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Simple Summary: This review examines coronaviruses in dogs that cause infections of varying 
severity. The available data are examined over a 50-year period (1974-2024), with key publications 
beginning in 1999. Due to the high mutation rate and abundance of circulating coronavirus strains, 
the disease has become widespread. They are now a significant component of infectious diseases in 
many wild and domestic animals, including dogs. Coronaviruses are also recognized as zoonoses 
with significant cross-species transmission. Dogs are considered a potential source of infection for 
humans and other animals. Therefore, there is a need for further research on coronaviruses using 
One Health-based strategies. An overview of recent studies identified significant challenges with 
pathogens, including the infection of dogs with severe acute respiratory syndrome coronavirus 2 
and coinfection with canine coronaviruses with other pathogens. The findings of this review show 
the relevance the development of new antiviral strategies to control and prevent future zoonotic 
coronaviruses. 

Abstract: Coronavirus (CoV) causes intestinal and respiratory diseases in birds, mammals, and 
humans. In dogs, CoV occurs in two main serotypes, namely, type I and type II, based on mutations 
and recombination in the spike protein. The pantropical strains are characterized as hypervirulent 
and multisystemic infections in dogs. Recent outbreaks of coronavirus infection among humans 
have attracted interest in animal CoV as a source of direct and indirect zoonoses. A literature search 
was conducted in research databases and open internet sources to analyze coronaviruses in dogs. A 
total of 189 sources were analyzed, with 142 published in the last decade. Canine coronavirus 
(CCoV) has undergone mutations and recombination over the past few decades, resulting in 
changes in tropism, virulence, and the formation of new divergent genetic lines. CCoV is a common 
component of the canine infectious respiratory disease complex and enteritis of all breeds and ages. 
CoV infection in pets raises concerns about spreading and transmitting the virus to people and other 
animals, posing risks to animal and public health. Understanding canine coronaviruses and genetic 
information sharing could improve prevention and control strategies for future zoonotic 
coronaviruses. 

Keywords: coronavirus; canine coronavirus; coronavirus in dogs; coronavirus in animals;  
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1. Introduction 

Coronaviruses (CoVs) cause intestinal and respiratory diseases in birds and mammals, including 
humans. In dogs, coronavirus (canine coronavirus, CCoV) occurs in two main serotypes, type I and 
type II, divided based on random point mutations and recombination associated with the spike (S) 
protein and different serological properties [1–3]. 

The evolution of CCoV is a clear example of the development of the viral genome through the 
accumulation of point mutations, insertions, or deletions, manifested by the formation of new 
genotypes, biotypes, and host variants [3]. Among the various types of CCoV, the latest to be 
discovered are pantropic strains, characterized by hypervirulent and multisystem infections with a 
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severe course up to a fatal outcome, in contrast to classic enteric coronavirus infections [4,5]. CoVs 
have been recorded in dogs as an enteric infection (canine enteric coronavirus), a respiratory infection 
(canine respiratory coronavirus), a multisystem infection (pantropic canine coronavirus), and SARS-
CoV-2. CCoV has also been recorded in foxes, wolves, raccoon dogs, and other wild animals [6,7]. 

The outbreaks of CoVs in humans in recent years (severe acute respiratory syndrome in 2002 
(SARS), Middle East respiratory syndrome in 2012 (MERS), and the SARS-CoV-2 pandemic in 2019 
(COVID-19) have renewed scientists' interest in animal CoVs as a source of direct and indirect 
zoonoses [8]. The zoonotic potential of CoVs was confirmed by the zoonotic origin of known 
outbreaks, as bats and civets acted as sources of pathogens of human coronavirus infections for SARS-
CoV and camels for MERS-CoV [9]. The ability of CoVs to overcome interspecies barriers and the 
zoonotic nature of SARS-CoV-2 allow for the possibility of its emergence in populations of various 
animals, including pets, which requires further study [10–12]. 

2. Materials and Methods 

A literature review was conducted to collect, analyze, and summarize the available scientific 
data on coronaviruses in dogs. 

The data search was conducted in the PubMed, Scopus, MDPI, Elsevier, and CyberLeninka 
databases and open internet sources without publication date restrictions. The keywords used for the 
search were "coronavirus", "canine coronavirus", "canine infectious respiratory disease complex", 
"canine viral enteritis", "canine respiratory coronavirus", "canine pantropic coronavirus", "SARS-CoV-
2", and "SARS-CoV-2 in dogs". The received links were checked for compliance with the topic of the 
article and links containing the full text of the articles or an informative abstract in English or Russian 
were selected for further work. As a result, 189 sources were analyzed in this review. The number of 
articles published up to and including 2000 were five, with the earliest article dating back to 1974, 
and 142 articles included in the work were published in the last 10 years. 

Data were obtained from studies conducted in Asia, Europe, America, Africa, New Zealand, and 
worldwide. 

3. Coronaviruses 

Coronaviruses are enveloped viruses of the order Nidovirales, family Coronaviridae, and 
subfamily Orthocoronavirinae. The subfamily Orthocoronavirinae in the family Coronaviridae consists of 
four genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacoronavirus [13,14]. 

Coronaviruses were first identified in dogs in 1971, and, since then, a large number of different 
strains have been described. CCoV strains are characterized by the presence of significant antigenic 
differences, on the basis of which they are usually divided into low-virulence strains (mainly type I 
strains: CCoV-I, causing enteritis) and highly virulent strains (type II: CCoV-II, which are typical 
strains that cause multisystem diseases in a small percentage of animals) [15]. Low-virulence CCoV 
strains and feline coronavirus strains are genetically more closely related to each other than to typical 
CCoV strains. CCoV strains of type I and II are often detected simultaneously in the same dog with 
diarrhea (36.9–76.8%), which leads to genetic recombination and the emergence of new CCoV 
variants, contributing to the increased severity of the infection [15,16]. In turn, CCoV-II is divided 
into two subtypes: CCoV-IIa (highly virulent pantropic CCoV (for example, strain CB/05)) and CCoV-
IIb (pathogenic viruses capable of spreading to other organs, more closely related to the porcine 
transmissible gastroenteritis virus (TGEV)) [17]. In addition, a subtype of CCoV-IIc was 
distinguished, which is a product of recombination between sequences of CCoV types I and II 
(prototype strain A76) [15,17]. 

CoVs are spherical in shape (125 nm in diameter) and have club-shaped spikes on their surface, 
creating the appearance of the solar corona [18]. The coronavirus genome contains five major open 
reading frames (ORFs) flanked by 5′ and 3′ untranslated regions. The CoV genome is the largest 
known RNA virus and is represented by non-segmented RNA with positive polarity. It contains five 
ORFs flanked by 5′ and 3′ untranslated regions, and replicates in the cytoplasm without integration 
into the cell genome. The genes encode four major structural proteins: spike (S), membrane (M), 
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envelope (E), and nucleocapsid (N). Some betacoronaviruses have a hemagglutinin esterase protein 
closely related to the protein of the same name in the influenza C virus. In addition to the main ones, 
the virus genome encodes a set of additional proteins that can vary significantly among different 
coronaviruses. The functions of the additional proteins are still poorly understood. These proteins 
are not essential for virus replication, but they play an important role in virus–host interactions, since 
they are usually preserved during natural infection, and mutations lead to a decrease in virulence 
[19]. Genotypic variability due to point mutations and gene recombination results in the emergence 
of new viral genotypes with different properties or host tropisms [20,21]. 

The introduction of the virus into the cell is initiated by the interaction between the S protein 
and its specific receptor on the surface of the cell membrane. Accordingly, the S protein largely 
determines the tropism of the virus to tissues and the range of hosts, and it also initiates the immune 
response of the host. After the fusion of the viral and cellular membranes, through the cleavage of 
the S protein by the protease enzyme, the contents of the virion enter the cytoplasm of the host cell. 
Then, the viral replicase is synthesized on the RNA matrix of the virion. Newly replicated viral RNA 
forms a complex with the N protein, and it is then coated with a shell to form a mature virion. After 
assembly, the virus particles are released from the cell via exocytosis [22]. 

Over the past few decades, CCoV has undergone a series of mutations and recombinations, 
which have manifested themselves in changes in tropism, the degree of virulence, and the formation 
of new divergent genetic lines with different pathogenic potential [23,24]. 

4. Enteric Coronavirus in Dogs 

Enteric CCoV belongs to the Alphacoronavirus genus. CCoV (enteritis-causing strains, or CCoV 
type I) is related to feline coronaviruses type I and CCoV type II [3]. The CCoV strains studied are 
branched strains of the CCoV genotype at different distances. Moreover, the degree of similarity of 
genomes is often not determined by geography, which suggests the genetic recombination and 
interspecies transmission of CCoV [25]. 

CCoV was first described during an outbreak in Germany in 1971 [2]; subsequently, it spread 
rapidly and is now enzootic with prevalence ranging from 6.25% to 72.5% [26,27]. CCoV can be 
detected in fecal samples of clinically healthy dogs and its serological prevalence is high [28,29]. 
CCoV was initially identified as a mild enteritis and was long ignored, and vaccination is still not 
recommended due to the lack of an effective infection model. This virus is a common component of 
the canine infectious respiratory disease complex (CIRDC) and enteritis in dogs of all breeds and 
ages, especially in kennels and shelters. Severe and fatal CCoV monoinfections are rare [3,28,30]. 

5. Canine Respiratory Coronavirus 

Canine respiratory coronavirus (CRCoV) is a lineage A betacoronavirus more closely related to 
bovine coronavirus (BCoV) than to enteric CCoV [31–34]. This type of CoV was first detected in the 
UK in 2003 in shelter dogs with symptoms of CIRDC, and it was later identified in dogs worldwide 
[34,35]. 

Dogs infected with CRCoV may exhibit varying degrees of clinical signs of respiratory disease, 
ranging from severe to none [32]. Dogs experimentally infected with CRCoV exhibited signs of mild 
respiratory disease, with virus dissemination to most respiratory tissues and lymphoid tissues 
associated with respiratory disease, such as tonsils and local lymphatic tissue. Histopathological 
changes in lymphoid tissue included damage to or loss of respiratory cilia [36]. Following 
experimental infection, the virus was detectable for up to 11 days [37]. Shelter dogs have been shown 
to be at higher risk of acquiring CRCoV [38]. 

Although CRCoV is an important global respiratory pathogen, its complete genome sequences 
have eluded retrieval for a long time, with the first complete genome of the South Korean strain K37 
being described, showing high similarity to human coronavirus OC43 (HCoV-OC43) and BCoV [39]. 
The high similarity of CRCoV to BCoV likely indicates descent from BCoV or, alternatively, a 
common ancestor [20,35]. 
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The epidemiology of CRCoV is currently poorly understood, and knowledge on its global 
prevalence, pathology, and genetic characteristics is incomplete. The prevalence of CRCoV has been 
studied using serological methods since the 2000s. It was found that the prevalence of serum 
antibodies to CRCoV in dog populations in different countries of Europe and North America ranges 
from 30.1% to 54.7%, with cross-reactivity between CRCoV antibodies from different countries and 
the virus isolated from the UK, suggesting immunological similarity [31,34,40,41]. ELISA studies of 
dog sera in Italy in 2006-2007 confirmed its antigenic relationship with BCoV [34]. More than half of 
the serologically tested dogs in New Zealand showed a positive reaction to CRCoV [42]. In Canada 
in 2016, CRCoV was detected in 9.4% of dogs with CIRDC using PCR [43]. In New Zealand in 2014-
2016, CRCoV was detected in 1 out of 116 dogs tested with CIRDC symptoms (1/56, 2%) [44]. 

In Sweden, the sequencing of 13 CRCoV isolates in 2013-2015 showed a low level of diversity of 
CRCoV endemic to Sweden [45]. In contrast, in Thailand, the molecular biological analysis of 21 
CRCoV gene sequences from dogs collected in 2013-2015 and 2021-2022 showed variability in the 
genomic characteristics of Thai CRCoV. The phylogenetic analysis of the S genes allowed us to divide 
the studied CRCoV strains into five clades. The 2021-2022 strains exhibit characteristic non-
synonymous mutations in the S gene that are absent in the 2013-2015 strains, indicating an ongoing 
evolutionary process of Thai CRCoV. Evolutionary analysis showed that CRCoV in Thailand shares 
a common ancestor with CRCoV strains from Korea [46]. 

In the United States in 2024, the serologic prevalence of CRCoV was retrospectively estimated 
at 23.7%, with the PCR screening of nasal swabs finding 14% of dogs positive for CRCoV. The 
phylogenetic analysis of the genomes allowed them to be grouped into two distinct groups, with 
most isolates more closely related to CRCoV from Sweden and only one more closely related to 
CRCoV from Asia [47]. 

Although CRCoV is one of the main causative agents of CIRDC and its prevalence in different 
countries demonstrates its international importance, its epidemiology is still poorly understood. A 
more complete study of the genomic characteristics and evolutionary patterns of this virus is also 
needed. 

6. Pantropic Canine Coronavirus 

Canine pantropic coronavirus (pCCoV), a variant of enteric CCoV, was first isolated in Italy in 
2005 from dogs with systemic fatal disease [4]. In contrast to cases with purely enteric tropism, the 
virus with systemic manifestations is called canine pantropic coronavirus. The disease that it causes 
can manifest with severe clinical signs and lesions in various organs, including the intestine, liver 
and spleen, lymph nodes, kidneys, brain, and even the cornea of the eye [48,49]. Histopathological 
examination has shown multiple severe lung and bronchial lesions that can be observed postmortem 
in puppies, which may indicate a role for this virus in the pathogenesis of CIRDC [50]. In 
experimental infections in dogs, the severity of the disease has been found to vary depending on the 
age and immune status of the animals and may lead to lymphopenia over time [51–53]. Later, new 
outbreaks were reported worldwide, and coinfection with canine parvovirus was also reported 
[26,54–61]. In addition, other members of the canine family (Canidae) are also known to be susceptible 
to pCCoV infection [60]. 

The prototype isolate pCCoV CB/05 belongs to CCoV-IIa and has a high degree of similarity to 
FCoV type II 79-1683 in the S gene [4]. The complete genome sequence of the prototype strain CB/05 
showed that this virus is genetically similar to CCoV-IIa viruses but differs in the presence of an 
ORF3b deletion [62]. Despite the fact that the CB/05 isolate is recognized as the prototype, a large 
number of pCCoV outbreaks are caused by viruses that differ significantly, both genetically and 
antigenically. Thus, it was found that out of 24 pCCoV strains collected throughout Europe, none 
contained an ORF3b deletion, although they were also CCoV-IIa strains. Moreover, no common 
genetic marker or specific pathogenicity marker was found for any of the obtained sequences [63]. In 
Brazil in 2014, pCCoV type IIa was also detected in dogs. The phylogenetic analysis of Brazilian 
isolates showed their genetic similarity to strains found in other countries [59]. 
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In Italy in 2014-2017, a phylogenetic analysis of S gene sequences of 15 pCCoV strains showed 
that 3 strains were more closely related to alphacoronaviruses circulating in Asia than to European 
strains [64]. 

A large European surveillance study of 354 fatal cases identified pCCoV in 33 cases. Of these, 24 
were CCoV type IIa and 9 were CCoV IIb, indicating that systemic infection is not limited to CCoV 
type IIa [63]. CCoV type IIb viruses, which are more closely related to TGEV, may also be highly 
pathogenic and pantropic [3,16,55,65–68]. 

In addition to the outbreaks of pCCoV subtypes IIa and IIb, the first case of fatal pCCoV infection 
caused by CCoV-I was reported in France in 2008 [55]. 

Thus, pCCoV is a polyphyletic group of CoVs, united by tropism and clinical manifestations. In 
this regard, to date, no consistent genetic marker common to pCCoV has been identified [69]. The 
accurate test for pCCoV infection is the detection of CCoV in extraintestinal tissues [70]. 

The discovery of TGEV-like pCCoV in 2005 and again in 2008 in Italy confirmed the observation 
that CCoV can cause more severe infections than the classical enteric forms [65]. This should be an 
alarming signal about the pathogenetic evolutionary potential of CCoV. The discovery of virulent 
CCoV strains associated with the ability to disseminate in different internal organs strongly supports 
the ability of CoV to change its virulence and organ tropism, which indicates the importance of 
investigating the molecular basis of these mechanisms [4]. The genetic differences observed in the S 
protein between classical enteric strains and recombinant CCoV may have special implications for 
vaccine efficacy. Currently available inactivated vaccines based on CCoV type IIa reference strains 
were ineffective against challenge with pantropic CCoV IIa [52,65], but the clinical signs were milder 
in vaccinated dogs. Close monitoring of these viruses is necessary to better understand the clinical, 
pathogenetic, and epidemiological implications of different CCoV genotypes. Due to the relatively 
high mutation rate of RNA viruses, CCoV is able to rapidly adapt to the host immune response. 
Recombination events affecting CCoV could shed light on the evolutionary processes leading to the 
emergence of new strains, as observed for SARS-CoV-1 and SARS-CoV-II, as well as for CCoV-IIa 
(CB/05) and CCoV-IIb (TGEV-like CCoV). Many aspects of the pathobiology and evolutionary 
features of CoVs remain to be elucidated, including the significance of co-infection with CCoV-I and 
CCoV-II, their pathogenetic role, immune response, and the efficacy of currently used vaccines in the 
development of CCoV prophylaxis and therapy [5,24,71]. 

Veterinarians should be informed about the prevalence of pantropic CCoV infection. Moreover, 
increased data collection will help improve surveillance systems in breeders, veterinary clinics, and 
animal shelters. 

7. Severe Acute Respiratory Syndrome Coronavirus 2 

Coronavirus disease 2019 (COVID-19), which was discovered in China, has spread very quickly 
around the world. On February 29, 2020, the World Health Organization (WHO) classified it as a 
high-risk disease, and on March 11, 2020, the virus was declared as pandemic [72,73]. 

The human membrane protein angiotensin-converting enzyme 2 (ACE2) is a receptor for the 
SARS-CoV-2 S-binding glycoprotein [74]. Two research groups in China and the United States 
experimentally confirmed this independently in 2020 [75–77]. SARS-CoV-2 has incorporated a furin 
proteolytic site into its S protein that facilitates virus activation in any tissue, making this CoV strain 
highly polytropic and pathogenic [78]. ACE2 is expressed in many tissues and organs, on the 
membranes of different cells: type II pneumocytes, enterocytes in the small intestine, endothelial cells 
of arteries and veins, and smooth muscle cells in most organs. In addition, ACE2 has been found in 
the membranes of neurons in different parts of the brain [79], which makes these cells susceptible to 
infection by SARS-CoV-2. This explains the loss of smell and the development of neurological deficits 
observed in COVID-19 [80]. 

The unprecedented spread of SARS-CoV-2 worldwide has resulted in the emergence of multiple 
SARS-CoV-2 variants that have changed transmissibility, infectivity, or immune evasion, causing 
disease in a wide range of animals in addition to humans [81]. More than 675 SARS-CoV-2 outbreaks 
in animals have been reported worldwide, including more than 2,000 natural infections [82]. Constant 
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human–animal interaction can lead to new variants [83,84]. A comparative analysis of proteins 
homologous to ACE2 showed high homology and complete conservation of five amino acid residues: 
353-KGDFR-357 of humans, dogs, and other animals, with the exception of snakes. It was shown that 
SARS-CoV-2 could not be specifically adapted to any of the putative intermediate hosts [85]. Potential 
risks of reciprocal infections associated with the transmission of SARS-CoV-2 from animals to 
humans remain [86]. 

The limited susceptibility of dogs to SARS-CoV-2 is likely due to relatively low levels of ACE2 
in their airways and differences in dog and human ACE2 [87], resulting in dogs rarely spreading the 
disease [88,89]. However, ACE2 undergoes many amino acid changes, which may result in a lower 
species barrier. Since approximately 470 million pet dogs worldwide live with their human owners, 
the detection of natural SARS-CoV-2 infection in these animals has important implications for 
potential zoonotic transmission. Worldwide surveillance efforts to assess the prevalence of SARS-
CoV-2 in animals and the intra- and interspecies transmission of CoVs are needed to identify 
potential reservoir sources of the virus, as well as its evolution and transmission dynamics [90–92]. 
A number of studies conducted in Europe, Asia, America, and Africa have shown the prevalence of 
SARS-CoV-2 among dogs. 

For example, in Germany and Italy, seven veterinary clinics in areas affected by COVID-19 were 
tested for SARS-CoV-2 early in the pandemic (March–July 2020). Of 877 dog samples tested using 
real-time PCR, only one dog tested positive. Even in areas where outbreaks of the pandemic were 
reported, the prevalence of infection in animals admitted to veterinary clinics was low. However, 
subsequent studies of household animals found higher levels of SARS-CoV-2 infection [93]. 
According to other data, in Germany, the seroprevalence of SARS-CoV-2 in dogs was 56.8% [94]. In 
Italy, 2.3-2.7% of dog blood sera showed positivity for SARS-CoV-2 in 2021 and 2022. The 
seroprevalence was higher among animals living in close contact with SARS-CoV-2-positive owners 
[95,96]. 

Switzerland and the Netherlands also demonstrated a higher prevalence of SARS-CoV-2 
infection in animals that were in close contact with SARS-CoV-2-positive humans [97,98]. 

When assessing SARS-CoV-2 seropositivity in dogs during the COVID-19 pandemic in Serbia, 
the relative incidence of infection was 1.45%. The relative incidence of infection among pet owners 
was 11%. Seropositivity among pets in contact with COVID-19-infected owners was 9%. High 
seropositivity was found among stray animals. Of the five tested, two animals were positive [99]. 

Low seropositivity for SARS-CoV-2 has been established among domestic animals in Croatia. 
Only 0.31% of dogs were confirmed to have neutralizing antibodies. In an ELISA, 7.56% of the dog 
sera tested were reactive. Low titers of neutralizing antibodies and a small number of seropositive 
animals indicate that infections are rare and occur following infections in the human population. In 
addition, there appears to be no occupational risk for practicing veterinarians when in contact with 
animals [100]. 

In Poland, 343 dogs were tested for SARS-CoV-2-specific antibodies and/or sera. The 
seroprevalence was 1.17% (95% CI 0.45–2.96), respectively (p ≥ 0.05). No significant gender or age 
differences in seroprevalence were found in dogs (p ≥ 0.05). None of the animals with SARS-CoV-2 
antibodies showed respiratory or gastrointestinal symptoms at the time of sampling. The results 
confirmed previous findings that SARS-CoV-2 infections in pets are uncommon [11]. 

In Omsk, Russia, nasal swabs were collected from companion animals kept by owners infected 
with COVID-19. In a study of 90 blood serum samples, 40 were positive. It was found that cats were 
more likely to become sick (62.96%) than dogs (35.94%). Mongrel animals were less susceptible to 
infection (42.5%) than purebred animals (57.5%), and the number of females seropositive to 
coronavirus exceeded the number of males. Animals over 10 years old were most susceptible, and 
those aged 3 to 5 years were least susceptible [101]. 

During the COVID-19 pandemic in Japan, 8 (15.1%) of the 53 dogs studied tested positive for 
SARS-CoV-2. A virus neutralization test also showed antibodies in six dogs. The virus was often 
transmitted from infected owners to their pets, which then shed the virus despite mild or no clinical 
signs [102]. 
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Blood samples from 180 dogs were collected in Lebanon during the COVID-19 pandemic from 
12 veterinary clinics. The seroprevalence was 19.44% (35/180) in dogs [103]. 

The low prevalence of SARS-CoV-2 in pets has been confirmed in two of Asia's most populous 
cities (Hong Kong and Seoul), where contact between people and their pets is very close. The ELISA 
positivity rate in dog samples was 4.94% for Seoul and 6.46% for Hong Kong [104]. In 2020, 2 of 15 
dogs in Hong Kong that had contact with confirmed human cases of COVID-19 were infected with 
SARS-CoV-2. The genetic sequences of the viruses from two dogs were identical to the virus found 
in corresponding human cases, indicating human-to-animal transmission. However, it is not yet clear 
whether dogs can transmit the virus to other animals and back to humans [105]. Final test report from 
the University of Hong Kong on seroconversion confirms antibody production in one dog following 
mild infection and real disease due to human-animal transmission [106,107]. 

Fatal cases of natural SARS-CoV-2 infection in dogs were reported in Thailand [108]. 
In Korea in 2022, 16 dogs (2.38%) tested positive in ELISA and 14 dogs (2.08%) tested positive in 

plaque reduction neutralization tests. SARS-CoV-2 antigens and/or antibodies were detected in 
animals regardless of whether their household was infected; this occurred even in animal shelters 
that were considered relatively safe from transmission. This indicates continuous circulation of the 
virus between humans and animals [109]. 

In household samples from dogs and people with COVID-19 in Ontario, Canada, 41% of serum 
samples were seropositive, and 2% (1/49) of swabs were PCR-positive. In shelter samples, the 
seropositivity was 9.3% (7/75) and in veterinary clinics, 16% (35/221). The data suggest that there is a 
significant risk of infection in pets living with COVID-19 carriers [110]. 

In Idaho, USA, 119 dogs in households where humans had >1 confirmed SARS-CoV-2 infection 
were examined. Clinical signs consistent with SARS-CoV-2 were reported in 20 dogs (21%). Of the 81 
dogs sampled, 40% were seropositive and 5% were PCR-positive. This discrepancy may be due to 
delays in sampling [111]. 

Similar results were obtained during the second wave of COVID-19 in Mexico. In several 
veterinary clinics in the city of Pueblo, RNA was detected in swabs of four dogs from households 
infected with COVID-19, and 31.82% were seropositive in ELISA [112]. In another study in Mexico, 
between February and November 2022, positive results for SARS-CoV-2 infection were detected. 
Although SARS-CoV-2 infection in dogs is uncommon, these results suggest that transmission from 
owners to dogs occurs [113]. 

In Rio de Janeiro, Brazil, in a study of 29 dogs, 31% were found to be infected or seropositive for 
SARS-CoV-2 and 1 dog developed virus-neutralizing antibodies. Moreover, 6 of 13 dogs developed 
mild signs of the disease. This indicates the presence and persistence of SARS-CoV-2 infection in dogs 
from households where human cases of COVID-19 have been reported [114]. 

Of the 86 dogs tested in Minas Gerais, Brazil, only 1 tested positive for SARS-CoV-2. Among 
dogs tested in Almenara, SARS-CoV-2 had a low prevalence (1.16%) compared to 15.62% for CCoV. 
However, younger animals were 2.375 times more likely to be infected. Similarly, purebred animals 
were more likely to become infected [115]. 

In Brazil, 11 out of 100 dogs (11.00%) were positive for SARS-CoV-2. A genome comparison 
showed similarities between animal and human variants that were circulating at the time of 
sampling, thus confirming the existence of zoonotic transmission [116]. 

In domestic dogs in Guayaquil, Ecuador's most populous city, 26.2% of dogs tested positive for 
SARS-CoV-2 in whole-genome sequencing [117]. 

The overall prevalence of IgG to SARS-CoV-2 in domestic dogs in Villavicencio, Colombia, in 
November 2020 was 3.67% [118,119]. 

From March to September 2022, a large molecular biology study of Namibian dogs living in 
urban and rural areas showed a low but non-negligible prevalence of SARS-CoV-2 (1%). In only one 
case was a link between the owner and the animal confirmed. In the other cases, no evidence of 
human infection could be obtained [120]. 

In contrast to humans, descriptions of animal infection with different SARS-CoV-2 lineages are 
still rare. Three dogs in COVID-19-positive households in Switzerland were RT-qPCR and/or 
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serologically positive for the SARS-CoV-2 Delta variant. NGS data identified SNPs that were found 
at higher frequencies in pet viral sequences than in human viral sequences, as well as SNPs that were 
found exclusively in animals and not in their owners [121]. None of the dogs tested were positive for 
SARS-CoV-2 during the circulation of new SARS-CoV-2 variants (Delta and Omicron) in Iran [122]. 
In Chile, the first domestic animal infection with the Omicron BA.4.1 strain was reported in a 
comprehensive household COVID-19 study. The positive result for SARS-CoV-2 was found in 6.06% 
(three dogs). In a phylogenetic analysis, the sequences of two SARS-CoV-2 genomes from animals 
clustered with human sequences collected in Chile during the same period when the BA.4.1 variant 
was circulating in the country indicated that the virus was transmitted from humans to domestic 
animals [123]. 

In a study of the prevalence of SARS-CoV-2 in 2021-2022 among domestic and zoo animals in 
the south of France, covering submicron and omicron waves, antibodies to the virus were detected 
not only in domestic dogs and cats, but also in some zoo mammals [124]. 

There is currently no consensus that infected pets pose a risk of infecting people or other pets. A 
number of studies of pets for SARS-CoV-2 have given completely negative results [125–128]. 
However, suspected cases of human SARS-CoV-2 infection from infected animals that had previous 
contact with infected people have been identified in Thailand [129]. 

A study of the susceptibility to SARS-CoV-2 was conducted on animals that interacted closely 
with humans. Ferrets and cats were found to be susceptible to infection, but SARS-CoV-2 did not 
replicate well in dogs, pigs, chickens, and ducks [130,131]. The origin, reservoir, and intermediate 
host of SARS-CoV-2 remain unknown, although related viruses have been found in bats [132]. 

In summary, the risk to public health and the rate of transmission from infected dogs back to 
humans are considered low; however, it is critical to investigate dogs as potential hosts for the spread 
of SARS-CoV-2, with the possibility of establishing natural infection or adaptation in animals prior 
to back-spread to humans, associated with the genetic evolution of the virus [133,134]. For example, 
probable transmission of SARS-CoV-2 variants from hamsters to humans, AY.127 and B.1.258, has 
been demonstrated in pet-store-associated COVID-19 outbreaks [135,136]. Similarly, the latest variant 
of concern, SARS-CoV-2 Omicron (B.1.1.529), may have evolved in mice before spreading to humans 
[137]. Thus, monitoring SARS-CoV-2 transmission in animals is important to understand how viruses 
evolve in animals, whether new variants arise in animals, and whether new variants pose any risk to 
public health and prevention and control strategies based on One Health approaches [81,84,138,139]. 

Epidemiological studies and case reports indicate that dogs become infected with SARS-CoV-2 
naturally or experimentally; however, the global number of animals infected naturally is much lower 
than the number of people with COVID-19. These studies show that pets become infected through 
direct contact with owners infected with COVID-19. The emergence of SARS-CoV-2 infection in pets 
worldwide raises concerns that pets are at higher risk of spreading and transmitting SARS-CoV-2 to 
people and other animals, posing risks to animal health and public health. Thus, studying the role of 
dogs in the transmission and epidemiology of SARS-CoV-2 will help to develop and implement 
appropriate preventive measures against further transmission of SARS-CoV-2 [140]. 

8. Coinfection of CCoV with Other Pathogens 

Canine infectious respiratory disease (CIRDC), commonly known as kennel cough, is a 
syndrome in which multiple viral and bacterial pathogens sequentially or synergistically contribute 
to the disease. One of the key emerging pathogens of CIRDC is CCoV [141]. Numerous studies have 
been conducted in kennels and veterinary clinics for CIRDC pathogens in dogs seeking veterinary 
care, both symptomatic and asymptomatic. 

In a large multicenter European study, CIRDC affected 66% (381/572) of the dogs studied, 
including both pet and kennel-based dogs. The incidence and severity of disease were significantly 
reduced in dogs vaccinated against the classic CIRDC pathogens, canine distemper virus (CDV), 
canine adenovirus 2, and canine parainfluenza virus (CPIV), but a significant proportion (65.7%; 
201/306) of vaccinated dogs remained affected. CRCoV and canine pneumovirus (CnPnV) were 
widely distributed in various dog populations, with overall seropositivity and detection rates of 47% 
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and 7.7% for CRCoV and 41.7% and 23.4% for CnPnV, respectively, and their presence was associated 
with an increased incidence and severity of clinical disease. Dogs were more likely to be seropositive 
for CnPnV, CRCoV, and Mycoplasma cynos simultaneously, which could indicate their frequent 
coinfection or cocirculation [142]. 

A molecular study of CIRDC-associated pathogens conducted in Italy between 2011 and 2013 
showed that CPIV was the most frequently identified pathogen in CIRDC, followed by CRCoV and 
CnPnV. The most severe forms of respiratory infections were observed with CPIV, CRCoV, and M. 
cynos, either alone or in combination with other pathogens. The study, along with CPIV, highlighted 
the increasing role of viruses such as CRCoV and CnPnV, for which there are no effective vaccines [143]. 

In France and Belgium, dogs with systemic CCoV infection were commonly coinfected with 
parvovirus [63]. 

As previously reported, CRCoV has been detected in the UK dog population [31]. CRCoV 
infections occurred predominantly during the first week of a dog's stay in a kennel. In addition, other 
pathogens, such as canine herpes virus (CHV), may play a role in the pathogenesis of canine 
respiratory diseases [144]. 

A study of swabs from kennels in southern and central England found the presence of antibodies 
to CRCoV, either during seasonal respiratory outbreaks or in dogs on admission, consistent with the 
presence of antibodies to CHV throughout the year [145]. 

In Germany, of 37.7% of dogs with acute respiratory symptoms, coinfection with CPIV and 
CRCoV was observed in 82.6% [146]. 

In New Zealand, CRCoV, canine adenovirus 2, CPIV, CHV, Bordetella bronchiseptica, and M. 
cynos were circulating among sampled dogs. In total, 47 of 93 (50%) dogs were seropositive for 
CRCoV [147]. 

In Thailand, a study of 209 dogs with respiratory signs using multiplex PCR detected six common 
viruses associated with CIRDC, with CRCoV and CIV coinfection predominantly found along with 
other CIRDC viruses. It was also noted that the level of clinical severity was significantly associated 
with the age of infected dogs rather than vaccination status, sex, and route of transmission [148]. 

In samples from clinically sick and asymptomatic dogs obtained from the Athens Veterinary 
Diagnostic Laboratory, CCoV was not among the most frequently detected pathogens, but still 
constituted a significant proportion (4.6%, 26/559), occurring in different combinations with CPIV 
(29%, 33/114), M. canis (23.6%, 27/144), M. cynos (24.5%, 28/144), influenza A (11.2%, 63/559), B. 
bronchiseptica (9%, 51/559), canine adenovirus 2 (2.5%, 14/559), and CDV (2%, 11/559). A statistical 
analysis of CIRDC pathogens highlighted the impact of coinfections on the severity of clinical 
manifestations [149]. 

In Canada in 2007, a study of wolf diseases revealed virus exchange between dogs and wolves. 
Dogs were found to be exposed to parvovirus, CDV, and CRCoV, indicating the need for vaccination 
to prevent morbidity and mortality in dogs, as well as the potential transmission of viruses to 
sympatric wild animals, leading to their extinction or population decline [150]. 

In China, a metagenomics approach was used to investigate the enteric virome status of 45 
healthy domestic dogs with extensive human contact. CCoV was uniquely identified in all samples 
with high abundance. The top 30 contigs with the highest read counts were mapped to the DNA virus 
families Circoviridae, Parvoviridae, and Herpesviridae, and the RNA virus families Astroviridae, 
Coronaviridae, and Picornaviridae [151]. 

In Georgia, USA, from 2018 to 2022, of 459 cases, viral agents were detected in 34% of cases, of 
which two or more pathogens were detected in 24% of cases. The percentages of viral agents detected 
were canine adenovirus 2 (4%), CDV (3%), CPIV (16%), CRCoV (7%), and CIV (2%) [152]. 

Studies of 20 dogs aged 3-5 years during an outbreak of intestinal infection in the K-9 kennel in 
Irkutsk showed that, in 18 (90%) animals, the pathology was caused by an association of 
microorganisms involving two or three species. At the same time, only in 1 (5%) dog were the 
associations represented by two types of viruses (CoV and parvovirus), and in 17 (85%) by viruses 
and bacteria. CoV was observed in association with the following agents: parvovirus, Clostridium 
freundii, E. coli, and Proteus mirabilis [153]. 
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Thus, CCoV is one of the most widespread and important viral components of CIRDC and, when 
acting together with other pathogens, determines the severity of the disease to a large extent. 
Therefore, one of the important issues remains the development and distribution of an up-to-date 
vaccine against CCoV and a set of preventive measures. Current data on the prevalence and role of 
coinfections with individual viruses and bacteria in the etiology of CIRDC emphasize the importance 
of molecular diagnostics and vaccination. 

9. Cross-Species Transmission of Dog Coronaviruses 

Almost 60% of human pathogens and approximately 60% of emerging infectious diseases are 
zoonoses, and zoonoses are an increasingly serious public health problem as their incidence has 
increased in recent years [154,155]. In line with the One Health concept, the genetic plasticity of CoVs 
should raise alarm and prompt the scientific community to conduct continuous genomic surveillance 
in both wildlife and domestic animals to avoid possible future major health emergencies 
[21,23,156,157]. 

In recent years, advances in metagenomics have enabled the discovery and characterization of 
many native viral particles. Next-generation sequencing and bioinformatics analysis have revealed 
the enormous phylogenetic diversity of viromes in domestic, farm, and wild animals. For example, 
the repository of publicly available animal-associated SarbeCoV (subgenus Betacoronavirus) strains 
is quite extensive, including 1,535 strains identified in 63 animal species in 43 countries (as of 
February 14, 2023) [158]. The importance of new (SARS/MERS) and re-emerging (COVID-19) 
infections is currently increasing [159–161]. Therefore, it is necessary to constantly study their genetic 
characteristics to identify the emergence of new types, changes in pathogenesis, and mechanisms of 
immune escape [5,162,163]. 

Although the exact public health implications are not yet clear, RNA viruses, including CCoV, 
may be the most problematic because their genomes are characterized by high mutation rates and 
the ability to evade the immune system [164]. Coinfection with multiple viruses accelerates viral 
variation in the host organism [17,27,65,165]. Following the global shock of the COVID-19 pandemic 
and its zoonotic nature, it has become even more evident that monitoring animal viruses is critical. 
Timely research and vigilance can potentially save many lives, both animal and human [166–169]. 

Known human pandemics have been caused by members of two families of viruses: 
Orthomyxoviridae (influenza A viruses: subtypes H1N1, H2N2, and H3N2) and Coronaviridae 
(SARS-CoV-2) [161]. In the genome of these viruses, mutations occurred in the body of the 
intermediate host animal, which acquired an adaptive nature and contributed to overcoming species 
barriers and zoonosis. These adaptive mutations contributed to the horizontal transmission of the 
variant strain in addition to humans to other contact species of animals, including domestic and wild 
animals [170]. Monitoring viral zoonosis and viral reverse zoonosis of pandemic strains within the 
framework of the One Health, One World approach helps reduce unexpected risks, such as the 
emergence and adaptation of new strains to the human host, the drug resistance of pathogens, and 
unknown preventive and therapeutic measures [171]. 

Domestic dogs share their habitat with humans, making them a potential source of zoonotic 
viruses. Cohabitation and daily contact between pets and their owners create favorable conditions 
for the interspecies transmission of viruses. 

In 2015, a recombinant CCoV strain, HLJ-073, was isolated from a dog in China, which is more 
closely related to FCoV II than to CCoV I or CCoV II strains. Experiments showed that HLJ-073 can 
replicate efficiently in canine macrophages/monocytes and human THP-1 cells. This strain has, thus, 
acquired the ability to change tissue tropism from the intestinal tract to systemic infection and to 
change host tropism from dogs to humans [67]. 

In 2017–2018, a virus most similar to CCoV was isolated from children with pneumonia in 
Malaysia. The HuPn-2018 strain, classified as a novel canine–feline recombinant virus, had a unique 
deletion in the nucleoprotein similar to the deletion found in SARS-CoV-1 and SARS-CoV-2, which 
occurred very soon after their introduction into humans [172], supposedly moving from dogs to 
humans. A new canine-origin CoV, HuCCoV_Z19Haiti, related to the Malaysian strain, was detected 
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in a man after a trip to Haiti, suggesting that Malaysian CCoV strains may infect humans [173]. 
According to phylogenetic studies, the S gene was similar to CCoV-HuPn-2018, while the M gene 
was closer to CCoV B639_ZI_2019 [26], and the N gene was more similar to TGEV [173]. This strain 
confirms the high potential for the genetic recombination of these viruses, defining the emergence of 
new variants that overcome the species barrier and pose a potential threat to humans. These data and 
the emergence of highly pathogenic CoVs in humans (SARS-CoV-1, MERS-CoV, and SARS-CoV-2) 
highlight the significant threat that the spread of CCoV poses to humans [24,174]. 

A study of fecal samples from urban domestic dogs in China revealed the presence of 
Coronaviridae in the intestine, along with other viruses. A phylogenetic analysis of CCOV samples 
showed that they were grouped into the Alphacoronavirus genus and were closely related to canine 
coronaviruses circulating in China, the United States, and Italy, as well as to human coronavirus 
strains 229E and NL63, indicating a potential risk of human infection by canine coronaviruses 
through the acquisition of cross-species transmission. The long preservation of CCOV in dog feces 
(156 days) [3,175] and the high frequency of virus detection in healthy exposed animals raises the risk 
of infection of other animals and humans [151]. 

In 2020, Hong Kong reported its first positive result for SAR-CoV-2, where 2 out of 15 dogs from 
COVID-19-positive households showed decreased neutralizing antibodies, suggesting the human-
to-dog transmission of SARS-CoV-2 [105]. Several more countries then confirmed cases of positive 
SARS-CoV-2 infection in pet dogs living in COVID-19-positive households [176,177]. By May 2023, 
the United States had recorded over a hundred confirmed cases of various SARS-CoV-2 variants 
(B.1.1.7, AY.3, AY.43) in dogs [178–181]. 

Experimentally infected dogs with SARS-CoV-2 developed low viral loads compared to 
experimentally infected cats and ferrets, suggesting that dogs are susceptible to SARS-CoV-2 
infection but to a lesser extent than cats and ferrets [130]. 

The first ever case of SARS-CoV-2 transmission from a human host to a domestic cat was 
confirmed on March 27, 2020. A tiger at a zoo in New York, USA, was also reported to be infected 
with SARS-CoV-2. In the Netherlands, two employees were infected with SARS-CoV-2 from minks 
[86]. 

SARS-CoV-2 was recently transmitted from an infected cat to a veterinarian in Thailand [182], 
confirming the potential for animal-to-human transmission of the coronavirus. 

The challenge associated with emerging zoonoses such as SARS-CoV-2 is to identify their 
sources and mechanism(s) of origin. Such possible mechanisms of viral adaptation include mutations, 
genomic recombination, viral host physiology and immune response, ecogeography, and human 
factors including ACE2 receptor structure and immune function [183–185]. SARS-CoV-2 is 
widespread among animals and can infect a wide range of domestic and wild species. To effectively 
control the spread of viruses, it is essential to have a clear understanding of the mechanisms of 
interspecies transmission and the risk factors for zoonotic infections [186,187]. 

10. Conclusions 

Emerging infectious diseases in animals have two major biological consequences: first, many 
wildlife species serve as reservoirs of pathogens that threaten the health of domestic animals and 
humans; second, the infections pose a significant threat to the conservation of global biodiversity 
[150,188]. 

Coronaviruses are generally zoonotic pathogens with significant interspecies transmission. They 
are widespread in nature and have recently become a significant component of infectious diseases in 
many wild and domestic animals, including dogs. The prevalence of coronavirus diseases is a result 
of the high mutation rate of the virus, the abundance of circulated strains, and the slow pace of 
vaccine development. To effectively combat such infections, the development of new antiviral 
strategies is necessary [189]. 

A better understanding of canine coronaviruses and their ability to transmit across species, as 
well as the sharing of genetic information, could improve prevention and control strategies for future 
emerging zoonotic coronaviruses. 
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