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ABSTRACT

The novel COVID-19, a pandemic disease, is showing an alarming spread and severity throughout the world.
Globally, the community transmission of this disease is affecting people in large clusters and so it is necessary to
mitigate and control them in order to minimise the social and economic consequences. This review emphasize on
the origin of the coronoviral epidemics, discussion on the structural and functional basis of SARS-CoV-2,
epidemiology, pathognomonic symptoms, fatality, available rapid diagnostic methods and proposed possible
treatment methods for the treatment of COVID-19. The diagnostic markers with respect to genetic material of the
virus based on PCR, CRISPR & APTAMER and with respect to proteins based on Antigens were discussed which
provides new arena for the development. In control of a pandemic situation the policy adoption and imple-
mentation by the governments plays a major role and the policy implementation in different countries are
discussed which establishes the effectiveness of the policies framed by the governments. The effectiveness of
ethnic traditional medicines of various countries such as India and China in Immunity enhancement, along with
their utilisation is also discussed. This review provides an insights towards the COVID-19 which helps in
continuous investigation on different dimensions which could help us to understand the mysteries behind the

havoc created by this invisible creature.

1. Introduction

A recent viral outbreak, COVID-19 (Coronavirus Disease-2019) is a
serious concern in terms of global health as well as global economy.
Though there are many drugs which subsides the symptoms of this
disease, as of now there is no specific established medicine to treat
COVID-19. Generally, viral infections are difficult to treat, as the viruses
unlike other pathogens, hijack the host cells and use the host cell ma-
chinery to replicate and multiply themselves. Hence, it is difficult to
discover a drug that specifically attacks the viruses without harming the
host cells. Inspite of the above said risk, many possible methods were
also proposed to treat the lethal coronaviral infections. Coronaviruses

* Corresponding author.
** Corresponding author.

are a group of viruses that belong to the subfamily Orthocoronavirinae
in the family Coronaviridae. They are enveloped viruses with positive
sense, RNA genome of size approximately 30 kb. The first human
coronaviruses were reported in 1965 by Tyrrell and Bynoe [1]. These
viruses are known to cause mild to severe upper and lower tract respi-
ratory diseases in humans and are also known to cause diseases in other
mammals and birds. Among the four genera of the Coronaviruses (o, £, v,
8), p Coronaviruses are known to cause severe respiratory diseases in
humans. Two p coronaviruses SARS-CoV and MERS-CoV were already
caused epidemics in 2003 and 2012 respectively. The total reported
cases in SARS-CoV infection which caused Severe Acute Respiratory
Syndrome was about 8096 and 774 associated deaths were reported in
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26 countries (WHO report as of Dec 31, 2003) and the fatality rate was
9.5%. Recently in 2003, researchers also isolated SARS Corona virus
from Paguna larvata in wet markets in Shenzhen [2]. Another cluster of
Coronaviruses MERS-CoVs caused Middle East Respiratory Syndrome
with Saudi Arabia as the epicentre [3], was spread to 27 countries
reporting 2494 confirmed cases of infection and 858 associated deaths
(By WHO report at the end of November 2019.) and the fatality rate
(34.4%) was higher than that of SARS. Recently, another pandemic,
COVID-19 is caused by SARS-CoV2. The outbreak of SARS-CoV2 was
epidemiologically linked to the Chinese Sea Food market in Wuhan,
Hubei province, China [4]. Now, the WHO has declared COVID-19 as a
Public Health Emergency of International Concern [5]. In recent viral
outbreaks, Bats are considered as “Viral Reservoirs” for diverse variety
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of viruses. Although Civet cats were identified as animal origin, Bats
were identified as reservoir hosts of SARS-CoV [6]. Similarly, Camels
were identified as animal origin and Bats were proposed to carry pro-
genitor viruses of MERS-CoV [7]. Also in COVID-19, laboratory results
indicated that SARS-CoV2 is similar to p Coronaviruses identified in Bats
[8]. The animal origin of SARS-CoV2 is believed to be Pangolin. The
above statements suggest that Bats could be a common reservoir for
these p Coronaviruses (SARS-CoV, MERS-CoV, SARS-CoV2). The prob-
able reason might be that bats are the only mammals that can fly and
also the second-largest order of mammals. It is also hypothesized that
the flying ability of the bats provided them the selection pressure for
coexistence with viruses and the migrating ability of the bats can be
correlated to the context of disease transmission. The probable reason
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Fig. 1. Overall Scheme of Covid 19 Outbreak — In the view of pathology, diagnosis and treatment.
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for the frequent viral outbreaks in the world could be due to diverse
climates, alarming environmental pollution which attributes to the
natural selection of different biodiversity across the world. There is also
a belief in food culture that slaughtered raw animals are more nutritious
than the cooked ones, this can be attributed to the disease transmission
from animals to humans [6]. The overall scheme of the review is given in
terms of pathology, diagnosis and treatment (Fig. 1).

2. Human to human transmission

Transmission is one of the major reason in the chain of viral infec-
tion. The rate of infection can be well explained by the four stages of
transmission (Fig. 2). It is evident that the transmission may occur due to
direct exposure to the respiratory droplets or might be due to the fomites
in the immediate environment around the infected person and some
cases airborne transmission is also possible at situations where aerosol-
generating medical treatments are carried out [9].

Health care workers are in the front line in the risk of infection
during the viral outbreak due to long exposure of pathogen, occupa-
tional stress, fatigue and violence that occurs between physical and
psychological health [10]. To identify and assess the transmission po-
tential of an emerging pathogen a basic useful metric called reproduc-
tion number (R,) which measures the average number of secondary
cases from each infected person is used, higher the R, higher is the rate
of infection and the spread of the epidemic becomes rapid and when the
R, falls below 1 it indicates that the epidemic is likely to fall out and it
decreases the rate of infection. The R, value of SARS-CoV, MERS-CoV,
SARS CoV-2 lies in the range of 2.57, 0.42-0.92 and 2-3 respectively
[11-13]. It is very well clear that SARS CoV 2 has an increased risk of
transmission in comparison with MERS CoV and SARS CoV based on its
R, value and hence there emerges an alarming threat to take immediate
control measures to bring the rate of infection in control. The situation
report by the World Health Organisation dated August 31, 2020 re-
ported 24,854,140 confirmed cases and 838924 deaths globally, shown
in Table 1.

The risks of COVID-19 can be measured by a term Case Fatality Rate
(CFR) Eq. (1),

STAGES OF TRANSMISSION OF
COVID-19
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Fig. 2. Stages of transmission of COVID-19 (Source: Hindustan Times, March
28th, 2020).
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Number of deaths of COVID — 19

CFR=
Number of diagnosed cases of COVID — 19

@

The factors which influence CFR are the age of an individual, gender
of an individual and comorbidity that is the pre-existing health condi-
tion of the individual. Elderly people above 65 years and people with a
weaker immune response or with pre-existing health conditions such as
cardiovascular, diabetes, hypertension, cancer and Chronic Respiratory
Disease have shown increases in mortality rate by COVID-19 infection. It
is also proved that males are more suspicious towards COVID-19 than
females. The probable reasons could be increased rate of smoking and
alcohol consumption by male than female [14]. Consumption of alcohol
severely affects the immune cells count, proliferation and also its
response against pathogen. Ethanol can modulate the function of den-
dritic cells by affecting the antigen presentation to T-cells. An early
study with female mice revealed that alveolar macrophages get affected
upon alcohol consumption. It also decreases the T-cell count in heavy
drinkers. Alcohol abuse can lead the host prone to viral and bacterial
infections [15]. Smoking is also another reason for weakening of im-
mune system. It can decrease IgA concentration, basophil count and NK
cells count in active smokers [16].

3. Diagnosis of COVID-19 through different strategies

The World Health Organisation (WHO) along with other health
agencies and researchers are paying much attention towards developing
diagnostic kits for detection of this novel corona virus. Rapid diagnostic
methods can help in quick isolation of infected individuals, by which
transmission can be reduced to a greater extent. Currently, diagnostics
are carried out with the samples collected from upper and lower respi-
ratory tract and also with blood and stool samples.

Obtaining lung tissue using autopsy techniques and paired serum
will also be beneficial when serological tests are to be done. Specimens
should be stored properly and maintained at 2-8 C for correct handling.
The diagnosis of COVID-19, is aimed either by targeting the (a) Genetic
material of the virus, (b) Protein component of the virus.

3.1. Diagnostic marker - genetic material of the virus: PCR, CRISPR &
APTAMER

Most of the testing tools which are being used nowadays, have also
turned their focus towards reverse transcription polymerase chain re-
action (RT-PCR), a nucleic acid amplification test for the diagnosis of
SARS-CoV 2 genetic material [17]. Diagnostic method using real time
RT-PCR includes the following steps: (a)Collection of Nasopharyngeal
and Oropharyngeal swabs, (b) RNA extraction from the specimens and
Purification, (c) Reverse transcription of RNA to cDNA, (d) Amplifica-
tion of cDNA, (e) Fluorescent signal detection. Many laboratories have
started to customize their PCR kits for analysing this viral genome and
have tried to study more about the pathology of infection. Using CRISPR
(Clustered Regularly Interspaced Short Palindrome Repeats) related
approaches, the rapid progress in the diagnosis of COVID-19 is possible.
Recent studies reveals two approaches of CRISPR, using CRISPR-Cas13a
(also named as SHERLOCK - Specific High Sensitivity Enzymatic Re-
porter UnLOCKing technique [18] and CRISPR-Cas12 [19]. Both these
methods can diagnose a viral genome in minutes. First step in these
approaches is to amplify the extracted nucleic acid isothermally using
Recombinase Polymerase Amplification Kit and it takes about 25 min.
Second step involves detection of target viral gene either using Cas13a
(in SHERLOCK) or Cas12, and this requires a period of 30 min. This step
is then followed by visual read out for detection which involves 2 min
incubation. In CRISPR based SHERLOCK technique, Cas 13a which is a
RNA guided RNase, cleaves the non-targeted RNA including RNA probes
after it binds to target gene. This collateral cleavage of RNA probes re-
sults in emission of signal which can be detected visually. In CRISPR Cas
12 system, reverse transcription of viral RNA will be performed and
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Table 1

Region wise Covid 19 diagnosed and death cases as on March 29, 2020.
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Region January’20-March’20 April’20-June’20 July’20-August’20
CcC D CFR (%) CC D CFR (%) CcC D CFR (%)

Western Pacific 104868 3671 3.501 110698 3769 3.405 272005 3122 1.148
European 423946 26694 6.297 2268140 170560 7.520 1513622 21877 1.445
South East Asia 4215 166 3.938 780716 21427 2.745 3288217 53683 1.633
Eastern Mediterranean 50349 2954 5.867 1007706 21469 2.130 845492 26043 3.080
America 163014 2836 1.740 4973691 244293 4.912 8002207 214625 2.682
Africa 3786 77 2.034 293504 5933 2.021 747223 15712 2.103

c¢DNA will be amplified. After recognition of target gene, the Cas 12
which is a RNA guided DNase will cleave the single stranded DNA. For
this, single stranded DNA probes are designed which are also cleaved by
Cas12, thus emitting the signal. APTAMER based approaches can help in
easy detection of RNA molecules as they are short oligonucleotide or
peptide molecules and can bind easily with specific targets such as
proteins, small molecules, etc,. As they are extremely specific and se-
lective towards their targets, they have wider application in therapeutic
and diagnostic pipelines and can perform target recognition and binding
by hydrophobic interactions, base stacking and intercalations. The
aptamers of high affinity and selectivity towards the target molecules
can be synthesised by using SELEX method (Systemic Evolution of Li-
gands by Exponential Enrichment), an invitro technology in which
non-binding aptamers are discarded and the aptamers which fit into
targets are expanded and selected for further processes. Currently, these
aptamers are being used to diagnose viral infections by immunological
and molecular methods. Some aptamer based sensors, known as apta-
sensors are also used to diagnose viral infections in which aptamers act
as bioreceptors or transducers [20]. Based on the type of transducer,
they can be optical aptasensors or electronic aptasensors and their
classification is dicussed in the below figure. RNA aptamers for the
sensitive detection of SARS CoV was also developed by targeting the
nucleocapsid protein [21]. Specific binding of selected RNA with N
protein was also studied. It revealed that SARS CoV N protein has RNA
binding domain at both N terminal and C terminal. But the selected
aptamer bound with C terminal and dimeric form of N protein. Aptamer
based chemiluminescene immunosorbent assay was also developed and
insights on nanoarray aptamer chip was discussed. This work can help in
developing similar kind of aptamer based diagnostic chip for SARS CoV
2.

3.2. Diagnostic marker — protein component of the virus: serological tests

As these RT-PCR systems require sophisticated instruments, more
time and do not provide sufficient knowledge about the complete history
of infection, many countries such as Singapore have moved towards
serological tests, as they look deep into the history of antibodies to know
more about the past infections of a community and their associated
antibodies. These serological tests are of different types: i) Neutralisa-
tion tests: measures the functional and active antibodies present in a
patient body against a particular pathogen, ii) Immuno fluorescent as-
says (IFA): displays a fluorescent signal in response to the interaction
between antibodies and the viral proteins [22] iii) Enzyme Linked
Immuno Sorbent Assays (ELISA): detects the active antibodies by
measuring the antigen-antibody interaction [23]. Iv) Western blotting:
emits a fluorescent signal when an antibody interacts with viral protein.
Many researchers and organisations are performing continued studies to
develop accurate serological tests that can rapidly detect the presence of
viral protein within a shorter duration of time. There are four important
structural proteins in a corona virus which are the spike proteins,
membrane proteins, envelope proteins and nucleocapsid proteins. In
particular, the spike protein has been found as one of the primary pro-
teins which interacts with the immune cells of patients affected with
COVID-19 [24]. Few companies have started selling these viral antigens

and few are producing antibodies against this to create rapid tests for
quick diagnosis of a large number of people. Among these methods,
immunoassays and CRISPR technology could diagnose within short
period of time and they are highly specific too. During the initial stages
of diagnosis of COVID-19, Computer Tomography (CT) imaging is useful
in examining the abnormalities associated with lungs such as lesion
distribution, morphology, density, staging, etc [25]. This method pro-
vides a complete pathological analysis of the lung inflammations and
any kind of lung opacities with high density resolutions and high sen-
sitivities within a short period of examination time. It provides a
conclusion about the severity of the disease and helps in facilitating
further treatment processes [26]. As they have high risk-benefit ratio to
the population like that of radiation exposure and other cross infections,
their use has been limited only to the early stage of diagnosis by the
medical community.

3.3. Diagnostic kits for COVID-19

In order to have quick and accurate diagnosis of COVID-19, many
companies have started to produce diagnostic kits based on various
techniques like RT-PCR [27], Immunoassays, and CRISPR based tech-
nologies [17]. ELISA is also used for diagnosis of COVID-19 [28]. On
comparing the molecular diagnostic methods based on the time taken
for diagnosis RT-PCR takes much time (around 2-6 h), followed by
CRISPR based test and Immunoassay based test (around 1 h for CRISPR
based test and within 15 min for Immunoassays) [17]. Shown in Table 2
are the list of kits available for diagnosis worldwide [29,30]. Based on
the sensitivity of the diagnostic kits, it was found that antibody mediated
testing i. e, use of IgM/IgG based ELISA kits showed good sensitivity of
87.3% [31]when compared to other diagnostic methods which are based
on nucleotide markers [32].

From Table 2 it is evident that more number of kits are developed
based on RT-PCR followed by immunological assays. But CRISPR based
technologies also have several advantages over RT-PCR which includes
low cost, lesser time consumption and no bulky instruments required.
APTAMER, another highly specific approach can also be used for
detection of SARS CoV-2. Thus this work suggest that scientific com-
munity could focus more on developing CRISPR and APTAMER based
diagnostic kits.

4. COVID 19 testing through environmental samples

Other than direct human to human transmission, the SARS CoV2
spread can be attributed to contact with virus contaminated inanimate
objects, hence it is necessary to monitor the spread in environmental
point of view. The number of cases of both symptomatic and asymp-
tomatic patients are increasing day by day all over the world. Despite
transmission through liquid droplets, the detection of this virus in faecal
contaminations is also being observed in many countries. Hence,
monitoring environmental samples can help us to know more about the
disease transmission and also can give an idea on future contamination
problems. Nowadays many researchers have started focussing towards
this and there is an urgent need to monitor environmental samples of
water, air and sewage as they can be indicators in finding the circulation
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Table 2
Diagnostic Kits based on Nucleic Acid Markers and Protein Markers.
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Diagnostic Kits based on Protein Markers

Method Developer

Kit name

Lateral flow Immuno Assay Guangzhou Wondfo Biotech

Innovita Biological Technology

Jiangsu Medomics Medical Technologies

Mammoth Biosciences

Sona Nanotech

Biomerica

Sugentech

Xiamen Amon Med Biotechnology

Chemiluminesence Immuno Snibe Diagnostics
Assay

Solid phase

Immunochromatography

Zhejiang Orient Gene Biotech

Wondfo SARS-CoV-2 antibody test (15 min)

SARS-CoV-2 antibody assay (15 min)

SARS-CoV-2 rapid combined IgM/IgG antibody test kit (15 min)
SARS-CoV-2 DETECTR (CRISPR + Lateral flow based kit) (20 min)
Rapid SARS-CoV-2 antigen detection test (5-15 min)

Rapid POC IgM/IgG antibody test (10 min)

SGTi-flex COVID-19 IgM/IgG (10 min)

COVID-19 IgM/IgG test kit (Colloidal Gold) (10 min)

MALGUMI 2019-nCoV IgM/IgG kit (30 min)

COVID-19 IgG/IgM Rapid Test

Diagnostic Kits based on Nucleic Acid Markers

RT-PCR
and Prevention
US Centres for disease Control and Prevention
(CDC)
University of Hong Kong
BGI Group (Beijing)
Hong Kong University of Science and Technology

Novacyt, Primerdesign

Thermo Fisher Scientific

Biomeme

Agency for Science Tecnology and Research

(A*STAR), MiRXES

TIB Molbiol also via Roche Diagnostics
CRISPR Based Diagnostics Crispr Biotech

Sherlock Biosciences

Chinese National Institute for Viral Disease Control

New Coronavirus nucleic acid assay
CDC 2019-nCoV real time reverse transciptase PCR diagnostic panel

Real-Time reverse transcriptase PCR assays

Real-time fluorescent RT-PCR kit for detecting 2019-nCoV

On-site rapid molecular diagnostic system based on Shenzhen Shineway Technology
(microfluidic PCR test) (40mins)

Novel Coronavirus Strain 2019-nCoV (Within 2 h)

TagMan 2019-nCoV Assay kit (Research purpose only)

Biomeme COVID-19 Go-Strips (Research purpose only)

Fortitude Kit 2.0

SARS-CoV-2 RdRP or N gene CE-IVD 7 virus Respiratory Panel multiplex RT-PCR
Ultrasensitive, rapid and portable corona virus SARS-CoV-2 sequence detection
(Within 1 h)

Rapid CRISPR based tests for SARS-CoV-2 and other pathogens (Within 1 h)

of virus in human communities. When Vincent et al. (2020) tried to
study the environmental surveillance of SARS CoV-2 around infected
patients, it was found that, though the viral genome was not detectable,
its traces were found in environmental sample of one of those patients
[33]. While monitoring sewage samples, it is observed that, SARS CoV-2
is being detected in untreated waste waters in many parts of the world
but proper disinfection treatments can reduce their traces and concen-
trations to a greater extent. Warish et al. (2020) tried to monitor these
viral infections in a catchment area in Australia and had reported that
the viral RNA copies of SARS CoV-2 showed positive for two detections
in the untreated waste water in that catchment area [34]. Live SARS
CoV2 were isolated from faecal samples of infected persons [35], this
increases the probability of finding infectious SARS CoV2 in hospital
sewage water and from household sewage of infected patients. There is
also an evidence for spread of SARS corona virus during the 2003
outbreak through domestic waste water, that aerosolized water droplets
contained corona viruses from a damaged sewage pipe in a residential
apartment, resulted in a cluster of cases, affected through a community
who were thought to be affected by this incident in Hong Kong [36].
Even though, the waste water treatment plants may ensure the decon-
tamination of treated water, there is a hazard of water borne virus
spread through improper domestic sewage management and transport
systems. The solution to avoid this problem will be establishment of
decentralised water treatment and decontamination systems in hospitals
and at least decontamination of household sewage before release into
the centralised waste water management system. According to a new
waste water worker guidance released by U.S.Occupational Safety and
Health Administration (OSHA) in February 2020, the current disinfec-
tion technologies used in Waste water treatment plants, such as oxida-
tion with hypochlorous acid or peracetic acid, and inactivation by UV
irradiation, are expected to be effective in protecting wastewater
workers, as well as the public, from coronavirus [37]. Use of chlorine
proposed to be the cheapest method in inactivation of coronavirus in
water [38].

In the study conducted by Ong et al. it is proven that the toilet area
and other fomites in one of the patients’ room resulted positive for SARS
CoV2 contamination before routine cleaning. Only one sample collected
from surface of front shoe wore by staff showed positive. They have
concluded possibility of contamination is through droplets from respi-
ratory tracts which would have displaced as aerosols and because of
faecal shedding [39]. J. Wang et al. revealed that proper disinfection
and routine cleaning could decrease the risk of SARS CoV 2 contami-
nation in hospitals [40]. S. Farida et al. experimented the air borne
transmission of COVID-19 virus which indicated that all the air samples
collected by them resulted negative [41]. Another study by Joshua et al.
examined the mode of transmission of viral particles in the environment.
Surface samples were taken from common room, toilet and personal
items used by confirmed and suspected patients. Air samples were
collected from inside and outside of patient’s room, in hallways and on
staffs performing sampling. Almost all the surface and air samples
resulted positive for the virus. This study suggested that viral aerosols
are transported somehow from the patient. The flow of air, in and out of
the room plays a major role in transmission [33]. The duration of
infectivity and persistence of SARS CoV2 was reported in various
inanimate objects like printing and tissue papers — 3 h, wood and cloth -
1 day, smooth surfaces like glass — 3 days, stainless steel and plastic — 6
days, surgical masks — 7 days. It is also notable that SARS CoV2 is stable
at a wide pH range of 3-10 and at low temperature and humidity [42].
Therefore, surface decontamination of frequent touching places and
floors must be carried out regularly. Heat can be applied for heat stable
reusable medical equipments, since SARS CoV2 is reported to be inac-
tivated by heating up to 56 °C for 30 min and Ultra violet ray exposure
for a period of 60 min was also proved to be effective in virus inacti-
vation. The surface decontamination can be carried out with lipid sol-
vents like ethanol (>75%), isopropanol (>70%), formaldehyde
(>0.7%), sodium hypochlorite (>0.21%), providone iodine (>0.23%),
or hydrogen peroxide (>0.5%) [43].
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5. Molecular pathogenesis - combat between COVID-19 & host
cells

5.1. Pathology of COVID-19

SARS CoV-2 infects humans by gaining entry into the body mostly
through the T-zone i. e, through eyes, nose and mouth. The presence of
spike glycoproteins on the surface of SARS — CoV — 2 enables the viruses
to enter host cells. The spike glycoproteins have two subunits; S1 and S2.
S1 subunit of the glycoprotein, similar to SARS-CoV binds to ACE 2 re-
ceptor, a carboxypeptidase (E.C. 3.4.17.23), present on the surface of the
cell, specifically in cells that are found in the lung and in the GI track and
the other subunit, S2, fuses with the cell membrane [44]. ACE2 (Fig. 3) is
a zinc metalloprotease whose activity increases up to 10 fold in presence
of monovalent ions like Chlorine and Fluorine [45]. Angiotensin-I, a
peptide hormone, is produced by the action of renin on angiotensinogen.
Angiotensin-I is then converted to Angiotensin-II by an enzyme called
angiotensin converting enzyme (ACE). The carboxypeptidase activity of
ACE2 is best found by its hydrolytic activity over its high affinity sub-
strates, Angiotensin-II, Apelin-13 and Dynorphin A 1-13 [45]. The Ky
value for Angiotensin-II by ACE2 is 2 uM.

The reaction catalyzed by ACE2 is as follows Eq. (2):

Angiotensin — Il + H,O—Angiotensin 1 — 7 + L — Phenylalanine (2)

The product Angiotensin 1-7 is a vasodilator, whereas the
Angiotensin-II is a vasoconstrictor. Patients are treated with ACE in-
hibitors and AT receptor blockers which are common types of high blood
pressure medication. Recent studies have reported that the blood pres-
sure medication can potentially increase the concentration of ACE 2
receptors on the surface of the cell. ACE 2 generates angiotensin from
Angiotensin-II which then binds to Mas receptor and shifts the balance
from vasoconstriction to vasodilation [44]. It was already found that the
SARS-CoV exhibited its infection by binding to the ACE2 as its receptor
[46]. A similar mechanism is observed in the case of SARS-CoV 2 [47,
48]. The structure of ACE2 shows a negatively charged ridge sur-
rounding the catalytic site of this enzyme. This negatively charged ridge
contributes as the docking site for the S1 domain of the viral spike
protein or Receptor Binding Domain (RBD) of SARS-CoV [49]. Binding
of viral spike protein with ACE 2 receptor is shown in Fig. 4. Being most
affected organ, the lungs, once after the infection by SARS-CoV 2 there
was a decrease in expression of ACE2 and thus resulting in resulting in
accumulation of Angiotensin-II resulting in acute respiratory distress
syndrome and fulminant myocarditis [50]. Apart from infecting lungs,

Fig. 3. Structure of ACE2 (PDB ID: 1R42).
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Viral Spike

protein

Fig. 4. Interaction between viral spike protein (Cyan-Blue color) and human
ACE 2 receptor (Light green color) (PDB ID: 7A94). Image created using Bio-
Render. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

SARS-CoV 2 found to infect digestive tract and nervous system. The
infection in digestive or the GI tract is due to the high expression of
ACE2, which became evident by the detection of SARS-CoV 2 in the fecal
sample from patients [51]. Even a patient was found to be infected with
SARS-CoV 2, where the virus was identified at the CSF sample, indi-
cating that virus has the ability to cross the Blood Brain Barrier and
infect the Central Nervous System [52]. The atomic level inspection of
the binding of viral protein with the ACE2 was studied by Jinghua Yan
et al. where by the important interactions between the amino acids of
SARS-CoV 2 and ACE 2 for successful binding was described in Table 3
below:

Since immune cells play an important role against viral infections,
overexpression of ACE in myeloid derived cells could be a promising
approach for therapeutic manipulation, including the upregulation of
immune cells to fight against COVID 19. Medications which causes an
increase in Chloride ion concentration may also be a good choice to treat
the infected people, since the activity of the ACE2 increases in presence
of Chlorine and Fluorine. There is another protein called transmembrane
serine protease, TMPRSS2, present adjacent to ACE 2. TMPRSS2 facili-
tate the entry of virus by two separate mechanisms. After the S1 subunit
binds to the receptor on cell surface, TMPRSS2 activates the glycopro-
tein and cleaves ACE 2. TMPRSS2 also acts on the S2 subunit, causing an
irreversible conformational change, activating it, and promoting fusion
of the virus to the cell membrane. The mRNA of the virus then enters the
cell [44].

Table 3
Residues involved in binding of SARS-CoV2 and its receptor ACE2.
Location Type of SARS-CoV 2 ACE2
Interaction
Interface of bound  H-Bond and Salt A475 S19
S1 and ACE2 Bridge N487 Q24
E484 K31
Y453 H34
o3 of C-Terminal Ionic interaction K417 D30
Domain
«l’/p1’ loop and H-Bond G446, Y449, G496, D38, Y41,
2’/n1’ loop Q498, T500 and Q42, K353,
G502 D355
Further virus Hydrophobic Y489, F486 F28,L79, M82,
receptor interaction Y83
packing
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5.2. Host cells response

In healthy adults, during the first week of incubation period the viral
load is high which leads to increased number of leucocytes, immature
neutrophils and erythroid cells [53,54]. The virus also affects the alve-
olar macrophages. The cytokine level increases in plasma [55]. The viral
load gradually decreases on the second week due to the increased pro-
duction of IgG and IgM antibodies against the virus. But in older people,
person with comorbidities and low immunity have persistent lympho-
cytopenia especially hyperactivated CD4 and CD8 T cells [56], throm-
bocytopenia, diminished antibody production and prolonged viral
shedding [55,57]. The expression of ACE2 receptor which is attached in
the cell membranes of lungs, heart, kidneys and intestines is also high
[54]. The C-reactive protein increases due to the inflammation. The
prothrombin time increases which leads to increased D-dimer level [58].
The procalcitonin level increases due to the bacterial super infection
[57]. The progressive stages of infection was depicted in Fig. 5 (Image
created using BioRender.com).

5.3. Histopathology

A hazy opacity called ground-glass opacity (GGO) was appeared in
the lungs of infected patients [54]. The type II pneumocytes which is
involved in the secretion of surfactants are deformed and damaged
leading to the closure of alveoli [53]. Acute respiratory distress
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syndrome was observed due to the formation of hyaline membrane [53,
58]. The HA synthase 2 is upregulated during inflammation and it helps
in the extrusion of hyaluronan (HA) from the cell surface which leads to
the collection of clear jellies in the lungs [59]. The pulmonary edema
causes congestion in the lungs leads to overlaid bacterial pneumonia
[53]. The lymph nodal enlargement in the roots of the lungs and pleural
effusion was observed [55,57]. The cytopathogenic effect and cilia
dysfunction was also observed in the lungs. The gastrointestinal symp-
toms such as diarrhea, nausea and vomiting was observed in some pa-
tients because of highly expressed ACE2 receptor in intestinal epithelial
cells [60]. Other than gastrointestinal symptoms liver damage is
observed which leads to increased level of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH),
creatine kinase and bilurubin [57,58,60,61]. The liver injury might be
due to direct viral infection, necrosis caused by inflammatory agents of
immune system or due to underlying diseases but is not well understood
[62]. The Cerebro Spinal Fluid (CSF) tested positive cases are rarely
observed in severely infected person and the pathogen attack with
respect to central nervous system (CNS) is still unclear [52]. The person
with underlying diseases like hypertension, cardiovascular diseases or
diabetes develops severe injury in myocardial cells (Sufang Tian, Yong
Xiong, Huan Liu, Li Niu, Jianchun Guo, Meiyan Liao, 2018; Zheng, Ma,
Zhang, & Xie, 2020). The elevated level of troponin I protein is observed.
The myocardial cell damage is also observed in patients without any
underlying diseases which is due to inflammatory response of immune
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system or due to the use of anti-viral drugs [63].

6. Treatments for COVID-19

The treatment of COVID-19 is aimed in two different dimensions, (a)
Antiviral based, (b) Host Based. The Drug development process should
orderly possess the following three stages, (1) the broad-spectrum
antiviral drugs which have been already existing to treat other viral
infections has to be investigated using standard assays. This ensures the
effect of these drugs on the following basis such as viral production and
plaque formation of living cells and on the cytopathy. (2) The second is
to screen the chemical libraries which contain a wide range of infor-
mation about the compounds or databases. The obtained large number
of compounds can be rapidly tested through high throughput screening
and further assessed by antiviral assays. (3) The third is to reformulate
new precise drugs based on the characteristics of the genome and bio-
physical understanding of the particular coronavirus. This method can
become a clinically valuable treatment selection but it usually takes
several years to procure a reliable therapy [64]. SARS-CoV-2 pertains to
a vast family of positive-sense single-stranded RNA beta coronavirus
which also contains SARS-CoV and MERS-CoV [65]. This genome en-
codes structural proteins (spike glycoprotein), non-structural proteins
(such as RNA dependent RNA polymerase, papain-like protease, helicase
and 3-chymotrypsin like protease) and accessory proteins. The spike
glycoproteins are indispensable for the viral entry into the cell by
inaugurating the virus-cell interactions and the four enzymes of
non-structural proteins play a crucial role in the viral lifecycle are the
desirable targets to develop an antiviral drug [66].

6.1. Anti-viral based targets

The viral-based treatment drugs are remdesivir, chloroquine, nita-
zoxanide, oseltamivir, darunavir, favipiravir, mefloquine [64,65,67,68].
The antiviral based treatment has gained much attention than the other
due to the lack of reliable drugs that can deliver a desirable effect. The
drugs such as lopinavir/ritonavir which significantly treated SARS-CoV
and MERS-CoV are unsuccessful in the treatment of SARS-CoV-2 because
of the absence of C2 catalytic pocket in which these drugs bind and it
pertains to the class of cysteine protease family wherein the former
belongs to the aspartic protease family [66]. Remdesivir (phosphor-
amidate prodrug of adenine derivative analogue which results in the
premature termination of nascent viral RNA chain by incorporating with
it) and chloroquine (an anti-malarial drug which rises the endosomal pH
needed for virus/cell fusion) have shown the most promising impact
against the SARS-CoV-2 in in-vitro with the very minimal half-maximal
effective concentration of EC5p = 0.77 pM and EC5p = 1.13 pM respec-
tively [65,69]. It is also evident that purine derivative analogues block
the RNA dependent RNA polymerase enzyme of SARS-CoV-2 and even
intravenous mode of remdesivir (GS-5734) which is a purine derivative
analogue drug had recovered a patient with SARS-CoV-2 [66]. Some
other drugs which also have anticoronal activity in in-vitro cell lines are
ribavirin, penciclovir, cepharanthine, selamectin, galidesivir, disul-
firam, imatinib and griffithsin [65-68]. But at present no drugs had been
confirmed in the treatment of SARS-CoV-2 and all these drugs are used
as supportive medications. The efficacy and safety of these drugs need to
be confirmed in further clinical trials to treat SARS-CoV-2. We recom-
mend the combination of drugs can be used to function more effectively
against the SARS-CoV-2. The combination of drugs should be selected
depending on all the possible mechanism of the virus attack. The
nucleoside analogues, neuraminidase inhibitors and protease inhibitors
with antibiotic treatment can be a promising combination in the treat-
ment of SARS-CoV-2. Since the cocktail of drug treatment has shown
some positive effect in the treatment of SARS-CoV-2, combinations of
drugs paves a promising way to combat the virulence of SARS-CoV 2
[70].
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6.2. Host-based treatment - stem cell treatment to COVID-19 patients

The important systems that are affected due to COVID-19 infection
are respiratory and the cardiovascular system. The pathology of COVID-
19 towards respiratory and cardiovascular system is due to the expres-
sion of ACE2, the receptor for COVID-19, leading to acute myocardial
injury [63]. The respiratory system being the most affected, therapies
are being developed for it. Using a histopathology report generated
through biopsy of a 50 year old man, it was found that there exist a
bilateral diffuse alveolar damage with cellular fibromyxoid exudates
[56]. Stem cell therapy helps in curing and controlling the disease.
Notably, Mesenchymal stem cells are used at this condition. Mesen-
chymal stem cells are less immunogenic and are capable of producing
paracrine soluble factors, particularly anti-inflammatory factors like
Interleukin-1 receptor antagonist, Interleukin-10, Prostaglandin-E; and
some antimicrobial factors. Mesenchymal stem cells have been reported
to be a potent remedy for acute lung injury [71]. Their various alveolar
repair mechanism is shown in (Fig. 6). Patients affected with COVID-19
i. e, cases from critically severe to non-severe, were transplanted with
mesenchymal stem cells as infusions and showed a very good pulmonary
recovery thereafter. Administration of MSCs showed to normalize the
abnormality in the white blood cells and the lymphocyte count to
normal [72,73]. These mesenchymal stem cells were found not to be
infected by the virus and showed a long term effect in anti-inflammatory
factors production which is very much essential for the recovery from
COVID-19 disease [74].

6.3. Host-based treatment - nanoparticles assisted treatment of COVID
-19

Since the outbreak of novel coronavirus began in the late 2019, re-
searchers have been reporting various treatment methods to fight
against COVID - 19. One among them is the use of nanoparticles.
Nanoparticles are promising candidate for the treatment of viral in-
fections due to its unique properties, which are unlike the properties of
bulk materials of same composition [75]. The nanoparticles based
mechanism for virucidal activity or viral inhibition varies virus to virus.
Magnetic nanoparticles as antiviral agent has been tested against various
highly infectious viruses like zika virus, HCV, H5N2 [76-78]. Similarly,
an attempt has been made to evaluate the efficacy of nanoparticles
against COVID 19 [79]. The scanning electron microscopic image of
SARS-CoV-2 (Fig. 7) isolated from a patient in the U.S revealed that the
virus consists of a structure at nanoscale which can be disrupted using
nanoparticles along with infrared light treatment. Iron based nano-
particles could attach to SARS-CoV-2, disrupting its structure and thus
inactivating the potency of the virus to get through and survive in the
human body. This approach of using nanoparticles for detecting and
neutralizing virus is called theranostic approach, which focuses on
combining diagnosis and therapy with the same particle. In addition,
nanoparticles can also be used for deactivating viruses by spraying on
objects and surfaces on which the viruses attach themselves. One of the
main reasons for the lack of real time application of nanoparticles for the
treatment of COVID - 19 is their size. Because of its permeating nature,
nanoparticles can seep through other parts of the body. Even though
iron based nanoparticles could be directed with magnetic fields to target
organs, such as lungs and other areas which are susceptible to respira-
tory problems after viral infection, the studies to show that these
nanoparticles are not spreading into the kidney or the brain during
treatment is still under research.

6.4. In silico studies on various drug targets against COVID-19

Molecular docking studies carried out by researchers demonstrated
that the bioactive compounds present in plants have the efficacy to
inhibit COVID 19 and ACE 2. The Table 4 shows the list of compounds
derived from plant sources with anticoronavirus activity. The values of
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Fig. 7. Scanning electron microscope image of SARS-CoV-2 (round gold ob-
jects) emerging from the surface of cells cultured in the lab. (Source: NIAID —
RML). (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

Hesperidin, Rutin, Diosmin, Apiin and Diacetylcurcumin are in MolDock
score [80], whereas the rest are the binding affinity scores of the mol-
ecules in Kcal/mol. The COVID-19 main protease, Papain like protease,
RNA dependent RNA polymerase and ACE 2 protein were chosen as the
main target in docking studies because inhibion of these targets results
in inhibition of COVID 19 infection pathway. Compounds with lowest
binding energies appeared to have the great potential to act as COVID 19
inhibitors. Plant based compounds having good binding affinity is a
potential candidate for therapeutics against COVID 19 as they are
components of dietary foods and biologically safe. Further in vivo and in
vitro studies for the validation of plant derived compounds and drug
design pave a way for these compounds in drug discovery and may
represent potential options to treat SARS-CoV-2 infections.

6.5. Sterilization of personal protective equipment (PPE) using UV rays

Decontamination using UV rays is one among the physical methods
that render harm to the viability of bacteria and virus by attacking their
nucleic acid. During this pandemic situation, use of highly efficient and
human-safe sterilization method is very much importance benefitting
both the patients and health care workers. Among the various sterili-
zation methods available, decontamination of PPE, like face shields,
surgical masks, and N95 respirators, using ultraviolet germicidal irra-
diation (UVGI) as the high energy UV-C (254 nm) ray is found to be the
most efficient one [91,92]. The UV-C rays were found to affect viruses
like SARS-CoV, MARS-CoV [93]. In specific, use of mercury lamps for
disinfection against bacteria and influenza virus was found to be effec-
tive since these lamps also produce Ozone and free radicals apart from
UV-C [91,94]. Application of UV is relatively simple, avoids the use of
chemicals and also less physical deformation was observed when UV
irradiation was used rather than bleach, vaporized hydrogen peroxide
and microwave irradiation [95]. Despite the advantages of UV method,
the protocol by no means ensures complete sterilization or decontami-
nation due to variation in the received dose by filtering faceplate res-
pirators (FFRs) of different shape [96]. Studies related to UV
decontamination is also limited by long time duration as higher dose is
needed to inactivate virus on N95 FFRs compared to virus on gel or plate
based media [97,98]. Ozone was also found useful in sterilization
against SARS-CoV-2 [99].

6.6. Decontamination of facial mask by plasma generation

Facial masks plays an indispensable role in preventing the trans-
mission of SARS CoV 2 but currently several countries are facing
shortage of N95 masks which could affect health care workers as well as
general public. There is an urge for reusing the masks after effective
decontamination. Several research works are concentrating in decon-
tamination of personal protection equipments by autoclave treatment,
UV irradiation, hydrogen peroxide vaporisation and plasma generation.
These works not only focus on improving decontamination efficiency
but also tests the proper functionality of masks. Disinfection of
contaminated masks by using ozone gas produced by DBD plasma
generator was performed by Lee et al. In their work human coronavirus
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Table 4
Various drug molecules identified using in silico approach to treat COVID-19.
Drug type Name of the drug Target Binding energy (Kcal/mol) or Reference
MolDock score
Small Molecules Darinaparsin RNA Dependent RNAPolymerase —82.52 [81]
Nsp 9 replicase —8.77
Nsp 15 endoribonuclease —-8.3
3CL Protease —7.69
Papain Protease —8.43
Furin (Host) -7.23
CHEMBL127888 SARS-CoV-2 Main Protease —104.89 [82]
CHEMBL303543 —89.08
CHEMBL206650 —98.78
CHEMBL573507 —84.79
Coenzyme Flavin Adenine Dinucleotide (FAD) Spike Glycoprotein —11.089 [83]
Coenzyme A —11.555
Rho kinase inhibitors Fasudil/HA-1077 ROCK - [84]
Y-27632 ROCK
Anti-hypersensitive Moexipril ACE2 receptor —13.24 [85]
Anti-hyper Rosavastanin SARS-CoV-2 Main Protease -12.30
cholesterolemic
Antimalarial Atovaquone —8.145
Antiretroviral Darunavir —14.03
Nelfinavir —13.42
Lopanivir —6.6 + 0.3 [86]
Chemotherapeutic agent  Daunorubicin -12.5 [85]
Mitoxantrone —13.81
Valrubicin —-7.2+0.1 [86]
Anticancer agent Carfilzomib Proteasome -13.8+0.2
Antibiotic Streptomycin SARS-CoV-2 Main Protease -7.9+0.4
Eravacycline -7.7 £ 0.5
Talampicillin -11.17 [871
Anti-psychotic drug Lurasidone -11.17
Antitumor drug Rubetican Type II Transmembrane Serine Protease —9.47
Anticonvulsant Loprazolam (TMPRSS2) —-9.31
Anti-histaminic Bepotastine SARS-CoV-2 Main Protease -10.63 [85]
Phytochemicals Kempferol COVID-19 Main Protease —8.58 [88]
Quercetin —8.47
Luteolin-7-glucoside -8.17
Demethoxycurcumin —7.99
Naringenin —7.89
Diallyl tetrasulfide ACE2 receptor —14.06 [89]
Trisulfide,2-propenyl propyl -14.01
Allyl disulfide —12.84
Allyl trisulfide -12.76
Allyl methyl trisulfide —12.5
Hesperidin COVID 19 Main Protease —178.5910 [80]
Rutin —176.2740
Diosmin —174.1260
Apiin —171.0080
Diacetylcurcumin —169.2550
5,7,3',4'-Tetrahydroxy2’-(3,3-dimethyallyl) 3- Chymotrypsin like cysteine protease —29.57 [90]
isoflavone
Myricitrin —22.13
Methyl rosmarinate —20.62
3,5,7,3',4',5'-hexahydroxy flavanone-3-O-beta-p- -19.10

glucopyranoside

(HCoV-229E) was used as surrogate for SARS CoV-2 [100]. Ozone one of
the powerful oxidizing agent has damaged the surface proteins which
led to inability of virus attachment to the surface of mask. But the
generated ozone gas did not affect the viral RNA. However their work
proved there is no damage to structure of facial mask after treatment and
they could be reused. Another study, by Kumar et al. experimented the
efficiency of various techniques for sterilization which included low
temperature hydrogen peroxide gas plasma treatment. Here 59%
hydrogen peroxide liquid was used to generate plasma to remove Ve-
sicular stomatitis virus as surrogate for SARS CoV-2. This work resulted in
complete decontamination of virus coated mask [101]. Although
hydrogen peroxide plasma treatment tends to be an effective method for
decontamination, structure of mask gets affected after one cycle of
treatment. Cold Atmospheric Plasma (CAP) produced using helium gas
releases several Reactive Oxygen Species (ROS), Reactive Nitrogen
Species (RNS), charged particles and other free radicals which could

10

damage cell membrane, nucleic acids, and proteins present in virus.
Chen et al. developed CAP devices for the purpose of sterilization and
treatment of COVID 19. They explained the possible mechanisms for the
destruction of virus by the species generated in CAP devices [102]. The
plasma treatment sounds to better technique for sterilization of PPE and
hence scientific community could concentrate on applicability of this
technique to prevent the further spread of COVID 19.

6.7. Induction of acquired immunity against SARS CoV-2

6.7.1. Plasma therapy for SARS CoV-2

Acquired immunity can be expected to prevent or fight against the
SARS CoV - 2 effectively. Convalescent plasma therapy is a passive
mode of acquired immunity. The Convalescent plasma contains the
neutralizing antibodies of SARS Cov 2 which is collected from the
recovered patients of Covid 19. Recovery rate is also good in several
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Table 5
Siddha based Poly Herbal Formulations against Viral Outbreaks.
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Name of the disease Name of Polyherbal

formulation

List of Poly Herbs

Dengue Fever (Pitham Nilavembu kudineer

suram)

Swine Flu (Kabham Suram) Kaba sura kudineer

Immune boosters

SNASNSKSSCNSNSNSRNRNSNSSRNSNSNSSSNSSSNSNSSSNAsNS

(Aadathoda Vasica)

Palm Jaggery.

AN NN

Nilavembu (Andrographis paniculata),
Vettiver (Vetiveria zizanioides),

Vilamichu ver (Plectranthus vettiveroides),
Chandanam (Santalum album),

Peipudal (Trichosanthes cucumerina),
Koraikilangu (Cyperus rotundus),

Chukku (Zingiber officinale),

Milaku (Piper nigrum)

Parppadakam (Mollugo cervicana).
Nilavembu (Andrographis paniculata),
Kanduparangi (Clerodendrun serratum),
Chukku (dried ginger),

Thippili (piper longum),

Ilavangam (Syzygium aromaticum),
Adathodai ver (root of Justicia beddomei),
Cirukancori Ver (Tragia involucrate),
Seenthil (Tinosporia cordifolia),
Karpooravalli (Anisochilus carnosus),
Koraikizhangu (Cyperus rotundus),
Kostam (Costus speciosus),

Akkara (Anacyclus pyrethrum),
Vattathiruppi Ver (Sida acuta),

Mulli Ver (Hygrophilla auriculata),
Kadukkaithol (Terminalia chebula)
Decoction of de-skinned Ginger with honey.
Soup of Kandankathiri (Solanum virginianum), Thoothuvalai (Solanum Trilobatum) and Aadathodai

Thippili (Piper longum),
Adi mathuram (Glycyrrhiza glabra)

Drink milk with a small amount of Pepper powder, turmeric power and Palm Jaggery

studies which accompanied with the use of other anti-viral drugs
[103-105]. It is also notable in a particular study that though, conva-
lescent plasma treatment stopped the viral shedding it could not prevent
the mortality of 5 out of 6 severely affected patients who were infused
with convalescent plasma at a later stage that is a median of 21.5 days
after the detection of viral shedding [106]. Extensive use of convalescent
plasma can be encouraged if the potential risks are carefully screened
and studies on safety and efficacy of convalescent plasma therapy are
done. The potential risks include cross infection of other viruses like
HIV, hepatitis B and hepatitis C, allergic transfusion reactions, trans-
fusion induced circulatory overload, transfusion related acute lung
injury [107].

6.7.2. Vaccine for SARS CoV-2

Different approaches for vaccine development against SARS CoV-2
has been implemented which encompasses viral vector based vaccines,
DNA & RNA based vaccines and the protein subunit and virus like
particle vaccines [108]. The important component of the SARS CoV-2
that is being focused is the Spike protein, since it induces the genera-
tion of host’s antibodies to neutralize them [109]. Hence both protein
and nucleic acid based vaccine could provide a promising vaccine
component against SARS CoV-2.

7. Promising control measure - traditional treatments for
COVID-19

Explore the power of Herbs for Safe & Healthy Society - Though western
method of treatments are being practiced to cure COVID-19, indigenous
medicines are also tried by the respective nations to combat the disease.
Globally, two most ancient medicinal practices are, Traditional Indian
Medicine (TIM) and Traditional Chinese Medicine (TCM) which have
strong philosophical and psychological base in respective geographical
regions. Notably Traditional Chinese Medicine (TCM) were found to
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treat the pneumonia caused by COVID-19 [110]. In TCM, ShuFengJieDu
Capsules and Lianhuaqingwen Capsule are proposed to be a good drug
candidate for the treatment [111,112]. Besides the goodness of TCM, it
was also found that the use of bats to prepare medicinal compounds acts
as a reason behind the zoonotic transmission of SARS-CoV-2 to humans
[113,114]. Though, Traditional Chinese Medicine (TCM) is highly effi-
cient and popular as Traditional Indian Medicine (TIM), the utilisation
of TCM as a regular food habit is very less as compared with India. Both
the practices operates based on the healthy life style as an integral part
of human life. Their treatment is based on the proverb, “Prevention is
better than cure”. TIM is a cluster of 5 different medicinal practices,
AYUSH: (a) Ayurveda, (b) Yoga and Naturopathy, (c) Unani, (d) Siddha
and (e) Homoeopathy. The basic principle is based on the balance
among five primordial elements: Earth, Water, Fire, Air and Space and
among three humours: Vatham, Pitham and Kabham. A healthy indi-
vidual will be having an equilibrium in humours whereas an imbalance
in the equilibrium leads to a diseased state. Out of these, Siddha system
of medicine (Traditional Tamil System of medicine) has its origin back to
B.C 10,000 to B.C 4000. The Principles of siddha medicine says, 64 types
of fever (suram) occurs because of the accumulation of humour - Kab-
ham in the GI tract as a result of that there is a decrease in the humour -
Pitham in the stomach and intestine called as Pitham suram. Siddha
system aims to eliminate the root cause rather than treating the symp-
toms. A polyherbal formulation, “Nilavembu kudineer” has been proved
against dengue and chikungunya virus [115,116]. Similarly, for swine
flu as Kabham Suram, “Kaba sura kudineer” was used to treat the pa-
tients and was found to be efficient. In Tamil Nadu, India, during the
dengue and swine flu outbreaks, Government of Tamil Nadu along with
siddha medicine declared Nilavembu and Kaba sura kudineer decoction
as preventive and controlling measure against the above said viral fever
respectively. The recovery rate of the treatment was very high. The
formulations are listed in Table 5. The natural immune system could be
increased by immune boosters as listed below, which could probably
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combat effectively against COVID-19. The attempts to try AYUSH based
medicines as immune boosters and curative for COVID-19 are taking
place in India [117].

8. Learning from experience — mitigation measures by various
countries

China, being the first country to encounter this crisis has imple-
mented some notable restrictions to control this outbreak. The nation-
wide lockdown, rapid isolation of confirmed cases, suspected cases,
quarantining them, improving the rates of clinical management and
diagnostic testing paved the way for the country to bring this crisis
under control [69,118]. The aggressive implementation of this method
by the country made it feasible to control the pandemic outbreak. While
several other countries which adopted this method from China aren’t
able to control this viral infection due to the inadequate support from
the government and lack of public responsibility. Besides this, some
nations like South Korea, Singapore and Japan have shown tremendous
control over this pandemic outbreak of SARS-CoV-2. These countries
had a well-executed plan to meet this pandemic outbreak which may be
due to the previous lessons from the SARS and MERS outbreak. The key
control over this infectious disease is the earlier diagnosis. Keeping in
mind that the earlier diagnosis is the only way to control this disease.
South Korea had a diagnostic capacity of 5200 tests per day, the
awareness message about SARS-CoV-2 was illustrated everywhere on
the streets, public transports and through media. The South Korean
Government also developed two mobile applications to continuously
monitor and support the people. (i)The first application was developed
for people arriving in South Korea from high-risk regions, they were
continuously monitored by answering daily questions about their
symptoms and also they were assisted with telecalling executives in case
of development in symptoms for arranging diagnostic test through the
application. (ii) The other application notifies public officials when
someone from quarantine leaves the isolation zone. In addition to this,
the government also strengthened this by “national mobile phone alert
system” which cautions residents of the respective areas to be alert when
a new case of SARS-CoV-2 is detected and also the alert system carries a
link about the precise information about the last few areas where the
patient had travelled through [119]. Use of GPS in monitoring the
spread is a non-invasive technique and gives an ease to collect data, of
which a valuable work done by the National Informatics Centre (NIC) of
Indian Government is the launch of Aarogya Setu app for its subjects.
This app development was initiated by the Department of Health and the
database management is carried out by the Empowered Group 9. The
Government of India made it mandatory to install the app to effectively
monitor the pandemic, which resulted in about 114 million population
of users as on 26th May [120] of which 72.76% of the users found it
useful [121]. It’s a contact tracing app that is based on crowdsourcing
concept which uses the benefit of Bluetooth and GPS to track the
movement of an individual in and around a containment zone. Apart
from tracking, the app has self-medical evaluating option that benefits
the user. While Singapore developed an innovative clinical diagnosis for
earlier detection of infection and the Ministry of Health Department
ensured public health through a video call. The private clinics in
Singapore were also used to carry out a diagnostic test by providing
physicians in private clinics with additional training to diagnose sus-
pected individuals. In the case of suspected individuals showing respi-
ratory symptoms, they were assisted with subsidized treatment and
medications in that clinic. The government also covered all the health
care expenses for individuals with a positive sign of the disease. This
reduced the barriers for the individual and those people seeking help
[122]. Japan followed PCR screening to test suspected individual in a
rate of 6000 samples per day and also provided elderly people with
social welfare facilities [123]. These control measures greatly reduced
the spread of SARS-CoV-2 and brought complete control over the
pandemic outbreak in these countries.
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9. Looking through the COVID-19 lens for a sustainable new-
modern society

As humans are running through a busy world with an increased
population explosion, our focus is only on digitisation of the society and
economic growth. Humans have also become greedy and started
consuming excess foods and resources from environment and forgot to
think about moving in a sustainable way. This rapid consumption has
caused disturbance to the Mother Nature and many problems are being
faced by humans because of this imbalance, including COVID-19
pandemic. In general, 2020 seems to be an unusual year as the
pandemic COVID-19 has affected the way of living as well as the eco-
nomic growth of people to a greater extent [124]. Many health care
systems as well as industries are also facing a crucial period during this
time. But in another point of view, when we look into the society
through COVID-19 lens it can be seen that, this pandemic is also giving a
new chance for humans to rethink on moving towards sustainable future
and also a way for regaining the natural environment and to live in
harmony with it. Humans should look deeply into the positive side of
COVID-19. In recent times, the only focus of industries were about
surviving on top but this pandemic gave a chance to think on sustainable
ways of developing processes in industries. All food as well as water
sectors should also take this as a chance to invent zero waste technol-
ogies so that the level of pollution can be controlled even after the sit-
uations have become normal. Replacing the fossil fuel sources by
renewable energy based infrastructures in energy sectors can help them
in achieving circular economy conditions. The transportation sectors
should also take their next step towards electrification of transport
systems so that the emission of pollutants into atmosphere can be
controlled to a greater level. By adopting these transformations, an
environment of zero carbon, zero emission and zero wastes can be
achieved by humans and the climate change which is one of the biggest
problems being faced by humans can also be mitigated [125]. Many
changes are also being experienced because of COVID-19 as people have
started relying more on online shopping, online education systems, tele
medical diagnostics, e-commerce, e-banking facilities, etc. These digital
transformations are necessary for societal running but maintaining a
healthy living environment and proper mental health of humans is also
an important part and a basic human right. Thus COVID-19 has made us
to rethink about the current unsustainable environment and gave us an
enlightenment for transition towards a sustainable new modern society
[126]. Always the blessing of nature is a must for the humans to lead a
proper and peaceful life and hereafter our focus should turn towards
maintaining circular economy and providing a sustainable environment
for the future.

10. Conclusion

In this review, epidemiology and pathology of COVID 19 has been
discussed. The outbreak of COVID 19 pose major challenge to economic,
medical and public health infrastructure of 199 countries and territories
around the world and 2 international conveyances. Coronavirus
pandemic have highlighted the need to reinforce public health capa-
bilities, including disease control systems and health care workforce.
Understanding the epidemiology and pathology of the virus holds a
great promise for diagnosis and treatment of infection. Many research
groups are focused towards developing a specific diagnostic kit for the
detection of COVID 19 and it has been found that immunoassays and
CRISPR technology are highly specific and could diagnose within short
period of time. Several treatment methods have been proposed as sup-
portive medication. Common laboratory findings include viral based
treatment and host based treatment. But till date there is no specific
treatment for COVID 19 and the development of supportive and symp-
tomatic treatment is yet to be established. Prevention requires home
isolation of suspected individuals and strict control measures have been
followed at hospitals and health care centres to prevent infection from
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one person to other. Continuing investigation of COVID 19 could lead to
a novel and important discoveries, particularly concerning the human
immune system, with real potential to fight against the disease. More-
over, there is a great chance of encountering new species of viruses in
near future. Therefore, efforts should be made to devise a scientific
approach to rapidly detect and evaluate the threat associated with viral
infection whenever necessary. Specific training in disease surveillance
and epidemic preparedness and response, strengthening healthcare
systems worldwide, development of standard case management pro-
tocols for epidemic diseases could be a possible way to reduce mortality

and morbidity due to pandemics.
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