GSJ: Volume 12, Issue 9, September 2024
ISSN 2320-9186 1243

@ Global Scientific sourvas

GSJ: Volume 12, Issue 9, September 2024, Online: ISSN 2320-9186
www.globalscientificjournal.com

DIFFERENCES BETWEEN COVID-19 AND OTHER CORONAVIRUSES.

ABSTRACT.

COVID-19, the disease caused by SARS-CoV-2, is a highly contagious disease.. Its clinical
characteristics were very similar to those of viral pneumonia. After analysis of respiratory
samples from infected patients, the experts at the People Republic of China (PRC) Centers for
Disease Control declared that the pneumonia-like infection, later known as novel coronavirus
pneumonia (NCP), was caused by a novel coronavirus (Huang C et al, 2020). The World Health
Organization (WHO) officially named the disease ‘COVID-19’. The International Committee on
Taxonomy of Viruses named the virus ‘severe acute respiratory syndrome coronavirus 2’ (SARS-
CoV-2). Assigning a formal name for the novel coronavirus and the disease it causes is
neccesary to identify the virus in clinical, medical and scientific research.This article is therefore
aimed at providing clarity on "why covid-19 is different from other coronaviruses?"

INTRODUCTION.

Coronaviruses are a group of enveloped viruses with non-segmented, single-stranded, and
positive-sense RNA genomes. Coronaviruses can infect animals and also humans, causing
respiratory, gastrointestinal, hepatic, and neurological infections (Weiss and Leibowitz, 2011).
As the largest known RNA viruses, Coronaviruses are further divided into four classes: alpha-
coronavirus, beta- coronalvirus, gamma-coronavirus and delta-coronavirus (Yang and Leibowitz,
2015).

Apart from infecting different variety of vertebrates such as chicken, pigs and bat, six
coronaviruses have been known to infect human hosts and cause respiratory diseases. They
include...

1. 229€E (alpha coronavirus)
2. NL63 (alpha coronavirus)

3. 0C43 (beta coronavirus)

4. HKU1 (beta coronavirus)
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5. MERS-CoV (beta coronavirus)
6. SARS-CoV (beta coronavirus) ( Drosten et al, 2020).

Among them, Severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV) are zoonotic and highly contagious
coronaviruses that have resulted in regional and global pandemics. Coronaviruses possess a
distinctive morphology, the name being derived from the outer fringe of embedded envelope
protein. Members of the family Coronaviridae cause a broad spectrum of animal and human
infections. Human coronavirus (HCoV) infection causes respiratory diseases with mild to severe
outcomes. In the last decade, the world have witnessed the emergence of two zoonotic
infections, highly pathogenic Human coronaviruses: severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV).
Replication of Human coronavirus is regulated by a diversity of host factors and induce
draconian alterations in cellular structure and physiology.

Coronaviruses make up a large family of viruses that can infect birds and mammals, including
humans, according to world health organisation (WHO). These viruses have been responsible
for several outbreaks around the world, including the severe acute respiratory syndrome (SARS)
pandemic of 2002-2003 and the Middle East respiratory syndrome (MERS) outbreak in South
Korea in 2015. Most recently, a novel coronavirus (SARS-CoV-2, also known as COVID-19)
sparked an outbreak in China in December 2019, causing international epidemics. While some
coronaviruses have caused devastating epidemics, others cause mild to moderate respiratory

infections, like the common cold (ShrikrushnaS$ et al, 2020).

COVID-19: A REVIEW OF ITS GENECTIC STRUCTURE AND PATHOGENESIS.

GENETICAL STRUCTURE OF SARS-COV 2 (COVID-19).

SARS-CoV-2 (Covid-19) is a novel group 2b beta-coronavirus of the subgenus sarbecovirus,
Orthocoronaviridae subfamilies. It has at least 70% similarity in genetic sequence to SARSEICoV
(Hui et al, 2020).

COVID-19 is a spherical or pleomorphic enveloped particles containing single-stranded
(positive-sense) RNA associated with a nucleoprotein within a capsid comprised of matrix
protein. The envelope bears club-shaped glycoprotein projections. Since it has been found out
that SARS-CoV 2 has similar characteristics with other coronaviruses like MERS-CoV and SARS-

CoV, then its genetic structure is similar too.
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Coronaviruses possess the largest genomes (26.4-31.7 kb) among all known RNA viruses, with
G b C contents varying from 32% to 43%. Variable numbers of small Overlapping Reading Frame
(ORFs) are present between the various conserved genes (ORFlab, spike, envelope, membrane
and nucleoBIcapsid) and downstream to the nucleocapsid gene in different coronavirus lineages.
The viral genome contains distinctive features, including a unique N-terminal fragment within
the spike protein. Genes for the major structural proteins in all coronaviruses occur in the 5'-3'
orderas S, E, M, and N (Woo et al, 2010). A typical Coronavirus contains at least six ORFs in its

genome.

Except for Gamma coronavirus that lacks nsp1, the first ORFs (ORF1la/b), about two-thirds of
the whole genome length, encode 16 nsps (nsp1-16). ORFla and ORF1b contain a frameshift in

between which produces two polypeptides:

e ppla
e pplab.

These polypeptides are processed by virally encoded chymotrypsin-like protease (3CLpro) or
main protease (Mpro) and one or two papain-like protease into 16nsps. All the structural and
accessory proteins are translated from the segmented RNAs of Coronavirus. Four main
structural proteins contain spike (S), membrane (M), envelope (E), and nucleocapsid (N)
proteins are encoded by Overlapping Reading Frames (ORFs) 10, 11 on the one-third of the
genome near the 30-terminus (van Boheemen et al, 2012) (Czub M et al, 2005). Besides these
four main structural proteins, different coronavirus encode special structural and accessory
proteins, such as Hemagglutininin Esterase protein, 3a/b protein, and 4a/b protein. These
mature proteins are responsible for several important functions in genome maintenance and

virus replication (van Boheemen et al, 2012).

There are three or four viral proteins in the coronavirus membrane. The most abundant
structural protein is the membrane (M) glycoprotein; it spans the membrane bilayer three
times, leaving a short NH2-terminal domain outside the virus and a long COOH terminus
(cytoplasmic domain) inside the virion (de Haan CAM et al, 1998). The spike protein (S) as a
type | membrane glycoprotein constitutes the peplomers. In fact, the main inducer of
neutralizing antibodies is Spike protein. Between the envelope proteins with exist a molecular
interaction that probably determines the formation and composition of the coronaviral
membrane. Membrane plays a predominant role in the intracellular formation of virus particles
without requiring Spike protein. In the presence of tunica-mycin, coronavirus grows and
produces spikeless, non-infectious virions that contain Membrane but devoid of Spike protein
(Woo et al, 2010).
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Basically, there are 2 main distinct differences that has been identified between SARS-COV 2

and other coronaviruses after several studies and analysis. They are...

e High affinity of SARS-COV 2 to Angiotensin converting enzyme 2 (ACE 2) in its
pathogenicity.
e The furin-like cleavage site of Spike (S) glycoprotein of SARS-COV 2

HIGH AFFINITY TO ACE 2 IN THE PATHOGENICITY OF SARS-COV 2 TO OTHER CORONAVIRUSES.

The pathogenicity of SARS-COV 2 (COVID-19) is one of the major difference between it and
other coronaviruses. Interestingly, several studies and analysis from samples collected from
infected SARS-COV 2 patients have shown that SARS-CoV-2 uses angiotensionlconverting
enzyme 2 (ACE2) as its receptor, in common with SARSEICoV (Hoffmann M et al, 2020).
Coronaviruses mainly recognize their corresponding receptors on target cells through Spike
proteins on their surface entry to the cells results in infection. A structure model analysis shows
that SARS-CoV-2 binds to ACE2 with more than 10-fold higher affinity than SARS-CoV, at a level
above the threshold required for virus infection (Wrapp D et al, 2020).

SARS-CoV-2 (COVID-19) binds to ACE2 (the angiotensinRiconverting enzyme 2) by its Spike
protein and allows COVID-19 to enter and infect cells. In order for the virus to complete entry
into the cell following this initial process, the spike protein has to be primed by an enzyme
called a protease. Similar to SARS-CoV, SARS-CoV-2 (COVID-19) uses a protease called TMPRSS2
to complete this process (Hoffmann M et al, 2020: Guo et al, 2020). In order toattach virus
receptor (spike protein) to its cellular ligand (ACE2), activation by TMPRSS2 as a protease is
needed (Hoffmann M et al, 2020). After the virus enters the host cell and uncoats itself, the
genome of the virus is transcribed and then translated in the host. Coronavirus genome
replication and transcription takes place at cytoplasmic membranes of the host and they
involve coordinated processes of both continuous and discontinuous RNA synthesis that are
mediated by the viral replicate, a huge protein complex encoded by the 20-kb replicase gene
(Sola et al, 2015). The replicase complex is believed to be comprised of up to 16 viral subRunits
and a number of cellular proteins. Besides the RNARdependent RNA polymerase, RNA helicase,
and protease activities, which are common to RNA viruses, the coronaBlvirus replicase was
recently discovered to employ a variety of RNA processing enzymes that are not found in other
RNA viruses and include putative sequence-specific endoribonuclease, 30-to-50
exoribonuclease, 20-O-ribose methyltransferase, ADP ribose 10-phosphatase and, in a subset of
group 2 coronaviruses, cyclicohosphodiesterase activities (Ziebuhr j, 2005: Almaza'n et al, 2006).
The proteins are assembled at the cell membrane and genomic RNA is incorporated as the

mature particle forms by budding from the internal cell membranes (Mcintosh and Peiris, 2009).
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These studies explain the faster transmission capability of SARS-CoV-2 in humans compared
with SARS-CoV, and the higher number of confirmed cases of COVID-19 compared with SARS-
CoV infection. Considering the higher affinity of SARS-CoV-2 binding to ACE2, soluble ACE2 may
be a potential candidate for the treatment of COVID-19.

THE FURIN-LIKE CLEAVAGE SITE OF SPIKE (S) GLYCOPROTEIN OF SARS-COV 2.

Coronavirus entry into host cells is facilitated by the trans-membrane spike (S) glycoprotein that
forms homotrimers that protrudes from the viral surface (Tortorici and Veesler, 2019). S

glycoprotein consist of two functional subunits which are:

e S1 subunit: Responsible for binding to the host cell receptor.

e S2 subunit: Responsible for the fusion of the viral and cellular membranes.

For many Coronaviruses, S is cleaved at the boundary between the S1 and S2 subunits, which
remain non-covalently bound in the prefusion conformation ( Burkard et al., 2014; Kirchdoerfer
et al, 2016; Millet and Whittaker, 2014).

The distal S1 subunit consist of the receptor-binding domain(s) and contributes to stabilization
of the prefusion state of the membrane-anchored S2 subunit that contains the fusion
machinery (Gui et al., 2017; Pallesen et al., 2017; Song et al., 2018).

For all coronaviruses, S is further cleaved by host proteases at the so-called S2 subunit site
located immediately upstream of the fusion peptide (Madu et al., 2009; Millet and Whittaker,
2015). This cleavage has been proposed to activate the protein for membrane fusion through
extensively irreversible conformational changes (Belouzard et al., 2009; Heald-Sargent and
Gallagher, 2014; Park et al., 2016; Walls et al., 2017).

Different coronaviruses use distinct domains within the S1 subunit to recognize different types
of attachment and entry receptors, depending on the viral species, for example, SARS-CoV and
several SARS-related coronaviruses (SARSr-CoV) interact directly with angiotensin-converting
enzyme 2 (ACE2) through S1 subunit boundary to enter target cells (Ge et al., 2013;
Kirchdoerfer et al., 2018; Song et al., 2018; Yang et al., 2015).

The SARS-CoV-2 S1 subunit boundary engages human Angiotensin Converting Enzyme 2 (hACE2)
with comparably higher affinity to SARS-CoV S1 subunit boundary from viral isolates associated
with the 2002—-2003 epidemic. Tight binding of SARS-COV 2 S1 subunit boundary to hACE2

could partially explain the efficient transmission of SARS-CoV-2 in humans. During the study
process, the presence of an unexpected furin cleavage site at the S1-S2 boundary of SARS-CoV-
2 Subunit which is cleaved during biosynthesis was identified. This furin-like cleavage site is a
novel feature that distinguish SARS-CoV 2 from SARS-CoV and SARS-CoVs. Termination of this
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cleavage motif moderately affected SARS-CoV-2 S-mediated entry into VeroE6 or BHK cells and
may probably contribute to expand the tropism of this virus, as reported for several highly
pathogenic avian influenza viruses and pathogenic Newcastle disease virus (Klenk and Garten,
1994; Steinhauer, 1999).

CONCLUSION.

Analytical studies and report have shown that the reason why SARS-COV 2 (COVID-19) is
different from other coronaviruses is due to the accelerated level of its pathogenicity between
humans which is due to it high affinity for Angiotensin Converting Enzyme 2 (ACE 2) and the
fusin-like cleavage on the Spike glycoprotein. Though many research are still underway to
detect more reason why COVID-19 is different, this two distinct features are enough to operate

with for now until further studies are done and new discoveries are made.
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