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Abstract

The Coronavirus disease-2019 (COVID-19), has become a worldwide pandemic and the scientific
communities are struggling to find out the ultimate treatment strategies against this lethal virus, Severe Acute
Respiratory Syndrome Coronavirus—2 (SARS-CoV-2). Presently, there is no potential chemically proven
antiviral therapy available in the market which can effectively combat the infection caused by this deadly virus.
Few vaccines are already developed but it is not clear to the scientific community how much efficient they
are to combat SARS-CoV-2. Mode of transmission and symptoms of the disease are two important factors in
this regard. Rapid diagnosis of the COVID-19 is very much important to stop its spreading. In this scenario, a
complete study starting from symptoms of the disease to vaccine development including various SARS-CoV-2
detection techniques is very much required. In this review article, we have made a partial analysis on the origin,
virology, global health, detection techniques, replication pathways, doses, mode of actions of probable drugs,
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and vaccine development for SARS-CoV-2.

Introduction

On 31%t Dec 2019, a bunch of cases for some unknown
types of pneumonia were reported by the hospitals of
Wuhan, Hubei, China, knocking the world with an indication
of imminent danger [1]. On 1% January 2020, Wuhan public
health care authorities closed down the Huanan seafood
wholesale market, where live wild animals were sold, due
to a suspected link with that outbreak [2]. At the same time,
scientists confirmed the 2019 novel coronavirus (2019-nCoV,
rechristened as SARS-CoV-2) from the infected pneumonia
patients on 7% January, 2020 [3]. On 30% January, 2020, the
World Health Organization (WHO) confirmed COVID-19,
to be a Public Health Emergency of International Concern
(PHEIC), and declared as an epidemic [3]. As on 7" June, 2021,
globally 173,937,118 affected and 3,741,055 death cases were
confirmed by the WHO. Similar symptoms like, common cold,

https://doi.org/10.29328/journal.ijcv.1001036

fever in human beings, caused by Coronavirus, were reported
in the middle of the year 1960 [4]. Coronavirus (CoVs), a
genus of the Coronaviridae family, is likely one of the major
pathogens by which the human respiratory system is affected.
Two classes of CoVs were first isolated i.e. HCoV-229E and
HCoV-0C43 [5]. The HCoV-229E straining was related to
symptoms of common cold [6]. An outbreak also occurred in
the Guangdong province of southern China, caused by a similar
pathogen SARS-CoV in 2002, where approximately 38% of all
patients suffered from acute breathing problems and hence
required artificial respirators [7,8]. The overall mortality
rate of SARS-CoV in 2002 was approximately 10%, where
older people accounted for approximately 50% of the cases,
while middle aged and children comprised the other 50% [9].
In the September 2012, another viral infection occurred in
Saudi Arabia which subsequently spread to the Middle East
countries like Qatar, Germany, Jordan, France and Britain and
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it was named as Middle East Respiratory Syndrome (MERS)
[10]. Symptoms were almost similar to the previous one
(SARS-CoV-2002) like fever, diarrhea, cough and breathing
problem [11]. Recently, SARS-CoV zoonotic pathogens
have mutated to form themselves a new virus “2019 novel
Coronavirus” (2019-nCoV) or SARS-CoV-2 formally named by
the World Committee on Virus Classification. Erstwhile, 2019-
nCoV was also known as “Novel Coronavirus Pneumonia
(NCP)” in China till 8th February 2020 and subsequently has
spread abruptly to all over the world [12-14]. It is explained
by the research group of Ji, et al. in their investigation that the
codon usage of 2019-nCoV is very similar to the host, snakes
than any additional hosts for cross-species transmission of the
pathogens to human [15]. The transmission of this respiratory
pathogens is associated with three main primary modes e.g.
“airborne”, “contact,” and “droplet” transmission but the
research-based literature and the guidance from the public
health agencies are still paradoxical [16]. As per the research
based studies, physical touch is mainly responsible for the
contact transmission and indirectly can transmit by settled
droplets [16]. COVID-19 spreads by human-to-human close
contact [17,18]. The symptoms of COVID-19 infection may
appear in 5-14 days [19]. The time duration from the onset of
COVID-19 symptoms to eventual death of the patients ranges
between 6 to 41 days [20]. This period varies from patient
to patient depending on their age and immune response
of the system. The period is shorter for patients above 70
years old compared to those less than 70 years old [20]. The
general symptoms of COVID-19 are fever, fatigue, cough,
while additional symptoms like diarrhea, sputum production,
headache, lymphopenia, haemoptysis, dyspneamay manifest,
varying from patient to patient [17,21]. COVID-19 infection
showed a few unique clinical features like targeting the lower
airway which causes the upper respiratory tract infection
like a runny nose, a sore throat and sneezing [22]. It has been
observed in per month analysis that the worldwide growth
rate of infection and the death rate of COVID-19 patients
has increased aggressively whereas the recovery rate of
the patients from this disease is quite low with such rates
(Figure 1). CoVs are transmitted as SARS-CoV and MERS-CoV
to alternate host civet cats and camels respectively, prior to
affecting the humans, but presently, there is no clear evidence
of the origin of SARS-CoV-2 (2019-nCOV) [23,24].

According to the WHO, there are no recommended
medicines available in the market and hence maintaining
social distance, along with proper hygiene, is the only way
to stop the spread of COVID-19 [25]. Though there are a
few myths regarding the medicine of COVID-19 (mixture of
different kinds of herbals) but it is not approved by the FDA
[25,26]. Since January 2020, at least 37 bio-pharmaceutical
companies worldwide are involved for the development
of the drug and protective vaccine with multiple platforms
including adenoviral vector, mRNA, recombinant protein and
DNA [27].Researchers are also trying to use some natural
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compounds against this virus [28-30]. Some drugs which are
under investigation viz. Hydroxychloroquine, Carfilzombic,
Eravacycline, Valrubicin, Lopinavir needs to be successful
during in-vivo analysis [28,31-36].

The objective of this review article is to summarize all
the aspects of COVID-19, starting from its history to the
present scenario and develop a clear understanding of the
transmission, detection, precaution, symptoms, and virology
along with the ways of treatment of COVID-19 via probable
drugs.

Modes of transmission

Previously, the CoVs like SARS-CoV and MERS-CoV
pathogens were transmitted from different animals including
bats, cats, cattle and camels to the human body as shown in
figure 2. Over the years, much has been learned from the global
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Figure 1: Per month new COVID-19 cases trend from January 2020 to June 2021the
diagram represents that the growth and death rates are exponentially increasing
(Data source: https://www.worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ
8tyBCwazX2N-k7yJjZOLDQIiZSA_MsJAfdK74s8f2a_Dgx4iVk;Date: 24.06.2021).
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outbreak pattern for similar pathogens occurring in China,
South Africa, Saudi Arabia (Middle East Countries) and the
pandemic spread, affected from severe respiratory diseases.

The recent outbreak of 2019-nCoV, its origin and its
transmission to the human body is under debate. However,
from the epidemiologic investigation at the starting point of
this global outbreak, it was reported that 2019-nCoV infected
patients were seafood vendors, visitors or were close to the
infection at the seafood market of Wuhan [37]. Till now the
detailed host source of SARS-CoV-2 and its transmission to
human body is not clear (Figure 2). SARS-CoV is transmitted
by respiratory droplets (coughs or sneezes), resembling
the spread of influenza from infected persons [38]. It may
also spread through an airborne route at a close distance,
e.g, person-to-person [39]. The transmission rate (R))
(reproductive number or the usual number of persons to
that a single infected person shall spread the pathogens) of
COVID-19 initially is between 1.4 to 2.5 projected by the WHO
and higher values of R jvaries in the range of 3.6 to 4.0 reported
by different literature [40]. Accordingly, these values would
be associated to the R of 1.3 for common flu and R of 2.0 for
SARS-CoV. If the R, value is not more than 1, the virus may
disappear, else the epidemic shall remain in the environment
[41,42].

The 2019-nCoV infection is very contagious, known to all
that the virus can spread rapidly from one person to other and
in many instances the virus can spread even prior to becoming
symptomatic [1].The growth factor of COVID-19 cases over
the globe is shown in figure 3. Growth factor related to the
number of months where a quantity reproduces itself over
time. The formula used here is: every day’s new cases divided
by fresh instances on the preceding day.

The virus comes in the bronchial secretions with a droplet
transmission, where one having infectious cough, sneezing can
infect another in close contact, directly through the mucous
membranes. Infections to an otherwise healthy individual
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Figure 3: Growth factor curve of COVID-19 from January 2020 to June 2021. (Data

source: https://www.worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ8tyBCw
azX2N-k7yJjZOLDQIZSA_MsJAfdK74s8f2a_Dgx4iVk ; Date: 24.06.2021).
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can also spread by facial touch (touching one’s mouth, nose,
and eyes by their hands, which are already exposed to the
infection). 2019-nCoV persisted in the aerosols during
experiments at least three hours as described in a letter of an
editor [43].

Virology of SARS-CoV-2

The structure of SARS-CoV-2 is composed of four different
types of proteins viz. spike (S), envelope (E), membrane (M)
and nucleocapsid (N) proteins. According to the cryo-electron
microscopy analysis, coronavirus genome is a large, linear
single stranded, positive-sense RNA molecule that contains
all information necessary for the making of viral replication.
In positive sense, the size of the SARS-CoV depends on its
proteins (S, E, M, N) and the other helper proteins and it
varies from 29.0 kb to 30.2 kb and the molecular weight is
usually 5.5 x 106 to 6.1x 10°. There are total seven genes of
CoVs RNA genome that are preserved in the following order:
ORF1a, ORF1b, S, OEF3,E, M, N in 5’ to 3’ direction. Major part
of the RNA genome is coated by ORF and rest of the part of
the genome shield by mRNA and other necessary proteins.
ORF1a/b develops replicase proteins PP1a and PP1ab through
ribosomal frame shifting and simultaneously both these
proteins produce sixteen non-structural proteins (NSPs).
These NSPs also carry on the process of various viral activities
including the reproduction of the replicase transcriptase
compound. The mRNA part is responsible for the formation of
structural proteins (S,E,M,N) and other accessory proteins[44]
as shown in figure 4.

Furthermore, there is a protein envelope named HE
protein and the RNA packed nucleocapsid protected by the
protein embedded lipid layers [45,46]. The outer and inner
portion of SARS-CoV-2 is shown in figure 5.

The nature and the structure of the RNA genome of SARS-
CoV-2, is very similar to that of the family of beta-CoV, which
occurred as pandemic previously. However, the contamination
of SARS-CoV-2, spreads rapidly through the droplets and
person to person and the integrity of the envelope is crucial
for viral infection but the lipid layer enveloped of SARS-CoV-2
can be easily destroyed by lipid solvents such as detergents,
alcohol and some another disinfectants [47-49].
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Figure 5: Structure of SARS-CoV-2 (a) Outside; (b) Inside.

Mechanism of replication

To infect a host cell, first the spike glycoprotein (S) of
corona virus must bind the host cell surface with the help of
a receptor called angiotensin converting enzyme-2 (ACE-2)
[50] and the conformational changes occurring that allows
the virus to get inside by the process known as endocytosis.
After that virus genome enters into the host cell cytoplasm
and release nucleocapsid or ssRNA(+) followed by replication
transcription complex [51]. Translation process is carried
out by involvement of produced ppla and pplb from the
ribosomal shifting of viral genome ORFla and ORF1b and
producing dsRNA genome from the genomic ssRNA(+)
[51,52]. The dsRNA genome is transcribed or replicated and
providing viral mRNAs or new ssRNA(+) genomes by the
16NSPs. Total 16 NSPs which are produced from PPs involving
in specific functions mainly for the replication process such as
suppression of host cell by NSP1 and NSP2. The production
of multi-domain complex by NSP3, replication by M protease
(NSP5), [52] transmembrane (TM) proteins (NSP4 & NSP6),
NSP7 & NSP8 acting as primase [53] and R-binding protein
NSP9 is efficient for viral infection in the dimeric mode [54,55].
NSP10actsasco-catalystatthe beginning of replicative enzyme
and NSP11 & NSP15 shows endo-ribonuclease activity [56,57].
NSP12,NSP13,NS14 and NSP16 showed RNA-dependent RNA
polymerase activity, helicase activity, exoribonuclease activity
and methyl transferase activity respectively [53]. Synthesis
of structural proteins encoded by subgenomic mRNAs, the
central organiser of CoV assembly actually determine the
shape of viral envelope after synthesis of proteins such as M,
E and S by entering into the endoplasmic reticulum (ER) i.e.
Golgi intermediate compartment (ERGIC) complex [58]. At the
same time, ribonucleoprotein is formed by the complexion of
replicated genome and N protein and new virions are released
by exocytosis from ERGIC [59,60]. The step by step translation
and replication process of CoV in the host cell is depicted in
figure 6.

Diagnostic methodologies of COVID-19

The extremely non-specific symptoms of the COVID-19
include fever, respiratory symptoms like- cough, viral
pneumonia and dyspnea [61]. During the whole course of
disease COVID-19 different patients came across different
problems like gastrointestinal disorders, diarrhea, and
respiratory problems [62]. In most of the cases, the delay in
detection at early stage is the main reason of the high spread
of this virus. Recent reports on the Diamond Princess Cruise
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Figure 6: Replication pathway of SARS-CoV-2 in the host cells.

ship quarantined in Yokohama, Japan, showed that 454
infected cases identified out of 3700 passengers and crew, as
they did not have enough diagnosis kits [63]. Rapid screening
and early detection of SARS-CoV-2 in suspected patients has
become necessary to control the lethal effect of the COVID-19
outbreak [64,65]. The Point of Care (POC) device, which
is very efficient and cost-effective will be helpful for early
stage detection [66]. Some modern detection techniques are
summarized as follows.

Polymerase Chain Reaction (PCR) assay for COVID-19

Real time reverse transcription polymerase chain reaction
(rRT-PCR) is currently used as standard molecular technique
for the detection of COVID-19 [67]. Sophisticated laboratory
equipment are required for rRT-PCR technique (Bio-safety
level 2 or above) [68]. Commercial PCR based techniques are
usually time taking and expensive and it requires experts as
the existence of RNA pathogen does not always reflect the
disease [69-71]. Another problem with Commercial PCR
system is that other respiratory viruses are also encountered
at the time of detection ofCOVID-19 that reflects positive CoV
PCR result [71].

Loop Mediated Isothermal Amplification Assay (LAMP)
for COVID-19

It is a new method where nucleic acid (DNA) is amplified
with high efficiency, rapidity and specificity in isothermal
condition. A set of four designed primers with a DNA
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polymerase are utilised. By this method the stand displacement
activity synthesize the targeted DNA up to 10° copies below
60 °C within one hour [72]. With several reversed replications
of the target stem loop DNAs are obtained as final product
and appears like a cauliflower. LAMP is very much popular
for pathogen detection and it is more simple than PCR [73].
Though LAMP is very much faster and sensitive than PCR but
its establishment is in early stage.

CRISPR-based diagnostics

When SARS-CoV-2 was first identified, many scientists
redirected their focus to CRISPR (Clustered regularly
interspaced short palindromic repeats)-based diagnostics to
detect SARS-CoV-2. The use of Cas12/Cas13 enzymes is the
key principle of this approach and it is initially determined as
the components of ‘bacterial immune system’ coupled to RNAs
with specific binding to certain regions of the target DNA or
RNA [74]. STOP Covid (SHERLOCK Testing in One Pot COVID)
and DNA Endonuclease-Targeted CRISPR Trans Reporter
are two commonly used CRISPR-based detection methods
for SARS-CoV-2 [75]. The first technique is targeted to the
N-gene and E-gene of SARS-CoV-2 and engages the Casl12a
enzyme, on the other hand, the second one is targeted at the
N gene with the utilization of Cas12b enzyme. PCR-based
tests take center stage to maintain the standard of diagnostic
tests [76,77]. However, a labor-intensive protocol with long
waiting for results, and a dwindling reagents supply has led to
many scientists looking for alternative CRISPR test. For mass
testing, many have turned to CRISPR test, as its nucleotide-
targeting ability makes it optimal for the detection of the
presence of viral RNA.

LFIA detection method

Lateral Flow Immunoassay (LFIA) is another conventional
method for the detection of COVID-19 disease. After the
addition of the sample, specific IgM and IgG antibodies flow
with the capillary action and specific immunoglobulins
bind with SARS-CoV-2 gold conjugated antigens. The main
advantage of this method is that it is suitable to detect
COVID-19 disease at the different stages of the infection due
to the combined determination of IgM and IgG [77].

Virus-proteins or specific antibodies against these
SARS-CoV-2 virus-proteins

It is the modern method for the detection of COVID-19
including antibody and antigen tests. Here the interaction
between SARS-CoV-2 virus proteins and specific antibodies
is performed. As a result, an intermediate complex is formed
which gives pieces of information regarding the kinetics of
SCoV2-rN/anti-SCoV2-rN composite formation which gives
the SCoV-rN and anti- SCoV-rN Gibbs free energy (DGAssoc).
The results are very helpful for the design of new diagnostic
systems for the development of new anti-SARS-CoV-2
medicine [78].
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Symptoms of COVID-19 and lethal effects of
SARS-CoV-2 in the human body

The early symptoms of COVID-19 infection are fever,
sore throat, tiredness, fatigue, dry cough, aches and pains,
pneumonia, dyspnea, swollen eyes and sometimes diarrhea,
nausea or a runny nose and sneezing, for a low percentage
of people [21,79]. These symptoms are shown within five
to six days after the infection transmission of SARS-CoV-2
but the incubation period may last upto 14 days [70,80,81]
[70’80’8 1]70, 80, 8169, 79, 8068, 78, 7967, 77, 7867, 77, 7868, 78, 7968, 78, 79_ The ViruS
particles spread through the droplet transmitted and largely
affect the nasal and mucous membranes in the throat and
surroundings, which infect the neighbouring cells. They crawl
progressively down and affect the bronchial tubes mucous
membranes and lungs. They can damage the alveoli or the
lung sacs, and the lung function, since the lung is filled with
fluid, pus and dead cells. Patients suffering from excessive
breathing trouble may need ventilation support (Acute
Respiratory Distress Syndrome). Extreme condition may
results death [82][82]82818079798080,

Sometime it may affect the rectum of the infected individual.
It may enter the cells of gastrointestinal system hence causing
symptoms like diarrhea or indigestion. The pathogen may
directly damage the bloodstream, blood vessels, bone marrow
and organs like the liver, the heart, the kidney. This may result
in inflammation and malfunction of all the organs. Some
patients may tolerate the damage of organs and the infection
with immune system. It is not reported that 2019-nCoV could
not damage the brain but could insinuate the brain in some
patients. The 2019-nCoV may infect some nerve cells also [39].

COVID-19 is a respiratory disease by which people are
being affected with minor to modest symptoms and may get
cured without any specific treatment. Most of the patients
infected with SARS-CoV-2 take 1 to 14 days to grow symptoms
[83]. The SARS-CoV-2 can infect individual in different ways.
It is observed that the people whose aged are more than 60
years, with pre-existing diseases, may have higher risk of
getting affected. The symptoms of COVID-19 may appear after
exposure as MERS-COV virus and incubations period of SARS-
COV-2 is approximately 5.2 days [84].

Emergency warning signs of COVID-19 such as acute
breathing trouble, tremendous chest pain or pressure,
new confusion or inability to arouse, bluish lips or face, if
developed, required immediately medication. The situation
report - 95 from the World Health Organization reveals 84570
and 1716078 confirmed cases in China and USA respectively
as on 31 May, 2020. The effect of corona virus on human
body is shown in figure 7.

COVID-19 infection prevention and control

Individual exhibiting COVID-19 symptoms must undertake
a few necessary precautions to prevent the human-to-
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Effect of Coronavirus on Human Body
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Figure 7: Symptoms and lethal effects of CoVs in the human body.

human transmission. The expert recommendations related
to precaution for avoiding COVID-19, by the WHO and the
CDC are i) Anyone who has COVID-19 symptoms, must stay
at home and avoid large or any mass gathering, occasions,
or programmes & public areas. Avoid public transportation,
taxis or ride-sharing, and maintain distance (about 6 feet)
from others. Keep away from affected area or community with
COVID-19 cases. ii) Wash hands frequently with soap-water
for more than 20 seconds or use hand sanitizer containing
alcohol (not less than 60%) and cover mouth & nose with a
tissue or the elbow while sneezing or coughing. Used tissue
must be thrown into covered dustbin or lined trashcan. Also
stop touching mouth, nose and eyes with unless hand sanitize.
iii) Wash and disinfect surfaces frequently on regular basis,
do not take raw or undercooked meat, and do not share
household items like glasses, cups, dishes, eating utensils,
bedding and towels etc. Use separate bathroom if possible
and finally, stay isolated in a particular room (termed home
quarantine) away from the other members of family and with
limited access to pets. iv) Visit a doctor immediately in case
of any COVID-19 symptoms, informed the clinic beforehand
so that they can take necessary precautions, and disclosed to
the doctor any travel history or contact with contaminated or
infected people.

The authorities of the health departments of different
countries have appealed to and instructed all concerned
regarding epidemic precaution, prevention, protection,
treatment, medicine and diagnostic techniques; including
awareness and information, education and communication
(IEC) activities, for prevention of such severe respiratory
diseases due to CoVs [85].

Impact of COVID-19 on different age group

Though COVID-19 can affect any age group, its deadliest
effect is mostly found in middle and older age group. Recent
investigations reveal that it has a profound effect in the age
range of 49 to 56 years [40] and 77.8% of confirmed patient
were within the age of between 30 to 79 years among 44672
patients for period of 16" to 20" February 2020 [86]. Recent
reports showed that the mortality rate is 0.2% for the 10-
39 years age group, 0.4% for 40-49 years age group, 1.30%
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for 50-59 years age group, 3.6% for 60-69 years age group,
8% for 70-79 years age group and highest rate of 14.8% is
realized for 80+ age group as shown in figure 8. Presently, the
limited data available pertaining to age-related risk-factors is
insufficient in case of COVID-19.

Recent data shows people with aged above 65 years and
suffering from chronic bronchial diseases or mild to severe
asthma, severe chronic cardiac disease, high obesity (body
mass index [BMI] = 40) have a high risk of COVID-19 infection.
Furthermore, people with certain uncontrolled diseases
like diabetes, chronic kidney diseases, or hepatic diseases,
immunity disorder, bone marrow or organ transplantation,
HIV or AIDS also have an elevated risk of getting affected by
COVID_19 [42,43] [42’43]42, 4341, 4240, 4139, 4039, 4040, 4140,41.

Potential drugs and their mode of action for
prevention of COVID-19 diseases

At present vaccines or drugs are not available in the market
that can effectively combat the COVID-19 disease [31]. Since
COVID-19 is a viral infection, antibiotics readily available are
not effective. Different drugs were experimented through in
vitro trails on the human-based SARS-CoV and MERS-CoV, but
they are initial stages. Interferon-beta (IFNb) has potential
to reduce the replication of MERS-CoV only but there are no
appropriate drugs available in the market for SARS-CoV-2
[87]. Initially, usage of the drug with the combination of Anti-
HIV drugs Lopinavir/Ritonavir (LPV/RTV), ribavirin and
pegylated interferon resulted a success report to cure MERS-
CoV infected patients in South Korea [40,88]. Furthermore, in
vitro studies with the drug remdesivir, a powerful terminator
of RNA viral transcription is at beginning stage for the diseases
caused by SARS-CoV, MERS-CoV and related zoonotic bat CoVs
[89-91]. There are few drugs such as captopril, perindopril,
ramipril, lisinopril, benazepril and moexipril also tested for
effectiveness toward ACE2 as the similarity found with ACE
[92].

Death Rate
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Figure 8: Age dependent effect of COVID-19; (Data source: https:/www.

worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ8tyBCwazX2N-
k7yJjZOLDQIZSA_MsJAfdK74s8f2a_Dgx4iVk ; Date: 24.06.2021)
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Genomic information and replication process of SARS-
CoV-2 is almost similar to the SARS-CoV, but the only
difference is that it has higher binding affinity to host cell. To
discover potential drugs for SARS-CoV-2 we need to analyse
systemic replication and transcription pathways of the virus
in the host cell. The replication of SARS-CoV-2 begins with the
binding of its spike protein (S) on the cell-surface molecules of
the host. This receptor recognition is important for initiating
virus entry into the host cells, thereby playing a major part
in the tissue and host species tropism of viruses. Therefore
inhibitory effect of the communication between the spike
proteins to the human related proteins specifically enzymes
viz. humanACE2 and type-II trans-membrane serine protease
(TMPRSS2) enzymes is the key step for drug development.
Secondly inhibition of the viral enzyme and proteins that are
involved for the synthesis and replication of RNA is important
for designing potential drugs. Based on the homology there
are total 18 viral proteins (Figure 4) viz. Nsp1, Nsp3 (Nsp3b,
Nsp3c, PLpro and Nsp3e), Nsp7-Nsp8 complex, Nsp9-Nsp10
and Nsp14-Nsp16, 3CLpro, E-channel (E-protein), ORF7a,
Spike, N-terminal RNA binding domain (NRBD), C-terminal
RNA binding domain (CRBD), RdRp, helicase and 2 human
enzymes viz. ACE2 and TMPRSSS2 that are involved from the
endocytosis to the exocytosis of SARS-CoV-2. Interrupting
endocytosis and exocytosis processes would be potential for
development and discovery of new drugs therapeutics.

Before going to in details of the drugs related to the
SARS-CoV-2, herein we note some approved drugs that are
reported for the treatment of SARS-CoV (2002). These are the
following drugs: Ribavirin (inhibits viral polymerase) [93],
E64-d,glycyrrhizin (inhibits replication process) [94].

Drugs that effectively block the host specific receptor
or enzymes

ACE-2 enzyme inhibitors: ACE2 enzyme, a human host
spike receptor helps for cross species transmission. The
spikes of SARS-CoV-2 have more affinity to ACE2 receptor
binding domain (RBD) as compared to previous MERS & SARS
CoV. There is a strong interaction between several key amino
acid residues of RBD receptor and ACE2 enzyme [95]. The
drugs that showed inhibitory activity against ACE-2 enzyme
areeprosartan (Tevetan), irbesartan (Avapro), losartan
(Cozaar), olmesartan (Benicar), telmisartan (Micardis),
valsartan (Diovan) and chloroquine along with their mode of
action and side effects are shown in the table 1. Among these
drugs only Cholroquine is reported to have potential activity
against the interface between the ACE-2 and spike protein
[96]. Few ACE-2 enzyme blocker drugs are shown in figure 9.

Transmembrane protease, serine 2 (TMPRSS2)
inhibitors: TMPRSS2 is the serine protease act as Spike (S)
protein priming. Aprotinin (Trasylol) is common available
drug for a competitive inhibitor of several serine protease
[97]. The enzyme activity of TMPRSS2 inhibitor is able to
prevent CoVs from host molecules entering [98]. Few anti-
bacterial drugs viz. pivampicillin, hetacillin, cefoperazone
and clindamycin and anti-virus natural compounds viz.

https://doi.org/10.29328/journal.ijcv.1001036
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phyllaemblicin G7, neoandrographolide, kouitchenside were
already targeted for TMPRSS2 inhibitors [99].

Drug for inhibiting virus structural proteins

Drugs for spike glyco-protein inhibition: Spike is the
structural protein of SARS-CoV-2 that binds to the host cell
and sliced into S1 and S2 by the host cell protease. The role
of S1 is to bind ACE2, while S2 mediates virus-cell and cell-
cell membrane fusion. Therefore, drug target is to bind to the
spike and inhibit the entry of CoV. Table 2 contains drugs that
inhibit viral structural protein with their mode of action and
side effects and figure 10 shows structures of few drugs.

Drugs for E & N protein (E-channel) Inhibition: E
protein (E-channel) possesses important biological functions
for the structural integrity of coronavirus and host virulence.
CRBD and NRBD of CoVs N protein are required for N proteins
in host cell to bind with CoVs RNA efficiently. Therefore,
inhibition of E protein or N protein (NRBD & CRBD domains)
can be used for the discovery of anti-viral drugs. Table 3 lists
some drugs that inhibit E & N protein along with their mode
of action and side effects and the corresponding structures of
these drugs are given in figure 11.

Ik

)

Chloroquine

Hesperidin

Nafamostat mesylate

Figure 10: Drugs for inhibiting virus structural proteins.
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s
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Resveratrol 1-thia-4-azaspiro [4.5] decan-3-one

Figure 11: Drugs for inhibiting E & N proteins.
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Table 1: Drugs that block the host specific receptor or enzymes.

Sl. No Drug Mode of Action Comments
Choroquine is an anti-malarial drug with the properties of anti-inflammatory Irrever5|ble .damage o retina, dgafness, heanng.lloss,
B I . ) increased liver enzyme, anorexia, nausea, vomiting,
Chloroquine and immunomodulatory. Its mechanism involves blocking the interface tinnitus
) e e 2 o e e ST tniro sy of Horoqune s et it SARS:
9 CoV-2 with an EC50 at 48 hours of 1.13 uM in Vero E6
release.
cells.
Due to long term use, it may damage retina, dizziness,
Follow the same mechanism of previously mentioned chloroquine like inhibit | muscle pain, stomach upset. Risk of cardiac arrhythmias.
2 Hydroxych-loroquine | the catalytic activity of viral enzymes or processes such as viral DNA and RNA In vitro analyses in Vero cells demonstrated that the
’ [96,100,101] polymerase, viral protein glycosylation, virus assembly, new virus particle potency of hydroxychloroquine (EC50 of 0.72 uM) was
transport and virus release. greater than that of chloroquine (EC50 of 5.47 uM) against
SARS-CoV-2.
Camostatm-esylate | Japanese drug camostatmesylate is a TMPRSS2 inhibitor and also block the . .
3. (Foipan) [102,103] cellular entry of SARS-CoV-2. Under phase 1 trial against SARS-CoV-2.
Common side effects may include: nausea, stomach pain;
4. . . Nitazoxanide, broad-spectrum antiviral drug inhibits the action of viral protein headache; or discolored urine.
Nitazoxani-de . L . ) L L - .
[104,105] expression which interferes with host regulated pathways involved in viral It has demonstrated potent in vitro activity against SARS
! replication rather than virus-specific pathways. CoV-2, with an EC50 at 48 hours of 2.12 yM in Vero E6
cells.

Table 2: Drug for inhibiting virus structural proteins.
Comments

Mode of Action

Hesperidin, flavanone glycoside (found in the citrus including lemons, grapefruits and
sweet oranges) was expected to be in middle thin pat of the RBD surface of Spike and
the dihydroflavone part of the compound moved similar with the 3-6 sheet of RBD. By
superimposing the ACE2—-RBD complex to the hesperidin—RBD complex, a different
overlap of hesperidin with the line of ACE2 could be observed.

Side effects include stomach pain and upset,
diarrhea and headache.
Considered for clinical trial but no data exist
now.

5. Hesperidin [106]

Nafamosta-tmesylate

Japanese researchers suggested that Nafamostat can prevent spike-mediated

Approved for anticoagulant therapy in Asian

6. (Fusan) [107,108] membrane fusion of the virus with the host' cell §urface proteins, the first step in SARS- countries
CoV-2 infection.
7 REGN3048-3051 [109] REGN3051 is a fully human monoclonal antibody (mAb) which binds to the spike Currently in phase 1 trial against COVID-19.

protein of the MERS-CoV and inhibits the interaction between the virus and host cell.

Table 3: Drugs for inhibiting E & N protein.

Comments

Mode of Action

8. Resveratrol [110]

Resveratrol, a natural compound that is found in grape seeds and skin
and in red wine, inhibits the expression of nucleocapsid (N) protein
essential for replication of virus in the host cell.

Resveratrol can be given either at high dosages
up to 250 M or at a relatively low concentration,
such as 62.5 pM consecutively to treat MERS-CoV-
infected cells. No data exist against COVID-19.

1-thia-4-azaspiro [4.5] decan-
3-one derivatives [111]

It is mainly fusion inhibitors and also inhibits human coronavirus 229E
virus replication.

Most potent analog having an EC, value of 5.5 uM.

Drugs for inhibiting virus non-structural proteins
(NSPs)

SARS-CoV PL main protease inhibitors: Two essential
protease inhibitors namely papain-like protease (PLpro) and
a 3C-like protease (3 CLpro) intervene the replicase poly-
proteins ppla and pplb.

i. 3C-like main protease (3CLpro): The 3CLpro (Nsp5) is
essential in the life cycle of the virus through the formation
of mature enzyme and releasing downstream Nsps (Nsp4-
Nsp16). Thereafter, the blockage of 3CLpro is an attractive
targeted by the drug therapy for the COVID-19.

ii. Papain-like protease (PLpro) inhibitors: PLpro is an
important protease inhibitor for rectifying virus reproduction
by the cleavage of N-terminus of the replicase poly-protein to
discharge Nsp1, Nsp2 and Nsp3. It also suppresses the innate
immunity of the host cell. Therefore, PLpro may be standard
target for Coronavirus inhibitors. Table 4 summarizes the
protease inhibitor drugs along with their mode of action and
their side effects. The corresponding structures of those drugs
are shown in figure 12.

https://doi.org/10.29328/journal.ijcv.1001036

RNA-dependent RNA polymerase (RdRp) inhibitors: A
preserved protein (Nsp12), RNA-dependent RNA polymerase
(RdRp) in coronavirus, encode the vital enzyme to elaborate
coronavirus replication/transcription complex. The RdRp
domain of polymerase at the C-terminus has a conserved
Ser-Asp-Asp motif. Nsp8 synthesizing up to six nucleotides in
length can be used as a primer for Nsp12-RdRp RNA synthesis.
Further, the Nsp7-Nsp8 complex improves the RARps enzyme
movement of Nspl2 along with binding to RNA. In the
research of SARS-CoV inhibitors, Nsp12-RdRp has been used
as a very important drug target. Inhibitory action and side
effect of RdRp drugs are given in table 5 and their structures
are shown in figure 13.

Drug targets inhibiting helicase: Helicase (Nsp13) plays
a major role for virus replication in host cells by the process
of N-terminal metal binding domain (MBD) and helicase
domain (Hel) including downstream domain. Therefore, it can
be chosen as anti-viral target for drug. Adedeji, et al. stated
1,2,4-triazole derivative which is shown in figure 14 behave
as a helicase inhibitor. Some other drugs which can act as a
helicase inhibitor are given in table 6.
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Table 4: Drugs for inhibiting protease inhibitors.

Mode of Action

Comments

Liponavir is a human immunodeficiency virus-1 (HIV-1)
protease inhibitor and Ritonavir is a potent CYP3A4 inhibitor.
Fixed-dose combination (LPV/r) is required to block the

Abdominal pain, weakness, nausea, diarrhea,

10. activity of protease enzyme and inhibiting viral replication. vomiting, headache and finally significant

Herein ritonavir is boost up the activity of lopinavir. Lopinavir drug interaction.

and ritonavir may bind to Mpro, a key enzyme for coronavirus

replication. This may suppress coronavirus activity.
Nelfiavir [117] Inhibits the biological activity of protease namely, HIV-1 and . L . .
) ) . No clinical data or in vitro analysis exist but
(Viracept) HIV-2 proteases (aspartate protease) which can be restricted .
. ) o based on the docking score and the 3D

11. the replication of virus within the cell and also release the

protein molecules into smaller fragments.

mature viral particles from the infected cell by splitting the viral

resemblance of binding mode, nelfinavir
might be active against 2019-nCov.

Table 5: Drugs for inhibiting RdRp enzyme.

Sl. No. Drug Mode of Action Comments
Affect to the liver by increasing the enzyme level
Remdesivir (GS-5734) is an investigational pro-drug developed | which is reported in U.S. COVID-19 patients &
by Gilead Sciences Inc. An adenosine nucleotide analogue, also nausea, vomiting may occur.
Remdesivir [96,118] GS-441524 acts as an inhibitor of RNA-dependent RNA Potent in vitro activity against SARS-CoV-2 with
12. (GS-5734)’ polymerases to terminate the chain formation of viral RNA, so an EC50 at 48 hours of 0.77 uM in Vero E6
that decrease the production of RNA. Since it is highly selective cells.
to viral polymerase, therefore must have low adverse effectin | For treatment of COVID-19 one-time dose of
human cell. 200 mg intravenously
Followed by 100 mg per day for 10 days.
Common side effects include feeling tired,
S S Ribavirin is a nucleoside inhibitor which is used to stop viral headache, nausea, fever, muscle pains and
Ribavirin (tribavirin) . . - o . ) .
13. RNA synthesis and viral mMRNA capping. an irritable mood. In trial period with the
[105,119-122] s ) .
combination of pegylated interferon against
COVID-19
L . Favipiravir is a pyrazine derivative which inhibits RNA On 17 March 2020, Chinese officials suggested
Favipiravir ( Avigan) : . s . . L L .
14. [96,119] elongation and chain termination by preventing the catalytic that Favipiravir seemed to be effective in treating
’ activity of viral RNA-dependent RNA polymerase enzyme. COVID-19 in Wuhan and Shenzhen.
Since Penciclovir is nucleoside analogue, exhibits low toxicity
15. Penciclovir [105] and good selectivity. It binds to the RdRp and terminates the Considered for clinical trial.
replication process of viral RNA.
Table 6: Drugs for helicase inhibitor.

Mode of Action

Comments

The antiviral activity of 87 inhibits MERS-CoV and SARS-CoV

Adedeji research group was reported 1,2,4-triazole replication with EC50 values of 25 mM and 7 mM, respectively; and

1,2,4-triazole derivative

16. derivative as the inhibitor of viral NTPase and helicase L . h
[123-125] (NSP-13) of SARS- and MERS-Covs. no significant cytotoxicity was observed up to the concentration of
500 mM.
Bananins and 5- hydroxyc- Bananins and 5- hydroxychromone derivatives have
17. v 4 selective inhibition activity against the helicase and Preclinical

hromone derivatives [126]
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Figure 12: Drugs inhibiting virus non-structural proteins.

Figure 13: Drugs for inhibiting RdRp enzyme.
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Role of supporting drugs for COVID-19 treatment

Henceforth, there is no potential or effective the FDA
approved drug for COVID-19. So it has become necessary to
give supportive drugs along with the standard drugs. Table 7
lists some supportive medicines like immune-booster, anti-
inflammatory, anti-biotic and active virus inhibitor.

Drugs under investigation

In addition to the recommended and supportive drugs
there are a number of drugs that are in clinical trials for the
treatment of COVID-19. Table 8 illustrates some drugs which
are under investigation or in trial period against COVID-19.

5

Vaccine Development for SARS-CoV-2

Development of vaccine typically required years of
research and testing before reaching the clinic, but in 2020,
enormous efforts of different scientists from different parts of
the globe produced safe and effective coronavirus vaccines in
record time. Researchers are currently testing 89 vaccines in
clinical trials on humans, and 23 have reached the final
stages of testing. At least 77 preclinical vaccines are under
active investigation in animals. The first stage clinical trial
for the vaccine was started in Wuhan on March 16, 2020
after approved authorisation. Spike protein of SARS-CoV-2
is the main part to involve the rapid development of specific

vaccine [139]. The long-term goal of SARS-CoV-2 research
\ is developing an effective vaccine to yield neutralizing

antibodies. The National Institutes of Health in the US, and
Baylor University in Waco, Texas, are working on a vaccine
based on what they know about the coronavirus in general,
using information from the SARS outbreak. In addition, the
recent mapping of the SARS-CoV-2 spike protein may pave
the way for more rapid development of a specific vaccine
[139]. Furthermore, the production of RNA-based vaccines

1,2,4-triazole derivative

Figure 14: Drug for inhibiting helicase.

Table 7: Supporting drugs for COVID-19 treatments.

Comments

Mechanism in Action

Upper respiratory tract infections, naso-
pharyngitis, headache and high blood pressure.
Standard dose is 4-8 mg/kg or 400mg dose

Tocilizumab is a humanized monoclonal antibody used for the

Tocilizu-mab[127] treatment of rheumatoid arthritis (RA). It inhibits the activity of

18. [127]12s127126125125128 interleukin 6 receptor (IL-6R) which is a pro-inflammatory cytokine IV once, with the option to repeat a dose in 12
that play a key role towards the pathogenesis of the virus and in hours (not to exceed a total dose of 800mg),
immune response. recommended by National Health Commission of
China.
Macrolides are protein synthesis inhibitors and show their activity . . .
) . . . . . Diarrhea, stomach upset, nausea, abdominal pain
by prevents the growth of bacteria by interfering with their protein o )
. A . g and following risk factor-during the treatment of
synthesis. It also inhibits the translation of mMRNA through binding to . . ) .
. . . . o . COVID-19 infected patients-cardiac arrhythmia
Azithrom-ycin the P site of the 50S subunit of the bacterial ribosome. Macrolides . . )
19. and significant drug interaction.

[128,129] may also have immunomodulatory properties that mechanism
involved inhibition of mucus hypersecretion, accelerating neutrophil
apoptosis and reducing chemotaxis of neutrophils (PMNs) to the

lungs by inhibiting cytokines (i.e. IL-8) [129-132].

Pfizer has announced azithromycin as a
supportive drug (with hydroxychloroquine) for
COVID-19 infected patients in France.

Table 8: Drugs under investigation or in trial period against COVID-19.

Comments

Mechanism of Action

Inhibits membrane fusion to prevent the interaction between Not approved by the FDA but used as an Antiviral drug for
20 Arbidol [133] (Umifenovir) the virus (mainly RNA viruses) and target host cells. Therefore, influenza in Russia and China. Chinese clinical trials carried
’ the entry of virus into target host cells is inhibited and out for COVID-19 (200mg by mouth three times daily for no
stimulated the immune response. more than 10 days) claiming potent in vitro activity.
Binds to Jenus Kinases type1 & 2(JAK 1/ 2) and leads to
the inhibition of the JAK-signal transducers and activators of - . P .
) R . . ) . Although no clinical data exist but artificial intelligence suggest
21. Olumiant [134] (Baricitinib) | transcription (STAT) signaling pathway. Therefore, production s
; f ; Baricitinib for COVID-19 treatment.
of inflammatory cytokinaseis reduced and may prevent an
inflammatory response.
Inhibits the activity of vascular endothelial growth factor-A
(VEGF-A) which is growth factor protein that stimulates It is a humanized anti-VEGF monoclonal IgG1 antibody. No
2. Bevacizumab [135] (Avastin) = angiogenesis in a variety of diseases and has a key role as clinical data exist but evaluated for clinical trial in China for
potential therapeutic target in acute lung injury (ALI) and acute COVID-19.
respiratory distress syndrome (ARDS).
IL-6 blocking pathway drug and IL-6 is considered as a key
factor for chronic inflammation, associated with autoimmune China’s National Health Commission has suggested for the
23. TZLS-501 [136] ) ) ) .
diseases such as multiple myeloma, severe acute respiratory treatment of COVID-19 patients.
distress syndrome (ARDS).
Sarilumab . . " ’ . .
It is used for the treatment of rheumatoid arthritis (RA) by The Feinstein Institute of Northwell Health has recommended
24. (Kevzara) . ) .
[137,138] inhibiting the interleukin-6-receptor. for the treatment of COVID-19.
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is more rapid and less expensive than traditional vaccines,
which can be a major advantage in pandemic situations.
Clinical trials for an mRNA-based SARS-CoV-2 vaccine are
currently underway [140]. Recently, the vaccine of COVID-19
is based on the different part of the SARS-CoV-2 virus such as
spike protein (S), envelope protein (E), nucleocapsid protein
(N), N-terminal domain, membrane protein (M), whole cell
of antigen, nucleic acid (DNA and RNA) [141]. Till now, no
licensed vaccines are reported against SARS-CoV-2. Several
research groups and institutes have tried to develop potential
vaccine. It is reported that clinical trial (phase-I) will be
conducted by the many research institutes based on different
strategy like Pfizer, BioNTech (BNT162); Wuhan Institute
of Biological Products; China National Pharmaceutical
Group (Inactivated vaccine); Beijing Institute of Biological
Products; China National Pharmaceutical Group (BBIBP-
CorV); CanSino Biologics (Ad5-nCoV); Inovio Pharmaceuticals
(INO-4800); Sinovac Research and Development Co., Ltd.
(CoronaVac) [142]. University of Melbourne and Murdoch
Children’s Research Institute; Radboud University Medical
Center; Faustman Lab at Massachusetts General Hospital, The
University of Oxford, the Jenner Institute are in Phase 2/3 trial
period. A SARS-CoV-2 mRNA vaccine developed by Moderna,
has in phase 2 trial period [142] (Table 9).

Conclusion

Since the very beginning Coronaviruses, have raised
questions on therapeutic research and overall human health.
Millions of people across the globe will have been infected with
SARS-CoV-2 before its morphology is completely understood.
Comparison of the reference genome of SARS-CoV-2, with the
similar reference genomes of the coronaviruses discovered
previously, will provide crucial information about the
discovery of potential drugs and vaccine therapeutics. But
these diagnostic steps (PCR, LAMP) are not quite effective

5

and the actual treatment process with an exact drug is
under clinical trials. With the passage of time, people have
understood that a critical step like isolation is essential to
prevent the spread of the COVID-19 pandemic. Even though
the fatality rate of SARS-CoV-2 is less compared to SARS-CoVs
and MERS-CoVs, the high transmission rate (R)) of SARS-
CoV-2 makes it more perilous than the previous CoVs. Thus,
an adequate number of detection kits must be available in
time, to identify and isolate the infected patients from others,
and to stop the nation-to-nation transmission rates. The
outbreak of COVID-19 would not only affect human health but
also have public repercussion, effecting negatively the cultural
and socio-economic status of world, with an adverse effect
specially on the tourism industry, logistic & retail markets, and
in turn GDP of the countries. The crisis situation due to this
sudden outbreak might not be overcome by the government
and the public health authorities alone, unless people take
immense care of themselves, by following the guidelines and
policy decisions issued by the appropriate government and
public health authorities to prevent the transmission of SARS-
CoV-2. Obstructing the replication processes, like blocking
of the interaction of spike glycoprotein of guest to the ACE2
or blocking the pathway for the synthesis of viral RNA by
inhibiting the activity of RNA-dependent and RNA-polymerase
enzyme of the host or binding of selected drug with the
protease enzymes which are responsible for the synthesis
of viral spikes, viral proteins in the host cell would become
a potential molecular target to develop drugs therapeutics.
Therefore, small molecular inhibitors and antibodies that can
have the ability to achieve this are particularly interesting in
the discovery of new drugs.

Although there are a few encouraging drugs mentioned
in this study, the potential benefit of the proper drugs for
management of treatment or prevention for COVID-19

Table 9: Development of vaccines from different parts of the world.

Development of vaccines

How does it Works Phase

Developer

Status

) . Approved in several countries.
Pfizer-BioNTech mRNA 2and3 Emergency use in U.S., E.U., other countries. Clinical trials showed the vaccine has an efficacy of 95%.
Approved in Switzerland.
Moderna mRNA 8 Emergency use in U.S., E.U., other countries.
Gamaleya Ad26, Ad5 3 Early use in Russia.
Emergency use in other countries.
Oxford-AstraZeneca ChAdOX1 2and 3 Approved in Brazil. Stopped use in Denmark.
Emergency use in U.K., E.U., other countries.
CanSino Ad5 3 Approved in China. -
Emergency use in other countries.
Johnson & Johnson Ad26 3 Emergency yse inU.S., E.U., other coyntrles.
Paused in some states and countries.
Vector Institute Protein 3 Early use in Russia. Approved in Turkmenistan.
Novavax Protein
Sinopharm Inactivated 3 Approved in Chln_a, UAE., Bahraln.
Emergency use in other countries.
Sinovac Inactivated 3 Approveq in China. .
Emergency use in other countries.
) . Approved in China.
Sinopharm-Wuhan Inactivated 3 Limited use in UAE.
Bharat Biotech Inactivated 3 Emergency use in India, other countries.
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infected, is yet to be defined, which results in a big therapeutic
challenge. Therapeutic trials, protocols, warrant therapy and
the timing of initiation, risk factors, progress rate, limitation,
dose etc. on patients are still to be understood so that the
medical practices continue to be updated time to time, from
the data available or published by the government, or the FDA
approved treatment protocol of COVID-19 to the community.
Most importantly, there should be a strong requirement
of quality-manpower for research and development of
vaccine and potential drugs to fight against the fatal SARS-
CoV-2. Therefore, all nations need to synergise research on
this genome to achieve more robust results to fight against
Coronaviruses.
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