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INTRODUCTION

At the end of late December, 2019, an outbreak of a novel
coronavirus (SARS-CoV-2) that causes a severe acute respira-
tory illness was reported from Wuhan city in the Hubei Province
of China. The disease known as “COVID-19” (coronavirus
disease 2019) gradually affected more than 190 countries world-
wide with total confirmed cases of around 5,044,814 with a
mortality of around 327,448 as of 20.5.2020. Due to the rapid
spread of this virus across the countries worldwide, World
Health Organization (WHO) declared COVID-19 as pandemic
on dated 11th March 2020. Similar such outbreaks happened
earlier on 2002-2003 in the form of Severe Acute Respiratory
Syndrome (SARS) and again in 2011 in the form of Middle
East Respiratory Syndrome (MERS) caused by some newly
discovered coronaviruses (SARS-CoV and MERS-CoV) belon-
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ging to the genus Betacoronavirus having zoonotic origin. The
genome of SARS-CoV-2 virus is fully sequenced [1] having
similar, but distinct genomic composition of MERS-CoV and
SARS-CoV. Since it is a novel virus, its future course is largely
unknown. Hence, it will take many more years of research to
fully understand the characteristics of this virus, its origin and
symptoms along with the immune response associated with
the host in combating this viral infection. Based on the previous
data available for the two viruses, SARS-CoV and MERS-
CoV, one can have an idea about the host immune response
against this particular SARS-CoV-2 virus and also mechanisms
of the virus uses to evade the host immune response. This
review will highlight some important characteristics of the
virus along with the recent advancements in therapeutics for
the treatment against this novel coronavirus based on the avail-
able data.
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creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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Discovery of a novel B-CoV strain (SARS-CoV-2): The
corona viruses are enveloped viruses containing a positive sense,
single-stranded RNA genome with size ranging from 26-32
kb in length [2] and can be broadly classified into four distinct
genera such as o, B, ¥, 3-CoVs. Among them, o-coronavirus
(HCoV-229E and NL63) and -coronavirus (HCoV-OC43 and
HCoV-HKU1, MERS-CoV, SARS-CoV) are known to infect
humans [3]. The B-CoVs (HCoV-OC43 and HCoV-OC43) and
0a-CoVs (HCoV-NL63 and HCoV-229E) have low pathogenic
potential causing mild respiratory symptoms. In comparison,
SARS-CoV and MERS-CoV, the two other B-CoVs having
high pathogenicity causes severe and fatal respiratory tract
infections [4]. In December 2019, an unknown microbial infec-
tion was reported in Wuhan, China affecting individuals who
were suffering from cough, fever and dyspnea with acute respir-
atory distress syndrome (ARDS). Subsequent viral genome
sequencing from the patients with pneumonia revealed that
the unidentified microbial infection is caused by an unknown
B-CoV strain [5]. By analyzing the genome sequence of this
novel B-CoV, it was found that the virus is most closely related
to bat CoV RaTG13 having 96.3% genome sequence identity
followed by about 88% genome sequence identity with the
two bat derived SARS-like coronavirus, bat-SL-CoVZ(C45 and
bat-SL-CoVZXC21 and is distantly related to MERS-CoV and
SARS-CoV with about 50% and 79.5% genome sequence
identity, respectively [5-8]. The international Virus Classification
Commission named this novel unknown B-CoV strain as
‘SARS-CoV-2’ virus on February 11, 2020 [9]. Further phylo-
genetic classification revealed that SARS-CoV-2 virus (29.8 kb)
belonged to the subgenus Sarbecovirus of genus Betacoronavirus
surrounded by an envelope containing single stranded positive
sense RNA genome [5,6].

Genomic architecture of SARS-CoV-2: The genomes
of coronaviruses consist of 6-11 open reading frames (ORFs).
About two-third of the viral RNA are found in the first ORF
(ORFla/b). The viral RNAs are mainly translated into ppla
and pplb, two large polyproteins. The polyproteins are subse-
quently processed (proteolytically cleaved) into 16 non-structural
proteins (nsps) forming the replicase transcriptase complex in
the virus [4,10]. The main role of the nsps is to rearrange the
membranes that originate from the rough endoplasmic reticulum
into double membrane vesicles. The viral replication and trans-
cription mainly takes place in these double membrane vesicles
[6,9]. The remaining one-third part of the viral genome contain-
ing the other ORFs encodes four essential structural proteins
such as spike glycoprotein (S), envelope (E), nucleocapsid protein
(N) and matrix proteins (M) [11]. Apart from that several acces-
sory proteins are also encoded by these ORFs. The corona-
viruses mainly binds to the receptor of the host cell through
the spike surface glycoprotein (S) thereby determines host
tropism [12,13]. The spike glycoproteins of SARS-CoV and
MERS-CoV binds to the different host receptors through different
receptor binding domains e.g., ACE2 is the main receptor for
SARS-CoV [14] along with CD209L, which acts as the alter-
native receptor [15], while DPP4, dipeptidyl peptidase 4 is the
primary receptor for MERS-CoV. Recently based on the comp-
arison of genomes of three novel SARS-CoV-2 strains (Wuhan/

IVDC-HB-01/2019 (GISAID accession ID: EPI_ISL_402119)
(HBO1), Wuhan/IVDC-HB-05/2019 (EPI_ISL_402121) (HBOS)
and Wuhan/IVDC-HB-04/2019 (EPI_ISL_402120) (HB04),
it was found that the genomes of these strains are very much
identical with some minor differences, mainly five nucleotide
differences in the 29.8 kb genome [16]. Furthermore, it was shown
that the genome of SARS-CoV-2 was annotated to possess 14
open reading frames (ORF) that encodes 27 proteins. Among
them orflab and orfla genes encodes pplab and ppla poly-
proteins. The pplab and ppla are further processed into 15 non-
structural proteins (nsps) including nspl to nsp10 and nsp12
to nsp16. On the other hand the 3’-terminus of SARS-CoV-2
genome mainly contains four structural proteins (S, E, M and N)
and eight accessory proteins. The eight accessory proteins are
3a, 3b, p6, 7a, 7b, 8b, 9b, and orf14) [16]. The SARS-CoV-2
is very much similar to that of another coronavirus, SARS-CoV
at the level of amino-acid but there also exist some differences.
The 8a protein is absent in SARS-CoV-2, whereas it is present
in SARS-CoV virus. On the other hand, the 8b protein in 121
amino acid long it SARS-CoV-2 in compared to SARS-CoV
where it is 84 amino acid long. Differences also exist in case
of 3b protein; in case of SARS-CoV-2 it is 22 amino acid long
whereas it is 154 amino acids in case of SARS-CoV [16]. From
the whole genome sequencing data it was found that the SARS-
CoV-2 is very much closely related to SARS-like bat CoV's
and is less related to the the MERS-CoVs. From phylogenetic
analysis of the encoded proteins such as pplab, ppla, matrix,
accessory protein 7a envelope, and nucleo-capsid genes it was
also shown that SARS-CoV-2 is very much closest SARS-like
bat CoVs. In terms of spike glycoprotein gene the SARS-CoV-2
showed less than 75% genome sequence identity to bat-SL-
CoVZC45 and bat-SL-CoVZXC21 and human SARS-CoV
[17]. Furthermore, the spike glycoprotein of SARS-CoV-2
consists of S1 and S2 domains are longer than that of the spike
proteins in SARS-CoVs. The spike glycoprotein is essential
for the determination of host tropism and transmission of the
virus [5-8]. The S2 subunit of the spike glycoprotein has 99%
sequence identity with SARS-CoV. In the carboxyl terminal
domain of S1 subunit, the receptor binding domain (RBD) is
located which interacts with the human receptor. Recent homo-
logy modeling data suggests that SARS-CoV-2 has similar
receptor binding domain structure like that of SARS-CoV virus
inspite of having 70% genome sequence identity of SARS-
CoV-2 virus with that of SARS-CoV in the S1 domain [5,6,18,19].
It was also found that SARS-CoV-2 uses the same receptor
(ACE2) in the ACE-2 expressing cells (like type II alveolar
cells in lungs) for entry into the host cell [14,15]. The inter-
action of the virus with the host cell receptor is vital for the
pathogenesis. In terms of the other accessory genes such as 3a
and 8b, SARS-CoV-2 is related to the SARS-CoVs [16]. As
there exist a close relationship among SARS-CoV-2 and SARS-
like bat CoVs, a closer look into the amino acid substitutions
in different proteins pointed out how the SARS-CoV-2 is struct-
urally and functionally different from SARS-CoVs [16]. In case
of nsp7, nsp13, envelope, matrix or accessory proteins 8b and
p6 there is no amino acid substitution whereas in case of nsp2
and nsp3 there are 61 and 102 amino acid substitutions, respec-
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tively. Additionally, there are 27 amino acid substitutions on
the spike glycoprotein region (six substitutions in the receptor
binding domain between region 357-528 amino acids and six
substitutions in the underpinning domain between the region
569-655 amino acids) [16]. Another study also indicate that
there are four amino acid substitutions (Q560L, S570A, F572T,
and S575A) in the carboxyl terminal of the receptor binding
subunit S1 domain that lies on the two peptides that were known
to be antigens of SARS-CoV [21]. Finally, the genomic sequence
of SARS-CoV-2 isolated from various patients have 99.9%
genome sequence identity [5,6,18,19], which infers that the
SARS-CoV-2 may have originated from one source and hence
could be rapidly detected. Recently, a study also on the popu-
lation genetic analysis on 103 SARS-CoV-2 genomes pointed
out that SARS-CoV-2 virus evolved into two main types such
as L type and S type. Among them L type (70%) is the most
prevalent type than S type (30%). During the early stages of
the outbreak of SARS-CoV-2, L type, that was derived from S
type was most prevalent and further human intervention put
more selective pressure on the L type making it more aggressive
and as a result the virus have spread very quickly among the
population [22].

Replication and entry of virus: The spike glycoprotein
(S) plays a major role in the entry of coronavirus into the host
cells [23]. It was confirmed that SARS-CoV-2 virus uses the
same receptor, ACE2 for cellular entry just like SARS-CoV
[24]. The spike glycoprotein on the surface of the coronavirus
binds to the cellular ACE2 receptor on the human cells [25].
Initial reports pointed out that the direct membrane fusion
between the virus and the plasma membrane is responsible
for the SARS-CoV entry into the host cells [26]. This membrane
fusion is mediated by critical proteolytic cleavage on S glyco-
protein of SARS-CoV at position, S2’ thereby increasing
virulence [27]. Apart from that clathrin dependent and indepen-
dent endocytosis mechanisms also played a role in the entry
of SARS-CoV virus into the host cell [28,29]. The spike (S)
glycoprotein is composed of two subunits, S1 and S2 [30]. S2
subunit consists heptad repeat 1 (HR1) and heptad repeat 2
(HR2), two tandem domains that mediates the fusion of virus
with the host cell membrane while S1 subunit contains the
receptor binding domain and determines host specificity and
cellular tropism [31,32]. Following the membrane fusion of
the virus with the cell membrane, the viral genome RNA is
released into the cytoplasm. The uncoated RNA was then trans-
lated into ppla and pplab, two viral polyproteins which are
subsequently processed by viral encoded chymotrypsin like
protease (3CL"™) or main protease (M) and one or two papain
like protease into 16 non-structural proteins (nsps) forming
the replicase transcriptase complex (RTC) in double membrane
vesicles [5,7-9,33-35]. This is followed by the synthesis of a
nested set of various subgenomic RNAs (encodes various acce-
ssory and structural proteins) by RTC through discontinuous
transcription [35,36]. The envelope glycoproteins that are
newly synthesized are then inserted into the membrane of
endoplasmic reticulum or Golgi apparatus. On the other hand,
the viral nucleocapsid is formed from nucleocapsid proteins
and viral genomic RNA. Ultimately, the virus germinates into

the endoplasmic reticulum-Golgi intermediate compartment
(ERGIC). At last, the virion containing vesicles fuse with the
plasma membrane thereby releasing the virus [2,37]. From a
Cryo-EM study, it was found that the interaction between the
S-protein and the ACE2 receptor in SARS-CoV-2 virus is about
10-20 fold higher than that of SARS-CoV virus [38]. In one
study, it was shown that furin preactivation along with the proteins
cathepsin and transmembrane protease serine 2 (TMPRSS2)
enhance the entry of SARS-CoV-2 pseudovirus in vitro in
different cell lines such as lung fibroblast and epithelial cell
lines [39]. However in SARS-CoV, entry of the virus is
facilitated by TMPRSS2 and cathepsins [40,41] but not by furin
pre-activation [42]. This preactivation of furin makes the SARS-
CoV-2 virus less dependent on the target cells especially with
cells expressing low amounts of TMPRSS2 and/or lysosomal
cathepsins [42]. Similar type of event has also been observed
in case of avian influenza viruses [43]. Further detailed mecha-
nism for the entry of virus into the host cell could be very
much useful in the development of therapeutics against SARS-
CoV-2 virus.

Transmission of the virus: Back in 2003, a viral outbreak
causing Severe Acute Respiratory Syndrome (SARS) was
reported in the Guangdong province in China reportedly caused
by a virus belonging to the betacoronavirus subgroup. The
virus was later named as SARS-CoV [44,45]. The disease grad-
ually spread rapidly from Guangdong, China to other parts of
the world with more than 8000 infected individuals and 776
deceased. The patients who got infected with the SARS-CoV
virus were diagnosed with a diffused injury in the alveoli of
the lungs ultimately leading to acute respiratory distress
syndrome (ARDS). Again in 2012, another member belonging
to the betacoronavirus subgroup, MERS-CoV (Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) caused similar
kind of viral outbreak in Saudi Arabia. According to the World
Health Organization (WHO) more than 2428 individuals was
infected with MERS-CoV with 838 associated deaths [46].
MERS-CoV is phylogenetically more diverse in contrast to
other human CoVs. A mild upper respiratory injury mainly
initiates the MERS-CoV infection which gradually progress
ultimately leading to severe respiratory distress. The MERS-
CoV patients also suffer from pneumonia, ARDS and renal
failure just like SARS-CoV [47]. By the end of 2019, China
reported another outbreak of unknown acute respiratory tract
infections in the Wuhan province [48,49]. The outbreak can
be traced in the Hunan sea-food market, in the Wuhan province
in China affecting more than 50 individuals. The live animals
like bats, frogs, snakes, birds, marmots and rabbits were sold
in the Hunan sea-food market [48]. The further details about
the vital epidemic were reported by the National Health
Commission of China on January 12, 2020 suggesting viral
pneumonia. The virus was later identified as a novel corona-
virus (SARS-CoV-2) [48]. Initially, it was believed that the
individuals who got infected with SARS-CoV-2 might have
visited the Hunan sea-food market where live animals were
sold or may have consumed virus infected animals as a source
of food. Reports also claimed that the bats are the potential
reservoir of SARS-CoV-2 viruses [7,49]. However due to the
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lack of evidence it could not be proved that the SARS-CoV-2
origin was from the Hunan sea food market. On the other hand,
bats are the natural host of a number of CoVs that includes
SARS-CoV and MERS-CoV [50-52]. Although SARS-CoV-2
and Bat CoV RaTG13 showed almost 96.2% genome sequence
similarity [53], bats were not sold in the Hunan sea-food market
[54]. Several phylogenetic analysis and protein sequence align-
ment data revealed that similar residues of receptor was also
observed in some other species suggesting that there are some
alternative intermediate hosts like snakes, pangolins and turtles
[55]. Further investigations also revealed that some individuals
also got infected with the novel coronavirus in spite of not
visiting the sea-food market suggesting human to human trans-
mission capability of the virus which in turn affected 185 countries
around the world. The transmission of the virus in humans
mainly takes place when an individual comes is exposed to the
coughing, sneezing or aerosols of the infected patients. Finally
the aerosols can enter the human body through the inhalation
of nose or mouth followed by penetration into the lungs [56-
60]. According to the National Health Commission of China,
among the people who are non-residents of Wuhan, 31.3% of
the individuals got infected with the virus travelled to Wuhan
province in China and 72.3% got infected with the virus coming
in contact with the people of Wuhan. Apart from that 3.8%
cases occurred through the transmission of the virus among
health care workers [61]. It was postulated that the transmission
of the virus to humans had taken place due to the close contact
of the individuals with the intermediate hosts or through consum-
ption of wild animals. Some studies also pointed out that 40%
of the confirmed COVID-19 cases were initially asymptomatic
in nature but later develop clinical symptoms of the disease [62].
But however, it remains difficult to find out the source and
transmission of the SARS-CoV-2 virus to humans.

Clinical features: COVID-19, an acute respiratory disease
caused by the novel coronavirus, SARS-CoV-2 mainly spreads
at a much lower infective dose through the respiratory tract by
direct contact, aerosol droplets and respiratory secretions
[59,63]. Reports also suggests multiple transmission routes of
the virus due to the presence of these novel virus in blood as
well as in fecal swabs [64]. The presence of ACE2 receptor in
the alveolar epithelial cells of the lung and the enterocytes of
the small intestine as well as in the arterial and venous endothelial
cells and arterial smooth muscle cells in many organs (stomach,
small intestine, oral and nasal mucosa, nasopharynx, lung, colon,
lymph nodes, bone marrow, spleen, liver, kidney, brain and skin
thymus) suggests the various possible routes of virus infection
and spread throughout the human body [42]. After an incubation
of approx 5.2 days, the symptoms of COVID-19 start appearing
[54]. Studies suggest that the intermediate period between the
onsets of symptoms to death is approximately 6 to 41 days with
a median of about 14 days [50]. The people with some under-
lying disease and elderly individuals are very much prone to
this deadly COVID-19 disease. It was also found out the patients
who got infected with the disease has a median age of 47-59
years of which 4.9-45.7% are females [58,65]. Most of the
COVID-19 patients have similar symptoms such as fever, cough,
headache, malaise, vomiting, myalgia, anosmia, diarrhea, asthenia,

blue coloration in face and lips, persistent pain or pressure in
the chest and breathing problems [66-69]. Though in most of
the cases it is found that the adults and the children who got
infected with this virus develop some mild flu-like symptoms
but some patients are also in critical stage with symptoms like
respiratory distress, respiratory failure, multiple organ failure
and in some extreme cases even death occurred [68,70]. Recent
findings also link various dermatological symptoms with the
COVID-19 disease. As per study, 18 Italian patients infected
with COVID-19 shows various cutaneous manifestations such
as erythematous rashes (14 patients), urticarial rashes (3 patients)
and chicken pox like vesicular rashes (1 patient) on the trunk.
Among the 18 patients, 8§ patients develop the symptoms before
onset and 10 patients after hospitalization [71,72]. Recently,
from case history of a 23 year-old-man infected with COVID-
19, it was found that the patients developed acute, infiltrated,
violaceous, and painful plaques on the toes and on the lateral
position of the feet known as chilblains. It was hypothesized
that the chilblains may be one of the early symptoms of the
COVID-19 disease where fever and dry cough is almost minimal
and absent [73].

Clinical diagnosis of COVID-19: The clinical diagnosis
of the COVID-19 disease is primarily based on factors such
as clinical manifestations, epidemiological track record, efc.
In order to diagnose the disease some diagnostic procedures
were mainly conducted such as nucleic acid detection in the
nasal, throat swab or other respiratory tract samplings by real
time PCR techniques followed by further confirmation through
next generation sequencing, Enzyme Linked Immuno-sorbent
Assay (ELISA), CT scan and blood culture method. Recently
another assay, DETECTR assay can also prove to be an efficient
diagnostic approach [74]. As the symptoms (cough, fever,
pneumonia, respiratory distress and dyspnea) associated with
the individuals suffering from COVID-19 is highly atypical,
these auxiliary examinations are very much essential in the
detection of the virus along with the epidemiological track
record of the patient. Preliminarily, the viral research institution
of China identified the novel coronavirus, SARS-CoV-2 through
classical Koch’s postulates, finally observing the morphological
characteristics of the virus using electron microscopy techni-
ques [44]. Real-time quantitative polymerase chain reaction
(RT-qPCR) and high throughput sequencing are the two most
commonly use techniques that are mainly employed for the
detection of nucleic acid of SARS-CoV-2 virus. The main identi-
fication method through which SARS-CoV-2 can be detected
is through virus blood culture and whole genome sequencing
by high throughput technologies but due to the limited applica-
tions of high-throughput sequencing in clinical diagnosis it
cannot be routinely used in the detection of the virus. The main
limitations of these high throughput sequencing is primarily
high cost and dependence on the equipment. Hence, to overcome
this situation, RT-qPCR is mainly applied for the detection of
pathogenic viruses in blood and respiratory secretions [75].
Various companies in China launched the RT-qPCR test kits
for routine clinical diagnosis soon after the outbreak of the
SARS-CoV-2 virus. The primers and probes that are recom-
mended by the Chinese Centre for Disease Control and Manage-
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ment for clinical diagnosis in RT-qPCR techniques are mainly
designed against the ORF1ab and N gene regions of the SARS-
CoV-2 viral genome. When both the target comes out to be
positive in RT-qPCR techniques the patient is confirmed to be
positive. In one separate study two one step RT-qPCR assays
(Tagman based method) was designed in which two different
regions of the viral genome ORF1b and N genes were detected
separately. Two separate SARS-CoV-2 patients were detected
using this method using respiratory specimens whereas the
negative control samples were confirmed to be negative [76].
Another report also suggest that when the saliva is used as a
specimen sample of the infected individuals for clinical
diagnosis using RT-qPCR analysis (SYBR based method), the
rate of positive detection of virus is around 91.7%, suggesting
that saliva is a promising non-invasive specimen for the diag-
nosis, monitoring and also infection control of patients suffer-
ing from COVID-19 [77]. Some reports also pointed out the
shortcomings of this method. In one case five individuals
infected with COVID-19 was tested negative using RT-qPCR
technique but they are later confirmed to be infected with the
virus by positive chest CT scan reports followed by repeated
swab tests using RT-qPCR techniques [78]. Apart from that
the method also suffers from few more disadvantages such as
laborious nucleic acid detection method, long waiting time
for the results and the associated biological safety hazards
linked with the patient samples. However based on the available
data, sensitivity of these RT-qPCR techniques is only 50-79%
and depends on several factors such as number of clinical
samples collected and the type of sample used [79]. Due to
the false negative results of the RT-qPCR techniques, some
prefer CT scans of the patients for clinical diagnosis of SARS-
CoV-2 because of its sensitivity. The suspected individuals
whose clinical results comes out to be negative by RT-qPCR
analysis was tested again using chest CT scan and repeated
RT-qPCR tests. High-resolution CT (HRCT) proved beneficial
for the detection and disease severity of virus in patients
suffering from COVID-19 [80]. The CT scan report of one of
the patients infected with COVID-19 who was later admitted
to Chinese hospital shows peripheral ground-glass opacities
in both the lungs at multiple positions without sparing the sub-
pleural position [81]. In another study, nine patients infected
with COVID-19 shows distinct CT scan patterns. Out of the
nine patients, three (33.3%) had parenchymal abnormalities
that were detected by chest radiography. It was also shown
that most of abnormalities were peripheral consolidations. It
was also revealed from the chest CT scan images that a total of
77 lung parenchymal lesions were observed in the nine patients,
among them eight patients had bilateral lung parenchymal lung
abnormalities. The right lower lobe was most frequently involved
followed by the left upper and lower lobes. Also among the
77 pulmonary lesions, it was found that 39% lesions were patchy,
13% lesions were confluent in nature and 48% were small
nodular lesions. The posterior lung was involved in 67% of
the lesions and 78 % lesions were found in the peripheral lung.
The lesions are ill-defined and are patchy to confluent or nodular.
The patchy to confluent type of lesions are mainly found in
the pleura of the lungs and the nodular lesions are mainly found

in the bronchovascular bundles [82]. Similar type of results
was also observed from patients suffering from SARS-CoV
and MERS-CoV infections [83,84]. Hence CT scan proved to
be vital technique for the clinical detection of the virus but it
also suffers from few disadvantages. Firstly, the CT scan cannot
differentiate between SARS-CoV-2 induced pneumonia from
other types of viral pneumonia and secondly, hysteresis asso-
ciated with the abnormal CT imaging. Some companies also
developed some ELISA kits and POCT of IgM/IgG kits for the
detection of SARS-CoV-2 virus. The detection rate of these
kits is much higher compared to the nucleic acid based detection
but there is unavailability of the kits in the markets and also
published research articles. In one of the study, the serum
samples of the patients infected with COVID-19 were tested
with two assay kits; one of them is Enzyme Linked Immuno-
Sorbent Assay (ELISA) IgM and IgG detection kits and the
other one is colloidal gold-immunochromatographic assay
(GICA) IgM and IgG detection Kkits. It was shown that the
combined ELISA IgM and IgG detection kit is 87.3% effective
and the combined GICA IgM and IgG detection kit is 82.4%
sensitive [85]. Some studies also indicate that the sensitivity
of the SARS-CoV N-based IgG ELISA kits (94.7%) is much
higher than the SARS-CoV S- based IgG ELISA kits (58.9%)
[86]. Apart from that the sensitivity of SARS-CoV-2 IgG/IgM
remains to be evaluated. Recently, a method based on CRISPR-
Cas12 lateral flow (DETECTR) assay was devised that provides
easy detection of the virus from respiratory swab RNA extracts.
The assay is very much sensitive with almost 95% efficiency
in comparison to SARS-CoV-2 real-time RT-PCR assays. The
SARS-CoV-2 DNA Endonuclease-Targeted CRISPR Trans
Reporter (DETECTR) assay performs both the steps of reverse
transcription and isothermal amplification simultaneously
using loop-mediated amplification (RT-LAMP) from the naso-
pharyngeal and oropharyngeal swabs RNA extracts in universal
transport medium (UTM). This is followed by the detection of
Cas12 of the predefined sequences of coronavirus, after which
the cleavage of the reporter molecule finally confirmed the
detection of virus. The primers that are used in this assay were
specifically designed against the E (envelope) and N (nucleo-
proteins) genes of the SARS-CoV-2 but were modified as per
requirements of the LAMP assay. The N1 and N3 regions of
the viral genome were not targeted as they are devoid of suitable
protospacer adjacent motifs for Cas12 guide RNA (gRNAs).
Next, the Cas12 gRNAs were designed to detect three separate
SARS-like corona viruses such as (SARS-CoV-2 (accession
NC 045512), SARS-CoV (accession NC _004718) and bat SARS
like coronavirus (bat-SL-CoVZC45, accession MG772933)
in the E gene and can detect only the SARS-CoV-2 in the N
gene. It was finally demonstrated using synthetic, in vitro trans-
cribed SARS-CoV-2 RNA of the gene targets that CRISPR—
Cas12-based assay can only detect SARS-CoV-2 with almost
no cross-reactivity reactions for related coronavirus strains
using N gene guide RNA. Although there is expected cross-
reactivity reactions for E gene guide RNA. The method was
further optimized for the SARS-CoV-2 DETECTR assay on
the N gene and E gene with human RNase P gene as control.
The optimized protocol consists of RT-LAMP reaction at 62 °C
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for 20-30 min followed by the detection of Cas12 at 37 °C for
10 min. The assay can be conducted in approximately 30-40
min followed by the visualization on a lateral flow strip. The
assay is confirmed positive when there is a detection of both
N and E genes. The assay is presumptive positive when there
is a detection of either of the N or E genes. This data is consistent
with the US-FDA EUA guidelines and also point-of-care diagno-
stics under the EUA. The FAM-biotin reporter molecule is used
for the visualization of Cas12 detection. In order to capture
the labeled nucleic acid lateral flow strips were mainly used.
The reporter molecules which remained uncleaved are captured
along the first detection line termed as control line. On the other
hand, the Cas12 cleavage activity generates a detectable signal
at the second detection line termed as test line. The signals
generated by Cas12 were compared using both the lateral flow
and fluorescence. The Cas12 signal by lateral flow was detected
within 5 min and by fluorescent signal by < 1 min. The DETECTR
assay is highly sensitive and has several advantages like iso-
thermal signal amplification, target specificity with a single
nucleotide precision, easy to use technology and rapid detection
time. The technology is currently undergoing clinical validation
[74]. Due to the wide spread nature of disease other sensitive
methods should be developed immediately for the clinical
diagnosis of COVID-19.

Available treatments: Presently, there is no specific anti-
viral agent or vaccines against COVID-19 infections. The use
of supportive treatments like oxygen therapy, conservation
fluid management along with some broad spectrum antibiotics
to prevent secondary bacterial infections are currently being
used in the treatment of SARS-CoV-2 viral infections [5,87].
In this section, potential therapeutic measures that are currently
being tested against this novel coronavirus is briefly discussed.

Convalescent plasma therapy: The convalescent plasma
treatment is currently being used as a treatment against SARS-
CoV-2 infections. The patients who recovered from COVID-19
have specific antibodies against the virus. The plasma s collected
from these recovered patients through simple processes, which
are very much similar to blood donation. The plasma of contain
containing antibodies is simply transfused to the patient who
is currently suffering from COVID-19 infection. In theory,
the plasma will boast the immune system of the patients
suffering from COVID-19 thereby helping them to recover
from the disease. Previously similar type of therapy is also being
reported to combat against SARS-CoV and MERS-CoV
infections. Previously similar type of therapy is also being
reported to combat against SARS-CoV and MERS-CoV
infections [88,89]. Six patients who were suffering from
COVID-19 disease has been given the convalescent plasma
therapy. The patients did not suffer from any side-effects of
this therapy. It was further shown that 5 patients who were treated
with this convalescent plasma therapy leads to a resolution of
ground glass opacities and consolidation in the lungs. It was
also shown that two patients the plasma therapy leads to a
complete elimination of the virus. The increase in anti-SARS-
CoV-2 antibody titers was reported in two patients by
serological analysis. This preliminary study indicates that the
therapy is highly effective and specific against COVID-19 and

has special medical significance [90]. In another study, 5
critically ill patients suffering from COVID-19 received
convalescent plasma cont-aining high amounts of neutralizing
antibodies. All the patients improved clinically without any
adverse side effects. But due to the small sample size and study
design the therapy still needs to be evaluated properly. The
therapy also needs to be evaluated in clinical trials [91].
Monoclonal antibody therapy: The monoclonal antibodies
against targets various surface proteins on the viruses have also
proved to be an effective therapy against wide range of viruses
[92,93]. In one study, it is reported that CR3022, a SARS-CoV
receptor binding domain (RBD) specific human monoclonal
antibody has a potential to inhibit SARS-CoV-2 viral infections
by binding to the receptor binding domain (RBD) of SARS-
CoV-2 virus [94]. In another study, 47D11, a human monoclonal
antibody neutralize the SARS-CoV-2 viral infections by binding
to the conserved epitope on the spike receptor binding domain
(RBD) in cell culture system. Hence, the antibodies whether alone
or in combination with other therapies can prove to be an effective
therapy against SARS-CoV-2 infections in the future [95].
Antiviral therapeutics: Currently, there is no effective
vaccine or drug approved for use in the treatment of SARS-
CoV-2 infection. Various drugs and vaccines are currently being
evaluated and their clinical trials are going on. In one study,
the efficiency of five FAD approved drugs, namely, penciclovir
ribavirin, nitazoxanide, nafamostat, chloroquine and two anti-
viral drugs remdesivir (GS-5734), and favipiravir (T-750) were
tested against SARS-CoV-2 infection in vitro on Vero E6 cell
line [96]. Among them, remdesivir (GS-5734) and chloroquine
showed effective results against the virus at low-micromolar
concentration with minimum cytotoxicity. The effective concen-
tration (ECso) necessary to block the infections in vitro for
remsedivir and chloroquinine were 1.13 uM and 0.77 uM,
respectively [96]. Remdesivir, an antiviral nucleotide prodrug
has shown potent invitro antiviral activity against a wide range
of viruses and is currently being developed clinically for the
treatment of Ebola virus infection. It has also shown both in
vivo and in vitro activity both against MERS-CoV and SARS-
CoV [97-100]. Remdesivir exerts its effect by inhibiting viral
replication by binding to the viral RNA-dependent RNA
polymerase (RdRp) [100,101]. Pre-clinical studies in mice
show that remdesivir reduces SARS-CoV virus levels in mice
[98,102]. Remdesivir also reduces levels of MERS-CoV virus
and also lung injury when given as therapy or prophylaxis in
mice model. Furthermore remdevisir also prevented MERS-
CoV clinical disease when given as prophylaxis in a rhesus
macaque model [103]. Remdesivir was also reported to be
successful in treating the first COVID-19 patient in United
States [104]. Similarly chloroquine and hydeoxychloroquine
(an analogue of chloroquinine) also emerged as a potent therap-
eutic agent to treat COVID-19 infection. Chloroquine was
previously used in the treatment of malaria but it’s mode of
action against many viral infections is not properly known
[105]. Both the drugs exerts its effect by inhibiting the fusion
of host cell membrane and the SARS-CoV-2 virus by increasing
the endosomal pH in vitro [45]. Chloroquine interferes with the
interaction of the SARS-CoV virus with the host cell receptor
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by inhibiting the glycosylation of the cellular angiotensin
converting enzyme- 2 (ACE2) receptor and also functions in
both entry and post-entry stages of the COVID-19 infections
in vitro on Vero-EG6 cell lines [45,106]. in vitro Studies demon-
strated that the drugs prevent the release of the viral genome
into the host by blocking the transport of SARS-CoV-2 virus
from early endosomes to endolysosomes [107]. Moreover,
chloroquine also showed good immunomodulatory effect by
suppressing the release of TNF-otand IL-6 [ 108]. Choloroquine,
being a novel autophagy inhibitor interferes with viral repli-
cation [109]. Both remdesivir and chloroquine has proven to
be effective against COVID-19 infections in vitro [2]. Currently,
remdesivir and chloroquine are under phase-3 clinical trial
and open-label trial against SARS-CoV-2 infections [110].
Wong et al. [2] also suggested that apart from remdesivir and
chloroquine, nefamostat (a synthetic serine protease inhibitor
which is active against MERS-CoV, influenza and ebola infections
[111,112] and nitazoxanide (an antiprotozoal agent having an
antiviral property against human and animal coronaviruses)
[113-115] also inhibited the SARS-CoV-2 virus at a relatively
low-micromolar concentration in-vitro [2]. The protease inhib-
itors, lopinavir and ritonavir used in the treatment of HIV [116]
has also proved to be effective against SARS-CoV [117] and
MERS-CoV infections [ 118]. During replication of SARS-CoV-2,
the polyproteins were cleaved into RNA-dependent RNA
polymerase and a helicase through the action of two proteases,
3-chymotrypsin-like protease (3CLpro) and papain-like protease
(PLpro) [119]. In this respect, two drugs lopinavir and ritonavir
showed promising activity against SARS-CoV infection in vitro
by inhibiting the 3CLpro. This chymotrypsin-like protease
(3CLpro) is also highly conserved in SARS-CoV-2 virus [120,
121]. Although in vitro studies of these two drugs against
SARS-CoV showed good results but during in vivo studies
higher than tolerable levels of these drugs is required to achieve
good results [122]. Recently the amount of SARS-CoV-2 virus
was significantly reduced in patient suffering from COVID-
19 after the treatment with lopinavir/ritonavir (Kaletra®,
AbbVie, North Chicago, USA) [123]. Nucleoside analogs
(ribavirin and favipiravir) [119,124,125] may have some clinically
potential against SARS-CoV-2 infection. Ribavirin, a guanine
analog is used in the treatment of RSV and HCV. It was also
tested experimentally against other viral infections such as Lassa
fever and hemorrhagic fever [126,127]. Recently, ribavirin,
has also been evaluated in patients that are infected with SARS
[128]. Ribavarin exerts its effect through number of distinct
mechanisms that includes inhibition of inosinemonophosphate
dehydrogenase (IMPDH) thereby reducing the cellular pools
of guanosine triphosphate (GTP), an immunomodulatory effect
through the maintenance of T-helper type 1 immune response,
inhibiting the mRNA capping activity, inhibition of the viral
polymerases within the host and increased incorporation of
ribavirin into the newly synthesized genomes of the viruses
thereby causing mutations in the viral genome ultimately leading
to catastrophe [129]. However, when used in high doses, the
drug exhibits serious side effects that include anaemia [128].
Hence, it is not certain whether the drug can show its effect in
treating SARS-CoV-2 viral infections. Another guanine analogue,

favipiravir (T-705), which was originally approved in the
treatment of influenza, also shows its effect against a wide
range of RNA viruses such as chikungunya, ebola, yellow fever,
norovirus and enterovirus through the inhibition of RNA-
dependent RNA polymerases of the RNA viruses [ 130]. Recently
favipiravir is also shown to be effective against SARS-CoV-2
virus in vitro on Vero E6 cells (ECso = 61.88 mM) [2]. Recently,
favipiravir was evaluated in patients suffering from COVID-
19 in an open-label comparative controlled study. It was shown
in the study that COVID-19 patients, who were treated with
favipiravir showed faster clearance of the virus and better chest
imaging change in comparison to the patients who were treated
with lopinavir/ritonavir [131].

Arbidol (ethyl-6-bromo-4-[(dimethylamino) methyl]-5-
hydroxy-1-methyl-2-[(phenylthio)methyl]-indole-3-carboxylate
hydrochloride monohydrate), has also been proposed in the
treatment of COVID-19. Arbidol has a broad spectrum antiviral
activity against a wide range of enveloped and non-enveloped
viruses [132]. Arbidol affects the various stages of the viral
life cycle by directly targeting with the viral proteins or viral
associated host factors [133]. Arbidol blocks the entry of the
virus into the target host cells by blocking the fusion of the
virus with the target host membrane [132]. Recently, arbidol
effectively inhibited the SARS-CoV-2 infection in-vitro by
blocking the entry of the virus by impeding the attachment of
viruses and also mediates release from the ELs [134]. Arbidol
was tested against patients suffering from COVID-19 along
with lopinavir/ritonavir (Kaletra®) and Shufeng Jiedu Capsule
(traditional Chinese medicine) at Shanghai Public Health
Clinical Center in China. All the COVID-19 patients gained
marked improvement in pneumonia associated symptoms after
the therapeutic regime [65,135]. The type II transmembrane
(TMSPSS2) inhibitor and imatinib, BCR-ABL kinase inhibitor
can also prove to be a potential therapeutic agent against SARS-
CoV-2 virus. One study indicates that in order to enter the target
cells, SARS-CoV-2 uses ACE2 receptor and cellular protease
TMPRSS2. Hence TMPRSS?2 inhibitor (camostat mesylate)
can be an essential therapeutic option against COVID-19 [136-
140]. On the other hand, imatinib blocks SERS-CoV and MERS-
CoV viral replication through the inhibition of coronavirus
fusion with the endosomal membrane [141]. Hence, it can also
be a good therapeutic agent against SARS-CoV-2 infection.
In COVID109 patients, it was observed that a large number of
macrophages and T lymphocytes were activated resulting in
the production of a cytokine, interleukin-6 (IL-6). IL-6 binds
to the receptor on the target cells causing severe inflammatory
response in various organs and tissues. Tocilizumab (TCZ), a
monoclonal antibody against interleukin-6 (IL-6) has reduced
the severity of infection in COVID-19 patients [ 142]. The protease
inhibitor, disulfiram used in alcohol aversion therapy has also
been reported to act against SARS-CoV and MERS-CoV.
Disulfiram acts as a non-competitive inhibitor of MERS-CoV
papain-like protease and also acts as a competitive inhibitor
of SARS-CoV papain-like protease. The drug forms a covalent
adduct at the active site of the papain like protease in SARS-
CoV [143]. The drug is currently evaluated against SARS-
CoV-2 virus. Loperamide, an antidiarrheal agent has been
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shown to inhibit MERS-CoV mediated cytopathic effects in
vitro [144,145]. It is also currently evaluated against SARS-

against COVID-19 infections but also to understand the host-
virus interaction that would provide vital information in

CoV-2 infections [146]. Other drugs such as nucleoside analog,
ganciclovir [147] and neuraminidase inhibitor, oselta-mivir
[148] have also been used in the treatment of COVID-19
infections [62]. Due to the rapid spread of the virus a wide spread
research is going not only to identify a novel therapeutic agent

understanding the virus even better (Table-1).

Conclusion

The world economy has been intensely affected due to the
COVID-19 pandemic. Recently, the United Kingdom has laun-

TABLE-1
POTENTIAL ANTIVIRAL THERAPEUTIC AGENTS AGAINST SARS-COV-2
Antiviral drugs Mode of action Target diseases Current regulatory status Ref.
.. Ebola, MERS, SARS, L .
Remdesivir Binds to the RNA dependent RNA showed good antiviral - thorized in US, India, [23,96-100,
(GS-5734) SR . .. . Singapore, Japan, UK for use
. polymerase (RdRp) inhibiting viral activity against 104,110,
(nucleotide analog replication COVID-19 infections under an Emergency Use
prodrug) P . S Authorization (EUA). 136,138]
in vitro.
Increases endosomal pH thereby inhibiting the
fusion of host cell membrane and the virus,
inhibits the glycosylation of the cellular Malaria. some
angiotensin-converting enzyme 2 (ACE2) au toimn’lune
receptor thereby interfering with the disorders. showed Old and approved drug in [45-47, 105
Chloroquine interaction of the host cell receptor and the ood anti’viral activity  €Very country almost. It is in 108- ; 10] ’
virus, prevent the release of the viral genome ‘: ainst COVID-19 Y the list of essential medicines
into the host by blocking the transport of virus ; ffec tions in vitro (WHO).
from early endosomes to endolysosomes, a ’
novel autophagy inhibitor interfering with
viral replication, immunomodulatory effects.
MERS, Influenza
Nefamostat Reduces the release of a protease, cathepsin B Vt)r(l)l;,alj,lltaiovl;aslhowed Identified as a potential
(synthetic serine thereby prevents the fusion of viral membrane §c PRV therapy for COVID-19. CT [45,112]
protease inhibitor) and the endosome. y agai ; will be conducted in Japan
COVID-19 infections
in vitro.
Antiviral property
against wide range of ~ Approved as a broad-spectrum
Nitazoxanide viruses such as antiviral drug, used for the
o ——— Blocks the maturation of the viral respiratory syncytial treatment of various
haSin antiviri 1 hemagglutinin post-translationally, inhibits virus, parainfluenza helminthic, protozoal, viral [45,113-115]
r(% p— the replication of broad range viruses. virus, coronavirus, infections and under
property rotavirus human investigation for COVID-19
immunodeficiency treatment
virus efc.
Lopinavir/Ritonavir showed promising Approved as a FDC
Lopinavir/Ritonavir activity against COVID-19 infections in vitro medication for treatment and [116-118
( ﬁ)tease st by inhibiting the 3CLpro inhibiting HIV, SARS, MERS prevention of HIV. CT is 122.123.1 %’5
P replication. Inhibits HIV-1 protease that is conducted by Israel for Lzl
necessary for protein cleavage. COVID-19 effectiveness
Inhibition of inosine monophosphate
dehydrogenase (IMPDH) thereby reduces the RSV. HCV. SARS
cellular popls of guanosine tri-phosphate MERS tested e R
(GTP), an immunomodulatory effect through . I infection. hepatitis C and
Ribavirin the maintenance of T-helper type 1 immune ngje;;n;nht:r \}/,iral ;I;rzlcﬁgﬁioégztﬁsfevgs 5[(')11126 [119,
(guanosine analog)  response, Inhibition the mRNA capping " gf : h iversity of g s 125-127]
activity, Inhibition of the viral polymerases }? ectl;)ns sue das Unlz{ers;ty OC]EI ?ngclg)gingSl 9
within the host and increased incorporation of h:;fsrri\;;elircarflever conducting or :
ribavirin into the newly synthesized viral & ’
genomes thereby causing mutations.
Influenza virus, wide
s eif R.NA VIruses Approved in Japan and China
such as chikungunya, .
for the treatment of influenza.
Ebola, yellow fever, H it al
Favipiravir o norovirus and OWCVGI‘.lt. as poten‘tla
(T-705) Inhibition of RNA-dependent RNA enterovirus. Showed teratogenicity. Remain [45,119,
polymerases (RdRp) of the RNA viruses ) unapproved in USA and UK. 125,131]

(nucleoside analog)

good antiviral
activity against
COVID-19 infetions
in vitro. (ECsy =
61.88 mM)

China and Japan is going to
conduct CT to evaluate the
efficacy for COVID-19
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Affects various stages of the viral life cycle by
directly targeting with the viral proteins or
viral associated host factors, blocks the entry
of the virus into the target host cells by
blocking the fusion of the virus with the target

Wide range of
enveloped and non-
enveloped viruses,

Approved for influenza
infection in Russia and China.
Still unapproved in USA. CT
is being conducted by the

mi ot host membrane, Umifenovir effectively effectively inhibit the = National Health Commission LR
inhibit the SARS-CoV-2 infection in vitroby =~ COVID-19 infections  of China, with darunavir as a
blocking the entry of the virus by impeding in vitro. potential treatment during the
the attachment of viruses and also mediates COVID-19
release from the ELs.
. . Approved in Japan, India for
Camostat mesylate  Inhibits cellular protease TMPRSS2 Potertmal Fhe:ap eutic thgrlreatment OfP chronic
(TMPRSS2 preventing the entry of virus into the target é%{l/ﬁa)%ilg 5 pancreatitis and post-operative [136-140]
inhibitor) cells. infections reflux esophagitis, not
’ approved by US-FDA
Inhibition of coronavirus fusion with the CTs are being conducted in
Imatinib endosomal membrane resulting in the SARS, MERS. USA for understanding [141]
inhibition of viral replication. efficacy for COVID-19
In viral infected cells large number of
.. macrophages and T lymphocytes were
;rrﬁgﬁi)zclig?a? activated resulting in the production of a Reduction of the ;:I:ip;z;:_g bé’h%i_zgﬁé\iﬁ[ﬁ)r
T cytokine, interleukin-6 (IL-6). IL-6 .binds to sersrity Qf COVID- treatment '0 £ inflammation in [142]
R ) the receptor on the target cells causing severe 19 infections. patients for COVID-19
inflammatory response in various organs and
tissues.
Non-competitive inhibitor of MERS-CoV SARS, MERS, renstn A iy (US4 am
Disulfiram papain-like protease?, a .competitive inhibitor currently being for finding outits
) of SARS-CoV papain-like protease. The drug  evaluated against effectiveness for management [143]
P forms a covalent adduct at the active site of COVID-19 £ infl . &
the papain like protease in SARS-CoV. infections. of inflammation
: Tnhibits the MERS-CoV replication, atlow YRS, currently .
Loperamide micromolar (426 the drlie al56 inhibits being evaluated No efficacy found against [144-146]
(antidiarrheal agent) the rowth of other CoVs against COVID-19 COVID-19
£ ’ infections.
Ganciclovir Sele_ctiv_e and potent inhibitiqn of the E}E::(ért?(?r%:li:;?fn the Approved for_ treatment
(nucleoside analog) replication of the viral DNA in the form of reatment ’of COVID- cytomegalovirus (CMV) [62,147]
ganciclovir triphosphate. . . infections.
19 infections.
Oseltamivir Inhibits viral neuraminidase activity, Inﬂuf.:nza VIS Still no evidence in supporting
(neuraminidase preventing the cleavage of new budding TS i 10 (e effectiveness in treating [62,148]
inhibitor) virions from the host’s cell surface oL ILOTIDAIE COVID-19
’ infections.
Asthma, arthritis, In June 2020, recovery trial
multiple sclerosis and  showed that this drug
many severe improves the survival rate for
Dexamethasone allergies, proved tobe  patients with ventilator
(9-fluoro- Anti-inflammatory properties. an effective support, WHO stated it should [149-152]
glucocorticoid) therapeutic agent be reserved for the seriously ill

against COVID-19
during RECOVERY
trial.

and critical patients receiving
COVID-19 treatment in a
hospital setting.

MERS: Middle east respiratory syndrome; SARS: Severe acute respiratory syndrome; COVID-19: Corona Virus Disease 2019; HIV: Human
immunodeficiency virus; HCV: Hepatitis C virus; RSV: Respiratory syncytial virus

ched a special trial program named the randomized evaluation
of COVID-19 (recovery) trial to test whether the existing or
new drugs can prove to be effective in the treatment of COVID-
19 [149,150]. In that particular trial, dexamethasone, a steroid
known to reduce inflammation proved to be highly effective
in the treatment of COVID-19 [149-151]. It has been shown
that early administration of dexamethasone reduces the mortality
rate and also the duration of mechanical ventilation in acute
respiratory distress patients suffering from COVID-19 [152].
Efforts have been made to fight against it - be the development
of a new drug, or the usefulness of existing drugs against it,

have been studied meticulously. Numerous clinical studies have
been conducted to find the evidence of effectiveness of these
drugs. The urge to increase the R & D expenses has become
reality now which is also pressurizing the scientists as well as
researchers for showcasing the real time application of science
and technology, which may facilitate the unmet need of avail-
able therapy against COVID-19.
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