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Abstract: According to the World Health Organization (WHO), viral diseases continue to emerge and represent a serious
issue to public health. In the last twenty years, several viral epidemics such as the severe acute respiratory syndrome
coronavirus (SARS-CoV) in 2002 to 2003, and H1N1 influenza in 2009, have been recorded. Most recently, the Middle East
respiratory syndrome coronavirus (MERS-CoV) was first identified in Saudi Arabia in 2012. The COVID-19 pandemic, also
known as the coronavirus pandemic, is an ongoing pandemic of coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The outbreak was identified in Wuhan, China, in December
2019. The World Health Organization declared the outbreak a Public Health Emergency of International Concern on 30
January, and a pandemic on 11 March. It is also named as Severe Pneumonia with Novel Pathogens on January 15, 2019 by
the Taiwan CDC, the Ministry of Health and is a notifiable communicable disease of the fifth category. COVID-19is a
potential zoonotic disease with low to moderate (estimated 2%-5%) mortality rate. Person-to-person transmission may occur
through droplet or contact transmission and if there is a lack of stringent infection control or if no proper personal protective
equipment available, it may jeopardize the first-line healthcare workers. Currently, there is no definite treatment for COVID-
19 although some drugs are under investigation As of 6 May 2020, more than 3.66 million cases of COVID-19 have been
reported in over 187 countries and territories, resulting in more than 257,000 deaths. More than 1.19 million people have
recovered.

COVID-19 pandemic
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INTRODUCTION the beginning of symptomatic individuals back to the

beginning of December 2019. As they were unable to identify
In a timeline that reaches the present day, an epidemic of the causative agent, these first cases were classified as
"pneumonia of unknown etiology." The Chinese Center for
Disease Control and Prevention (CDC) and local CDCs
organized an intensive outbreak investigation program. The
etiology of this illness is now attributed to a novel virus
belonging to the coronavirus (CoV) family. The CoVs have

cases with unexplained low respiratory infections detected in
Wuhan, the largest metropolitan area in China's Hubei
province, was first reported to the WHO Country Office in
China, on December 31, 2019. Published literature can trace
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become the major pathogens of emerging respiratory disease
outbreaks. They are a large family of single-stranded RNA
viruses (+ssRNA) that can be isolated in different animal
species and nucleocapsid of helical symmetry.[Cherry et. al.
(2017)] This is wrapped in a icosahedral protein shell.[
"Chapter 24 - Coronaviridae". Fenner's  Veterinary
Virology (Fifth ed.) (2017)]The genome size of coronavirus
ranges from approximately 26 to 32 kilobases , one of the
largest RNA Viruses.]Woo et. al. (2010)] They have
characteristic club-shaped spikes that project from their
surface, which inelectron micrographs create an image
reminiscent of the solar corona, because of which the name is
derived i.e “CORONAVIRUS”.[Almeida et al. (1968)]

ETIOLOGY

The subfamily Orthocoronavirinae of the Coronaviridae
family (order Nidovirales) classifies into four genera of
CoVs: Alphacoronavirus (alphaCoV),
Betacoronavirus(betaCoV), Deltacoronavirus (deltaCoV), and
Gammacoronavirus (gammaCoV). Furthermore, the betaCoV
genus divides into five sub-genera or lineages.[Hui et al
(2019).Genomic characterization has shown that probably
bats and rodents are the gene sources of alphaCoVs and
betaCoVs. On the contrary, avian species seem to represent
the gene sources of deltaCoVs and gammaCoVs Genomic
characterization has shown that probably bats and rodents are
the gene sources of alphaCoVs and betaCoVs. On the
contrary, avian species seem to represent the gene sources
deltaCoVs and gammaCoVs.

The classification of Coronavirus is as following:

Order: Nidovirales

Family: Arteriviridae
Family: Roniviridae
Family: Mesoniviridae

Family: Coronaviridae

Subfamily: Torovirinae
Subfamily: Coronavirinae

i Ssccelotinsniiisionsd Alphacoronavirus 1
— Genus: Alphacoronavirus —{ HCoV-229E
HCoV-NL63

Murine coronavirus
Lineage A {HCOV-0C43
HCoV-HKU1
LineageB —— SARS-CoV
MERS-CoV
Lineage C {BtCoV~HKU4
BtCoV-HKUS
LineageD — BtCoV-HKU9

I Genus: Betacoronavirus

— Genus: Gammacoronavirus Avian c

— Genus: Deltacor: BuCoV-HKUT1

HISTORY

The first coronavirus was isolated in 1937. Some cause illness
in people and others circulate among other animals, including
camels, cats and bats. Since its discovery, related
coronaviruses have been found to infect cattle, pigs, horses,
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turkeys, cats, dogs, rats, and mice. The first human
coronavirus was cultured in the 1960s from nasal cavities of
people with the common cold.

VIROLOGY:
Structure

Coronaviruses are large, mostly spherical,
sometimes pleomorphic (changeable in shape), particles with
bulbous surface projections. [Neuman et. al. (2006)] The
average diameter of the virus particles is around
125 nm (.125 pm). The diameter of the envelope is 85 nm and
the spikes are 20 nm long. The envelope of the virus in
electron micrographs appears as a distinct pair of electron-
dense shells (shells that are relatively opaque to the electron
beam used to scan the virus particles . [Fehr AR, Perlman S
(2015) & Lai MM, Cavanagh D (1997)]

Structure of a typical coronavirus

M = Membrane protein
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The viral envelope consists of a lipid bilayer, in which the
membrane (M), envelope (E) and spike (S) structural
proteins are anchored. [Cavanagh et. al (2001)] The ratio of
E:S:M in the lipid bilayer is approximately 1:20:300.
[Neuman et. al. (2011)] On average a coronavirus particle has
74 surface spikes.[Chang et. al. (2014)]

The coronavirus surface spikes are homotrimers of the
S protein, which is composed of an S1 and S2 subunit. The
homotrimeric S protein is aclass | fusion protein which
mediates the receptor binding and membrane fusion between
the virus and host cell. The S1 subunit forms the head of the
spike and has the receptor binding domain (RBD). The S2
subunit forms the stem which anchors the spike in the viral
envelope and on protease activation enables fusion. The E
and M protein are important in forming the viral envelope and
maintaining its structural shape.[ Lai MM, Cavanagh D
(1997)]

Inside the envelope, there is the nucleocapsid, which is
formed from multiple copies of the nucleocapsid (N) protein,
which are bound to the positive-sense single-
stranded RNA genome in a continuous beads-on-a-string type
conformation.[ Lai MM, Cavanagh D (1997)& Neuman et. al.

WWW.OAIJSE.COM 2


https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://www.sciencedirect.com/science/article/pii/B9780128009468000246
https://en.wikipedia.org/wiki/Peplomer
https://en.wikipedia.org/wiki/Micrograph
https://en.wikipedia.org/wiki/Stellar_corona
https://en.wikipedia.org/wiki/Pleomorphism_(microbiology)
https://en.wikipedia.org/wiki/Nanometre
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Peplomer
https://en.wikipedia.org/wiki/Viral_envelope
https://en.wikipedia.org/wiki/Lipid_bilayer
https://en.wikipedia.org/wiki/Structural_proteins
https://en.wikipedia.org/wiki/Structural_proteins
https://en.wikipedia.org/wiki/Protein_trimer
https://en.wikipedia.org/wiki/Protein_domain
https://en.wikipedia.org/wiki/Membrane_fusion_protein
https://en.wikipedia.org/wiki/Viral_entry
https://en.wikipedia.org/wiki/Lipid_bilayer_fusion
https://en.wikipedia.org/wiki/Capsid
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Bead

|| Volume 5 || Issue 11 || November 2020 ||

(2011)]The lipid bilayer envelope, membrane proteins, and
nucleocapsid protect the virus when it is outside the host
cell.[Snijder et. al. (2003)]

Genome

Coronaviruses contain  a positive-sense, single-stranded
RNA genome. The genome size for coronaviruses ranges
from 26.4 to 31.7 kilobases. [Woo et. al. (2010)] The genome
size is one of the largest among RNA viruses. The genome
has a5’ methylated cap and a3’ polyadenylated tail. [Lai
MM, Cavanagh D (1997)]

The genome organization for a coronavirus is 5’-leader-UTR-
replicase/transcriptase-spike  (S)-envelope  (E)-membrane
(M)-nucleocapsid (N)-3'UTR-poly (A) tail. The open reading
frames 1a and 1b, which occupy the first two-thirds of the
genome, encode the replicase/transcriptase polyprotein. The
replicase/transcriptase  polyprotein  self  cleaves to
form nonstructural proteins. [Lai MM, Cavanagh D (1997)]

The later reading frames encode the four major structural
proteins: spike, envelope, membrane, and
nucleocapsid.[Simmons et. al. (2013)] Interspersed between
these reading frames are the reading frames for the accessory
proteins. The number of accessory proteins and their function
is unique depending on the specific coronavirus. [Lai MM,
Cavanagh D (1997)]

Coronaviruses have the highest known frequency of
recombination of any positive-strand RNA  virus,
promiscuously combining genetic information from different
sources when a host is infected with multiple coronaviruses.
In other words, these viruses mutate and change at a high rate,
which can create havoc for both diagnostic detection as well
as therapy (and vaccine) regimens.
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PATHOPHYSIOLOGY

Attachment and entry

The initial attachment of the virion to the host cell is initiated
by interactions between the S protein and its receptor. The
sites of receptor binding domains (RBD) within the S1 region
of a coronavirus S protein vary depending on the virus, with
some having the RBD at the N-terminus of S1 (MHV), while
others (SARS-CoV) have the RBD at the C-terminus of
S1.[Kubo et. al. (1994)& Cheng et. al. (2004)] After
attachment, a protease of the host cell cleaves and activates
the receptor-attached spike protein. Depending on the host
cell protease available, cleavage and activation allows
the virus to enter the host cell by endocytosis or direct fusion
of the viral envelop with the host membrane.[Simmons et. al.
(2013)] S protein cleavage occurs at two sites within the S2
portion of the protein, with the first cleavage important for
separating the RBD and fusion domains of the S
protein [Belouzard et. al. (2009)] and the second for exposing
the fusion peptide (cleavage at S2'). Fusion generally occurs
within acidified endosomes, but some coronaviruses, such as
MHYV, can fuse at the plasma membrane. Cleavage at S2’
exposes a fusion peptide that inserts into the membrane,
which is followed by joining of two heptad repeats in S2
forming an antiparallel six-helix bundle [Bosch et. al. (2003)]
The formation of this bundle allows for the mixing of viral
and cellular membranes, resulting in fusion and ultimately
release of the viral genome into the cytoplasm.

Replication

The expression of the coronavirus replicase-transcriptase
protein genes is mediated by the translation of the genomic
RNA. The replicase-transcriptase proteins are encoded in
open-reading frame la (ORFla) and ORF1b and are
synthesized initially as two large polyproteins, ppla and
pplab. The synthesis of pplab involves programmed
ribosomal frame shifting during translation of ORF1a. During
or after synthesis, these polyproteins are cleaved by virus-
encoded proteinases with  papain-like (PLpro) and
chymotrypsin-like folds into 16 proteins; nspl to nspll are
encoded in ORFla, and nspl2 to nspl6 are encoded in
ORF1b. The replicase-transcriptase proteins, together with
other viral proteins and, possibly, cellular proteins, assemble
into membrane-bound replication-transcription complexes
(RTC). (We will use the term RTC to describe complexes
copying or producing genome- or subgenome-length RNA.)
These complexes accumulate at perinuclear regions and are
associated with double-membrane vesicles. Hydrophobic
transmembrane domains are present in nsp3, nsp4, and nsp6
and likely serve to anchor the nascent ppla/pplab
polyproteins to membranes during the first step of RTC
formation.[Simmons et. al. (2013)]
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The mechanism of coronavirus replication hereby:

Coronavirus Life Cycle
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The replicated positive-sense genomic RNA becomes the
genome of the progeny viruses. The mRNAs are gene
transcripts of the last third of the virus genome after the initial
overlapping reading frame. These mMRNAs are translated by
the host's ribosomes into the structural proteins and a number
of accessory proteins.[Neuman et. al (2006)] RNA translation
occurs inside the endoplasmic reticulum. The viral structural
proteins S, E, and M move along the secretory pathway into
the Golgi intermediate compartment. There, the M proteins
direct most protein-protein interactions required for assembly
of viruses following its binding to the nucleocapsid. [Sexton
et. al. (2016)] Progeny viruses are then released from the host
cell by exocytosis through secretory vesicles[Sexton et. al.
(2016)].

SIGN AND SYMPTOMS

Common symptoms:
Fever: 83-99%
Loss of Appetite: 40-84%
Fatique: 44-70%

Loss of smell: 15 to 30%

In severe disease:
= Difficulty waking
Confusion

Bluish face or lips

TR

Coughing up blood

Shortness of

3 ‘," . Persistent chest pain
breath: 31-40% *———rE

Decreased white

Cough: 59-82% ‘
blood cells

Coughing up )}

sputum: 28-33% ‘,——— Kidney failure
0 ‘ High fever

Muscle aches A
and pain: 11-35% | /

Using data from the plethora of novel coronavirus cases
reported thus far, along with findings of the virus-related
research studies, the Centers for Disease Control (CDC) and
Prevention has added six new symptoms of COVID-19 to its
list. Previously, the CDC had listed just three known
symptoms of coronavirus infection: shortness of breath,
cough, and fever. Now, six new additions have been made to
this list, and they are as follows:

. Chills (the feeling of being cold without an apparent
cause)

J Repeated shaking with chills

. Muscle pain
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. Headache
. Sore throat
. New loss of taste or smell

The CDC states that these symptoms may appear 2-14 days
after being exposed to the virus, and that people displaying
these symptoms, or a combination of these symptoms, are
likely to have contracted COVID-19. These symptoms may
also range from mild to severe, it adds. [CDC (March 2020)]

EVALUATION

Most countries are utilizing some type of clinical and
epidemiologic information to determine who should have
testing performed. In the United States, criteria have been
developed for persons under investigation (PUI) for COVID-
19. According to the U.S. CDC, most patients with confirmed
COVID-19 have developed fever and/or symptoms of acute
respiratory illness (e.g., cough, difficulty breathing). If a
person is a PUI, it is recommended that practitioners
immediately put in place infection control and prevention
measures. Initially, they recommend testing for all other
sources of respiratory infection. Additionally, they
recommend using epidemiologic factors to assist in decision
making. There are epidemiologic factors that assist in the
decision on who to test. This includes anyone who has had
close  contactwith a  patient  with laboratory-
confirmed COVID-19 within 14 days of symptom onset or a
history of travel from affected geographic
areas (presently China, Italy, Iran, Japan, and South Korea)
within 14 days of symptom onset.

The WHO recommends collecting specimens from both the
upper respiratory tract (naso- and oropharyngeal samples) and
lower respiratory tract such as expectorated sputum,
endotracheal aspirate, or bronchoalveolar lavage. The
collection of BAL samples should only be performed in
mechanically ventilated patients as lower respiratory tract
samples seem to remain positive for a more extended period.
The samples require storage at four degrees celsius. In the
laboratory, amplification of the genetic material extracted
from the saliva or mucus sample is through a reverse
polymerase chain reaction (RT-PCR), which involves the
synthesis of a double-stranded DNA molecule from an RNA
mold. Once the genetic material is sufficient, the search is for
those portions of the genetic code of the CoV that are
conserved. The probes used are based on the initial gene
sequence released by the Shanghai Public Health Clinical
Center & School of Public Health, Fudan University,
Shanghai, China on Virological.org, and subsequent
confirmatory evaluation by additional labs. If the test result is
positive, it is recommended that the test is repeated for
verification. In patients with confirmed
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COVID-19 diagnosis, the laboratory evaluation should be
repeated to evaluate for viral clearance prior to being released
from observation.

The availability of testing will vary based on which country a
person lives in with increasing availability occurring nearly
daily.

TREATMENT/MANAGEMENT

There is no specific antiviral treatment recommended for
COVID-19, and no vaccine is currently available. The
treatment is symptomatic, and oxygen therapy represents the
major treatment intervention for patients with severe
infection. Mechanical ventilation may be necessary in cases
of respiratory failure refractory to oxygen therapy, whereas
hemodynamic support is essential for managing septic shock.

Most cases of COVID-19 are not severe enough to
require mechanical  ventilation or  alternatives, but a
percentage of cases are] Murthy S et al; (March
2020)][WHO (28 January 2020)] The type of respiratory
support for individuals with COVID-19 related respiratory
failure is being actively studied for people in the hospital,
with some evidence that intubation can be avoided with
ahigh flow nasal cannula or bi-level positive airway
pressure.] Wang K et al; (March 2020)]] Whether either of
these two leads to the same benefit for people who are
critically ill is not known.[ Mc Enery et al;(April
2020)] Some doctors prefer staying with invasive mechanical
ventilation when available because this technique limits the
spread of aerosol particles compared to a high flow nasal
cannula.[ Murthy S et al; (March 2020)]

Severe cases are most common in older adults (those older
than 60 years,[ Murthy S et al; (March 2020)] and especially
those older than 80 years).[ Ferguson NM et al: (March
2020)] Many  developed  countries do not have
enough hospital beds per capita, which limits a health
system's capacity to handle a sudden spike in the number of
COVID-19 cases severe enough to require hospitalisation.[
Scott, Dylan (16 March 2020)] This limited capacity is a
significant driver behind calls to flatten the curve.[ Guan WJ
et al ; (April 2020)] One study in China found 5% were
admitted to intensive care units, 2.3% needed mechanical
support of ventilation, and 1.4% died.[CDC (April 2020)] In
China, approximately 30% of people in hospital with
COVID-19 are eventually admitted to ICU.[ CDC (April
2020)]

Intravenous (1) _ treatment: This can treat and
prevent dehydration and restore electrolytes to the body.

Sedative treatment: This can include antipsychotic or anti-
anxiety medications. This treatment can help people who
experience significant psychological distress, delirium, or
confusion.
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Other therapies

Although no antiviral treatments have been approved, several
approaches have been proposed such as lopinavir/ritonavir
(400/100 mg every 12 hours), chloroquine (500 mg every 12
hours), and hydroxychloroquine (200 mg every 12 hours).
Alpha-interferon (e.g., 5 million units by aerosol inhalation
twice per day) is also used. Preclinical studies suggested that
remdesivir (GS5734) — an inhibitor of RNA polymerase
with in vitro activity against multiple RNA viruses, including
Ebola — could be effective for both prophylaxis and therapy
of HCoVs infections.] Hui et. al. (2019)] This drug was
positively tested in a rhesus macaque model of MERS-CoV
infection.[Gordon et. al. (2020)]

VACCINES IN TRIALS:

6 vaccines in human trials bring hope of early Covid-19 relief

If the trials are a success, scientists hope to have one million
doses ready by September, and to dramatically scale up
manufacturing after that.

The availability of a safe and effective vaccine for COVID-19
is well-recognized as an additional tool to contribute to the
control of the pandemic. At the same time, the challenges and
efforts needed to rapidly develop, evaluate and produce this at
scale are enormous. Phase one trials are small-scale, usually
involving few participants, to assess whether the vaccine is
safe for humans. Phase two trials often involve several
hundred subjects, and mainly evaluate the efficacy of the
vaccine against the disease. The final phase involves
thousands of people to further assess the efficacy of the
vaccine over a defined period of time, and can last several
months

Nearly 70 ‘vaccine candidates’ are being tested and at least
three have moved to the human clinical trial stage, but a
vaccine for the novel coronavirus is unlikely to be ready for
mass use before 2021. “While Zydus Cadila is working on
two vaccines, Serum Institute, Biological E, Bharat Biotech,
Indian Immunologicals, and Mynvax are developing one
vaccine each,"” Gagandeep Kang, executive director of the
Translational Health Science and Technology Institute,
Faridabad, told PTI.

PLASMA THERAPY BECOMING A BOON FOR
TREATING PATIENTS??

Convalescent plasma therapy is based on the concept of
passive immunity, where antibodies of some disease
developed in a person are used for treating others.
Plasma in the blood contains antibodies, which helps to
fight foreign pathogens. Once they have dealt with a
certain kind of foreign element, some blood cells act as
a memory cell and store information. When they come
in contact with the same kind of pathogens again they

WWW.OAIJSE.COM 5


https://en.wikipedia.org/wiki/Mechanical_ventilation
https://en.wikipedia.org/wiki/Respiratory_failure
https://en.wikipedia.org/wiki/Respiratory_failure
https://en.wikipedia.org/wiki/Tracheal_intubation
https://en.wikipedia.org/wiki/Heated_humidified_high-flow_therapy
https://en.wikipedia.org/wiki/Positive_airway_pressure
https://en.wikipedia.org/wiki/Positive_airway_pressure
https://en.wikipedia.org/wiki/Airborne_disease
https://en.wikipedia.org/wiki/List_of_countries_by_hospital_beds
https://en.wikipedia.org/wiki/Health_system
https://en.wikipedia.org/wiki/Health_system
https://en.wikipedia.org/wiki/Intensive_care_unit
https://www.medicalnewstoday.com/articles/153363
https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://www.ncbi.nlm.nih.gov/books/NBK554776/

|| Volume 5 || Issue 11 || November 2020 ||

identify and defect it quickly by producing the same
antibodies. The Covid19 is a new strain of virus so
there is no artificial antibody available which can treat
this disease. "The people who fought and recovered
from coronavirus might have developed antibodies in
their body, which can be a boon for others. Vaccination
may take time to develop, but the need of the hour is to
treat the patient, which can be possible by using these
antibodies by plasma therapy.” This is not the first time
when plasma is being used for treating a medical
condition. It was also used earlier during the Ebola
outbreak. "Plasma can also be used in treating many
conditions, especially when we need to treat
autoimmune diseases where body produces antibodies
against its cells and plasma helps to clear it via
plasmapheresis.”

Plasma in the battle against COVID-19
How taking antibodies from people who recovered from infection with SARS-CoV-2 may help others
Convalescent plasma therapy

Active immunity Passive immunity

Patient recovers with

Person infected

with a new virus Person recovers as the

immune system creates g ’ boost received from
new antibodies AP plasma transfusion
Blood plasma,
Initially hasno g extracted fiom . -
> .o e recovered patient, FCON ‘o8

antibodies T ee 3 Al el L) 8

in blood to o 4R !'. containing antibodies | . .07

fight the virus )

A different patient, I &=
infected with the I
same virus, receives

Red blood Plasma, o
transfusion

cells or serum
Liquid
part
i, of blood

Since the 1930s, doctors ~ Has been used in China Though preliminary
have given antibody-rich ~ on COVID-19. Astudyon  research on COVID-19
blood serum to boost the = 10 severe adult cases looks promising,
defences of people sick has shown promising
with the same infection ~ results

The therapy has saved
lives in polio and Ebola
epidemics, measles
outbreaks and in the
2003 SARS epidemic

randomised trials are
yet to be completed

Source: newscientist.com/hubjhu.edu/fda.gov/covidplasma.org/PNAS ©AFP
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