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Abstract. In recent years, there is a tendency to increase the incidence of the disease
in dogs with signs of diarrhea, not only in Ukraine but also in Europe.

The article presents the results of a study on histological changes in organs and
tissues of dogs with coronavirus infection. A histological study of pathological material
sampled from 6 dogs of various breeds and gender, aged from 2 to 6 months, died from
diarrheal syndrome was carried out. The presence of the coronavirus was confirmed in
fecal samples by a polymerase chain reaction.

The most expressed injuries and typical changes in all dead dogs we recorded in the
small intestine, namely in the jejunum and ileum, regional lymph nodes, and also the spleen.

Morphological manifestations of coronavirus infection in dogs at the macroscopic
level are the following signs: the presence of exudative inflammation in the small intestine
in form of serofibrinous jejunoileitis, hyperplasia and serohemorrhagic lymphadenitis
of the mesenteric lymph nodes, multiple foci of hemorrhage in the parenchyma of
the spleen and serous membrane of the small intestine, passive venous hyperemia of
the liver and kidneys, dilatation of the right ventricle of the heart, pulmonary edema,
cachexia and dehydration of the body.

At the microscopic level, we registered the following: serofibrinous jejunoileitis,
hyperplasia of the lymphoid nodules of the spleen and lymph nodes, hemorrhagic
infarctions in the spleen, hyperplasia of individual and aggregated lymphoid nodules in the
small intestinal mucosa, degenerative processes in the parenchyma of the liver and kidneys.

Keywords: coronavirus infection, dogs, histological changes, hemorrhages, serofi-
brinous jejunoileitis, serohemorrhagic lymphadenitis, hyperplasia, lymphoid nodules

Introduction The emergence of zoonoses can be con-

sidered a logical consequence of the

The main threat to global health, ecology and evolution of pathogens that
economic stability, and national security ~ use new niches and adapt to new hosts.
is zoonotic viral diseases, both known Due to the constant human interfer-
and re-emerging (Graham et al., 2018).  ence with the animal habitat and our
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close contact with domestic animals,
the number of zoonoses will continue to
increase, given the spread and density
of population and livestock production
over the next century.

In developed countries, the problem
of infectious pathology of small domes-
tic animals, as well as in ours, has its
own stages of exacerbation, since patho-
gens evolve, adapt, occupy new niches,
and, thus, do not allow to weaken our at-
tention to them. At the same time, there
is a lack of domestic literature devoted
to the problems of infectious pathology
of small animals, presented with con-
sideration of modern data obtained by
scientists on a global scale.

More than 60% of infectious diseases
in humans are caused by pathogens inher-
ent in wild or domestic animals. Microor-
ganisms that cause zoonoses include those
that are endemic in human populations or
enzootic in animal populations with fre-
quent interspecies transmission to humans
(Karesh et al., 2012). The role of viruses
in the emergence and development of hu-
man infectious diseases is growing steadi-
ly. Only at the beginning of the 21 cen-
tury, many new viruses appeared, which
were not previously known, and most of
which are able to cause severe infectious
diseases, often fatal.

Among them are new human coro-
naviruses (CoV), which are -called
SARS-CoV (Severe acute respiratory
syndrome, SARS) and MERS-CoV
(Middle East respiratory syndrome,
MERS). Both of them cause acute re-
spiratory distress syndrome (ARDS)
and are associated with high mortality
rates (Wong et al., 2016).

In Decaro and Buonavoglia (2008)
review on the genetic evolution of canine
CoV and the emergence of new ones, it
is also noted that the emergence of severe
acute respiratory syndrome in humans

has provoked new interest, in animal
coronaviruses as well, as potential agents
of direct and indirect zoonoses.

Analysis of recent research
and publications

Canine coronavirus (CCoV) has
been known since 1970. In dogs, CoV is
associated with mild enteritis. But CoV
strains with different biological and ge-
netic properties in relation to the classic
CCoV strains have been found in dogs
in recent years, leading to a complete
reconsideration of the CoV-induced ca-
nine diseases.

The practice of specific prophylaxis
allows us to state that in the etiologi-
cal aspect, diseases emerging with this
symptom can be caused not only by
parvo-, but also corona- and rotavirus
enteritis. Godsall et al. (2010) also not-
ed that canine parvovirus (CPV) and ca-
nine enteric coronavirus (CECoV) usu-
ally cause diarrhea in dogs. Although
the CECoV is less common, it still re-
mains a potentially important pathogen,
the authors noted (Godsall et al., 2010).
These diseases are extremely dangerous
for puppies and miniature breed dogs,
due to rapid dehydration and, as a con-
sequence, death.

The name “coronavirus” dates back
to 1968 and derives from the Greek
Kopmva, which means “corona” (coro-
na-like structure observed in these virus-
es in an electron microscope). CoVs are
enveloped viruses with spherical, and
sometimes pleomorphic virions with a
diameter of 80 to 120 nm. They have
the largest genomes of all RNA-viruses
known today with an average length of
27 to 31 thousand bp and replicate us-
ing a unique mechanism, which leads
to a high frequency of recombinations
(Wang et al., 2016).
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Previously, coronaviruses were divid-
ed into three genera (I-11I), which were
usually called groups and based on sero-
logical cross-reactivity (Pratelli, 2011).

Phylogroup 1 CoV include hu-
man coronaviruses HCoV-229E and
HCoVNLG63 that cause respiratory in-
fections, feline coronaviruses (FCoVs)
type 1 and 2, transmissible gastroenteri-
tis virus (TGEV) of pigs, porcine respi-
ratory coronavirus (PRCoV), porcine
epidemic diarrhea virus (PEDV), and
canine coronaviruses (CCoVs). Ferret
coronavirus has recently been identified
as a member of phylogroup I.

Phylogroup II of the mammalian
CoV is divided into two subgroups, bo-
vine-like subgroup 2a and SARS-like
subgroup 2b. Subgroup 2a includes bo-
vine coronavirus (BCoV), murine hep-
atitis virus (MHYV), sialodacryoadenitis
virus of rats (SDAV), porcine hemagglu-
tinating encephalomyelitis virus (PHEV),
human coronaviruses (HCoV-OC43 and
HCoV-HKUT1), which cause respiratory
infections, human enteric coronavirus
(HECV-4408), the recently recognized
equine coronavirus (ECoV) and canine
respiratory coronavirus (CRCoV).

Phylogroup III includes only avian
coronaviruses, such as infectious bron-
chitis virus (IBV), turkey coronavirus
(TCoV), and pheasant coronavirus.

Canine coronavirus (CCoV) caus-
es sporadic cases of enteritis in dogs.
In general, CCoV is recognized as the
etiological agent of self-limiting small
intestine infections, which can lead to
mild gastroenteritis. Mild illness or as-
ymptomatic carrier state are likely to
be the usual consequences of infection
in most cases. Canine coronavirus en-
teritis is a common infection, usually
in young dogs, especially those in large
groups such as dog pounds, shelters,
and kennels (Stavisky et al., 2012).

However, several years ago a highly
virulent strain (pantropic CCoV) that
caused an outbreak of fatal, systemic
diseases in puppies was isolated. This
§train showed some genetic changes
relative to the existing strains circulat-
ing in the dog population. By definition,
53 feline and canine coronaviruses are
common pathogens in cats and dogs that
can cause fatal infections such as feline
infectious peritonitis (FIP) and canine
pantropic coronavirus infection. Al-
phacoronavirus and Betacoronavirus re-
spiratory coronavirus have been found
in dogs (Takano at al., 2016).

The extent of the natural disease
caused by canine coronavirus is not
well understood, as the pathogenesis
of CCoV is not yet well defined. It was
previously reported that the infection
was associated with moderate to severe
gastroenteritis, but it now appears that
CCoVs are predominantly mild or sub-
clinical, with low mortality rates.

CCoV is acid resistant, so it passes
through the stomach unchanged. Vire-
mia and generalized infection are not
observed. The superficial epithelium of
the small intestine is the main target of
CCoV but the large intestine is resistant
to infection. In 2 days after oral infec-
tion, CCoV can be detected in the cy-
toplasm of mature epithelial cells of the
villi in the upper two-thirds of the duo-
denum, compared to canine parvovirus
type 2 (CPV-2), which destroys the epi-
thelium of intestinal crypts.

Loss of villi in mature enterocytes
causes atrophy of intestinal villi and,
as a consequence, weakening of the in-
tegrity of the intestinal barrier (Wang
et al., 2016). After the fourth day of in-
fection, the small intestine usually has
a heterogeneous distribution of infected
villi (Gizzi et al., 2014). Together these
changes in the morphology of the small
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intestine result in a loss of normal diges-
tive and absorption functions, as well
as clinical signs of diarrhea and dehy-
dration in sick dogs.

The factors regulating the course
of natural diseases caused by intestinal
CCoVs are not well understood. CCoVs
are responsible for enteritis in dogs, and
signs of infection can range from mild
to moderate, but more severe in young
puppies or combination with other
pathogens. All data raise several ques-
tions and request deeper studies of the
pathobiology of CCoVs types 1 and 2.

Materials and methods
of research

The study was performed in the
pathohistological laboratory of the Ac-
ademician V. G. Kasianenko Depart-
ment of Animal Anatomy, Histology
and Pathomorphology of the Faculty
of Veterinary Medicine of the National
University of Life and Environmental
Sciences of Ukraine.

The material of the study was the
pathological material collected during
the postmortem autopsy in dogs of vari-
ous breeds and genders who died with the
diarrheal syndrome at the age from 2 to
7 months (n = 6). The presence of coro-
navirus, with no other pathogens, was
confirmed in fecal samples of dogs before
death by a polymerase chain reaction. Ac-
cording to the anamnestic data, animals
had pronounced clinical signs such as the
disruption of the digestive system of an
infectious origin (fever, lack of appetite,
vomiting, diarrhea). The pathological and
anatomical autopsy of the dogs’ carcasses
was performed in the supine position by
the method of partial evisceration in the
generally accepted sequence.

The main method used in the study
was a histological examination, during

which microstructural changes in or-
gans and tissues were recorded and de-
scribed. The pathological material was
processed according to generally ac-
cepted histological methods.

Pieces of organs were fixed with a
10% Neutral Buffered Formalin accord-
ing to Lilly’s prescription, graded alcohols
were used for dehydration and embedded
in paraffin after chloroform. Using a sled
microtome, sections with a thickness of
6-7 um were obtained. The histological
structure of organs and tissues was stud-
ied by sections’ staining with Carazzi’s
hematoxylin and eosin. The histological
preparations were examined and photo-
graphed using an Olympus BX-41 micro-
scope (Goralskij et al., 2018).

Results of the research
and their discussion

On external examination of the dead
animals’ carcasses in all cases we noted
dull coat, the skin was dry, not elastic,
the visible mucous membranes were dry,
pale with a grayish color, not shiny. All
animals showed signs of malnutrition as
a result of dehydration and diarrhea.

The liver was enlarged, elastic, dark
cherry color with insignificant areas of
putrefactive color, which indicated the
presence of dystrophic processes in its
parenchyma. A red, bloody fluid flowed
from the incision. Histological exam-
ination revealed the destruction of the
radiant structure of the liver. Hepato-
cytes are placed randomly with signs of
granular dystrophy, which was morpho-
logically manifested by cell swelling,
the disappearance of cytoplasm trans-
parency, and appearance of protein or-
igin grains. Hepatocytes showed signs
of karyolysis. Sinusoidal capillaries
were engorged with blood in the center
of the lobules. In the lumen of the cen-
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tral veins, there were formed elements
of blood, mainly erythrocytes. In some
cases, small areas of fatty degeneration
were found with the formation of char-
acteristic vacuoles of various sizes in
the cell cytoplasm.

The gallbladder in all cases was
filled with thick dark green bile.

The pancreas was of gray-pink col-
or, slightly enlarged, edematous. The
lobulated structure was well-defined.

The spleen was moderately enlarged,
had a soft texture with pointed edges.
Hemorrhagic infarcts were registered
on the surface of the spleen.

Microscopically, the red pulp
showed hemorrhages and clear con-
tours, and a specific triangular structure
of hemorrhagic infarcts. In the section,
a pronounced granular structure of the
organ was shown by hyperplastic lym-
phoid nodules due to the active prolifer-
ation of lymphoid cells.

The kidneys in all cases were dark
cherry in color. On the section, the bor-
der between the cortical and medullary
substances was smoothed, the sec-
tion surface had increased moisture. It
should be noted that venous hyperemia
of the liver and kidneys was the result
of hemodynamic disturbances in the sys-
temic circulation due to heart failure.
The main microscopic changes of a dys-
trophic nature were found in the epi-
thelium of the convoluted tubules. The
affected epithelium is massively des-
quamated into the lumen of the tubules.

The heart is enlarged in size, round
in shape due to the right ventricle en-
largement, less often the entire right
side, and due to the displacement of the
heart apex to the left. The heart muscle
was soft, unevenly colored, a gray-pink
color. The cut surface had increased
moisture, the blood vessels of the heart
were full of blood. Such pathological

processes may indicate the development
of compensated heart failure during the
life of the animal, which developed as a
result of the disease.

Lungs had even red color, pastry,
elastic consistency, the pieces floated
difficult in water. A foamy reddish lig-
uid flowed down from the cut surface.
The same fluid was in the trachea and in
the lumen of large bronchi, what was a
morphological sign of pulmonary ede-
ma due to venous hyperemia.

Examination of the abdominal organs
in all cases showed enlarged mesenteric
lymph nodes, vascular hyperemia, and
hemorrhages in the serous membrane of
the intestine. On the cut, the parenchyma
of the lymph nodes was pink-red, juicy,
and shiny. Signs of serohemorrhagic in-
flammation were noted in the form of
serous impregnation of the lymph node
parenchyma and the release of formed
blood cells with exudate.

Microscopically the lymphoid nod-
ular hyperplasia of lymph nodes was
shown as a result of the active prolifera-
tion of reticulocytes and lymphoid cells.
In some nodules, necrosis and devasta-
tion were observed.

Along the entire length of the small
intestine, striped, less often spotted
hemorrhages appeared on the serous
membrane. The content of the small
intestine, in particular the jejunum and
ileum, looked like a cloudy gray-pink
fluid. The surface of the mucous mem-
brane of the jejunum and ileum was
covered with a large amount of liquid
cloudy mucus, under which small spot-
ty hemorrhages were manifested. In the
cut, the wall of the small intestine was
edematous and gelatinous. In some cas-
es, pityriasis with gray-yellow films was
noted on the mucous membrane of the
jejunum and ileum that were difficult to
remove (Fig. 1).
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Fig. 1. Catarrhal hemorrhagic inflammation of the small intestine

In the jejunum, an increase in the
lymphoid formations of the intestinal
wall was observed: rare and aggregated
lymphoid nodules due to the prolifera-
tion of reticulocytes and the accumula-
tion of a large number of lymphocytes.
They acquired a clear rounded shape
and were intensively stained with he-
matoxylin. The main changes were lo-
calized mainly in the villi area. Effusion
of a fibrinous exudate was observed on
the surface of the mucous membrane,

which, together with the desquamated
epithelial cells, covered the villi in the
form of lumps. In epithelial cells, there
were karyopyknosis, karyorrhexis, and
signs of cytolysis. Necrosis and loss of
the epithelium of the villi in the small
intestine were accompanied by their
atrophy, deformation, shortening, and
desquamation of the virus-infected en-
terocytes into the lumen (Fig. 2).

Along with expressive alterative
changes in the epithelium, regeneration

Fig. 2. Desquamation of the epithelium, deformation, and destruction
of villi. Hematoxylin and eosin, x 400
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processes were often clearly expressed,
mainly in crypt areas. There were no sig-
nificant histological changes. The struc-
ture of the crypts and the epithelium was
preserved. Necrosis and loss of epitheli-
um of the villi in the small intestine and
the probable disruption of goblet cell se-
cretion lead to the destruction of its pro-
tective barrier. Diarrheal syndrome, one
of the main clinical manifestations and a
key link in the pathogenesis of coronavi-
rus infection, is due to the development
of serofibrinous enteritis, since in the
areas of inflammation there is a loss of
mature epithelium, parietal digestion and
cellular absorption are disturbed.

Conclusions and future
perspectives

1. Morphological manifestations
of coronavirus infection in dogs at the
macroscopic level include serofibrinous
jejunoileitis, hyperplasia and serohe-
morrhagic lymphadenitis of mesenter-
ic lymph nodes, dilatation of the right
ventricle of the heart, multiple hemor-
rhages in the spleen parenchyma and the
serous membrane of the small intestine,
cachexia, and dehydration of the body.

2. At the microscopic level, the follow-
ing was noted: serofibrinous jejunoileitis,
hyperplasia of the lymphoid nodules of
the spleen and lymph nodes, hemorrhagic
infarcts in the spleen, hyperplasia of indi-
vidual and aggregated lymphoid nodules
of the mucous membrane of the small in-
testine, passive venous hyperemia of the
liver and kidneys, dystrophic processes in
the parenchyma of the liver and kidneys.

Perspectives. For a complete study
of the pathomorphological picture of
coronavirus enteritis in dogs, as the next
stage, it is advisable to investigate the
characteristics of this disease using his-
tochemical methods.
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AHomayjia. B ocmaHHi poKu s8iomidaemecs meHOeHYis 36inbWeHHsA 8UNaoKie 3aX80PHOBAHHSA
cobak 3 03Hakamu diapei He minbku 8 Ykpairi, a i y Esponi.

Y cmammi HasedeHo pe3yanbmamu 8UBYEHHSA 2icMO02iYHUX 3MiH 8 OP2AHAX | MKAHUHAX COOaK
30 KOpoHagipycHoI iHgeKuyil. MposedeHo eicmosoaidHe 00cniOHeHHA Nnamoso2iyHo2o0 Mamepiany,
8i0ibpaHoz0 8i0 mpynie 6 cobak pisHUX nopid i cmamel sikom 8i0 2 0o 6 micAyis, W0 3a2uHyAU
3 OiapeliHum cuHOpomom. [lpucymHicmes KopoHagipycy 6yna niomeepomceHa nonimepasHor
/I0HYK0208010 peaKyieto nio Yac aHanisy 3paskie gpexanid.

Halibinbw supazHi nowkKoOxeHHA i munosi 3miHu 8 ycix 3a2ubnux cobak 3agikcosaHi Hamu 6
MmoHKoMmy 8i00ini KUWEYHUKY, a came 8 MopoxcHil i Kay6oesili KUWKAX, perioHapHUX AiMmgpamuyHux
8Y3/10X, 0 MAKOM( Y cesnesiHyj.

MopghonozitHUMU pPoAsamu KopoHasipycHoI iHgheKyii 8 cObaK Ha MAKPOCKOMiYHOMY pieHi €
maki 03HaKU: HaABHICMb eKcydamueHO20 3arasneHHs 8 MOHKOMY 8i00ini Kuwe4YHuKy y euensadi
cepo3Ho-hibpuHO3HO020 €lOHO-ineimy, einepnnaazia (0 cepo3Ho-zemopaziyHuli  nimgadeHim
Me3eHmepanbHUX MiMgosy3nie, MHOMCUHHI hoKycu eemoparili y napeHximi cenesiHku U y ceposHili
060/10HYi MOHK020 8i00iny KUWEeYHUKY, NacueHA 8€HO3HA 2inepemis neviHku U HUPOK, ounamauyis
Mpago2o WiAyHOUKa cepus, HabpsAK nezeHb, Kaxekcia U 0e2idpamauyia opeaHiamy.

Ha mikpockoniyHomy pieHi eiomidanu cepo3Ho-gibpuHo3HUll €toHO-ineim, einepnaasito
NIM@POIOHUX 8Y371UKIE cene3iHKU ma AiMpamuyHUX 8y3nie, 2emopaziyHi iHhapkmu e cenesiHui,
2inepnnasito MOOOUHOKUX | aepe2o8aHUX MiME@OIOHUX 8y3/UKi8 €/1U3080i 06OMOHKU MOHKO20
8i00iny KUWe4HUKY, OUcCmpogidHi npoyecu 8 NapeHximi neviHku G HUPOK.

Knroyoei cnosa: KopoHasipycHa iHgeKyis, cobaku, 2icmonoaivHi 3miHu, 2emopaeii, cepo3Ho-
hibpuHO3HUL eroHO-ineim, cepo3Ho-eemopaziyHul nimgadeHim, einepnaasis, NiMgoioHi 8y31uKu
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