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Canine coronavirus (CCoV) is an enveloped positive-sense RNA virus belonging to the family Coronaviridae.
It commonly infects dogs and is primarily associated with gastrointestinal and respiratory diseases of variable
severity. This review provides an updated knowledge regarding the etiology, epidemiology, genetic diversi-
ty, pathogenesis, clinical presentation, diagnostic approaches, and preventive strategies associated with CCoV
infection. Two major genotypes, CCoV-I and CCoV-Il, including pantropic variants, exhibit distinct biological
characteristics that contribute to disease progression and clinical outcomes in dogs. Frequent mutation and
recombination events particularly within the spike gene drive viral evolution and may alter host range and vir-
ulence. Although clinical disease is often mild and self-limiting in adult dogs, severe or fatal cases may occur in
young puppies, immunocompromised dogs, or in the presence of co-infections with other pathogens. Recent
advances in molecular diagnostics, such as qRT-PCR and multiplex PCR assays, have significantly improved the
accuracy of strain differentiation and enhanced epidemiological surveillance efforts. Preventive measures rely
on strict hygiene practices, targeted vaccination programs for high-risk populations, and implementation of
biosecurity protocols. Ongoing genomic monitoring and research are essential to detect emerging variants
with potential changes in virulence or zoonotic potential, supporting more effective control and management

Respiratory coronavirus, Vaccination.

strategies for CCoV infection.

Introduction

Canine coronavirus (CCoV) belongs to the Coronaviridae family,
which has an envelope with a positive single-stranded RNA (ssRNA) ge-
nome measuring 27-32 kb. Based on genomic and phylogenetic analysis,
Coronavirus are classified into four genera in the Coronaviridae family,
namely Alphacoronavirus, Betacoronavirus, Gamma coronavirus, which is
known to have the largest RNA genome among the others, and Delta
coronavirus, which has been identified in birds, bats, and mice as natural
reservoirs (Decaro et al,, 2020). CCoV is one of the viruses from the Al-
phacoronavirus family, which includes viruses such as Feline coronavirus
(FCoV), Mink coronavirus (MinkCoV), Ferret coronavirus (FRCoV), Alpaca
coronavirus, and infectious gastrointestinal viruses (Adams et al., 2016).

Canine coronavirus can attack the digestive system, known as Canine
Enteric Coronavirus (CECoV), and the upper respiratory tract (CRCoV).
The recent pandemic caused by the Severe Acute Respiratory Syndrome
Coronavirus (Adams et al, 2016). SARS CoV-2 has had a severe impact
on global public health and illustrates the threat that new coronaviruses
can pose to humans and other animals (Khamassi Khbou et al., 2021).
Coronaviruses continue to mutate and evolve, leading to cross-species
infections between animals and humans, thereby expanding the spread
of CoVs (Daron and Bravo, 2021). In recent decades, several coronavi-
ruses have been discovered in dogs, known as CCoV. This is due to the
high mutation frequency and wide host range of these viruses (Nova,
2021). Based on their antigenic and genetic characteristics, CoVs are clas-
sified into three main groups. The first group includes TGEV, FCoV, CCoV,
HCoV-229E, and PED (Yang et al., 2020). The second group consists of
MHYV, BCoV, HCoV-0C43, HEV, RtCoV, and ECoV. The third group com-
prises IBV, TCoV, and Pheasant Coronavirus (Alluwaimi et al., 2020).

CECoV strains are identified with different properties, including pan-
tropic strains of enteric viruses that cause fatal multisystemic diseases.

Continuous evolution and mutation in CCoV occur through the accumu-
lation of point mutations (He et al., 2020). These mutations occur in the
genome when a single base pair is added, altered, or deleted. Although
most point mutations are harmless, they can have various functional con-
sequences, including changes in gene expression or changes in the pro-
teins encoded in the genome, as well as genetic insertions or deletions,
which cause the emergence of viruses with altered properties, including
tropism and virulence (Olarte-Castillo et al., 2025). Most infectious dis-
eases in humans are caused by pathogens that first spread in non-human
animal species-a process known as ‘zoonotic spillover.’ Evidence suggests
that CCoV itself may have undergone zoonotic spillover, as nearly iden-
tical CCoV strains were detected in human samples from Malaysia and
Haiti, suggesting a recent cross-species transmission event (Nova, 2021;
Zehretal, 2022).

Etiology

Coronaviruses, particularly aCoVs, can infect multiple host species
and cause a range of clinical diseases, highlighting their complex evolu-
tionary patterns. Widespread distribution and high genetic variability of
bat coronaviruses related to human SARS-CoVs, new viruses are expected
to emerge in the future (Cui et al, 2019). Despite this significant risk, no
definitive measures have been taken to minimize close contact or cohabi-
tation between animals especially wildlife and humans. With urbanization
increasing, the world may soon face new severe health crises (Dema et al.,
2023; Poonsin et al., 2023)

The identification of a probable novel human pathogen exhibiting
close genetic relatedness to canine coronavirus (CCoV), together with re-
ports of a swine-origin coronavirus infecting children in Haiti, highlights
an important emerging public health concern (Lednicky et al., 2022; Mat-
thew-Belmar et al.,, 2025) Notably, the recently characterized recombinant
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strain CCoV-HuPn-2018, isolated from a patient with pneumonia, may
represent the eighth recognized human-infecting coronavirus (Vlasova
et al., 2022) Moreover, although domestic dogs have not been confirmed
as transmission vectors for SARS-CoV-2, evidence indicates that they
are susceptible to infection, emphasizing their potential role within the
human-animal interface. Given the close companionship and frequent
physical interaction between humans and domestic dogs, opportunities
for viral adaptation and cross-species transmission may be enhanced (Sit
et al., 2020; Shi et al., 2024b) Therefore, compiling epidemiological data
on CCoV infections is crucial for effective monitoring and prevention ef-
forts.

History

Since its initial identification in 1971 during an outbreak within a
canine military unit in Germany, canine coronavirus (CCoV) has spread
quickly across the globe and is now considered enzootic, with prevalence
rates reported to vary widely from 6.25% to 72.5% (Wang et al., 2016).
Historically, CCoV has been largely underestimated in its significance,
and vaccinations against it are not commonly recommended due to the
lack of a reliable challenge model to test vaccine efficacy. Despite this,
CCoV plays a notable role in causing enteritis ranging from moderate to
severe severity. Over the past few decades, CCoV has experienced ge-
netic changes through mutation and recombination processes that have
altered its tissue targeting (tropism) and virulence. These evolutionary
events have led to the emergence of new, genetically distinct strains,
some of which have increased pathogenic capabilities. The majority of
CCoV strains detected belong to type Il viruses, which are able to grow
readily in canine and feline cell cultures. In contrast, type | CCoV strains
have not been isolated by traditional culture methods but have only been
identified through molecular techniques such as reverse transcription
polymerase chain reaction (RT-PCR) and quantitative PCR (qPCR) (Pratelli
etal, 2022).

A remarkable discovery is that some CCoV strains detected in hu-
mans possess extensively recombinant spike genes originating from both
feline and canine coronavirus lineages. These have been classified as hu-
man CCoV strains Z19 and HuPn-2018, which appear to show respiratory
tract tropism rather than enteric (Zehr et al., 2022). Furthermore, recent
full genome sequencing of the CCoV-UCD-1 strain [PP526172], originally
isolated in the 1970s and thought to contain a transmissible gastroenteri-
tis virus (TGEV)-like N-terminal domain (NTD) revealed near-identical
sequences to the human CCoV-HuPn-2018 strain. This genetic similar-
ity heightens interest in the zoonotic potential of these viruses, raising
concerns about cross-species transmission and the emergence of novel
infectious agents (Zehr et al., 2022; Olarte-Castillo et al., 2025)

Epidemiology

Recent international epidemiological studies on canine coronavirus
(CCoV) provide updated insights into its prevalence, genotypes, and dis-
ease spread among dog populations. A study in 2024 revealed that CCoV
has two main genotypes circulating globally: CCoV type | and type lla,
with a higher prevalence of CCoV-I (approximately 10.2%) compared to
CCoV-lla (6.0%). Mixed infections with both genotypes were also detected
(Nguyen and Pham Thi, 2021). The virus mainly infects the intestinal tract
but pantropic (systemic spread) variants are less common. These findings
confirm that CCoV remains endemic in dog populations worldwide, par-
ticularly affecting puppies and dogs in shelters (Mira et al., 2024).

Another systematic review and meta-analysis in 2024 emphasized
the global dissemination of canine enteric coronavirus and raised con-
cerns about co-infections and variant emergence, highlighting the need
for routine molecular screening and epidemiological surveillance to con-
trol outbreaks effectively. The review underscores persistence of CCoV
despite vaccination efforts and variations in strain virulence and spread

depending on regional and environmental factors (Odigie et al., 2024).
Lastly, an epidemiological investigation in southwestern China enhanced
understanding of genetic diversity and transmission dynamics of CCoV,
which is critical for vaccine development and disease management strat-
egies in dogs (Dong et al., 2022).

Pathogenesis

The pathogenesis of enteric canine coronavirus begins with viral at-
tachment and entry into susceptible intestinal epithelial cells, particularly
mature enterocytes located at the tips and lateral surfaces of the small-in-
testinal villi. Viral entry is primarily mediated by the spike (S) glycopro-
tein, which determines receptor recognition, membrane fusion, cellular
tropism, and consequently, pathogenicity. For CCoV-Il, canine amino-
peptidase N (cAPN/CD13) functions as an entry receptor, whereas the
cellular receptor used by CCoV-I has not yet been conclusively identified.
Importantly, CCoV-I and CCoV-Il also differ in the proteolytic architecture
of their spike proteins. CCoV-I possesses basic cleavage motifs at both
the S1/S2 boundary and the S2' region, whereas CCoV-Il generally lacks
a prominent multibasic S1/S2 motif but contains a conserved basic S2'
cleavage motif, commonly represented as R-K-R-Y/F-R-S. Proteolytic ac-
tivation at or near S2' facilitates exposure of the fusion peptide and sub-
sequent fusion between viral and cellular membranes (Licitra et al., 2014;
Licitra et al, 2015). Although trypsin- and cathepsin-like proteases have
been proposed to activate CCoV spike proteins, the specific contribution
of the cell-surface serine protease TMPRSS2 to classical enteric CCoV-I or
CCoV-Il infection has not been established. Indeed, studies of the related
CCoV-HuPn-2018 showed that TMPRSS2 did not enhance spike-mediat-
ed entry, whereas the endosomal proteases cathepsin B and cathepsin L
contributed to pH-dependent viral entry (Liu et al,, 2023).

Following entry, viral replication within mature enterocytes dis-
rupts cellular homeostasis and induces cytopathic injury. Infection may
promote degeneration and death of infected epithelial cells, including
apoptosis and necrosis, followed by loss of the apical brush border and
exfoliation of damaged enterocytes into the intestinal lumen. As mature
enterocytes are progressively lost, villi become shortened and atrophic,
reducing the functional absorptive surface of the small intestine. Con-
sequently, impaired membrane-associated digestion and nutrient ab-
sorption, together with altered epithelial permeability and fluid transport,
contribute to maldigestion, malabsorption, and diarrhea (Afonso et al.,
2025; Sabyrzhan et al,, 2025). Thus, villous atrophy should be regarded
not simply as a histological lesion but as the structural consequence of
virus-induced enterocyte loss and insufficient replacement of differenti-
ated absorptive cells.

Severe intestinal disease may occur when epithelial injury becomes
extensive or is accompanied by damage to crypts and gut-associated
lymphoid tissue. Cases of severe CCoV-associated enteritis in puppies
have demonstrated hemorrhagic enteritis, villous shortening, crypt ne-
crosis, lymphoplasmacytic intestinal inflammation, lymphoid depletion,
and, in some animals, ileocecal intussusception (Santos et al, 2023).
Intussusception is likely a secondary consequence rather than a direct
cytopathic effect of CCoV. Severe intestinal inflammation altered intesti-
nal motility, bowel-wall edema, and disruption of normal peristalsis may
create conditions that favor telescoping of one intestinal segment into
another. Therefore, the occurrence of intussusception should be inter-
preted as a complication of severe enteric disease rather than a primary
molecular effect of viral replication.

The pathogenesis of pantropic CCoV-lla differs substantially from
that of conventional enterotropic infection because these variants can
disseminate beyond the intestinal tract. Experimental infection with the
prototype pantropic strain CB/05 has demonstrated viral involvement of
lymphoid and parenchymal tissues, accompanied by leukopenia, marked
lymphopenia, and systemic lesions. A transient or low-level viremia has
been proposed as one possible route through which the virus reaches
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lymphoid tissues and internal organs. Viral antigen or RNA has been de-
tected in tissues including the thymus, spleen, mesenteric lymph nodes,
lung, liver, and kidney, indicating an expanded cellular and tissue tropism
(Decaro et al.,, 2008; Marinaro et al., 2010). In addition, coronavirus anti-
gen has been reported within macrophage-like cells in affected tissues,
while experimental in vitro studies suggest that pantropic CCoV can rep-
licate in canine macrophages and promote a pro-inflammatory M1-like
phenotype. These observations provide a potential cellular mechanism
linking infection with systemic dissemination and inflammatory tissue
injury, although the exact contribution of infected monocytes or macro-
phages to in vivo dissemination remains incompletely defined.

Immune dysregulation appears to be an important component of
pantropic CCoV-lla pathogenesis. Experimental CB/05 infection causes an
early reduction in circulating CD4+ and CD8+ T lymphocytes and a small-
er decline in B-cell populations, together with acute CD14+ monocytosis.
CD8+ T-cell and B-cell numbers may recover relatively rapidly, whereas
CD4+ T-cell depletion can persist for several weeks and, in experimental
infections, has required up to approximately 60 days for complete recov-
ery (Marinaro et al,, 2010). Infection and depletion of lymphoid tissues
may therefore impair both cell-mediated immunity and coordination of
antiviral humoral responses, potentially increasing susceptibility to sec-
ondary or concurrent infections. However, a classical cytokine storm or
specific hyper-inflammatory cytokine profile has not yet been conclusive-
ly demonstrated for pantropic CCoV in vivo. Accordingly, systemic lesions
should not currently be attributed to uncontrolled cytokine release with-
out additional evidence. Instead, available data support a combination of
expanded viral tissue tropism, lymphoid injury, altered leukocyte popu-
lations, and inflammatory responses as contributors to systemic disease.

The immune mechanisms controlling enteric and pantropic CCoV
infection also differ according to the anatomical distribution of viral rep-
lication. In conventional enteric infection, mucosal immunity is particu-
larly important because viral replication is concentrated at the intestinal
surface. CCoV-specific secretory IgA produced at the intestinal mucosa
can inhibit viral attachment and limit infection of enterocytes, and higher
fecal IgA concentrations have been associated with increased protection
against enteric CCoV challenge. In contrast, high serum antibody titers
alone do not necessarily provide sterilizing protection at the intestinal
mucosa (Decaro et al., 2008). Current evidence does not establish com-
pletely distinct clearance mechanisms for CCoV-I and CCoV-Il enteric
infections, particularly because both genotypes frequently occur as coin-
fections and CCoV-I remains less experimentally characterized. There-
fore, it is more accurate to state that mucosal IgA is a major correlate of
protection against enteric CCoV infection rather than assigning mucosal
clearance exclusively to CCoV-I.

Systemic immune responses become more relevant for pantropic
CCoV-lla because viral replication extends beyond the intestinal muco-
sa. Neutralizing serum antibodies, T-cell-mediated responses, and innate
immune cells are expected to contribute to control of extraintestinal in-
fection. Nevertheless, naturally acquired immunity against enteric CCoV
does not provide complete cross-protection against pantropic CCoV-lla.
Dogs with pre-existing high serum antibody titers against enteric CCoV
remain susceptible to experimental CB/05 infection and developed viral
shedding, gastrointestinal signs, lymphopenia, and viral involvement of
lymphoid tissues. This finding indicates that systemic antibody concen-
trations alone do not reliably predict protection against pantropic infec-
tion and suggests that differences in viral tropism and antigenic proper-
ties can allow pantropic CCoV-lla to partially evade immunity induced by
conventional enteric strains.

Canine respiratory coronavirus (CRCoV) follows a distinct pathogenic
pathway because it is a betacoronavirus with predominant tropism for
the respiratory tract rather than the intestinal epithelium. Infection occurs
mainly following exposure to respiratory secretions and is associated with
viral replication in the nasal and tracheal epithelium. The CRCoV spike
protein interacts with cell-surface sialic acids as attachment factors, while

experimental evidence suggests that additional protein receptors are re-
quired for productive entry. Following attachment and internalization, in-
cluding caveolin-dependent endocytosis in susceptible cell systems, viral
replication damages ciliated respiratory epithelial cells. The resulting cil-
iary loss, epithelial desquamation, inflammation, and impairment of mu-
cociliary clearance facilitate accumulation of respiratory secretions and
may increase susceptibility to secondary respiratory pathogens. These
effects contribute to the role of CRCoV as one component of the mul-
tifactorial Canine Infectious Respiratory Disease Complex rather than as
the sole etiological agent of the syndrome (Haake et al., 2020).

Clinical manifestations

Canine coronavirus infection is difficult to differentiate from other
infectious causes of enteritis. CCoV infection is generally less severe than
infection with Canine Parvovirus type 2. Clinical signs can vary widely,
and the disease can affect dogs of any age, in contrast to CPV infections,
where affected dogs are usually under 2 years old. Dogs infected with
CCoV often experience sudden onset of diarrhea, sometimes preceded by
vomiting. Other common signs are loss of appetite and lethargy (Tesfaye
et al, 2024).

Signs can be more severe in infections with particularly virulent
strains or in very young canine puppies. In severe cases, diarrhea may be-
come watery and be followed by dehydration and electrolyte imbalanc-
es (Buonavoglia et al,, 2023). Most affected dogs recover spontaneously
after 8 to 10 days. When secondary complicating factors arise (parasites,
bacteria, or other viruses), the disease can be prolonged significantly. In
pantropic Coronavirus infections, there are more severe symptoms, in-
cluding fever (39.5 to 40°C), lethargy, anorexia, vomiting, hemorrhagic
diarrhea, leukopenia, and neurological signs (ataxia, seizures) followed by
death within 2 days (Rowland et al., 2021).

Diagnosis

Molecular detection by reverse transcription quantitative PCR
(RT-gPCR) is currently one of the most sensitive and practical laboratory
approaches for confirming canine coronavirus (CCoV) infection, particu-
larly through the detection of viral RNA in fecal or rectal-swab samples.
The selection of the genomic target depends on the diagnostic purpose.
For broad detection of enteric CCoV, the conserved ORF5 region encod-
ing the membrane (M) protein is commonly targeted. An early TagMan
RT-gPCR assay targeting the CCoV M gene showed a detection limit of
approximately 10 copies of standard viral RNA and a linear quantitative
range from 10 to 10® copies, demonstrating substantially greater analyt-
ical sensitivity than conventional RT-PCR targeting the same region (De-
caro et al, 2008). More recent multiplex RT-qPCR assays have retained
ORF5 as a diagnostic target. For example, Thieulent et al. (2023) report-
ed a 95% limit of detection (LOD95) of approximately 4 genome copies/
pL in singleplex format and 6 genome copies/pL in multiplex format for
canine enteric coronavirus, with high amplification efficiency and repro-
ducibility. Similarly, a recently developed quadruplex RT-gPCR targeting a
conserved region of the CCoV M gene detected both CCoV-I and CCoV-II
with an LOD of approximately 1.0x10% copies per reaction and showed
more than 99% agreement with reference molecular assays (Zhao et al,
2024).

Although the M gene is suitable for broad CCoV screening because
of its relative conservation, additional genomic regions may be required
for strain or genotype characterization. In particular, sequence variation
within the spike (S) gene can be used to differentiate CCoV genotypes
and subtypes, including CCoV-l, CCoV-lla, and recombinant CCoV-Ilb
strains, while genotype-specific fluorogenic RT-PCR assays can also dis-
criminate CCoV-I from CCoV-Il (Decaro et al., 2008). Therefore, positive
screening results may be followed by genotype-specific PCR or sequenc-
ing of the S gene when epidemiological characterization, investigation
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of pantropic strains, or identification of recombinant variants is required.

Analytical specificity is particularly important because CCoV belongs
to Alphacoronavirus 1 and is genetically and antigenically related to feline
coronavirus (FCoV) and transmissible gastroenteritis virus (TGEV). Earlier
PCR assays targeting conserved regions of the M gene demonstrated am-
plification of closely related alphacoronaviruses, including TGEV and, with
some primer combinations, feline infectious peritonitis virus, illustrating
the potential for cross-reactivity when primers are directed toward highly
conserved sequences (Pratelli et al,, 1999). Modern probe-based RT-qP-
CR assays reduce this problem through sequence-specific primers and
fluorogenic probes and should be analytically validated against closely
related coronaviruses as well as other common canine enteric pathogens.
Recent multiplex assays have demonstrated high target specificity with-
out detectable cross-amplification among the viral targets included in
their validation panels (Thieulent et al., 2023; Zhao et al., 2024).

Accordingly, RT-gPCR results should be interpreted together with
clinical findings, epidemiological information, sample type, and the tim-
ing of sample collection. Detection of CCoV RNA confirms viral shedding
but does not by itself establish that CCoV is the sole cause of gastrointes-
tinal disease, because asymptomatic infection, prolonged fecal shedding,
and coinfection with other enteric pathogens may occur. Serological as-
says can provide evidence of previous exposure or immune responses but
are less useful for confirming acute enteric infection, whereas virus isola-
tion is technically demanding and generally less sensitive than molecular
detection. Therefore, RT-qPCR of fecal samples, followed when necessary,
by genotype-specific PCR or sequencing, provides a more appropriate
molecular framework for the diagnosis and epidemiological characteri-
zation of CCoV infection.

Differential diagnosis

Canine coronavirus (CCoV) has two main types, namely Canine En-
teric Coronavirus (CECoV), which attacks the digestive system, infects the
intestinal epithelium, causing gastrointestinal disorders such as acute di-
arrhea and vomiting, and Canine Respiratory Coronavirus (CRCoV), which
attacks the upper respiratory tract and is one of the pathogens that caus-
es Canine Infectious Respiratory Disease Complex (CIRDC) (Haake et al.,
2020; Zhou et al., 2024). Different infection sites and clinical symptoms
lead to differences in differential diagnosis. CECoV has symptoms similar
to Canine Parvovirus (CPV) or bacterial gastrointestinal infections, while
CRCoV needs to be distinguished from pathogens causing CIRDC such as
Canine Adenovirus type 2 (CAV-2), Canine Parainfluenza Virus (CPIV), and
Bordetella bronchiseptica (Shi et al., 2024a; Zhou et al., 2024)

CECoV and CPV have clinical symptoms that can cause acute gastro-
enteritis in puppies and are difficult to distinguish clinically. The differ-
ence lies in CPV, which generally causes more severe symptoms such as
severe dehydration and significant leukopenia. To confirm the diagnosis,
fecal antigen testing or qPCR can be performed (Sabyrzhan et al., 2025;
Thieulent et al., 2025). Enteric bacteria such as Salmonella spp., Campy-
lobacter spp., and Clostridium perfringens should be considered in the
diagnosis of CECoV in cases of acute diarrhea, especially if the dog has
a history of consuming raw food or contact with a virus-contaminated
environment (Loor-Giler et al, 2025). Intestinal protozoa such as Giar-
dia duodenales can also cause acute diarrhea, therefore parasitological
examination and specific PCR testing can be performed to confirm the
diagnosis (Kurnosova et al.,, 2024; Zong Minko et al,, 2024). Co-infection
between CECoV and CPV or other enteric agents can worsen the clinical
condition. The ideal diagnostic approach in cases of canine enteritis is
to combine rapid tests and PCR with genetic sequencing to confirm the
causative agent (Kurnosova et al., 2024).

One of the pathogens causing CIRDC is CRCoV, which needs to be
distinguished from other respiratory viruses such as CPIV and CAV-2 be-
cause all three of these viruses can cause upper respiratory tract disorders
in dogs. Bordetella bronchiseptica infection is often found concurrently

with these viruses, therefore bacteriological examination or PCR is re-
quired for definitive diagnosis (Chamorro et al., 2023). Infections in CIRDC
cases indicate multipathogen infections, especially if dogs kept in densely
populated environments (Chen et al.,, 2024).

Transmission

CECoV is primarily spread via the fecal-oral route, typically through
contact with contaminated feces from infected dogs, whereas CRCoV is
transmitted through the respiratory route, via droplets expelled by in-
fected dogs (Zhou et al., 2024; Walz et al., 2025). Transmission most fre-
quently occurs in environments with high dog density, such as shelters
and kennels (Sha et al.,, 2022). Dogs with subclinical CCoV infections may
shed the virus in feces for several days to weeks after clinical onset, con-
tributing to environmental contamination and transmission from asymp-
tomatic carriers (Haake et al., 2020; Santos et al., 2023). Epidemiological
analysis indicates that environmental factors such as kennel hygiene, feed
management, and feces disposal may influence transmission (Zhang et
al., 2023).

Dogs infected with CECoV can excrete the virus in their feces for sev-
eral days to weeks after clinical onset, with inter-individual variation de-
pending on age and immune status (Thibault et al,, 2022). CRCoV is shed
in respiratory secretions for a short period but contact between dogs in
enclosed spaces can prolong the transmission period (Zhou et al., 2024).
Molecular investigations show that healthy dogs can still be detected for
viral RNA in fecal or nasopharyngeal swab samples (Zhang et al,, 2023).
Puppies are more susceptible to CCoV because their immune systems are
not yet fully developed (Shi et al., 2024b).

The CCoV virus can survive for long periods on contaminated surfac-
es and in contaminated environments such as kennels, feeding areas, or
cleaning equipments (Thibault et al., 2022). Inadequate cleaning and dis-
infection can lead to the spread of CECoV. Poor ventilation can increase
the risk of CRCoV spread through surfaces contaminated with droplets
from infected dogs (Zhou et al, 2024). Epidemiological analysis shows
that recurrent outbreaks often occur in high-density environments and in
facilities that fail to implement thorough sanitation procedures after an-
imal rotation (Odigie et al., 2024). Emerging recombinant CCoV variants
pose a risk of uncontrolled spread (Lednicky et al., 2022).

CCoV is often found alongside other pathogens such as CPV or
Bordetella bronchiseptica. These co-infections can affect the severity of
symptoms and the amount of virus shed, thereby increasing transmission
(Thieulent et al., 2025). CRCoV combined with other bacteria can accel-
erate spread in closed environments (Zhou et al,, 2024). Dogs with dual
infections heal slower than those with single infections. This underscores
the importance of comprehensive diagnosis in cases of diarrhea or con-
tagious cough in dogs (Zhang et al., 2023; Chen et al.,, 2024).

Recent studies have identified genetic recombination in CCoV, which
may influence viral characteristics and transmission patterns. Recombi-
nant strains have been detected in several regions and exhibit distinct
transmission patterns (Shi et al, 2024b). Genome sequencing analysis
shows partial gene similarity with other coronaviruses that infect hu-
mans and animals. Although there is no strong evidence that CCoV can
be transmitted to humans, the possibility of cross-species transmission
needs to be watched (Zhang et al., 2023; Chen et al,, 2024).

Risk factors

CECoV and CRCoV show a pattern of spread that is highly influenced
by host factors, causative agents, and the living environment of dogs (Wu
et al, 2023). Puppies are at high risk due to declining maternal immu-
nity and an immune system that is not yet fully developed (Jacot et al,
2021; Poonsin et al, 2023). Dogs with poor nutrition or compromised
immune systems show more severe infections and symptoms. A history
of chronic or systemic disease can also be a factor that increases suscep-
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tibility to CCoV infection (Sha et al,, 2022; Mira et al., 2024). Genetic fac-
tors between dogs can influence susceptibility levels, although evidence
still requires further study (Li et al,, 2023). Environmental factors such as
outdoor group interactions or shared grooming areas can increase op-
portunities for close contact and enhance the risk of viral transmission
(Corman et al., 2020).

Animal density in shared animal facilities such as pet shops, pet ho-
tels, shelters, or farms can accelerate the spread of CCoV through feces
or droplets from infected dogs (Corman et al., 2020; Odigie et al., 2024).
Poor care and sanitation correlate with higher infection prevalence in
field surveillance (Mira et al., 2024). Interregional animal transportation
can increase the risk of spreading recombinant CCoV strains (Shi et al.,
2024b). Season and climatic conditions have also been reported to influ-
ence infection prevalence, with increased cases in spring and fall (Chen
et al., 2024). Kennel management practices such as mixing litters without
quarantine increase CCoV cross-exposure. Exposure to wild animals or
other reservoirs can lead to genetic recombination and the emergence of
new strains (Zehr et al., 2022; Afonso et al., 2025).

Some CCoV strains show zoonotic potential in humans who are in
close contact with (Silva Filho et al., 2023; Vlasova et al., 2022). Close
contact with owners or frequent direct contact with dogs increases the
likelihood of cross-species exposure (Decaro et al.,, 2021; Wu et al., 2023).
The movement of pets across regions can spread new strains to other
environments. Limited coordination across sectors can reduce the early
detection of potential spillovers (Shi et al., 2024b). Weak biosecurity prac-
tices at points of contact between humans and animals facilitate reverse
transmission and opportunities for adaptation of recombinant CCoV vi-
ruses (Del Sorbo et al., 2025).

Public health importance

CCoV exhibits the potential for recombination and genetic variation
that may enhance its ability to cross species barriers and subsequently
pose a zoonotic risk (Shi et al., 2024b). Genetic similarities in CCoV have
been found with several other strains of carnivore coronaviruses that have
the potential to affect humans (Zhou et al.,, 2024). Field studies report that
CCoV has been found in domestic dogs and stray dogs, suggesting that
direct contact with infected dogs may increase the risk of exposure (Yang
et al, 2022). Genetic changes in CCoV isolates documented by studies in
Asia and Europe have the potential to alter the tropism of the virus, which
is an important basis for understanding the potential for cross-species
infection (Pandit et al, 2023). New genetic detections in various regions
indicate the possibility of wider virus spread. Research cases examining
the CCoV genome have noted the existence of recombinant clusters, with
the discovery of new isolates associated with public health risks (Shi et al.,
2024b; Del Sorbo et al., 2025).

CCoV infection in dogs is a public health concern because dogs are
pets that frequently interact with humans. Pet dogs are mostly infected
with CCoV with subclinical symptoms, but they can still transmit the virus,
making its spread difficult to control (Shi et al, 2024b). Stray dogs and
pet dogs living in the same environment with high density can increase
the risk of CCoV infection. Although evidence of CCoV transmission and
infection in humans is still limited, there are reports indicating that CCoV
has undergone unusual changes that need to be watched out for (Mira et
al,, 2024). The potential for zoonosis creates public concern and impacts
animal welfare, as some owners may abandon or neglect infected dogs
(Odigie et al., 2024; Del Sorbo et al., 2025).

Treatment

Treatment of CCoV infection is primarily aimed at reducing clinical
morbidity, preventing dehydration, and minimizing secondary complica-
tions. The mainstay of therapy is supportive care, as most enteric and
respiratory infections are self-limiting in adult (Pratelli et al., 2022; Dong

et al., 2022). Hydration stabilization, electrolyte correction, and nutritional
management are initial interventions to prevent malnutrition in puppies
affected by CCoV. Clinical monitoring is performed to detect deteriora-
tion in the condition of infected dogs, such as severe dehydration, sec-
ondary sepsis, or the development of systemic disease, which may alter
the planned therapy (Chen et al,, 2024). Antibiotics are ineffective against
viruses but may be considered if there is a secondary bacterial infection
or risk of aspiration in severe cases (Corman et al,, 2020; Pratelli et al.,
2022).

The focus of enteral therapy is on oral or parenteral rehydration, ad-
justed according to the degree of dehydration and drinking ability, with
treatment administered according to body weight. In anorexic puppies,
regular and easily digestible nutrition is recommended because early
enteral nutrition can reduce morbidity. Intravenous fluid administration
for rehydration in dogs should consider electrolyte loss and acidosis due
to severe diarrhea with serum electrolyte monitoring (Chen et al., 2024).
Therapy for respiratory CCoV involves supportive care such as oxygen
therapy, nebulization, and treatment to keep the airways clear (Corman et
al., 2020; Haake et al., 2020). Symptomatic therapy may include broncho-
dilators and mucolytics in cases showing obstruction or excessive mucus
production. In cases of CIRDC where CRCoV is identified alongside com-
panion pathogens such as Bordetella, Influenza, or Mycoplasma, selective
antibiotics are administered if a dual infection occurs. Dogs infected with
CRCoV undergo ventilation monitoring, and animal density is reduced
to minimize transmission to other dogs (Corman et al., 2020). Antivirals
for CCoV are not yet officially registered for the treatment of this virus in
dogs. Recent research shows that nucleoside analogs such as molnupira-
vir and GS-441524 derivatives have activity against coronaviruses in feline
coronavirus (FCoV), making them potential candidates for development
in do. Data on the safety and efficacy of GS-441524 specifically in dogs
infected with CCoV are still very limited (Cerna et al,, 2025).

Vaccination

Vaccination against CCoV aims to induce protective immune re-
sponses in dogs, enhancing resistance to viral infections affecting the
digestive and respiratory systems (Zappulli et al.,, 2020). Diseases caused
by CCoV infection are mild, so this vaccine is not considered a top priority
in routine vaccinations. CCoV cases are subclinical, so vaccination is still
being considered in terms of cost (Chen et al., 2024). Different infection
rates in different regions mean that vaccination decisions are tailored to
local conditions (Odigie et al, 2024). An inactivated CCoV vaccine has
been developed and is used on a limited scale. However, CCoV vaccina-
tion is not included in routine vaccinations (Hossain et al., 2022).

The CCoV vaccine used is generally an inactivated vaccine that is in-
jected into dogs and can help release the virus through feces after in-
fection (Hossain et al,, 2022). This vaccine has limitations in producing
a mucosal IgA response, which is considered important for protection
against enteric infections. CCoV vaccines can use live-attenuated vaccines
that have been tested orally or intranasally and can potentially induce
immunity in mucosal epithelial tissue. The immune system expected to be
formed in the body from the administration of the CCoV vaccine involves
IgA and neutralizing antibodies in the blood. Genetic variation of CCoV
can affect vaccine effectiveness (Shi et al,, 2024b). Vaccination success
is influenced by the dog's age, maternal antibodies, and animal health
history (Hossain et al., 2022).

Vaccinated dogs that contract CCoV generally exhibit milder clinical
signs compared to unvaccinated animals. Vaccination guidelines from the
World Small Animal Veterinary Association (WSAVA) stated that the CCoV
vaccine is not a routine vaccine because the symptoms it causes are not
particularly fatal. CCOV vaccination is recommended for puppies because
they are at high risk of infection (Dong et al,, 2022). In puppies, vaccina-
tion is performed after maternal antibodies have subsided to ensure an
optimal immune response (Hossain et al., 2022). Circulation levels, sani-
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tation conditions, or transportation stress are indicators for assessing the
administration of CCoV vaccination (Chen et al., 2024).

Control strategies

CCoV control in dog populations focuses on early detection, bios-
ecurity, population management, and appropriate clinical interventions.
Control programs are implemented to reduce morbidity in susceptible
dogs, decrease transmission, and prevent outbreaks in collective facilities
(Odigie et al., 2024). CCoV can play a complex role in CIRDC and gastroin-
testinal diseases, therefore control strategies must adopt a cross-patho-
gen approach that addresses both respiratory and enteric pathogens.
Continuous monitoring enables the detection of new variants of CCoV
and helps assess whether these strains can alter virulence and vaccine
response (Shi et al.,, 2024a). Screening animals with molecular or antigen
tests can help identify subclinical reservoirs that pose a risk of transmit-
ting the virus (Corman et al., 2020). Coordination of reporting between
diagnostic laboratories, clinicians, and animal health authorities can im-
prove rapid response to disease outbreaks (Buonavoglia et al., 2023).

Proper disinfection and cleaning of the environment are key steps in
controlling the virus because CCoV can survive on surfaces under certain
conditions. Effective fecal management, increased cleaning frequency,
and the use of easily sanitized equipment and materials can significantly
reduce the risk of viral transmission (Odigie et al., 2024; Corman et al,
2020). Good air circulation and ventilation can reduce the risk of CCoV
transmission through droplets from infected dogs. Reducing density and
separating sick dogs from healthy dogs can lower the potential for trans-
mission within a population. Improving environmental conditions, en-
hancing nutrition, and reducing excessive handling can reduce the sever-
ity of the disease and viral shedding in infected dogs (Chen et al., 2024).

Conclusion

Canine coronavirus (CCoV) remains an important pathogen in dog
populations worldwide, primarily causing gastrointestinal, Canine En-
teric Coronavirus (CECoV) and respiratory diseases, Canine Respiratory
Coronavirus (CRCoV). Genetic diversity and recombination between CCoV
subtypes and related coronaviruses have led to new variants with altered
virulence and tissue tropism. Although most infections are mild, the pres-
ence of pantropic and recombinant strains indicates the virus's capacity
for adaptation and potential zoonotic risk. Effective control requires a
multifaceted approach combining molecular surveillance, vaccination in
susceptible populations, strict biosecurity, and public awareness. Contin-
uous genomic monitoring and application of the One Health framework
are essential to anticipate cross-species spillover events and strengthen
preparedness for emerging coronavirus threats.

Acknowledgement

The authors thank the Faculty of Health, Medicine and Life Sciences,
Universitas Airlangga, Indonesia, for providing the necessary facilities for
the study. The authors did not receive any funding for this study.

Conflict of interest

The authors have declared no conflict of interest.

References

Adams, M.J,, Lefkowitz, E.J., King, AM.Q. Harrach, B., Harrison, R.L, Knowles, N.J., Kropinski, A.M.,
Krupovic, M., Kuhn, J.H., Mushegian, AR, Nibert, M., Sabanadzovic, S., Sanfacon, H., Siddell,
S.G., Simmonds, P., Varsani, A, Zerbini, F.M., Gorbalenya, A.E., Davison, A.J,, 2016. Ratification
vote on taxonomic proposals to the International Committee on Taxonomy of Viruses. Arch.
Virol. 161, 2921-2949.

Afonso, P., Cardoso, L, Quintas, H., Coelho, A.C., 2025. Health sentinels: Canine parvovirus and
coronavirus in Portuguese shelter dogs. Vet. Stanica 56, 39-56.

Akhtardanesh, B., Jajarmi, M., Shojaee, M., Salajegheh Tazerji, S., Khalili Mahani, M., Hajipour, P.,

Gharieb, R, 2023. Molecular screening of SARS-CoV-2 in dogs and cats from households
with infected owners diagnosed with COVID-19 during Delta and Omicron variant waves in
Iran. Vet. Med. Sci. 9, 82-90.

Alluwaimi, AM., Alshubaith, I.H., Al-Ali, A M., Abohelaika, S., 2020. The coronaviruses of animals
and birds: Their zoonosis, vaccines, and models for SARS-CoV and SARS-CoV2. Front. Vet.
Sci. 7, 582287.

Buonavoglia, A, Pellegrini, F., Decaro, N., Galgano, M., Pratelli, A, 2023. A One Health perspective
on canine coronavirus: A wolf in sheep’s clothing? Microorganisms 11, 921.

Cerna, P., Wittenburg, L., Hawley, J., Willis, M., Siegenthaler, B., Lappin, M.R., 2025. Pharmacokinet-
ics of Molnupiravir in Cats with Naturally Occurring Feline Infectious Peritonitis. Pathogens
14, 666.

Chamorro, B.M,, De Luca, K., Swaminathan, G., Rochereau, N., Majorel, J., Poulet, H., Chanut, B.,
Piney, L, Mundt, E,, Paul, S., 2023. Mucosal vaccination with live attenuated Bordetella bron-
chiseptica protects against challenge in Wistar rats. Vaccines 11, 982.

Chen, C., Ji, X, Zhang, T, Ge, L, Sun, M., Yang, M., Li, C,, 2024. A systematic review and meta-anal-
ysis of canine enteric coronavirus prevalence in dogs of mainland China. Virol. J. 21, 155.

Corman, V.M., Landt, O., Kaiser, M., Molenkamp, R., Meijer, A., Chu, D.K.W., Bleicker, T., Briinink,
S., Schneider, J.,, Schmidt, M.L,, Mulders, D.G.J.C, Haagmans, B.L, van der Veer, B, van den
Brink, S., Wijsman, L, Goderski, G, Romette, J.L, Ellis, J,, Zambon, M., Peiris, M., Goossens,
H., Reusken, C.,, Koopmans, M.P.G., Drosten, C., 2020. Detection of 2019 novel coronavirus
(2019-nCoV) by real-time RT-PCR. Euro Surveill. 25, 2000045.

Cui, J., Li, F., Shi, Z.-L., 2019. Origin and evolution of pathogenic coronaviruses. Nat. Rev. Microbiol.
17,181-192.

Daron, J., Bravo, I.G., 2021. Variability in codon usage in coronaviruses is mainly driven by muta-
tional bias and selective constraints on CpG dinucleotide. Viruses 13, 1800.

Decaro, N., Balboni, A, Bertolotti, L., Martino, P.A.,, Mazzei, M., Mira, F., Pagnini, U., 2021. SARS-
CoV-2 infection in dogs and cats: facts and speculations. Front. Vet. Sci. 8, 619207.

Decaro, N., Campolo, M., Lorusso, A., Desario, C., Mari, V., Colaianni, M.L,, Elia, G., Martella, V.,
Buonavoglia, C., 2008. Experimental Infection of Dogs with a Novel Strain of Canine Coro-
navirus Causing Systemic Disease and Lymphopenia. Veterinary Microbiology 128, 253-260.

Decaro, N., Martella, V., Saif, LJ., Buonavoglia, C., 2020. COVID-19 from veterinary medicine and
one health perspectives: What animal coronaviruses have taught us. Res. Vet. Sci. 131, 21-23.

Del Sorbo, L., Cerracchio, C,, Serra, F., Canzanella, S., Giugliano, R, Lambiase, S., Aranguiz, N.P.,
Esposito, M., Amoroso, M.G., Fusco, G., Fiorito, F., 2025. Canine coronavirus infection is in-
tensified by 2,3,7,8-tetrachlorodibenzo-p-dioxin. Arch. Toxicol. 99, 2211-2223. doi: 10.1007/
500204-025-03981-w.

Dema, A, Tallapally, M.R., Ganji, V.K., Buddala, B., Kodi, H., Ramidi, A, Yella, N.R,, Putty, K., 2023. A
comprehensive molecular survey of viral pathogens associated with canine gastroenteritis.
Arch. Virol. 168, 36.

Dong, B., Zhang, X, Bai, J., Zhang, G, Li, C, Lin, W., 2022. Epidemiological investigation of canine
coronavirus infection in Chinese domestic dogs: A systematic review and data synthesis.
Prev. Vet. Med. 209, 105792.

Evermann, J.F, Abbott, J.R, Han, S., 2005. Canine Coronavirus-Associated Puppy Mortality without
Evidence of Concurrent Canine Parvovirus Infection. Journal of Veterinary Diagnostic Inves-
tigation 17, 610-614.

Haake, C., Cook, S., Pusterla, N., Murphy, B., 2020. Coronavirus infections in companion animals:
Virology, epidemiology, clinical and pathologic features. Viruses 12, 1023.

He, H.-J,, Zhang, W., Liang, J., Lu, M., Wang, R, Li, G, He, J.-W., Chen, J., Chen, J,, Xing, G., Chen, Y.,
2020. Etiology and genetic evolution of canine coronavirus circulating in five provinces of
China, during 2018-2019. Microb. Pathog. 145, 104209.

Hossain, M.E., Islam, A,, Islam, S., Rahman, M K., Miah, M., Alam, M.S., Rahman, M.Z,, 2022. De-
tection and molecular characterization of canine alphacoronavirus in free-roaming dogs,
Bangladesh. Viruses 14, 67.

Jacot, D., Pillonel, T., Greub, G., Bertelli, C., 2021. Assessment of SARS-CoV-2 genome sequencing:
Quality criteria and low-frequency variants. J. Clin. Microbiol. 59, e00944-21.

Kannekens-Jager, M.M., de Rooij, M.M.T., de Groot, Y., Biesbroeck, E., de Jong, M.K,, Pijnacker, T.,
Smit, LA.M., Schuurman, N., Broekhuizen-Stins, M.J., Zhao, S., Duim, B., Langelaar, M.F.M,,
Stegeman, A,, Kooistra, H.S., Radstake, C., Egberink, H.F., Wagenaar, J.A,, Broens, EM., 2022.
SARS-CoV-2 infection in dogs and cats is associated with contact to COVID-19-positive
household members. Transbound. Emerg. Dis. 69, 4034-4040.

Khamassi Khbou, M., Jedidi, M.D., Zaafouri, F.B., Benzarti, M., 2021. Coronaviruses in farm animals:
Epidemiology and public health implications. Vet. Med. Sci. 7, 322-347.

Kurnosova, O.P., Panova, O.A,, Arisov, M.V., 2024. Prevalence of Giardia duodenalis in dogs and
cats: age-related predisposition, symptomatic, and asymptomatic cyst shedding. Vet. World
17, 379-383. doi: 10.14202/vetworld.2024.379-383.

Lednicky, J.A, Tagliamonte, M.S., White, S.K., Blohm, G.M., Alam, M.M,, lovine, N.M., Salemi, M.,
Mavian, C., Morris, J.G., 2022. Isolation of a novel recombinant canine coronavirus from a vis-
itor to Haiti: Further evidence of transmission of coronaviruses of zoonotic origin to humans.
Clin. Infect. Dis. 75, e1184-e1187.

Li, N., Bai, Y., Liu, R, Guo, Z,, Yan, X, Xiang, K., Liu, F., Zhao, L., Ge, J., 2023. Prevalence and genetic
diversity of canine coronavirus in northeastern China during 2019-2021. Comp. Immunol.
Microbiol. Infect. Dis. 94, 101956. doi: 10.1016/j.cimid.2023.101956.

Licitra, B.N., Duhamel, G.E., Whittaker, G.R,, 2014. Canine Enteric Coronaviruses: Emerging Viral
Pathogens with Distinct Recombinant Spike Proteins. Viruses 6, 3363-3376.

Liu, Y., Chen, D., Wang, Y., Li, X, Qiu, Y., Zheng, M., Song, Y., Li, G, Song, C,, Liu, T, Zhang, Y., Guo,
J.-T,, Lin, H., Zhao, X., 2023. Characterization of CCoV-HuPn-2018 Spike Protein-Mediated
Viral Entry. Journal of Virology 97, e00601-23.

Loor-Giler, A, Santander-Parra, S., Castillo-Reyes, S., Campos, M., Mena-Pérez, R., Prado-Chiribo-
ga, S., Nufez, L., 2025. Characterization, quantification, and molecular identification of co-in-
fection of canine parvovirus (CPV-2) variants in dogs affected by gastroenteritis in Ecuador
during 2022-2023. Vet. Sci. 12, 46. doi: 10.3390/vetsci12010046.

Marinaro, M., Mari, V., Bellacicco, A.L, Tarsitano, E,, Elia, G., Losurdo, M., Rezza, G., Buonavoglia, C.,
Decaro, N., 2010. Prolonged Depletion of Circulating CD4+ T Lymphocytes and Acute Mono-
cytosis after Pantropic Canine Coronavirus Infection in Dogs. Virus Research 152, 73-78.

Matthew-Belmar, V., Noel, T, Sharma, B., Yearwood, K., Fields, P., Sylvester, W., Noel, N., Chitan, E.,
Cudjoe, N., Alexander, V., Oura, C., Macpherson, C., Alhassan, A., 2025. Molecular evidence of
SARS-CoV-2 virus in dogs and cats from Grenada. Vet. Sci. 12, 455.

Mira, F., Schiro, G., Lanave, G., Chiaramonte, G., Canuti, M., Giudice, E., Capozza, P., Randazzo, V.,
Antoci, F., Raele, D.A,, Vicari, D., Guercio, A., Decaro, N., Purpari, G., 2024. Molecular screen-
ing and characterization of canine coronavirus types | and Il strains from domestic dogs in
Southern ltaly, 2019-2021. Transbound. Emerg. Dis. 2024, 7272785.

Nguyen, T.L, Pham Thi, H.H., 2021. Genome-wide comparison of coronaviruses derived from vet-
erinary animals: A canine and feline perspective. Comp. Immunol. Microbiol. Infect. Dis. 76,
101654.

Nova, N., 2021. Cross-species transmission of coronaviruses in humans and domestic mammals,
what are the ecological mechanisms driving transmission, spillover, and disease emergence?
Front. Public Health 9, 717941.

Odigie, A.E, Capozza, P, Tempesta, M., Decaro, N., Pratelli, A,, 2024. Epidemiological investigation
of enteric canine coronaviruses in domestic dogs: A systematic review and meta-analysis.
Res. Vet. Sci. 174, 105289.

Olarte-Castillo, X.A,, Frazier, L.E, Gomes Noll, J.C,, Choi, A, Whittaker, G.R,, 2025. Rethinking the
drivers of coronavirus virulence and pathogenesis; toward an understanding of the dynam-
ic world of mutations, indels, and recombination within the alphacoronaviruses. mBio 16,
e01921-25.

Pandit, R, Ipinmoroti, A.O., Crenshaw, B.J., Li, T., Matthews, Q.L., 2023. Canine coronavirus infection
modulates the biogenesis and composition of cell-derived extracellular vesicles. Biomedi-
cines 11, 976. doi: 10.3390/biomedicines11030976.

853



T.I Solikhah et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 848-854

Poonsin, P., Wiwatvisawakorn, V., Chansaenroj, J., Poovorawan, Y., Piewbang, C., Techangamsuwan,
S., 2023. Canine respiratory coronavirus in Thailand undergoes mutation and evidences a
potential putative parent for genetic recombination. Microbiol. Spectr. 11, e02268-23.

Pratelli, A, Tempesta, M., Elia, G., Martella, V., Decaro, N., Buonavoglia, C., 2022. The knotty biol-
ogy of canine coronavirus: A worrying model of coronaviruses’ danger. Res. Vet. Sci. 144,
190-195.

Radford, A.D., Singleton, D.A, Jewell, C., Appleton, C., Rowlingson, B., Hale, A.C,, Cuartero, C.T,,
Newton, R., Sanchez-Vizcaino, F., Greenberg, D., Brant, B., Bentley, E.G., Stewart, J.P., Smith,
S. Haldenby, S., Noble, P.J.M., Pinchbeck, G.L.,, 2021. Outbreak of severe vomiting in dogs as-
sociated with a canine enteric coronavirus, United Kingdom. Emerg. Infect. Dis. 27, 517-528.

Regan, A.D., Millet, JK, Tse, L.P.V,, Chillag, Z, Rinaldi, V.D,, Licitra, B.N., Dubovi, E.J, Town, C.D.,
Whittaker, G.R., 2012. Characterization of a Recombinant Canine Coronavirus with a Distinct
Receptor-Binding (S1) Domain. Virology 430, 90-99.

Rowland, H., Holding, E., Falces, P.M., Wissink-Argilaga, N., Stidworthy, M.F., Denk, D., Weir, W.,
Krumrie, S., Dunbar, D., Hopper, J.S., 2021. Canine coronavirus subtype 2a associated with
outbreaks of fatal diarrhoea in bush dog (Speothos venaticus) groups. Schweiz. Arch. Tier-
heilkd. 164, 661-671.

Sabyrzhan, T, Kumar, M., Kydyrmanov, A, Kassymbekov, Y., Klivleyeva, N., Baimakhanova, B., Kara-
mendin, K, 2025. Co-infection of canine parvovirus and circovirus in fatal gastroenteritis
outbreak among service dogs in Kazakhstan, 2023. Front. Cell. Infect. Microbiol. 15, 1645697.

Santos, H.O,, Santos, E.IM.S,, Oliveira, H.S., Santos, W.S,, Tupy, A.A, Souza, E.G., Ramires, R, Luiz,
A.C.O., Aimeida, A.C,, 2023. Screening for canine coronavirus, canine influenza virus, and se-
vere acute respiratory syndrome coronavirus 2 in dogs during the coronavirus disease-2019
pandemic. Vet. World 16, 1772-1780.

Sha, X,, Li, Y., Huang, J., Zhou, Q, Song, X,, Zhang, B., 2022. Detection and molecular characteristics
of canine coronavirus in Chengdu city, Southwest China from 2020 to 2021. Microb. Pathog.
166, 105548. doi: 10.1016/j.micpath.2022.105548.

Shi, K., Shi, Y., Shi, Y., Long, F., Yin, Y., Pan, Y., Li, Z, Feng, S., 2024a. Establishment of a quadruplex
RT-gPCR for the detection of canine coronavirus, canine respiratory coronavirus, canine ad-
enovirus type 2, and canine norovirus. Pathogens 13, 1054.

Shi, K., Shi, Y., Shi, Y., Pan, Y., Feng, S., Feng, Z,, Yin, Y., Tang, Y., Li, Z, Long, F., 2024b. Genetic and
evolutionary analysis of canine coronavirus in Guangxi Province, China, for 2021-2024. Vet.
Sci. 11, 456.

Silva Filho, AP, Kmetiuk, L.B., Bicalho, G.C, Castillo, A.P., Soares, L.F., Vasconcelos, P., Santos,
A.PS., Carvalho, O.V, Reis, J.K.P,, Silveira, JA.G., Araujo, R.N., Aguiar, R.S., Brandespim, D.F.,
Pettan-Brewer, C., Biondo, AW., Barbosa, D.S., 2023. First reported cases of SARS-CoV-2
infection in owned dogs in Belo Horizonte, Brazil. Arq. Bras. Med. Vet. Zootec. 75, 531-534.
doi: 10.1590/1678-4162-12890.

Sit, T.H.C., Brackman, CJ., Ip, SM., Tam, KW.S,, Law, P.Y.T,, To, EM.W,, Yu, V.Y.T,, Sims, L.D., Tsang,
D.N.C, Chu, D.K.W., Perera, RA.P.M., Poon, L.L.M,, Peiris, M., 2020. Infection of dogs with
SARS-CoV-2. Nature 586, 776-778.

Tesfaye, M., Mihret, T., Enbiyale, G., Workineh, D., 2024. Review on canine coronavirus disease;
its clinical management and zoonotic spillover. Austin J. Public Health Epidemiol. 11, 1156.

Thibault, J.C., Bouvet, J., Cupillard, L., Cariou, C., Oberli, F., 2022. Compatibility between a rabies
vaccine and two canine combined vaccines against canine distemper, adenovirosis, par-
vovirosis, parainfluenza virus disease and leptospirosis, with or without canine coronavirus.
Comp. Immunol. Microbiol. Infect. Dis. 86, 101803.

Thieulent, C.J., Laverack, M., Carossino, M., Cronk, B., Caserta, L.C., Diel, D.G., Balasuriya, U.B.R,
2025. Detection of pathogens in dogs with respiratory disease during winter 2023-2024
using multiplex qPCR/RT-qPCR assays and next-generation sequencing. Front. Vet. Sci. 12,
1617147. doi: 10.3389/fvets.2025.1617147.

Tusell, S.M., Schittone, S.A., Holmes, K.V, 2007. Mutational Analysis of Aminopeptidase N, a Re-
ceptor for Several Group 1 Coronaviruses, Identifies Key Determinants of Viral Host Range.
Journal of Virology 81, 1261-1273.

Vieira, F.V., Nalesso, R.F., Panegossi, L.C.,, Godoy, |.A.S.P., Baptistella, J.C., Cardoso, T.C,, 2023. Pan-
tropic Canine Coronavirus Induces Canine M1 Macrophage Polarization /n vitro. Pubvet 17,
e1405, 1-9.

Vlasova, AN., Diaz, A, Damtie, D., Xiu, L, Toh, T.-H., Lee, J.S.-Y., Saif, L.J., Gray, G.C., 2022. Novel
canine coronavirus isolated from a hospitalized patient with pneumonia in East Malaysia.
Clin. Infect. Dis. 74, 446-454.

Walz, K.C., Suchodolski, J.S., Werner, M., Grimm, F., Schnyder, M., Zablotski, Y., Unterer, S., 2025.
Long-term follow-up after acute gastroenteritis caused by Giardia infection in juvenile dogs.
J. Vet. Intern. Med. 39, e70123. doi: 10.1111/jvim.70123.

Wang, X, Li, C,, Guo, D., Wang, X., Wei, S., Geng, Y., Wang, E., Wang, Z., Zhao, X,, Su, M,, Liu, Q.
Zhang, S., Feng, L., Sun, D., 2016. Co-circulation of canine coronavirus | and lla/b with high
prevalence and genetic diversity in Heilongjiang Province, Northeast China. PLoS ONE 11,
e0146975.

Wu, S., He, X, Zhang, B., An, L, You, L, Luo, S., Yang, F., Pei, X, Chen, J., 2023. Molecular epidemi-
ology and genetic diversity of canine coronavirus from domestic dogs in Chengdu, China
from 2020 to 2021 using a multiplex RT-PCR. Infect. Genet. Evol. 112, 105463. doi: 10.1016/j.
meegid.2023.105463.

Yang, H., Peng, Q., Lang, Y., Dy, S., Cao, S., Wu, R, Zhao, Q,, Huang, X, Wen, Y., Lin, J,, Zhao, S., Yan,
Q., 2022. Phylogeny, evolution, and transmission dynamics of canine and feline coronavirus-
es: a retro-prospective study. Front. Microbiol. 13, 850516.

Yang, Y., Xiao, Z,, Ye, K., He, X, Sun, B., Qin, Z,, Yu, J., Yao, J., Wu, Q. Bao, Z,, Zhao, W., 2020. SARS-
CoV-2: Characteristics and current advances in research. Virol. J. 17, 117.

Zappulli, V., Ferro, S., Bonsembiante, F., Brocca, G., Calore, A., Cavicchioli, L., Centelleghe, C., Cora-
zzola, G., De Vreese, S., Gelain, M.E., Mazzariol, S., Moccia, V., Rensi, N., Sammarco, A., Torri-
giani, F., Verin, R, Castagnaro, M., 2020. Pathology of coronavirus infections: a review of le-
sions in animals in the One-Health perspective. Animals 10, 2377. doi: 10.3390/ani10122377.

Zehr, J.D.,, Pond, S.L.K., Martin, D.P., Ceres, K., Whittaker, G.R,, Millet, J.K., Goodman, L.B., Stanhope,
M.J., 2022. Recent zoonotic spillover and tropism shift of a canine coronavirus is associated
with relaxed selection and putative loss of function in NTD subdomain of spike protein.
Viruses 14, 853.

Zhang, Y., You, L, Zou, Y., He, X, Wu, S,, Yang, F., Xu, X, Pei, X, Chen, J,, 2023. Epidemiology
and molecular characterizations of coronavirus from companion animals living in Chengdu,
Southwest China. Transbound. Emerg. Dis. 2023, 5056492. doi: 10.1155/2023/5056492.

Zhou, H., Li, H. Sun, X, Lin, J, Zhang, C., Zhao, J., Zhao, L, Zhou, M., 2024. Rapid diagnosis of
canine respiratory coronavirus, canine influenza virus, canine distemper virus and canine
parainfluenza virus with TagMan probe-based multiplex real-time PCR. J. Virol. Methods 328,
114960.

Zong Minko, O., Mabika Mabika, R., Moyen, R., Mounioko, F., Ondjiangui, L.F., Yala, J.F., 2024. The
impact of Campylobacter, Salmonella, and Shigella in diarrheal infections in Central Africa
(1998-2022): a systematic review. Int. J. Environ. Res. Public Health 21, 1635.

854



