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LETTER TO THE EDITOR

How close is SARS-CoV-2 to canine
and feline coronaviruses?

Dear Editor,

Coronaviruses (CoVs) are enveloped positive-sense RNA
viruses that can infect a wide variety of species, including human
beings and companion animals. The superior genetic plasticity
of this virus family is responsible for an extensive host range and
results from the accumulation of point mutations and recombi-
nation events (Buonavoglia ez 2. 2006, Brownlie & Sibley 2020).
During the last two decades, three zoonotic CoVs have emerged
that cross species barriers: severe acute respiratory syndrome
coronavirus (SARS-CoV), Middle East respiratory syndrome
coronavirus (MERS-CoV) and severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (Decaro et al. 2020, Malik
et al. 2020, Tiwari et al. 2020). All of these CoVs originated at
the human-animal interface created by progressive deforestation,
forest encroachment, anthropization of natural environments
and consumption of endangered wildlife (Decaro ez al. 2020).
SARS-CoV-2 (initially named 2019-nCoV) emerged from the
Huanan seafood market in Wuhan, China. Preliminary genetic
analysis suggested bats as the probable reservoir of SARS-CoV-2
(Malik ez al. 2020). Even though SARS-CoV-2 like CoVs has
been isolated from Malayan Pangolins, the likelihood of pango-
lins acting as the intermediate host is low (Tiwari ez a/. 2020).

CoVs are classified into four genera: Alphacoronavirus, Beta-
coronavirus, Gammacoronavirus and Deltacoronavirus (Fig. 1).
Canine and feline CoVs (CCoV and FCoV) are mostly
alphacoronaviruses, while zoonotic CoVs, such as SARS-CoV,
MERS-CoV and SARS-CoV-2 that infect human beings, are
betacoronaviruses (Brownlie & Sibley 2020). CCoV is an entero-
tropic virus found in dogs that causes mild to severe diarrhoea in
pups. It has two different genotypes, designated type I (CCoV-I)
and type II (CCoV-II) (Decaro & Buonavoglia 2011). However,
a highly virulent and pathogenic variant of CCoV (pantropic
CCoV) identified later, caused fatal systemic disease in pups
(Buonavoglia ez al. 2006, Zicola et al. 2012). The pups infected
with pathogenic variant of CCoV exhibited clinical signs such as
fever, inappetence, lethargy, haemorrhagic diarrhoea, vomiting
and neurologic signs (ataxia, seizures) (Buonavoglia ez a/. 2006).
Apart from the enterotropic CCoVs (Alphacoronavirus), dogs
reportedly harbour the canine respiratory coronavirus (CRCoV),
a virus genetically and antigenically unrelated to other CoVs.
CRCoV is a unique species and belongs to the Beracoronavirus
genus (Erles ez al. 2003, Decaro & Buonavoglia 2011). CRCoV
is now considered as a common and widespread cause of canine
infectious respiratory disease complex (CIRDC). It is associated
with mild respiratory disease characterised by clinical signs such
as nasal discharge and persistent cough (Priestnall 2020).

FCoV belongs to the genus Alphacoronavirus, and avirulent
enteric FCoV strains can cause mild diarrhoea in cats. Kittens
infected with FCoV have also reported to occasionally exhibit
upper respiratory tract signs (Addie & Jarrett 1992). In a small
percentage of cats, however, a mutant variant of FCoV causes
feline infectious peritonitis, a fatal immune-mediated disease
(Barr 1998, Hartmann 2005). FCoVs comprise the avirulent and
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hyper-virulent biotypes, referred as feline enteric coronavirus and
feline infectious peritonitis virus, respectively (Addie ez /. 2020).
The clinical signs of feline infectious peritonitis vary depending
upon the involvement of organs like liver, pancreas, kidneys and
eyes. CNS involvement has also been reported in some cases
(Hartmann 2005).

SARS-CoV-2, the acetiological agent responsible for coronavi-
rus disease 2019 (COVID-19) belongs to the genus Betacorona-
virus. This novel virus is related to the highly pathogenic CoVs,
SARS-CoV and MERS-CoV (Chen et al. 2020). Betacoronavi-
ruses that infect canines, felines and other animals have a lim-
ited correlation with SARS-CoV-2; however, several companion
and wild animals have tested positive for SARS-CoV-2 infection
in the past several weeks, indicating the possibility of human-
to-animal transmission. To date, pet dogs, pet cats, tigers, lions
and minks tested positive for SARS-CoV-2 (American Veteri-
nary Medical Association 2020, Gollakner & Capua 2020, Half-
mann et al. 2020, Wageningen Bioveterinary Research 2020).
SARS-CoV-2 RNA and antibodies were detected in 2 of 15
tested asymptomatic dogs (Pomeranian and German shepherd)
who lived with COVID-19-positive owners in Hong Kong
SAR. According to genetic analysis, the virus retrieved from
these dogs resembled that of human SARS-CoV-2, evidenc-
ing human-to-animal transmission of SARS-CoV-2; however,
animal-to-human transmission remains uncertain (Almendros
& Gascoigne 2020, Sit ez al. 2020, Mallapaty 2020b). The low
susceptibility of dogs to SARS-CoV-2 infection was confirmed
by x-ray structures of the human host receptor angiotensin-con-
verting enzyme 2 (ACE2) bound to the receptor-binding domain
of the SARS-CoV-2 spike protein; dogs displayed relatively low
levels of ACE2 in the respiratory tract (Zhai ez al. 2020).

Further, we analysed the complete genome sequences of
SARS-CoV and SARS-CoV-2 of human and animal origin
belonging to the genus Betacoronavirus and other CoVs of
animal origin (canine and feline) within the genus Alphacoro-
navirus (Fig. 2). Upon sequence alignment using Clustal W in
MEGA software and phylogenetic analysis using Splits Tree
software, we found that CoVs of animal origin dispersed in
separate clades. CoV isolates belonging to a particular subgenus
of the Betacoronavirus genus clustered in their respective clades.
Similarly, canine and feline CoVs belonging to the genus
Alphacoronavirus formed a clade distant from those of Betacoro-
navirus isolates. Canine and feline CoVs had a common ances-
tral origin and were considerably different from SARS-CoV:s as
they shared only 44.0-44.5% similarity with SARS-CoV and
SARS-CoV-2 at the nucleotide level. The canine betacoronavi-
rus CRCoV clustered in the Embecovirus subgenus, whereas the
SARS-CoV and SARS-CoV-2 isolates clustered in the Sarbe-
covirus subgenus clade. CRCoV shared 45.8-46.2% similarity
with SARS-CoV-2. On the other hand, SARS-CoV-2 isolated
from tiger (MT065033) and mink (MT396266) were highly
similar to human SARS-CoV-2 isolates, sharing 99.6-99.9%
similarity. Similarity indices between SARS-CoV-2 and other
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FIG 2. Splits Tree Analysis of complete genomes of CoVs. Complete genome-based phylogenetic analysis (Splits Tree 4.0) of SARS-CoV-2 and
SARS-CoVs of human and animal origin (Betacronavirus) and other CoVs of canine-feline origin (Alphacoronavirus). The analysis included all five
defined subgenera of Betacoronavirus: Sarbecovirus, Embecovirus, Merbecovirus, Nobecovirus and Hibecovirus. Isolates from Alphacoronavirus and
Betacoronavirus genera are highlighted in yellow and grey, respectively

CoV species of animal origin within the Sarbecovirus subge- SARS-CoVs and MERS-CoV showed 80.6-81.1% and 51%
nus, such as pangolin CoVs (MP789; MT081071), SARS-like  similarity, respectively, with SARS-CoV-2 at the nucleotide
bat CoVs (CoVZXC21; MG772934) and bat CoVs (RaTG13; level (Fig. 2). Our analysis demonstrated a high divergence
MN996532), varied between 86.6 and 96.3%. Moreover, between canine/feline CoVs and SARS-CoV-2.
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Wageningen Bioveterinary Research (WBVR) has recently
confirmed SARS-CoV-2 infection in minks at two mink farms in
the Netherlands. The affected minks showed signs of respiratory
illness, and it is suspected that COVID-19-positive employees
have infected them (Wageningen Bioveterinary Research 2020).
An experimental study assessed the susceptibility of certain ani-
mal species to SARS-CoV-2, revealing that ferrets and cats were
highly susceptible to SARS-CoV-2 (Shi e# a/. 2020). In contrast,
dogs exhibited low susceptibility, whereas ducks, chickens and
pigs were not infected at all. The same study also reported the
transmission of SARS-CoV-2 from infected to naive cats via
respiratory droplets, indicating an active airborne infection (Shi
et al. 2020). These results, however, cannot be extrapolated to
natural conditions since a very high viral load was used to induce
infection in the animals. As the infected cat did not show any
clinical symptoms, the potential for animal-to-human transmis-
sion was considered negligible (Rodriguez-Morales ez al. 2020,
Mallapaty 2020a). However, pet owners, especially cat owners,
have to take sufficient precautionary measures to keep their pets
safe from SARS-CoV-2 infection. Most cases of SARS-CoV-2
infection in companion animals, such as dogs and cats, are linked
to COVID-19-positive owners. During the SARS outbreak in
2003, some cats were found to be positive for SARS-CoV; how-
ever, evidence was lacking to substantiate the transmission of
SARS-CoV from domestic cats to humans (Rodriguez-Morales
et al. 2020; Mallapaty 2020a).

At the time of submission of this manuscript, several domes-
tic cats have been tested positive for SARS-CoV-2 worldwide;
namely, two in the USA and one each in Hong Kong, Belgium
and France (American Veterinary Medical Association 2020,
OIE 2020). The two cats that tested positive for SARS-CoV-2
in USA were symptomatic and had respiratory illnesses that
lasted 8 and 10 days, thus becoming the first case of symptom-
atic SARS-CoV-2 infection in companion animals (Newman
etal. 2020). The infected cats developed respiratory disease
characterised by lethargy, loss of appetite, sneezing, coughing,
watery nasal discharge and clear ocular discharge (Newman
et al. 2020). Similarly, the cat tested positive for SARS-CoV-2 in
France exhibited mild respiratory and digestive signs (anorexia
and vomiting) (Sailleau e# 2/. 2020). Hence, we can conclude
that SARS-CoV-2 infection in cats is predominantly associated
with respiratory illness similar to that seen in human beings.

A serological survey in the cat population in Wuhan, China,
identified virus-neutralising antibodies in cats (11 out of 102
tested) (Zhang eral. 2020). However, in another serological
study that evaluated 9 cats and 12 dogs living in close contact
with COVID-19-positive owners, all animals tested negative for
SARS-CoV-2 antibodies (Temmam efal. 2020). Surveillance
systems relying on a single serological test for CoVs can result
in antigenic cross-reactivity and diagnostic errors; therefore, two
tests are required for disease confirmation. Previous studies have
demonstrated antigenic cross-reactivity between S1 proteins
of FCoV type 1 and porcine epidemic diarrhoea virus (Zhao
et al. 2019).

Following sporadic reports of SARS-CoV-2 infection in
dogs, Goumenou eral. (2020) emphasised the possibility
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of dogs acting as intermediate hosts in transmitting the dis-
ease to humans. The authors further linked the exponential
increase in COVID-19-positive cases in Northern Italy to the
increased contact between dogs and Italian families (Goum-
enou et al. 2020). However, such claims require the support of
valid evidence. As of now, only two dogs have been tested posi-
tive for SARS-CoV-2 infection (American Veterinary Medical
Association 2020). Deng ez al. (2020) performed a large-scale
serological survey to detect SARS-CoV-2-specific antibodies in
35 animal species, including dogs and cats; however, all 1914
serum samples were tested negative for SARS-CoV-2 antibod-
ies (Deng ez al. 2020). Similarly, IDEXX, a leading veterinary
diagnostic company, has tested thousands of samples collected
from dogs and cats for SARS-CoV-2 antibodies but also with-
out success (IDEXX 2020).

The high genetic similarity of CoVs isolated from horse-
shoe bat (Rhinolophus affinis) and pangolin (Manis javanica)
to SARS-CoV-2 supports the suggestion that bats and pango-
lins serve as viral reservoirs for SARS-CoV-2. The increasing
fear of pets transmitting SARS-CoV-2 to humans has already
resulted in large-scale pet abandonment in some places. These
inhumane activities can significantly affect animal well-being
and welfare. As the number of COVID-19 cases is increas-
ing day by day, there might be an unprecedented increase
in SARS-CoV-2 infections in several animal species due to
human-to-animal transmission. Even though disease surveil-
lance systems are monitoring the progression of COVID-19
in humans, minimal data are available on the prevalence of
SARS-CoV-2 infection in animals. Considering the possible
impact of animal reservoirs on the transmission of SARS-
CoV-2, there is an urgent need for establishing One Health
surveillance systems that bring animals under a common
surveillance umbrella. Understanding the mutation of feline
enteric coronavirus into feline infectious peritonitis virus may
provide an insight into the pathogenicity of SARS-CoV-2
(Olsen ez al. 2020). Attaining knowledge of animal CoVs by
studying their transmission, pathogenesis, ecology and evolu-
tion is of paramount significance in our journey to under-
stand how zoonotic CoVs cross species barriers and adapt to
new host species.
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