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Abstract
Coronavirus disease 2019 (COVID-19), an ongoing global health emergency, is a highly transmittable and pathogenic viral
infection caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Emerging in Wuhan, China, in December
2019, it spread widely across the world causing panic—worst ever economic depression is visibly predictable. Coronaviruses
(CoVs) have emerged as a major public health concern having caused three zoonotic outbreaks; severe acute respiratory
syndrome-CoV (SARS-CoV) in 2002–2003, Middle East respiratory syndrome-CoV (MERS-CoV) in 2012, and currently this
devastating COVID-19. Research strategies focused on understanding the evolutionary origin, transmission, and molecular basis
of SARS-CoV-2 and its pathogenesis need to be urgently formulated to manage the current and possible future coronaviral
outbreaks. Current response to the COVID-19 outbreak has been largely limited to monitoring/containment. Although frantic
global efforts for developing safe and effective prophylactic and therapeutic agents are on, no licensed antiviral treatment or
vaccine exists till date. In this review, research strategies for copingwith COVID-19 based on evolutionary and molecular aspects
of coronaviruses have been proposed.
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Introduction

Coronaviruses (CoVs) are spherical RNA viruses, deriving
name from Latin word “corona” or crown as they appear like
a royal crown under the electron microscope due to

characteristic spike projections on their spherical surface.
CoVs belong to family Coronaviridae within order
Nidovirales , which further has two subfamil ies:
Orthocoronavirinae and Torovirinae . Subfamily
Orthocoronavirinae encompasses four genera: alpha
coronavirus, beta coronavirus, gamma coronavirus, and delta
coronavirus [1]. Beta coronaviruses are a subgroup of the
coronavirus family, large enveloped positive-sense single-
stranded RNA (+ssRNA) viruses able to infect a wide variety
of mammals and avian species, causing mainly respiratory or
enteric diseases [2]. Discovered long back in 1960s, HCoV-
229E and HCoV-OC43 were known to cause common cold in
humans. To date, seven beta coronaviruses are known to cause
human disease—the prevalent strains, HCoV 229E, HKU1,
NL63, and OC43, typically cause mild infections of the upper
respiratory tract in humans [3–5]. However, scenario has al-
tered in the past two decades with CoVs becoming a major
public health concern as three strains, SARS-CoV [6, 7],
MERS-CoV [8, 9], and the newly identified SARS-CoV-2,
are associated with serious respiratory diseases and have led
to severe zoonotic outbreaks [10–12]. The SARS-CoV pan-
demic initiated in Guangdong Province, China, in 2002. The
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infected patients exhibited pneumonia symptoms with a dif-
fused alveolar injury which lead to acute respiratory distress
syndrome (ARDS); the disease quickly spread worldwide
causing serious illnesses and nearly 800 deaths in 2002–
2003 [13, 14]. MERS-CoV epidemic took place in 2012 [8,
9]. In both cases, the infected patients manifested severe acute
pneumonia, but while SARS-CoV infected mainly the lower
respiratory tract, MERS-CoV caused more pronounced gas-
trointestinal symptoms, often associated with kidney failure
[15, 16]. TheWorld Health Organization (WHO) has reported
a total number of 2519MERS-CoV cases with 866 associated
deaths from 2012 to 31 January 2020 [17].

SARS-CoV-2 and the COVID-19 Pandemic Currently, the novel
coronavirus, SARS-CoV-2 alternatively termed 2019 nCoV,
has caused panic with WHO declaring it as a global health
emergency on 30 January 2020 [18]. It was initially identified
in the city of Wuhan, China, in December 2019; patients pre-
sented with severe viral pneumonia and respiratory illness.
The number of cases has been mounting since then to whop-
ping figure of around six and half million globally [19–22].
The disease caused by SARS-CoV-2 has been named
COVID-19, a highly transmittable and pathogenic respiratory
infection, which has become a public health emergency of
international concern as no clinically approved antiviral drug
or vaccine is available—though few broad spectrum antiviral
drugs and drug combinations in clinical trials have resulted in
clinical recovery [23–27]. Convalescent plasma (CP) therapy
has recently been shown to be well tolerated, and severe
COVID-19 cases could potentially improve the clinical out-
comes by neutralizing viremia [28]. Transmission is via respi-
ratory droplets or aerosols on exposure to coughing, sneezing,
and close contact with an infected person [29]. Social distanc-
ing, face masks, and frequent hand sanitization are recom-
mended preventive measures. Personal protective gear as rec-
ommended is to be used by healthcare workers for their safety.
Containing the outbreak before it can spread is the best way to
prevent pandemics. Border closures, screening at airports, and
checkpoints—classical measures implemented in
pandemics—can reduce spread of the virus but will not be a
fool-proof strategy [30, 31]. Millions of people travel every
day from one country to another; a disease originating in one
country can rapidly spread to other countries regardless of
distances between them. This is particularly visible in the rap-
id spread of COVID-19, which affected almost every country
in the world within 3 months of the first reported case.
Information technology is playing its own role with numerous
apps coming up, purportedly helping cope with awareness,
management, and controlling spread of this disease—like
“Aarogya setu App” in India.

This disease can remain asymptomatic during around
14 days incubation period of SARS-CoV-2. The SARS and
MERS CoVs evade immune responses during longer

incubation periods. The spectrum of COVID-19 disease is
broad—most commonly reported symptoms of are fever, my-
algia or fatigue, dry cough, and dyspnea. Around 80% of
infections are mild, resolving within a week without any spe-
cific treatment or hospitalization. Amongst hospitalized cases,
pneumonia, sepsis, respiratory failure, and ARDS are fre-
quently encountered complications, and in severe cases, pro-
gressive respiratory failure can be fatal [32–34].
Overproduction of early response pro-inflammatory cytokines
can result in cytokine storm leading to vascular
hyperpermeability, reduced anticoagulant concentration, im-
paired anticoagulant–procoagulant balance predisposing to
development of microthrombosis, disseminated vascular co-
agulation, and multi-organ failure [35]. This is evidenced in
severe COVID-19 pneumonia where raised d-dimer is a poor
prognostic feature and disseminated intravascular coagulation
is common in non-survivors [36].

As clinical manifestations of COVID-19 range from mild
to moderate, more systematic symptoms and severe radiolog-
ical abnormalities are seen in older patients [37]. Children and
younger adults can remain as asymptomatic carriers [38–40].
The possibility for gastrointestinal involvement in SARS-
CoV-2 infection and feco-oral transmission has been sug-
gested [41]. WHO has estimated overall mortality rate of
3.7% in spite of the significant infectivity rate, majority deaths
typically occurring amongst elderly patients, patients having
multiple comorbidities, and immune compromised population
[42].

Evolutionary Origin and Transmission
of Coronaviruses

The COVID-19 epidemic has reached worldwide resonance;
global efforts are being undertaken to characterize the molec-
ular features and evolutionary origins of this virus. CoVs are
typically harboured inmammals and birds—being common in
camels, cattle, cats, bats, and other animals [43–45]. Alpha
and beta coronaviruses circulate in mammals, including bats.
Gamma coronaviruses mostly infect avian species and a few
mammalian species, whereas delta coronaviruses infect birds
and mammals [46, 47]. Animal CoVs are known to cause
important diseases in animals and are responsible for econom-
ic losses in domestic animals or bird. Although rare, zoonotic
events do occur wherein animal CoVs acquire the ability to
infect humans and further spread through human-to-human
transmission [48, 49].

Studies have shown that bats harbour CoVs that are ances-
tral to SARS-CoV which have been circulating in bats for a
long time before genetically changing and jumping to humans
[50]. Rhinolophus bats were found to have anti-SARS-CoV
antibodies suggesting bats as a source of viral replication [51].
Further, studies have revealed that palm civets and raccoon
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dogs, of Chinese local food markets, harbour SARS-related
CoVs (SARSr-CoVs) suggesting that they could be key res-
ervoir of infection and may be secondary hosts. This detection
of SARSr-CoVs in bats and small animals in retail markets
may indicate an interspecies transmission from bats to small
animals and finally to humans [52]. In 2001, samples from the
healthy persons of Hong Kong on molecular assessment
showed 2.5% frequency rate of antibodies against SARS-
CoV, indicating that SARS-CoV might have been circulating
in humans before causing the outbreak in 2003 [53]. MERS-
CoV reportedly has camels as a zoonotic source or primary
host [44]. In a recent study, MERS-CoV was also detected in
Pipistrellus and Perimyotisbats, favouring bats as key host
and transmitting medium of this virus [54].

Metagenomics analysis of phylogenetic relationships be-
tween SARS-CoV-2, SARS-CoV, bat SARS r-CoVs, and
Bat CoV revealed that SARS-CoV-2 genome (~ 29.9 kb)
shares 79.5% sequence identity with SARS-CoV. Again,
close phylogenetic relationship between SARS-CoV-2 and a
bat CoV, 96% identical at whole genome level, points to bat
origin of SARS-CoV-2 and bats as probable “key reservoirs”
[55]. Overall, these studies highlight bats as carriers of viruses
with zoonotic and devastating potential. However, intermedi-
ate source of origin and transfer to humans is not known;
further studies are needed to determine whether the virus
was transmitted to humans by an intermediate host.
Nevertheless, rapid human-to-human transfer has been widely
confirmed, already reported from more than 100 countries in
the world [56, 57].

Research Strategies to Limit Zoonotic Transmission
and Prevent Future Coronaviral Outbreaks

Coronaviruses will continue to infect multiple species and cell
types, including humans due to their ability to recombine and
mutate. The source and spread of these CoVs necessitate to be
evidently firmed; urgency finance for investigation on system-
atic basis of their spread and their pools is required to frame
preventive plans to hold and regulate such outbreaks. In the
phylogenetic connection between extremely pathogenic
CoVs, their transitional zoonotic source requires to be vigor-
ously studied. Role of variations in human doings, biomes,
and environment in leading to such pandemics requires to be
studied as the changes in pathogen types, disease burden, and
distribution have arisen largely due to human activity. In the
last century, there was a reduced burden of infectious diseases
due to improved nutrition, better hygiene, and use of vaccines
and antimicrobials. However, in recent decades, there is an
upsurge of disease emergence and propensity to pandemics
much due to swelling global travel and trade, increasing hu-
man and livestock populations. Viruses have broad range of
hosts and are emerging pathogens [58].

In 2016, the United Nations Environment Programme
(UNEP) warned that zoonotic diseases are related to the health
of ecosystems. Zoonoses are opportunistic and increase with
changes in animal or human hosts, environment, or pathogen
itself. Pathogens have passed between animals and humans in
the last century due to reduction in ecosystems by human
intervention and population growth. Humans have encroached
into animal habitats and disturbed natural buffer zones be-
tween animals and humans leading to emergence of zoonosis.
Livestock serves as a bridge between wildlife and human in-
fections and forms a part of wildlife–livestock–human
interface. Consumer demand for livestock has increased due
to economic growth leading to rigorous livestock farming near
and around cities, thereby, expanding chances of zoonotic
diseases. In addition, natural source of disease resistance is
genetic diversity but “intensive livestock rearing” often pro-
duces genetic similarities within herds and flocks, making
them susceptible to pathogen spillover from wild animals.
Consumption of wild animals in wet markets can also facili-
tate animal to human transmission. Frequent climate change
tells upon the survival of microbes in the environment, sug-
gesting the more frequency of pandemics due to rapid change
in climate [59].

Thus, if we need to stop such pandemics in the future, we
need to focus on the influence of human activities on ecosys-
tems. Experiments on monitoring of human and wildlife
health will improve understanding and preparedness for po-
tential pandemics. It invites for collaborative, trans-disciplin-
ary, and international efforts as summarized by the “One
Health Approach”—a concept of combining human, animal,
and environmental components to address global health chal-
lenges having ecological interdependence. “One Health
Approach” wherever adopted is seen to have significant im-
pacts on control of infectious diseases [60]. Ultimately, “If we
have a robust plan for protecting nature, nature will protect
humanity”.

Last but not the least, strategies to curb the transmis-
sion of virus should be put in place in a more stringent
way. The correct use of personal protective equipment
(PPE) and regular and thorough hand hygiene are key
measures in the prevention and control against infection
through contact transmission, droplet transmission, and
airborne virus particles. In addition, maintaining a con-
stant and regular supply of drugs is indispensable during
the pandemic. Healthcare professionals are at three times
higher risk than common individuals so their body tem-
perature, nucleic acid, and specific antibodies for COVID-
19 should be monitored regularly. During pandemic, psy-
chological illness is rampant so individuals especially
healthcare workers should be evaluated for psychological
illness, if any. Our understanding of the virus deepens,
and with the constant improvement of diagnosis, treat-
ment, and strategies for prevention and control, healthcare
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professionals should continue to actively collect and im-
prove their services based on the latest information [61].

Molecular Aspects: Genomics, Proteomics,
and Transcriptomics of Coronaviruses

A crucial need to counteract the COVID-19 pandemic has
arisen; no specific drug or vaccine is available as yet. For
effective therapeutics and vaccine development elucidation
of genetic features and molecular constituents of CoVs includ-
ing SARS-CoV-2, unravelling the mechanisms of infection,
molecular basis of virus–host interaction, its regulation, and
host responses is needed. Global efforts are being undertak-
en—biotechnological, molecular, and bioinformatic advances
have been helpful in making available details related to the
genomics and proteomics of these CoVs, especially SARS-
CoV-2 in a very short time [62].

Genome Organization, Replication, and Transcription
of CoVs

The CoVs are ~ 65–125 nm in diameter, containing single-
stranded RNA ranging from 26 to 32 kbs in length as nucleic
material, being enveloped in lipid bilayer derived from the
host cell membrane. The structural together with few non-
structural proteins (nsps) are coded within the 3′ end of the
viral genome, whereas the 5′ two-thirds of the genome codes
for nsps that are important in viral replication, including the
RNA-dependent RNA polymerase (RdRP) [63, 64] .

RNA of CoVs codes for four major structural proteins in-
volved in its replication as well, termed as spike (S), mem-
brane (M), envelope (E), and nucleocapsid (N) proteins. Some
beta coronaviruses also code for protein hemagglutinin ester-
ase (HE). The S, M, and E proteins lie in the viral envelope.
The S protein is heavily glycosylated forming homotrimeric
spikes on the surface of the viral particle required for binding
and entry into host cells. Amongst the four, M protein is the
most abundant and important protein giving the virion primar-
ily its shape; besides, it interacts with other structural proteins
to perform various functions. Interaction of S proteins with M
proteins is needed for its incorporation into new virions
[65–67]. In the same way, M protein along with the smallest
one E protein which is found in small quantities is involved in
virus assembly, forming ofmature viral envelopes, and release
of viral particles from host cells. E protein is mostly expressed
in the infected cell; it is important for production and matura-
tion of the virus, and its interaction with PSD95/DLG/ZO-
1(PDZ) proteins involved in host cell processes is important
for viral infection. The N protein is located in the core of the
viral particle forming the nucleocapsid of viral RNA and is
involved in replication [68, 69].

Generally, the transcription and replication of CoVs take
place in the host cell cytoplasm following viral entry. Spike
proteins of the virus bind with the host receptor, structural
changes occur followed by endocytosis, which is pH depen-
dent [70], and the virus releases its RNA inside the host cell
cytoplasm. Translation of the 5′ end of viral RNA produces
the RdRP, which uses viral RNA as a template to generate
series of virus-specific mRNAs or sub-genomic mRNAs from
sub-genomic negative strand intermediates. Translation of
sub-genomic mRNAs leads to production of structural and
nonstructural viral proteins; they share the same 3′ ends and
the same leader sequence of 70–90 nucleotides at their 5′ ends
[71]. Once sufficient, structural proteins and genomic viral
RNA are synthesized; viral assembly and budding occur in
smooth-walled vesicles in the endoplasmic reticulum–Golgi
intermediate compartment (ERGIC) [72].

RNA of coronavirus is polycistronic containing approxi-
mately seven genes: 5′ region mainly contains large replicase
gene for replication and transcription process, and the 3′ re-
gion contains nonessential accessory proteins expressed from
sub-genomic mRNAs [73]. The large replicase gene at 5′ end
encodes replication–transcription complexes (RTCs) amongst
CoVs which comprise of two overlapping open reading
frames (ORFs), ORF1a and ORF1b. Translation of these
ORFs results in two very large polyproteins, polyprotein 1a
(PP1A) and polyprotein 1ab (PP1AB), further leading to for-
mation of nonstructural proteins by co- and post-translational
modifications by various proteinases. ORF1b encodes en-
zymes which are needed in RNA replication and its transcrip-
tion. All CoVs contain specific genes in ORF1 downstream
regions that encode proteins for viral replication, nucleocap-
sid, and spike formation [74, 75]. CoVs contain double-
membrane vesicles (DMVs) which are attached with RTCs;
these DMVs are derived from network of modified ER mem-
branes, also referred to as convoluted membranes (CMs) [76].
The replication of CoVs is inhibited by addition of drugs in
the early-secretory phase or by addition of RNAi [77].

Focus on SARS-CoV-2

Genome of this lethal virus has been isolated; a total of
120 whole genome sequences of SARS-CoV-2 could be
downloaded from the GISAID database as depicted in
Fig. 1 (https://www.gisaid.org/CoV2020/). Sequences
that likely had spurious mutations resulting from
sequencing errors were indicated in the comment field
of the GISAID data. Its genome is a +ssRNA virus
having 29,903 bp length with 3′ poly A tail and 5′ cap.
GenBank: MN908947.3; Locus MN908947 (https://www.
ncbi.nlm.nih.gov/nuccore/MN908947), having 38 aa
protein sequence; Locus QHI42199 (https://www.ncbi.
nlm.nih.gov/protein/QHI42199.1). The genome of the
SARS-CoV-2 reportedly is over 80% identical to the
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previous SARS-like bat CoV, and according to the evolu-
tionary tree, SARS-CoV-2 lies close to SARS-CoV. The
ORF1AB is the largest gene in SARS-CoV-2 which en-
codes the PP1AB protein and 15 nsps. The ORF1A gene
encodes for PP1A protein which also contains 10 nsps.
Further, the PP1A and PP1AB encoded by the ORF1a/b
give rise to viral proteases, papain-like protease (PLpro),
and 3C cleavage-like protease (3CLpro/Mpro), for creat-
ing non-structural proteins (RdRp, helicases) [78]. Mpro
is a crucial enzyme facilitating viral replication and tran-
scription. Recent studies have indicated notable variations
in SARS-CoV and SARS-CoV-2 such as the absence of
8a protein and fluctuation in the number of amino acids in
8b and 3c protein in SARS-CoV-2 [79, 80]. Spike glyco-
protein of the SARS-CoV-2 has reportedly modified via
homologous recombination; it is a mixture of bat SARS-
CoV and a not known beta-CoV [81].

Coronavirus Binding and Entry into Host Cells

Attachment and entry of CoVs into host cells is mediated by
“S” protein on outer surface of CoVs. S protein has two do-
mains: S1 and S2 [82]. Within S1 domain, receptor-binding
domain (RBD), located at the C-terminus in SARS-CoV and
MERS-CoV, mediates binding to the associated host cell re-
ceptor, while the S2 domain brings about the merger between
viral and host cell membranes through endosomal pathway,
leading to the entry of the viral genome into the cytoplasm of
host cell. The virus may infect multiple hosts as the receptor-
binding domain (RBD) is loosely attached to it [83, 84]. CoVs
mostly identify carbohydrates or amino peptidases as a key
receptor for entry to human cells [85]. The mechanism of
entry of CoV in host cell is governed by cellular proteases
including human airway trypsin-like protease (HAT), cathep-
sins, and transmembrane protease serine 2 (TMPRSS2) which
cleave spike protein and start further infiltration [86].

Varied CoVs bind to diverse receptors on host cells.
MERS-CoV binds to dipeptidyl-peptidase 4 (DPP4, also
known as CD26) receptor. Human angiotensin-converting
enzyme 2 (hACE2), a zinc-dependent carboxypeptidase,
responsible for regulating blood pressure, also acts as a
receptor of entry for SARS-CoV, HCoV-NL63, and
SARS-CoV-2 [87–89]. The critical lysine 31 residue on
the hACE2 receptor recognizes glutamine 394 residues in
the RBD region of SARS-CoV-2 [90]. Comprehensive
pathogenic mechanism of SARS-CoV-2 is depicted in
Fig. 2 [91]. Current studies have indicated 74% homology
between amino acid sequence of RBD of SARS-CoV-2
and SARS-CoV [92] and notable variations between
SARS-CoV and SARS-CoV-2 such as the absence of 8a
protein and variation in the number of amino acids in 8b
and 3c protein in SARS-CoV-2 [93]. As per a recent
study, S protein of SARS-CoV-2 has higher affinity to
ACE2 receptor as compared with S protein of SARS-
CoV which might be attributed to the N501T mutation
in spike protein of SARS-CoV-2.

The spike protein of SARS-CoV-2 binds to hACE2 which
is highly expressed in the lungs and heart. Studies suggest that
there is an elevation in angiotensin II in COVID-19 patients
which advocates that binding of COVID-19 to ACE2 leads to
enhanced conversion of angiotensin II from angiotensin I
through the renin-angiotensin-aldosterone system (RAAS)
thereby increasing cardio-myocyte hypertrophy and high
blood pressure leading to myocardial injury, myocarditis,
and cardiac arrhythmias [94]. In case of diabetics, there is an
altered production of cytokine, impaired T cell–mediated im-
mune response, inhibition of neutrophil chemotaxis, ineffec-
tive microbial clearance, and phagocytic cell dysfunction
which together with the entry of coronavirus into host
pneumocytes mediated by ACE2 receptor adds to the severity
of COVID-19 in patients with diabetes mellitus. So, ACE2
may play a key role in the severity of COVID-19 infection
in diabetic patients [94].

Fig. 1 Representative picture of 30,473 bp length RNA of Wuhan virus (NCBI Genome ID MN908947) [Reprinted from GISAID EpiFlu™ Database
on signing the GISAID EpiFlu™ Database Access Agreement with proper permission]
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The Coronavirus–Human Interactome

X-ray crystallography has determined the crystal structures of
CoV–human interactomes to fully understand the initial step of
infection atmolecular level. For the first time, crystalline structure
for HCoV-NL63 S1-CTD complexed with human ACE2 was
discovered followed by SARS-CoV S1-CTD complexed with
ACE2, displaying common receptors [95, 96] which was follow-
ed by MERS-CoV S1-CTD complexed with human DPP4 [97].
Overall binding mode of ACE2 with SARS-CoV-2–RBD is
nearly identical to that of the SARS-CoV–RBD as per the recent
elucidation of their crystal structure. There are amino acid resi-
dues in RBD of SARS-Co-V, majority of which are highly con-
served, or share alike side chain properties with RBD of SARS-
CoV. Crystal structure of SARS-CoV-2–RBD complexed with
ACE2 is available at protein data bank (PDB) [98].

Clinical Research Strategies to Combat COVID-19:
Targets to Focus upon

Presently, no registered antiviral drug for use in patients with
COVID-19 is there. On top of it, there is no efficient vaccine

available for COVID-19 in humans. The standard of care is
“Supportive” and includes drugs like protease inhibitors
(lopinavir/ritonavir; darunavir + ritonavir; darunavir/
cobicistat); chloroquine or hydroxychloroquine; tocilizumab,
monoclonal antibody against chimeric antigen receptor T
cells; nucleotide inhibitor like remdesivir (a broad-spectrum
antiviral); methylprednisolone 20 mg × 2/day; and antibiotic
therapy using third-generation cephalosporin, clarithromycin,
or azithromycin or alternatively fluoroquinolones in case of
secondary bacterial infections [99].

A crucial need for a clinical research and therapeutic strat-
egy to counteract this epidemiological outbreak remains. We
have no empirical enveloped cure or vaccine for this poten-
tially fatal disease; coordinated international efforts for devel-
oping therapeutics and vaccines for SARS-CoV-2 are needed.
Although several clinical trials are currently underway to test
possible therapies, current response to the COVID-19 out-
break has been largely limited to monitoring/containment.
Various biotechnological, molecular tools, and advances in
bioinformatics have been instrumental in making available
details related to the genomics and proteomics of this virus.
Some light has been shed on genetic features, molecular

Fig. 2 The life cycle of SARS-CoV-2 in host cells [Reprinted from J.Adv. Res., vol. no. 24, Muhammad AS, Suliman K, Abeer K, Nadia B, Rabeea S,
COVID-19 infection: Origin, transmission, and characteristics of human coronaviruses, page no. 91-98, 2020, with permission from Elsevier]
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constituents, and mechanisms of infection. Armed with this
information research is progressing at a rapid pace to develop
therapeutic strategies, neutralizing antibodies and vaccines to
address this disease COVID-19 which has spread as a pan-
demic of mammoth proportions. A wide variety of therapeutic
options are being evaluated in an earnest attempt to find a
cure. A drug, from time of its inception to qualifying all three
phases of clinical trials, can take years to reach market; nev-
ertheless, coordinated international efforts and adequate
funding can make drugs against COVID-19 available within
a record time. Bioinformatics and in silico drug modelling, a
boon for speedy drug development, are being exploited.
Recent in silico master regulator analysis has shed light on
SARS-CoV-2/human interactome detailing the host receptor
recognition. Features of the human interactome most affected
by the infection including apoptotic and mitochondrial mech-
anisms and downregulation of the ACE2 protein receptor have
been propounded [100].

There is an upregulation of ACE2 in diabetes and hyper-
tension as they are being treated by ACE inhibitors and an-
giotensin II type-I receptor blockers (ARBs). ACE2 is also
increased by drugs such as thiazolidinediones and ibuprofen.
Consequently, the increased expression of ACE2 would facil-
itate infection with COVID-19 and increase the risk of devel-
oping severe fatal COVID-19 viral infection. A further aspect
that should be investigated is the genetic predisposition for an
increased risk of SARS-CoV-2 infection, which might be due
to ACE2 polymorphisms that have been linked to diabetes
mellitus, cerebral stroke, and hypertension, specifically in
Asian populations. Summarizing this information, the sensi-
tivity of an individual might result from a combination of both
therapy and ACE2 polymorphism [101].

Expectedly, development of neutralizing antibodies may
take less time due to their speedy trials and high specificity,
as a prompt option repurposing of broad spectrum antiviral
agents and their combinations is being frantically evaluated.

Conclusions

Since its emergence, SARS-CoV-2 has drawn well-deserved
attention. It led to a pandemic that has shocked and devastated
the human world, shattering its economy—massive economic
recession is predicted. It is likely that these coronaviruses will
continue to emerge and evolve, causing both human and vet-
erinary outbreaks due to their ability to recombine, mutate,
and infect multiple species and cell types, including humans.
The future of human CoV outbreaks will depend not only on
how the viruses will evolve but also on the development of
efficient prevention, treatment strategies, and our prepared-
ness to deal with them. Priority funding for research on mech-
anistic basis of transmission of coronaviruses from one spe-
cies to other, their reservoirs, zoonotic diseases, possible role

of environmental changes, and pollution in leading to such
epidemics is needed to face the imminent challenge of such
repeated outbreaks. Very rapid and efficient human-to-human
transmission is confirmed which is of immense concern ne-
cessitating speedy development of therapeutic modalities.
Neutralizing antibodies and vaccines could play significant
roles in controlling COVID-19. Studies on human–
coronavirus interactome developing suitable therapeutic
agents and vaccines are needed. Research at accelerated pace
is needed to translate into therapies and vaccines. Hopefully,
lessons from handling this outbreak will allow us to be better
prepared in the future—the viruses can keep coming.
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