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Both feline coronavirus (FCoV) and SARS-CoV-2 are coronaviruses that infect cats and humans, respectively.
However, cats have been shown to be susceptible to SARS-CoV-2, and FCoV also had been shown to infect
human. To elucidate the relationship between FCoV and SARS-CoV-2, we highlight the main characteristics of
the genome, the receptor usage, and the correlation of the receptor-binding domain (RBD) of spike proteins in
FCoV and SARS-CoV-2. It is demonstrated that FCoV and SARS-CoV-2 are closely related to the main charac
teristics of the genome, receptor usage, and RBD of spike proteins with similar furin cleavage sites. In particular,
the affinity of the conserved feline angiotensin-converting enzyme 2 (fACE2) receptor to the RBD of SARS-CoV-2
suggests that cats are susceptible to SARS-CoV-2. In addition, cross-species of coronaviruses between cats and
humans or other domesticated animals are also discussed. This review sheds light on cats as potential inter
mediate hosts for SARS-CoV-2 transmission, and cross-species transmission or zoonotic infection of FCoV and
SARS-CoV-2 between cats and humans was identified.
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1. Introduction
The COVID-19 outbreak evolved into a pandemic due to the virulent
nature of severe acute respiratory syndrome 2 (SARS-CoV-2), a novel
coronavirus. Questions about the origin of this coronavirus and its
introduction into human beings have persisted. Due to the detection of a
variety of Sarbecoviruses related to SARS-CoV-2 identified among bats
and pangolins, it is widely believed that SARS-CoV-2 originated from
wild animals and was introduced to humans through an intermediate
animal. Thus, coronaviruses from animals, especially animals that come
into close contact with humans, have attracted extensive attention.
Feline coronavirus (FCoV) is a coronavirus that is divided into two

serotypes according to its antigenicity: FCoV I and FCoV II. The repre
sentative strain of FCoV I is feline enteric coronavirus (FECV)-University
of California, Davis (UCD), which was isolated by Pedersen (Pedersen
et al., 1981). Feline infectious peritonitis virus (FIPV)-UCD1, FIPVUCD3, FIPV-UCD4 and FIPV-T-TN406 also belong to FCoV I (Pedersen
et al., 1981; Motokawa et al., 1996). FCoV I is difficult to isolate in cell
culture, as it grows well only in macrophages (Pedersen et al., 1981).
The representative strain of FCoV II is FIPV-Norden (NOR) 15, which
was isolated by Evermann et al. in the 1980 s (Evermann et al., 1981), as
well as FIPV-1683 and FIPV-1146, which were isolated by Pedersen and
coworkers (Pedersen et al., 1984). It has been reported that FCoV II
originates from FCoV I and canine coronavirus (CCoV) (Herrewegh
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continuously and more efficiently than FECV (Stoddart and Scott, 1989;
Dewerchin et al., 2005).
Comparatively, SARS-CoV-2 can cause patients to develop patho
logical features with enteric infection and pleural/peritoneal effusion
inflammation (Shi et al., 2020; Bennett et al., 2021; Cantley et al., 2021;
Mohan et al., 2021). In addition, in April 2020, Newman first reported
cases of SARS-CoV-2 infection in companion animals, including two cats
in New York (Newman et al., 2020). Later, other researchers reported
more cases of cats infected by SARS-CoV-2 or cases of seropositivity in
different territories and countries (Barrs et al., 2020; Klaus et al., 2021;
Michael et al., 2021; Spada et al., 2021; Mohebali et al., 2022). Then,
researchers reported that some feline coronavirus drugs are strong
candidates for the treatment of patients with SARS-CoV-2 (Vuong et al.,
2020; Paltrinieri et al., 2021). Presently, an increasing number of SARSCoV-2 drugs have been found or identified by in silico work on natural
molecules against SARS-CoV-2, thereby potentially supplying new
candidate drugs for treating cats with FCoV in the future (Bhardwaj
et al., 2021a; Bhardwaj et al., 2021c; Bhardwaj et al., 2021b; Sharma
et al., 2021; Singh et al., 2021a; Singh et al., 2021b; Singh et al., 2021c;
Singh et al., 2021d). Based on the above information, the characteristics
of FCoV and its infection among cats might shed light on the under
standing of human infection with SARS-CoV-2 and vice versa. Thus, it is

et al., 1998) and that it can proliferate in many cell lines, generate gene
mutations, and produce a high virus yield. FCoV I is the most diffuse
among cats in terms of natural infections worldwide, while FCoV II
infection is less common. However, to date, most studies on FCoV have
focused on FCoV II, while there have been few studies on FCoV I (Amer
et al., 2012) due to the difficulty of culturing and isolating the virus in
cells.
FCoV is also separated into two biotypes based on pathogenicity:
feline enteric coronavirus (FECV) and feline infectious peritonitis virus
(FIPV). FECV and FIPV exist in both serotypes I and II. FIPV is more
virulent than FECV and can cause death in cats within 1–3 weeks after
infection (Wolfe and Griesemer, 1966), while FECV usually causes only
mild intestinal symptoms (Desmarets et al., 2016). In addition to dif
ferences in pathogenicity in vivo, the two biotypes also display different
tropisms (Pedersen, 2009). In general, FECV proliferation is confined to
intestinal mucosal epithelial cells or mesenteric lymph nodes during
natural infection, causing mild and generally self-limiting infections
(Pedersen et al., 1981; Stoddart et al., 1988), whereas FIPV infects feline
peritoneal macrophages and can then infect more types of cells,
including monocytes, plasma cells, lymphocytes and neurocytes (Ped
ersen, 2009), resulting in high titers of progeny virus and causing a
systemic and fatal disease. FIPV can thus infect other types of organs

Fig. 1. Schematic representation of the structure and genome of FCoV and SARS-CoV-2. (A) The genome of FCoV ssRNA+. The FCoV genome is approximately 29 kb
in size and contains 11 ORFs encoding four structural proteins (S, M, E and N) and seven nonstructural proteins (replicase proteins 1a and 1b and accessory proteins
3a, 3b, 3c, 7a and 7b). L, leader sequence. (B) The structure and proteins of FCoV. Spike (S), matrix (M), envelope (E) and nucleocapsid (N). (C) The structure of the S
protein of FCoV. The S protein consists of two subunits: S1 (the receptor binding domain, RBD) and S2 (the fusion domain, FD). The S1 subunit also includes two
functional domains: the N-terminal domain (NTD) and the C-terminal domain (CTD). The S2 subunit consists of a fusion peptide (FP), two heptapeptide repeats (HR1
and HR2), a transmembrane (TM) domain and an internal domain (ID). The arrows indicate the two activation sites, S1/S2 and S2′ , and the linker sequence (L) region
between S1/S2 and S2′ . (D) Genome structure of SARS-CoV-2 ssRNA+. The SARS-CoV-2 genome is approximately 29.9 kb in size and contains 12 ORFs encoding four
structural proteins (S, M, E and N) and eight nonstructural proteins (replicase proteins 1a and 1b and accessory proteins 3a, 6, 7a, 8a, 9b and 10). L, leader sequence.
(E) The structure and proteins of SARS-CoV-2. Spike (S), matrix (M), envelope (E) and nucleocapsid (N). (F) The structure of the S protein of SARS-CoV-2. The
description is the same as that in C.
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necessary to provide a comparative review of the potential relationship
between FCoV and SARS-CoV-2.

viral particle during viral assembly, similar to the function of the NP
protein of FCoV (Gupta, 2020).

2. The main characteristics of the genomes of FCoV and SARSCoV-2

3. The receptor of FCoV and SARS-CoV-2
3.1. The receptor of FCoV

FCoV is a nonsegmented, single-stranded RNA virus that belongs to
the order Nidovirales, family Coronaviridae, subfamily Coronavirinae.
FCoV is further classified as the genus Alphacoronavirus, species alpha
coronavirus 1 (coronavirus group I (Tresnan et al., 1996)) together with
canine coronavirus (CCoV) and transmissible gastroenteritis virus
(TGEV) of pigs (Kipar and Meli, 2014). The genome of the virus, which is
approximately 29 kb in size, includes 11 open reading frames (ORFs)
and encodes four major structural proteins: the spike (S) protein, the
nucleocapsid (N) protein, the envelope (E) protein and the membrane
(M) protein (de Barros et al., 2019). It also encodes seven nonstructural
proteins, including two replicase proteins (1a and 1b) and five accessory
proteins (3a, 3b, 3c, 7a and 7b) (Tekes and Thiel, 2016) (Fig. 1A-C).
Among the structural proteins, the S protein is a large glycoprotein
(180–220 kDa) that forms the peplomers, which project from the surface
of virions and are responsible for receptor binding, induction of cell-tocell fusion and fusion of the viral envelope with target cell membranes,
and induction of neutralizing antibody. The S protein is associated with
the virulence of FCoV (Jaimes and Whittaker, 2018). The sequence of
each S protein can be divided into two regions: S1 and S2. S1 is the Nterminal portion, and S2 is the region between S1 and the trans
membrane domain (Olsen, 1993). It has been reported that S1 plays a
critical role in receptor binding, while S2 can favor virus–cell fusion
(Licitra et al., 2013). The M protein is the most abundant structural
protein in the virus. This medium-sized (~25 to 30 kDa) N-linked gly
cosylated protein is randomly distributed along the viral envelope and
anchored through three transmembrane domains. The small E protein
(~8 to 12 kDa) is a type III membrane protein and is also inserted into
the viral envelope but is present at a much lesser extent than M or S. The
viral helical nucleocapsid is composed of multiple copies of the RNA
binding protein N, a 50-kDa protein that is composed of two domains (Nterminal domain and C-terminal domain) both with the same affinity to
bind RNA but through different mechanisms (Jaimes and Whittaker,
2018).
SARS-CoV-2 is thought to be classified into the order Nidovirales,
family Coronaviridae, and subfamily Orthocoronavirinae, the subgenus
Sarbecovirus of the genus Betacoronavirus originally (Malik, 2020).
SARS-CoV-2 has a different genome structure than FCoV, with a 5′ leader-UTR- replicase-S (Spike)–E (Envelope)-M (Membrane)-N
(Nucleocapsid)- 3′ UTR-poly (A) tail and accessory genes interspersed
within the structural genes at the 3′ end of the genome (Fig. 1D-F). The
total length of the genome of SARS-CoV-2 is approximately 29.9 kb,
which is slightly larger than that of FCoV. Among them, the S protein
(~150 kDa, smaller than that of FCoV) also plays a key role in mediating
attachment of the virus to host cell surface receptors, resulting in fusion
and subsequent viral entry (Malik, 2020). The S protein utilizes an Nterminal signal sequence to gain access to the endoplasmic reticulum
(ER) and is heavily N-glycosylated. The S protein of SARS-CoV-2 is also
composed of S1 and S2. S1 mediates receptor binding, while S2 mediates
viral membrane fusion using a highly conserved peptide (Gupta, 2020).
Although there is low homology of the S protein between SARS-CoV-2
and FCoV, it seems that the S2 protein of FCoV is more closely related
to SARS-CoV-2 in the phylogenetic map than to SARS-CoV or MERS-CoV
(Budhraja et al., 2021). The M protein (~25–30 kDa) of SARS-CoV-2 is a
smaller functionally dimeric protein than that of FCoV, with three
transmembrane domains that can adopt two different conformations in
that this transmembrane protein has an N-terminal ectodomain and a Cterminal endodomain with ion channel activity, and it is responsible for
assembly, budding, envelope formation, and pathogenesis of the virus
(Malik, 2020; Troyano-Hernáez et al., 2021). The coronavirus nucleo
capsid protein (NP) is required for the packaging of viral RNA into the

Feline aminopeptidase-N (fAPN) has been shown to act as a receptor
for feline coronavirus (FCoV), canine coronavirus (CCoV), porcine
coronaviruses (transmissible gastroenteritis virus [TGEV] and porcine
respiratory coronavirus [PRCV]), and human respiratory coronavirus
HCV-229E (HCV-229E) in coronavirus group I (alphacoronavirus 1),
which indicates that cats could serve as a “mixing vessel” in these
coronavirus infections (Tresnan et al., 1996; Tresnan and Holmes,
1998). fAPN is a ubiquitous and multifunctional glycoprotein of
approximately 110 kDa and 967 amino acids (Luan and Xu, 2007; Van
Hamme et al., 2011). It is generally accepted that fAPN can act as a
receptor for the attachment and entry of FCoV II strains but not for FCoV
I (Dye et al., 2007). For serotype II of FECV, the enteric infected coro
navirus, APN proteins are supposed to participate in the maturation of
small proteins, as well as helping the peptide absorption at the enter
ocytes. In addition, for all II serotypes of FCoV, including FECV and
FIPV, the S protein can bind fAPN, which indicates that the S protein is
important for cellular tropism (Jaimes and Whittaker, 2018). Another
receptor is feline dendritic cell-specific intercellular adhesion molecule
grabbing nonintegrin (fDC-SIGN), which is a type II membrane protein
of 44 kDa with an external mannose-binding, C-type lectin domain
(Geijtenbeek et al., 2000; Steinman, 2000). fDC-SIGN is associated with
FIPV I infection of monocytes. In addition, it has been shown that fDCSIGN and fAPN are also involved in FIPV II infection, with only fAPN
playing a receptor role at the plasma membrane (Van Hamme et al.,
2011).
3.2. The receptor of SARS-CoV-2
Michael Letko first reported that angiotensin-converting enzyme 2
(ACE2) should be a host cellular receptor for SARS-CoV-2 to enter cells
by comparing and analyzing other lineage B Betacoronaviruses, such as
SARS-CoV, which emerged in 2002 (Kuiken et al., 2003; Letko et al.,
2020). ACE2 is also a kind of aminopeptidase (Bakhshandeh et al.,
2021). The 44-kb ACE2 gene is located on chromosome Xp22. This gene
has been identified as a kind of zinc metallopeptidase similar to APN
(Gheblawi et al., 2020). Zinc plays an important role in the catalytic
activity of angiotensin converting enzyme. It has been reported that
chelating agents abolish activity by removing the metal ion to yield the
metalloprotein inactive, so that it would affect the protein–protein
interaction (Bunning and Riordan, 1985). ACE2 possesses only a single
catalytic domain, which cleaves C-terminal dipeptide residues from
susceptible substrates (a peptidyl dipeptidase). ACE2 also acts as a
simple carboxypeptidase able to hydrolyze angiotensin (Ang) I, forming
Ang 1–9 and Ang II to Ang 1–7. SARS-CoV-2 has a single region of the
spike protein called the receptor-binding domain (RBD), which mediates
the interaction with the host-cell ACE 2 receptor. After RBD binds the
receptor, a nearby host protease cleaves the spike, which releases the
spike fusion peptide, facilitating SARS-CoV-2 entry into host cells
(Simmons et al., 2013; Letko et al., 2020). Structural studies of coro
naviruses have shown that the spike RBD is capable of folding inde
pendent of the rest of the spike protein and contains all of the structural
information for host receptor binding in view of a previous study
showing that replacing the RBD of the lineage B bat virus Rp3 allowed
the virus to enter cells expressing human ACE2 (hACE2) (Becker et al.,
2008; Letko et al., 2020). Jun Lan recently determined the crystal
structure of the receptor-binding domain (RBD) of the spike protein of
SARS-CoV-2 bound to the cell receptor hACE2, which showed that the
overall hACE2-binding mode of the SARS-CoV-2 RBD is nearly identical
to that of the SARS-CoV RBD (Lan et al., 2020). The structure of the
3

Y.-y. Gao et al.

Gene 825 (2022) 146443

SARS-CoV-2 RBD bound to ACE2 is shown in Fig. 2A. It has been re
ported that ACE2 is also expressed in feline tissues and is similar to
human ACE2 in sequence and length (Guo et al., 2008). Furthermore,
researchers recently resolved the cryo-electron microscopy (cry-EM)
structure of the feline ACE2 (fACE2) in complex with the SARS-CoV-2
RBD at a resolution of 3 Å, revealing that the SARS-CoV-2 RBD can
bind with fACE2 in a similar binding mode as hACE2 (Wu et al., 2020)
(Fig. 2B). This research also revealed that fACE2 retained 16 of 20 key
residues of hACE2 responsible for interaction with the SARS-CoV-2 RBD.
It was further discovered that the feline ACE2 receptor is 85.2% iden
tical to the human ACE2 receptor (Budhraja et al., 2021), which ac
counts for why fACE2 can be recognized and bound by SARS-CoV-2
(Fig. 3). The only four mutated residues were L24, E30, E38 and T82,
whose effect on the interaction between fACE2 and SARS-CoV-2-RBD
was negligible because the overall structure of fACE2 molecules bound
to SARS-CoV-2 RBD still highly resembles the complex structure of

hACE2 binding with SARS-CoV-2 RBD. In addition, the research also
indicated that residue D355 of fACE2 acts as an especially crucial amino
acid to interact with the SARS-CoV-2 RBD because a point mutation
D355A in fACE2 can lead to loss of binding to the SARS-CoV-2 RBD but
not in hACE2. It was speculated that these key residues of fACE2 should
explain why SARS-CoV-2 can infect cats, although further studies are
needed..
Recently, another SARS-CoV-2 candidate receptor named tyrosineprotein kinase receptor UFO (AXL) was reported (Wang et al., 2021).
AXL is mostly expressed in human primary lung epithelial cells, while
ACE2 is mostly expressed in kidney and gastrointestinal tract cells. It
was found that AXL specifically interacts with the N-terminal domain of
SARS-CoV-2 spike. The elaborate mechanism of AXL with SARS-CoV-2
has yet to be fully elucidated.

Fig. 2. The structure of SARS-CoV-2 bound
to human ACE2 (hACE2) (Lan et al., 2020)
and feline ACE2 (fACE2) (Wu et al., 2020).
A, The structure of SARS-CoV-2 bound to
hACE2 (6m0j). hACE2 is shown in green. The
SARS-CoV-2 RBD core is shown in cyan and
the receptor-binding motif in red. Disulfide
bonds in the SARS-CoV-2 RBD are shown as
sticks and indicated by arrows. The N-ter
minal helix of ACE2 responsible for binding
is labeled. There is a Zn ion in the core of
hACE2 molecule. B, The structure of SARSCoV-2 bound to fACE2 (7c8d). fACE2 is
shown in magenta. There is a Zn ion shown
in the core of the fACE2 molecule, similar to
hACE2, as shown in Figure A. The domains of
SARS-CoV-2 RBD binding to fACE2 are
shown in Figure A. (For interpretation of the
references to colour in this figure legend, the
reader is referred to the web version of this
article.)
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Fig. 3. The sequence similarity between fACE2 (BAB40370.1) and hACE2 (NP_001034545.1) in amino acids and the key residues of fACE2 and hACE2. The ho
mologous identity was 85.217%. The total amino acids for both fACE2 and hACE2 were 805. The 20 key residue sites of hACE2/fACE2 binding to the SARS-CoV-2
RBD were 19 (S), 24 (Q/L), 27 (T), 28 (F), 30 (D/E), 31 (K), 34 (H), 35 (E), 37 (E), 38 (D/E), 41 (Y), 42 (Q), 45 (L), 82 (M/T), 83 (Y), 330 (N), 353 (K), 354 (G), 355
(D) and 357 (R). The red asterisk denotes the retained residues, and the black asterisk denotes the mutated residues. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

4. The correlation of spike protein RBDs of SARS-CoV-2 and
FCoV

cleavage is responsible for viral entry, which indicated that the poly
basic insert in experimental model systems could cause virus entry more
easily (Hoffmann et al., 2020a). Later, Hoffmann also identified that
furin-mediated cleavage of the spike protein at the polybasic site was
necessary for the virus to enter human lung cells in culture (Hoffmann
et al., 2020b).
In FCoV, it was also found that FECV carried a highly optimized furin
cleavage site at S1/S2 (Licitra et al., 2013). However, feline infectious
peritonitis virus (FIPV) causes systemic infection and death of the
infected cat, and the polybasic insert is either completely lost or
mutated. Further studies identified that furin or furin-like polybasic
inserts are commonly XRRX amino acid sequences before the site (R↓S).
If P2(X) and P5(X) are basic amino acids, such as arginine (R) or lysine
(K), the proteolytic activity of furin is high; otherwise, it is low. For
example, Budhraja and his coworkers identified that in structural
models of furin complexed with peptides, PRRAR↓S binds less well and
with distinct differences compared to the all basic RRKRR↓S. They
further identified that in FCoV, P1 Arg in FECV when mutated to Gly,
Met or Thr results in loss of activity, and His, Leu or Ser at P2 (FIPV)
instead of Arg in the canonical sequence (FECV) compromised cleavage
efficiency; however, Pro at this position (FIPV) enhanced activity
(Budhraja et al., 2021).
In fact, apart from polybasic insert sequences that might be associ
ated with virus entry or even zoonotic transfer, another crucial element
is the affinity of the RBD domain to the ACE2 receptor (Andersen et al.,
2020). Despite the low sequence homology and distant evolutionary
relationship to the novel SARS-CoV-2 spike protein, the RBD domain of

Although SARS-CoV and FCoV belong to different subgenera of
coronavirus and the cellular receptors are also different, the receptor
binding domain (RBD) of spike proteins retains similar features. It is
necessary to investigate whether there is a special correlation between
SARS-CoV-2′ s and FCoV’s RBD of spike proteins that we can elucidate
the ability for the viruses to cross species boundaries. The glycoprotein
spike carries two distinct domains separated by a linker. A precise
proteolytic cut is necessary to separate the receptor binding S1 domain
from the fusion competent S2 domain. There are two main proteolytic
sites in coronavirus (CoV) spike proteins: one is the S1/S2 site situated at
the S1 and S2 domain boundaries, and the other is the S2′ site located
close to the S2 domain (Jaimes and Whittaker, 2018) (Fig. 1C, 1F). In the
majority of the spike proteins related to SARS-CoV-2, a conserved
monobasic sequence (R↓S) preferred by trypsin-like enzymes is normally
seen in the S1/S2 site (Budhraja et al., 2021). Furin- and furin-like en
zymes can cleave the S1/S2 site and cause the sequence (R↓S) in SARSCoV-2, MERS and other infectious SARS viruses (Andersen et al., 2020;
Hoffmann et al., 2020a). It is speculated that furin- and furin-like
cleavage might be one of the major events that resulted in zoonotic
transfer, the infectivity of SARS-CoV-2 in pandemic proportions, and
lethality based on investigations that furin- and furin-like cleavage could
activate the virus to be a widespread pandemic and in zoonotic transfer.
Hoffmann first reported that the membrane-bound receptor-activated
type II serine protease TMPRSS2 cleaves SARS-CoV-2 and that this
5
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the feline coronavirus carries at least six residues that are identical to
those at the interface of the SARS-CoV-2 RBD-ACE2 receptor complex
(Budhraja et al., 2021). Budhraja and Wu also found that the amino
acids of human ACE2 involved in the interaction with the SARS-CoV-2
RBD are conserved in the feline ACE2 receptor (Wu et al., 2020; Budh
raja et al., 2021). The above observations support the recent report that
cats are susceptible to SARS-CoV-2, especially to airborne transmission
(Shi et al., 2020; Gonzales et al., 2021; Fritz et al., 2022), which indi
cated that the domestic cat, as one of the possible intermediary hosts,
may have nurtured SARS-CoV-2 in its zoonotic jump. Therefore, the
domestic cat might be a factor in the transmission of SARS-CoV-2.

Therefore, it should be pointed out that cats might be potential hosts for
producing novel variant strains of SARS-CoV-2. In addition, researchers
presently reported that another domestic animal dog can also be infec
ted by a SARS-CoV-2 common strain and B.1.1.7 Variant strain (BarrosoArévalo et al., 2021; Grandjean et al., 2022; Jairak et al., 2022) indicates
that dogs are another potential host of SARS-CoV-2 in domestic animals.
In addition, it has been reported that a canine coronavirus can infect
humans (Vlasova et al., 2021). Although it has been reported that pigs
are not susceptible to SARS-CoV-2 but induce fine immunogenicity, a
recent report that emergence of porcine delta-coronavirus pathogenic
infections among children strongly implies that coronaviruses in do
mestic animals could develop to be a potential threat to humans after an
independent or cross-transmission (Lednicky et al., 2021). We suggest
that the transmission of SARS-CoV-2 and other domestic animals’
coronavirus might occur (Fig. 4), and thus, humans should pay more
attention to coronavirus infections among cats or other domestic
animals.

5. Cross-species of coronaviruses between cats and humans or
other domesticated animals
Presently, increasing evidence has shown that cats can be hosts of
some human-infecting viruses. Ongradi et al. (Ongradi et al., 2019) first
identified that cats can be animal hosts of human adenovirus 1. Zhao
et al. (Zhao et al., 2019) reported that cats can be infected by human
coronaviruses 229E (HCoV-229E) and (PDCoV) by serological
screening, and they revealed the potential role of cats in the crossspecies transmission of coronaviruses. Since SARS-CoV-2 emerged at
the end of December 2019, researchers have also reported that cats can
be infected by common SARS-CoV-2 strains and even (Delta) variant
strains from humans (Garigliany et al., 2020; Curukoglu et al., 2021;
Hosie et al., 2021; Kang et al., 2021; Mohebali et al., 2022), which
revealed that the fACE2 receptor could be recognized by the variant
strains. The information also indicates that cats may play a special role
in the transmission of SARS-CoV-2, considering the three factors: similar
cellular receptor, receptor binding domain (RBD) with similar furin
cleavage sites, and especially the third factor, high risk of crosstransmission between humans and cats because cats are usually in
close contact with humans, especially companion animals (Stout et al.,
2020). In addition, it has been reported that FCoV can infect humans
(Silva et al., 2014), which indicates that cat-infecting coronaviruses,
including SARS-CoV-2, can also infect humans because of virus vari
ability and evolution, although more in-depth studies are needed.

6. Conclusions
Although feline coronavirus and SARS-CoV-2 are different in genus
classification, they are closely related to the main characteristics of the
genome, receptor usage, and RBD of spike proteins. In particular, the
RBDs of the S proteins of the two viruses both have polymeric cleavage
sites that can cleave the S1/S2 site and cause the sequence (R↓S), which
is associated with virus entry or even zoonotic transfer. In addition, the
affinity of the human and feline conserved ACE2 receptor for the RBD of
SARS-CoV-2 is also crucial in supporting that SARS-CoV-2 can interact
with both human ACE2 and feline ACE2 and that cats are susceptible to
SARS-CoV-2. However, during the process of SARS-CoV-2 infection in
cats, whether FCoV elements serve or which host molecules are associ
ated is still unclear, and further research is ongoing. In conclusion, this
review reveals that cats are potential intermediate hosts for SARS-CoV-2
transmission, and cross-species transmission or zoonotic infection of
FCoV and SARS-CoV-2 between cats and humans was identified.

Fig. 4. Schematic representation of SARS-CoV-2 and other coronavirus transmission among domestic animals.
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