of the examined animals developed diarrhea
(1-2 weeks after the onset of the disease), which
lasted about 3-4 days and then stopped. In young
animals (kittens of the first weeks or months of
life), secondary infections (streptococcosis or
staphylococcosis, confirmed by bacteriological
research) developed against the background of
coronavirus infection in most of the reported cas-
es, which may be explained by a violation of the
immune system.

The results obtained in the study of the patho-
anatomical picture and histological changes were
presented in the form of pathoanatomical and his-
tological diagnoses. The pathoanatomical diagno-
sis is presented in a detailed form with a detailed
description of the leading, complicating and con-
comitant processes, comments on their possible
origin, genesis, interaction and outcome.

Pathoanatomic diagnosis in kittens of 1-2-day-
old age:

Pulmonary edema ("carmine lungs") with areas
of alveolar emphysema and small-focal pneumonia
with predominant localization in the anterior and
middle lobes (Fig. 1-4). Atelectasis of the caudal
lobes of the lungs (Fig. 3, 4). The cranial and middle
lobes of the lungs are not subside, the shape is not
changed. The consistency is soft, dough-like. On
the light red background of the edematous paren-
chyma, irregular areas of gray emphysema with in-
distinct borders are distinguished. When studied in
detail, they show "porosity" due to multiple breaks
in the parenchyma. The consistency here is "fluffy,
crepitating”, the pieces float easily on the surface of
the water. Areas of pneumonia are dark red in color,
have an irregular shape, a compacted consistency.
The small size of the inflamed areas does not allow
us to determine the nature of pneumonia: serous,
catarrhal, fibrinous or interstitial. Here it is neces-

Table 1 — Main clinical signs in different age groups of animals (domestic cats) with SARS-CoV-2 infection

Age

Clinical signs Up to 1 month Ftrgglél:)?l?;l;h Ftrcc))rln23mn;)lrtll§lsls Older than 12 months
Refusal of food 100% 100% 100% 100%
Depression 100% 100% 100% 100%
Cough 50% 50% 50% 70% (in old animals)
Shortness of breath and dyspnea 100% 60% 50% 70% (in old animals)
Cyanosis of the visible mucous 100% 60% 50% 70% (in old animals)
membranes
Diarrhea 30% 30% 20% 10%
Fever - 50% 50% 40%
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sary to conduct a histological examination of the
lungs. The diaphragmatic lobes are subside, red-
brown in color, and resemble the liver. Due to the
combination with edema, they look "full". Pieces of
the lungs in the area of pneumonia and atelectasis
drown in the water.

Acute expansion of the heart ("round heart"),
venous myocardial hyperemia (Fig. 2, 3, 4). The
heart is sharply enlarged in size, the shape is close
to rounded. The myocardium in the ventricular
area is bluish-red. In the area of the atria it has a
dark red color, so, through their thinner wall, post-
mortem blood clotts are visible.

Pronounced postmortem blood clotting in the
heart cavities, large arteries and veins (Fig. 5).
Given the deep structural changes in the lungs, the
development of signs of asphyxia, it is paradoxi-
cal to form pronounced postmortem blood clotting
not only in the heart cavities and large arteries, but
also in veins of various calibers.

Fatty dystrophy (morphological equivalent
of intoxication of the body-Fig. 1, 2) and liver
edema (a sign of acute heart failure). The organ
is enlarged in size, the shape is not changed, the
surface is shiny, the color is yellow-brown with a
clay tint. The consistency is soft. The surface of
the incision is also shiny, the pattern of the lobules
is not noticeable.

Acute venous hyperemia and granular renal
dystrophy (Fig. 6). Serous edema of the parotid
adipose tissue.

Congenital hypotrophy (underdevelopment).

Pathoanatomic diagnosis in kittens aged 10-14
days:

A.Macroscopic changes in the lungs are repre-
sented by 2 variants:

* Option #1 (Fig. 7-8). Pulmonary edema
("carmine lungs"), alveolar emphysema, focal
small-focal pneumonia, subcapsular hemorrhag-
es. The lungs are not subside, the shape is not
changed, the consistency is soft, dough-like con-
sistency. The background color is light red, "car-
mine". Subcapsular small-spotted hemorrhages
are clearly visible.

* Option #2 (Fig. 9). Hurricane (membra-
nogenic) pulmonary edema, pronounced blood
clotting in the arteries and veins of medium cal-
iber. The lungs are not subside, the shape is not
changed, the surface is shiny, the color from the
surface and on the cut is gray-pink, the consisten-
cy is dough-like. The interstitial tissue is thick-
ened. From the severed bronchi, jelly-like clots of
straw — yellow fibrin are released, and from the ar-
teries and veins-blood clotts. Pieces of the affected
lungs float heavily.

B.Macroscopic changes in the heart are also
represented by 2 variants:

* Option No. 1. Acute dilation of the atria and
right ventricle ("pulmonary heart"), the pulmo-
nary vein system (Fig. 7).Increased fat content in
epicardial adipose tissue ("tiger heart"). The heart
has a pronounced cone-shaped shape, the atria are
enlarged in size, dark red in color. Multiple fat de-
posits in the form of light yellow stripes are de-
tected from the surface of the myocardium in the
ventricles. They alternate with areas of unaffected
myocardium of red-brown color, a "brindle" color
of the myocardium appears. The pulmonary veins
are sharply dilated.

* Option #2 (Fig. 10). Fatty myocardial dys-
trophy, concentric hypertrophy of the left ventri-
cle, acute expansion of the right ventricle of the
heart. In the area of the ventricles and atria, the
myocardium has a characteristic yellow-brown
color with a clay tint (both from the surface and
on the incision). The fibrous pattern is not pro-
nounced. The wall of the left ventricle is sharp-
ly thickened, the lumen is narrowed. The wall of
the right ventricle of the heart, on the contrary, is
thinned. Its lumen is sharply expanded ("pulmo-
nary heart"). The ratio of the thickness of the right
ventricle to the left is 1:7-8.

C.Marked postmortem blood clotting in the
heart cavities, major arteries and veins (Fig. 7).

D.Fatty dystrophy with severe liver edema.

E.Acute venous hyperemia of the kidneys, fat-
ty dystrophy of the cortical substance, pronounced
edema of the medulla (Fig. 11, 12).

F. Hypotrophy (congenital, postnatal).

Histological diagnosis in kittens of 1-2 days
of age: lungs (Fig. 13, 14) — areas of atelectasis
(alveolar epithelium is cubic, normally — flat),
pronounced serous edema of interstitial tissue and
parenchyma, necrosis and desquamation of the al-
veolar epithelium, the presence of fibrin "mesh"
in the lumen of the alveoli, fragments of necrotic
epithelium and eosinophilic hyaline membranes,
extensive lymphoid — macrophage peribronchitis
and perivasculitis, alveolar emphysema (thinning
and rupture of the walls of the alveoli); liver-gran-
ular dystrophy of hepatocytes, areas of parenchy-
mal necrobiosis; kidneys — serous edema, granular
dystrophy of the epithelium of the urinary tubules;
spleen (Fig. 15) — multiple foci of extramedullary
hematopoiesis (erythro-and myeloblasts, mega-
karyocytes), hyperemia of sinusoid capillaries,
lymphoid hyperplasia of the white pulp; heart —
serous edema of the myocardium.

Histological diagnosis in kittens of 10-14 days
of age: lungs (Fig. 16) — pronounced proliferation
of interlobular and interalveolar connective tis-
sue, lymphoid — macrophage peribronchitis and
perivasculitis, formation of nodular lymphoid
tissue, extensive areas of alveolar emphysema,
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atrophy or absence of alveolar epithelium; liv-
er (Fig. 17) — total small — drop fatty dystrophy,
pronounced edema (dilation of Disse spaces).);
kidneys — venous hyperemia, serous edema of

Fig. 1. Macro photo. Pathoanatomic picture in a
1-day-old kitten with COVID-19: pulmonary ede-
ma, areas of emphysema (arrows at the bottom),
pneumonia (arrows at the top), fatty liver dystro-
phy( :xnm), unchanged spleen (uc)

Fig. 3. Macro photo. Macroscopic changes in the
chest cavity of a 1-day-old kitten with COVID-19:
pulmonary edema, areas of emphysema (3),
pneumonia (1), atelectasis (a), acute heart
dilation (opc)

Fig. 5. Macrophoto. Pronounced postmortem
blood clotting in the heart cavities of a 1-day-old
kitten infected with SARS-CoV-2 coronavirus
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the glomeruli and interstitial connective tissue;
heart (Fig. 18) — serous edema of the myocardi-
um; spleen-pronounced lymphoid hyperplasia of
the white pulp.

Fig. 2. Macro photo. Structural changes in a
1-day-old kitten with COVID-19: pulmonary
edema (0) and emphysema( 3), focal pneumonia(
m), acute heart dilation, venous myocardial hyper-
emia (arrows on the right), fatty liver dystrophy
(arrows on the left)

Fig. 4. Macrophoto. Pathoanatomical picture
of COVID-19 in a 1-day-old kitten: pulmonary
edema (o.1) with areas of atelectasis (a) and pneu-
monia( m), acute heart dilatation( opc), fatty liver
dystrophy (sxam), signs of its edema (arrows)

Fig. 6. Macrophoto. Acute venous hyperemia (oBr)
of the kidney of a 1-day-old kitten infected with
the SARS-CoV-2 coronavirus. Serous edema (0)

of the perinephral adipose tissue
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Fig. 7. Macrophoto. Pathoanatomic picture in a
10-day-old kitten with COVID-19: pulmonary
edema(o.), areas of pneumonia( ), acute
expansion of the heart (arrows at the bottom) and
the pulmonary vein system (arrows at the top)

Fig. 9. Macrophoto. Severe ('""hurricane'")
pulmonary edema in a 10-day-old kitten with
COVID-19. Severe blood clotting
in medium-sized arteries and veins

Fig. 11. Macrophoto. Acute venous hyperemia of
the kidney of a 10-day-old kitten infected with
SARS-CoV-2 coronavirus

Fig. 8. Macro photo. Subcapsular hemorrhages
in the lungs of a 1-day-old kitten infected with
SARS-CoV-2 coronavirus

Fig. 10. Macrophoto. Pathoanatomical changes
in the heart of a 10-day-old kitten with
COVID-19: fatty dystrophy, concentric hypertro-
phy of the left ventricle( s1xk), acute dilation
of the right ventricle (k)

Fig. 12. Macrophoto. Pathoanatomical chang-
es in the kidneys of a 10-day-old kitten with
COVID-19: fatty dystrophy( :xn) of the cortical
substance, pronounced edema (o) of the medulla
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Fig. 13. Microphoto. Lungs of a 1-day-old kitten
with COVID-19. Lymphoid-macrophage prolif-
erates (simn), fibrin (¢), hyaline membranes (rm)
in the lumen of the alveoli. Hematoxylin—eosin.
Biomed-6. Mag.: x 120

Fig. 15. Microphoto. Foci of extramedullary hema-
topoiesis in the spleen of a 1-day-old kitten infect-
ed with SARS-CoV-2 coronavirus. Hematoxylin—

eosin. Biomed-6. Mag.: x 480

Fig. 17. Microphoto. Small-drop fatty dystrophy of
hepatocytes of the liver of a 10-day-old kitten with
COVID-19. Hematoxylin—eosin. Biomed-6.
Mag.: x 120
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Fig. 14. Microphoto. Emphysema of the lungs in a
1-day-old kitten with COVID-19. Fibrin (¢) and
exfoliated epithelium (3) in the lumen of the alveo-
li. Hematoxylin—eosin. Biomed-6. Mag.: x 120

Fig. 16. Microphoto. The lungs of a 10-day-old
kitten. Connective tissue overgrowth (ct), emphy-
sema, no alveolar epithelium (arrows). Hematoxy-

lin—eosin. Biomed-6. Mag.: x 120

Fig. 18. Microphoto. Severe serous edema of the
myocardium of a 10-day-old kitten infected with
SARS-CoV-2 coronavirus. Hematoxylin—eosin.
Biomed-6. Mag.: x 120
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Discussion. The results obtained in the course
of our work allowed us to confirm the available
data on the clinical picture in animals infected
with SARS-CoV-2, as well as to study the patho-
anatomical picture and histological changes in this
pathology. The analysis of the results obtained
and their comparison with available literature
sources and published results of other researchers,
as well as comparison with data from internation-
al organizations, allowed us to identify similar
signs of the disease and complete the picture of
its manifestation, thereby partially explaining the
pathogenesis of the disease. The obtained data al-
low us to understand the dynamics of developing
processes, their sequence, to determine the main
stages and mechanisms in the pathogenesis of the
disease, which, in turn, will allow us to choose the
most effective and possible treatment for infected
animals.

As can be seen from the obtained data on the
study of the clinical picture of the disease, the
main symptoms (shortness of breath, shortness
of breath, cough, cyanosis of the mucous mem-
branes, tachycardia) indicate a violation of the
respiratory and cardiovascular systems, which is
primarily due to the tropicity of the virus (epithe-
liotropic). The data of pathoanatomical autopsy
and histological studies also indicate a violation
of blood circulation, congestion in tissues and or-
gans, and increased thrombosis. In our opinion,
this is due to a systemic imbalance of the blood
coagulation and anticoagulation systems in the di-
rection of thrombosis, which plays an important
role in the pathogenesis of COVID-19 in humans
and animals. Taking into account the severity and
depth of morphological changes, primarily in the
lungs of newborn animals, we can conclude that
vertical (transplacental) infection of kittens.

However, to identify a number of features of
the pathogenesis of the disease, epizootological
data, biological characteristics of the pathogen,
it is necessary to conduct more in-depth studies,
including serodiagnostics at various stages of the
disease, determining the state of the immune sys-
tem, metabolic processes, determining the possi-
ble impact on the functions of the reproductive
system, the impact on reproduction and offspring,
the effect on the nervous system.

Conclusions.

1. Infection of a domestic cat with the SARS-
CoV-2 coronavirus can manifest itself in individ-
ual animals with specific clinical signs, pathoana-
tomical signs and histological changes.

2. The main clinical symptoms in infected
animals are: refusal to feed, depression, dyspnea,
shortness of breath, cough, cyanosis of the mu-
cous membranes, tachycardia, less often - diarrhea

and fever. The incubation period averaged from 6
to 10 days.

3. The main pathoanatomical changes in in-
fected animals are: hurricane (membranogenic)
pulmonary edema ("carmine lungs") with areas of
alveolar emphysema and small-focal pneumonia
with predominant localization in the anterior and
middle lobes, pronounced blood clotting in the ar-
teries and veins of medium caliber, acute expan-
sion of the atria and right ventricle ("pulmonary
heart"), pulmonary vein systems. Pronounced
postmortem blood clotting in the heart cavities,
large arteries and veins, fatty dystrophy with pro-
nounced liver edema, acute venous hyperemia of
the kidneys, fatty dystrophy of the cortical sub-
stance, pronounced edema of the medulla, hypot-
rophy (congenital, postnatal).

4. At the histological level, the following
changes were noted: pronounced proliferation of
interlobular and interalveolar connective tissue,
lymphoid-macrophage peribronchitis and peri-
vasculitis, formation of nodular lymphoid tissue,
extensive areas of alveolar emphysema, atrophy
or absence of alveolar epithelium; liver — total
small — drop fatty dystrophy, pronounced edema
(dilation of Disse spaces); kidneys — venous hy-
peremia, serous edema of the glomeruli and in-
tercalular connective tissue; heart-serous edema
of the myocardium; spleen-pronounced lymphoid
hyperplasia of the white pulp.

Based on the main clinical symptoms in a
domestic cat (shortness of breath, cough, ab-
dominal type of breathing), the main pathologi-
cal processes in SARS-CoV-2 infection are lung
damage and blood clotting disorders (increased
blood clotting),

The leading pathomorphological changes in
the body of kittens with spontaneous infection
with SARS-CoV-2 coronavirus are characterized
by the development of congenital and postnatal
hypotrophy, the predominance of hemodynamic
disorders, deep disorders of the respiratory and
cardiovascular systems: edema, alveolar emphy-
sema of the anterior and middle lobes of the lungs
with areas of atelectasis and small-focal intersti-
tial pneumonia in them, atelectasis of the caudal
lobes of the lungs (in kittens 1-2 days of age);
edema lungs (classic version — "carmine lungsy;
"hurricane" or membranogenic edema), alveolar
emphysema, focal interstitial pneumonia, lung
sclerosis with locasization in the diaphragmatic
lobes (at 10-14 days of age); acute expansion of
the heart; acute venous hyperemia and edema of
internal organs; pronounced postmortem blood
clotting in the heart cavities, large arteries and
veins. Complicating processes are granular and
small-drop fatty dystrophy of parenchymal or-
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gans, concentric hypertrophy of the left ventricle
of the heart, the development of which, in our
opinion, is due to a combination of hemodynamic
disorders, prolonged hypoxia and intoxication of
the animal body.
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Oco6/uBocTi KJiHIKO-TaTOMOP(}OJI0riYHOI KAPTUHHI
32 CIIOHTAHHOTO 3apaskeHHs JoMalHboI Kimku (lat. Félis
catus) koponasipycom SARS-CoV-2

Cy00ortina I. A., I'pomos 1. M., Kynpisinos I. 1.

HuHi B CcBITI peecTpyIOTh BUNAAKHK iH(IKyBaHHS Pi3HUX
BHIB TBapWH HOBMM KopoHaBipycomM SARS-CoV-2. Ileit
BipyC BHIUIWIM Y YHCICHHUX IPEICTaBHUKIB ciMeiicTBa
KOTSIYNX, Y HOPKH €BPOMNEHCHKOi, TXOpa, €HOTOMOAIOHOTO
co0aku, TOMaIIHBOro COOaKH, psily IPUMATIB Ta iHIIMX TBa-
puH. Y CHpUIHATIMBUX TBapHH iHQIKYBaHHS LUM BipycOM
MIPOSIBIISIETHCS TIEBHUMH KJITHIYHUMH CHMITOMAaMH, XBOpo0a
MOXK€ 3aKiHUUTHUCS JTeTaTbHIM PE3yIbTaTOM 3 PO3BUTKOM Xa-
PaKTEpHUX MATOIOT0-aHATOMIYHHUX 1 TiCTOJIOTTYHHX 3MiH. 3a
pe3yabpTaTaMu IMPOBEACHUX MOMNepenHiX AociiakeHb B Pec-
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my6uini binopyce Oyna BusiBnena mupkyismnist SARS-CoV-2
Y KIillIKH IOMAIIHbOI. Y¢i TBAPUHU B aHAMHE31 MaJld KOHTaKT
3 xopumu Ha Covid-19 BracHUKaMH.

Metoro poboTu OyJa0 BU3HAYUTH OCOOIMBOCTI KITiHIY-
HOTO 1 ITaTOJIOr0-aHATOMIYHOTO TIPOSIBY, TiCTONOTIYHHUX 3MiH
y Kilmk# gomanaboi 3a iHgikyBaHHS SARS-CoV-2. Jlocmi-
JOKEHHS. MPOBOAMJIM Cepell Pi3HUX CTAaTeBO-BIKOBHX 1 IO-
POIOHMX TPYI KilIKA JAOMAIIHBOI. 3araioM Oyio MpoBeIeHO
nmociimkends 300 3MHBIB Bifl Pi3HUX CTaTEBO-BIKOBHX 1 IMO-
pomHuX rpyn, po3tuH 10 TpymiB 3arn0ianx TBapuH.

PoGoty npoBoammm y BiteOchkill nepxkaBHill akagemil
BeTepHUHAPHOI MeIUIMHY, BiTeOChKiil 00macHii BeTepuHap-
Hill maboparopii, PHIIL] "Enigemionorii Ta mikpobionorii"
M. MiHcbk, bBinopycbkoMy nepkaBHOMY BETEpHHAPHOMY
nentpi. Hupkynsairo SARS-CoV-2 B oprani3Mi TBapuH BU-
3HayYalM 3a JOIOMOIOI0 IOJiMEPa3HO-IaHIIOroBOI peakiil
(OT-IJIP). Ilix wac po3THHY TPYIiB TBapHH BPaxXOBYBAJIN
0COOIHMBOCTI 1 TSDKKICTh MATOMOP(OIOTIYHUX 3MiH, 0OpM-
JISUTH TIATOJIOTO-aHATOMIYHHUH A1arHO3, MPOBOAMIHA Makpo(ho-
TorpadyBaHHS 3a IPUPOTHOTO OCBITICHHS.

OCHOBHI KJIiHIYHI CHMIITOMH 3aXBOPIOBAHHS y JIOPOCINX
TBap¥H — IPUTHIYCHHS, BIIMOBA BiJl KOPMY, Kalllellb, 3a ({1~
Ka; Y MOJIOJHSKY 4acTO CIIOCTEpPIrajlH PUHIT, KOH IOHKTHBIT,
nmiapero. 3a PO3THHY 3arWONMX TBApWH BiAMIYadd MakKpo- i
MIKpPO3MiHH B OpraHax i TKaHHHAX, K 32 TOCTPOro nepediry
XBOpPOOH, TaK i XPOHIYHOTO.

ITpoBeseHi AOCHTIKEHHS 1 OTPUMaHi pe3yiabTaTd Mil-
TBEPIWIN U JOMOBHUJIM JaHI CBITOBHX JOCIHIHUKIB, JaId
3MOTY BU3HAYUTH INPOBIJHI KJIIHIYHI CHMITOMH XBOPOOH i
MATOJIOTO-aHATOMIYHI 3MIHHM y KIOIKH JOMAIIHBOI 3a iHQi-
kyBaHHs SARS-CoV-2. Otpumani aHi TiCTONOTIYHUAX 3MiH
JIO3BOJIMJIM OibI TIMOOKO OLIHWTH i BUBYMTH NAaTOreHe3
XBOPOOH, 1[0 CHPUATHME PalliOHAIFHOMY IiAXOAY Y BHOOPI
3aco0iB Tepartii 3a 11i€i XBOpoOH.

KonrouoBi cioBa: kimkw, koponasipyc, SARS-CoV-2,
KIJIIHIYHI 03HAKH, [IaTOJIOr0-aHATOMIYHI 3MiHH, TiCTOJOTIYHE
JIOCITIKEHHS.

OcoGeHHocTH KJIMHUKO-IATOMOP(0J10r HYeCcKoi
KApTHHBI P CIIOHTAHHOM 3apakeHHH J0MaIlHel KO-
kH (lat. Félis catus) koponaBupycom SARS-CoV-2

Cy66otuna U. A., I'pomos U. H., Kynpusinos U. U.

Ha ceromust B Mupe perucTpupyroT cirydan nHGUIIpPO-
BaHMS PA3TMIHBIX BHOB XHBOTHBIX HOBBIM KOPOHABUPYCOM
SARS-CoV-2. 3t0T BUpYC ObLI BBIIEICH Y MHOTOUHCIICHHBIX
IpejcTaBuTeNell ceMeicTBa KOIaubuX, eBpONeiiCKOi HOPKH,
XOpbKa, eHOTOBHJHOW COOaKH, TOMAITHEH co0akH, psiia npu-
MaToB M JPYTUX XHUBOTHBIX. Y HanOoiee BOCHPHUMUYUBEIX

Copyright: Subotsina I., Gromov 1., Kupryianav I. © This is an open-
access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source
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KUBOTHBIX 3apa’keHUE STHM BHPYCOM IPOSBIISIETCS OMpese-
JIEHHBIMU KIMHUYECKUMU CHMITOMaMH, OOJIE3Hb MOXKET 3a-
KOHYHUTBCS JICTAIIBHBIM HCXOAOM C Pa3BUTHEM XapaKTEPHBIX
NIaTOJIOr0-aHATOMUYECKUX M THCTOJIOTHYECKHX W3MEHECHUH.
ITo pe3ymbpraTaM NpeaBapHUTENbHBIX HUCCIEAOBAHHUH, IIPOBE-
neHHbIX B Pecybnmke benapycs, mupkyssiaus SARS-CoV-2
OblIa BRISIBJICHA y JOMAIITHHUX KOIIEK. Bce *KUBOTHBIE HMENH
KOHTAKTBI C Biajenbiiamu, nHpuupoBanabiMu COVID-19.

Ienbro paboThI OBLIO OMpeAeICHHE OCOOCHHOCTEH KiTH-
HUYECKUX M I1aTOJIOT0-aHATOMHYECKHUX MPOSBICHHUH, TUCTO-
JIOTHYECKUX HM3MEHEHHI y DOMAIlHHX KOIIeK, WH(UIHMpPO-
BaHHBIX SARS-CoV-2.

HccnenoBanus MpOBOIIIIN CPEAN PA3IUIHBIX HOJIOBO3-
PacTHBIX TPyIN JOMANIHUX Koulek. B obmiem mposenu wnc-
cnenoanue 300 CMBIBOB pa3HbBIX MOJOBO3PACTHBIX U MOPO/I-
HBIX Ipyn, BCKpbITHE 10 Tpymnos.

Pabory mpoBommmm B ButeOckoil rocymapcTBeHHON
aKaJIeMIH BeTepUHAPHOI MeTUuIMHBL, ButeOckoit 00macTHOM
BeTepuHapHOW madopatopun, PHIIL "Onupemuonorus u
Mukpoouosorusa" B Muscke, B benopycckom rocynapcTBeH-
HOM BeTepuHapHOM LieHTpe. Llupkymauuto SARS-CoV-2 y
JKMBOTHBIX OHpENeNSUIH METOIOM IOJIMMEPa3HOH LemHON
peakun (OT — IILIP). IIpy BCKpPBITHH TpPYIIOB >KMBOTHBIX
YUYHUTBIBAJI OCOOCHHOCTH M BBIPQKEHHOCTH ITaTOMOPQOIIO-
TMYECKUX HM3MEHEHMH, CTaBHIIM IATOJIOr0-aHATOMHUYECKHI
JIMarHo3, IPOBOIMIN MaKpo(oTorpaduio Mpu eCTECTBEHHOM
OCBELICHUH.

OCHOBHBIMH KJIMHHYECKHMH CHMITOMamu 3a0oJeBa-
HUSI Y B3POCIIBIX JKHBOTHBIX SIBISTIOTCS JICTIPECCHSI, OTKa3 OT
KOpMa, Kalllellb, OABIIIKA; Y MOJIOJBIX XHBOTHBIX YacTO Ha-
OIIOJAIOT PUHMT, KOHBIOHKTHBUT, Auapero. IIpu BekpeITUR
MEPTBBIX JKUBOTHBIX OTMEYAIOTCS MAaKpO- U MHKpPOH3MEHe-
HHSL B OpraHax M TKaHsX, CBUJICTEILCTBYIOIINE O Pa3BUTUH
NIaTOJIOTMYECKUX MPOLIECCOB, KAaK IIPH OCTPOM TEUCHUH 3200-
JIeBaHMS, TaK U XPOHHIECKOM.

Taxum 06pa3om, MPOBEACHHBIC UCCIECAOBAHUS U IONTY-
YEeHHBIE PEe3yNbTAaThl MOATBEPAMIN W JIONONHHIIA JaHHBIC
MHPOBBIX HCCIIE0BATENEH, MO3BOIMIN ONPEIEIUTh BELy-
IIMe KIMHUYECKUE CHUMIITOMBI 3a00JIeBaHHsS W IaTOJIOTrO-
AQHATOMHUYECKHE M3MEHEHMs Y JIOMAlIHEeil KOLIKHU IpH 3apa-
xkeHuu SARS-CoV-2. IlomyuyeHHble JaHHBIE THCTOJIOIMYE-
CKUX M3MCHEHHH MO3BOJIMIN TTy0Oke W AeTanbHee OIEHHUTh
Y M3YYUTh HAaTOreHe3 3a00JeBaHus, 4To OyIeT CIocoOCTBO-
BaTh PAllMOHATBHOMY IOJIXOAY B BHIOOPE CPECTB Tepanuu
JaHHOTO 3200JIeBaHusL.

KiroueBbie cioBa: Kkomku, KopoHaBupyc, SARS-
CoV-2, KIMHUYECKHe CHUMIITOMBI, aTOJI0Tr0-aHaTOMHUYECKUE
HM3MEHEHUS, THCTOJIOTHYECKOE HCCIeJOBaHNUE.
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