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SARS-CoV-2 emerged from zoonotic coronaviruses and is a novel beta-coronavirus
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updates which causes severe respiratory disease (pneumonia and lung failure), termed COVID-
19. This paper describes SARS-CoV-2 genetic features (mutations and molecular
epidemiology) but highlights its key differences from animal coronaviruses. We
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1. INTRODUCTION

COVID-19 trends

This report describes the first pandemic of coronavirus due to infection with
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that leads to
coronavirus disease 2019 (COVID-19), and originated from an epidemic at Wuhan,
a city in China.

That said, different countries have varying levels of cricket infection and death.
COVID-19 is a whole new level of novel for a human virus. As a result, the
information we have on this virus today is mixed, and there are still some things
that we do not understand. Simply put, potential alterations in the transmission
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The Evolution of SARS-CoV-2, A Review of Genetic Mutation

modes of the virus The next 1-2 years are uncertain [1]. The cycle of future
epidemics will continue to happen until we have an effective vaccine that stops the
disease or sufficient levels of the world population become infected (60% to 70%
of the world population) and thereby have herd immunity [2]. Until then, millions
will carry on living with "Corona-phobia” .

Thus, our ability to predict and plan for this situation until safe and effective
vaccines become available or herd immunity is reached is paramount [3]. COVID-19

is highly transmissible compared to the SARS epidemic in 2003 and the MERS
epidemic in 2012 [4]. For the very high rate of asymptomatic diseases, it is a major
fault to consider only people with fever and cough to be patient; keeping the mask

ALWAYS onis very important to avoid the spread of silent carriers. Which basically

comes down to protecting in particular the intangible, plan for it and you have one
of the best-ever defense strategies. In addition, COVID-19 has raised pre-
symptomatic transmission during the 1 to 3 days preceding symptom onset,
generating 2.5 to 3.5 secondary cases per infected person. As of now the global
death rate of COVID-19 has so far oversized the death rate of the Spanish flu
pandemic which was 2.5%. More than 1,000 people in the U.S. have died, as the

number of confirmed cases hits a daily record. The death rate was 3.4% in China

[5].

Herd immunity builds up gradually in the population through multiple
epidemics, resulting in the epidemic being over when the herd immunity threshold
isreached (60% -70%), and lasting from 18 to 24 months [6]. However, there is still
much confusion regarding COVID-19. Although COVID-19 infection generates >90%
of the antibodies, additional data are needed to determine if they work in the
prevention of re-infection. Despite high levels of antibody production, there are
multiple examples of limited long-lived immunity, therefore it is only logical that
antibody levels drop over the course of several months to a few years, and re-
exposure may cause reinfection. Uncertainty in the development and duration of
protective immunity and the difficulty to induce neutralizing antibodies represent
serious challenges to the complete elimination of COVID-19.

At the end of this pandemic, the virus was expected to be less virulent and
contagious because the development of herd immunity would probably make it
more closely related to a seasonal coronavirus (like the seasonal flu). Globally, the S
and V variant groups of SARS-CoV-2 were most prevalent until early April 2020 [7],
while the G, GR, and GH groups are currently widespread. The GR group is mainly
found in Africa, India and Russia, while the GH group is mainly found in North
America, Europe and Middle East. Replicating and transmitting rapidly than other
strains, the GH group virus likely has better binding to the host cell [8]. The Centre
for Infectious Disease Research and Policy tracked three scenarios for the COVID-19
pandemic. In the first scenario, several minor pandemics hit much more frequently,
every year or season at most, and minimal spread can be achieved through strict
quarantine during peaks of outbreaks, only to reemerge when some restrictions are
loosened [9]. The second involves a serious new pandemic hitting in the fall, the
most alarming of the three possibilities. The third scenario is the most favorable
one, and it is the one that multiple experts desire. In spite of its big slaughter over
the early course ofthe pandemic, least damage came from mostly 4 small outbreaks
since. Thus, the third scenario is the most desirable, especially because the
pandemic could be controlled by strict quarantine measures, regardless of the
spread of contagious diseases in each region. Also, retaining this pattern for two
years or so makes flare-up of immunization achievable.
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During the 2009 pandemic influenza, the number of patients increased in
September when schools started after the summer holidays and then peaked by late
October to early November. However, there were antivirals available then, and
vaccination also helped control the pandemic. On the flip side, COVID-19 is worse
because there is no specific treatment or vaccine available right now. Here, COVID-
19 is still in the first phase of the pandemic and will remain there until there is a
treatment and a vaccination.

SARS-CoV-2
Origin and evolution of SARS-CoV-2

SARS-CoV-2 genetic characterization showed a 96% nucleotide identity to a
bat-derived strain called Beta CoV/RaTG13/2013. Other studies show that many
SARS-CoV-like viruses that belong to subgenus Sarbecovirus have been reported in
Rhinolophus bats in South China. These viruses show genetic diversity and rapid
recombination which increases the risk of transmission to humans [10]. The
Genomic Identity of this Pangolin coronavirus is 91.02% and 90.55% with SARS-
CoV-2 and BatCoV RaTG13. Pangolin-CoV is phylogenetically closest related to
SARS-CoV-2 after RaTG13. Secondly, the phylogenetic relationship of the S1
protein of pangolin-CoV to SARS-CoV-2 was found to be closer than that to RaTG13.
For pangolin-CoV and SARS-CoV-2 the five essential amino acid residues involved
in the binding with human ACE2 are the same while RaTG13 has four amino acid
changes. Unlike SARS-CoV-2, both Pangolin-CoV and RaTG13 do not exhibit a
putative furin recognition sequence motif at the S1/S2 cleavage site. This suggests
that pangolins could be an animal reservoir of the human-like coronaviruses [11].

SNP sequencing showed more prevalence of L (70%) than S lineage (30%), and
phylogenetic analysis suggested that S lineage was closely related to the
coronaviruses in mammals [12]. Phylogenetic analyses showed that the genetic
differences of PEDV and TGEV were only 42.8% and 43.5%, respectively, from SARS-
CoV-2, while genomic similarities of PHEV and PDCoV with SARS-CoV-2 were 49.2-
49.3% and 40.3-40.4%, respectively. In addition, although it is unlikely that SARS-
CoV-2 evolved from pig coronaviruses, SARS-CoV-2 RBD may interact with swine
ACE2, because of the high similarity of the 5 binding residues of viral to ACE2
residues in human ACE2 [13].

Birds can serve as a natural seed bank for evolution of gamma coronaviruses
and delta coronaviruses and continuous evolution and spread of coronaviruses. For
attachment and entry, IBV is usually binding to cellular receptors through sialic
acid. They observe a genetic similarity of 43.0-43.2% between SARS-CoV-2 and
IBV, which is extremely significant [14].

They belong to the genus Beta coronavirus and are classified as bovine
coronaviruses. CoV, which is much like human CoV alf44/US/94, a strain isolated
from kids and of potential, public health importance. In addition to BCoV being
associated with human beta coronavirus 0C43 which is a major pathogen of the
common cold, studies suggest that BCoV might be an ancestor of human CoV or that
they share a common ancestor [16]. BCoV has a wide host range as it infects dogs,
chickens, and giraffes. A genomic study suggested that BCoV is only 49.2-49.3%
genetically similar to SARS-CoV-2 [15].

Genotypes of SARS-CoV-2

In a recent study 1234 mutations were detected by sequencing 12343 SARS-
CoV-2 genes sequenced from patients at six locations. The COVID-19 mortality
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rates in 28 nations were grouped into three categories using hierarchical clustering
of mutation frequency [17],. Alleged associations of nucleotide mutations in 11,083
genes encoding Nsps and severity of COVID-19 The 11083G mutation was
frequently detected in symptomatic patients while infection with 11083T variants
was associated with asymptomatic infection.

Genetic mutations of SARS-CoV-2: Analysis of the genomes of 30,366 SARS-
CoV-2 isolates found 11 alterations in genes occurring with a frequency of greater
than 10%. From the eleven mutations detected, eight of them were
nonsynonymous: C1059T, G11083T, C14408T, A23403G, G25563T, G28881A,
G28882A, and G28883C while the other three were synonymous mutations that
caused no complementary amino acid change. The main mutations C14408T and
A23403G (1,3) were mutationally correlated (based on Fisher's Exact test, P 10% of
the genomes of SARS-CoV-2 isolates in the ORFlab region. Frequency of the
C3037T variant in the Nsp3-encoding region (29.3%) The other three mutations, all
with a frequency greater than 10% and that involve changes to the amino acid
coding areas, are located in Nsp2, Nsp6 and Nsp12. The Nsp2 C1059T mutation
leads to the amino acid substitution T266I; however, the functional relevance
remains unknown [18]. G11083T mutation — L36F mutation in Nsp6 — stimulation
of the vesicle formation near the microtubule regulatory center and membrane
proliferation. C14408T and C14805T resides in Nsp12 that is essential for protein
replication and pathogenesis. The C14408T mutation influences the P232L
missense mutation and is considered be important for viral transmission based on
the rapid rise of its frequency.

Mutations in accessory and structural proteins: Gradual mutations mostly
occur in G25563T of the auxiliary protein, A23403G of the S protein and G28881A,
G28882A and G28883C of the N protein (from GGG to AAC) G25563T within the 3a
ORF, encoding a unique membrane protein with three-membrane type and is
important for virulence. More than 10% of the S and N protein amino acid
substitutions occur in the structural proteins S, E, M, and N. The D614G substitution
in the S protein results from the A23403G mutation, which possibly is one of the
most impactful characterized mutations thus far. Similar to the C14408T mutation
in Nsp12, the A23403G mutation in the S protein is present in 70.46% of cases [19].

N protein plays essential roles in regulating the metabolism of the infected cells
and assembles the viral components essential for viral replication and
transcription. The presence of three concurrent mutations in the N protein
(G2881A, G2882A, G2883C) has been recorded. G28881A and G28882A cause
R204K replacements and G28883C causes G205R substitutions [20].

Coronaviruses in animals and their evolving genetic traits

With an unusual virus in human population, SARS-CoV-2 is a zoonotic virus of
unknown origin. Coronaviruses represent major veterinary diseases and targeted
countermeasures exist for multiple species. In livestock and companion animals,
coronaviruses cause gastrointestinal, respiratory and systemic diseases [21]. The
animal coronaviruses have evolved and changed, providing a model for preparing
for future adaptations that will likely happen with SARS-CoV-2.

Coronaviruses in dogs

The first reports of canine coronavirus (CCoV) emerged in the year 1974 [22].
When dogs are solely infected with canine coronavirus (CCoV), it rarely causes
morbidity or mortality and generally produces mild to moderate gastrointestinal
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illness. However, it was noted that canine coronavirus might be deadly in the case
of a co-infection with canine parvovirus 2 [23]. Animal experiments have shown that
CCoV predominantly targets enterocytes but it does also impact other organs such
as the lungs, liver and tonsils, Since 2009, fatal coronavirus infections have been
recorded. Canines with systemic diseases, characterized by fever, lethargy,
neurological signs, and diarrhea were also positive for CCoV. This virus, called
pantropic CCoV, the cause for this has been the pantropic CCoV that has caused the
CCoV infection into tissue beyond gastrointestinal nausea/diarrhea [24].

CCoV exists in only two serotypes, type [ and type II, the latter further
subdivided into type Ila and IIb. CCoV type | has been shown to be a recombination
product of CCoV and FCoV. In the S protein, 81.76% sequence homology with an
FCoV type I (UCD1) and 54.31% with another CCoV strain (K378) was recorded for
a CCoV strain of FCoV (Elmo/02). In contrast, the FCoV-like CCoV and the reference
CCoV were grouped into CCoV type. This resulted in TGEV-like CCoV, CCoV type IIb,
with a CCoV type Il backbone partially substituted for the TGEV S1 region by intra-
species recombination between CCoV type Il and TGEV. Although recombination
events were shown to not be a major determinant of pathogenesis in CCoV, genetic
polymorphism or divergence could be one of the reasons for the virulence of CCoV
type II strains. The BGF strain of CCoV type Il has longer ORF3b sequences than
other CCoV type II strains, including the CCoV type II CB/05 strain, which has a
deletion in ORF3b. These mutations result in the unusual pathogenicity of the two
strains, accompanied by severe gastrointestinal signs in the BGF strain or multiple
organ tropism in the CB/05 strain [25]. The strain is called "pantropic CCoV" due to
its broad tissue tropism and the CB/05 strain exhibits more variable tropism 46.
Although the exact mechanism of multi-organ tropism is still unknown, this virus
showed continuous transmission in Europe, China, and Brazil [26].

Coronaviruses in cats

FCoV was first reported in 1968, FCoV exists as two serotypes: type [ and type
I [27]. FCoV is classified into two biotypes according to the disparity in clinical
manifestation, feline enteric coronavirus (FECV) and feline infectious peritonitis
virus (FIPV). FCoV type Il originates from the recombination event between FCoV
and CCo. Many studies have shown recombinant between CCoV and FCoV in the
ORF1, S and M genes . It has shown that the S protein is the main recombination
hotspot. Consequently, they provide differences in neutralisation and cell receptors
used for infection between type I and type II strains of FCoV) [28]. It was widely
accepted that FCoV used feline APN (fAPN) to enter feline cells, as coronaviruses
originally used aminopeptidase N (APN) as receptor. While FCoV type [ does not
utilise fAPN, this entry receptor is used exclusively by FCoV type Il. Feline C-type
lectin  dendritic cell-specific intercellular adhesion molecule-3-grabbing
nonintegrin (fDC-SIGN) was proposed as a co-receptor for FCoV types I and II, but
the exact cellular receptor for FCoV type I has not been identified so far.
Characteristics of the homo-zenogeneous structure of the cellular receptor may
facilitate the adaptation of FCoV type II over type I, independent of the in vitro
culture characteristics of FCoV type II [29].

Among all the viral diseases in cats, coronavirus causes the most lethal disease
entity known as feline infectious peritonitis (FIP). In addition, FCoV is a virus of
great therapeutic interest, because it is related with one of the deadliest diseases in
cats, FIP. Contrasting with the aetiology of FIP which remains the matter of
dispute, the pathophysiology of the disease is accounted for by the "internal
mutation" model, which assumes that mutations arise in the S, ORF7 and ORF3
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regions of FECV, regardless of type. The most important mutation is the aa
substitution in the S protein that is responsible for the change in tissue tropism of
enterocytes to macrophages or monocytes. The current understanding of FIP
dictates that, in the face of different tissue tropism, the enteric disease caused by
FCoV became a deadly systemic disease when FCoV, after first being present in the
intestines of kittens, infects intacells that are vacated of their enterocyte contents,
enter phagocytic cells and change submit cells with different genetic predisposition
for enteritis originating from enterocytes into macrophages and other associated
cells [30].

Coronaviruses in pigs

Pig coronaviruses that have received most attention include transmissible
gastroenteritis virus (TGEV), porcine respiratory coronavirus (PRCV), porcine
epidemic diarrhoea virus (PEDV), porcine hemagglutinating encephalomyelitis
virus (PHEV), and porcine delta-coronavirus (PDCoV). While TGEV, PRCV, and PHEV
have been infecting pigs for many years, PEDV and PDCoV are more recent arrivals.
Swine acute diarrhoea syndrome coronavirus (SADS-CoV), a novel highly
pathogenic intestinal coronavirus, has emerged in China in 2016 and a high
mortality rate among pigs has been noted [31].

The first known report of TGEV, an alpha coronavirus, occurred in the United
States in 1946, following an outbreak of severe diarrhea with high mortality rates
in piglets. However, the clinical significance of TGEV was reduced around the world
with the introduction of PRCV, where a spontaneous mutant of TGEV, once formed
and deletion of a large part of S protein of TGEV. Currently, indirect transmissions
of acute diarrhea in piglets due to TGEV intermittently appears on North America,
Europe and Asia farms negative for both TGEV and PRCV. Three distinguishing
features have previously been reported on the genomic characteristics of PRCV and
TGEV. Compared with TGEV, the PRCV S gene encodes a truncated S glycoprotein
due to a deletion of nucleotides 621-681. Differences in Each TGEV and PRCV ORF3
Segment The differences between TGEV and PRCV are located in each ORF3
segment. While the leader RNA-binding site (CTAAAC) preceding the ORF3a gene
is changed or partly deleted in PRCV [32].

Chimeric viruses with the TGEV backbone containing the S protein of PEDV
have been identified in several European countries in recent years, suggesting the
possibility of such chimeric viruses entering the United States. Of these, eight
dropouts with potential biological significance and 119 different amino acids
representing an altered genotype were apparent among six TGEV mutants in the
United States. This changed genotype bore resemblances to deletions and amino
acid changes when compared with a newly identified variant of porcine respiratory
coronavirus (PRCV), suggesting a possible genetic recombination between TGEV
and PRCV. The TGEV genotype represented by this mutant is the currently
dominant TGEV genotype in the U.S. [33].

Between 2016 and 2017, a genetically different but clinically similar novel
alpha-coronavirus was reported. Background: SADS-CoV is a newly discovered
lethal virus, which likely evolved from HKUZ bat coronavirus, which infects the
same Rhinolophus bat species in China as SARS-CoV. SADS-CoV displays 98.48%
sequence similarity with HKU2 bat coronavirus, implying common ancestry. After
the initial epidemic from May 2017 until January 2019, no cases were recorded on
other pig farms, but a mutant SADS-CoV/CN/GDLX/2019 was detected in February
2019. The identity of other SADS-CoV variants identified in Guangdong with the S
gene of SADS-CoV/CN/GDLX/2019 was 99.2%-99.9% (all 7 S gene sequences in
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GenBank), and the lowest identity was 97.5% with SADS-CoELF]. Recombinant
rSADS-CoV has been experimentally cultured in numerous mammals such human
hepatoma cell lines and primate fetuses, but no high-expressing cell lines are able to
produce rSADS-CoV to a high titer. In addition, the rSADS-CoV virus did not use
either ACE-2, DPP4, or CD13 as entrance receptors, which are common receptors
for human coronaviruses. Although SADSCoV replication has not yet been
confirmed in humans, the ability of SADSCoV to replicate in primary human cells
means that transmission to humans is possible [34].

Coronaviruses in chicken

After the first isolation and identification of chicken Coronavirus (IBV) in the
US in 1931, multiple mutant strains have been identified worldwide. Many are
recombinants with other strains, not generated by the build-up of point mutations.
Point mutations and recombination could occur on both structural and non-
structural proteins of IBV. These mutations and recombination events are mainly
in S gene and also in polyproteins 1a and 1ab. Mutation and recombination of the
S1 genes are essential for IBV immunogenicity and diversity because changes in the
IBV S protein, particularly the S1 gene, underlying important viral phenotypic and
virulence [14]. Although many vaccines for IBV are available, the last decade has
seen the identification of new genotypes, serotypes, and pathogenic IBV variants as
a result of mutation. So far, these mutations of IBV have been reported in China,
Korea, and Egypt. More than seven different major IBV genotypes (GI-GVII) and 35
different lineages (1-35) as well as several other genotypes have been identified.
Distribution of GI-1 (former Massachusetts; Mass), GI-13 (793/B, 4/91 or CR88), GI-
19 (LX4 or QX), GI-16 (ck/ CH/ LDL/971 (LDL/971) or Q1), GI-21 (Italy, 02) and GI-
23 (Var2) to specific continents, countries, or regions. In addition, nucleotide
replacement or recombination frequently occurs between the field and vaccine
strain. Even the most commonly used commercial vaccination, the GI-1 genotype
H120 vaccine, bears little similarity to the predominant GI-19, or other extant
genotypes. As a result, it is claimed that this vaccine does not confer adequate
protection against genotype infection, and several epizootics have occurred in

vaccinated sheep [35].

Genome sequences of a recombinant strain of infectious bronchitis virus using
the S1 gene as a genetic marker. Identification of this novel highly-pathogenic
genotype, CK/CH/2010/]JT-1. This indicated that mutant CK/CH/2010/]JT-1 had a
serotype different from H120 and 4/91, as the serum targeting H120 and 4/91 could
not fully neutralize it. As a result, the H120 and 4/91 Mass strain-specific vaccines
only poorly protect against CK/CH/2010/]JT-1. In addition, isolates such as

CK/CH/2010/JT-1 were recognized as new genomic group [36].

Inter-species transmission

SARS-CoV, distantly related to bat coronaviruses, was transmitted through
masked civet to humans in 2002, MERS-CoV distant from bat coronaviruses to
humans via dromedary in 2013 and SARS-CoV-2 closely related to bat

coronaviruses through pangolin to humans in 2019 [37]. Third, the inter-species
transmission episodes to humans were recently. The genetic basis of cross-species
transmission from avian and bat source is exemplified by animal coronaviruses,

especially that of swine coronaviruses, as seen with PDCoV and SADS-CoV
(frequently called as SeACoV) (swine) indicating high genetic association with bat
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HKU2-CoV (bat) [38]. The main reservoir hosts of delta-coronaviruses include
wild avians like sparrows and bulbuls but this group of viruses can also be
transmitted inter-species to some mammals, including pigs, Chinese ferret badgers,
and Asian leopard cats. In an experimental setting, a strain of the novel delta-
coronavirus PDCoV was transmitted from pigs to chickens. Hens co-mingled shed
PDCoV and serologies positive to PDCoV. Even though SeACoV and PDCoV belong
to different genera compared with SARS-CoV-2, these coronaviruses may be used as
models for alphacoronavirus and deltacoronavirus inter-species transmission,
respectively. Since PDCoV has been shown to transmit efficiently inan inter-species
transmission experiment, the infection cycle of animal coronaviruses can be
informative. In addition, with the exception of TGEV, recombinant coronaviruses
(e.g., FCoV type Il (FCoV + CCoV), CCoV type I (CCoV + FCoV), CCoV type IIb (CCoV
type Il + TGEV), and SeCoV (TGEV + PEDV)) could be regarded as the models of inter-
species recombination for human betacoronaviruses, which has not been reported
so far [39].

Alterations in tissue tropism

Here we discuss the change of tissue tropism due to mutation of S gene of FIPV,
pantropic CCoV, PRCV, huge deletion in PEDV and genetic variability in IBV. Most
changes in tissue tropism are due to mutations in the S protein that are important
to bind to cellular receptor. However, regardless of genetic changes, both SARS-CoV,
MERS-CoV and SARS-CoV-2 showed a broad multiorgan tropism [40]. SARS-CoV-2
caused renal failure in patients as SARS-CoV and MERS-CoV did. These
observations may be pertinent to the role of IBV in renal infections. Therefore, IBV
and SARS-CoV-2 initiate infection in the respiratory tract then spread to kidneys
through primary viremia [40].

2. CONCLUSION

SARS-CoV-2 is classified as a beta-coronavirus. Like SARS-CoV-2, animal beta-
coronaviruses, including BCoV and canine respiratory coronavirus (CRCoV),
frequently exhibit respiratory symptoms and diarrhea. Consequently, animals with
similar viral pathology of beta-coronavirus may serve as prospective infection

models for SARS-CoV-2 .

Ferrets, due to their physiological similarities, serve as models for studying
respiratory illnesses, such as influenza viruses and coronaviruses. Clinical
symptoms and infection patterns may be modelled in ferrets [41]. The interspecies
scenarios of PDCoV and SADS-CoV may serve to simulate the SARS-CoV-2 spillover
hypothesis. Moreover, in light of antigenic diversity, vaccine development, and
infection dynamics, poultry populations may serve as a valuable etiological and
economic model for SARS-CoV-2. IBV has consistently progressed since its discovery
[42], and the accumulation of genetic variety and differences in tissue tropism has
impeded the creation of effective vaccines [43]. Furthermore, the dynamics of the
chicken business might resemble those of human communities concerning

population density.

Since the initial identification of coronavirus IBV in 1931 [44], coronaviruses
have been prominent diseases in animals and the livestock sector. Although human
coronaviruses were identified in the 1960s, they were mostly regarded as an
underestimated category of pathogens in clinical settings until the SARS outbreak in
2002. Currently, the coronavirus is no longer an unfamiliar pathogen as it was in the
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21st century; it has been recognized for at least 90 years, approaching a century.
Comprehensive studies have been conducted to manage coronavirus infections in
livestock, including poultry, cattle, and swine, as well as in companion animals. The
trials and errors in veterinary medicine may serve as a benchmark for managing the
lethal coronavirus infection in contemporary times. Likewise, the advanced
technology created for managing COVID-19 and the prospective innovative vaccine
platforms or antivirals may facilitate advancements in the control of animal
coronavirus infections.
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