Research Journal of Biotechnology

Review Paper:

Vol. 16 (1) January (2021)
Res. J. Biotech

The Pathogenicity of MERS-CoV, SARS-CoV and
SARS-CoV-2: A Comparative Overview

Patil Shashank M.%, Shirahatti Prithvi S.2 and Ramu Ramith!*
1. Department of Biotechnology and Bioinformatics, School of Life Sciences, JSS Academy of Higher Education and Research,
Mysuru-570015, Karnataka, INDIA
2. Department of Biotechnology, Teresian College, Mysuru-570011, Karnataka, INDIA
*ramithramu@jssuni.edu.in

Abstract

The ongoing detrimental consequences of SARS-CoV-2
or COVID-19 are attributable to its remarkable
pathogenesis and modes of transmission. Originating
from a common ancestor of the previous coronavirus
outbreaks, MERS-CoV and SARS-CoV-1, the former
has been evolved in terms of its pathogenic
mechanisms, routes of transmission and the extent of
infection. The comprehensive evaluation of these
modifications at the molecular level would reveal
astonishing details about the extensive lethality of the
current SARS-CoV-2 outbreak.

Further, these details can be utilized for the
development of effective and specific treatment
methods. This review elaborates the comparative
assessment of the viral characteristics of
coronaviruses: MERS-CoV, SARS-CoV-1 and SARS-
CoV-2. With the comparative account, the study
endeavours to leave a clear picture explaining the
reason behind the extensive lethality of the current
SARS-CoV-2 pandemic.

Keywords: SARS-CoV, MERS-CoV,
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Pathogenesis,

Introduction

The past two decades of the 21% century have witnessed
several malicious biological hazards that took the entire
globe into an appalling situation including Ebola, Zika and
Nipah viral outbreaks to name a few. However, they stood
no match for the disastrous outbreak of severe acute
respiratory syndrome-2 (SARS-CoV-2) or COVID-19 and
its consequences.?* Since its emergence in December 2019,
the latter has resulted in a steep escalation in mortality rates.
Expanding to the different parts of the world, it gained a
status of the pandemic within no time due to its profound
pathogenicity, transmission and resistance to the available
therapeutic options.>+65

Though there were reports of outbreaks of other viruses from
the same family, they were not as infectious as of the SARS-
CoV-2. For example, four endemic human coronaviruses
HCoV-229E, -NL63, -HKU1 and -OC43 were known to
circulate in human blood yet causing no major casualties. It
was reported that HCoV-229E and -OC43 accounted for 15—
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29% of respiratory pathogens with relatively reduced viral
load which serves as a rough approximation.t>’¢ The other
two viruses HCoV-NL63 and -HKU1 were discovered only
in 2004 and 2005 respectively, leaving negligible chances of
a major outbreak due to their endemic nature.’® But the
health crisis began in 2003 when China reported the first of
their epidemic kind, the SARS-CoV-1 or severe acute
respiratory syndrome-1. This epidemic was responsible for
the death of 919 people and 8422 cases, with the fatality rate
of 11.0%.76

The zoonotic transmission of SARS-CoV-1 from December
2003 to January 2004 became a pavement for researches into
the origin of this epidemic. Though it was declared as over
in 2004 with no further cases detected, demonstration of
SARS-CoV-like viruses found in bats revealed the chance of
re-emergence of SARS in future.*

In support of this prediction, another epidemic coronavirus
known as MERS-CoV (Middle East Respiratory Syndrome
Coronavirus) was detected in the sputum of a deceased
pneumonia male patient with renal failure in Saudi Arabia.
The epidemic caused 858 deaths and 2494 cases with a
fatality rate of 34.4% from 27 different countries.”® The
increased fatality rate was attributed to nosocomial
infections and international travels that made it a global
threat. In May 2015, South Korea reported the outbreak of
MERS-CoV due to a returned individual from Middle East.®
Besides a tremendous progression is made towards
deciphering the biological features of SARS-CoV-1 and
MERS-CoV at an unprecedented speed, a shocking and
detrimental outbreak of COVID-19 has resulted in 387,155
deaths and 6,535,354 confirmed cases from 213 countries
across the globe with an increasing death rate as of 6 June
2020.*

Although MERS-CoV and SARS-CoV-1 share several
common and important features that are responsible for
nosocomial transmission, preferential viral replication and
viral immunopathology, SARS-CoV-2 stands with few
uncommon characteristics that make it more malicious.%’
Though it has been isolated and the mechanisms of its
pathogenicity and infectivity are deciphered, there is much
room to know and highlight the viral mode of action, life
cycle and pathogenicity.r” This review focuses on the
effective life cycle, severity, transmission modes,
therapeutic options of SARS-CoV-2 to highlight its
pathogenicity over the other two epidemic coronaviruses.
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Animal Origin and Evolution

It becomes essential to note that two of the three viral
outbreaks emerged from China and all the three shared the
same zoonotic origin. China is said to be a homeland for
diverse climates which bring about greater biodiversity. This
allows bats and bat-borne viruses, most of them are ICTV
coronavirus species, to grow in it making the country a
hotspot for the viral growth. On the other hand, animals and
meat products are extensively sold in Chinese wet markets
which might have caused these viral outbreaks.?

Coronaviruses belong to the subfamily Coronavirinae in the
family Coronaviridae and the order Nidovirales. The
subfamily comprises four genera — a, 3, y and 6, based on
their genomic constituents and phylogenetic relationships. o
and B genera notably affect the mammals including humans
whereas the other two affect birds. SARS-CoV and MERS-
CoV are said to be highly pathogenic among the
coronaviruses and can cause a severe acute respiratory
syndrome in humans while the other 4 endemic viruses
including HCoV-229E, -NL63, -OC43 and -HKU1 can only
result in the development of mild upper respiratory
disorders.

The origin of the SARS-CoV, MERS-CoV, HCoV-229E and
-NL63 is expected to from bats whereas HKU1 and HCoV-
OC43 are likely originated from rodents. Several studies
conducted showed that bats are the origin of coronaviruses.
But few of the clear examinations conducted at the
molecular level revealed that the SARS-CoV-1 was found to
be originated from both bats as well as palm civets.

Genome analysis of bats and palm civets revealed that a 29-
nt sequence acts as a marker which is also expressed in
humans as well®® indicating the route of transmission of the
virus to humans. However, a probe-based next-generation
sequencing (NGS) showed that SARS-CoV-1 seems to have
originated only from bats,** strongly supporting the idea of
SARS originating from bats. Analysis of recombination has
showed that civet SARS-CoV strain SZ3 was produced due
to the recombination of WIV16 and Rf4092, the 2 existing
bat strains revealing the role of palm civet as a reservoir as
well as an intermediate host.'’

Also, the presence of accessory proteins and other several
gene products showed 89-90% genome similarity between
bats and humans whereas phylogenetic evaluation proved
the same.®® In addition to palm civets, SARS-CoV-1 was
also reported to be found in raccoon dogs of Chinese origin.
The spike protein sequence SZ13 of raccoon dogs was found
to be identical to SZ16 of palm civet.

Similarly, 2 other proteins, A030G and A031G are found to
be identical to A022G indicating that raccoon dogs are also
the potential reservoirs and intermediate hosts of SARS-
CoV-1.74These studies insisted on the role of bats as primary
hosts and other animals as intermediates. Apart from palm
civets, bats were also found to be the potential reservoirs of
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MERS-CoV as well. A study found that 12 of the bat cells
were susceptible to MERS-CoV infection based on which it
was reported that the virus can replicate in the cells. The
MRNA sequence analysis also revealed the presence of
DPP4 or CD26, a receptor which is used by the MERS-CoV
to enter the host cell.2® Apart from bats, MERS-CoV is also
reported to be originated from dromedary camels.
Identification of prevalent MERS-CoV specific antibodies
present in camels from the Middle East, Africa, Asia and
detection of infections in camel serum showed the presence
of virus from 30 years.

Genomic sequence of Tylonycteris bat HCoV-HKU4,
Pipistrellus bat HCoV-HKUS5 and MERS-CoV revealed that
they are phylogenetically related.” Further, the respiratory
sample analysis of patients, as well as camels affected with
MERS-CoV revealed the presence of nearly identical
genomes® indicating the role of dromedary camels as a
potential reservoir and an intermediate host, though the
original infection is said to be caused by bats.

In the vista, a coronavirus isolated from Malayan pangolin
showed a 99% similarity with SARS-CoV-2, although it
showed 96% similarity in case of bats. Five of the six amino
acids from the receptor-binding domains (RBD) of both
pangolin-CoV and SARS-CoV-2 are found to be the same.
In support, the infected pangolins exhibited pathological
symptoms like humans suffering from COVID-19
suggesting that they were a potent intermediate host between
bat and humans. Studies on the S, N and ORFla/lb genes
suggested that SARS-CoV-2 was transmitted to humans by
adapting evolutionary mechanisms. However, a comparative
analysis of genetic data showed that SARS-CoV-2
originated from the recombination of pangolin-CoV and bat-
CoV-RaTG13 virus,”® yet again supporting the role of
pangolin as a reservoir. But a contradictory theory suggests
that laboratory manipulation of SARS-CoV-1 and MER-
CoV resulted in the genesis of SARS-CoV-2.4

In addition, another study suggests the involvement of snake
coronavirus in the production of recombinant SARS-CoV-2
alongside bat coronavirus. But the truth is yet to be revealed
about these suggestions.®® Though the MERS-CoV and
SARS-CoV-1 had a definite primary host (bat) and several
confirmed and potential intermediate hosts, SARS-CoV-2
was not found to be related with a definite host. The
evolutionary mechanisms possessed by SARS-CoV-2
resulted in its effective transmission over the others. Hence,
further studies are essential to confirm the role of
intermediate hosts and to examine the manipulation of
genetic recombination to control the outbreak of such a
pandemic in future.”

Structural and Genomic Features

All the three epidemic coronaviruses share common features
in terms of their structures and life cycles. Though one can
notice few minute variations in case of their genomes, they
ultimately lead to differences in the extension of
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pathogenicity and transmission.>® These variations have
evolved in favour of the virus. Under electron microscopy,
the virions generally appear as spherical shells with surface
projections which are known as spike proteins, altogether
creating an image like a solar corona. The single-stranded,
positive-sense RNA is embedded inside the protein-coated
envelope. This genome acts as a messenger (MRNA) with 5°
cap and a 3’ polyadenylated tail. Generally, it is believed to
play three roles in case of all the three viruses; i) principal
molecule for the completion of the infection cycle, ii)
template for the process of replication and transcription and
iii) packaged substrate in the newly formed viral particles.5®
In addition, it encodes the four structural proteins known as
the spike (S), envelope (E), membrane (M) and nucleocapsid
(N) proteins.

Though the structural proteins are the same, viruses
differentiate from each other in terms of their accessory
proteins as well as their nucleotide sequences. For example,
SARS-CoV genome comprises a total of 29,727 nucleotides
in length including the highest number of (11) ORF’s (open
reading frames) whereas the genome of MERS-CoV
includes 30,119 nucleotides length coding for 5 accessory
proteins encoded by ORF3, ORF4a, ORF4b, ORF5 and
ORF8b. On the other hand, SARS-CoV-2 comprises 29,811
nucleotides with 6 accessory proteins encoded by ORF3a,
ORF6, ORF7a, ORF7b and ORF8. These proteins might
help the virus to evade the immune system to suppress the
innate immune response.

The genome of the MERS-CoV comprises a 5’-terminal cap
structure and a polyadenylate tail at the 3’-end. There is also
a rep gene which includes 16 non-structural proteins (nspl—
16) at the 5’-end of the genome. The 3’-end of the genome
contains structural proteins as well as accessory proteins.>®

Unlike the other p-CoV’s, MERS-CoV genome does not
encode for hemagglutinin-esterase (HE), a viral envelope
glycoprotein that facilitates the surface adsorption of virus
and the host cell membrane. Instead, it uses another surface
protein known as dipeptidyl peptidase-4 (DPP4) or cluster of
differentiation 26 (CD26).* Apart from this, both the SARS
viruses are known to share >80% similarity between them
accounting for the same origin. The phylogenetic analysis
also reveals that both the viruses are closely related than the
MERS-CoV.”® The ORF1b is said to be the largest gene in
SARS-CoV-2, encoding pplab protein and 15 nsp’s.
However, few notable differences like an absence of 8a
protein and variation in the number of amino acids in 8b and
3c proteins in SARS-CoV-2 can be noted.

As the spike (S) glycoprotein plays a significant role in the
viral adsorption to the host cell, it is reported that the
glycoprotein is modified via homologous recombination.
Hence, the S glycoprotein SARS-CoV-2 has transformed
into a mixture of SARS-CoV-1 and an unknown B-CoV.
Along with SARS-CoV-1, SARS-CoV-2 too uses the
Angiotensin-Converting Enzyme-2 (ACE-2) to bind to the
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host cell while a single N501T mutation in the SARS-CoV-
2 might have significantly enhanced its binding affinity
towards ACE2.5" The receptor binding domain (RBD) and
receptor-binding motif (RBM) of MERS-CoV and SARS-
CoV greatly differ from each other in terms of their amino
acid composition which leads to the differential binding
process.>®

The six regions of difference (RD) are present in the RNA
of SARS-CoV-1 and 2 (RD1 to RD6) where RD1, RD2 and
RD3 (448nt, 55nt and 278nt respectively) are responsible for
the partial coding of ORFla/b gene. RD4 and RD5 (315nt
and 80nt respectively) are associated with the S gene, RD6
is of 214nt in size and is responsible for the partial coding of
ORF7b and ORFS8 genes. These RD’s pose as potential
markers for the identification of SARS-CoV-2 and may also
aid in the development of new drugs.”"®

It is also reported that at the 5 -terminus, Pblab is the first
ORF segment which encodes non-structural proteins with
different sizes: 7073 aa (SARS-CoV-1), 7078 aa (MERS-
COV) and 7096 aa (SARS-CoV-2). At 3"-terminus, the spike
protein varies as 21493 aa (SARS-CoV-1), 1270 aa (MERS-
CoV) and 1273 aa (SARS-CoV-2). Genetically, SARS-
CoV-2 was found to be less similar to SARS-CoV-1 (about
79%) and MERS-CoV (about 50%).4°

In addition to this, the proteomic analysis revealed that
SARS-CoV-2 is different from human-derived SARS-CoV-
1interms of two proteins ORF8 and ORF10. An aggregation
motif derived from amino acid sequence 75-79 of the ORF8
obtained from SARS-CoV-1 was reported to trigger
intracellular stress pathways along with the activation of
NOD-like receptor family pyrin domain-containing-3
(NLRP3) inflammasomes. Thus, it becomes essential to
evaluate the role of these two genes in SARS-CoV-2.

In addition, spike stalk S2 and N proteins in SARS-CoV-2
are highly conserved and share >90% identity with the bat-
CoVs (bat-SL-CoVZC45 and bat-SL-CoVZXC21) and
human-derived SARS-CoV-1. Along with the inhibition of
gene products, the development of antiviral peptides can also
be focussed with these studies.”®>”® The lethality of the
SARS-CoV-2 can be assessed by the in-depth analysis of
these variations supporting the development of new
approaches to tackle the COVID-19.

Viral Progression in Host Cell

Life cycles of coronaviruses follow a similar outline which
comprises the host cell-virus interaction, viral adhesion and
replication.*> All the viruses are known to interact through S
protein with its complementary receptor on the surface of the
host cells. The specificity of this interaction determines the
tissue tropism and host range of the viruses that are the two
important parameters of the viral adhesion.® Additionally,
the complexities can be observed in terms of receptor
binding, interaction and preferential replication in target
cells. For example, SARS-CoV-1 uses ACE2 as one of the
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main receptors and CD209L as an alternative with much
lower affinity compared to the former.3

As ACE2 is expressed more in respiratory tract including
alveolar cells, trachea, bronchi, serous glands of bronchi
along with alveolar monocytes and macrophages, SARS-
CoV-1 tend to enter and target these cells and replicate
within them.8

Meanwhile, ACE2 also pretends to appear on the endothelial
cells of arteries and veins, epithelial cells of renal tubules
and kidneys, epithelial cells of the intestinal mucosa,
cerebral neurons and immune cells like monocytes and
macrophages. It provides a variety of cells to SARS-CoV-1.
In case of MERS-CoV, the primary receptor for the binding
is DPP4 or CD26.7 This receptor is expressed notably on
epithelial cells of kidney, alveoli, liver, prostate, small
intestine and dendritic cells.

In addition, both SARS-CoV and MERS-CoV have the
capability to infect immune cells including leucocytes,
monocytes and macrophages, eventually leading to the
disruption of the immune system.3 The virus is also reported
to deregulate the antiviral responses of T-cells due to its
targeted approach towards them, as they possess high
amounts of DPP4,

In a recent study, it was reported that MERS-CoV uses
another alternative receptor known as GRP78. Through the
flow cytometry and immunostaining methods, it was found
that spike protein effectively binds with GRP78. It is
reported to be highly conserved ER-residing chaperone
which facilitates protein folding and assemblage. In
addition, GRP78 is also reported to aid in the viral entry.?
Another study revealed that the spike protein of MERS-CoV
can induce adaptations in DPP4 from various backgrounds
and can effectively invade the host cells.®

Compared to the other two viruses, SARS-CoV-2 uses
TMPRSS as an alternative receptor to attach with the host
cell. Like ACE2, TMPRSS?2 also facilitates the viral entry to
the cell. During this, it becomes essential for the spike
protein to get cleaved and activated to facilitate the viral
entry to the cell.?* On the other hand, hemagglutinin
esterases (HE) can also be found on the surface of some host
cells which are the group of viral envelope glycoproteins that
facilitate the viral adsorption.* It was reported that the CoV-
hemagglutinin (CoV-HE) complex thus formed because of
adsorption underwent remarkable modifications to facilitate
the optimal binding of the SARS-CoV-2 into the host cell.

It is also reported that the plasticity of CoV-HE is attributed
to the functional redundancy between spike protein and
hemagglutinin component.” Therefore, it becomes evident
that ACE2, TMPRSS2 and hemagglutinin also play an
important role in the binding of the SARS-COV-2 to the host
cell. However, these receptors and binding complexes can
be targeted to develop novel antiviral drugs.

185

Vol. 16 (1) January (2021)
Res. J. Biotech

In case of a successful invasion, all coronaviruses show
similar patterns of replication and translation inside the host
cell. They use the host cell machinery to complete the
replication. The corona viruses possess a non-segmented and
positive-sense (+) RNA genome of varying length. They are
reported to use their own RNA replicase enzymes to
facilitate the replication. After the binding, adsorption and
release of the viral genome, the life cycle of these viruses
involves these steps: i) replication ii) translation iii)
assemblage of the genome and peptides and vii) release of
the progeny virus.

As the genome consists of at least six ORF’s, the first ORF
(ORF1a/1b) which has spread about two-third of the viral
genome length encodes 16 nsps’s. ORFla and 1b comprise
a frameshift sequence in between which produces two
peptide chains known as ppla and pplb.3

Further, these polypeptides are processed by virally encoded
chymotrypsin-like protease (3CLPro) or main protease
(Mpro) and one or two papain-like protease into 16 nsp’s.
Subsequently, all the structural and accessory proteins are
translated into a single guide RNA (sgRNA) of the viruses
ORF10 and 11 which are present near the 3’-terminus and
cover one-third of the genome encode for the four main
structural proteins.?* Apart from these, special structural and
accessory proteins are produced like 3a/b protein, 4a/b
protein and HE protein. These proteins are further
responsible for the maintenance of the genome and viral
replication.® In addition, a few abundant proteins are present
in the membrane of the viruses.

The membrane (M) glycoprotein spans the membrane
bilayer three times with a short NH.-terminal domain
projecting outside the virus and a long -COOH terminus
behind inside the virion. The spike (S) protein belongs to the
class of type-1 membrane glycoproteins which comprises
the peplomers. Apart from binding, it aids the neutralisation
of antibodies. The formation and composition of coronaviral
membrane arise as a possible interaction between these
envelope proteins whereas the synthesis of intracellular viral
particles is facilitated by M protein.*>

Further, the arrangement of N, E and M proteins is also
different in these viruses. With these variations present,
species-specific approaches at the molecular level can be
used for the effective treatment.?? The spike protein plays an
important role in the life cycle of the virus. Several studies
have been conducted to deduce the structure and function of
the glycoprotein. Special attention should be given to the S
protein as it is reported to possess several mechanisms to
induce modifications with respect to its subunits and their
respective receptor binding domains (RBD) and motifs
(RBM). This ultimately results in the formation of modified
binding complexes, facilitating effective binding and
adhesion.*? The preferential modifications in these domains
provide the evidence for the evolution of SARS-CoV-2 in
terms of its extensive pathogenesis.
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Symptoms and Severity

Events followed in the life cycle depict the role of cellular
receptors and their subsequent binding with the
glycoproteins with the virus to form the binding complexes
which further result in the viral infection.?® In case of SARS-
CoV-1, presence of ACE2 on different body cell initiates the
aerosols, urine, sweat and stools of the patients to get
infected with viral particles which are subsequently released
into the surrounding environment and contaminate it.?8
Normally, SARS infected patients exhibit symptoms
associated with pneumonia with rapid respiratory
deterioration resulting in acute respiratory distress syndrome
(ARDS) within the incubation period that lasts between 2-6
days or more.*3

People with this condition also develop an increasing
volume of fluid in their air sacs which results in difficulty in
breathing. Due to the enhanced activated proinflammatory
chemokine and cytokine secretion, atypical pneumonia with
respiratory system failure can be seen.>® Furthermore,
neurological evaluation of few patients depicted the
development of axonopathic polyneuropathy 3-4 weeks after
the infection. Patients have also been reported with
myopathy and rhabdomyolysis. Large artery ischemic stroke
was also reported in few patients in case of critical illness.53

In case of MERS-CoV, presence of DPP4 or GRP78
receptors can lead to the development of acute and highly
lethal pneumonia with renal dysfunction. The incubation
period of the virus was found to be 6.4 days where a
significant number of deaths occurred within 7 days.6®

The other clinical symptoms include fever, chills, sore
throat, cough, dyspnea, myalgia, chest pain, diarrhea,
vomiting and abdominal cramps. In addition, it also exhibits
the infiltration of macrophages and neutrophils and alveolar
edema. The virus is reported to primarily affect the lungs
followed by heart, liver, kidney and brain.l® Severe
symptoms observed in case of fatalities include pulmonary
edema, damage of hyaline membrane, type-2 pneumocyte
hyperplasia and lymphocytic intestinal pneumonia. It may
also result in the development of neurological diseases.?3

However, presence of some pre-existing medical conditions
including diabetes, cancer, cardiovascular disease, chronic
lung and kidney diseases often weakens the immune system
of the patients, subsequently making them more likely to get
affected.” The incubation period for SARS-CoV-2 is of 14
days while the onset of symptoms is within 4-5 days. SARS-
CoV-2 infection would develop symptoms within 11.5 days
in the infected person. Patients would witness similar
clinical symptoms to pneumonia that are also observed in
SARS-CoV patients.

Apart from these symptoms, excess of sputum production
and muscle pain, disorientation, mucus fluid secretions in the
nasal cavity, mucus containing blood stains from the lungs
can be observed.87 In some cases, abdominal distension and
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recurrent inclination to evacuate the bowels were also
observed.®® The patients admitted initially of heart
palpitation and the chest tightness was also found to be
infected, as most of the cardiovascular diseases possess high
secretion of ACE2. It was also found that SARS-CoV-2
infected patients had at least most common disorder, either
hypertension or the diabetes mellitus. Due to the possible
adverse effects of drug-drug interaction, it is now
recommended that such patients should be more careful and
avoid contact with the infected person.?”:8

Lately, patients with smell blindness i.e. anosmia and
parageusia mean confusion of sense of taste were also seen.
Like SARS-CoV-1 and MERS-CoV, neurological outcomes
have described the possible presence of disease with skeletal
muscle injury, acute cerebrovascular disease and impaired
consciousness. However, studies are yet to focus on the issue
to decipher the appropriate link.%

Transmission

Several serological studies conducted reveal that mild or
asymptomatic MERS-CoV infections are difficult to assess
due to their regular occurrence. Further analysis of human-
to-human transmission cannot be performed with these cases
due to their infrequent nature. Literature suggests that <50%
of the infected people can transmit the disease further to
healthy individuals they encounter with even in the early
phase of the outbreak.*® This indicates the prevalence of
zoonotic transmission including camels and palm civets.
However, unexpected breakouts of nosocomial origin tend
to increase the human-to-human transmissions in a regular
fashion.”

Recent outbreaks in South Korea and England are the
remainders of the possible mayhem where travellers from
the Middle East were responsible for it.*6! Studies
suggested that the consumption of camel milk and a close
encounter with camel urine are the possible ways of
transmission.?® It was also suggested that people consumed
raw and uncooked meat along with vegetables would
develop MERS-CoV symptoms.5 The chief reason behind
the transmission of the virus in humans is the result of
exchanging aerosols between a healthy and an affected
individual.?®

In a study, MERS-CoV was evaluated for its transmission
capabilities in two sets of climatic conditions. At the normal
temperature (25° C), the virus exhibited high robustness and
profound survivability. About 63.5% of microorganisms
retained their infectiousness for 60 mins after aerosolization
whereas in case of high temperature like that of Middle
Eastern region (38°C), viral decay was observed with a mere
4.7% survival rate over 60 min of the procedure.® This study
indicated the role of temperature in the survival of the virus,
even though it was not declared as a thermosensitive.

Though all the coronaviruses tend to be airborne pathogens,
SARS-CoV-1 and SARS-CoV-2 show higher stability in the
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air. Both the viruses possess similar transmission
mechanisms and are more likely to spread in a community
in close contact scenarios.”* Fomites, touching the
contaminated objects and body parts can equally transmit the
disease along with airborne discharge and intake of the
particles which is also route of transmission, where
respiratory droplets or aerosols can be transmitted between
individuals.®* In case of MERS-CoV and SARS-CoV-1,
viral shedding occurs only after the onset of symptoms,
hence transmission occurs after the medical help. It is one of
the notable factors where the progeny is released into the
external environment, subsequently after the reproduction
and particle assemblage in the host.>3

However, in case of SARS-CoV-2, it was reported to spread
even far before the occurrence of symptoms and possess
similar half-lives (1.1-1.2 hrs) in aerosols. In this study, the
artificial transmission of infection by airborne route was
analysed in vitro, where the surface stability of both SARS-
CoV-1 and SARS-COV-2 on different solid surfaces was
analysed. The viability of virions was tested in aerosols,
stainless steel, copper, plastic and cardboard. Even after the
gap of 72 hrs, both SARS-CoV-1 and SARS-CoV-2 were
found on these surfaces after initial applications with a
negligible decrease in the viral load.

However, no viable SARS-COV-2 (after 4 hrs) and SARS-
CoV-1 (after 8 hrs) were detected on copper surface
indicating its anti-viral potential over the other solid
surfaces. In case of aerosols, the virions were found viable
up to 3 hrs with a negligible decrease in viral load. This study
further sheds light on factors like minimum effective dose of
the virus and survivability which might play a significant
role in the treatment.5” Another study revealed the extensive
transmission of SARS-CoV-2 where two persons reported to
recovered showed positive in clinical tests conducted a few
days later.%’

Meanwhile, the incubation period is also high compared to
SARS-CoV-1, where it gets a significant amount of time to
exhibit symptoms.3? This escalates the chances of spreading
the disease further to the people met without knowing about
getting infected.4”0

In this aspect, the SARS-CoV-2
augmented causing more infection.
predominantly affects the children and aged due to
ineffective innate immune response, it is observed with
minimal effects on healthy young adults.” It is also reported
that pregnant women are more vulnerable than any other age
group, as they are more susceptible to respiratory infections
and pneumonia.®®* A summary of epidemiology, origin and
transmission, clinical features and viral characteristics has
been given in table 1.

has truly become
Though the virus

Treatment
Foundational aspects of pathogenesis are pre-requisite to
improve the clinical status of the patients. It becomes
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essential to develop the novel therapeutic agents against
these types of viruses. Several studies have reported the use
of pharmacotherapy and immunotherapy to treat the infected
individuals, though there are no confirmed reports of
successful vaccination. In addition, few Chinese herbs are
also reported to possess the antiviral effect on the virus, but
they are yet to be cleared for clinical usage.’

Meanwhile, a study suggested the usage of various Indian
medicinal plants against different stages of SARS-CoV-2
infections. The study also suggested the usage of AYUSH
hospitals, where effective measures related to quarantine can
be used to treat the patients.% In the vista, several countries
are using drugs once used to treat malaria and influenza to
treat SARS-CoV-2. These are the broad-spectrum antivirals
that target the virus at different stages of its life cycle to
inhibit the growth and development.

Although new therapeutic drugs are emerging, randomized
controlled clinical trials need to be conducted to determine
their efficacy and safety against human cells® while a few of
them were also found effective against MERS-CoV and
SARS-CoV. In contrast, the immunotherapy focuses on both
human cells and the virus. Different therapies have been
proposed to reduce the viral load via inhibiting the cellular
signalling pathways; dysregulation of viral molecular
pathways has also been targeted.>

Medical interventions including pharmacotherapeutics
concentrate on the interaction between the host cell and
virus. For example, MERS-CoV can be treated with drugs
like chloroquine, ribavirin and nitazoxanide. Chloroquine
impairs the glycosylation of ACE2 receptor, subsequently
inhibiting the viral adsorption on the host cell. In addition,
chloroquine also disintegrates the viral replication by
increasing the intracellular pH levels.** Nitazoxanide also
tends to inhibit the CoV-HE complex created by MERS-
CoV upon binding to the host cell. It inhibits the
hemagglutinin formation and protein implantation in plasma
membrane. It may also initiate the IFN-1 production to
reduce the hemagglutinin levels, thus preventing the viral
adsorption.

The other drug ribavirin affects the viral genome replication,
thus preventing the viral growth. It acts as a purine
nucleoside analog where its increased amounts hamper the
viral replication in the host cell.*®

As SRAS-CoV-1 and SARS-CoV-2 share common
pathogenic features, the same therapeutic agents are used to
treat both the diseases. Alongside chloroguine and
nitazoxanide, hydroxychloroquine and arbidol are used to
prevent the viral adsorption. Hydroxychloroquine is another
analog of chloroquine which exhibits the same mode of
action on the virus and is also used in combination with other
drugs whereas arbidol inhibits the fusion of the viral
envelope with endosome after endocytosis.””:3
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In comparison with drugs affecting viral adsorption, a
greater number of drugs deal with the inhibition of viral

genome replication. Remdesivir and favipiravir block the

activity of RNA polymerase to supress the replication
process by causing mutations and chain termination.
Remdesivir and favipiravir are chiefly used against SARS
viruses and with the same mode of action, ribavirin is used
to treat all three of the coronaviruses.*?3

In addition, few drugs like lopinavir and ritonavir inhibit the
viral peptide synthesis. Both these drugs have been reported
to affect the MERS-CoV and SARS viruses and they are
given in combination. These drugs tend to inhibit the
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protease activity (3CLpro and Mpro) and hence the
polypeptide production.518

Treatment with immunotherapy involves the treatment with
monoclonal antibodies, interferons and protease inhibitors.
This is due to predominance of immunopathology and little
effect of antivirals. In case of MERS-CoV, these therapies

are used at the final stage of the disease whereas combined
pharmacotherapy and immunotherapies are used against

Table 1

SARS-CoV-1 and SARS-CoV-2. For example, triple
combination of lopinavir/ritonavir, ribavirin and IFNb
treatment is successfully used against SARS-CoV-2 patients
which gave significant results.?®

Epidemiology, biological and clinical characteristics of the severe acute respiratory syndrome coronavirus-1 (SARS-
CoV-1), Middle East respiratory syndrome coronavirus (MERS-CoV) and severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2).596573

Categories Characteristics SARS-CoV-1 MERS-CoV SARS-CoV-2
Epidemiology | Original Location Guangdong, China Jeddah, Saudi Arabia Wuhan, China
Number of Cases 8,422 2,494 6,535,354
Number of Deaths 919 858 387,155
Countries Affected 29 27 213
Fatality Rate 11.0% 34.4% 2.3%
Origin and Possible Natural Bats Bats Bats
Transmission | Reservoir
Possible Intermediate | Palm civets, Raccoon dogs | Dromedary camels Pangolins

Host

Transmission

Respiratory droplets

Close contact with patients
Fecal-oral

Aerosol

Respiratory droplets
Close contact with
patients, camels
Ingestion of camel milk

Respiratory droplets

Close contact with patients
Possibly fecal-oral
Possible aerosol

Clinical Clinical Symptoms Acute respiratory distress Fever, chills, sore Excess sputum production,
Features syndrome (ARDS), Fever, | throat, cough, myalgia, | muscle pain, disorientation,
chills, sore throat, cough, dyspnea, diarrhea, mucus fluid secretions in
myalgia, dyspnea, abdominal cramps, nasal cavity, mucus with
diarrhea. blood stains + SARS-CoV-1
symptoms
Cells Affected Respiratory tract, kidney, Respiratory tract, Respiratory tract, intestinal
liver intestinal tract, tract, genitourinary tract,
genitourinary tract, liver, kidney, neurons,
liver, kidney, neurons, monocyte; T-lymphocytes
monocyte; T-
lymphocytes
Presence of virus Aerosols, urine, sweat, Aerosols, urine, sweat, | Aerosols, urine, sweat, tools
tools tools
Viral Type of Virus RNA virus RNA virus RNA virus

Characteristics

Species pathogen

B-coronavirus

B-coronavirus

B-coronavirus

DNA length 29,727 nucleotides 30,119 nucleotides 29,811 nucleotides
Predominant ACE2 DPP4 ACE2
Receptor
Latency 2-6 days 2-10 days (6.4 avg.) 1-14 days (11.5 avg.)
Contagious Period 10 days after onset of Onset of virus isolation | Unknown

disease
Viral Replication High Higher Highest

Efficiency
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Monoclonal antibodies (mAb’s) are used to dysregulate the
viral life cycle by prophylactic and therapeutic neutralization
of the structural proteins of the virus. Both in vitro and in
vivo studies proved that 1gG antibodies have a profound
effect against both MERS-CoV and SARS-CoV-1 viruses
through the deactivation of spike protein. The cascade of
reactions initiated by these mADb’s result in blocking of the
ACE2 receptor.5?

Interferons (IFN’s) include immunomodulators produced by
the host cell in response to the specific pathogen targets. The
IFN treatment is used against MERS-CoV, SARS-CoV-1
and SARS-COV-2 as well. IFN’s are reported to reduce the
viral loads in Vero E6 cells and primates. Though few
studies reported their effect as equal to placebo, they still
pose a better option with negative cytotoxic effects. Like
drugs used in pharmacotherapy, protease inhibitors have also
been used in immunotherapy. A non-peptide SARS-CoV-1
3CLpro inhibitor was reported to be produced from
benzhydrylpiperazine which acts on the hydrophobic
interaction with the protease.

Similarly, a study evaluated the antiviral activity of 64
purified natural products against RNA helicase nsP13 and
reported that infections induced by MERS-CoV, SARS-
CoV-1 and SARS-CoV-2 can be regulated.*® Known to be
the most critical target of the therapeutic methods, the spike
protein was found to be blocked by hydrolysed tannin
present in Chinese and Turkish chestnuts. These peptides are
beneficial in either way of inhibiting the viral activity as well
as displaying negative cytotoxic effects.8! Although several
clinical studies have reported the beneficial factors related to
medicines and immunotherapeutic products, the effect of
social distancing and lockdown remains effective as equal to
the treatment. One can avoid getting the disease with the
proper usage of personal protective equipment and
maintenance of public as well as personal hygiene.®

Conclusion

The unavailability of specific therapeutic agents and
vaccines has aggravated the transmission of the SARS-CoV-
2 or COVID-19 to become a global pandemic. The
emergence of the virus has upheld the prediction made about
future outbreaks of SARS-like virus during MERS-CoV and
SARS-CoV-1 emergences. The predicted zoonotic origin
and potential animal reservoirs can also be seen as a part of
the current outbreak. Though the primary origin remains the
same, the possible animal reservoirs have been shifted from
wild animals to culinary farm animals, raising speculations
about the modes of transmission. There is also a growing
concern about the origin of the virus.

Several studies have indicated its existence for decades
within some animals such as bats modified by evolutionary
molecular mechanisms which in turn have eased the way for
effective pathogenesis. Comparative genomic analysis
reveals that the genome of the SARS-CoV-2 virus has
undergone several modifications compared to the SARS-
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CoV-1 and MERS-CoV which ultimately resulted in the
developments like changing in the binding pattern, usage of
binding receptors, usage of replication machinery and
production of essential proteins. Evaluation of proteomic
features reveals the ability of SARS-CoV-2 to induce
favourable changes on the host cell.

Compared to the SARS-CoV-1 and MERS-CoV, SARS-
CoV-2 takes a greater amount of time to incubate in the host
cell in the period of which the carrier might infect several
other healthy individuals. The asymptomatic infection thus
can result in further expansion of the pandemic. Meanwhile,
the evolutionary aspects can also be seen in case of virion
survival. SARS-CoV-2 possesses a higher rate of survival
over the other two viruses. These factors collectively make
the SARS-CoV-2 less sensitive to the available therapeutic
methods and the same cause setbacks in the vaccine
development process. In situations like this, a
comprehensive approach including different social sectors
battling SARS should be made. Known as ‘One Health’
approach, it aids to exchange the available data and
advancements which might assist the mankind towards the
betterment.
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