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Abstract

Virus Disease of 2019 (COVID-19), was proclaimed as a pandemic emergency by World Health Organisation (WHO) in March 2020.

The main causative factor behind the pneumonic viral infection is Severe Acute Respiratoty Syndrome Coronavirus - 2 (SARS-CoV-2)
which holds the 75 - 80% nucleotide sequence similarity with SARS-CoV. Infected and asymptomatic individual are the primary source
of human to human transmission due to it become a pandemic, the women with third trimester is also susceptible to this respiratory
and pneumonic infection. The time period for the infection is 14 days and the average duration is of 20 days. The infection is clinically
manifested mainly by fever, shortness of breath, Acute Respiratory Distress Syndrome (ARDS) etc. Various diagnostic approaches such
as Nucleic Acid Amplification Test (NAAT) by using RT-PCR, serological testing etc had been used among which RT-PCR found to be suc-
cessful in the detection of strain of SARS-CoV-2. Present review focus on the genomic structure of SARS-CoV-2, mechanism, transmis-

sion, entry into the host cell, diagnosis, and prevention of the Covid-19. This may be helpful for the development of therapeutic agents

used for prophylaxis and treatment of SARS-CoV-2.
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Introduction

Corona virus disease (COVID-19); a pneumonic viral infection
generated by Severe acute respiratory syndrome coronavirus -2
(SARS-CoV-2) and proclaimed on March 11, 2020 as pandemic
by World Health Organisation (WHO) [1]. It is attributed by a re-
spiratory syndrome with a different range of its seriousness from
mild upper respiratory illness to severe interstitial pneumonia and

acute respiratory distress syndrome (ARDS) [2,3].

Coronavirus

Coronavirus was first discovered 1960 belongs to the family

of Coronaviridae and Nidovirales order with two subfamilies viz.

Orthocoronavirinae and Torovirinae in which Orthocoronavirinae
involves four genera a, y and §-coronavirus [4]. They include total
49 species under the major Riboviria of the suborder of Cornido-
virineae [5]. The human coronavirus 0C43 (HCoV-0C43), Human
coronavirus (HCoV-HKU1), SARS-CoV, SARS-CoV-2 and Middle
East Respiratory Syndrome Corona Virus (MERS-CoV) comes un-
der B-coronavirus. Whereas genus and Human coronavirus NL63
(HCoV-NL63) and Human coronavirus 229E (HCoV-229E) comes
under a-coronavirus genus. It belongs to the subgenus Sarbecovi-
rus and mostly bears a resemblance with bat coronavirus (96.2%)

[6]. But, intermediary host of transmission is still unknown.
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SARS-CoV-2: Genomic structure and its organisation
Genomic structure

The globular structure of virus with spike proteins under elec-
tron micrographs found to be like a crown structure [7,8]. There
are numerous types of ORFs, two third part of virus RNA is mainly
found in the first Open Reading Frames (ORF) a/b translates two
polyproteins, ppla and pplab, and encodes 16 non-structural pro-
teins (NSP) and the rest of them conceal accessory and structural
proteins [9-11]. These proteins with other non-structural proteins
all together codes within 3’ end of genome of virus and 5’ two third
of viral genome regulates for these non-structural proteins which
are essential for the multiplication of virus i.e. RNA-dependent RNA
polymerase (RdRP) [12]. Numbers of ORFs present between dif-
ferent protected genes including ORF1ab, spike, envelope, mem-
brane, nucleocapsid and, downstream to the nucleocapsid gene in
different coronavirus lineages [4]. It is linked with a nucleoprotein
inside the capsid which is incorporated with matrix proteins and
encircle of virus possess club shaped projections of glycoprotein
while some of the coronavirus also possess Hemagglutinin Ester-

ase protein [13].

Important structural proteins of SARS-CoV-2 and its functions
in virus formation

The virus is enclosed with four important structural proteins
namely a) Spike Glycoprotein (S) b) small Envelop (E) c) Matrix (M)
and Nucleocapsid (N) Protein and hemagglutinin- esterase (HE)
protein in some B-coronaviruses. Among them the three proteins
S M and E are submerged in the virus cover. On the other hand the
N protein undergoes interconnection with viral RNA located in the
core of particles of virus and helps in the generation of nucleocap-
sid [14].

S protein: This protein is laboriously glycosylated protein re-
sponsible for the formation of homotrimeric spikes on the viral
surface and mediates its entry in the host cell [15]. There are three
compartments of S protein namely a) large ectodomain, b) a single
-pass trans-membrane anchor and c) a short intracellular tail. The
huge ecto-domain is composed of two subunits named as S1 and
S2 receptor on N terminal and C terminal respectively. Where S1
is a receptor binding subunit and S2 is the membrane fusion unit.
These unit shows fusion by two tandem domains, heptad repeats 1
(HR1) and HR2 [16] with crown like structure hence coronavirus
is the name given [17,18]. The S2 domain of the S protein is made

up of the fusion protein, a second proteolytic site (S2), through an
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internal fusion peptide (FP) and two heptad-repeat domains pre-
ceding the trans-membrane domain (TM) and internal FP is an
similarity between SARS-CoV-2 and SARS-CoV [19].

M Protein: Present abundantly in the structure of virus and
responsible to provide shape and with E protein. It ensures the as-

sembly of virus and leads to the formation of mature virus [20].

E protein: It mainly helps the virus to assemble and release the

viral particles in the host cell [20].

N Protein: In the stage of viral assembly these protein helps in
the packaging of viral RNA in particles of virus [21,22].

HE protein: This protein is present in some of § coronaviruses
which shares the similarity with influenza virus hemagglutinin
with acetyl esterase activity and can increase the entry of virus in
the host cell [23].

Angiotensin converting enzyme 2 (ACE2) receptor

ACE2 share similarity to ACE and are present in mainly in kid-
ney, heart, and testis [24]. They are also found in respiratory epi-
thelium, type II alveolar cells of lungs, small intestine, and liver”
[25,26]. ACE2 consists of short intracellular cytoplasmic tail and a
longer extracellular domain that contains carboxymonopeptidase
activity [27].

Pathophysiology and comparison with SARS-cov-2

SARS-CoV and SARS-CoV-2 are analogous but novel virus has
advanced rate of transmission SRA-CoV. Nsp 2 protein of the novel
virus shows modifications which makes virus more contagious [28]
and also different ORF8 and ORF10 proteins. It will be interesting
and helpful to know about the functions of the proteins. The novel
virus are also composed of furin discontinuity site which is absent
in SARS-CoV and these may be the rationale behind the increased
virulence of the novel SARS-CoV-2.They also share homogenicity in

the mechanism of its entry in the host cell [19].

Mechanism of virus entry in the host Cell

After the cellular entry of virion, the viral glycoprotein S binds
to the host cell receptor ACE2 [29] and gets fused with the host cell
membrane with release of viral genome in the cytoplasm [30]. This
leads to cleavage of ACE2 and casted by ADAM17 into the extra
membrane area and reduction in the level of ACE2. Reduced ACE2

cause alveolar injury and enhances the pulmonary vascular perme-
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ability promoting the conversion of Angiotensin I to Angiotensin
II [31]. ORF3a protein is a key for the Calcium ion channel which
shares similarities in both virus SARS-CoV and SARS-CoV-2. They
interconnect with TRAF3 which enrol the inflammasome com-
plex which is incorporated with NLRP3, ASC and caspase 1 leads
to Ca2+ influx, caspases activation, ROS production and mitochon-
drial damage which transforms pro -IL -1f to IL- $ and outcome in
the production of cytokines. In addition, the protein ORF8b which
is the extended protein of the virus also shows the activation of
same path across NLRP3 [32]. Along this same pathway the E pro-
tein gives the overstock of cytokines [33]. The combination of all
these pathways leads to the cytokines tempest show as the major

symptoms of SARS-CoV-2 i.e. respiratory distress [34].

Replication of SARS-CoV-2

Viral RNA replication is of importance for the surviving of virus
in the host cell which is the atypical and evaluative step which helps
the virus to reside and grow in the host body cell. The tools that aids
for viral replication: a) ORFs b) two replicase genes (repla and re-
plab) c) aslippery sequence (5’-UUUAAAC -3’) d) two polyproteins
(ppla and pplab) are most important proteins that contains Nsp
proteins (1-11 and 1-16) [35].These Nsp (1/2, 2/3 and 34) proteins
gather all together and forms a Replicase-Transcriptase Complex
(RTC) which makes the environment such as which helps the virus
for production and replication of viral RNA. The Nsp12 encodes for
RNA dependant RNA polymerase (RdRp) domain where as Nsp13
encodes with RNA helicase domain and RNA 5’-triphosphase,
Nsp14 encodes exo-ribonuclease (ExoN) which further favours the
viral replication and lastly Nsp16 encrypts 2’-Omethyltransferase
activity. Hence, Nsp proteins not only keep the virus alive inside
the host cell but also encourage basic synthesis, multiplication and

translation [34].

Genomic RNA consists of 5’ end region which possess untrans-
lated leader(L) in addition to sequence with the transcription regu-
lation sequence (TRS) located at the downward region of genome.
The negative replicase enzyme makes use of negative RNA genome
as a template for the formation of small, overlapping messenger
RNA (mRNA) molecules. The viral RNA genome enters in the cyto-
plasm and undergoes translation of polyproteins ppla and pplab
[30] which synthesise the non-structural proteins and gives RTC
complex and encodes the structural proteins [36]. Moreover, it un-
dergoes translation into the four important structural proteins S, N,
E and M which acts as an elementary unit in the synthesis of new

viral substances in the host cell, while positive stranded genomic
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RNA is utilised as a template to form negative strand. During rep-
lication both S and N protein joins to the genome and M protein
recruits the endoplasmic reticulum (ER) membrane. These gives
rise to the assembly of helical twisted structure of RNA which ma-
ture in ER lumen with the help of Nsp proteins. These carries the
viral progenies in the host cell membrane with the help of Golgi
bodies and are transported in the extracellular space of host cell
[37]. These newly formed genomic RNA, nucleocapsid proteins and
envelope glycoproteins all gathers an forms the sprouts of virus
terminally, virion carrying vesicles attach with plasma membrane

and gets released [38].

Transmission of SARS-CoV-2

This novel virus can be transmitted from animals to animals,
animals to humans. The humans to humans especially transmis-
sion occurs by coming in close contact with the infected person ata
distance of 1-2m and sneezes or coughs with the respiratory drop-
lets may also favour the transmission at a distance of 2m [39,40].

It also transmit through the objects, fomites or the surfaces [41].

Approaches for the detection of SARS-CoV-2

e Nucleic acid amplification test (NAAT): These test basi-
cally detects the distinctive order viral RNA [42] carried out
by RT-PCR method [43]. RT-PCR is designed for the purpose
of magnification of targeted DNA molecule in real time and
merge reverse transcription of RNA into DNA and PCR am-
plification of the DNA accompanied to readout using fluo-
rescence [44].

e Test: Assembly of blood samples or respiratory
samples collected two times in two weeks apart from
nasopharyngeal swab consisting of nasopharyngeal
secretions from the back of the nose and posterior
pharynx. Swab is mainly a narrow stick made of a
short plastic rod that is covered, at one tip, with ad-
sorbing material such as sterile Dacron or rayon and
ensuring viral transport media [42].

e Serological test: Paired serum samples may guide the diag-
nosis of SARS-CoV-2 [42].

e Sequencing of virus: This test involves the detection of ge-
nomic mutations of virus [42].

e  Chest imaging: These helps to observe the patchy or dif-
fuse asymmetric airspace opacities which shows the homol-
ogy with the pneumonic symptoms of infected person with
SARS-CoV-2 [45] and scans the chest in order to detect the
symptoms before it occurs [46,45].
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Conclusion

WHO had provided guidance regarding the novel infection

which is to use the face mask, wash hands properly and completely,

regarding the process of disinfection i.e. sanitisation and home

medical operating [47].
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