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ARTICLE INFO ABSTRACT

Keywords: Since the discovery of the yellow fever virus in 1901, thus far, two hundred nineteen viral species are recognized
Viruses as human pathogens. Each year, the number of viruses causing infections in humans increases, triggering epi-
Covid-19 demics and pandemics, such as the current COVID-19 pandemic. Pointing to bats as the natural host, in 2019, a
;I:I/{s genome highly identical to a bat coronavirus (COVID-19) spread all over the world, and the World Health Or-
MERS-CoV ganization (WHO) officially confirmed it as a pandemic. The virus mainly spreads through the respiratory tract,

uses angiotensin-converting enzyme 2 (ACE2) as a receptor, and is characterized by symptoms of fever, cough,
and fatigue. Antivirals and vaccines have provided improvements in some cases, but the discovery of a new and
diverse variety of viruses with outbreaks has posed a challenge in timely treatments for medical scientists.
Currently, few specific antiviral strategies are being used, and many of the effective antiviral drugs and reported
active molecules are under vital exploration. In this review, with the details of viral diseases, we summarize the
current attempts in drug development, epidemiology, and the latest treatments and scientific advancements to
combat the COVID-19 epidemic. Moreover, we discuss ways to reduce epidemics and pandemics in the near

3D structure analysis

future.

1. Introduction

Parasites as viruses are not only responsible for a high rate of human
morbidity and mortality but are also responsible for epidemic and
pandemics (Choudhary and Dar, 2018). International Committee on
Virus Taxonomy (King et al., 2012) have classified viruses according to
the genome and morphology. The genetic material can be single or
double-stranded DNA or RNA, for single it can be plus or minus sense.
Retroviruses are in a different group including DNA and RNA-encoded
viruses. Henceforth, they are classified into seven classes (Caprari
et al., 2015). Viruses are responsible for skin diseases and are respon-
sible for primary, secondary, or systematic infections which may lead to
sometimes formation of tumors and sometimes only inflammation
(Sterling, 2016). The most frequent viruses are airborne common cold
viruses that are not life-threatening but highly contagious, while influ-
enza viruses may result in fatalities (www.CDC.gov/measles/)
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(Corstjens et al., 2016). However, viruses as Adenovirus, Coronavirus,
Hantavirus are not common but have a great impact on public health
(Stollenwerk et al., 2008).

Viruses are responsible for different diseases and result in the
outbreak of epidemics and sometimes pandemics as COVID-19 is the
present example (Table 1). Some of the diseases caused by different
viruses are discussed below.

The infectious diseases that are transferred from animals (vertebrate)
to humans and from humans to animals are called Zoonotic diseases. All
kinds of microbes are responsible for this type of disease. The impact of
these diseases has increased considerably in the last decades although
vaccination and effective therapies have been implemented for their
prevention. But still, there is a need for effective investigation and
control in the human-animal-ecosystem interface (Wang and Crameri,
2014). Gastroenteritis may be due to different pathogens like bacteria,
parasites, and viruses. It is now known that human caliciviruses are
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Table 1
Some known Pandemic and Epidemic.

Pandemic/Epidemic Origin Year

Philadelphia yellow fever epidemic Philadelphia, the United = 1793

States
Flu pandemic St. Petersburg Russia 1889-1890
American polio epidemic New York City 1916
Spanish Flu China 1918-1920
Asian Flu Singapore 1957-1958
AIDS pandemic and epidemic West Africa 1981
HIN1 Swine Flu pandemic Mexico 2009-2010
Middle East respiratory syndrome Middle East 2012
coronavirus (MERS-CoV)
West African Ebola epidemic Sudan 2014-2016
Zika Virus epidemic South and Central 2015
America
Coronavirus Covid-19 Wuhan China 2019

mostly the main reason for diarrhea for people around the world (Patel
et al., 2009).

Viruses as Noro, rabies, human papilloma, Epstein-Barr, herpes
simplex, and HIV are transmitted by the oral cavity. Henceforth, in-
fections are manifested by using oral samples (Corstjens et al., 2016).
However, virus transmission is not caused by only one route, but
different viruses take different routes to enter the host which may be as
simple as only by sneezing or coughing. Noroviruses are spread by the
fecal-oral route and its spread may also be attributed to both environ-
mental surfaces and aerosolization with outbreaks in closed settings
(Patel et al., 2009).

Arenaviridae and Filoviridae are the classes of viruses causing
hemorrhagic fevers. However, hemorrhagic symptoms may be associ-
ated with some Flaviviruses and some Bunyaviridae (Yuill, 2018).
Different taxonomical groups of viruses are responsible for viral hem-
orrhagic fever (VHF), but they all produce systematic and fatal diseases
such as the Ebola virus, other viruses are Marburg, Lassa, the South
American arenaviruses, yellow fever, Crimean-Congo anaq Rift Valley
fever viruses. All of these viruses attack the host immune system and
change the cells responsible for antiviral response (Geisbert and Peter,
2004).

Acute respiratory viruses are also one of the major reasons for
morbidity and mortality in humans and worldwide. Many of these vi-
ruses attack young infants, the elderly, and immune-compromised in-
dividuals (Osterhaus, 2008). It is caused by avian paramyxovirus
serotype-1 viruses and affects poultry and is a threat to existing or
developing poultry industries. This disease may infect humans but
human to human spread has not been reported so far (Alexander, 2000).
Tick-borne diseases of humans such as encephalitis and Crimean-Congo
hemorrhagic fever in recent years have tremendously increased and may
pose a problem to public health in the future through global warming
and suggested to be responsible for such rise in this kind of diseases,
however, other environmental factors cannot be ignored in such diseases
(Estrada-Pena and De La Fuente, 2014). The current review focuses on
the viruses, which have emerged from animal sources and have played a
role in emerging viral diseases. It also focuses on the current approach to
control the epidemics leading to pandemics and current therapies for the
recent pandemic. A few of the viruses are discussed below.

2. Types of viruses
2.1. Paramyxoviruses

Paramyxoviruses are a large group of viruses and include Hendra,
Nipah, parainfluenza viruses types 1-5, Newcastle disease, mumps vi-
ruses, Yucaipa (Dinter et al., 1964), and Nariva (Walder, 1971) viruses.
Measles, canine distemper, and rinderpest viruses are found to be
structurally like the paramyxoviruses and hence can be accepted in this
group. Paramyxoviridae family, whose member Genus’s includes
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Rubulavirus, Avulavirus, Respirovirus, Pneumovirus, and Meta-
pneumovirus. Bat viruses as human parasites have also been perceived
in huge quantities, including bat lyssaviruses, parainfluenza viruses,
hantaviruses, hepaciviruses, and pegiviruses (Wang and Crameri, 2014).
Besides, a large number of other viruses as paramyxo, corona, astro,
adeno, and herpes have also been reported (Wang and Crameri, 2014).

The nucleocapsid is surrounded by lipid envelop and envelop is
formed by attaching to host cell plasma (Lamb and Parks, 2012). The
family is split into two subfamilies, Paramyxovirinae and Pneumo-
virinae (Fauquet et al., 2005), with multiple genera. The genera of
Paramyxovirinae include Rubulavirus (several species of human para-
influenza viruses and the mumps viruses), Avulavirus, Morbillivirus,
Respirovirus, Henipavirus, and the later containing Pneumovirus genera
and Metapneumovirus. Serious respiratory syncytial viruses (RSV) dis-
eases are caused by Pneumovirinae and are the leading cause of pneu-
monia in children across the world. The classification of respiratory
syncytial viruses is problematic as the polymerase gene is similar to
Filoviruses than to the Paramyxovirinae. The classification of these vi-
ruses is challenging as the gene (polymerase) is associated more with
those of the Filoviruses. Human RSV is the most important cause of
pneumonia in infants and children worldwide (STRAUSS and STRAUSS
et al., 2008). New viruses are being discovered in wild animals contin-
uously and constantly the family of Paramyxoviridae viruses are
increasing with a lot of uncharacterized viruses (Maclachlan and
Edward, 2010).

Coronaviruses including (severe acute respiratory syndrome virus,
Middle East respiratory syndrome virus), Filoviruses (Ebola and Mar-
burg viruses) (Choppin and Compans, 1975; Wang and Crameri, 2014),
are RNA viruses that are single-stranded and often create infections of
the respiratory tract. RNA viruses quickly adapt to changes due to their
high rate of errors by viral enzymes responsible for its genomic repli-
cation. These viruses are responsible for many emerging or re-emerging
diseases while different factors as genetic differences in viruses and
certain environmental factors also play a role in the emergence of dis-
eases (Nichol et al., 2000). Viruses such as human metapneumovirus and
2 different human coronaviruses were with humans for centuries, but
interspecies transmissions have led to the discovery of different new
viruses from other mammalian or avian reservoirs, such as avian influ-
enza viruses, severe acute respiratory syndrome (SARS), Corona and
Nipah virus. This has resulted in severe diseases and outbreaks such as
epidemics and pandemics also (Osterhaus, 2008).

2.2. Menangle virus and reovirus

Menangle virus belongs to the Rubulavirus genus (Paul, 2010) and
has a spikes layer on the surface of the virus. These viruses are related to
the Tioman virus and Melaka (Chua et al., 2007; Kohl et al., 2012).
Nipah virus, Tioman virus, and reovirus (Pulau virus) were isolated from
fruit bats (Pritchard et al., 2006). These reoviruses (respiratory enteric
orphan viruses) nonenveloped viruses with double-stranded RNA taxo-
nomically belongs to the group Reoviridae (Chua et al., 2007).

2.3. Pegiviruses

Hepaciviruses and pegiviruses are from the family Flaviviridae and
belongs to closely related genera (Bunney et al., 2017). Recently, the
hepaci-/pegi-like virus has been described in sharks and henceforth its
existence in non-mammalian species indicates that further genera
remain to be defined in the future (Smith et al., 2016).

2.4. Lyssaviruses

The genus Lyssavirus belongs to the family Rhabdoviridae and in-
cludes viruses causing the fatal encephalitis rabies (Zhu et al., 2016).
These viruses are bat-borne and play an important role in the epidemi-
ology of rabies and some rabies-like viruses. Transmission of viruses by a
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bat is mostly by bite although other routes may also be possible
(McCOLL et al., 2000).

2.5. Herpesvirus

More than 200 herpesvirus species have so far been identified and in
humans the dsDNA viruses which are wrapped in icosahedral capsid
cause diseases as cold sores, chickenpox, and genital herpes. These
species also have viruses that may cause cancer (Riaz, 2017). It now
includes 90 species (Davison, 2010). These viruses suppress the host
immune response (Ryu, 2017).

2.6. The Adenoviridae

The family Adenoviridae currently comprises five genera in which
Mastadenovirus, comprising viruses infecting mammals only. All ade-
noviruses have a similar morphology however the genomic organization
is different between viruses of different genera (King et al., 2012).

2.7. Human astrovirus (HAstV)

This virus is responsible for causing diarrhea and may lead to some
times hospitalization due to it (Jeong et al., 2012). Initially, the Astro-
viridae family consisted of two genera based on the host’s origin:
Mamastrovirus (MAstV) and Avastrovirus (positive-sense single-stranded
RNA), which are found to cause infection in mammals and avians. HAstV
infection causes diarrhea with vomiting, fever, and abdominal pain.
Vomiting is more pronounced in the case of rotavirus or calicivirus
infection (Bosch et al., 2014).

2.8. Hantaviruses

Hantavirus belongs to a family Bunyaviridae responsible for hem-
orrhagic fever which was firstly reported in 1951-1953 among UN
troops. In 1981 it was established that these viruses have a specific ro-
dents host and haven’t arthropod vector which other viruses in the
family possess. Henceforth, a new genus “hantavirus” was introduced in
the Bunyaviridae family including viruses causing hemorrhagic fever
with renal syndrome (HFRS). Now it is well established that in 1993, a
serious respiratory problem along with cardiopulmonary syndrome led
to the discovery of Hantavirus disease. More than 21 species are now
included in the Hantavirus genus (Mir, 2010). The most lethal
HFRS-associated Hantavirus is the Hantaan virus in Asia whereas in
Europe it is the Puumala virus and Dobrava virus. Andes virus (ANDV)
and Sin Nombre virus (SNV) are the most lethal of the type (Hammer-
beck et al., 2009).

2.9. Human parainfluenza viruses (HPIV)

Discovered in the 1950s belong to the Paramyxoviridae family,
genetically and antigenically divided into 1 to 5 serotypes with two
genera Respirovirus and Rubulavirus (Parija and Thomas, 2019).
Respirovirus are responsible for lower respiratory infections and are
closely related to megamyxoviruses and metapneumovirus (Henrickson,
2003) and other closely related viruses that cause influenza-like symp-
toms or pneumonia (Brenda, 2020).

H5N1 strains of avian influenza A virus was responsible for a large
number of deaths since its outbreak in Southeast Asia in 1997 (Pro-
enca-Modena et al., 2007). It is believed that virus-encoded nonstruc-
tural protein (NS1) is synthesized in infected cells and results in
reduction of the host interferon-f mRNA (Krug, 2006).

2.10. Arboviruses

The origin of viruses is very difficult to assess, however, pieces of
evidence have suggested that yellow fever, chikungunya fever, and Zika
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fever are African based and it is believed that dengue fever is also Af-
rican in origin (Powell, 2018). These are of blood-feeding arthro-
pods-borne viruses, chiefly insects (flies and mosquitoes), and arachnids
(ticks) which affect a larger number of people by spreading widely. Air
travel and mosquitos as vectors contribute significantly to its spread.
Dengue, yellow fever, chikungunya, and Zika viruses are examples of
such viruses (Weaver et al., 2018). Arboviruses have been affecting
humans for centuries and cause considerable complications inpatients
out of these four are found to be widely and rapidly spread as the viruses
causing yellow fever, dengue fever, chikungunya fever, and Zika fever
(Powell, 2018). Arbovirus classification is not included in the current
classification of the viral system. Bunyaviridae, Togaviridae, Flavivir-
idae, and Reoviridae are the families of viruses in the current classifi-
cation system that has arbovirus members included in it.

Arenaviridae and Filoviridae are families causing hemorrhagic fevers
however, some of the flaviviruses and Bunyaviridae may also be linked
with symptoms of hemorrhagic (Yuill, 2018). A neurotropic flavivirus as
the West Nile virus belongs to the family of Flaviviridae (Suthar et al.,
2013).

2.11. Anello viruses

Human anelloviruses includes Torque Teno virus (TTV), and TTV-like
mini virus (TLMV), are found to be commonly present in chronic hepa-
titis, cirrhosis, and hepatocellular carcinoma patients, for a long period.
but have not been found to be responsible for liver diseases. However, no
diseases so far with TTV has been reported in humans (Naik et al., 2020).
In most of the human plasma samples small DNA single-stranded min-
i-viruses as TTV and TTV-like mini-virus (TLMV) were found to be
infecting man (Thom et al., 2003).

The only known single-stranded circular DNA found in humans so far
is the TTV. Also, another virus that resembles the TTV is the TLMV.
TLMV does not have to envelop but its density is similar to TTV
(Takahashi et al., 2000).

2.12. Coronaviruses

Coronaviruses belong to the family Coronaviridae, which is further
composed of two subfamilies, the coronaviruses, and the toroviruses.
Toroviruses are responsible for causing enteric diseases in cattle and
possibly in humans. Coronaviruses serologically are further divided into
three groups (I to III). Group I coronaviruses include not only animal
pathogens but also human coronaviruses HCoV-229E and HKU1 (Weiss
and Navas-Martin, 2005). Coronavirinae is further divided into four
genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus (Cui et al.,, 2019). This classification is based on
genomic structures and phylogenetic relationships. The transmission of
alphacoronaviruses and beta coronaviruses is found to be limited to
mammals, while the other classes also infect birds. These viruses in
humans cause respiratory diseases such as, SARS coronavirus and Mid-
dle East respiratory syndrome coronavirus (Forni et al., 2017; Kumar
et al., 2020). The coronavirus virion contains spikes, which are multi-
functional molecular machines and assist in the entrance of coronavirus
into host cells. Spike has two subunits, S1 and S2; S1 binds to the re-
ceptor on the surface of the host cell, while S2 transfers viral and host
membranes into the host (Li, 2016). SARS-CoV and MERS-CoV have
shown different behavior compared to SARS-CoV-2 (Guarner, 2020).

By the end of 2002, severe acute respiratory syndrome (SARS) began
to spread rapidly around the world, while its outbreak originated in
China (Huang, 2004). The SARS coronavirus is responsible for severe
acute respiratory syndrome (SARS) disease.

A betacoronavirus is also responsible for Middle East respiratory
syndrome coronavirus (MERS-CoV), a zoonotic viral respiratory illness
first reported in Saudi Arabia in 2012 (Al Awaidy and Khamis, 2019).
One of the symptoms of MERS is also pneumonia, and the virus is
transmitted through contact with infected camels or people. In
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MERS-CoV-endemic countries, social distancing isolation and manage-
ment of the patients are necessary to prevent outbreaks (RESEARCH
HIGHLIGHT KAIMRC, 2019).

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is the positive single-stranded RNA virus that is contagious in humans
and is the reason for the ongoing pandemic of COVID-19 disease. The
new strain of coronavirus was discovered in December 2019 in Wuhan,
China. This virus is also included in the same family that caused SARS
and MERS (Parry and Peterson, 2020; Yanping, 2020). It has been re-
ported that this virus is sensitive to high temperature (heat) and can be
inactivated by a few lipid solvents (Cascella et al., 2020). SARS-CoV-2
has been included in the beta coronavirus group and is found to
resemble bat coronavirus HKU9-1. Its spike protein is found to interact
strongly with the human ACE2 receptor (Tahir et al., 2020), with its
pathology resembling those of SARS and MERS coronavirus infections.
Moreover, it has been reported that an injury in the liver could be caused
by either SARS-CoV-2 infection or drugs. A liver biopsy specimen of a
COVID-19 patient was found to have mild microvascular steatosis and
portal activity. Pneumonia was found to progress rapidly with some
differences between the left and right lungs. It was suggested that the use
of corticosteroids in severe patients could prevent acute respiratory
distress syndrome development (Xu et al., 2020). This virus was found to
be transmitted from person to person in the hospital and among family
members and from infected travelers to other regions (Chan et al.,
2020).

It was also suggested that no intrauterine infection was found in
women with COVID-19 pneumonia in late pregnancy (Chen et al.,
2020). RNA viruses adapt very quickly to environmental changes, and
resistance to drugs is also very prevalent. This adaptability and resis-
tance to drugs are due to mutations in the viral genomes and, hence, the
main reason for emerging diseases (Holmes and Rambaut, 2004). It was
observed from the chest CT of recovered COVID-19 patients whose lung
abnormalities were maximal after 10 days of initial onset of symptoms
(Pan et al., 2020).

People with diabetes, hypertension, or other chronic diseases are
severely affected by SARS-CoV-2. It has been reported that coronavirus
gains entry to infect the cells by using Angiotensin Converting Enzymes
2 (ACE2) and since diabetic patients utilize ACE inhibitors, it further
increases the expression of ACE2 thereby facilitating the viral uptake
and increasing the severity of infection in them. However, it is further
suggested that using the renin-angiotensin system blockers may be
helpful in decreasing the disease risk but it needs further investigation
(Ma and Holt, 2020).

3. Computational outcomes and challenges

With the conjunction of bioinformatics and computational methods
with publicly available phenotypic data of host responses to drugs and
pathogens, it is now possible to identify new lead molecules as drug
candidates for cancers and to identify numerous therapeutic agents for
different parasitic diseases (Law et al., 2013). Computational tools have
found applications for not only noninfectious diseases but also infectious
diseases. However, fewer studies are performed on parasitic diseases
(Marhofer et al., 2011; Shamshad et al., 2020).

Among different target the two coronaviral proteases, as papain-like
protease (PLP™) and 3C-like protease (3CLP™) have gained importance
for targeting antiviral drugs as they play a role in the replication of the
virus (Bdez-Santos et al., 2015). Targeting PLP™ is more challenging as it
may also inhibit host-cell deubiquitinases (Ullrich and Nitsche, 2020)
while 3CIP™ (also referred to as MP™) is one of the best-characterized
targets. 3CIP™ cleaves polyproteins on 11 sites and cleaves its N- and
C- terminal sites by P4-P1 and P1’ sites recognition (Muramatsu et al.,
2016). Inhibitors against 3CI°™ may be selective as no human protease
with the same cleavage is present (Zhang et al., 2020).

We selected 3CIP™ protease proteins from protein data bank [htt
ps://www.resb.org/] representing 7C8T.pdb for SARS-CoV-2, 4RSP.
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pdb for MERS-CoV, and 2GX4.pdb for SARS-CoV with Escherichia coli as
an expression system. 3CIP™ proteinase is a member of the cysteine
protease family, having chymotrypsin fold which is similar to picorna-
viruses (Huang et al., 2004). It is a homodimer having one active site per
in each unit (Muramatsu et al., 2016).

It consists of three domains having active site in the domain I and II
which have antiparallel B-barrel structures with the unconventional
catalytic dyad Cys145 and His41 buried inside the active site. Several
crystal structures of 3CLpro apo and with inhibitors have revealed
common features with two domains from residues 1-184 and one helical
domain with residues 201-303 (Fig. 1). However, the additional 100
residues in the III domain was found to be absent from the picornavirus
protease (Liang, 2006). Moreover, domain III with five a-helices plays a
role in the dimerization of the enzyme and is connected to domain II via
a long loop. The 3Cl protease which is not present in the picornavirus is
important for the dimerization and enzymatic activity. The N-finger
having N-terminal amino acids is also important as its deletion leads to
failure in enzymatic activity. N finger region is clasped between domains
IT and III of the one monomer unit and domain II of the other monomer
as shown in Fig. 1 (Kneller et al., 2020). Active residues are divided into
S1-S6 subsites with catalytic dyad His41-Cys145 present in the S1
subsite. S2 and S4 (Fig. 1) have hydrophobic residues, while S5 and S6
are away from the catalytic dyad.S5 and S6 may contribute less to the
substrate-binding (He et al., 2020). S1 is the substrate-binding site in one
subunit confers specificity for the P1-Gln substrate residue on the
enzyme. The conservation has been reported for the amino acid
sequence Leu-Gln-Ser or Leu-Gly-Ala (P2-P1-P1’) (Pillaiyar et al.,
2016). The P4, P3, P2, and P1 residues interact with the
substrate-binding sites (Muramatsu et al., 2016).

It has been suggested that in P1 presence of glutamine is important
while for the P2, P3, and P4 positions, leucine, basic residues, small
hydrophobic residues are preferred. In the same way, small residues are
essential for P1’ and P2’ positions (Jo et al., 2020).

It has been reported that on ligand binding shift to about 2.4 A is
observed for P2 residues 45-50 and the p-hairpin loop residues (P3-P4)
166-170, loop residues 190-194 (P5) was found to move closer to the
moves closer to the p-hairpin loop residues. Since the residues of P2, P5,
and C terminal tail were reported to be flexible hence can accommodate
various chemical entities at the P2-P5 sites (Kneller et al., 2020).

Henceforth in this context, the protease proteins 7C8T.pdb, 4RSP.
pdb, and 2GX4.pdb were downloaded from the protein data bank [htt
ps://www.rcsb.org/] and were used to analyze the 3D similarity of
the selected structures using Chimera (Pettersen et al., 2004). 7C8T.pdb
was selected as reference protein and the three proteins were overlapped
as shown in Fig. 1 wusing matchmaker in Chimera with
Needleman-Wunsch (BLOSUM-62) and the RMSDs were calculated
(Table 2). The alignment was created by the superposition of the protein
structures as shown in Fig. 2 using chimera and it showed the super-
position across all 292 fully populated columns having structural simi-
larity score (cutoff 5.0): 22.303 and Q score 0.767. The sequence length
was 306, 304, 306, with RMSD values for the fully populated columns in
alignment as shown in Table 3. So, in the future, there is a huge possi-
bility that single antiviral drugs can inhibit the three viruses, simulta-
neously. May be an ensemble of three proteins can be used for docking of
the compounds and can be used in the quest for antivirals that can
simultaneously inhibit the three proteins (Scheme 1).

4. Insilico drug design

It has been reported that most antivirals that had been approved until
2006 were based on natural products. Although computational tools
have been successful in guiding and accelerating the drug development
process, they are still too immature to tackle the current viral threats on
time (Mirza, 2019). Several viral diseases have been extensively studied
computationally but, but there has yet to be a breakthrough in the quest
of antivirals, as in the case of HCV (Kirchmair et al., 2012).
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Fig. 1. a) Aligned 3D structures of the selected proteins brown is 4rsp.pdb, blue 2gx4.pdb and green 7c8t.pdb, b) 3D structure in which red color indicates helics,
green B turns, purple ¥ turns brown p hair pin region, ¢ & d) structure according to the showing the substrate binding region.

targets against compound libraries including the ZINC drug database
and natural products and 78 commonly used anti-viral drugs. Through
these studies, potential inhibitors for different targets were predicted

Table 2
3D similarity using 7C8T.pdb as a reference protein.

Chain A 7C8T with 4RSP 7C8T with 2GX4 (Wu et al., 2020). SARS-CoV-2 protease in complex with an inhibitor
Sequence alignment score 953.1 1541.8 was used to screen approved drugs and drugs in clinical trials (Wang,
Pruned atom pairs 0.954 (252 atoms) 0.546 (297 atoms) 2020). Through docking studies, candidate drugs were identified,

including carfilzomib, eravacycline, valrubicin, lopinavir, and elbasvir.
Carfilzomib was a promising inhibitor against SARS-CoV-2 (Wang,
2020). The bioactive compounds from the medicinal plant could dock to
SARS-CoV-2 protein, and compounds such as kaempferol, quercetin,
demethoxycurcumin, apigenin-7-glucoside, naringenin, oleuropein,

In silico docking studies were carried out that showed 18 flavonoids
with the ability to strongly bind with influenza haemagglutinin stems of
various subtypes, which are the target for antibodies (Mathew et al.,
2018). Target-based virtual ligand screening was performed using 21
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4rsp,chainA 1[SCLVKMSHPS GDVEACMVQV TCGSMTLNGL WLDNTVWCPR HVMCPADQ.[C
MEMMRHSHN 1S FRKMAFPS CKVECCMVQV TGCTTTLNCL WLDDVVYGPR HVIGT.|SEDM
29x4,chainA 1|SCFRKMAFPS CKVEGCMVQV TCCGTTTLNGL WLDDTVYCPR HVICT.|AEDM
51 61 71 81 91
4rsp,chainA 50SDPNYDALLI SMTNHSFSVQ KH/IGCAFANLR VVGHAMQGTL LKLTVDVANF
BRGS0 LN NYEDLL|I RKSNHNFLVQ A NVQLR VIGHSMQNCV LKLKVDTANP
2gx4, chainA 50[LNPNYEDLL| RKSNHSFLVQ A NVQLR VIGHSMQNCL LRLKVDTSNP
101 111 121 131 141
4rsp, chain A 100]STPAYTFTTV KPGAAFSVLA CYNGRPTGTF TVVMRPNYTI KGSFL|.[CGSC
97[KTPKYKFVRI QPGQTFSVLA CYNGSPSGVY QCAMRPNFTI| KGSFL|N.GSC
2gx4, chainA 97K TPKYKFVR| QPGQTFSVLA CYNGSPSGVY QCAMRPNHTI KGSFLIN.[GSC
151 161 171 181 191
4rsp, chain A 149[CSVCYTKEGS VINFCYMHQM ELANGTHTGS AFDGTMYGAF MDKQVHQVQL
146GSVGFNIDYD CVSFCYMHHM ELPTGVHAGT DLEGNFYGPF VDRQTAQAA
2gx4, chain A 146(C SVCFNIDYD CVSFCYMHHM ELPTGVHAGT DLEGKFYGPF VDRQTAQAA
201 211 221 231 241
4rsp, chainA 199 TOKYCSVNVV AWLYAAILNGC CAWFVKPNRT SV|VS|.[FNEW. [AL[AN].[@QFTEF
196[TDTTITVNVL AWLYAAVING DRWFLNRFTT TL|.|NDIFN|.|LV |Al.[MK[Y|NYEPL
2gx4, chain A 196[TDTT I TLNVL AWLYAAVING DRWFLNRFTT TL|.[NDFN.[L|V |Al.[MKIY|NYEPL
251 261 271 281 291
4rsp, chainA 246 . . .[VG|.[TIQS[V DMLAVKTGVA [EQLLYATQQ LYT|.[EFQGKQ ILGSTMLEDE
243 TQDHV]D[I|. .[L GPLSAQTGIA VLDMCASLKE LLQNGMNGRT |ILGSALLEDE
2gx4, chainA 243 TQDHV[D|[I]. .|L GPLSAQTGIA VLDMCAALKE LLQNGMNGRT ILGSTILEDE
301 311 321
4rsp, chain A 291[F TP EDVNMQ [| MC|VVMQ. . . .
291[FTPFDVVRQC .. .VTFQ ...
2gx4, chain A291[F TP FDVVRQC| S[G]. . . .. ... VTFQ

Fig. 2. Sequence alignment for the proteins 4RSP.pdb, 2GX4.pdb and 7C8T.pdb. Colored boxes indicate the similarity with the 3D structures. Purple shows highly
conserved residues, while completely conserved are shown in red.
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Table 3
Superposition across all 291 fully populated residues in the alignment repre-
sented by RMSD.

7C8T with 4RSP

7C8T with 2GX4 4RSP with 2GX4 Overall RMSD

1.344 0.655 1.245 1.123

curcumin, catechin, and epicatechin-gallate were found to be effective
inhibitors against SARS-CoV-2 (Khaerunnisa et al., 2020).

Docking studies also showed that Nigellidine and a-Hederin can be
potential inhibitors of the SARS-CoV-2 virus and medicinal use of sativa
against coronavirus infection requires further research and attention
(Salim and Noureddine, 2020). Molecular docking studies on 7 proteins
of SARS-CoV-2 were performed, and a compound present in green tea,
epigallocatechin gallate was found to be an effective binder of protein
(Khan, 2020). Molecular docking studies on 80 flavonoid compounds
were performed, and hesperidin, rutin, diosmin, apiin, diac-
etylcurcumin, and others were found to be inhibitors of SARS-CoV-2

TRANSFERS TO
HUMANS

3D-SIMILARITY OF VIRAL ENZYMES
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(Adem et al., 2020). In another study coumermycin, trovafloxacin,
aclarubicin, raltegravir, etoposide, epirubicin, nystatin, talniflumate,
idarubicin, itraconazole, maraviroc, and nelfinavir were found to be
inhibitors of SARS-CoV-2 (ARULANANDAM, 2020).

The overlapped three proteins were used for the study of the inter-
action pattern of proteins with the deposited inhibitor TG-0205221.
Moreover, MERS protease 4RSP.pdb was also used to study the inter-
action pattern of the same inhibitor in its binding cavity using DS. Fig. 3
shows the interaction profile of the three proteins which indicates that
conserved residues involved in the three proteins making important
interactions with the similar ligand. Henceforth, it is highly possible that
a single ligand may be potent against the three targets. Fig. 4 shows the
binding site characteristics (hydrophobicity, aromaticity, and hydrogen
bonding) of the three proteins. It can be used to design in future the
ligand for the three proteases.

EPIDEMIC

PANDEMIC

SINGLE ANTIVIRAL AGENT FOR
MULTIPLE VIRUSES

Scheme 1. Schematic view of the transmission of viruses and illustration of 3D similarity of viral enzymes
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5. Treatments

Virology has helped in the understanding of the immunological
processes and has shaped the current immunological systems. Animal
and human models of viral infections played a pivotal role in the dis-
coveries of immunological processes (Abdel-Hakeem, 2019). Immuno-
prophylaxis is of two types, active and passive. Active prophylaxis
involves stimulation of the body’s immune system by administering
viral preparation in the form of attenuated life, killed or recombinantly
produced antigens. In passive prophylaxis antibody from another host is
administered to protect patients. Many viral diseases are controlled by
good sanitation practices. Using antiviral therapies which are of three
types one which inactivates the virus the second inhibit its replication
and the third one boosts the host immune response (Goldenthal et al.,
1996).

To reduce epidemics world-wise policies have been successful to
some extent and several infectious diseases have been eradicated or
controlled due to vaccination programs. In most cases, eradication was
possible because the viral structure comprised of a single strain as
Smallpox. Vaccination in the case of Measles also proved to be effective
for its eradication (Corstjens et al., 2016).

Chikungunya virus an alphavirus has 3 genotypes: Asian, West Af-
rican, and Eastern/Central/South African. However, no vaccine for
Chikungunya is available, and antibody reaction on one genotype is
effective against another is still not clear (Goo et al., 2016).

6. Available therapies

Most viral diseases self-resolve and do not require any specific
treatments. However, antiviral drugs for three groups of viruses, herpes,
hepatitis, and influenza are in clinical trials currently apart from HIV
drugs (Razonable et al., 2020). Idoxuridine was the first antiviral agent
approved in 1963; since then, 90 antiviral drugs having 13 different
functions have been approved for the treatment of viral infections,
including HIV, hepatitis B and C, influenza, herpesvirus,
varicella-zoster, human cytomegalovirus, respiratory syncytial virus,
and human papillomavirus (Clercq and Li, 2016). The majority of
antiviral drugs approved during the 1987-2017 period, were for HIV-1,
and the second most abundant antiviral drugs were for HCV. Four were
approved for HPV infection and influenza and five for respiratory vi-
ruses, while one was approved for a respiratory syncytial virus (RSV)
(Chaudhuri et al., 2018; Clercq and Li, 2016). It was reported that a
combination of statin/caffeine as preventative therapy was as effective
as oseltamivir and ribavirin. Hence this could be used as an antiviral
formulation in the future. It has also been suggested that statins could be
helpful as antiviral therapy and can have significant effects on influenza
outcomes (Bkhaitan, 2017; Liu et al., 2009).

7. Drug development for the current pandemic

The rapid spread and emergence of COVID-19 have urged the
requirement for an effective therapeutic agent against it. The National
Health Commission (NHC) has so far recommended IFN-a, lopinavir/
ritonavir, ribavirin, chloroquine phosphate, and arbidol as anti-viral
therapies. Many approaches have been used to target SARS-CoV-2 pro-
gression such as inhibition of its fusion/entry, replication, inflammation,
plasma treatment, vaccines as well as traditional and FDA approved
medicines. Numbers of clinical trials are also in progress to determine
the safety and effectiveness of candidate drugs (Haiou et al., 2020).

Various categories of drugs are being investigated for this pandemic,
including favipiravir or avigan, which was found to be effective in China
against COVID-19 infections. Tocilizumab will be on trial by Roche to
determine its outcome in patients with COVID-19 (Live Science Staff,
2020). Initially, a compound named 3a was found to effectively treat
several viruses in lab experiments, even a type of coronavirus (Cho et al.,
2012). Now, the derivative of that molecule, remdesivir has been used to
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treat patients with coronavirus infection in the hope it can reduce the
intensity of COVID-19 (Joseph, 2020). Remdesivir is a nucleotide analog
that is intravenously given to patients, and no adverse effects were
observed after the infusion. However, randomized controlled trials are
required to assess the safety and efficacy of the drug for treating
2019-nCoV infection (Lofy et al., 2020). Remdesivir and IFN-B were
found to have better antiviral activity compared to LPV and RTV in vitro.
Moreover, in vivo evidence has also demonstrated that remdesivir has
the potential to treat MERS-CoV infections (Sheahan et al., 2012). It has
been reported in-vitro that the drug combination of remdesivir and
chloroquine was effective against SARS-CoV-2. Moreover, HIV protease
inhibitors lopinavir and ritonavir were also found to be effective against
COVID-19 patients in Korea. A combination of Chinese and western
medicines was also found to be effective (Guo et al., 2020). In a current
report, 12 FDA-approved drugs were suggested to serve as therapeutics
for MERS-CoV or COVID-19 therapy. The cardiotonic drugs as mono-
therapy or combined with remdesivir or with other therapeutics were
considered best for therapy (Ko et al., 2020).

The in vitro activities of the antimalarials hydroxychloroquine and
chloroquine have been reported against COVID-19 (Table 4). However,
a small study in China showed no progress in the recovery of patients
with COVID-19. Moreover, the side effects and toxicity of anti-malarial
drugs should be addressed in critically ill patients (Yazdany and Kim,
2020). Monoclonal antibodies have been designed for SARS-CoV and not
only are used in clinical practice but also have been applied in SARS
patient therapy. These studies may be helpful in vaccine development
against SARS-CoV-2 (Tsunetsugu-yokota et al., 2006). MicroRNAs serve
as regulatory RNAs and may play a role in the pathology of several
respiratory viruses; therefore, they may serve as therapeutic agents in
respiratory viral infections (Tahamtan et al., 2016).

8. Vaccine and drugs in clinical trials

Successful clinical trials aide in the approval of new drug product as
the trials confirms the safety and efficacy of the new product. However,
the lapses in the procedure could be improved and modernized. Current
COVID-19 has paved the way for the improvement in the current
methodology of the clinical trials. The improvement in the system may
in the future help practitioners patients for the rapid and on-time launch
of the drug or vaccine (van Dorn, 2020).

For the current pandemic, two types of approaches are used to pre-
vent the disease one involves the use of antivirals and the second one
involves immune modulators. In one of them using only randomized
controlled trials for more than 100 participants use different antivirals
as remdesivir, lopinavir, chloroquine/hydroxychloroquine, favipiravir,
etc have been reported. Moreover, immune modulators as dexametha-
sone, convalescent plasma, azithromycin, interferons, anakinra, ler-
onlimab, etc have also been reported (Robinson, 2020).

Initially, interferons nebulization and antiviral drugs were in prac-
tice to circumvent the disease. However, remdesivir has been so far
found to be effective against the disease. Different drugs also went
through a number of trials such as hydroxychloroquine, azithromycin,
the antiviral compounds ritonavir and lopinavir, and tocilizumab,
chloroquine, ivermectin, favipiravir, umifenovir, and oseltamivir.
However, only 5 and 4 trials for the serine protease inhibitors were re-
ported (Idda et al., 2020).

Vaccine development is not an easy task and is not only expensive
but also very complex and risky. It is risky as many vaccines may fail in
the initial or final stages (Douglas and Samant, 2013). More than eigh-
teen and nine years have been passed after the first case of SARS and
MERS was observed. No vaccine has been so far approved for the pre-
vention of corona based diseases. There are varied reasons for the lack of
a vaccine against these diseases. The most important reason may be the
lack of interest in developing vaccines for a disease that has was found to
be a geographically centralized and low number of cases. However, it
has been reported that most of the vaccine were in clinical phase 1 for
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Table 4
Drugs under investigation for the current Pandemic.
Structure Name Type of drug
| Idoxuridine Nucleoside derivative

Lopinavir Dicarboxylic acid diamide

/N:\ 4?7 Ritonavir L-valine derivative
xS

Ribavirin Nucleoside analog of ribofuranose

N Chloroquine 4-aminoquinolines
/7 N\
A \
HN 4<_\~ N

\\ | Arbidol Indole core
N
o’ ~
OH
QS / o
o) Favipiravir or Avigan Pyrazinecarboxamide derivative

Remedesivir Ribonucleotide analog

N Hydroxychloroquine 4-aminoquinolines

Cog
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the SARS and MERS (Padron-Regalado, 2020).

In the current scenario of the corona pandemic, more than 150
vaccines are in developmental stages to circumvent the pandemic in
record time. For this purpose, a virus in an attenuated, killed, or
weakened state is being utilized while other parts of the virus as protein/
fragments are also in the vaccine developmental stages. Some of the
tested vaccines against corona are adenovector vaccines in which a
fragment of DNA is inserted in weakened adenovirus and is undergoing
three ensemble trials. In another study, SARS-COV-2 spiked protein is
used as a vaccine with weakened adenovirus as a vector and is in phase 2
and 3 stages.

In the same way, mRNA fragments of the virus will be injected into
the human cells for creating the viral protein which may train the im-
mune system for recognizing the virus. This will be the first of the
technology if approved and is currently in the third phase. Trojan horse
is used in one of the studies as a vector for the coronavirus vaccine.
CoronaVac which is an inactivated form of coronavirus is also in phase
3. Sinopharm trial vaccines are also using an inactivated form of coro-
navirus and are the first vaccine given to civilians. Bacillus Calmette-
Guerin (BCG) vaccine may also boost immune response in corona dis-
ease (MCKEEVER, 2020). In older adults with the mRNA-1273 vaccine,
adverse effects were reported to be mild and are in phase 3 of the trial
(Anderson et al., 2020). Table 5 lists some of the vaccines and drugs in
clinical studies so far for the COVID-19 pandemic.

9. Future development

Current vaccines/antiviral drugs are targeting 22 viruses; however,
several emerging infectious diseases without any treatments are
continuously affecting large populations. Henceforth, viruses such as
Epstein-Barr virus (EBV), human norovirus, human rhinovirus, human
herpesvirus 6, including currently pandemic human coronavirus, Zika
virus, etc have gained a lot of attention (Clercq and Li, 2016). Recent
efforts have been laid to find inhibitors for the recent Ebola virus during
2013-2016 for filoviruses. The nucleotide analog GS-5734, as a poly-
merase inhibitor is in clinical trials (Chaudhuri et al., 2018). For dengue
infection, modipafant and celgosivir are in clinical trials. Modipavant
activates the platelet-activating factor receptor (PAFR). Celgosivir,
derived from a natural product inhibits alpha-glucosidase I (Chaudhuri
et al.,, 2018). Brincidofovir is in a clinical trial for smallpox and
adenovirus infection. Tecovirimat, which was identified by high
throughput screening is also being developed for smallpox and inhibits
p37, a viral protein (Chaudhuri et al., 2018). For influenza treatment,
Japan has approved favipiravir under certain conditions however it has
not been approved elsewhere. Baloxavir marboxil and pimodivir tar-
geting the polymerase side of the influenza virus are in clinical trials
from 2018 in the USA. These two compounds do not allow a virus to
control block the transcription process in a virus (Chaudhuri et al.,
2018).

The quest for new, improved antivirals for the influenza virus is still
high though there are still vaccines against the virus. Out of 138 virus
species, 59 of the viruses were found to be infectious for human beings
from companion animals and were found to have zoonotic potential.
Wild animal species were found to be the main source of new emerging
viruses, leading to new diseases and epidemics (Reperant et al., 2016).
To protect humans from harmful viruses, it is important to first identify
methods that can be adopted to combat emerging viruses. Viruses are a
potential threat to the world as they disperse easily and are communi-
cable within days. Hence, a global surveillance system is necessary to
combat these viruses. Proper investigation in the sources of new human
viruses is also required (Woolhouse et al., 2012). The emergence of new
viral infections and resistance to current antiviral therapy has urged
scientists to design new antiviral agents. These antivirals can be divided
into two groups: one that inhibits virus, and the other that inhibits host
cells. Most antivirals target viral polymerases and proteases, while
drug-resistant viruses are one of the main challenges in viral therapy.
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Table 5
Drugs that have completed clinical trials and vaccines in clinical trials.

T. Drugs and combinations T.  Vaccine

pP* P

4 Danoprevir + Ritonavir 4 Bacille Calmette-Guérin (BCG)
Vaccine

4 Ganovo + Ritonavir 4 Polio vaccine

3 Favipiravir 3 Measles-Mumps-Rubella
Vaccine

3 Hydroxychloroquine 3 Candidate Coronavirus Disease
Vaccine (ChAdOx1 nCoV-19)

3 Baricitinib 3 IMM-101 immune stimulating
therapy for cancer patients

3 Hydroxychloroquine + 3 Reconstituted vaccine

Azithromycin containing VPM1002

(Mycobacterium bovis)

3 Remdesivir 3 Convalescent immune plasma
treatment

2 Chloroquine diphosphate 2 Recombinant Novel
Coronavirus Vaccine
(Adenovirus Vector)

2 Tirofiban injection associated with 2 Inactivated SARS-CoV-2

acetylsalicylic acid IV + vaccine

Clopidogrel + fondaparinux

2 Lopinavir/ritonavir + Ribavirin + 2 Covid-19 Synthetic Minigene
interferon beta-1b Vaccine
2 Tocilizumab 2 “Gam-COVID-Vac ", drug

solution for intramuscular

administration

Lipid nanoparticle

encapsulated mRNA-based

vaccine (mRNA-1273)

Lyofilizate drug “Gam-COVID-

Vac Lyo"

Heat-inactivated plasma from

donors with COVID-19 (V-

SARS)

Vaccine with autologous

dendritic cells loaded with

antigens from SARS-CoV-2 (AV-

COVID-19)

2 RNA vaccine candidate
(BNT162b1)

1 Artificial antigen presenting
cells vaccine

1 Recombinant SARS-CoV-2
Trimeric S Protein Subunit

2 Hydroxychloroquine + Lopinavir/ 2
Ritonavir-+Interferon-p 1a/
Interferon-p 1b

2 Methylprednisolone 2

1 Ivermectin 2

1 Favipiravir 2

Vaccine

1 SARS-CoV-2 rS nanoparticle
vaccine with or without Matrix-
M

1 Bacterial medium with live
bifidobacterium longum
(bacTRL-spike)

1 Covid-19 Synthetic minigene
vaccine

1 Candidate adjuvanted
recombinant protein SARS-
COV-2 vaccine (Covax-19™)

1 COVID19 vaccine

*Trial phase.

Another obstacle is that most of the viruses are eliminated but genetic
material is left behind in the host, which can still cause the infection
(Lou et al., 2014). The resistance of viruses to various drugs can only be
overcome by designing antivirals against the conserved regions of the
viruses (Saxena et al., 2010). Nevertheless, several antiviral inhibitors
(brivudine, acyclovir, TDF, foscarnet, famciclovir, lamivudine, etc.) are
used for the treatment of more than one virus. Perhaps more defined
computational studies can be used in the future to design such com-
pounds that can be used to target many infectious viruses.

In all kinds of infections, cytokine storms are apparent therefore a
combination therapy having antiviral agents with immunotherapy may
have significant effects (Delia et al., 2013). It has been established now
that SARS-CoV-2 induces strong cytokine storms which result in



A.Z. Mirza et al.

SARS-CoV-2 induced pneumonia. Hence, it is necessary to identify
current existing therapies to treat hyper inflammation to reduce
COVI-19 associated mortality (Nile et al., 2020). It has been reported
that therapies of COVID 19 with glucocorticoids, chloroquine, tocilizu-
mab have proved to be effective in COVID 19 patients. Moreover, it has
been suggested that TNF blockers, IFN-aff receptor blockers or antago-
nists ulinastatin, siponimod, eritoran, and other oxidized phospholipids
inhibitors may also be proved to be effective against HCoV-induced in-
flammatory response. However, clinical trials and further investigation
is necessary to ascertain their role in it (Ye et al., 2020). Given in Table 4
is the list of the drugs that have been completed at various clinical
phases and the list of the vaccines that are in the various clinical phases.
Most of the work in the clinical trial of vaccines work in clinical trials are
on BCG and attenuated COVID 19 virus (ClinicalTrial.gov, 2020).

10. Conclusions and future perspectives

Throughout the last 50 years, enormous efforts have been made in
the field of antiviral drug discovery, and many antiviral drugs are
available to treat different human infectious diseases. To the best of our
knowledge, this review presents, for the first time, a comprehensive
overview of viruses discovered over the past 100 years. To emphasize
the most recent development in antiviral drug discovery, the present
studies highlight an absolute summary of potential antiviral agents. It is
still a challenge for the scientific community to rapidly develop antiviral
drugs that will continue to be essential for antiviral treatments against
current and emerging viral infections. We anticipate that novel antiviral
therapies, planning, and management might contribute towards the
elimination and eradication of human infectious diseases in the future.
We believe that new antivirals can be in the future to be approved and
categorized for the cure of a broad range of emerging infectious diseases.
In the end, it is also recommended that there is a need to increase so-
cietal awareness of high-risk animals that have a history of causing ep-
idemics. Three-dimensional structure comparisons and sequence
analysis of the protease structures of the three viruses-MERS, SARS, and
SARS-CoV-2 have shown that perhaps in the future, a drug or vaccine
can be formulated that may be effective against all three viruses.
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