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ABSTRACT
Background

The causative virus of COVID-19 has been named SARS-
CoV-2. It is the seventh coronavirus that is pathogenic to
humans and the third in the series of human pathogenic beta
coronaviruses. Patient zero was identified to have contracted
the virus in Wuhan, China. Shortly after the initial
identification of the virus and its symptoms, multiple studies
concluded that the virus originated from the “Wuhan
seafood market”, a notorious market place for illegal
wildlife trade based in Wuhan, a city in the Hubei region of
the People’s Republic of China. Globally, as of 7:02 pm
CEST, 29 May 2020, there have been 5704736 confirmed
cases of COVID-19, including 357736 deaths, reported to
the WHO. The transmission of COVID-19 is primarily by
way of respiratory droplets, which can be developed via
means of coughing or sneezing, hence spreading the disease
from one person to another person. The research proposed
indicates the possibility of bats as being the natural cistern
of SARS-CoV-2, hence making COVID-19 a zoonotic
disease. The most suspected intermediate host is the
Malayan pangolin. SARS-CoV-2 is a single-stranded RNA
virus that has an affinity for ACE2 receptors in humans,
causing severe pathological symptoms. Symptoms like
anorexia, dyspnea, fatigue, pyrexia, cough, headache,
dizziness, nausea, productive sputum, abdominal pain,
myalgia, sore throat, diarrhea, and vomiting. Vaccines that
are currently in the clinical evaluation are the Adenovirus
type 5 vector, mRNA-1273, Inactivated alum, ChAdOX,
LNP-mRNA, DNA plasmid vaccine with electroporation
and Inactivated vaccines. A Phase IlIl randomized
multicountry clinical trial comprising of 100 countries
known as “Solidarity” (ISRCTN83971151) has been
initiated by the WHO to achieve the unified goal of
producing an adequate treatment for COVID-19. The
present Solidarity trial focuses on the following drugs:
Remdesivir, Lopinavir/Ritonavir with or without interferon
beta-1a, Chloroquine, or hydroxychloroquine.

Conclusion

It is invariably essential to promote research in this field of
study and find an appropriate solution to the virus to allow
individuals worldwide to lead a secure and healthy life.
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Background

The causative virus of COVID-19 has been named SARS-
CoV-2. It is the Seventh coronavirus that is pathogenic to
humans and the third in the series of human pathogenic beta
coronaviruses. The first of the beta coronavirus triad lead to
Severe Acute Respiratory Syndrome (SARS) and the
second caused Middle East Respiratory Syndrome (MERS).
[1]. The first confirmed case of the current novel
coronavirus or COVID-19, according to all available
reports, data, and press conferences from the Chinese
Government, states that the first identified case occurred in
the first week of December 2019. Patient zero was
identified to have contracted the virus in Wuhan, China [2].
Shortly after the initial identification of the virus and its
symptoms, multiple studies concluded that the virus
originated from the “Wuhan seafood market”, a notorious
market place for illegal wildlife trade based in Wuhan, a
city in the Hubei region of the People’s Republic of China.
It was noted that the initial cases of the virus were
individuals that either frequented or were in close proximity
to the activities of the market [3]. Markets such as the
nature of the “Wuhan seafood market” are believed to be
the origin of members of the coronavirus strain [4].

Epidemiology

On January 25, 2020, approximately 45 days after, the first
reported case of SARS-CoV-2, the active cases accelerated
to a total of 1975 people with 56 confirmed deaths in the
People’s Republic of China. The first death in mainland
China was recorded on January 10, 2020 [5]. Twelve days
after the first death of COVID-19, China National Health
Commission released a document on January 22, 2020,
stating that of the first confirmed 17 deaths to date; 13 were
male and four were female. The average age of this cohort
being 70 years. These infected individuals presented with a
host of upper respiratory tract group of symptoms. The
virus has had an astronomical rate of spread, with the first
case outside of mainland China being confirmed in
Thailand on January 13, 2020 [6]. The first sister cities to
Wuhan to be infected were Guangdong and Beijing, and by
January 10, 2020, Guangdong had 14 confirmed cases,
Beijing had a total of 5 and Wuhan had markedly increased
their total to 198 confirmed cases [5]. The WHO on January
30, 2020 announced COVID-19 to be the sixth public health
emergency of international concern (PHEIC), and as of
February 11, 2020, cases were confirmed in over 28
regions. March 11, 2020, marked a historical and
foreboding occasion as the COVID-19 virus was declared a
pandemic by the WHO [6]. The transmission rate of the
virus is exponential. It took 67 days for the confirmed cases
to increase from 1 confirmed case to 100,000 confirmed
cases, however over the last 24-hour period from May 29,
2020, to May 30, 2020, 19601 new confirmed cases were
reported worldwide [6]. Globally, as of 7:02 pm CEST,
May 29, 2020, there have been 5704736 confirmed cases of
COVID-19, including 357736 deaths [6]. The virus is now

affecting 216 countries, territories, and two conveyances.
The WHO has six regions over which it governs. The
Americas have a current total of 2816141 confirmed cases
with a total of 160505 deaths. Brazil is becoming a hotspot
in the South American region, with a total of 411821
current cases and 25598 confirmed deaths. In the last 24-
hour period alone from May 29, 2020, to May 30, 2020,
Brazil recorded 4275 new cases. In the United States of
America, the current deaths caused by COVID-19 (over
100000) cause a more significant loss of US lives than the
number of fatalities caused by the Vietnam war, 58220.
Europe has a current total of 1986921 confirmed cases with
a total of 172534 deaths. Asia has a current total of 1083755
confirmed cases, with a total of 29743 deaths. As of May
19, 2020, 1:02 pm CEST, China has had a total of 84547
confirmed COVID-19 cases and 4645 deaths [7].

A total of 219921 cases and 5482 deaths were reported in
the South Asian Association for Regional Cooperation
(SAARC) group of countries. Afghanistan has reported a
sum of 9216 cases and 205 deaths, Bangladesh has a sum of
30205 cases and 432 deaths, Bhutan has 24 cases and 0
current deaths, India has a total of 125149 cases and the
death count of 3728, the Maldives has reported a total of
1274 cases and death count of 4, Pakistan has a total of
52437 cases and count of 1101. Sri Lanka has a total of
1068 cases and has reported nine deaths. Nepal has a
current total of 548 cases, with three total deaths. The
Ministry of Nepal has reported extraordinary findings
stating that the majority of their infected cases fall between
the ages of 21 to 30 years. Two hundred seventy-five of
their current patients are under the age of 30; this finding
contradicts the general convention that this virus affects
mainly the elderly [8]. Africa has a current total of 137544
cases, with 3945 deaths [7]. Studies have isolated various
risk factors for the contraction of COVID-19. It is
imperative for the epidemiology of the virus to be
understood to prevent further loss of lives and
simultaneously prevent such similar COVID-19 outbreaks
in the future [9].

Virology of SARS-CoV-2

Viral Phylogeny indicated that the COVID-19 virus belongs
to subgenus Sarbecovirus [10-12].

However, when compared with SARS-CoV-2, these two
precedent viruses, namely SARS and MERS, led to similar
but more serious clinical manifestations. This resulting in a
higher death rate, yet this novel coronavirus has caused
more deaths and infections due its unprecedented
transmissibility rate. The basic reproductive number (Ro), if
defined in simple terms, is used to gauge the transmission
power of disease, and has been recorded as highest for
COVID-19 compared to SARS and MERS [13].

Hence, it would not be incorrect to state that the
significantly elevated transmission rate of COVID-19 led
to its establishment as a pandemic. The elevated
transmission rate of COVID-19 could partially be
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attributed to the comparably less severe clinical
manifestations, which allows the patient to move about
and spread the disease within the community [14].

The transmission of COVID-19 is chiefly via respiratory
droplets, which can be developed through coughing or
sneezing, hence spreading the virus from one person to
another. The possibility of bats as the natural reservoir of
SARS-CoV-2 has been suggested by research, hence
making COVID-19 a zoonatic disease.

However, in accordance with studies with greater depth,
the presence of an intermediate host has been established.
This intermediate host mediates the spread of COVID-19
between bats and the terminal host, humans [12]. The
most likely intermediate host is the Malayan pangolin
[15]. 5.2 days is the average incubation period of
COVID-19, and in 12.5 days, the total 95th percentile of
the distribution of the virus was seen [16]. Similar to
SARS and MERS, COVID-19 attacks the lungs,
eventually resulting in respiratory distress. Their similarity
in clinical manifestations can be stemmed from the non-
identical yet similar morphology of the coronaviruses. The
SARS-CoV-2 is a minute virus, the diameter of which
ranges in nanometers. Interestingly, the positive single-
stranded RNA nucleic acid possessed by the coronavirus
is the most abundant RNA viral genome [17]. All
coronaviruses share a spike glycoprotein layer, which
constitutes two subunits, namely S1 and S2 [19].

Spike glycoprotein

(S)
Envelope small membrane protein
(E)

Membrane protein
(M)

Hemagglutinin-esterase
(HE)

Nucleoprotein
(N)

Genomic RNA

Figure 1: Schematic of a coronavirus

Source: Biowiki
http://ruleof6ix.fieldofscience.com/2012/09/a-new-
coronavirus-should-you-care.html [19]

The former mediated adhesion between the SARS-CoV-2
and host cell and the latter enables the fusion of the virus
to the host cell membrane. Research has suggested that
genetic modification in this layer of the virus could
potentially affect the virulence thereof [20]. Moreover,
when the coronavirus associated with the pangolin was
explored, it was found to be deficient in S1/S2 sites,
which are furin-like cleavage sites in the S protein,
making it different from that of SARS-CoV-2. This

particular finding was suggestive of its increased
transmission rate among humans [15]. In addition to this,
the coronavirus consists of the integral membrane
proteins, specifically Glycoprotein and Small Membrane
Protein, (M and E proteins). These are also known as
structural proteins. Moreover, Nucleocapsid Protein (N) is
a constituent of the virus and is required for its protection
[17]. The genes coding for these protein molecules,
namely the N, E, and S proteins, are identified in the
Nucleic Acid Amplification test and hence used to
establish the presence of SARS-CoV-2 in specimens for
laboratory diagnosis of COVID-19 [21].

The RNA nucleic acid of the coronavirus is made of seven
to ten functional genes. Minute variations in the
morphology of the different species of the CoV can be
attributed to the distinct arrangement of the genes coding
for the non-structural proteins in between the functional
genes [17]. The knowledge of the viral genome is
essential for genomic sequencing of the virus, which has
been isolated from specimens of COVID-19 patients, in
order to study any possible mutations or used for future
research [21]. Interestingly, the RNA-dependent RNA
polymerase (RdRp) gene present in SARS-CoV-2 was
phylogenetically different as compared to that in SARS-
CoV [10]. COVID-19 virus also consists of proteins like
3- chymotrypsin-like protease, papain-like protease, and
others [19]. The third member of the coronavirus family
(COVID-19) continues to exert its virulent impact
globally [21].

Etiopathogenesis

Apart from six other distinctive beta coronaviruses that
were pathogenic to humans, the SARS-CoV-2 virus also
harmonizes with this group [22]. Due to the pandemic
potential of SARS-CoV-2, it is imperative to monitor its
transmission and pathogenesis [23].

SARS-CoV-2 is a single-stranded RNA virus that has an
affinity for ACE2 receptors in humans, causing severe
pathological symptoms. ACE2 is widely expressed in the
kidney, stomach, urinary bladder, lung alveolar
epithelium, ileum, nasal mucosa, heart, therefore, making
all these organs susceptible to SARS-CoV-2 virus. SARS-
CoV-2 infection is comprehensively transmitted through
respiratory droplets, contact, potentially through the fecal-
oral route and via the ocular surface [24]. It is assumed
that the initial viral replication occurs in the mucosa's
epithelium in the Upper respiratory tract, which later
moves into the Lower Respiratory tract and, finally, the
mucosa of the gastrointestinal system.

The elevated levels of proinflammatory cytokines
Interleukinl-B, interleukin 1RA, interleukin 7, interleukin
8, interleukin 9, interleukin 10, Granulocyte-colony
stimulating factor, GMCSF, Interferon y, IP10, MCPI,
MIP1la, MIP1B, PDGFB, and Tumor Necrosis Factor a are
seen in patients with SARS-CoV-2 infection.
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Figure 2: SARS-CoV-2 and SARS-CoV use the same
cellular attachment factor (ACEZ2)

Adapted from: Mousavizadeh et al. J Microbiol Immunol
Infect. 2020 [25]

Levels of GSCF, IP10, MCP1, and Tumor Necrosis
Factor-o were higher in the Intensive Care Unit (hereafter
ICU) patient in comparison to Non-ICU patients. An
elevated level of IL-10 and IL-4 were few uncommon
findings in the acute phase viral infection. Additionally,
with the increase in C-Reactive Protein levels, LDH,
Aspartate  Transaminase, Alanine Transaminase, CK,
Creatinine,  erythrocyte  sedimentation  proportion,
decreased platelet and albumin levels have also been
reported [26]. As mentioned by Harapan et al., the
elevated levels of cytokines and inflammatory response
triggers the cytokine storm in patients, leading to an
increase severity of the disease [23].

Patients with the novel coronavirus infection developed
eosinopenia,  increased  prothrombin  time, and
Thrombocytopenia [27]. The chief pathogenesis of the
COVID-19 virus is atypical pneumonia; detectable serum
SARS-CoV-2 viral load (RNAaemia), acute respiratory
distress syndrome along with ground-glass opacity in the
lung, acute liver injury and acute cardiac injury [26].
ARDS is the prime cause of death with SARS-CoV-2
infection. As the virus dysregulates cytokine and
inflammatory response, causing cytokine storms leading
to multi-organ failure [28]. Histopathological findings of
the lung showed diffuse alveolar damage with exudate in
the alveolar cavity, thickening of interlobular septa giving
it a honeycomb-like appearance. Lung tissues
predominantly showed pulmonary edema along with
hyaline membrane formation. Lung interstitium had the
presence of inflammatory infiltrates - macrophages,
neutrophils, and other lymphocytes, as well as Immune
system dysfunction, has also been noticed in SARS-CoV-
2 patients, CD4 and CD8 cells were reduced, and

hyperactivity was observed in patients with an increase in
the severity of the disease [24].

Besides respiratory system injury, patients of SARS-CoV-
2 present with multi-organ injuries in the heart, liver, and
brain, which correlated with different comorbidities such
as Diabetes Mellitus, Hypertension, Hyperlipidemia,
Ischemic Heart Disease, Coronary Artery Disease,
Neoplasm, HIV and Immune System Deficiency
syndromes [29]. A small cohort of patients has also had
neurological complications such as a disturbed state of
consciousness, headaches, and dizziness. The most
common peripheral symptoms were hypogeusia and
hyposmia [30]. SARS-CoV-2 infection varied from
asymptomatic to atypical pneumonia, ARDS, and multi-
organ dysfunction depending on the severity of the
disease. Symptoms like Anorexia, Dyspnea, Fatigue,
pyrexia, Cough, Headache, Dizziness, Nausea, Productive
Sputum, Abdominal Pain, Myalgia, Sore Throat, Diarrhea,
and VVomiting have been reported [27].

Vaccines under trial for COVID-19

There are a total of 109 vaccines that are under trial,
among which 9 of them are in clinical evaluation, and 102
of them are in the pre-clinical evaluation phase. The
details of the vaccines, phases of clinical trials, and the
developers are depicted in Table 1. Vaccines which are in
the clinical evaluation are as follows:

1. Adenovirus type 5 vector

ChiCTR2000031781 is under a randomized Phase 2
clinical trial. It is a placebo-controlled and double-blinded
trial in adults who are above the age of 18 years. Safety
and immunogenicity for the Recombinant novel
Coronavirus disease vaccine (Adenovirus Vector) will be
evaluated by clinical trials in healthy individuals who are
aged above 18 yrs. [31]. Whereas ChiCTR2000030906 is
under a single-center, open, and dose-escalation Phase 1
clinical trial in healthy individuals aged between 18-60yrs
[32]. These are developed by CanSino Biological Inc. and
the Beijing Institute of Biotechnology. The Canadian
Centre for Vaccinology has also approved this vaccine for
the Phase 1 clinical trial. The clinical trial is set to enroll
approximately 100 healthy participants aged about 18 to
55 years [33, 34].

2. Inactivated +alum

NCT04352608 is under a single-center randomized trial,
which is double-blinded and placebo-controlled. Phasel/2
trials are done in adults, who are in the range of 18-59
years. This study will evaluate the immunogenicity and
safety. This vaccine is being developed by Sinovac
Research and Development Co., Ltd. The study was
started in mid-April 2020 [35].
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Table 1: Vaccines development and clinical trials of vaccines for COVID-19

Name of vaccine Type of Vaccine Target Producing entity Phase of Country
vaccine candidate trial
Adenovirus type 5 vector Non Ad5-nCoV  Sglycoprotein  CanSina Biological Inc./Bejing Phase 2 China and
(ChiCTR2000031781) [31] replicating Institue of Biotechnology Canada [33]
viral vector
mRNA-1273 LNP- mMRNA- S protein Moderna Phase 1 United States
(NCT04283461) encapsulated 1273
[35] mRNA
Inactivated+alum [34] Inactivated PiCoVacc Whole virion Sinovac Biotech Co., Ltd Phasel/Phase  China
(NCT04352608) (Sinovac Research and 2
Development Co., Ltd.)
ChAdOx1 [34] Non ChAdOx1 S glycoprotein  The University of Oxford Phase 1/2 United
(NCT04324606) replicating Kingdom
viral vector
3 LNP-mRNA [34] RNA BNT162 S protein BioNTech/Fosum/Pharma/Pfizer ~ Phasel/2 Germanyand
(NCT04368728) United states
DNA plasmid vaccine with  DNA INO-4800 S protein Inovio Pharmaceuticals Phase 1 South  Korea
electroporation [36] and  United
(NCT04336410) States
Inactivated [37] Inactivated Not known  Whole virion Beijing Institute of Biological Phase 1/2 China
(ChiCTR2000032459) Products Co., LTD.
Table 2: Drugs on Clinical Trials
Drugs Mechanism of action Sponsor Phases of  Country
trials
Remdesivir [41] Halts the replication of viral genome. It National Institute of Phase 3 United states of
(NCT04280705) inhibits RNA dependent RNA polymerase Allergy and Infectious America
enzyme Diseases (NIAID)
Lopinavir/Ritonavir and 1V protease inhibitors as well as inhibit The University of Hong Phase 2 Hongkong
interferon beta-1b coronaviral 3CL1protease. Kong completed
[41]
(NCT04276688)
Hydroxychloroquine Blocks viral infection by increasing National Institute of Phase3 Mexico

(NCT04315896) endosomal pH required for membrane fusion  Respiratory Diseases,
[41] between the virus and the host cell. Mexico
Hydroxychloroquine/ Blocks viral infection by increasing University of Oxford Not applicable United Kingdom

chloroquine endosomal pH required for membrane fusion
(NCT04303507) between the virus and the host cell.
[41]

3. MRNA-1273

It is under the open-label phase 1 trial in males and
nonpregnant females above the age of 18 years, who are
healthy and qualify in all the eligibility criteria. This
encapsulated mMRNA-based vaccine is a novel lipid
nanoparticle (LNP) encodes for a prefusion stabilized
spike (S) protein, covering the full length of the protein.
The clinical trial is dose ranged and will assess the safety,

reactogenicity and immunogenicity of it. It is being
manufactured by ModernaTX, Inc. This study started in
mid of March 2020 [35]. Recently on Moderna's vaccine
is currently in phase | clinical trial, it has shown that it
produced protective antibodies in a small group of healthy
volunteers [36].
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4. ChAdOx1

NCTO04324606 It is under Phase 1/2 single-blinded,
randomized, multi-center trial, which will determine the
immunogenicity & safety along with its efficacy. Healthy
adult candidates in UK healthy volunteered for trials, aged
between 18-55 years. This vaccine is being developed by
University of Oxford. The study started at the end of April
2020 [35].

5.3 LNP-mRNA

Observer-blind clinical trials under randomized Phase 1/2
are being conducted, which is placebo-controlled. The
candidate-selection and dose-finding are done in healthy
adults. To compare tolerability, viral immunogenicity, and
safety with four different SARS-CoV-2RNA vaccines,
three age groups were considered: 18-55 years, 65-85
years, and 18-85 years; this would also evaluate its

Ribavirin
Remdesivir
Favipiravir

Inhibits viral RdRp

efficacy. This vaccine is
BioNTech/Fosun Pharma/Pfizer.
April 2020 [35].

being developed by
The study started in

6. DNA plasmid vaccine with electroporation (INO-
4800)

Open-label (Phase 1), It is under trial is done to evaluate
the immunological profile of INO-4800, it was
administered by injection via intradermal route followed
by electroporation (EP) device in adult volunteers which
would also help in analyzing its safety and tolerability.
The study was started in April 2020 [37].

7. Inactivated

ChiCTR2000032459 is under a randomized trial which
double-blinded in Phasel/2. This placebo-parallel
controlled trial will evaluate its immunogenicity of
inactivated nCoV in a healthy population aged three years
and older. It is being developed by the Beijing Institute of
Biological Products/Sinopharm [38].

Page | 23



Journal of Biomedical Sciences

JBS 2020;7(1):18-27
COVID-19: Recent Advances

Framework of Recent Advances of
COVID-19

[ [

Epidemiology Pathogenesis

[ [ ]
» Signs &
SymptOmS

o FirstCase S ['ansmission J=
mm First Death o= Replication —

Global
scenario

e |nfection

e  SAARC

Figure 4: Framework of COVID-19

Clinical Trials: Treatment and prophylaxis

Currently, there is no drug available and found to be
competent for the treatment and prophylaxis of COVID-
19. Pharmaceutical companies of several countries and
institutions around the world have already registered for
the clinical trials of various antimalarials antivirals, anti-
inflammatory and immunomodulation treatment therapies.
Several other trials are currently already active and in
progress [39]. At present, there are approximately more
than 300 clinical trials underway. None of the drugs are
approved for prophylaxis of COVID-19, but according to
the Indian medical council, published in The Lancet,
hydroxychloroquine  or  chloroquine  has  been
recommended to be administered to the health care
workers who are in direct contact with COVID-19 patients
and for asymptomatic household contacts of confirmed
cases [40].

An international clinical trial is known as “Solidarity”
(ISRCTN83971151) [41] has been initiated by WHO to
develop an effective treatment for COVID-19. The main
aim of the clinical trial is to rapidly find the effect of
drugs on disease progression and survival. It is an open-
label Phase 11l randomized multicounty clinical trial. As
of the 21st April 2020, to find effective therapeutics, over
100 countries are working jointly through this clinical
trial. The potential targets of the drugs are shown in
Figure 3. The details of the drugs, mechanism of action,
developer, phases of clinical trials, and the country is
depicted in Table 2.

Health systems and governments alike are facing
unprecedented pressure as the death tolls are rising on a
daily basis [43]. Numerous countries have declared states of

Classification H'St‘é?cztlhom Radiological

1 1
i i Laboratory o Clinical Trials
_-

Serology

Urine
Examination

Stool
Examination

Nasopharyn
geal Swabs

emergency and have invoked national restrictions of
movement under various acts such as the Public Health
(Control of Disease) Act 1984 (England) [44]. Till this
current point in time the mainstay of controlling the spread
of the disease has been via social distancing, the isolation of
confirmed cases which have then been followed up by
contact tracing [45].

Conclusion

Despite the countless scientific advances and state of the
art facilities and equipment at our disposal, researchers are
somehow at a shortcoming for finding a permanent
solution to this current crisis. It is hence invariably
essential to promote research in this field of study and to
find an appropriate solution to the virus so as to allow
individuals all around the globe to lead a secure and
healthy life in the future.
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