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ABSTRACT

Coronaviruses are a very large group of virus families that can cause diseases in both different animal
species and humans. Infections with different coronaviruses are seen in cats and dogs. The epidemic
of COVID-19 infection caused by the SARS-CoV-2 virus still continues all over the world. In this
article, we aimed to compile published studies on COVID-19 infections in cats and dogs, which we
are in close contact with. When the studies were examined, it was understood that cats were more
sensitive to SARS-CoV-2 than dogs after contact with COVID-19 positive individuals in quarantine.
Cats may show symptoms in case of infection, compared to dogs. The RBD region where SARS-
CoV-2 binds to ACE2 receptors is reported more similar to humans in cats than dogs. ACE2 protein
seemed very similar to humans in both cats and dogs compared to other mammals. ACE2 receptor is
highly expressed in different tissues of them, according to the study data examined. In a conclusion,
SARS-CoV-2 can be detected because ACE2 is frequently expressed in different tissues in domestic
animals such as cats and dogs, and the binding site is similar to human ACE2 receptors. In order to
prevent zoonotic infections such as COVID-19 infections during the epidemic period when different
disciplines need to work together with a single health approach, we believe that molecular surveillance
studies should be carried out on our close friends such as cats and dogs. The data should be presented
in public database and followed.

Kedi ve Kopeklerde COVID-19 Enfeksiyonlar1

oz

Koronaviruslar, hem farklt hayvan tarlerinde, hem de insanlarda hastaliklara neden olabilen ¢ok genis
bir virus ailesi grubudur. Kedi ve képeklerde farkli koronaviruslarla enfeksiyonlar gérilmektedir.
SARS-CoV-2 virtst tarafindan olusturulan COVID-19 enfeksiyonu salgini tim dinyada halen
devam etmektedir. Bu derlemede insanlatla yakin temasta bulunan kedi ve képeklerde COVID-19
enfeksiyonlart ile ilgili yaymnlanan calismalarin degerlendirilmesi amaclandi. Yapilan calismalar
incelendiginde, karantinadaki COVID-19 porzitif bireylerle temaslart sonrast kedilerin, SARS-CoV-
2’ye kopeklere gore daha duyarlt oldugu anlasiimaktadir. Kediler enfeksiyon durumunda képeklere
gore semptom gosterebilmektedir. SARS-CoV-2"nin ACE2 reseptérlerine baglandigi RBD bolgesinin,
kedilerde kopeklere kiyasla insanlara daha fazla benzerlik gésterdigi bildirilmistir. Diger memelilere
gbre hem kedi, hem de képeklerde ACE2 proteini insanlara oldukca benzer oldugu gérilmistir.
Incelenen caligma verilerine gore, kedi ve kdpeklerin farklt dokularinda ACE2 reseptérii yitksek oranda
eksprese edilmektedir. Sonug olarak, SARS-CoV-2 kedi ve képek gibi evcil hayvanlarda ACE2’nin farkli
dokularinda siklikla eksprese edilmesi ayrica baglanma bolgesinin insan ACE2 reseptérlerine benzer
olmalar1 dolayistyla tespit edilebilmektedir. Tek saglik yaklagimu ile farkli disiplinlerin bitlikte ¢alismast
gereken salgin déneminde COVID-19 enfeksiyonlart gibi zoonotik enfeksiyonlarin 6nlenebilmesi igin
kedi ve képek gibi yakin dostlarimizda molekiler surveyans calismalarinin yapilmasi ve verilerin acik
veritabanlarinda sunularak takiplerinin yapilmast gerektigi kanaatindeyiz.

INTRODUCTION

was first encountered in cases of infection of unknown cause
at Wuhan province of China, in December 2019 (2).

Coronaviruses are a very large group of virus families

that can cause diseases in both different animal species and
humans. Animal coronaviruses can also cause different
diseases in the respiratory tract, gastrointestinal system and /
or neurological systems of a wide variety of hosts, as in humans
(1). “Coronavirus disease 2019 (COVID-19)” and its causative
agent “severe acute respiratory syndrome coronavirus-2”
(SARS-CoV-2), is a virus in the Coronaviridae family which

Bu makaleye atifta bulunmak icin/ To cite this article:

The first coranavirus species that is important in terms
of global health was the severe acute respiratory syndrome
coronavirus (SARS-CoV) in 2003, and it was reported that
the source of transmission to humans was Horseshoe bat
(Rhinolophus ferrumequinum) species. Less than a decade
later, the Middle East respiratory syndrome (MERS) disease,
also caused by a coronavirus (MERS-CoV), emerged and
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became an endemic disease in the Middle East, Africa and
Southeast Asia. Although the zoonotic origins of MERS-CoV
remain unclear, it was estimated that the virus was transmitted
from bat species to dromedary camels in the past and these
camels could also be the source (3).

In SARS-CoV-2, although the first source of the virus that
causes disease is not known clearly, it has been reported that
the first cases diagnosed are linked to the Huanan Seafood
Wholesale Market, where people can buy wild animals such
as bats (2). In this market, before the epidemic, a wide variety
of live animals were sold, including fish and shellfish, as well
as hedgehogs, badgers, snakes and poultry. In addition, there
were animal food products as well as livestock sales (3).

SARS-CoV-2 has so far been effective in 216 countries all
over the world, infected nearly 121 million people and caused
the death of nearly 2.7 million people (4). Despite the high
number of cases encountered in humans, the number of
data supporting reverse zoonotic transmission of SARS-
CoV-2 is limited. However, there were reports that animals
become infected after close contact with infected people or
their quarantine owners with domestic animals and animals
in zoos (3,5). Although the number of cases in humans is
followed, this situation in animals is not followed, considering
that pet owners may leave these animals in panic. In fact,
there are publications reporting that cat and dog species have
seroconversion and SARS-CoV-2 infection after these reverse
transmissions (5, 6).

Coronavirus infections in animals are usually enzootic and
can affect certain species for a long time. The exceptional
replication mechanisms of coronaviruses and the possibility
of recombination events that may occur during their
reproduction are two main factors that can lead to interspecies
and interspecies transitions of coronaviruses and elevated
their zoonotic potential. Therefore, understanding coronavirus
infections in animals that frequently live as friends and are in
close contact with humans, such as cat and dog species, is
crucial to understanding different aspects of the ecology and
evolution of coronaviruses (1,5,7, 8).

In order to prevent viral zoonotic infections such as
COVID-19 infections during the epidemic period when
different disciplines need to work together with an one health
perspective, it is important to understand not only human
health but also how the animals affected for this situation
(6). Aim of this study was to review published studies on
COVID-19 infections in cats and dogs, which we are in close
contact with.

SARS-Col -2 Morphology and zoonotic potential

In electron microscopy negative staining, it is seen that
SARS-CoV-2 contains lipid bilayer, viral RNA and structural
proteins derived from the host membrane with a diameter of
90/120 nm. Being members of the betacoronavirus genus in
Coronaviridae family, SARS-CoV-2 contains four structural
proteins called S (spike), E (envelope), M (membrane) and N
(nucleocapsid) proteins. The S protein has a very critical role
for entry into the host cell (7). SARS-CoV-2 infects human cells

by binding to the cell surface protein angiotensin converting
enzyme 2 (ACE2) via the Receptor Binding Domain (RBD) of
the S protein, at this stage the cellular transmembrane setine
protease 2 (TMPRSS2) is required to cut the viral S protein and
make it ready (9). This receptor is found in all major vertebrate
groups. The results of the study to estimate host sensitivity
based on amino acid sequence similarity between human
ACE2 (hACE2) receptors and non-human ACE2 receptors;
demonstrated that hACE2 has a high degree of similarity with
the viral binding site, which are amino acid residues in which it
interacts with the SARS-CoV-2 spike glycoprotein (10).

COVID-19 infections detected in cat and dog species

Feline coronaviruses (FCoVs), members of the
alphacoronavirus genus in Coronaviridae family, are widely
known coronavirus members as agents that can infect both
domestic and wild cats. There are 2 subtypes as FCoV 1
and II subtypes. While FCoV type I is known as the main
subtype, FCoV type 11 is formed as a result of the alteration
of feline coranaviruses (FCoV type I) by recombination with
canine coronaviruses (CCoV), which is also a member of the
alphacoranavirus genus, which is frequently detected in dogs

(11).

Canine coronavirus (CCoV), which is common coronavirus
in dogs and has two subtypes, type I and type 11, just like FCoV.
In dogs, canine respiratory coronavirus (CRCoV), which is a
member of the betacoronavirus genus, also causes infections

an.

While it has been determined in studies that the COVID-19
agent, SARS-CoV-2, replicates in the nose and throat of
cats and can cause deeper inflammatory pathology in the
respiratory tract and the virus can cause airborne transmission
among cats, it has been observed that dogs are less sensitive
and do not support viral replication well (12, 13).

Viruses similar to SARS are betacoronaviruses of the B
lineage and are quite different from each other with feline
coronaviruses (alphacoronaviruses). Therefore, there is
currently no conclusive evidence that prior exposure to FCoV
will protect against SARS-like viruses; however, serological tests
will need to carefully evaluate any potential cross-reactions. As
a betacoronavirus member of lineage A, CRCoV is relatively
far away from SARS-like betacoronaviruses, including SARS-
CoV from lineage B. Previous exposure to CRCoV or CCoV
is also unlikely to protect against SARS-like conditions (11).

The first cat in Hong Kong to test positive for SARS-CoV-2
was a domestic short-haired cat quarantined with its COVID-19
positive owner. It was found to be positive for SARS-CoV-2
RNA in swabs of the mouth, nose and rectum. The cat did not
show any signs of illness. Experimental studies have shown
that cats can have large amounts of the virus in their nasal
mucosa and other tissues and release enough virus to allow for
cat-to-cat transmission (14). The first case reported in Europe
was a cat living in Belgium with its self-isolating owner after
developing clinical symptoms one week after his return from
Italy and testing positive for SARS-CoV-2 (15). SARS-CoV-2
was detected in two different cats detected by CDC and USDA
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in the United States in relation to their COVID-19 positive
owners (16). Apart from these, cases of COVID-19 infection
associated with human transmission in such cats have been
reported in many countries such as France, Spain, Germany,
the United Kingdom and Switzerland (17).

Similarly, in dogs, SARS-CoV-2 was detected in 2 out of
15 dogs (in a Pomeranian and a German shepherd species) in
a quarantine with its owner in Hong Kong (18). Angiotensin
converting enzyme 2 (ACE2) is known to be the human
receptor for SARS-CoV-2, but ACE2 receptors in dogs were
also found similar to humans. It has been reported that five
of the 18 amino acids known to be involved in the interaction
between the human ACE2 receptors, the receptor binding
domain (RBD) of SARS-CoV-2, differ only between humans
and dogs. It has been reported that none of the amino acid
residues that cause this difference are regions known to impair
the interaction between the RBD of SARS-CoV-2 and ACE2
receptors (18). SARS-CoV-2 positivity in dogs has also been
reported in other studies, but when the data were examined,
it was found that clinical findings were not frequently seen
in dogs (19). Since the beginning of the epidemic, data have
shown that it is possible for SARS-CoV-2 to be transmitted
from humans to dogs (18). Also, according to the available
data, dogs are now considered to be less susceptible hosts to
SARS-CoV-2 than cats. Cats may be more sensitive because
only 4 amino acid residues differ between cats and humans in
the region of the SARS-CoV-2 RBD, which is required to bind
to the ACE2 receptor (19). In another study supporting these
data, phylogenetic similarity studies based on ACE2 protein
sequences using genomic data showed that cats and dogs were
the closest clustered species among all mammals included
in this analysis. It has been demonstrated that the ACE2
gene is highly expressed in various tissues in these animals,
interestingly, it appears that cats express more in lung tissues
than dogs. This may be one of the evidence that may explain
why dogs are less sensitive than cats (20).

Donnik et al (2021) stated in their study that cats were used
as an experimental model for some coronovirus or other viral
infections and that they were used as a model for COVID-19
infections due to their similarity with SARS-CoV. They reported
that members of the Felidea family could only get SARS-
CoV-2 infections under conditions where very close contact
and titer of the virus could reach titers close to experimental
models. In this review, where they stated that these conditions
could not be met, they emphasized that although the infection
was shown in experimental models against SARS-CoV in an
18-year period, not a single case of transmission or reverse
transmission was observed. They even commented that the
SARS-CoV-2 infections to be detected in these animals would
be a biological dilemma for these viruses (21). In the same
review, in the evaluation made for dogs, they reported that
dogs were not sensitive to SARS-CoV-2 for the following two
reasons.1. Failure to detect the virus in dogs, although dogs
were vaccinated intranasally with very high virus titers in
the experimental setting.and 2. No antibodies against SARS-
CoV-2 have been detected in dogs in China during the time of
outbreak.They stated that these situations indicated that dogs
were not involved in the transmission of this virus (21).

Demirci, Yigin, Kocazeybek...

In their study, Chiba et al. (2021), stated that SARS-CoV-2
infections are an unsuitable animal model for cats to see the
long-term effects of acute respiratory infections in cats. In
this study, they investigated the histopathological changes
in the lung tissues of cats that were euthanized on the 28th
day and reported that they encountered differentiated lung
lesions similar to chronic infection characteristics. however it
was also concluded that domestic cats can be protected from
reinfections after primary infection (22).

In their silico analysis study, Rendon-Marin et al examined
the homology models of the SARS-CoV-2 spike protein
RBD region, which binds with ACE2 receptors, by molecular
docking methods in different animal species. They reported
that feline cellular ACE2 receptors can interact with the RBD
region of the SARS-CoV-2 spike protein and that it shared the
same virus binding interface as hACE2. On the other hand,
they found that dogs were unable to interact stably with the
RBD region of the SARS-CoV-2 § protein cellular ACE2
receptors (23).

When Micheal et al. (2021), examined the respiratory tract
samples obtained from cats and dogs at different regions of
the World in early 2020 in terms of respiratory pathogens
including SARS-CoV-2 with real-time PCR method, they
reported that did not detect SARS-CoV-2 RNA in any of the
4616 samples (24). Villanueva-Saz et al. (2021), reported that
they detected SARS-CoV-2 seropositivity in 4 out of 114 stray
cats in their study (25). Klaus et al, (2021), with a case report,
explained that they detected long-term seropositivity in a cat
in Italy. This cat showed respiratory symptoms and the SARS-
CoV-2 RNA result was also positive (20).

As Na et al (2021), reported in their studies, coronaviruses
members had considered as an underestimated pathogen
until the SARS-CoV epidemic in 2003 Considering that it was
described in 1931, despite 90-years period, our knowledge
about coronaviruses is still limited (27). Bonilauri and Rugna
recommended that maintaining veterinary controls of zoonotic
diseases for early detection of SARS-CoV-2 in animals. They
stated that the positivity of SARS-CoV-2 in animals should be
examined systematically and the importance of determining
the molecular epidemiology of the strain in these animals by
sequencing methods. They stated that these data should be
submitted public database in order to avoid dangerous variants
(28). Although increasing numbers of SARS-CoV-2 infections
have been reported in dogs and cats, long-term follow-up
studies evaluating the persistence of antibodies developed in
these animals and seroconversion status were still limited (29,
30). Decaro et al. (2021), Dileepan et al., (2021), and Yilmaz
et al, (2021) showed that cats and dogs develop specific and
neutralizing antibodies against SARS-CoV-2 as in humans,
but new studies are needed to understand how the presence
of these specific and neutralizing antibodies protects these
animals (29, 30, 31). Recently, Yilmaz et al. (2021), revealed
that the situation in cats from our country is not different
from other countries (31). Due to the nature of the virus, it
is not surprising that it is similarly seen in our country (2, 32,
33) In recent studies, SARS-CoV-2 virus and its variants have
also been detected in cats, dogs and their owners, genomic
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characterizations have been made and it has been revealed that
SARS-CoV-2 positive individuals should have limited contact
with these animals (34).

CONCLUSION

As a conclusion, COVID-19 infection and its agent, SARS-
CoV-2, can be detected because ACE2 is frequently expressed
in different tissues in domestic animals such as cats and dogs,
and the binding site is similar to human ACE2 receptors.
However, binding to these receptors does not appear to be
strong, especially in dogs. It should always be kept in mind
that coronaviruses are a large family, there may be different
coronavirus members in cats and dogs, and the similarity of
these viruses in their replication mechanisms. In order to
prevent viral zoonotic infections such as COVID-19 infections
during the pandemic period in which different disciplines need
to work together with a one health perspective, we believe that
molecular surveillance studies should be carried out in our
close friends such as cats and dogs, and the data should be
presented in public database and followed up.
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