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The varying extents of natural disease induced by coronavirus in dogs are not completely clear because the pathogenesis of co-
ronavirus enteritis is not studied sufficiently. In this study, based on the results of clinical, virological, morphological and histochemi-
cal studies, we determined the pathogenic role of coronavirus in infected dogs using experimental infection, per os, of isolated canine 
coronavirus (Nick) with titer of infectious activity equaling 4.8 ± 0.04 lg TCID50/cm, cultivated on heterologous cell cultures. This 
allowed us to determine, supplement, and generalize the data on pathogenesis of the disease and determine the histological changes in 
the small intestine, where the initial replication of the pathogen takes place. It was found that lesions and the pattern of the pathomor-
phological changes (destruction, necrosis and edema of the stroma of the villi, lysis of the cytoplasm, deformation of the enterocyte 
nuclei) in the small intestine of experimentally infected dogs depend on the development of the pathological process related not only 
to the changes in histoarchitectonics of the wall of the intestine, but also to tension of the histochemical statics, and obviously the 
dynamic of the cells (accumulation of the main and acidic proteins in enterocytes’ cytoplasm, hypersecretion of the mucus by goblet 
cells, decrease of Schiff iodine acid-positive substances in the enterocytes’ cytoplasm, formation of basophilous inclusion bodies), 
which leads to disorders in metabolic processes in the organism of infected dogs as a response to the virus infection. The examined 
dogs were found to have morphological changes in the small intestine similar to those in spontaneously infected animals. During the 
action of coronavirus, the contacts between the enterocytes become damaged, which leads to inhibition of the protective functions of 
the intestine. At the same time, the pathological process in the experimentally infected animals developed rapidly and had an acute 
course. Thus, coronavirus enteritis as a separate disease is practically unobserved in field conditions, which makes microscopic sur-
vey of the pathogenic impact of the latter on the organism of dogs impossible. Therefore, experimental mono-infection allows a 
detailed study to be conducted of pathomorphological changes of the initial place of the reproduction of the virus – the small intestine 
affected by coronavirus enteritis.  
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Introduction  
 

Currently, virus infections are at the stage of deep study. Veterinary 
and medical virologists regularly discover new pathogens as modern 
technologies develop and new knowledge in this sphere is obtained. 
The historic route of study of the coronavirus enteritis of dogs began in 
1971, when the virus was isolated from feces of a military dog in Ger-
many. Since then, up to the present, the disease has been studied by 
many scientists around the world (Decaro et al., 2010; Godsall et al., 
2010; Licitra et al., 2014) and several strains of the virus have been dis-
covered, the pathogenicity of which varies from intestinal (enteritic) to 
lung (respiratory) form. Recently, in the world literature, reports on pan-
tropism of the canine coronavirus have emerged (Woo et al., 2010; 
Mitchell et al., 2013).  

Over the past few years, an increase in the cases of infection among 
dogs with signs of diarrhea has been reported not only in Ukraine, but in 
Europe. A complex of laboratory studies has revealed the presence of 
not only parvo-, but also corona- and rotavirus enteritis. These enteri-
tides are extremely dangerous for puppies and miniature-sized dogs as 
they cause rapid dehydration, and as a result lead to lethal outcome 
(Yashchuk et al., 2014; Radzikhovsky, 2016). One of the commonest 
reasons of infectious diarrhea in dogs are virus enteritides – parvovirus 
and coronavirus, which usually manifest as initial pathogens of enteri-

tides of virus etiology (Goddard & Leisewitz, 2010; Godsall et al., 2010; 
Caddy, 2018). Coronavirus infections are a group of acute infectious 
diseases caused by coronaviruses pathogenic for humans and animals. 
Among mammals, most often the virus infects swine, cattle, dogs, cats, 
rodents (Decaro et al., 2010; Netherton & Wileman, 2011). These dis-
eases are mostly of newborn and young agricultural and domestic ani-
mals, caused by coronaviruses, which manifest affinity mostly to the 
epithelium of the digestive tract and respiratory paths. In infected pup-
pies, the main sign is diarrhea syndrome (Mark et al., 2011; Ntafis et al., 
2011; Zicola et al., 2012). Coronavirus is an acid-resistant pathogen, 
therefore undergoes special changes in the stomach of animals. At the 
same time, viremia and generalized infections are not observed. How-
ever, superficial epithelium of the mucous membrane of the small intes-
tine is the main target of the coronavirus; by contrast, the large intestine 
is resistant to the infection (Levy et al., 2000; Mihindukulasuriya et al., 
2008; He et al., 2014). It was determined that with enteroviruses the 
main pathogenic factor is affinity to cells with fast proliferation, particu-
larly epithelial cells of the small intestine, desquamation of which results 
in destruction of the protective barrier, thus leading to bacterial translo-
cation. After entering Peyer’s patches of the intestine through epithe-
lium, the virus is transported to the lymphoid tissue. Presumably, after 
having had entered the lymphoid tissue of the intestine, it accumulates 
there, further leading to a latent course of this disease. All this leads to 



 

Regul. Mech. Biosyst., 2019, 10(4) 490 

development of a significant endogenous intoxication (Denison et al., 
2011; Szczepanski et al., 2018). As for accumulation of coronavirus by 
cultivating it on cultured cells, currently most coronavirus isolated from 
dogs is cultivated in vitro on the cell cultures obtained from the organs 
of dogs and cats (Poder, 2011; Vlasova et al., 2011).  

Extents of natural coronavirus-induced disease in dogs are rather 
unclear, for pathogenesis of coronavirus enteritis of dogs is characteri-
zed incompletely. Earlier, it has been reported that the infection is rela-
ted to moderate or severe gastroenteritis; currently CVI is being found 
to be mostly a mild or subclinical disease of animals and has low para-
meters of mortality (Mitchell et al., 2013; Caddy, 2018). For many years 
the coronavirus as a pathogen received insufficient attention by both 
veterinary doctors and those in human medicine. This had a negative 
influence as shown by an outbreak of atypical pneumonia in people in 
2002. Since then coronavirus infections have been given proper atten-
tion and are being studied at a more perfect level (Buonavoglia et al., 
2006; Evermann et al., 2015). It should be noted that in natural condi-
tions the coronavirus infection is usually recorded in association with 
other virus, bacterial or parasitic agents, which also cause similar clini-
cal features. Therefore the objective of this study was to determine the 
peculiarities of morphofunctional changes in the small intestine during 
experimental recreation of coronarirus enteritis for revealing and subs-
tantiating pathogenesis.  
 
Materials and methods  
 

In the course of our research, we followed the main rules of the re-
levant laboratory practice GLP (1981), requirements of the “General 
ethical principles for experiments on animals” approved by the I Natio-
nal Congress of Bioethics (Kyiv, 2001). The entire experimental part of 
the study was performed according to the requirements of the interna-
tional principles of the “European Convention on Protection of Verteb-
rate Animals used in Experiments and other Scientific Purposes” (Stras-
bourg, 1985), “Rules of conducting work with use of experimental ani-
mals”, approved by order No 281 of the Ministry of Healthcare of Uk-
raine from 01.11.2000 “On measures for further improvement of the 
organizational forms of work with experimental animals” and therefore 
the law of Ukraine “On protection of animals against cruel treatment” 
(No 3447-IV from 21.02.2006, Kyiv). The protocol of the study was 
approved by the Commission of Bioethical Expert Examination and 
was allowed by the Zhytomyr National Agroecological University 
(No 1 from 27.02.2018).  

For the experiment we used 5 dogs aged 45 days, Labrador – 
mongrel metis. The animals were in satisfactory condition without any 
signs of infection or pathology. To prevent the impact of parasitic 
agents, on the 21st and 34th days after their birth, the dogs underwent 
dehelminthization using the anthelmintic preparation Pirantel. The 
puppies were put in separate boxes in an infection isolator, and tested 
for absence of infection in immune strips (Immune-Chemical Analysis) 
using diagnostic test systems VetExpert (CAV Ag, CDV Ag, CPV/CCV 
Ag and Rota Ag).  

After acclimatization and adaptation, the puppies weighing 2.95 ± 
0.11 kg were divided into two groups, in the first the animals were in-
fected by coronavirus, the second was the control for determining spon-
taneous occurrence of the disease in case of infection before the experi-
ment. For infection we used field coronavirus isolated and confirmed by 
PLR, obtained from a dead dog. The infected biological material was 
cultivated on heterological cell cultures, implantation lines of cultures of 
cells SPЕV (kidneys of a pig embryo), ВНК-21 (kidneys of Syrian 
hamster), RK-13 (kidneys of rabbit). In the experiment we used culti-
vated virus isolates frozen at minus 24 ºС. Before use, they were de-
frosted at room temperature and from time to time the mat with cultural 
liquid was shaken to promote rupture of the cells and exit of the virus. 
The examined animals were infected per os once a day in the dose of 
5 mL/kg of suspension of the strain with titer of infectious activity of 
4.80 ± 0.04 lg TCID50/cm. The clinical condition of each dog was 
checked every day over 10 days. On the 8–9th days the following clini-
cal manifestations were observed: vomiting, diarrhea, depression, loss 
of appetite, beginning of dehydration. On ethical grounds, euthanasia 

was performed.  
In the experiment, we used canine coronavirus Nick, for the first 

time isolated in the territory of Ukraine, which has been included in the 
Depository of Scientific Control Institute of Biotechnology and Strains 
of Microorganisms during initial depositing (registration number given to 
the strain of microorganism by the Depository: 735, from 10.12.2018).  

Autopsy of the animals was made in the Prosectorium of the Ana-
tomy and Histology Department of the Faculty of Veterinary Medicine 
of Zhytomyr National Agroecological University. Material of the study 
was the small intestine extracted from puppies (n = 5) during pathologi-
cal dissection, after humane euthanasia using thiopental (sodium thi-
opental), according to the European Convention for the Protection of 
Vertebrate Animals used for Experimental and Other Scientific Purpo-
ses (Decaro et al., 2008; Decaro et al., 2012; Mitchell et al., 2013).  

Presence of coronavirus, without any associates, in these cases was 
confirmed by immunoenzymic analysis (IEA) and immunochromato-
graphic analysis (ICA) during analysis of samples of feces.  

For histological studies, the extracted material was immediately fi-
xed in 10% aqueous solution of neutral formalin, followed by embed-
ding into paraffin. For histological detection of nucleic acids of proteins 
of glycosaminoglycans and SIA-positive substances, Carnoy’s solution 
was used as a fixative agent. After deparaffinization, the prepared histo-
logical sections were stained with Carazzi’s hematoxylin and eosin. 
For detecting content and intracellular localization of DNA and RDA, 
the sections were stained with gallocyanine-chromium alums according 
to Einarson’s method. The main and acidic proteins were detected ac-
cording to the Michel-Calvo technique, glycosaminoglycans – Steed-
man alcian blue. Schick positive substances were detected using Schiff-
iodine acid according to Mc Manus (Goralsky et al., 2015).  

General histological structure and microstructural changes in the 
histological preparations were studied under a light microscope MC 
100LED (Micros Austria) in 70 to 1,000 times magnification. Micro-
photography of the histological preparations was carried out using a 
CAM V200 videocamera installed into a Micros МС 50 microscope.  
 
Results  
 

As a result of the pathological dissection, in the lumen of the duode-
num, jejunum and ileum of the studied dogs, cellular detritus was detec-
ted. In the puppies infected by coronavirus, in the lumen of the small intes-
tine, quite large layers of villi epithelium dominated (Fig. 1). Quite large 
areas of villi were observed to show notable microscopic changes (Fig. 2).  

  
Fig. 1. Fragment of microscopic structure of the jejunum  
of an experimentally infected puppy: 1 – cellular detritus  

in the lumen of the intestine; 2 – fragment of epithelium of a villus; 
hematoxylin and eosin  

During histochemical surveys, in the cytoplasm of the enterocytes 
present in the content of the fragments of villi in the lumen of the small 
intestine, which were destroyed less, the main proteins dominated. Ho-
wever, as far as the destruction of enterocytes went, grains of acidic 
proteins in their cytoplasm accumulated (Fig. 3). Taking into account 
that in cytoplasm of enterocytes on the surface of villi of the small intes-
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tine, only main proteins were found (Fig. 4), and that with development 
of the pathological process, according to the results of our studies, acidic 
ones emerged, we consider that destruction of enterocytes of the villi in 
the small intestine of the puppies experimentally infected with a corona-
virus, which we isolated and cultivated in heterologous cell culture, took 
place simultaneously with accumulation of the main and acidic proteins 
in their cytoplasm.  

  
Fig. 2. Fragment of microscopic structure of the jejunum of an 

experimentally infected puppy: 1 – villi of the mucous membrabe;  
2 – fragments of villi in the lumen; hematoxylin and eosin  

  
Fig. 3. Enterocytes in different stages of destruction in the lumen  
of the jejunum: 1 – main proteins in cytoplasm of a less ruined 

enterocyte; 2 – grains of acidic proteins in cytoplasm of an  
enterocyte; 3 – domination of acidic proteins of a more ruined  

enterocyte; Michel-Calvo staining technique  

  
Fig. 4. Fragment of microscopic structure of the duodenum  
of an experimentally infected puppy: 1 – enterocytes of villi;  

2 – goblet cell; Michel-Calvo technique  

Histological studies revealed that microscopic changes in the villi in 
different areas of the small intestine varied. In most cases, villi of the 
duodenum, jejunum and ileum were partly or completely destroyed. 
Therefore only remains of villi were found in their mucous membrane, 

and often villi were completely absent. In many cases, proximate re-
mains of villi which were not covered with epithelium were located, 
and adhered together at their apices and lateral surfaces (Fig. 5). Often 
mutual adhesion of two remains of closely located villi was observed. 
At the same time, in some places, sticking together of three and more of 
such villi was seen. In separately-standing areas of histopreparations of 
the duodenum, jejunum and ileum, the pattern of microscopic changes 
was somewhat different – necrosis of apical parts of villi was observed 
(Fig. 6). In small amount, villi with preserved epithelium were observed 
(Fig. 7). However, on their tips, epithelium was destroyed (Fig. 8), as a 
result part of the villi, especially their apical surface was not covered 
with epithelium (Fig. 9).  

  
Fig. 5. Fragment of microscopic structure of the ileum of an  

experimentally infected puppy: 1 – adhering together of remains  
of villi of the mucous membrane; 2 – absence of villi; 3 – crypts; 

hematoxylin and eosin  

  
Fig. 6. Fragment of microscopic structure of the duodenum of an 
experimentally infected puppy: 1 – necrosis of the apices of villi;  
2 – edema in the area of crypts; 3 – grainy dystrophy of myocytes 
of the muscularis mucosae of the mucous membrane; 4 – edema  

of the submucosa; hematoxylin and eosin  

In cytoplasm of some separate enterocytes, during staining of histo-
preparations with gallocyanine-chromium alums, intensively stained 
small-sized spots of rounded shape were seen, which was clearly distin-
guished against the general background of stained cytoplasma (Fig. 7).  

During staining of histopreparations with gallocyanine-chromium 
alums, the staining agent bound in a specific way to nucleic acids in sto-
ichiometric ratios, and we can state that such dense breeding-ground 
accumulations of nucleic acid, where concentration of the latter signifi-
cantly increased its regular content in the cytoplasm, can be places of 
concentration of nucleic acid of coronavirus. During staining of histolo-
gical samples of the small intestine with hematoxylin and eosin, we 
found basophilous inclusion bodies in apical and middle parts of cytop-
lasm of separate enterocytes of villi (Fig. 10). They had probably been 
formed as a result of infection of enterocytes of the villi of the small 
intestine by the pathogen of the disease and are a virus replication com-
plex. Furthermore, during our histochemical surveys, we determined 
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that the content of DNA and RNA significantly decreased in the cytop-
lasm and nucleus of the ruined enterocytes which formed villi of the 
small intestine (Fig. 8).  

  
Fig. 7. Fragment of microscopic structure of the jejunum of an 

experimentally infected puppy: 1 – villi with preserved epithelium; 
2 – center of dense accumulation of nucleic acids in the cytoplasm 

of an enterocyte; 3 – subepithelial edema with deformation of a vill; 
4 – mast cell; gallocyanine-chromium alums  

  
Fig. 8. Fragment of microscopic structure of the jejunum of an 

experimentally infected puppy: 1 – destruction of epithelium on the 
apex of a villus; 2 – decrease in the content of DNA in the nucleus 

of an enterocyte undergoing destruction; 3 – reduction of RNA 
content in cytoplasm of an enterocyte undergoing destruction;  

gallocyanine-chromium alums  

In villi with no epithelium on the apical surface (Fig. 9), we usually 
partly observed its destruction on their lateral surfaces as well. In most 
cases, epitheliocytes of villi were in the condition of granular dystrophy 
(Fig. 10). At the same time, in separate dystrophically changed erythro-
cytes, their striped fringing was preserved, in others it was absent, which 
indicates significant facilitation of their cellular membranes. In separate 
enterocytes of villi, ruination was seen in their apical part of cytoplasm. 
Apart from the changes mentioned above, in some cases, we recorded 
dys-complectation of adjacent enterocytes with signs of granular dy-
strophy (Fig. 10), which indicates significant damage to cellular con-
tacts.  

On the remains of villi of the small intestine, hypersecretion and ex-
haustion of goblet cells were seen (Fig. 11). Such hypersecretion of mu-
cus by goblet cells, in our opinion, is one of the protective mechanisms 
in the small intestine, at least with different virus enteritides, and during 
prolonged intestinal virus infection, with time this system of non-speci-
fic immunity is exhausted.  

During performance of SIA-reaction, the content of carbonic com-
pounds in the cytoplasm of erythrocytes significantly decreased 
(Fig. 12), which we think indicates energetic exhaustion of these cells. 
Notable penetration of carbonic compounds through the basal membra-
ne of epithelium of villi took place (Fig. 12). Therefore, taking into ac-
count the absence of such changes during staining of histosections in 

different areas of the small intestine using alcian blue in pH of 1.0 and 
2.5 (Fig. 11), we came to the conclusion that during the experimentally 
recreated coronavirus infection, mucoid edema of the basal membrane 
of epithelium of the small intestine with neutral glycosaminoglycans 
occurred. Furthermore, experimental coronavirus enteritis led to accu-
mulation of SIA-positive compounds in the lumen of the intestine be-
tween villi. Among such SIA-positive substances, intensely stained 
SIA-positive granules in the lumen of the intestine between villi were 
found (Fig. 12). At the same time, stroma of villi of the small intestine 
had non-uniform edema – in one and the same vill, in most cases, areas 
of insignificant edema of stroma were found along with its gradual 
edema and extremely notable edema (Fig. 7, 9, 13). Such edema led to 
notable deformation of villi.  

  
Fig. 9. Villi of the ileum of an experimentally infected puppy:  
1 – absence of epitheliocytes on the lateral surface of a villus,  

2 – epithelium on the surface of a villus; 3 – ruination of epithelium 
of villi; 4 – area of deformation of a villus; 5 – edema of the stroma; 

6 – lymphocytes in the stroma of a villus; hematoxylin and eosin  

  
Fig. 10. Villi of the ileum of an experimentally infected puppy:  

1 – granular dystrophy of enterocytes; 2 – striped fringe of  
dystrophically changed enterocytes; 3 – absence of striped fringe;  

4 – ruination of apical part of cytoplasm; 5 – basophilous  
inclusion bodies; 6 – discomplectation of adjacent  

enterocytes; hematoxylin and eosin  

In some cases the epithelium was absent in the area of edema of the 
stroma of villi, in other cases enterocytes in such areas had signs of 
granularity (Fig. 9), more rarely – hydropic (Fig. 13) dystrophy. In such 
cases hydropic dystrophy led to progressive lysis of cytoplasm and de-
formation of nuclei of enterocytes, and in some cases – to partial lysis of 
nucleus. In the area of edema of stroma, necrosis, ruination and lysis of 
its cells were observed (Fig. 13). Near those areas, the stroma of all villi 
of the small intestine without exception was non-uniformly infiltrated 
by lymphocytes (Fig. 9).  

In puppies which were experimentally infected with the coronavi-
rus isolate which we isolated and cultivated in heterologous culture of 
cells, notable microscopic changes in the small intestine were also found 
in the area of crypts. Such changes had no clear pattern in relation to dif-
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ferent areas of the small intestine. However, the extent of such changes 
clearly correlated with the extent of changes in villi – the more villi were 
ruined, the severer were the microscopic changes in the crypts. In areas 
of the small intestine, where villi were relatively well preserved, we ob-
served granular dystrophy of enterocytes of crypts, accompanied by 
moderate edema of mucous membrane in the area of crypts (Fig. 5). 
In the areas where we observed more notable ruination of villi, in the 
crypts we found granular dystrophy of enterocytes, clear subepithelial 
edema and ruination of a certain amount of the epithelial cells (Fig. 14). 
In the areas of the small intestine, where the ruination of villi was grea-
test, granular dystrophy was found only in some of the crypt enterocy-
tes. Most of the epithelial cells were at different stages of hydropic dy-
strophy. At the same time, the process started from partial lysis of cyto-
plasm of cells in the condition of granular dystrophy. Usually lysis of 
cytoplasm began in the basal part of enterocytes of the crypts (Fig. 15).  

  
Fig. 11. Fragment of microscopic structure of the duodenum of an 
experimentally infected puppy: 1 – hypersecretion of a goblet cell; 

2 – non-uniform staining of a goblet cell; alcian blue (рН 2.5)  

  
Fig. 12. Fragment of microscopic structure of vill of the ileum of an 

experimentally infected puppy: 1 – decrease in the content of  
SIA-positive substances in cytoplasm of enterocytes; 2 – penetra-
tion through basal membrane of epithelium by SIA-positive sub-

stances; 3 – accumulation of SIA-positive substances in the lumen 
of the intestine between villi; 4 – intensively stained SIA-positive 

granules in the lumen of the intestine between villi  

The study revealed that during even almost complete lysis of the 
cytoplasm, a thin strip of its apical part did not in most cases undergo 
lysis, and was in the condition of granular dystrophy (Fig. 16). In nuclei 
of a large amount of enterocytes of the crypts in the condition of hyd-
ropic dystrophy, we observed partial or almost complete lysis of chro-
matin, both functionally inactive heterochromatin and functionally active 
euchromatin. In the latter case, nuclear membrane was found in the 
cells, often partly ruined, with a small amount of pale hematoylin-stai-
ned chromatin inside (Fig. 16). Some of enterocytes of the crypts, which 
were in the condition of hydropic dystrophy, were ruined.  

Smooth muscular cells of muscularis mucosae of the mucous 
membrane in all areas of the small intestine were in the condition of gra-
nular dystrophy (Fig. 5). In the submucosa of all sections of the small 

intestine, the microscopic changes were similar. Enlargement and over-
filling with blood were seen in the blood vessels, and moderate edema 
of this layer (Fig. 5), and also swelling, disruption of the fibers and frag-
mentation of the bundles of collagen fibers were noted. In the duode-
num, apart from that, we observed enlargement and hypertrophy of the 
duodenal glands. As a result of these changes, in some places these 
glands notably protruded into the mucous membrane (Fig. 17).  

 
Fig. 13. Fragment of microscopic structure of the duodenum of an 

experimentally infected puppy: 1 – edema of the stroma;  
2 – necrosis, ruination and lysis of cells of stroma; 3 – lysis of  

cytoplasm of enterocyte; 4 – partial lysis of nucleus of enterocyte;  
5 – deformation of nucleus of enterocyte; hematoxylin and eosin  

  
Fig. 14. Fragment of microscopic structure of crypts of the jejunum 

of an experimentally infected puppy: 1 – granular dystrophy  
of enterocytes of crypts; 2 – subepithelial edema; 3 – ruination  

of enterocytes of crypts; hematoxylin and eosin  

  
Fig. 15. Fragment of microscopic structure of the crypt of the duodenum 

of an experimentally infected puppy: 1 – granular dystrophy of enterocyte;  
2 – partial lysis of cytoplasm of an enterocyte; 3 – enterocyte in the condi-
tion of hydropic dystrophy; 4 – dyscomplectation of adjacent enterocytes; 

hematoxylin and eosin  
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In the jejunum and the ileum, we observed hyperplasia and hyper-
trophy of single and accumulated lymphoid nodes. However, despite 
the fact that the sizes of these nodes were increased compared to the 
similar formations in the control dogs, lymphocytes in them were loca-
ted in a scattered way (Fig. 18).  

  
Fig. 16. Fragment of microscopic structure of the crypt of the ileum 
of an experimentally infected puppy: 1 – partial lysis of chromatin 
of nucleus of enterocyte in the condition of hydropic dystrophy;  
2 – almost complete lysis of chromatin of nucleus of enterocyte  

in the condition of hydropic dystrophy; 3 – apical cytoplasm  
of enterocytes in the condition of hydropic dystrophy;  

4 – subepithelial edema; hematoxylin and eosin  

  
Fig. 17. Fragment of microscopic structure of the duodenum of an 
experimentally infected puppy: 1 – hypertrophied duodenal gland;  

2 – mucous membrane; 3 – protrusion of the duodenal glands  
into the mucous membrane; hematoxylin and eosin  

  
Fig. 18. Fragment of microscopic structure of the ileum of an  

experimentally infected puppy: 1 – mucous membrane;  
2 – hypertrophied lymphoid node; 3 – scattered arrangement  

of lymphocytes in the hypertrophied lymphoid node;  
hematoxylin and eosin  

In the internal layer of the muscularis, we found granular dystrophy 
of smooth cells and ruination of single dystrophically changed cells. 
In some places, usually near the external layer of this membrane, we 
detected cavities of different size and shape, which, in our opinion, were 
formed as a result of non-uniform edema of this internal layer. In the 
external layer of the muscularis, the microscopic changes were clearer 
than in the internal layer. Therefore, in addition to granular dystrophy of 
smooth myocytes, diffusive edema and their ruination were observed.  

During staining of histological sections from different areas of the 
small intestine with alcian blue in pH of 1.0 and 2.5, we observed no 
characteristic changes. Thus we came to the conclusion that during the 
canine coronavirus infection that we had experimentally recreated, mu-
coid edema of the basal membrane of the epithelium of the small intes-
tine with neutral glycosaminoglycans occurred.  
 
Discussion  
 

Infectious intestinal diseases of dogs are often found in dog popula-
tions when kept in high density. One of the common pathogens is cani-
ne intestinal coronavirus, though currently not much is known about its 
pathogenesis and role, and the development of virus enteritis. Usually 
coronavirus enteritis has an accompanying course both with virus and 
bacterial infections, which very often leads to the death of the animal 
and does not allow identification of the characteristic peculiarities of the 
impact of coronavirus on the organism of dogs, as the Zoetis company 
informs us (Radzikhovsky, 2016). In our practice, in dogs, we often 
recorded combined infection by parvovirus and coronavirus enteritides 
(Lisova & Radzikhovsky, 2018), where clinical signs (vomiting, diarr-
hea, depression, loss of appetite, dehydration) (Godsall et al., 2010; 
Caddy, 2018) and pathological-anatomical changes (in the liver, dense 
consistency of the pancreas and in the condition of dehydration, spleen 
with spotty hemorrhages, local infarctions in the kidneys, catarrhal-he-
morrhagic inflammation of the mucous membrane of the gut, conges-
tion of the vessels with blood, hemorrhagic inflammation of mesenterial 
lymph nodes) were similar to the natural course of coronavirus enteri-
tides observed earlier (Buonavoglia et al., 2006; Zicola et al., 2012; 
Decaro et al., 2013).  

Pathomorphological changes occurring during coronavirus infecti-
on in dogs are described in the available literature only in single litera-
ture sources and have a fragmented character (Zappulli et al., 2008; 
Perlman & Netland, 2009; Mitchell et al., 2013). Therefore, the studies 
by domestic scientists describe the changes during the natural course of 
the disease (Lisova & Dubinenko, 2017), while research involving ex-
perimental recreation of the coronavirus infection is described only in 
works by foreign authors (Tennant et al., 1991; Decaro et al., 2008; 
Decaro et al., 2012). At the same time, studies by Pratelli (2006) include 
data about non-uniform distribution of the infected intestinal villi during 
coronavirus enteritis (Pratelli, 2006). During experimental recreation of 
the coronavirus infection, in the infected dogs we observed necrosis of 
the apical parts of villi and their ruination in the small intestine. At the 
same time, similar changes were found extremely rarely, which partly 
coincides with the studies by other scientists (Perlman & Netland, 2009; 
Fehr & Perlman, 2015). At the same time, we observed granular and 
hydropic dystrophy of epitheliocytes of the intestinal crypts and ruina-
tion of part of erythrocytes. Furthermore, we found hyperplasia and 
hypertrophy of single accumulations of lymphoid nodes. Lymphocytes 
in them were scattered. In our opinion, the microscopic changes we ob-
served in the small intestine can be related to the disorder of metabolic 
processes in the organism of puppies experimentally infected with coro-
navirus as a response to the action of the pathogen, which is indicated 
by our histochemical surveys (accumulation of enterocytes of the main 
and acidic proteins in cytoplasm, hypersecretion of mucus by goblet 
cells, decrease of SIA-positive substances in cytoplasm of enterocytes).  

Moreover, according to the results of our studies, during staining of 
the histopreparations with hematoxylin and eosin, in the cytoplasm of 
single enterocytes of villi, basophilous inclusion bodies were found. 
Such cells had well preserved nuclei, and therefore could not be frag-
ments of nuclei, which are formed over their ruination. As known, rep-
lication of canine coronavirus takes place in cytoplasm of the cells it had 
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infected, and also reproduces in epithelial cells particularly of villi of the 
small intestine (Meese & Blin, 1987; Licitra et al., 2014). Therefore, we 
can presume that these internal cytoplasmic basophilous inclusion bo-
dies form as a result of infection of the enterocytes of villi by the disease 
pathogen and probably are its viral replication complex. However, we 
found such inclusion bodies only in single erythrocytes of villi, which 
does not correspond to general number of dystrophically changed and 
ruined cells. Moreover, in the available literature, we found no reports 
on formation of such internal plasmatic basophilous inclusion bodies in 
cells of dogs infected by coronavirus. Perhaps, formation of such inclu-
sion bodies in the apical and middle parts of cytoplasm in single entero-
cytes of villi of the epithelial layer of the mucous membrane of the 
small intestine indicates re-structurizing of the organism of dogs, caused 
by the infectious process as a response to the pathogen of coronavirus.  

Thus, the analysis of the literature data (Decaro et al., 2008; Decaro 
et al., 2012; Mitchell et al., 2013) and the results of our studies indicate a 
possibility of recreating the coronavirus infection in dogs by introducing 
biomaterial which contains the pathogen of coronavirus canis and prove 
that during experimental infection, the coronavirus infection was deve-
loping in all the animals.  

At the same time, the coronavirus we isolated from a dead dog can 
be used for cultivating heterologous cell cultures and obtaining pathoge-
nically cultural virus-containing material which can cause experimental 
recreation of coronavirus enteritis. Furthermore, histochemical changes 
in the small intestine of the infected dogs, where initial replication of the 
pathogen occurs, are characterized by peculiarities of tropism of corona-
virus in experimentally infected animals. The knowledge of microsco-
pic peculiarities of the pathogenic impact of coronavirus in the small 
intestine of dogs, which is presented in this paper, has made a significant 
contribution to understanding the pathogenesis of coronaviruses. The next 
goal will be determination and ultimate discovery of the nature of inter-
nal cytoplasmic basophilous inclusion bodies with use of methods of 
immunohistology and electron microscopy.  
 
Conclusion  
 

In dogs experimentally infected with cultivated coronavirus, its re-
production and ability to persist in the small intestine was observed due 
to significant accumulation of nucleic acids of the latter. At the same 
time, development of infectious process was related to the changes in 
histoarchitectonics of the small intestine and disorders of histochemical 
condition of cells, which leads to disorder in metabolic processes in the 
organism as a response to the action of pathogen.  

The detected changes in the histostructure of the intestinal wall of 
the experimental dogs (ruination of villi, their necrosis, edema of the 
stroma, etc.) and cellular composition (granular and hydropic dystrophy 
of epiliocytes of villi, lysis of cytoplasm and deformation of nuclei of 
enterocytes), disorders in histochemical statics (accumulation of the main 
and acidic proteins in cytoplasm of enterocytes, hypersecretion of mu-
cus by goblet cells, decrease in content of SIA-positive substances cy-
toplasm of enterocytes), formation of basophilous inclusion bodies in 
enterocytes of the experimentally infected dogs indicate restructuring of 
the organism due to infectious process caused by canine coronavirus.  

In the experimentally infected dogs the microscopic changes in the 
small intestine were similar to those in spontaneously infected dogs. 
Under the effect of coronavirus, disorders in cellular contacts of entero-
cytes occur, leading to inhibition of protective functions of the intestine. 
At the same time, the pathological process in the experimentally infec-
ted animals developed faster and had a severer course. Also, hyperse-
cretion of mucus by goblet cells is a protective mechanism against the 
development of the infectious process in animals subject to action of 
coronavirus.  
The performed study is a part of the Scientific Study “Morphology, immu-
nology of coronavirus infections (infectious bronchitis of chickens, coronavi-
rus enteritis in dogs), their diagnosis and prevention”, number of state regis-
tration 0118U003815”.  
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