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Canine coronavirus (CCoV) is a positive-strand RNA virus generally responsible for mild-to-severe gastroenteritis in dogs.

In recent years, new CCoVs with acquired pathogenic characteristics have emerged, turning the spotlight on the

evolutionary potential of CCoVs. 
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1. Introduction

Canine coronavirus (CCoV) is an enveloped virus within the Coronaviridae family with a single-strand positive-sense RNA

genome, approximately 27–32kb in size. Based on phylogenetic analyses and genomic structures, CoVs are currently

classified within family four genera, Alphacoronavirus, Betacoronavirus, Gammacoronavirus, which is the largest known

RNA genome, and Deltacoronavirus, which recognises bats, birds, and likely rodents as natural reservoirs . CCoV

belongs to the genus Alphacoronavirus, which also includes the prototype viruses: feline coronaviruses (FCoVs),

transmissible gastroenteritis virus (TGEV), mink coronavirus (MinkCoV), ferret coronavirus (FRCoV), and alpaca

respiratory coronavirus . Two thirds of the CCoV genome from the 5′ end consists of two large overlapping open reading

frames (ORFs), ORF1a and ORF1b, encoding the replicase protein, the viral RNA-dependent RNA polymerase, and viral

proteases. The remaining genome from the 3′ end contains ORFs encoding the four major structural proteins, spike (S),

membrane (M), envelope (E), and nucleocapsid (N) proteins, and for the non-structural proteins ORF3a, ORF3b, ORF3c,

ORF7a, and ORF7b . The spike protein, which assembles into trimers on the virion surface to form the distinctive

“crown” appearance, is the main inducer of neutralizing antibodies and plays an important role during viral entry,

mediating the viral attachment to specific host cell receptors and the fusion between the envelope and the plasma

membrane . The S protein ectodomain shares the same organization in all CoVs and is organized in two distinct

domains: S1, the N-terminal domain (NTD) responsible for receptor binding, and S2, the C-terminal domain (CTD)

responsible for fusion. A notable difference between the S proteins of different CoVs is whether they are cleaved during

viral replication. Most Alphacoronaviruses and Betacoronaviruses, with some exceptions, share an uncleaved protein, but

the S protein of Gammacoronaviruses and some Betacoronaviruses is cleaved into S1 and S2 domains by a Golgi-

resident protease . The most represented and abundant viral structural protein is the M protein, a type III glycoprotein

consisting of a short amino-terminal ectodomain, a triple-spanning transmembrane domain, and a long carboxyl-terminal

inner domain . It contributes to core stability and can play a role in neutralizing viral infectivity in the presence of

complement . The small E protein was recognised as a structural component of the CoVs and is thought to be important

for viral envelope assembly . The N protein is a basic phosphoprotein that forms the helical nucleocapsid that binds to

the viral RNA and modulates RNA synthesis . The additional ORFs encoding non-structural proteins vary among

different CoVs in number, nucleotide sequence, and gene order .

2. Canine Coronavirus: Light and Shadow

CCoV is considered one of the main pathogens responsible for enteritis in dogs, wolves, foxes, and other canine species

, but it can also affect other animals thanks to its ability to undergo recombination that ensures the proliferation of new

strains with selective advantages over the parental genomes and its ability to easily cross interspecies barriers. This host

species extension, as well as the variation in the cell tropism and the pathogenicity of the virus, is mainly related to the

variability of the S protein, which is responsible for the emergence of new virus strains, serotypes, and subtypes .

Starting from its first description in 1971 during an epizootic infection in a canine military unit in Germany , CCoV

rapidly spread worldwide and today appears to be enzootic with a variable prevalence ranging from 6.25% to 72.5% 

. Although in the past CCoV has been overlooked and vaccination is still not recommended due to the absence of an

effective challenge model, this virus is involved in the onset of moderate-to-severe enteritis. Dogs of all breeds and ages

are susceptible to infection and, although the virus alone can be responsible for epizootics mainly in kennels and animal
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shelters, fatal infections are unusual unless mixed infections and/or overcrowding/unsanitary conditions exist .

Nevertheless, in the last few decades, CCoV has undergone mutations/recombination over time, changing tissue tropism

and virulence and generating new genetically divergent strains, some of which possess pathogenic potential . After

highlighting point mutations affecting the M gene and multiple regions of the viral genome including ORF1a, ORF1b, and

ORF5 in several CCoVs detected in pups with diarrhoea in Italy, the phylogenetic analysis on the inferred aa sequence of

a region encompassing about 80% of the S gene of one of these strains (strain Elmo/02) clearly showed that strain

Elmo/02 segregates with FCoVs of type I (sharing about 81% identity) rather than reference CCoVs and FCoVs of type II

(sharing about 54% identity) . Other features differentiate Elmo/02 from classical strains: (i) a potential cleavage

site in the S protein shared with Betacoronavirus and Deltacoronavirus; (ii) an additional ORF (referred as ORF3) 624 nt

in length and encoding a putative 207aa-protein—likely secreted from the infected cells as no transmembrane region was

found—that is completely absent in FCoV type I and of which only remnants remain in the genomes of CCoV type II and

TGEV . Based on these observations, two genotypes of CCoV designated as CCoV types I and II were proposed as

observed from the genomic analysis of the genes encoding the main structural proteins of the virus . Elmo/02 was

designated as the prototype of the newly recognized CCoV type I, and the reference strains (i.e., Insavc-1, K378) as

CCoV type II . Most detected CCoVs are type II viruses that are also easily cultivated in canine and feline cell lines. On

the contrary, CCoV type I, to date, has been only detected by reverse transcription-polymerase chain reaction (RT-PCR)

and quantitative PCR (q-PCR) .

Reports on the emergence of new CCoV strains have always occurred and have been constant over time. Wesley 

demonstrated that the N-terminus of the S gene of strain UCD-1 is more closely related to TGEV than to CCoV, and

Naylor et al.  identified a divergent CCoV strain, UWSMN-1, in Australia, characterized by the presence of gradually

accumulating point mutations randomly interspersed throughout its genome. In 2002, a new CCoV, BGF10, with a highly

divergent region at the amino-terminal domain of the M protein and a long non-structural protein 3b—250 aa long and

associated with virulence in other CoVs—was isolated in the United Kingdom . Possible recombination events also

occurred in certain CCoV strains detected in a fatal outbreak of gastroenteritis in Swedish dogs. These virulent strains

displayed the 5′ end and 3′ end of an S gene closely related to CCoV type I and CCoV type II, respectively, suggesting a

possible recombination event between CCoV genotypes .

The most striking example of a hypervirulent strain was observed in 2005 in Italy and later in other countries. The

detected strain, CB/05, designated pantropic CCoV type II, was associated with the onset of severe and haemorrhagic

gastroenteritis, which was sometimes fatal . Interestingly, the CB/05 strain—detected in other organs including

the brain in addition to the intestines—has a degree of aa identity to CCoV type II in the 3′ end of the genome, although

the S gene displayed the highest identity to FCoV type II, strain 79-1683. In addition, a 38-nt deletion in ORF3b was

identified as a genetic marker of this pantropic CCoV type II strain, but no obvious genetic signatures responsible for the

switch in pathogenicity were found .

A genetic analysis of the accessory gene ORF3 highlighted that TGEV originated from CCoV through cross-species

transmission, pointing out that the evolution of TGEV, FCoVs, and CCoVs are closely related to each other. In fact, not

only did CCoV give rise to FCoV type II through double homologous recombination events between the S and M genes

, and recombination events with an ancestral CoV might have given rise to the appearance of FCoV type I and CCoV

type I , but a further recombination between CCoV type II and TGEV has occurred in the very 5′ end of the S gene,

generating a back recombination event with the appearance of a TGEV-like CCoV (Figure 1). Phylogenetic analysis

showed that TGEV-like CCoVs formed a monophyletic group with the same cluster of TGEV and porcine respiratory CoV

in the N terminus of the S gene; however, in the C terminus, they clustered together with CCoV-II isolates and separately

from porcine respiratory and enteric CoVs. The recombinant TGEV-like virus was detected in the internal organs and in

the intestinal contents of infected pups which died with acute gastroenteritis, underlining the pathogenic role of this virus

. In addition, during 2001–2008, the distribution of the TGEV-like CCoVs was assessed in the canine populations of

different geographic areas of Europe, and approximately 20% of positive CCoV samples were characterized as TGEV-like

CCoV, with a detection rate which varied according to geographic origin. The confirmation of TGEV-like CCoV circulation

among dog populations has epidemiological implications for prophylaxis programs in dogs based on the administration of

CCoV vaccines prepared with the classical CCoV type II strains, which may not provide protection against TGEV-like

CCoV infection and should draw attention to the pathogenetic and epidemiological role of these recombinant CCoV

viruses . The identification of a TGEV-like CCoV characterized by a potential double recombination through partial S-

gene exchange with TGEV induced the proposal of a new classification for CCoV type II, which is now further divided into

two subtypes: CCoV type IIa (including classical enteric CCoVs) and CCoV type IIb (including TGEV-like CCoVs) .
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Figure 1. Genome organization of CCoV type IIa, TGEV, and CCoV type IIb (TGEV-like CCoV). The arrow shows the

recombination site.

A study on the characterization of an old CCoV strain (A76 CCoV) was reported . The virus was isolated in 1976 from a

closed breeding colony of beagles at the James A. Baker Institute for Animal Health (Cornell University, Ithaca, NY) from

dogs with enteritis, although new-born pups exhibited additional clinical signs associated with significant morbidity and

abortion was sometimes observed . The virus possesses distinct characteristics as compared to CCoV type II. Efficient

replication of the A76 strain is restricted to canine cells because this strain only uses the canine aminopeptidase N

receptor in contrast to classical CCoV type II viruses that can use both the canine and feline aminopeptidase N receptor.

Moreover, genetic analysis highlighted that the S gene is a recombinant between CCoV type I and CCoV type II in the

NTD and CTD of the S1 subunit, and this feature is probably responsible for the different host cell tropism observed .

The strain A76 clustered with the B906_ZJ_2019 strain recently detected in China (93.24% nt similarity), forming a single

clade in the CTD. This suggests the presence of an additional recombination site in strain B906_ZJ_2019, although this

has not yet been confirmed, which, nevertheless, points out that recombination events occur more frequently than

expected . In line with the characterization of the A76 and Chinese B906_ZJ_2019 strains, the classification described

above into two genotypes should be revised. Phylogenetic analysis revealed a third subtype, the CCoV type II variant,

which includes the A76 and B906_ZJ_2019 strains that differ from CCoV type IIa and CCoV type IIb and might be evolved

from recombination events between CCoV type I and CCoV type II .

Sha et al.  analysed several CCoV strains which showed unique variants of the S1 subunit NTD. Among these, the

CCoV type IIb strain SWU-SSX7 clustered with the Chinese ferret badger strain and showed a complex evolutionary

process being characterized by recombination events in the S1 subunit between CCoV type IIa and CCoV type IIb, with a

breakpoint starting at 2141 nt. This is a further report on the emergence of new CCoV recombinants that can lead to

changes in the genetic characteristics and biological properties of CCoVs, and to a gradual expansion of the host range of

these viruses.
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