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SUMMARY
Recently, a novel dog-origin coronavirus has been found in humans. The low similarity between the receptor-
binding domain from this novel virus and other human-infecting coronaviruses in genus Alphacoronavirus
suggests it might use a novel receptor or mechanism to enter human cells and also might trigger a novel im-
mune response.
‘‘Host jump’’ of coronaviruses from
animals to humans
Seven types of coronaviruses (CoVs) have

been found to infect humans, including

human coronavirus (HCoV)-229E, HCoV-

OC43, HCoV-NL63, HCoV-HKU1, severe

acute respiratory syndrome coronavirus

(SARS-CoV), Middle East respiratory syn-

drome coronavirus (MERS-CoV), and

SARS-CoV-2. Among them, HCoV-OC43

and HCoV-HKU1 were originated from ro-

dents, while others were derived from

bats.1After spillover to different intermedi-

ate hosts and then accumulating genetic

mutations and/or recombination, corona-

viruses can occasionally acquire the

ability to infect humans. In addition, coro-

naviruses that can infect humans (like

SARS-CoV-2, belonging to genus Beta-

coronavirus) have also been found to

infect both domesticated and wild ani-

mals.2,3 Until now, limited animals are sus-

pected (Palm civets for SARS-CoV,

domesticated animals for HCoV-OC43,

or camelids for HCoV-229E) or confirmed

(dromedary camels for MERS-CoV) as in-

termediate hosts for these coronaviruses.

However, there are still many coronavi-

ruses infecting humans whose intermedi-

ate hosts are still unknown. For example,

despite a large amount of work under-

taken, the intermediate host of SARS-

CoV-2 is still unknown. Due to the high fre-

quency of contact between human and
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animals in some regions, the zoonotic co-

ronaviruses have been posing a potential

threat to public health. As close compan-

ions of humans, there are a huge number

of dogs all over the world. Canine corona-

virus (CCoV, belonging to genus Alpha-

coronavirus) infection generally causes

mild or asymptomatic enteritis, but highly

virulent isolates have also gradually been

found.4 In addition, previous study has

also documented that dogs can be in-

fected with SARS-CoV-2 via humans, as

angiotensin-converting enzyme 2 (ACE2,

the receptor for SARS-CoV-2) of dogs

and humans are as similar as 81% at the

amino-acid level.5 However, the cross-

species transmission in the ‘‘opposite

direction’’ (canine coronavirus infecting

humans) has not been found before.

The emergence of canine
coronaviruses infecting humans
indicates a novel viral entry
mechanism
Recently, Vlasova and colleagues isolated

and sequenced a novel coronavirus from

a hospitalized pneumonia patient in

Malaysia, and they also showed that this

novel coronaviruswas fromCCoV andbe-

longed to CCoV genotype II (CCoV-II) in

the Alphacoronavirus genus.6 After that,

Lednicky and colleagues also isolated a

coronavirus with extremely high genomic

similarity (99.4%) to the above strain
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from Haiti.7 Since coronaviruses from

CCoV-II used host aminopeptidase N

(APN) as a receptor, which was also a re-

ceptor for HCoV-229E (belonging to

genus Alphacoronavirus), we therefore

reasonably speculate that this novel

CCoV still used human APN (hAPN) as a

receptor. The protein sequences of recep-

tor-binding domain (RBD) are identical be-

tween these two novel CCoVs, indicating

that they might use the same receptor

and mechanism to enter human cells.

However, further analysis of RBD in S

gene, which determines virus attachment,

host cell entry, and ‘‘host jump’’ of corona-

viruses,8 showed that nine out of ten of the

key residues in the RBD of HCoV-229E

directly in contact with its hAPN were

found have mutated in this novel CCoV

(Figure 1A). In this case, the novel CCoV

might not use a similar molecular mecha-

nism to enter human cells like HCoV-

229E, or it may not even use hAPN as its

receptor. Then, we speculated that this

novel CCoV might use ACE2, which is

also the receptor for HCoV-NL63 (another

coronavirus belonging to genusAlphacor-

onavirus that infects humans), as its re-

ceptor. Our analysis showed that nine

out of eleven of the key residues in the

RBD of HCoV-NL63 directly in contact

with its human receptor (ACE2) were also

found to have mutated in this novel
4, March 15, 2022 ª 2022 The Author(s). 1
eativecommons.org/licenses/by-nc-nd/4.0/).

mailto:wangliang@im.ac.cn
mailto:beeyh@im.ac.cn
mailto:gaof@im.ac.cn
https://doi.org/10.1016/j.xcrm.2022.100524
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xcrm.2022.100524&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1. Sequence similarity overview of the novel canine coronavirus infecting humans
(A) Alignment of the receptor binding domain in the S gene. Residues in direct contact with the human
receptor for HCoV-NL63 are indicated by a (+) sign. If a substitution occurred in novel CCoV compared to
HCoV-NL63, the color of the (+) sign is red; otherwise, the color of the (+) sign is blue. Residues in direct
contact with the human receptor for HCoV-229E are indicated by a (*) sign. If a substitution occurred in
novel CCoV compared to HCoV-229E, the color of the (*) sign is red; otherwise, the color of the (*) sign is
blue. Sequences from novel CCoV, CCoV, HCoV-299E, and HCoV-NL63 are indicated by different colors.
(B) The sequence similarity between RBD of novel CCoV and other coronaviruses. Protein BLAST was
performed using RBD from novel CCoV as a query against the nonredundant protein database, HCoV-
NL63, and HCoV-229E. Only sequences with both coverageR70% and identityR80% were retained
when compared to the whole nonredundant protein database. The number of sequences belonging to
each species used in this study are listed within parenthesis behind the virus species name in the figure.
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CCoV (Figure 1A). Since this novel CCoV

had been isolated from human, these re-

sults suggested that it might either use a

novel receptor (other than hAPN and

hACE2) or use a novel molecular mecha-

nism to enter human cells through hAPN.

Furthermore, RBD has been known to be

a major target for neutralizing antibody

(nAb), which is responsible for interfering

with the binding of the virus to its host re-

ceptor. Therefore, currently available

nAbs that prevent HCoV-229E and

HCoV-NL63 from entering human cells

might not work against this novel CCoV.

In addition to containing neutralizing epi-

topes, RBD also contains T cell epitopes.9

Therefore, the identification of epitopes of

this novel CCoV recognized by human
2 Cell Reports Medicine 3, 100524, March 15
T cell response is important for monitoring

immune response, vaccine development,

and facilitating assessment of immunoge-

nicity for vaccines.

Several types of coronaviruses may
also have the potential to infect
humans
We use BLAST (the basic local alignment

search tool) to detect the similarity be-

tween the RBD region of this novel CCoV

and other viruses of the species Alphacor-

onavirus 1 and CoVs that infect humans

that belong to the genus Alphacoronavirus

at the protein level. The RBD of the novel

CCoV has an extremely high similarity at

amino-acid level to other viruses of spe-

cies Alphacoronavirus 1 (belonging to
, 2022
genus Alphacoronavirus), but low similarity

was found when it was compared to

HCoV-NL63 and HCoV-229E (Figure 1B).

Since Alphacoronavirus 1 contains several

types of coronaviruses, like canine corona-

virus, feline coronavirus, transmissible

gastroenteritis virus and swine enteric co-

ronavirus, we suspected that the feline co-

ronavirus and swine enteric coronavirus

might have acquired the ability to enter hu-

man cells already or through limited muta-

tions via a molecular mechanism similar to

that of this novel CCoV. Previous study

speculated that pig might serve as a mix-

ing vessel for coronaviruses.10 Given the

fact that genetic recombination frequently

occurs among coronaviruses11,12 and

Spike has been found among CCoV and

other close-related CoVs (like feline and

porcine strains),13 we speculated that

dog and cat might also serve as potential

mixing vessels for coronaviruses, which

could generate more novel coronaviruses

with unknown risk. Recently, porcine del-

tacoronavirus from genus Deltacoronavi-

rus has been detected in humans.14 This

has also expanded our knowledge of the

phylogenetic range and intermediate hosts

of coronaviruses that can infect humans,

which were considered to all belong to

genus Alphacoronavirus (HCoV-229E,

HCoV-NL63) and Betacoronavirus (HCoV-

OC43, HCoV-HKU1, SARS-CoV, SARS-

CoV-2, and MERS-CoV) so far. Since

cats, dogs, and pigs are all in close contact

with humans, once a novel coronavirus

that can infect humans is accidentally

generated within them, it will be quickly

transmitted to humans, posing a potential

threat to public health.

Concluding remarks
The identification of novel CCoV in hu-

mans expanded our knowledge of the

host range of dog-origin coronavirus and

also the intermediate hosts for human-in-

fecting coronaviruses. Since the volume

of the population of dogs is very high

(900 million globally15) and their contact

with humans and other animals is very

frequent, there is a high probability of

cross-species transmission of viruses.

Despite considerable progress in charac-

terizing the cross-species transmission

for coronaviruses, several areas also

need to be resolved, including: (i) confir-

mation of the human receptor for this

novel CCoV; (ii) the molecular mechanism
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of this novel CCoV used to enter human

cells; (iii) human immune response trig-

gered by this novel CCoV; (iv) develop-

ment of a vaccine against this novel

CCoV to deal with the potential risk of out-

breaks in humans in the future. In-depth

study of the molecular and cellular mech-

anism of viral entry into human cells of this

novel CCoV and development of vaccines

against it should be performed immedi-

ately to answer these urgent questions.
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