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ABSTRACT

Coronaviruses have four main types: alpha, beta, gamma, and
delta. Beta and gamma types of coronaviruses are the leading
causes of respiratory illnesses in humans and animals. These
viruses have spread various diseases in the last 26 years.
Recently, a new coronavirus disease has emerged in Wuhan,
China and spread around the world. Three of these important
viruses are SARS, MERS, and SARS-CoV-2. They have a
natural and intermediate host in animals, especially bats.
According to the gene sequence obtained from the virus, bats
and pangolins are suspected to be the natural hosts of SARS-
CoV-2. The virus is predicted to be transferred from bats to
pangolins and then mutated and transferred to humans. Due to a
large number of viruses in the corona virus family, which affects
many animals, a new type of virus is likely to spread again.
Based on the experiences of SARS and SARS-CoV-2, the role
of veterinarians in the live animal and livestock products
markets should be reconsidered.
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Introduction

Zoonotic diseases have changed human life, but
unfortunately they have not been properly
addressed. The transmission of pathogens from
vertebrates to humans, also known as zoonotic
diseases, is a deadly threat to global health. This
article aimed to discuss about those coronaviruses
that could infect the respiratory tract,
gastrointestinal tract, liver, and central nervous
system of humans, cattle, camels, birds, bats,
rodents, and various types of animals.

These zoonotic viruses did not appear to be highly
contagious pathogens until the outbreak of Acute
Respiratory Syndrome Coronavirus (SARS-CoV)
in Guangdong province, China. Before that time,
coronaviruses were circulating in  human
communities and mostly caused mild infections in
immunocompromised individuals. Ten years after
the SARS-CoV outbreak, a highly pathogenic
coronavirus called Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) emerged in
Middle Eastern countries. In both cases, wild
animals such as bats were the natural hosts of
these viruses. In 2019, a new disease emerged in
Wuhan province, China, caused by a virus called
SARS-CoV-2 causing respiratory syndrome like
the diseases mentioned above; according to the
data obtained, the natural hosts of the virus are
bats. Because SARS-CoV-2 is more transmitted
from human-to-human rather than from animal-
to-human, its origin and common nature have
been forgotten. This article tried to address a
small part of the zoonotic nature of the virus.

Coronaviridae

Coronaviruses are members of the subfamily
Coronavirinae, the family Coronaviridae, and the
order Nidovirales. Based on phylogenetic
relationships and genomic structures, the
subfamily Coronavirinae is divided into four
genera, including alpha-coronaviruses, beta-
coronaviruses, gamma-coronaviruses, and delta-
coronaviruses. Alpha-coronaviruses and beta-
coronaviruses infect only mammals (Carlo
Contini et al., 2).
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Gamma-coronaviruses and delta-coronaviruses
infect birds and some mammals such as bats.
Gamma coronaviruses and beta-coronaviruses are
the leading causes of respiratory diseases in
humans (Carlo Contini.et al., 2). Coronaviruses
are RNA based viruses. Thus, viral genes are
constantly altering and producing new strains that
could infect new cell types and various animal
species (Chen Y et al., 9). The virus contains
nucleocapsid, coat, and membrane proteins. The
surface proteins form a crown on the virus. These
proteins bind to cell receptors and infect them.
Coronavirus is usually transmitted through
airborne respiratory droplets to the nasal mucosa
in closed environments as well as through close
contact with people's contaminated hands (Chen
Y etal, 9).

The virus multiplies locally in ciliated epithelial
cells, causing cell damage and inflammation.
Outbreaks appear to be exacerbated during the
winter, and endemics last for weeks or months.
Coronaviruses generally cause acute and chronic
diseases of the respiratory, intestinal, and nervous
systems in many species of animals, including
humans. There is also speculation about the
association of human coronaviruses with more
serious human diseases such as multiple sclerosis,
hepatitis, and intestinal diseases. However, none
of which has been proven so far (Chan JF et al.,
8).

Animal origin of HCoVs (Human coronaviruses)

All four community-acquired HCoVs (...) that
cause mild symptoms are well-adapted to
humans. On the other hand, it may be true that
humans are also well adapted to these four
HCoVs. In other words, they could be survivors
of ancient HCoV epidemics. HCoVs causing
severe diseases in humans as well as people with
severe HCoV diseases have been eliminated.
HCoVs must be sufficiently replicated in humans
to be able to counteract with inhibitory factors in
the host body via the accumulation of compatible
mutations. The longer the SARS-CoV-2 outbreak
persists, and the more people become infected, the
better the virus will be able to adapt to humans.
Preventing the virus transmission to humans
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through quarantine or other protocols could be
difficult (Zi-Wei Ye et al., 6).

For many vyears, the four CoVs have been
circulating in human communities, causing the
common cold in  immunocompromised
individuals. These viruses do not require animal
origins. In contrast, highly pathogenic SARS-
CoV and MERS-CoV are not well adapted to
humans, and their transmission among humans
could not be sustained. They must be preserved
and dispersed among their animal reservoirs and
look for an opportunity to move towards sensitive
human targets. SARS-CoV-2 has characteristics
similar to SARS-CoV, MERS-CoV, and the four
community-acquired HCoVs (Read JM et al., 28).

Community-acquired HCoVs are highly
transmissible. However, the diseases caused by
HCoVs are less common in the community with
less pathogenicity compared to those of SARS-
CoV and MERS-CoV. For these two diseases, the
question remains whether they could be fully
adapted to humans and circulate among humans
without a reservoir or intermediate animal host.
Before discussing about the animal origin of
HCoVs, it is helpful to discuss about the
definitions and  characteristics of their
evolutionary, natural, reservoir, and intermediate
hosts and enhancers. An animal acts as an
evolutionary host of HCoV if it carries a close
ancestor sharing a high identity at the nucleotide
sequence level (Zivi et al.,, 6). The ancestral
viruses are usually well adapted and non-
pathogenic for their host. In contrast, if a virus
enters a new host or human and could not be well
adapt to its new host, it becomes pathogenic. In
addition, if it could not maintain its transmission
among the intermediate hosts, HCoV could have
a dead end. In contrast, HCoVs could be well
adapted to their intermediate host and even
establish a long-term endemicity. In this case, the
intermediate host becomes the reservoir host (de
Wit E et al., 10; Chan JF et al., 8).

Coronavirus zoonotic diseases

Coronaviruses have spread several times over the
past 26 years in the form of various diseases and
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have killed many people. These viruses infect a
wide range of organisms from ruminants (cattle)
to rodents, poultry, and wild animals. In humans,
they usually appear as mild infections and are not
taken very seriously, but they have become
dangerously prevalent in humans over the last
thirty years (Tablel) (Lin-Fa Wang et al., 4).

Considering the genome sequence of these
viruses, most EZVs (emerging zoonotic viruses)
have been transmitted from their natural host
(bats) to several intermediate hosts and then
modified to infect humans (Lin-Fa Wang et al., 4).

Table 1: Information on zoonotic coronaviruses
that have spread over the last 26 years (Cristiano
Salata et al., 3)

SARS: severe acute respiratory syndrome, MERS: Middle
East respiratory syndrome, nCoV: 2019 novel coronavirus

Virus Year of Bat Main Intermediate
Name  First Origin  Animal Host
Major Status Responsible for
Outbreak Human Infection
Hendr 1994 Confirm Horses
a ed
Nipah  1998-99 Confirm  Pigs
ed
SARS  2002-03 Confirm Camels
ed
Ebola 2014 Confirm
ed

2019- 2019-20 Suspect  Presently unknown
nCoV ed

SARS CoV

SARS was the first HCoV pandemic in human
history and the third HCoV to be discovered, its
etiological agent is SARS-CoV. The first case of
SARS could be traced back to late 2002 in
Guangdong province, China. At that time, 8096
infected cases with 774 deaths were reported in
many countries. The latency period of the virus is
7 to 4 days, and the peak viral load appears 10
days after the onset of the disease (Zi-Wei Ye et
al., 6).

Retrospective epidemiological data indicate that
SARS has a connection with animals. Subsequent
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prevalence studies have shown that animal traders
have higher SARS-CoV IgG than the general
population (Read JM et al., 28).

Paguma larvata and raccoons, which were on the
live animal market, were identified as carriers of
a SARS-like virus, which was very similar to
SARS. This theory was indirectly confirmed by
the fact that no one in the market got sick after
killing all the civets. Further studies in wildlife
showed that the coronavirus of Chinese horseshoe
bats was similar to SARS-CoV. These bats are
positive for anti-SARS-CoV antibodies and the
SARSr-Rh-BatCoV HKU3 genome sequence.
These and other bat CoVs share nucleotide
sequence identity with SARS-CoV. These studies
provide the basis for a new idea that bats host
emerging human pathogens with similar
nucleotide sequence identities (Kuiken T et al.,
19).

MERS CoV

MERS-CoV was first isolated in 2012 from the
lungs of a 60-year-old patient with acute
pneumonia and renal failure in Saudi Arabia.
Most of the laboratory-confirmed cases were in
the Middle East; afterwards some cases were also
reported in various European countries and
Tunisia (Mu” ller MA et al., 24).

Another secondary MERS outbreak occurred in
2015 in South Korea with 186 confirmed cases.
The clinical manifestations of MERS are similar
to those of SARS, characterized by progressive
acute pneumonia. Unlike SARS, many patients
with MERS also show acute renal failure, making
MERS unique among HCoV-induced diseases.
More than 30% of patients have gastrointestinal
symptoms such as diarrhea and vomiting. As of
14 February, 2012, more than 2500 laboratory-
confirmed MERS-CoV cases have been reported.
MERS-CoV is one of the deadliest human viruses
with a mortality rate of 34.4% (Zi-Wei Ye et al.,
6).

MERS-CoV pathogenesis analysis is similar to
CoV-HKU4 and CoV-HKUS in bats. CoV-HKU4
and MERS-CoV have the same cellular receptor,
DPP4, for cell entry. On the other hand, studies in
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the Middle East have shown that livestock
camels, especially those of Middle Eastern origin
in various African countries, are positive for
specific MERS-CoV neutralizing antibodies (...).
Live MERS-CoV, similar to the human virus, has
been isolated from the nasal protrusions of camels
(...), further demonstrating that camels are a
reasonable intermediate host of MERS-CoV. It is
noteworthy that generally mild but widespread
symptoms are observed in camels infected with
MERS-CoV. It is also noteworthy that infected
camels spread viruses not only through the
respiratory tract but also through feces and mouth,
which are also the main transmission routes of the
bat-origin virus (Paraskevis D et al., 26).

However, questions remain because many
MERS-confirmed cases did not have a history of
contact with camels before the onset of
symptoms. They are likely involved through
human-to-human transmission route or unknown
transmission routes involving unknown infected
animal species.

NCoV-2019

The new species of coronavirus, designated as
nCoV-2019, appeared in Wuhan, China and
spread around the world in late 2019. Pneumonia
symptoms of unknown causes were reported in
several patients. The infection is
epidemiologically linked to the Huanan seafood
market in Wuhan (Wan Y et al., 20).

An important factor for an emerging virus is its
ability to become epidemic.  Efficient
transmission to humans is a requirement for the
spread of new viruses on a large scale. The
proportion of patients with mild symptoms is
another important factor that determines our
ability to identify infected people and prevent the
spread of the virus. ldentifying transmission
chains and tracking contacts become more
complicated when several infected individuals
remain asymptomatic or have mild symptoms. An
important factor for efficient human-to-human
transmission is the ability of the virus to attach to
human cells. Coronaviruses use surface-shaped
lanceolate proteins to bind to host cells.
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Apparently, nCoV-2019 uses the same human
angiotensin-2 converting enzyme as SARS-CoV,
while MERS-CoV uses dipeptidyl peptidase 4
(also known as CD26) (Kupferschmidt K et al.,
20).

Efficient human-to-human transmission involves
several  transmission  pathways, including
respiratory droplets transport, direct contact, and
indirect contact. Limited human-to-human
transmission may be a prerequisite for high doses
of infection in people and subsequently their close
contact with others. All three outbreaks of
zoonotic coronaviruses in recent decades have
been associated with pneumonia in patients with
severe symptoms (Nishiura H et al., 25).

Although SARS-CoV and SARS-CoV-2 are very
similar due to nucleotide sequence homology
above 82%, they are grouped into different
branches of the phylogenetic tree. SARS-CoV-2
is apparently less pathogenic but more
transmissible than SARS-CoV and MERS-CoV.
It has been reported that some people infected
with SARS-CoV-2 may be asymptomatic and
may play a role in its rapid spread worldwide
(Ping-Ing Lee et al., 5).

A comparison between SARS-CoV-2 and the
other six HCoVs reveals many interesting
similarities and differences. First, the incubation
period and duration of HCoVs diseases are very
similar. In this regard, SARS-CoV-2 follows the
general trend of the other six HCoVs. Second, the
severity of COVID-19 symptoms lies between
SARS-CoV and four community-acquired
HCoVs (Rothe C et al., 22).

On the one hand, SARS-CoV-2 infection has
features in common with community-acquired
HCoVs infections, including nonspecific, mild, or
even asymptomatic symptoms. On the other hand,
a small subset of severe COVID-19 symptoms
may also be observed in SARS-CoV infection,
but to a lesser extent. Examination of SARS-
CoV-2 transmission pathways also shows
interesting patterns in common with community-
acquired HCoVs and SARS-CoV. On the one
hand, the transmissibility of SARS-CoV-2 is at
least as high as that of community-acquired
HCoVs (LiQ et al., 22).

Pathobiology Research

Although a preliminary report identified codons
in snakes as a possible source of the new
coronavirus (...), the current consensus supports
the hypothesis of mammalian or bird
involvement. Phylogenetic analysis of the 2019-
nCoV genome showed that the virus is similar to
SARS-CoV and MERS-CoV, and bats have been
identified as a possible primary reservoir of 2019-
nCoV based on its similarity to bat CoVs. SARS-
CoV-2 has 96.2% nucleotide similarity to CoV
RaTG13 isolated from Rhinolophus affinis bats.
The animal host of SARSCoV-2 is likely to be
among the wildlife species sold and killed in the
Huanan Seafood Wholesale Market, many of
which were initially associated with COVID-19,
indicating the possibility of animal-to-human
transmission route (Zi-Wei Ye et al., 6).

Several recent studies based on metagenomic
sequencing have shown that a group of small
endangered mammals known as pangolins (Manis
javanica) could also harbor SARS-CoV-2
ancestral beta CoVs. This pangolin CoV genome
shares 85 to 92% nucleotide sequence homology
with SARS-CoV-2, and is equally related to
RaTG13 with about 90% similarity at the
nucleotide sequence level. A previous study on
sick pangolins also reported viral foci in lung
samples, which appear to be similarly related to
SARS-CoV-2. The possibility that pangolins are
an intermediate host of SARS-CoV-2 could not be
ruled out. However, there is currently no evidence
to support the direct origin of SARS-CoV-2 from
pangolins due to sequence divergence between
SARS-CoV-2 and pangolin beta-CoVs. In
addition, the distance between SARS-CoV-2 and
RaTG13 is even shorter than that between SARS-
CoV-2 and pangolin beta-CoVs associated with
SARS-CoV-2 (Zi-Wei Ye et al., 6).

The evolutionary pathway of SARS-CoV-2 in
bats, pangolins, and other mammals has not yet
been determined. While the highest sequence
homology was found in RBD between SARS-
CoV-2 and pangolin beta-CoVs, the beta CoVs
associated with SARS-CoV-2, SARS-CoV-2, and
RaTG13 have the highest genomic sequence
homogeneity. It is highly probable that the
similarity between beta-CoVs RBDs is driven by
SARS-CoV-2, pangolin SARS-CoV-2, and
SARS-CoV-2 with selective convergence
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evolution. One suggestion for recombination of
beta-CoVs is related to pangolins CoV, human
SARS-CoV-2, and bat CoV RaTG13 in the third
species of wild animals. As a driving force of
evolution, recombination is widespread among
beta CoVs (Li Q et al., 22),

Conclusion

Because coronaviruses are RNA-based viruses,
they are constantly mutating, and because they
have different types, they could greatly infect
different organisms. Therefore, a new type of
virus belonging to this family of viruses is likely
to spread again in the future. The experiences of
SARS and SARS-CoV-2 show that the role of
veterinarians in the live animal and livestock
products markets should be reconsidered.
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