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Abstract Coronaviruses are single stranded RNA viruses
usually present in bats (reservoir hosts), and are generally
lethal, highly transmissible, and pathogenic viruses causing
sever morbidity and mortality rates in human. Several
animals including civets, camels, etc. have been identified
as intermediate hosts enabling effective recombination of
these viruses to emerge as new virulent and pathogenic
strains. Among the seven known human coronaviruses
SARS-CoV, MERS-CoV, and SARS-CoV-2 (2019-nCoV)
have evolved as severe pathogenic forms infecting the
human respiratory tract. About 8096 cases and 774 deaths
were reported worldwide with the SARS-CoV infection
during year 2002; 2229 cases and 791 deaths were reported
for the MERS-CoV that emerged during 2012. Recently
~ 33,849,737 cases and 1,012,742 deaths (data as on 30
Sep 2020) were reported from the recent evolver SARS-
CoV-2 infection. Studies on epidemiology and
pathogenicity have shown that the viral spread was
potentially caused by the contact route especially through
the droplets, aerosols, and contaminated fomites. Genomic
studies have confirmed the role of the viral spike protein in
virulence and pathogenicity. They target the respiratory
tract of the human causing severe progressive pneumonia
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affecting other organs like central nervous system in case
of SARS-CoV, severe renal failure in MERS-CoV, and
multi-organ failure in SARS-CoV-2. Herein, with respect
to current awareness and role of coronaviruses in global
public health, we review the various factors involving the
origin, evolution, and transmission including the genetic
variations observed, epidemiology, and pathogenicity of
the three potential coronaviruses variants SARS-CoV,
MERS-CoV, and 2019-nCoV.
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Introduction

Viral respiratory infections represent the major cause of
morbidity and mortality in humans and animals worldwide
since early 1930’s [15, 45, 96]. Almost about 200 anti-
genically different type of influenza viruses, rhino viruses,
adenoviruses, coronaviruses, metapneumoviruses, orthop-
neumo viruses are known to cause respiratory illness in
humans [45]. Among these, family of Coronaviridea is
considered as one of the major viruses causing lethal res-
piratory infections [27]. They are crown shaped-enveloped-
RNA viruses, widely spread, and are capable of infecting a
wide range of hosts including human and other mammals
[14, 88]. They are majorly divided into four sub-groups
namely alpha, beta, gamma, and delta viruses of which
Betacoronavirus genus are pathogenic to human [16, 34].
HCoV-229E, HCoV-0OC43, HCoV-NL63, HCoV-HKUI,
Severe Acute Respiratory Syndrome Coronavirus (SARS-
CoV), MERS-CoV (Middle East Respiratory Syndrome
Coronavirus), and the recent SARS-CoV-2 (Severe Acute
Respiratory Syndrome Coronavirus-2 otherwise known as
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COVID-19) are the seven types of Betacoronoviruse genus
well-known for their respiratory illness caused in humans
and are capable of co-evolving, which enhances their
pathogenicity and the property of long term adaptation to
human host [16, 99]. SARS-CoV, MERS-CoV, and SARS-
CoV-2 are the potential members of the Betacoronoviridae
family that are very well known for their pandemic out-
break of lethal respiratory infections in human whereas the
other types are associated with mild respiratory illness [26].
Thus, the knowledge synthesis, new insights, and com-
prehensive information about these viruses is essential, in
particular as consolidated and comprehensive information
at one single source. With this motivation, the present
review deals with the origin, spread, genetic variance, etc.
of the deadly human respiratory pathogenic viruses SARS-
CoV, MERS-CoV, and the SARS-CoV-2 (COVID-19),
particularly in view of awareness, importance, and recent
global pandemic.

Source, origin, and transmission of the pandemic
coronaviruses causing severe acute respiratory
syndrome

Corona virus is a fast-evolving virus as it has the ability to
infect wide range of hosts by developing diverse genome
variations and properties [16]. Generally, two different
lineages of evolution of coronavirus are known, based on
the phylogenic studies, namely the avian lineage and the
mammalian lineage [99]. Avian lineage includes the
gammacoronavirinae and deltacoronavirinae as commonly
found pathogens of avian species whereas the mammalian
lineage comprises the alphacoronavirinae and betacoron-
avirinae pathogens that infects the mammals like bats,
murine, bovine, humans, etc., [92, 106]. Studies on the
evolution and transmission of the coronavirus have always
stated the importance of bats in the transmission of the
virus over all geographical location [66]. The special fea-
tures of bats and their huge species variation make them an
important ancestral host of various viruses. Further, their
unique behavior of multiple-species co-existence in a sin-
gle colony, their long life span, and their long flying habits
across geographical locations has helped in frequent evo-
lution of recombinant viral pathogens and inter-species
transmission [6, 35, 49, 117].

Balboni et al. [11] has reported that bats acted as the
primary host for the evolution and spread of the first pan-
demic transmissible lethal respiratory SARS-CoV virus
and civets as intermediate host [41]. SARS-CoV genome
has shown 87-92% sequence homology to the SARS like
coronavirus isolated from the bats through anal swabs and
the one isolated from civets with a 29-nucleotide signature
site in their genome. Whereas, the spike protein of the
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SARS-CoV was found to play an important role in dif-
ferentiating it from the other SARS like CoV due to the
presence of a highly variable S1 domain that attach to the
host cell receptor namely ACE2 and the S2 domain (96%
homology with SRAS like CoV) that fuses to the host cell
membrane following a similar fusion mechanism as
observed in the SARS like CoV viruses. Further, CoV virus
isolated from the palm civets and raccoon dogs has shown
99.8% sequence homology with the human CoV viruses.
CoVs isolated from the animals showed the presence of 29
nucleotide sequence upstream N gene in the C-terminal
region, that was present in the human virus during initial
phase of SARS-CoV infection and was not found in the
viruses isolated from the later phase [16, 72, 85]. Similarly,
[85] have also listed the animals that acted as intermediate
host like red fox, cats, field rats, goose, ferret-badger, and
wild boar.

MERS-CoV being the second most virulent virus of the
genus betacoronaviridae, that caused severe to lethal res-
piratory infection in human was also found to be trans-
mitted through bats, which acted as the ancestral host and
camels as the possible intermediate host [6, 117]. Further,
MERS-CoV was found to share genetic homology with
many bat CoV species worldwide, which included the
Egyptian tomb bats [5, 6, 43, 52], African bats [6, 25],
Italian bats [66], and Chinese bats [56]. Similar to SARS-
CoV, MERS-CoV also has two domains S1 and S2, of
which S1 is the variant peptide that binds to the receptor
dipeptidyl peptidase 4 (DPP4). S1 domain is located in the
240 residue of the C-terminal receptor binding domain and
are composed of a core and external subdomain unit
enabling their attachment, fusion, and entry in to the host
cells [78]. Further, [67] has stated that MERS-CoV
receptor binding domain was able to efficiently interact
with Jamaican fruit bat DPP4 receptor and also stated that
the MERS-CoV virus was able to replicate in the Jamaican
fruit bat cell line.

Recently evolved SARS-CoV-2 (COVID-19), the sev-
enth known coronavirus has shown similar properties of
SARS-CoV with the presence of a highly variable S1 sub-
unit of spike protein. It was also found that about five of the
six residues of S1 domain differ in SARS-CoV-2 compared
to the S1 domain of SARS-CoV virus [53, 101, 107, 116].
Further, the presence of polybasic cleavage site namely the
three O-linked glycan [17] in the intersection of the S1 and
S2 sub-domains also appear to play a vital role in the
infective properties of the virus [100]. Although, the
source, reservoir, and cause of transmission of SARS-CoV-
2, however, is still not well understood, bat is strongly
suspected as the ancestral host potentially including an
intermediate animal host [4, 109].

Thus, it is inferred that the variation in the S1 and S2
domains of the spike protein act as the major site of
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mutation, insertion, and deletion of genes during every
transformation of the SARS-CoV-2 virus. This enables the
evolution of the new infective virus forms that are capable
of efficiently binding to the receptor binding domain, fur-
ther enabling the effective invasion of viral particles into
the human cells. Figure 1 provides an overview of the
possible transmission cycle followed by the SARS-CoV,
MERS-CoV, and SARS-CoV-2 in recent times. The gen-
eral mode of transmission is initiated from the ancestral
host, i.e. bat to other animals or directly to human. Infected
animal develops symptoms or remain as reservoir host and
transmit infection to human and other animals. Further,
infected human spread infection to other human and ani-
mals through various modes that includes contact, surface
infection, aerosolization of the virus particle during
sneezing, coughing, etc., and sometime in the excretions
[36, 38, 58, 61, 70, 75, 93, 105, 115].

Genetic evolution of the three coronaviruses

Genetic evolution of the RNA viruses, especially the
Coronaviridae family of the order Nidovirales with gen-
ome length of ~ 30 Kb long is generally rapid when
compared to all other organisms [82]. This property of
rapid genetic evolution helps these lethal virus types
(SARS-CoV, MERS-CoV, and SARS-CoV-2) to jump the
species barriers and cause severe morbidity and mortality
to humankind. Generally, viral genomes encode the pro-
tein, which is pertinent to three functions, namely proteins

Viral evolution and
emergence of new
types of viruses on
mutation, deletion,
and insertion

Transmission cycle

for replication and transcription, structural proteins, and the
proteins that enables the infectivity of the virus.

Viral genome contains open reading fragments (ORF)
la and b (Fig. 2a), those are transcribed in to non-structural
protein RNA-dependent-RNA-polymerase, which helps in
the viral RNA replication and transcription, also called as
R protein [64, 104]. These proteins help in the replication
of the viral RNA and also in generating nested set of sg
mRNAs (sub-genomic mRNA) coding for various struc-
tural and accessory proteins, and accounts for two thirds of
the viral genome [79, 84]. The non-structural proteins
encoded by ORF 1b (protein 12-16) is comparatively less
expressed than the proteins encoded by ORF la (protein
1-11) [74]. Various non-structural proteins that play a vital
role in the viral multiplication are as follows: protein 12
plays an important role in the viral RNA replication and
transcription [32], protein 14, which is a 3'-5’ exonuclease
with a clear proofreading activity [63], protein 15 with
unclear endo-ribonuclease activity [44], protein 7 and 8,
which acts as activating co-factors of polymerase, protein
10, acts as 2’ O-methyltransferase [30, 86, 114], protein 3,
4, and 6, are three transmembrane proteins that acts as
anchoring protein of replicative transcription complex to
the membrane [47], protein 13, a conserved region helps in
unwinding the RNA from 5'-3' direction [44, 51, 91], and
protein 9, unique to coronavirus that protects the genome
from degradation during replication [84, 62]. Downstream
this are the S protein regions encoding the spike glyco-
proteins, M region coding the membrane proteins, E region
coding for the envelop protein, and the N region encoding
nucleocapsid. The ORFs scattered between these genes are
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Fig. 1 Schematic representation of the origin, source, and transmission of the coronavirus
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Fig. 2 Schematic representation of the coronavirus RNA genome:
a comparison of the SARS-CoV, MERS-CoV, and SARS-CoV-2 viral
genome with the % sequence homology shared by SARS-CoV and
MERS-CoV with the newly evolved SARS-CoV-2, b comparison of

the specific site of mutation, deletion and insertion that
helps in the evolution of recombinant lethal virus types.
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the spike protein (S) of SARS-CoV, MERS-CoV, and SARS-CoV-2-
ORF (open reading frame), RBD (receptor-binding domain), NTD
(N-terminal domain), CTD (C-terminal domain), FP (fusion peptide),
and HR1-2 (heptad repeats 1-2)

Figure 2a shows the comparison of the genome structure
and the genetic variance observed in the pandemic lethal
viruses namely SARS-CoV, MERS-CoV, and SARS-CoV-
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2. The region marked with red dotted circle in Fig. 2a
exhibits the region of the genome that are liable for
mutation, deletion, and insertion enabling the evolution of
the new viruses with improved virulence. From the avail-
able information, it is inferred that the SARS-CoV viruses
have evolved from bat coronaviruses (Bat-CoVs) like the
other human coronaviruses (HCoVs) as a zoonotic virus
that has jumped the species barriers from bats to human
involving civets as intermediate hosts [102]. It was found
to share genetic homology with the other known HCoVs.

SARS-CoV virus was a genetically complex virus
compared to the other earlier types of HCoV with a gen-
ome length of ~ 30 Kb. It was found to have specific
functions that improved their virulence to the host cells.
SARS-CoV possessed a large number of unique recombi-
nant regions in the ORF 12 in the RNA-dependent-RNA-
polymerase, ORF 9, ORF 10, and ORF 14 regions, which
have resulted from a series of horizontal transmission and
recombination. The 29-nucleotide deletion in the SARS-
CoV in the ORF 8 region creating two segments namely
OREF 8a and b has been widely discussed as the vital reason
for the improved virulence in the SARS-CoV [72]. Initial
isolates obtained from animals and human has shown the
presence of single ORF 8 gene, whereas the isolates
obtained during the middle and later phase of infection
from human has shown only the presence of strains with
29-nucleotide deletion. This reveals the fact that the
29-nucleotide deletion enabled the strain to spread effec-
tively from human to human [36, 50]. Further, the species
transmission and adaptation to human host is said to be
mainly achieved by the mutation in the S protein (Fig. 2b).
The spike protein (S) contains a receptor binding domain
that recognizes the human angiotensin-converting enzyme
2 (ACE2) as its receptor [55, 83]. A cascade of other
proteins encoded by the genes present in the S region
enables the viral invasion in to the host cell (Fig. 2b) which
are as follows: cytoplasmic domain (CP), which helps in
transport of the virions, fusion protein (FP), plays a vital
role in the fusion of the virion to the cell membrane, heptad
repeats (HP), helps in the structural modification of the
spike proteins, receptor binding site (RBD), helps in
recognition and binding to receptors, receptor binding
motif (RBM), enhances attachment to the cell receptor,
signal peptide (SP), and the transmembrane protein (TM),
enabling transmission of the virion across the membrane
[110]. Over expression of the protein 3b and 7a, the main
protein, helps in the cell apoptosis and cell cycle arrest at
the initial stage [89, 111, 112]. Moreover, the protein 3b
and 6 play a vital role by functioning as interferon antag-
onists [76]. Furthermore, it was interesting to know that
SARS-CoV lack the hemagglutinin-esterase protein, which
acts as a major virulence factor in other HCoVs. Conse-
quently, there is no observable space between R and S

protein for the existence of gene encoding the protein
hemagglutinin-esterase, perhaps the artifacts present in the
neighboring region provides the evidence of large-scale
recombination [48, 87]. This emphasizes the fact that on
evolution, all the above stated factors have highly favored
the viral attachment and invasion into the host cells
enabling its pathogenicity.

The sixth variant of the coronavirus is the MERS-CoV,
evolved from bats as the evolutionary host infecting human
host by jumping species with Camels (especially Camelus
dromedarius) as intermediate host [6, 117, 9, 24]. It has a
single stranded RNA (ssRNA) genome of length ~ 29Kb
encoding replicase polyprotein ORF la and b, structural
proteins E, N, and M, surface glycoprotein S, and five non-
structural protein coded by ORF 3, 4a, 4b, and 5 (Fig. 2a)
[59]. Spike (S) protein of the MERS-CoV is cleaved into
S1 and S2 domains (Fig. 2b), which helps in the membrane
fusion by engaging the DPP4 receptors found in human cell
surface associated with immune regulation, signal trans-
duction, and apoptosis [78]. S1, a 240-residue receptor
binding domain located in the C-terminal is composed of a
core and external sub-domain that helps in the recognition
of the DPP4 receptors [66]. Virion enters the host cells with
the fusion enabled by the RBD region (Fig. 2b) with the
cell receptors, which triggers a cascade of conformational
changes leading to the formation of pre-hairpin interme-
diate of S2 protein. From this pre-hairpin structures the
hydrophobic HR1 subunit extends and enables the fusion
by inserting the fusion peptide into the host cell membrane.
Then this intermediate refolds with HR2 forming six-helix
bundle structures that pulls the host cell membrane much
closer to the viral envelop enhancing the fusion [110, 77].
Further, [46] has reported that the isolates of MERS-CoV
obtained from South Korean patients have shown the
presence of 29-nucleotide inclusion and 12 amino acid
variants compared to the genomes obtained from the other
MERS-CoV strains. Similarly, [65] stated that though 99%
nucleotide homology was shared between the 8 strains
isolated from South Korea with Riyadh strain, about 13
variant nucleotides were observed in 24-27 nucleotides
position across the genome namely 6 variations in ORFlab
gene, 5 in S gene, and 1 each in ORF 4a and ORF 5
evidencing the micro-evolution in the MERS-CoV during
an out-break.

Recently evolved SARS-CoV-2 (COVID-19) is the
seventh variant of the coronaviruses known to date. It has
demonstrated high sequence similarity with SARS-CoV
compared to MERS-CoV (Fig. 2a) [33]. Even though,
there is only little information available about the genetic
evolution of SARS-CoV-2, many studies are underway in
understanding its genetic structure and evolution. From the
available research reports, it is understood that the Spike
(S) proteins (Fig. 2b) acts as the receptor binding domain
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and binds to the human ACE2 receptors much efficiently
than the SARS-CoV. Wan et al. [101] have reported in
their study on the S protein of SARS-CoV-2 that the six
amino acids residues of the protein play a vital role in
binding the virus to the ACE2 receptor and also in the host
specificity. Further, they have also reported that five of the
six amino acids differ in SARS-CoV-2 compared to SARS-
CoV, this feature has enhanced its affinity and specificity to
the ACE2 receptor of human with high receptor homology.
The receptor binding domain of the SARS-CoV-2 has a
core structure and receptor binding motif, which specifi-
cally recognizes the structure of the ACE2 receptor, sta-
bilizes the two-virus binding hot-spots in the ACE2
receptors, and helps in binding the virion [55, 83]. Hence,
these receptor binding motifs are highly variable among the
different strains reported and are highly vulnerable for
mutation deciding the host specificity and host range
[109]. Shang et al. [83] has also suggested that the property
of confirmation of the loops in human ACE2 binding ridge
by receptor binding domain of SARS-CoV-2 is a signifi-
cant difference observed in SARS-CoV-2 and SARS-CoV.
Similarly, [4] suggested that the high specificity observed
in the S protein of SARS-CoV-2 to human ACE2 is mainly
based on the natural selection occurred in the human or
human like ACE2 receptor. Structural changes observed in
the human ACE2 binding ridge caused by the four amino
acid residue motifs namely Gly-Val-Glu-Gly (residue
position 482-485) has made the ridge more compact
enabling better contact with the N-terminal helix of human
ACE2 [109, 83]. The second important feature of the
SARS-CoV-2 is the polybasic cleavage site located at the
junction of the two subunits of the spike protein S1 and S2
[100], which are effectively cleaved by furin and other
protease enzyme deciding the viral infectivity and the host
range [68]. Furthermore, the unique feature observed is the
12-nucleotide insertion encoding proline probably plays an
important role in the addition of three O-linked glycans that
flank the polybasic cleavage site [17, 4]. Similar insertion
of polybasic cleavage site in the hemagglutinin protein of
the avian influenza virus has shown remarkable improve-
ment in its pathogenicity [3]. Further, the possession of the
O-linked glycan is suspected to act as a mucin-like domain,
which might help in shielding the epitopes or the key vir-
ulent residues of the S protein of SARS-CoV-2 [10].
Additional detailed studies on the structure and genetic
evolution of the recently evolved SARS-CoV-2 would
enable us the better understanding of the viral virulence,
transmission, and help us in finding a suitable vaccine.
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Epidemiology and pathogenicity

HCoVs are known for their mild respiratory infections in
human like common cold since 1960 and many other
HCoVs have been identified till recent times. There were
only two widely known HCoVs that were infecting human
with mild respiratory symptoms namely HCoV-229E and
HCoV-0C43 till the emergence of the SARS-CoV in 2003,
that caused a severe acute respiratory syndrome with sev-
ere morbidity and mortality (Fig. 3a). Later, another vari-
ant of the coronavirus namely the MERS-CoV emerged for
the first time in 2012 [31]. Further, the seventh variant of
coronavirus has evolved recently during late 2019 that has
emerged and caused widespread lethal upper respiratory
disease taxing many lives worldwide (Fig. 3a). The pre-
requisite of this genetic variance is the evolution, which is
favored by the more flexible recombination property
observed in the coronavirus. Genome of coronavirus
exhibits several intrinsic point mutations in the order of
about 1 x 10~ ® per site in the RNA-dependent-RNA-
polymerase gene [57, 97] and possess a property of
acquiring 100-1000 base-pair fragments from other coro-
naviruses during co-infection in single species [108]. These
properties enable the virus to reemerge into a new type
recombinant strain with improved virulence and wide
range of host selection challenging the humankind.
Symptoms observed in the patients infected with SARS-
CoV include fever, myalgia, malaise, headache, and chills,
which are generally followed by dry cough, dyspnea, and
respiratory distress [87]. Initially the symptoms start with
mild cold and fever and progress to Severe Acute Respi-
ratory Illness (SARI) eventually causing multiple organ
failure [35]. In acute cases the respiratory distress lasts for
5-7 days and ultimately leads to death. Other symptoms
observed in patients with SARS-CoV are infection of
gastrointestinal tract, kidney, liver, and brain. About
30—40% of the patients with gastrointestinal symptoms
develop diarrhea and lymphopenia. Alveolar damage,
hemophagocytosis, epithelial cell proliferation, and
increased counts of macrophages are the symptoms
developed in the lungs of the patients suffering SARS-CoV
infection [87]. On the other hand, it invades the central
nervous system through the olfactory route and cause
severe neurological syndrome that could lead to
encephalitis, other types of encephalopathy, and neuronal
cell death [69, 94]. About 8096 cases with 20% of them
suffering with SARI [95, 13] were reported worldwide
covering more than 30 different countries with 774 (9%)
deaths (Fig.4a and Table S1) in 2003 outbreak
[12, 21, 22]. It initially originated from the Foshan,
Guangdong Province in southern China during November
2002 [20] and was found to spread to more than 30
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countries including Asia, Europe, and North America in
less than 5 months’ time (Fig. 3a). Being the place of
origin, China reported about 5327 cases with 349 deaths
followed by the Hong Kong with 1755 cases and 299
deaths. Following these countries, Taiwan and Canada
reported 346 and 251 cases, and 37 and 43 deaths,
respectively indicating the highest death rate in Canada
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related to the morbidity ratio observed in male and female for SARS-
CoV, MERS-CoV, and SARS-CoV-2 (https://www.worldometers.
info/coronavirus/coronavirus-age-sex-demographics/)

compared to Taiwan (Fig. 3a and Table S1). Further, epi-
demiological studies have revealed that elderly people
were found more susceptible to the infection with a mor-
tality rate of about 50% and people working in food
industries and people working as animal handlers were
found to be the next vulnerable community to SARS-CoV
[36]. Initial infection was observed among the people who
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were in contact with animals like civets in markets and
later was found to spread causing severe infection in
human population. The isolate obtained during 2002-2004
infection was found to have identical genome compared to
the one isolated from the civets but with very high diver-
gence improving its infectivity to human cells [38]. Rapid
spread of the SARS-CoV was found to get transmitted from
human to human through droplets, aerosols, and contami-
nated fomites [75]. A single infected individual could
cause secondary infection to as many as 2.2-3.7 individual
which is comparatively less to other known respiratory
viral infection like Influenza etc. Whereas, countries with
moderate to large infection (Hong Kong, Taiwan, and
Canada) were found to experience super spreading events
which enabled substantially large-scale transmission of the
virus among human population (Fig. 3a) [87]. The recent
studies have also highlighted the role and importance of
international travel dynamics on the rapid spread of SARS-
CoV-2 [37].

MERS-CoV, sixth variant of coronavirus caused severe
respiratory diseases leading to renal failure with a case
fatality rate of about 35% (Fig. 4a) [66, 46]. It was first
isolated from a 60 years old patient died out of severe
respiratory illness during 2012 in Jeddah, Saudi Arabia
[113]. Since then around 27 countries have reported
MERS-CoV infection (Fig. 3a). Clinical symptoms of the
viral infection include rapid progressive acute pneumonia
leading to acute renal failure resulting in death which is a
unique symptom of MERS-CoV compared to SARS-CoV
[118]. The progressive stages of symptomatic pneumonia
are respiratory distress, septic shock, consumptive coagu-
lopathy, pericarditis, and renal failure which initially begin
with fever, cough, chills, sore throat, myalgia, arthralgia,
dyspnea leading to pneumonia [2, 7, 8]. Most of the cases
end up with acute renal impairment and about one-third of
them were found to suffer severe gastrointestinal symptoms
including diarrhea and vomiting [28]. With the observed
initial phase of infection confined to Middle East countries
including Saudi Arabia, Qatar, Jordan, and United Arab
Emirates, secondary spread through person to person con-
tact was observed in countries like United Kingdom, Ger-
many, France, Italy, and Tunisia (Fig. 3a) [8728]. Total
incidences reported worldwide was about 2229 cases
(Table S1) with a mortality of 791 (35%) (Fig. 4a) which is
relatively high compared to SARS-CoV with mortality rate
of 9%. Middle East nation Saudi Arabia was found to
report the highest number of cases of about 1854 followed
by South Korea with 185 cases. Other countries with
moderate infection were United Arab Emirates, Qatar, and
Oman with 86, 19 and 11cases respectively. Whereas, the
country wise death rate of the MERS-CoV is still not
available (Table S1). Camels of Middle East and Africa
played an imperative role in the evolution of the different
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recombinant variants of MERS-CoV as these animals were
carrying multiple-lineage of the MERS-CoV in them
resulting in the outbreak occurred during 2015 and 2018 in
Middle East and Republic of Korea [1, 65, 80]. Further, it
was estimated that it had an incubation period of 2—14 days
involving an infection period of 11 days with a super
spreading event rate of 83% [71].

SARS-CoV-2 (COVID-19), the recently evolved strain
of the coronavirus during 2019, emerged in to a severe
respiratory pathogen causing extensive morbidity and
mortality globally covering about 210 countries and terri-
tories (Fig. 3b), was initially reported in Wuhan, Hubei
province, China [116, 108]. As on 20th April 2020, it was
found to cause 2,430,923 cases and 166,278 deaths
(~ 7%) globally (Fig. 4a and Table S1). Though evolved
in China, the incidences and deaths observed in China
(82,747; 4632 respectively) are considerably low compared
to other nations like United States of America (767,379;
40,750 respectively), Spain (200,210; 20,852 respectively),
Italy (178,972; 23,660 respectively), France (152,894;
19,718 respectively), Germany (145,743; 4642 respec-
tively), and United Kingdom (120,067; 16,060 respec-
tively) with very high morbidity and mortality (Fig. 3b and
Table S1) (Data for SARS-CoV-2 shown as on 20 April
2020). Whereas, high incidences of cases ranging from
10,000 to 100,000 was observed in many countries namely
Saudi Arabia, Chile, South Korea, Japan, Israel, Sweden,
Austria, Ireland, Peru, India, Portugal, Switzerland,
Netherlands, Canada, Brazil, Belgium, Russia, Iran, and
Turkey (Fig. 3b). Other countries have shown relatively
moderate to low incidences of cases and deaths (Table S1).
SARS-CoV-2 infected patients develop deadly pneumonia
with associated symptoms including fever, cough, throat
pain, shortness of breath [18, 19, 42, 54]. It spread from
person to person mainly through contact with the secretions
from the infected patients like droplets, aerosols, and also
through the contaminated surfaces [98]. Further the infec-
tion is classified in to two based on the symptoms namely
severe infection developing tachypnoea i.e. rapid breathing
almost > 30 breaths/min, oxygen saturation rate < 93%
(for patients at rest), and PiO,/FiO, ratio < 300 mm Hg,
and chronic infection with the development of respiratory
failure (ventilator dependent), septic shock, multi-organ
dysfunction or failure [54]. Further, many patients devel-
oped severe liver and kidney impairment along with severe
lung injury developing viral sepsis [54]. Also, it was found
that about 71.4% of the patients at critical stage had
developed intravascular coagulopathy i.e. almost > 5
points according to the International Society on Throm-
bosis and Haemostasis criteria [90]. The exact reason for
the intravascular coagulopathy is still not well understood
and it is suspected that the over expression of the ACE2
receptors could directly attack the vascular endothelial
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cells leading to abnormal coagulation and sepsis [39].
Moreover, overexpression of ACE2 receptors in circulatory
system could lead to blood hypotension as ACE2 plays a
vital role in regulating blood pressure levels [103]. Fur-
thermore, furin mediated pre-cleavage of the S protein
plays an imperative role in the viral entry to the lung cells,
especially through the proteolytic S protein activation by
TMPRSS2 present in the epithelial and lung cells that
hinder the expression of required levels of cathepsin L
enabling the rapid invasion of lung cells by the virions
leading to increased mortality levels [40, 73, 81]. Mor-
bidity and mortality were observed to be high in elderly
people of age > 60 years and also with the people who
already suffered pre-existing underlying conditions like
cancer, hypertension, respiratory disease, diabetes, and
cardiovascular diseases (Fig. 4b). Among the observed
comorbid conditions cardiovascular disease associated
SARS-CoV-2 infection has shown the highest mortality
rate compared to the others (Fig. 4b). Further, demographic
studies have shown that Male (61.8%) were mostly affec-
ted compared to Female (38.2%) similar to the scenario
observed with MERS-CoV, but SARS-CoV sharing highest
homology with SARS-CoV-2 was found to infect Female
(52.8%) more than Male (46.7%) (Fig. 4c). All the above-
mentioned factors could be the plausible reason for the
improved virulence observed in the SARS-CoV-2 virus
compared to the other two variants that caused similar
respiratory syndrome. However, better insight on the mode
of infectivity of the SARS-CoV in terms of its antigenicity,
virulence, and spread could help in finding an appropriate
vaccine and treatment measures to control the infection.

Concluding remarks

From the detailed review on the origin and evolution of the
genetic variants, it is inferred that the bats acted as an
important reservoir host and involved an intermediate
animal host, enabling human infection of the HCoVs. Inter
species mixing in the bats and animal hosts has played an
imperative role in the evolution of new recombinant viru-
lent strains that jumped the species barriers causing severe
acute respiratory illness to humans with very high mor-
bidity and mortality on global scale. Morbidity and mor-
tality rates were found to increase with each evolution
inferring the fact that genetic variations are more complex
with each evolution improving the virulence properties of
the virion. Prevalence and circulation of these viruses in
animals pose a serious health risk to human population.
Hence, it is highly essential to maintain a surveillance
network to monitor the emergence of the potentially viru-
lent viral strains. Further, it is necessary to understand the
various factors involved in the epidemiological spread of

the virus in the human population and proper precautionary
measures must be laid down to prevent the spread of the
infection.

Moreover, it is observed from the various studies
worldwide that the spike (S) proteins and their subunits S1
and S2 play a vital role in the viral infection by enabling
the viral binding and fusion to the host cell receptors. The
subunits S1 and S2 are known to undergo strong genetic
variations with each evolution. Though ACE2 is a target
receptor of SARS-CoV and SARS-CoV-2, there was
observable variance in the sequence homology of the gene
encoding the spike protein. This genetic variation has
enabled SARS-CoV-2 to bind efficiently to the receptor
with firm attachment, improving the virulence compared to
SARS-CoV causing very high morbidity and mortality
challenging the humankind. Hence, many researchers
worldwide have started targeting this region for the
potential development of SARS-CoV-2 vaccine. Such
advancement in the development of an appropriate vaccine
could really solve similar problems that could be encoun-
tered in the future.

SARS-CoV-2 being the most potent member of the
family has emerged as a great threat to human kind. It has
affected a wide range of population belonging to different
age group with elderly group of people being the more
vulnerable group. Efforts have been made to understand the
disease and the clinical features since the onset of the
outbreak, the mechanism underlying the infection and huge
spread, however, is still unclear. Several hypotheses have
been discussed by various clinicians and pathologists
globally to discover the mechanism of the SARS-CoV-2
pathogenicity based on the observations made on the
autopsied dead individuals, and all such conclusions drawn
so far remain either scientifically unvarified or inconclu-
sive in the course of disease progression. At this moment it
is important to bring the infection under control by
developing an appropriate vaccine and applying treatment
measures for controlling the disease spread.

Future research needs and measures to be followed

Future research must be focused on issues that could
effectively control the spread and occurrence of disease.
Bats are considered as the reservoir host enabling the
genetic evolution of the virus, therefore monitoring and
surveillance of the bats (reservoir host) and other animals
(intermediate host) for the emergence of recombinant viral
strain could be a possible solution to minimize the occur-
rence of the disease. Unprotected contacts with farm ani-
mals and wild animals should be minimized to control the
spread of the disease. Once the disease occurs in a popu-
lation, strict measures of isolation of the community from

@ Springer



420

S. Krishnamoorthy et al.

others should be implemented in order to control the fur-
ther spread of the disease. Above all, healthy lifestyle and
hygenic practices would enable us to totally eradicate the
disease. Further, a considerable restriction and strong
monitoring for the trade and tourism related travel world-
wide would definitely help in controlling the spread of the
disease across territories.

Better understanding of the viral target cells and
receptors is highly essential for the establishment of the
appropriate animal models unveiling the infective cycle
adopted by the virion to infect the host cells. This would
further help in understanding the immune response and
adaptation of the immunomodulatory therapies for the
effective treatment of the viral infection.

Most importantly, development of an appropriate vac-
cine could give us a promising result in controlling the
morbidity and mortality worldwide. Several vaccines tar-
geting the S proteins have been developed by the
researchers and medical practitioners across the globe [29].
For examples, vaccine that block the receptor binding site,
full length S protein vaccine, and the ones that blocks the
fusion of the virion to the host cells. The efforts to put in
these vaccines for effective use against the evolving
coronavirus is yet to achieve any conclusive outcome.
Currently practiced, plasma administration and broad-
spectrum antiviral medications has been found to have
promising effect in treating patients suffering from
2019-nCoV [23]. Moreover, administration of monoclonal
antibodies could also be adopted for the effective control of
the 2019-nCoV. Hence, researchers are aiming in the
development of an effective and specific monoclonal
antibodies for the treatment of the 2019-nCoV infection
[60].
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