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ABSTRACT

COVID-19, also known as the novel coronavi@@9, is a new
caused by SAR®V2. The World Health
Organization has declared a global threat to the hu

disease

environment due to its high contagious behaviour. In the cur

scenario about the increased risk of disease, va

government and research institutes work for preven
measures. Based on present published evidence and fact
review subsequently summizes the etiology, virology o
SARSCoV-2, symptoms, pathophysiology, phase of COV
19 infection, possible treatments, control, and preven
tactics. This review article will help to understand the ng

coronavirus better and provide a reference diture studies.
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INTRODUCTION:

The Novel Coronavirug019, also known as@VID-19, is a respiratory infection caused by

the SARSCoV-2 virus (Severe Acute Respiratory Syndrome Coronaviftis)nitially,
symptoms of SARS disease due to coronavirus (SBB®) were detected in Southern

China in the year 2003 through civet catsb&quently, in 2012 Saudi Arabia based Arabian
camels were affected by respiratory syndrome due to coronavirus (MBRS: Middle East
Respiratory Syndrome). In December 2019, in China, S&8%2 was detected, possibly

from Bats or pangolins is still a mter of investigationTo date, COVID19 has promptly

spread in 215 countries with >1800000 confirmed cases causing more than 690000 deaths as
of July 2020, considering a global threat (pandemic) by WHO (World Health Organization)

@) WHO recently confirmé SARSCoV2 as f#AAirborne.o |t may

novelcoronaviruscanremainin theair in crowdedindoorspace$?.
ETIOLOGY:

Devastating coronavirus belongs to the family of enveloped, poskinse, singlstranded

RNA viruses. In normal circustances, human beings suffered from mild upper respiratory
diseases due to the tendency of coronavirus to attack over there. Till now, seven known
species of coronavirus were found responsible for the conditions mentioned above. However,
three known specieof coronavirus can cause severe infection in human béifg€0OVID-

19 belongs to the subfamily of Ortho coronaviridae from the family Coronaviridae, Order
Nidovirales. The approximate size of the Novel SAR®V2-19 Variant is 125nm in
diameter. It as got the most extensive genome range ranging from 26 to 32akiés among

all RNA viruses identified till now®. Novel coronavirus contains four different structural

proteins mentioned below,

1  The nucleocapsid (N)fhese proteins create a complex whibst RNA and help the

viral assembly after being replicated.

1  Spike (S), Envelope (E), Membrane (MYhe mentioned three proteins are mainly
responsible for creating the viral envelop. S Protein has astlaped surface projection,
which establishes theharacteristics of a virus, i.e., crowke outlook observed through

electron microscopy (Figure 1), creating the passage for the virus to enter the huriieh cell

The virus tends to adhere to the receptor protein Angiot€&mnverting Enzyme 2 (ACE)

of the host (human being cell) using its S protein. ACE 2 receptor is present in epithelial cells
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of different parts of the human body like blood vessels, kidney, intestine, and most opulently
in alveolar cells present in the human lungs. The virusesaassignificant decline of ACE 2

in human cells, which finally damages the lurlgs® 4. COVID-19 also targets human
enzyme Transmembrane Protease Serine 2 (TMPRSS 2) for priming its S Protein and also to

contribute the fusion with the membrane of hiost cell® 3 4)

The initial discovery suggests that animals transmit the virus CEIDo humans®?,
Although the major spread of the virus is caused within human beings by symptoms like
coughing, sneezing, and talking by the infected individthals, the inhalation of respiratory
droplets is a major factor in the spread of the W
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Figure No. 1:Novel SARSCoV-2 ¢.6.7)
EPIDEMIOLOGY:

The outbreak of coronavirus struck Wuhan city of @hack at the end of November 2019,
followed by an almost uncontrollable outburst during December #)1Subsequently,
taking advantage of continual ongoing traffic of human beings throughout the world, the

virus has spread so rapidly and comprehengiwevering almost the entire glofé
VIROLOGY:

Coronavirus is nosegmented, enveloped, and posibemise RNAgenomes ranging from

26-32 kb extensively conveyed in people and mamriiats

To date, four genera of c¢ombonayi ramsd air. e Ui der
genres of COVIB19 responsible for transmitting the infection to hur@ns
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Table P relates to coronavirus species for humans as hosts

Table No. 1: Several Coronavirus species for human as hést)

Host Virus Species | Genre Cellular Receptor
HCoV-229E U | Aminopeptidase N(APN)
HCoV-NL63 Angiotensinconverting enzyme 2 (ACE2)
Human | HCoV-HKU1 Unknown
HCoV-0C43 b 9-O-acetylated sialic acid
SARSCoV Angiotensinconverting enzyme 2 (ACE2)

Coronavirus compres of 6 Open Reading Frames (ORFs). The first ORF (ORFla/b)
occupies about twthirds of the genome and encodes protein replicase (figuféZFeigure 3
depicts the entire genome structure of the coronavffusAfter a1l frameshift signal,
translationcommences in ORFla and continues in ORF1b. The big ORFla and ORFlab
polypeptides, usually alluded to as ppla and pplab, individually which are prepared primarily
by the virally encoded Chymotrypsinke (CL) protease 3CLpro (likewise called M pro or
principle protease) with extra cleavage achieved by a couple of viral pégairoteases
(PLPs), contingent upon the types of coronavifusAbout 33% of the genome encodes four
auxiliary proteins: S, E, M, and N proteins. A subset of gathering two coraeasiencodes

an extra Haemagglutiniisterase (HE) protein (figure2a, 2B) The HE protein is involved

with infection. HE protein is not required for replication, but essential to infect the natural
host!”.

Group 2: SARS-CoV

yder Fla S . 3 |
e — g——._ —

Group 3: I8V

Figure No. 2: Assembly of the coronavirusgenome®).

Figure 2: Genomes representation of coronavirus from every group of coronavirus groups.
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About the first twethirds of the 2632 Kb @ % a positivesense RNA genome encodes a
large polyprotein (ORF1la/b; green) that is proteolytically cldawegenerate 15 or 16 non
structural proteins (nsps) for SAR®V2 ®. The 3Ngnd of the genome encodes four
structural proteins, namely S, M, E, and N (all demonstrated in blue) and a set of accessory
proteins distinctive to each virus species (shown in red). Specific group 2 coronaviruses

express an additional structural proteiled HES (not shown?.
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Figure No. 3: Genome structure for COVID-19 ®

RNA replication is known to occur on Double Membrane Vesicles (DM\5)igure 4V

and figure 52 13 14 Recently combined genomic RNA is fuse into virions on kyer
situated between the Endoplasmic Reticulum (ER) and the Golgi apparatus known as ER
Golgi Transitional Compartment (ERGTCY). Initial examinations proposed that these
DMVs collect utilizing segments of the autophagy pathw&). However, another
investigation suggested that replication continued typically, and generated DMVs
macrophages lack ATG5, a principle element of qutagosome&”). The unfurled Protein
Reaction (UPR) is initiated during coronavirus contaminations and might add to the DMV

arrangement®),

COVID-19 has similar homology (~80%) to SAR®V, which is responsible for Acute
Respiratory Distress Syndrome (ARDS) and high mortality during iz 29)
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Figure No. 4:Mechanism for transcription and translation of coronavirus

Figure 4: The above picture depicts the entry of the virus into the cell. The pesdnse
RNA genome translated into replicase proteins from ORFla/b. THefigilh negativesense
RNAs are created with the help of above mentioned replicase prateich subsequently
serves as templates in creating additionakladigth genomesaj @Y. All Coronavirus m
RNAs contain a Bleader sequence fused to downstream gene sequences. Nigmieb
sequences add by discontinuing the synthesis of minus sensgersuinic RNASs using
genome RNA as a template. The Sub genomic RNAs are initiated dtgheé 8f the genome
and proceed uih they encounter one of the transcriptional regulatory sequences (TRS; red)
that reside upstream of most opeading framesh) Y. Through bas@airing interactions,
the nascent transcript transfers to the complementary leader TRS (lighttyéd) and
transcription continues with the help of thifd of the genomed) V. These sulgenomic

RNAs then serve as templates for viral MRNA product@t{.

The COVID-19 genome encodes roughly 25 proteins that are necessary for the virus to infect
humans and to do the replication (Figure 5). ThekesiS) protein perceives human
angiotensirchanging over compound 2 in the underlying phase of the disease; two proteases
enzyme which cleaves to form viral and human proteins; the RNA polymerase, which
arranges viral RNA; and the RNA dividing endoribomasie??.
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Figure 5: Variations in membrane induced by coronavirus as podiums for replicating

the virus (12.13.14)

Figure5: COVID-19 infection encourages the development of a reticular replication network

of modified membranes assumed to be thes dive replicating the virus. These alterations
include Double Membrane Vesicles (DMVs), Vesicle Packets (VPs), Single Membrane
Vesicles (SMVs), which are bounded by an outer membrane and Convoluted Membranes
(CMs) that are interconnected and contiguoushwiie Rough Endoplasmic Reticulum
(RER). Doublestrand viral RNA is restricted in the inner part of DMVs and internal vesicles

of the VPs, whereas CMs surround replicase proteins that are nsp3, nsp5, and nsp8 from
which few nsp8 found inside the DM&:13 19

SYMPTOMS:

Symptoms for coronavirus required 10 to 14 days; this period is called an incubation period.
Mainly two types of symptoms generally develop, which ardikier symptoms and GIT
infection. Table2 ® & 9summarizes the symptoms rethte COVID-19.

Table No. 2: Disease and symptoms related to COVHD9 ©: 6.9

Common Cold GIT Infection

Sneezing, headache, fever, chillg Diarrhoea, gastroenteritis, enterocolitis
Clinical SARS COVID-19
Description | Temperature> 37.8°C, letharg Fever, dry cough, lethargy, dehydratig

sore throat, Muscular pair high temperature, chest pa
symptoms like pneumonia, ( breathlessness, haemolysis, pneumag

breathing difficulty. multiple organ failure, or sometimes r

rashes on the second fingdifeet.
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4 to 7 days (mean incubation period is 5.2 days) are generally required for the virus to
incubate after those symptoms of infection apf@arThe phase from the onset of COVID

19 symptoms to death ranged from 6 to 41 days, with a median adys4 This period is
dependent on the age and immunity of the patiéhtlt was noted shorter among patients

with >70 years of age as compared to the patients with age@.7Bever, cough, runny

nose, fatigue, sputum production, headache, diarrhdgspnoea, and lymphopenia are
frequently diagnosed symptoms in nearly 80% of patients at the onset of CIOAD?3 24)

Clinical features discovered by a chest CT scan presented as pneumonia; however, abnormal
features such as RNAaemia, Acute RespisaDistress Syndrome (ARDS), acute cardiac
injury, and incidence of granglass opacities which leads to the death of a paf@ntfigure

6 represent the symptoms for coronaviré)

Respiratory Infection Systemic Infection
Symptoms Xy \C Symptoms
onfusion, Headache, Fatigue,

Fever

\Spulu:n production,

Sore Throat and

Rhinorrhoea, Sneezing,
Pneumonia

sia Loss of Smell and Taste
Ground Glass Opacities \ @

T~Decrease White Blood cells

p y
ﬂ ,\Acute Cardiac Injury,
¢ & \Chﬂst pain

Acute Kidney Injury

: ~

Muscle aches an (——
pain: 11-35%

RNAemina, Respirator:
Distress syndrome

Hypoxemia
Diarrhoea
COVID Toe

Rashes over toe of the
feet

)

Figure No. 6: symptoms for coronavirug?6)

Coronavirus infeted patients have increase leukocyte numbers, irregular respiration, and
increased levels of proinflammatory cytokines. One of the CGMzase reports showed a
patient at five days of fever presented with a cough, coarse breathing sounds of both lungs,
and a body temperature of 390 %, The sputum of the patient tested positive for COVID

19 when Reallime Polymerase Chain Reaction (RTPCR) test was conducted. The laboratory

findings presented leucopenia with leukocyte counts of 2 B0"9cells/L, anongst which
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70.0% were neutrophils along with an increase of 1@ of blood Creactive protein,
which was above the normal range-1@mg/L). Elevated levels of Erythrocyte
Sedimentation Rate (ESR) anddimer were also detecté&d: 2)

Mutation in COVID-19:

Two strains were recognized to have extreme CGWlisease aré>2%),
(1) L-strain

(2) S-strain

Both the strain ('kstrain’ and 'Strain’) represent ancestries of the infection from Wuhan; the
'L-strain' experienced changes and transform into teea® ). The L-strain was found
"forceful” in its spread (nocwdestructive).

Strains are named clades when there is a transformation that amino acid experiences in the
external structure of the infectidff). The names of clades are given by GISAlGlopal
Initiative on Sharing All Influenza Datayhich is an open and universal collective action to

share zoonotic firelated genome sequence (and now, SARSY-2 groupings)°).

'L-type'and'S yped share a si mil ar ariétyirdaequality clled 'S
ORFS; therefore, this transformation is called ORIB&S, which is responsible for changing
amino acid to Serine (S) from Leucine (9.

Clades follow fixed naming structures: For OREBS, the ORF8 quality experienced a
change in amino acid L at the 84osition of the quality's protein into the amino acid®s

Recent discovery had identified two different clades which are,

Clade 'G": Variation in a quality 'S' (disconnected to serine) changes @tposition of
asparic acid (D) to quality's protein to glycine(G). Along these lines, the variation or clade
'G' is called 614G ),

Clade 'V': Named NS&251V, valine (V) changes from NS3 quality glycine (G) located at
position 2512°),

Every single other transformat is named 'Other' or 'O' in GISAID, which incorporates

changes like ORF884L, where S and L transform the other way as #?2II

Citation: Rajashree Mashret al. ljppr.Human, 220; Vol. 19 (4): 232-290.
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A change at 61%situation of the Spike protein (D614G) is quickly getting predominant and
could make the infection gradiyamore destructive. The D614G strain is 10 times more
infectious than the original Wuhan strain. The D614G strain was found in Malaysia4n July
2020. The D614G transformation produces a new serine protease cleavage site close to its
S1-S2 intersection othe spike protein. With a mixture of a nucleotide cancellation (delC)
allele present in specific individuals accelerates the spread of infection into Féoglhis

change can cause challenges in the conclusion of C@QW9lDdisease and creating
immunizadion for COVID-19 contaminatiof?”.

A recent finding suggests that almost half of the coronavirus strains in India show "Spike" or
"D614G" transformatiof?®.

COVID-19 PATHOPHYSIOLOGY:

The mechanism of COVH29 infection occurs in the following steps:
(Overall pathophysiology of COVH29 shown in figure7(¢®

1. Invasion and replication of coronavirus

2. Presentation of antigen in coronavirus infection

3. Humoral and cellular immunity (Host response)

4. Cytokine storm in COVIEL9

5. Coronavirus immunevasion (escape)

Citation: Rajashree Mashret al. ljppr.Human, 220; Vol. 19 (4): 232-290.
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Figure No. 7: Pathophysiology of COVID-19 (29
1. Invasion and replication of coronavirus:

The existing pattern of the infection with the host comprises the accompanying five stages:
attachment, penetration, biosynthesis, maturation, aedsel First of all, the virus bind to

host receptors (attachment). Then the virus enters the host cells through endocytosis or
membrane fusion (penetration) and releases the viral substances into the host cells. The viral
RNA enters the nucleus for repltean of viral proteins (biosynthesis). Then, new viral
particles are made (maturation) and reled8dSpike protein made from transmembrane

trimetric glycoprotein projecting out from the viral surface decides the type of coronaviruses

Citation: Rajashree Mashret al. ljppr.Human, 220; Vol. 19 (4): 232-290.
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and host tropismSpike protein includes two suitable subunits, namely the S1 subunit and the
S2 subunit.

S1 subunit is responsible for controlling the host cell receptor.
S2 subunit is responsible for the fusion of viral components and cellular membranes.

The spike prtein for SARSCoV-2 binds to Angiotensitonverting enzyme 2 (ACEH 32

33, Following the authoritative of SARSoV-2 to the host protein, the spike protein
undergoes protease cleavage at S1/S2&ité$ 37 38 After the division at the S1/Sgte, S1

and S2 subunits remain naovalently bound, and the distal S1 subunit adds to the adjacent
of the layer to S2 subunit at the prefusion stdte Subsequent cleavage at the S2 site
probably enacts the spike for film combination through irrela&siconformational changes

©9 The coronavirus has a furin cleavage site ("RPPA" succession) at the S1/S2 site. This site
is exposed to cleavage during biosynthesis in a radical differentiation to the-Gé\WRS®).
However, the S1/S2 site was likewisesented to division by different proteaS€$°). The
universal articulation of furin made this infection exceptionally pathogenic. Figure 8 depicts
the replication of diseas®.

The infection cycle of SARS-CoV-2

(S) SPIKE GLYCOPROTEIN
SARS-CoV-2 (51&52)

~30 kb

(N) NUCLEOCAPSID
(Protein and RNA genome)

Presentation of
SARS-CoV-2
antigens to APCs

o Attachment of
SARS-CoV-2 to the host cell

(E) ENVELOPE PROTEIN
(M) MEMBRANE PROTEIN Release of

cytoklnes

Enhanced &

pro-inflammatory
response

SARS-CoV-2, a novel coronavirus, causes an acute
respiratory disease (COVID-19) and is now a
pandemic that threatens global public health.

SARS-CoV-2 is an enveloped positive-sense, singlr—— L.
stranded RNA virus from the family Coronaviridae. The 5°

two-thirds of the genome encodes polyproteins, ppla
f md pplab, known as the replicase. Th
3Clike protease (3CLpro) and pa
(PLpro) into 16 non-structural p E
RNA-dependent RNA polymerase (RARp) T(| hl m thn
replication complex. The 3’ end of the genome encodes
four essential structural proteins, spike (S), envelope (E),
matrix/membrane (M), and nucleocapsid (N), along with
aset of accessory proteins.

@ Viral-host membrane  TMPRSS2
fusion and release
of viral RNA

e Mature virion
release
via exocytosis

e Assembly of
mature virion |
in a budding vesicle *

SARS-CoV-2 antigens are presented to host antigen
presenting cells (APCs), which produce a range of
cytokines such as IL-1, IL-6, CXCL-10, and TNF-c. In some
cases, the e of these cytokines causes an enhanced,
unbalanced, and devastating pro- inflammatory response
inthe host.

e Transcription and replication
of viral RNA genome 5

eTransIahon of structural
and accessory proteins

mRNAs of structural
and accessory proteins

the ER to the Golgi

SARS-CoV-2 gains entry into the host cell through the | @) Translation and cleavage 5, and 3’ £ 'T

binding of the viral S protein to the host ACE2 receptor. of polyproteins o Transcription of -

The S protein is cleaved into S1 and S2 by a cell-derived l—:— l:- full-length

protease. S1 binds to ACE2 and S2 is activated by the \ () strand by —
host serine protease TMPRSSZ and results in membrane replication complex Golgi

fusion. Once insid RS-CoV-2 hijacks the host . .

machinery to transc: ate, and translate its RNA ‘i '/) 4 0Trafﬁcking of newly

genome and  str proteins before being synthesized viral

reassembled, encapsulated, and exocytosed from the cell. 3 -strand 5 proteins from

Nucleus

Figure No. 8: Replication of Infection into the host celf*?)
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2. Presentation of antigen in coronavirus infection:

When the coronavirus enters the cells, antigens express the Antigen Presentation Cells
(APC). Antigenic peptides represent Major Histocompatibility Complex (MHC; or Human
Leukocyte Antigen (HLA) in humans) anten recognized by viruspecific Cytotoxic T
Lymphocytes (CTLs). Therefore, understanding of antigen presentation of-SAR2 will

be beneficial in understanding the pathogenesis of CEMIE®). The antigen presentation

of SARSCoV principally dependsipon MHC | and MHC Il molecule$?. Earlier research
demonstrates various HLA polymorphisms that correlate to the susceptibility of-SARS

such as HLABz4601, HLABz0703, HLADR B1z1202and HLACwz0801 “3 44 In
contrast, the HLADR0301, HLACw1502, and HLAAz0201 alleles protect from SARS
infection *®. HLA-DRB1211:01 and HLADQB1202:0, which are MHC 1l molecules that

are more susceptible to MERV infection 6 47)
3. Humoral and cellular immunity (Host response):

The distinguishing feature between SARS and MERS pathogenesis is the significant rise in
interleukinl b -T b L, i 0t erdfFeNr olnnindecible &noteimdO (IP-10), and
Monocyte Chemeattractant Proterl (MCP-1) in the blood of patients affected with
COVID-19 @,

Epithelial cells, Dendritic Cells (DCs), and alveolar macrophages are three principle
segments for intrinsic insusceptibility in the aviation ro¢t®. Dendritic @lls and
macrophages are the natural, safe cells that help to fight against infections until Adaptive

Immunity is achieved®,

CD4+ and CD8+ T cells play a vital role in moving APCs towards depleting lymph nodes
where viral antigen are present to T cét B cells are activated by CD4+ T cells in
promoting the production of virespecific antibodies, whereas virirdected cells remove
CD8+ T cells. Patients with a severe infection presented with the history of lymphopenia, a

reduced number of peripte¢ T blood cells, and raised several proinflammatory cytokiles
51, 52)

In the early phase of COVHR9, dendritic cells and epithelial cells activate. A cluster of
proinflammatory cytokines and chemokiriesluding IL-1 b , -2, IL-B, IL-8, both IFNU/ b,
TNF, GC subject chemokine 3 (CCL3), CCL5, CCL2, andlR, etc. are expressed which

are controlled by the immune system of the host cells. The high levels of these chemokines
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and cytokines contribute tcedeloping the disease® 5* %) T-helper2 cells (Th2) produced

IL-10, which helps in decreasing cytokines and chemokines to reduce the severity of

infection®8 57) [Figure 98 ®and figure 10a and figure 149
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4. Cytokine storm in COVID-19

Acute Respiratory Disease Syndrome (ARDS) is the principal cause of mortality in the Novel

coronavirus 2019. Among 41 SARSV-2-infected patients, six died from ARD%®. For
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SARS-CoV-2, SARSCoV, and MERSCoV infections, ARDS is the shared immunological

event®V), Cytokine storm is the primary mechanism for ARDS to occur, which is a result of

an uncontrollable release of proinflammatory cytokines {FN -b F NLIb L, -6, IL{12,

IL-18, IL-33, TNFU, TGFb, etc.) and chemokine (CCL2,
CXCL10, etc.) by immune effector cells in SAR®V infection 4 62 63. 64) Those with

SARSCoV individuals have high levels of 46, IFN-U , and CCL5, -1CXCL 8, C
serum compared to those with mild to moderate dis€3s&he cytokine storm will trigger a

massive attack by the immune system to the body responsible for the occurrence of ARDS

and multiple organ failure that ultimately leads to death in a severeot&&RSCoV-2

infection®Y), Figure 11 represents the cytokine storm for COXYE¥®),

Figure No. 11: Cytokine storm for COVID-19 (60
5. Coronavirus immune evasion (escape):

The evolutionarily conserved microbial structures called Pathogen Assodfatiedular

Patterns (PAMPs) were recognized by Pattern Recognition Receptors (ERRE)wever,

SARSCoV and MERSCoV can induce the production of dounembrane vesicles that

need PRRs and later replicate these vesicles along these lines evadingt tledtimn of

their dSRNA®), IFN-IIFN-U andb )l FoNM ot ect i v-@oV yand MERSBoYt S AR S
contamination, yet the IFNpathway is repressed in infected mi¢&e®®. Accessory protein

4a of MERSCoV may block the induction of IFN at the level of MDAS activation through

direct interaction with doublstranded RNA?, ORF4a, ORF4b, ORF5, and membrane

proteins of MERSCoV inhibit nuclear transport of IFN Regulatory Factor 3 (IRF3) and
activation of*™FN b promoter

In addition to IFN, multiple chemokine and cytokireee induced as part of the host response
to coronaviruses such as MHV, SAR®V, and FIPV. SARS patients detected a rise in the
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