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ABSTRACT

Coronaviruses comprise a large family of
viruses that cause respiratory and intestinal
infections in animals and humans. This recent
outbreak of unusual respiratory disease plaguing
the entire world has been named severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) on the basis of phylogenetic analysis of
related coronaviruses. Its transmission occurs
mainly through airborn, fomite and other modes.
Structurally, it is similar to other coronaviruses
and has four major structural proteins; the spike
surface glycoprotein (S), small envelope protein
(E), matrix protein (M) and nucleocapsid protein
(N). The M protein is most abundant and is
responsible for intracellular formation of virus
particles. S protein induces antibody generation
and is involved in intracellular virus entry. Drug
combinations are being tried on the basis of
structural and genomic knowledge of the virus.
Various researchers have found that the SARS
CoV2 has many strains among which L type is
most pathogenic and D614 type is most
infective. All this information has been collected
in this review to understand the virus behind this
calamity in depth and to make it handy for the
researchers to search literature related to SARS
Ccova.

Key Words: SARS COV2, spike glycoprotein, L
type strain, D614 strain

INTRODUCTION

COVID 19 is a 21st century global
epidemic that has shaped the modern world
irreversibly. The virus has largely left the
health care system of all countries baffled in
relation to variable infection, variable post
exposure antibody titers, variable natural
immunity, symptom display, morbidity

grade and various mortality. This review is
an attempt to identify the virus by compiling
the knowledge gained so far.

Origin and nomenclature

Corona viruses include a large
family of viruses that cause respiratory and
intestinal infections in animals and humans.
There are seven types of human coronavirus
(HCoV) that have a broad spectrum ranging
from colds to influenza including Middle
East Respiratory Syndrome (MERS) and
Acute Respiratory Syndrome (SARS) [1]. A
total of seven HCoVs are of zoonotic origin
from bats, rats, or pets [2,3].

This unusual lung disease, which
initially causes pneumonia, was first named
by WHO as 2019-nCoV in Wuhan, China
[4-6]. On 11 February 2020, it was renamed
Coronavirus Disease 2019 (COVID-19) by
WHO. The Coronavirus Study Group (CSG)
of the International Committee on Virus
Classification recommends that 2019-nCoV
be designated as Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2)
based on phylogenetic analysis of related
coronaviruses [8].

SARS-CoV-2 is estimated to have
originated from the local seafood market,
that illegally sold animals, including
chickens, bats and snakes in Wuhan. Two
recent studies showed in 2019 that bats [9]
or snakes [10] as a natural reservoir.
However, based on the latest announcement
from the WHO on 23 January 2020, the
origin of the 2019 nCoV is not yet known
[11].
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There are many other skeptical
theories floating around the origin of the
CoV pandemic. According to one, the virus
was engineered as a bioweapon or
accidentally escaped from a genetic
engineering research laboratory due to a
lack of safety protocols [12].

Transmission

The transmission of SARS-CoV-2 is
through direct/indirect contact with infected
person through infected secretions such as
saliva and respiratory secretions or droplets
(>10 pm in diameter) [13-22].

Airborne transmission

Exhaled air physics and flow physics
have formed hypotheses about the possible
mechanism of transmission of SARS-CoV-2
by aerosols [23-26]. These theories suggest
that microscopic aerosols are generated by
respiratory droplets and the susceptible
person can get infected by the aerosols
provided the aerosols contain the virus in
sufficient quantity to cause infection within
the recipient. However, the amount
respiratory droplets that evaporate to
generate aerosols and the infectious dose of
viable SARS-CoV-2 which cause infection
in another person are not known, but that
has been studied for other respiratory
viruses [27]. A recent experimental model
concluded that healthy individuals can
produce infective aerosols while coughing
and talking [28], and another model
suggests greater variation in individuals in
terms of increasing particle emission rates
during speech [29]. Among the samples for
which SARS-CoV-2 RNA was detected, a
low amount of RNA was present in large
amounts in the air and one study that found
SARS-CoV-2 RNA in air samples reported
inability to identify viable virus [30].

Fomite transmission

Respiratory secretions or droplets
expelled by infected individuals can
contaminate surfaces and objects leading to
fomite generation. Viable SARS-CoV-2
virus and/or RNA detected by RT-PCR are

often found on those surfaces for hours to
days, based on the ambient environment
(including temperature and humidity) and
the sort of surface, especially at high
concentration in health care facilities where
COVID-19 patients were being treated [31-
41]. Therefore, transmission can also occur
indirectly through touching surfaces or
objects contaminated with virus from an
infected person (e.g. stethoscope or
thermometer)and then touching own
mouth, nose, or eyes.

Other modes of transmission

SARS-CoV-2 RNA has also been
detected in other biological samples,
including the urine and feces of some
patients [42-46]. One study found viable
SARS-CoV-2 in the urine of some patient
[47]. Three studies have cultured SARS-
CoV-2 from stool specimens [44-49]. Upto
present date, however, there are no
published reports of transmission of SARS-
CoV-2 through feces, urine or semen.

Detection of viral RNA doesn't
necessarily mean that an individual is
infectious and ready to transmit the virus to
a different person. Factors that determine
the risk of transmission are whether the
virus can be replicated or whether the
patient has cough-like symptoms, usually
leading to the spread of infection. Usually 5-
10 days after infection with SARS-CoV-2,
the infected individual starts to produce
neutralizing antibodies. Binding of those
neutralizing antibodies to the virus is
predicted to scale back the danger of virus
transmission [50-53].

Structure

Coronaviruses are spherical viruses
which are enveloped and their size ranges
from 80 to 120 nm. They have a 5 'capped,
single-strand positive Sense RNA gene that
is between 26.2 and 31.7 kb long, the
longest of all RNA viruses. . They have a
crown (Coronum is the Latin term for
‘crown’) like appearance due to presence of
spike glycoproteins on the envelope under
an electron microscope [54]. This spike
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surface glycoprotein plays an essential role
in binding to receptors on the host cell and
determines host tropism [55, 56] (Figure 1).
Other major structural proteins are the small
envelope protein (E), matrix protein (M),
and nucleocapsid protein (N).

Membrane (M) glycoproteinis the
most abundant structural protein spanning
the membrane bilayer three times and
leaving a short NH2-terminal domain
outside the virus and a long COOH terminus
(cytoplasmic domain) inside the virion [57].
Spike protein (s) as a type | membrane
glycoprotein forms peplomers. In fact, the
main inducer of neutralizing antibodies is S
protein. Molecular interaction between
envelope proteins determines the structure
of coronavirus membranes. Drugs like
tunicamycin makes coronavirus grow and
produces spikeless, noninfectious virions
that contain M proteins [57, 58].

Genome and multiplication

The ordination of coronaviruses,
with a mean size of twenty six - 32kbp,
includes roughly half-dozen to 1lopen
reading frames (ORFs) [59]. The primary
ORF (representing roughly sixty seven of
the whole genome) encodes the replicase
proteins, the structural macromolecule
genes in a very mounted order: (HE)-S-E-
M-N (Figure 1A) and sixteen non-structural
proteins (nsps), whereas the remaining
ORFs write accent proteins and structural
proteins [60]. Genomic sequence analysis of
COVID-19 showed half of one mile identity
with 2 bat-derived severe acute metabolic
process syndrome (SARS)-like
coronaviruses [61,62] indicating that these
mammals square measure the foremost
probably link between COVID-19 and
humans.

The ribonucleic acid genomes of

ordination contains of fourteen open reading
frames (ORFs) secret writing twenty seven
proteins. Sequence analysis discovered that
COVID- 19 has > 80% identity with SARS-
CoV and 50% with MERS- CoV that
originated in bats [62,63].

The Structural proteins square
measure encoded by the four structural
genes, as well as spike (S), envelope (E),
membrane (M) and nucleocapsid (N) genes
[64-66].

The ordination is packaged in a very
complicated nucleocapsid which is whorled
in form encircled by a host-derived lipide
bilayer. Some coronaviruses additionally
contain a hemagglutinin esterase (HE)
additionally M and E macromolecules
square measure concerned in virus assembly
whereas the spike protein is that the leading
negotiant of infectious agent entry. The
latter is additionally the principal player in
crucial host vary [67,68]. Coronaviruses use
a ribonucleic acid-dependent RNA enzyme
(RdRp) complicated for the replication of
their ordination, and for sub-genomic
transcription of their genes [69,70].

Mode of infection in host

The envelope-encapsulated spike
macromolecule initial binds to the host
receptor then mediates the entry of the
coronavirus into the host cells, fusing the
infectious agent and host membranes. an
outlined receptor-binding domain (RBD) of
SARS-CoV spike specifically acknowledges
its host receptor angiotensin-converting
protein a pair of (ACE2) [71] (Table 1).

Table 1 Viral proteins and their functions

VIRAL FUNCTION
PROTEIN

Spike protein (S) | facilitates viral entry into target

cells

Membrane protein | Facilitates budding process of

COVID-19 is twenty nine.9 K that dissent (EM) | = S/O.rolna""ung Tboda;
from SARS- CoV and MERS-CoV, that (En)ve Ope profein | Viral assembly and bucding
square measure roughly , 27.9 K and 30.1 K
in size [61].The COVID-19 complete
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Fig 1 Schematic diagram of a coronavirus (http://ruleof6ix.fieldofscience.com/2012/09/a-new-coronavirus-should-you-care.html).

The spike (s) protein  of
coronaviruses leads to viral entry into target
cells. Penetration depends on the binding of
S1, the surface unit of the S protein, to the
cell receptor, which facilitates viral
attachment to the target surface.
Furthermore, entry requires S protein
priming through cellular proteases, which
leads to the S protein cleavage at sites of S1
/ S2 and S2 and allows the fusion of viral
and cellular membranes, a process carried
out by the S 2 unit. SARS-S engages the
antiotensin-converting enzyme 2 (ACE2) as
the entry receptor [72] and uses the cellular
serine protein  TMPRSS2 for S protein
priming [73-75].

The virus infects its human host,
replicates and eventually spreads from
person to person using its accessory protein.
The six secondary proteins in the SARS-
CoV2 gene are ORF3a, ORF6a, ORF7a,
ORF7b, ORF8 and ORF10, which play
important roles in the viral life cycle and are
responsible for its pathogenesis.

These proteins have least homology
in amino acid sequence with accessory
proteins of other coronaviruses. They
contribute to virus virulence though it does
not directly affect the virus release, stability
and pathogenesis [79]. The spike protein
mutations could change the tropism of a
virus and increase viral pathogenesis [76].

Strains and mutations

A study conducted by Liangsheng
Zhang et al obtained 97 complete genomes
of COVID-19 samples and inferred their
evolutionary relationships. Overall, they
found upto 3 mutations among the majority
of COVID-19 genomes and 95 variable
sites. Their phylogenetic relationships
suggested the presence of two major types
of COVID-19, namely Type | and Il. The
genomes of the two types mainly differ at
three sites which are 8750, 28112, and
29063, based on MNO938384.1’s genome
coordinates [77].

The Type | strains can be further
divided into Type IA and IB depending on
the nucleotide at the site 29063 The number
of genomes belonging to Type IA, IB and Il
are 10, 18, and 69, respectively. This
finding suggests that the Type Il strains are
dominant in the infected populations [77].

Tang et al. also carried out extensive
study on the circulating SARS-CoV?2 strains
and divided the virus into two major types
of SARS-CoV2 defined by two single
nucleotide polymorphisms (SNPs) that show
complete linkage. They analysed 103
SARS-CoV-2 virus strains and found that
101 showed complete linkage between the
two SNPs: 72 strains exhibited a “CT”
haplotype (defined as “L” type because
T28,144 is in the codon of Leucine) i.e
major type and 29 strains exhibited a “TC”
haplotype (defined as “S” type because
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C28,144 is in the codon of Serine) i.e. minor
type at these two sites. Thus they
categorized the SARS-CoV-2 viruses into
two major types, with L being the major
type (~70%) and S being the minor type
(~30%) [78].

Korber et al. presented evidence that
there are now more SARS-CoV-2 viruses
circulating in the human population globally
that have the G614 form of the Spike
protein versus the D614 form that was
originally identified from the first human
cases in Wuhan, China [79]. There is a
mutational change in the amino acid at
position 614, from D (aspartic acid) to G
(glycine) - so, D-614-G. Further studies
show that patients infected with G614
release more viral nucleic acid compared to
those with D614, while G614-carrying
viruses show significantly higher in vitro
infectious  strains than their D614
counterparts [79].

Avoiding the confusion, WHO has
assigned letters of the Greek alphabet to
name the key variants of SARS-CoV-2 in
May 2021. Currently, upto delta variants are
in circulation. However, these labels do not
replace existing scientific names which will
continue to be used in research.

CONCLUSIONS

The SARS COV2 pandemic has
crippled the global economy like never
before. It is imperative for the survival of
mankind to overcome this disaster and
prevent such catastrophes in future. As
knowledge is power, this review is an
attempt to collect all knowledge gained so
far on this coronavirus variant so as to
empower the academicians and researchers
for further action.
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