[JPPR

ISSN 2349-7203

INTERNATIONAL JOURNAL OF PHARMACY & PHARMACEUTICAL RESEARCH

Human Journals

Review Article

July 2022 Vol.:24, Issue:4

© All rights are reserved by Shivanshu Sharma

An official Publication of Human Journals

Coronavirus (COVID-19): Introduction, Virion Structure, and

Biological Properties

ISSN 2349-7203

INTERNATIONAL JOURNAL OF PHARMACY & PHARMACEUTICAL RESEARCH
An official Publication of Human Journals

s,

HUMAN

Shivanshu Sharma

Assistant Professor, Sharda University, Greater Noida,

India.

Submitted: 24 June 2022

Accepted: 29 June 2022

Published: 30 July 2022
HUMAN JOURNALS

www.ijppr.humanjournals.com

Keywords: Coronavirus, Middle East respiratory syndrome

(MERS), severe acute respiratory syndrome (SARS)

ABSTRACT

COVID-19 is one of the global pandemic situation in the
world that affect in every corner of the world including
territorial, political, ideological, religious, cultural, and
(CoVs),

enveloped positive-sense RNA viruses, are characterized by

certainly academic boundaries. Coronaviruses
club-like spikes that project from their surface, an unusually
large RNA genome, and a unique replication strategy.
Coronaviruses cause a variety of diseases in mammals and
birds ranging from enteritis in cows and pigs and upper
respiratory disease in chickens to potentially lethal human
respiratory infections. The rapid spread of the coronavirus
disease 2019 (COVID-19), caused by a zoonotic beta-
coronavirus entitled 2019 novel coronavirus (2019-nCoV),
has become a global threat. This virus was reported to be a
member of the b group of coronaviruses. The novel virus
or 2019 novel

was named as Wuhan coronavirus

coronavirus (2019-nCoV) by the Chinese researchers.
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INTRODUCTION

Coronavirus derived from the Latin corona meaning “Crown” or “halo” which refers to
characteristics of appearance reminiscent of a crown or a solar corona around the virions
(virus particles) when viewed under 2-D Transmission Electron Microscope (TEM), due to
the surface covering in club-shaped protein spikes.

Coronaviruses which are directly relate to Coronaviridae family in the Nidovirales order.

Corona, crown-like spikes, outer surface of the virus and so called coronavirus.

COVID-19, respiratory disease caused by a novel(SARS-CoV-2), evolved into a global
pandemic.ltIPublic health and healthcare professionals are at the frontline, working to contain

and to mitigate the spread of this disease.

Remarkably rapid progress has been made in biological and biomedical research, including
identifying the virus, sequencing its genes, and resolving cogent protein structures. The
manufacture of testing and diagnosis kits and development and trials of vaccines, antiviral
drugs, and other medical and psychological interventions are also being accelerated.
Although these activities may seem a bit far from the fields of physical sciences and
engineering that typically work with inanimate objects, and should be done to help in such a
global crisis. To start, one would need to establish basic understanding of the infection

pathways of respiratory diseases and the virion (i.e., viable virus) structure.
CORONAVIRUS (COVID-19)

Coronavirus disease 2019(COVID-19) is an emerging disease with a rapid increase in cases
and deaths since its first identification in Wuhan, China, in December 2019. Limited data are
available about coronavirus disease 2019 during pregnancy; however, information on
illnesses associated with other highly pathogenic coronaviruses (ie, SARS and the MERS)
might provide insights into coronavirus disease 2019’s effects during pregnancy.l!
Coronaviruses cause illness ranging in severity from the common cold to severe respiratory
iliness and death. Currently, the primary epidemiologic risk factors for coronavirus disease
2019 include travel from mainland China (especially Hubei Province) or close contact with
infected individuals within 14 days of symptom onset.[?l Data suggest an incubation period of
5 days (2 tol14 days). The average age of hospitalized patients has been 49 to 56 years, with a
third to half with an underlying illness. Children have been rarely reported. Men were more

frequent among hospitalized cases (54-73%). Frequent manifestations include fever, cough,
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myalgia, headache, and diarrhea. Abnormal testing includes abnormalities on chest
radiographic imaging, lymphopenia, leukopenia, and thrombocytopenia. Initial reports
suggest that acute respiratory distress syndrome develops in 17 to 29% of hospitalized
patients. Overall case fatality rate appears to below 1%; however, early data may
overestimate this rate. In 2 reports describing 18 pregnancies with coronavirus disease 2019,
all were infected in the third trimester, and clinical findings were similar to those in non-
pregnant adults. Fetal distress and preterm delivery were seen in some cases. But 2
pregnancies were cesarean deliveries and no evidence of in utero transmission was seen. Data
on SARS and MERS in pregnancy are sparse. For SARS, the largest series of 12 pregnancies
had a case-fatality rate of 25%. Complications included acute respiratory distress syndrome
in 4, disseminated intravascular coagulopathy in 3, renal failure in 3, and secondary bacterial
pneumonia in 2, and sepsis in 2 patients. Mechanical ventilation was 3 times more likely
among pregnant compared with nonpregnant women. Among 7 first-trimester infections, 4
ended in spontaneous abortion. Four of 5 women with SARS after 24 weeks gestation
delivered preterm. For MERS, there were 13 case reports in pregnant women, of which 2
were asymptomatic, identified as part of a contact investigation; 3 patients (23%) died. Two
pregnancies ended in fetal demise and 2 were born preterm. No evidence of in utero
transmission was seen in SARS or MERS. Currently, no coronavirus-specific treatments have
been approved by the US Food and Drug Administration. Because coronavirus disease 2019
might increase the risk of pregnancy complications, management should optimally be in a
health care facility with close maternal and fetal monitoring. Principles of management of
coronavirus disease 2019 in pregnancy include early isolation, aggressive infection control
procedures, oxygen therapy, avoidance of fluid overload, consideration of empiric antibiotics
(secondary to bacterial infection risk), laboratory testing for the virus and coinfection, fetal
and uterine contraction monitoring, early mechanical ventilation for progressive respiratory
failure, individualized delivery planning, and a team-based approach with multispecialty

consultations.
VIRION STRUCTURE

Coronavirus virions are spherical with diameters of approximately 125 nm as depicted in
recent studies by cryo-electron tomography and cryo-electron microscopy 231, The most
prominent feature of coronaviruses is the club-shaped spike projections emanating from the
surface of the virion. These spikes are a defining feature of the virion and give them the

appearance of a solar corona, prompting the name, coronaviruses. Within the envelope of the
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virion is the nucleocapsid. Coronaviruses have helically symmetrical nucleocapsids, which is
uncommon among positive-sense RNA viruses, but far more common for negative-sense

RNA viruses.

Coronavirus virus particles contain four main structural proteins. These are the spike (S),
membrane (M), envelope (E), and nucleocapsid (N) proteins, all of which are encoded within
the 3’ ends of the viral genome. The S protein (~150 kDa), utilizes an N-terminal signal
sequence to gain access to the ER and is heavily N-linked glycosylated. Homotrimers of the
virus-encoded S protein make up the distinctive spike structure on the surface of the virus
(451 The trimeric S glycoprotein is a class | fusion protein ! and mediates attachment to the
host receptor /I, In most, but not all, coronaviruses, S is cleaved by a host cell furin-like
protease into two separate polypeptides noted as S1 and S2 [, S1 makes up the large

receptor-binding domain of the S protein while S2 forms the stalk of the spike molecule 1,

The M protein is the most abundant structural protein in the virion. It is a small (~25-30
kDa) protein with 3 transmembrane domains [**! and is thought to give the virion its shape. It
has a small N-terminal glycosylated ectodomain and a much larger C-terminal endodomain
that extends 6-8 nm into the viral particle ['?1. Despite being co-translationally inserted in the
ER membrane, most M proteins do not contain a signal sequence. Recent studies suggest the
M protein exists as a dimer in the virion and may adopt two different conformations allowing

it to promote membrane curvature as well as bind to the nucleocapsid 21,

The E protein (~8-12 kDa) is found in small quantities within the virion. E proteins from
coronaviruses are highly divergent but have a common architecture 4. The membrane
topology of E protein is not completely resolved but most data suggest that it is a
transmembrane protein. The E protein has an N-terminal ectodomain and a C-terminal
endodomain and has ion channel activity. As opposed to other structural proteins,
recombinant viruses lacking the E protein are not always lethal although this is virus type
dependent 51, The E protein facilitates assembly and release of the virus (see the section on
Assembly and Release of Coronaviruses), but also has other functions. For instance, the ion
channel activity in SARS-CoV E protein is not required for viral replication but is required

for pathogenesis 161,

The N protein constitutes the only protein present in the nucleocapsid. It is composed of two
separate domains, an N-terminal domain (NTD) and a C-terminal domain (CTD), both

capable of binding RNA in vitro, but each domain uses different mechanisms to bind RNA. It
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has been suggested that optimal RNA binding requires contributions from both domains 1"
181 N protein is also heavily phosphorylated [*°*!, and phosphorylation has been suggested to
trigger a structural change enhancing the affinity for viral versus non-viral RNA. N protein
binds the viral genome in a beads-on-a-string type conformation. Two specific RNA
substrates have been identified for N protein; the TRSs 2°! and the genomic packaging signal
211 The genomic packaging signal has been found to bind specifically to the second, or C-
terminal RNA binding domain 221, N protein also binds nsp3 823 a key component of the
replicase complex, and the M protein!?*l. These protein interactions likely help tether the viral
genome to the replicase-transcriptase complex (RTC) and subsequently package the

encapsidated genome into viral particles.

A fifth structural protein, the hemagglutinin-esterase (HE), is present in a subset of [-
coronaviruses. The protein acts as a hemagglutinin, binds sialic acids on surface
glycoproteins, and contains acetyl-esterase activity 2. These activities are thought to
enhance S protein-mediated cell entry and virus spread through the mucosa 1. Interestingly,
HE enhances murine hepatitis virus (MHV) neurovirulence ?71; however, it is selected against

in tissue culture for unknown reasons 28],
PATIENT WORKFLOW

Administration (FDA) approved therapeutics or vaccines for the treatment of COVID-19
patients.?®3%Diagnostics can playan important role in the containment of COVID-19,
enabling the rapid implementation of control measures that limit the spread through case
identification, isolation, and contact tracing (i.e.,identifying people that may have come in
contact with an infected patient). The current diagnostic workflow forCOVID-19 is described

in Figure 1.
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Figure No. 1. Example of patient and sample workflow during the COVID-19 outbreak.
Patients present at a healthcare facility for triage. The collected samples are tested on-site if
possible or transported for molecular testing and sequencing. Patients have then managed

appropriately.
Biological Properties of SARS-CoV-2.

SARS-CoV-2 was first identified from patient samples in Wuhan, China. Human airway
epithelial cells were cultured with the virus from BAL fluid isolated from patients.
Supernatant was collected from cells that were damaged or killed and analyzed by negatively
stained transmission electron microscopy (Figure 2).BThe images revealed that the virus has
a diameter ranging from 60to 140 nm, has an envelope with protein spikes, and has genetic
material.®?2IThe overall structure looks similar to other viruses belonging- to the
Coronaviridae family.SARS-CoV-2 has a single-stranded positive sense RNA genome that is
30,000 nucleotides in length.'*¥1The genome encodes 27 proteins including an RNA-
dependent RNA Biological Properties of SARS-CoV-2. SARS-CoV-2 was first identified
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from patient samples in Wuhan, China. Human airway epithelial cells were cultured with the
virus from BAL fluid isolated from patients. The supernatant was collected from cells that
were damaged or killed and analyzed by negative stained transmission electron microscopy
(Figure 2).BY The images revealed that the virus has a diameter ranging from 60to 140 nm,
has an envelope with protein spikes, and has genetic material.®2IThe overall structure looks
similar to other viruses from the Coronaviridae family.SARS-CoV-2 has a single-stranded
positive sense RNA genome that is 30,000 nucleotides in length.:33IThe genome encodes 27
proteins including an RNA-dependent RNA polymerase (RdRP) and four structural
proteins.3334 RARP acts in conjunction with nonstructural proteins to maintain genome
fidelity. A region of the RARP gene in SARS-CoV-2 was shown to be highly similar to a
region of the RARP gene found in batcoronavirus RaTG13 and 96% similar to the RaTG13
overall genome sequence. Of 104 strains sequenced between December 2019 and mid-
February 2020, 99.9% sequence homology was observed, but, more recently, changes in the

viral genome have been catalogued, showing a higher sequence diversity.[?3!

The four structural proteins of SARS-CoV-2 include the spike surface glycoprotein (S), small
envelope protein (E), matrix protein (M), and nucleocapsid protein (N). In coronaviruses, the
S gene codes for the receptor-binding spike protein that enables the virus to infect cells.[¢]
This spike protein mediates receptor binding and membrane fusion, which determines host
tropism and transmission capabilities. In SARS-CoV-2, the S gene is divergent with <75%
nucleotide sequence similarity when compared to all previously described SARS-related
coronaviruses. The other three structural proteins are more conserved than the spike protein
and are necessary for general coronavirus function.**IThese proteins are involved in encasing

the RNA and/or in protein assembly, budding, envelope formation, and pathogenesis.[-4
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Figure No. 2. SARS-CoV-2 morphology. Transmission electron microscope image of SARS-
CoV-2 spherical viral particles in a cell. The virus is colorized in blue (adapted from the US
Centers for Disease Control). Representation of the viral structure is illustrated with its

structural viral proteins.
CONCLUSION

In this article describes the introduction, biological properties, Virolgy and virion structure of
coronavirus (nCoV) disease which are currently emerged from Wuhan, China in December
2019. Coronavirus disease 2019(COVID-19) is an emerging disease with a rapid increase in
cases and deaths since its first identification in Wuhan, China, in December 2019. Limited
data are available about coronavirus disease 2019 during pregnancy; however, information on
illnesses associated with other highly pathogenic coronaviruses (ie, SARS and the MERS)
might provide insights into coronavirus disease 2019’s effects during pregnancy. Apart from
the other viruses, COVID-19 may cause rare side effects to those patients, after some time of

the treatment.
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