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ABSTRACT

*Corresponding author

The 2019 Novel Coronavirus (2019-nCoV) outbreak affected a large number of deaths with millions of confirmed
cases worldwide. Coronavirus Disease (COVID-19) is associated with respiratory illness that lead to severe
pneumonia and Acute Respiratory Distress Syndrome (ARDS). Although related to the Severe Acute Respiratory
Syndrome (SARS) and the Middle East Respiratory Syndrome (MERS), Covid-19 shows some unique pathogenetic,
epidemiological and clinical features. On the basis of the phylogenetic relationship as well as genomic structures, the
Covid-19 belongs to genera Betacoronavirus. Human Betacoronaviruses (SARS-CoV-2, SARS-CoV, and MERS-CoV)
have shared similarities, yet differences also in their genomic and phenotypic level that influence the pathogenesis.
To gain knowledge regarding the pathophysiology and virulence of the Covid-19 virus, it is absolutely necessary
to understand its genetic makeup, transmission, virulence factors, risk factors, diagnosis, clinical presentations,
outcome predictions, management of risk factors and ways to control the disease thus providing an insight to the
current or future treatment and management protocols. To provide a review of the differences in pathogenesis,
epidemiology and clinical features of Covid-19, its transmission and replication dynamics, genome organization,
current clinical trials and vaccine development strategies, Immunoinformatics, diagnostics and ways to control the
pandemic, inorder to raise an increasing awareness, both to the public and for scientific perspectives.
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INTRODUCTION
Coronaviruses belong to large family of enveloped positive sense RNA viruses
which is surrounded by crown shaped, club like spike projections on the outer surface
which are responsible for respiratory illness in humans and animals. The 2019
Novel Coronavirus (2019-nCoV; Family Coronaviridae), also termed as the Wuhan
coronavirus, has created a global emergency which had not even seen in the 2003
Severe Acute Respiratory Syndrome (SARS) outbreak. It rapidly spread spanning the
entire area, causing an epidemic in China, followed by an increasing number of cases in
other countries across the globe resulting in a pandemic situation. In February 2020,
the World Health Organization termed the pandemic as “COVID-19”, which stands
for coronavirus disease 2019. The virus was first identified in Wuhan city of Hubei
province of china that leads to a contagious, respiratory infection, with an incubation
of about 10 days. Most of the studies indicated the possibility of transmission which
could also be asymptomatic for several days. Similar to other coronaviruses, 2019nCoV reportedly possesses a surface glycoprotein. In more established coronavirus
pathogenesis, this protein has been shown to bind host cellular receptors and to
mediate membrane fusion. More importantly, this has been described as a potential
vaccine target in both Sars Coronavirus (SARS-CoV) and Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) [1].
Genome sequencing and phylogenic analysis indicated that the Coronavirus that
causes COVID-19 is a betacoronavirus in the same subgenus as the Severe Acute
Respiratory Syndrome (SARS) virus but in a different clade. The receptor-binding
gene region of Covid-19 is very similar to that of the SARS coronavirus, and the virus
has been shown to use the same receptor, the Angiotensin-Converting Enzyme
2 (ACE2), for cell entry [2-4]. The Coronavirus Study Group of the International
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Committee on Taxonomy of Viruses has proposed that this
virus be designated Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) [5]. The MERS virus, yet
another betacoronavirus, appears more distantly related
[6,7]. The closest RNA sequence similarity is to two bat
coronaviruses, and it appears likely that bats are the primary
source; whether Covid-19 virus is transmitted directly from
bats or through the intermediate system is still unknown [8].
In a phylogenetic analysis of various strains of SARSCoV-2 from China, two different types of SARS-CoV-2 were
identified, designated type L (accounting for 70 percent
of the strains) and type S (accounting for 30 percent) [9].
The geographical spread is about more than three million
confirmed cases reported while the cumulative incidence
varies by circumstances based on a number of factors,
including population density and demographics, extent of
testing and reporting, and timing of mitigation strategies. In
the United States, outbreaks in long-term care facilities and
homeless shelters have emphasized the risk of exposure and
infection in congregate settings. The transmission outbreak
progressed, person-to-person spread became the main
mode of transmission.
Period of infectivity had become debatable as SARSCoV-2 can be transmitted prior to the development of
symptoms and throughout the course of illness. The risk of
transmission from an individual with SARS-CoV-2 infection
varies by the type and duration of exposure, use of preventive
measures, and likely considerable factors. Most secondary
infections have been described among by the person to
person contact settings in health care and other areas [9,10].
Clusters of cases have also been reported in family, work, or
social gatherings where close and personal contact occur.
The indirect contact like passing someone with infection on
the street, handling items that were previously handled by
someone with infection is not well confirmed but low. The
contaminated surfaces may be another source of infection
if susceptible individuals touch these surfaces and then
transfer infectious virus to mucous membranes through the
mouth, eyes, or nose. It may be more likely to be a potential
source of infection where there is heavy viral load.
There has been a great deal of Covid-19 research, involves
accelerated processes and publishing shortcuts to meet the
global demand. Here we aim to review the past, present and
future of the subgenus Covid-19 of coronaviridae family for
a better understanding so as to evolve new breakthrough for
its containment.

Evolving status of Covid-19
Coronaviruses (CoV) are generally large family of viruses
that belongs to the Coronaviridae family of order Nidovirales,
which mainly causes infections in the respiratory and
gastrointestinal tract. Based on phylogenetic clustering, the
subfamily Orthocoronavirinae are divided into four genera
as; alpha, beta, gamma and delta-coronavirus. The alpha
and beta-coronaviruses were reported to infect mammals,
whereas gamma and delta-coronaviruses infect birds [11].
CoV are positive-sense single stranded RNA viruses having
a spike glycoprotein on the envelope, and appeared like a
crown when viewed under an electron microscope.

Major pandemic, epidemic diseases in past 20 years
includes: Severe Acute Respiratory Syndrome Coronavirus
(SARS-CoV-1) in 2003, H1N1 influenza in 2009 (first
influenza pandemic of the 21st century), the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) in 2012, the
Ebola epidemic in West Africa in 2014, and the Zika virus in
2015.
Severe Acute Respiratory Syndrome (SARS) first emerged
in mid-November 2002 in the Guangdong Province in the
southern part of China [12]. SARS was caused by a virus in
the Coronavirus (CoV) family [13,14], which is a bat-based
animal virus [15-18]. The initial cases were animal handlers
in Guangzhou city, which was then spread rapidly and
globally after a period of three months through person-toperson in Hong Kong and then to other countries including
United States of America, Vietnam, Singapore and Canada.
The infected patients showed symptoms of pneumonia with a
diffused alveolar injury and ARDS [19], eventually leading to
pulmonary failure and fatality. A total of 8422 probable cases
of SARS were reported in 32 countries with 916 deaths (11%
case-fatality rate), during the period from November 1, 2002
to August 7, 2003 [20].
Ten years after the SARS outbreak, another human
coronavirus known as Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) emerged in June of 2012 in the
Middle Eastern Countries. It was first identified in Saudi
Arabia. MERS-CoV marked the second zoonotic coronavirus
infection affecting human, probably originating from bats
[21]. But some data provided the major reservoir of MERS
as dromedary camels [22,23], however the exact role of
dromedaries and the exact route of virus transmission were
unknown. Soon after, the World Health Organization issued a
global alert. The common symptoms of MERS included fever,
cough and shortness of breath. Pneumonia was also a minor
symptom. Gastrointestinal symptoms, including diarrhea,
have also been reported. MERS-CoV infection showed
initiates from a mild upper respiratory injury to severe
acute pneumonia, rapidly progressing to Acute Lung Injury
(ALI), ARDS, and multi-organ failure resulting in death [24].
Since September 2012, twenty seven countries have reported
MERS-CoV cases to WHO with a total of 2494 laboratoryconfirmed cases, including 858 associated deaths (casefatality rate: 34.4%) [25]. MERS-CoV was considered as a
notifiable disease under the International Health Regulations
(2005).
Covid-19 is a new coronavirus that emerged in late
December of 2019 in Wuhan City, Hubei Province of China,
which have not seen in humans before. The National
Health Commission of China reported that outbreak is
associated with exposures in one seafood market in Wuhan
city. International Committee on Taxonomy of Viruses
(ICTV) termed the outbreak disease as SARS-CoV-2, due
to similarity of its symptoms to those induced by SARS.
Covid-19 is neither SARS nor influenza. It is a new virus with
its own unique characteristics which is highly contagious,
spreading quickly and is considered capable of causing
enormous health, economic and societal impacts. Covid-19
is a zoonotic virus, which implies that they first developed
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in animals before developing in humans. Studies are still in
progress to understand the zoonotic origin of this outbreak.
As the animal origin of the virus is unknown at present, the
possibility of reappearance of the disease into previously
infected areas are constantly considered.

definitively made with microbiologic testing, testing criteria
is as suggested by the World Health Organization (WHO),
because of the limited availability of testing, the diagnosis
of Covid-19 is made presumptively based on clinical
presentation on the basis of exposure risk.

Infected people show symptoms of fever, dry cough,
fatigue, sputum production, shortness of breath/dyspnoea,
myalgia or arthralgia [26], sore throat and headache.
5% of patients were reported to have nausea or vomiting
also [27]. According to Centers for Disease Control and
Prevention (CDC), the symptoms appeared 2-14 days after
exposure to the virus, and the full list of symptoms are still
being investigated. Most serious complication of Covid-19
is a type of pneumonia that’s been called Novel Covid-19
Infected Pneumonia (NCIP). Other complications of the
infection included ARDS, RNAemia, acute cardiac injury,
other associated secondary infections [26], septic shock,
respiratory failure, arrhythmia, liver dysfunction, multiorgan failure eventually resulting in death.

Techniques

Covid-19 virus has been detected in respiratory, fecal
and blood specimens [27]. Virus could spread through
respiratory droplets expelled during cough or sneeze and are
then transmitted during close unprotected contact between
an infector and infected. Viable virus was identified from
fecal shedding of some patients, and in some cases live virus
had been cultured from infected person’s stools. But the
fecal-oral route of transmission is yet to be determined and
understood [26]. The air-borne spread of Covid-19 has not
been reported to date. Different stages of Virus Transmission
can be categorized into four as; (i) Stage 1: First appearance
of the disease, (ii) Stage 2: Local Transmission, (iii) Stage
3: Community Transmission, and (iv) Stage 4: Widespread
Outbreak.
Covid-19 virus doesn’t replicate by themselves, rather
use host genome machinery to replicate. Its genome has an
overall identity of 96% with bat SARS-like coronavirus, 86%92% to a pangolin SARS-like coronavirus [27], 82% with that
of human SARS-CoV [28] and shares greater than 99.9%
sequence identity, indicating a recent host shift into humans
[29]. The epidemiology of Covid-19 is rapidly evolving
when people mix together; which happens in workplace,
households, and on the journeys people make. As of 07 May
2020, there have been 3,595,662 confirmed cases of Covid-19
reported to WHO in 215 countries, areas or territories,
including 247,652 deaths [30-40]. Table 1 illustrates events
of Covid-19 pandemic throughout the world.

Diagnosis and monitoring of infection
Suspicion and criteria: The incidence of Covid-19 should
be firstly considered in candidates with onset fever and
respiratory tract difficulties along with myalgias, diarrhea,
and smell or taste aberrancies. The likelihood of Covid-19 is
increased if the patient: A resided or travelled to a location
where there is community transmission of severe acute
respiratory syndrome coronavirus b had close contact with
a confirmed or suspected case of Covid-19 or having direct
contact with infectious secretions while not wearing Personal
Protective Equipment (PPE), [41-46]. The diagnosis could be

Viral testing by RT-PCR: The diagnosis of COVID-19
is made by detection of SARS-CoV-2 RNA by Reverse
Transcription Polymerase Chain Reaction (RT-PCR) [47-52].
Various RT-PCR assays are used around the world; different
assays amplify and detect different regions of the SARSCoV-2 genome. Common gene targets include Nucleocapsid
(N), Envelope (E), Spike (S), and RNA-Dependent RNA
Polymerase (RdRp), as well as regions in the first open
reading frame [53].
Specimen collection: Upper respiratory samples are
the primary specimens for SARS-CoV-2 RT-PCR testing.
Oropharyngeal, nasal mid-turbinate, or nasal swabs are
collected from the symptomatic patients in the absence of
nasopharyngeal swabs. Nasal mid-turbinate or nasal swabs
could be self-possessed by the patients [54]. Expectorated
sputum and bronchoalveolar lavage should be considered
from patients with productive cough and who are intubated.
Interpretation: A positive test for SARS-CoV-2 generally
confirms the diagnosis of Covid-19. As the documentation
of false-negative tests from upper respiratory specimens
exist, the suspicion for Covid-19 remains that the test should
be repeated by testing lower respiratory tract specimens
as per the WHO [55]. Infection control precautions for
Covid-19 should continue while repeat evaluations are being
performed. The accuracy and predictive values of SARSCoV-2 tests have not been systematically evaluated, and
the sensitivity of testing likely depends on the precise RTPCR assay, the type of specimen obtained, the quality of the
specimen, and duration of illness at the time of testing.
The chance of a positive upper respiratory RT-PCR
may be higher early during the duration of illness. Recent
combinatorial study of RT-PCR and an Immunoglobulin (Ig)
M serologic test to make the diagnosis of Covid-19 suggested
that RT-PCR positivity rates were >90 percent on early days
and later get decreased, so had to be interpreted with caution,
due to the higher chances of false positivity [56].
Lower respiratory tract specimens could have higher viral
loads that yielded positive tests than those obtained with the
upper respiratory tract specimens [57,58]. In a study of 205
patients with Covid-19 who were sampled at various sites,
the highest rates of positive viral RNA were demonstrated
from bronchoalveolar lavage (95%) and sputum (72%)
compared with oropharyngeal swab. Data supported the idea
that viral RNA levels were higher and considerably detected
in nasal part in comparison with oral specimens.

Serological studies for prior infection
The detection of antibodies to SARS-CoV-2 in the blood
could be validated and could identify patients who have
had Covid-19 or with current infections [59]. Detectable
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Table 1: Events of outbreaks of Covid-19 pandemic across the globe.
Date

Key Events

References

An outbreak of pneumonia of unknown etiology was detected in Wuhan [China] and reported to WHO
Country Oﬃce in China

[31]

January 03, 2020

Information on the epidemic was notified to WHO

[27]

January 04, 2020

China reported a cluster of pneumonia cases to WHO with no deaths in Wuhan

[31]

January 07, 2020

The etiological agent of the atypical pneumonia was isolated from sea food market in Wuhan city by the
Chinese research authorities and named as novel coronavirus [2019-nCoV]

[32]

January 10, 2020

The whole genome sequences of the COVID-19 viruses were shared with WHO and the international
community

[27]

January 12, 2020

The genetic sequence of the novel coronavirus identified was shared by China to other countries to develop
specific diagnostics kits

[31]

January 13, 2020

First case of novel coronavirus outside of China was confirmed. Ministry of Public Health, Thailand reported
their first imported case of lab-confirmed 2019 n-CoV from Wuhan, China

[31,32]

January 15, 2020

Ministry of Health, Labour and Welfare, Japan [MHLW] reported their first imported case of lab-confirmed
2019 n-CoV from Wuhan, China

[32]

December 31, 2020

•
January 20, 2020

•
•

January 21, 2020

COVID-19 was included in the statutory report of Class B infectious diseases and border health
quarantine infectious diseases
National IHR Focal point from the Korea reported their first imported case of lab-confirmed 2019
n-CoV
United States confirmed first case of 2019-nCoV

The Chinese government shared information regarding viral sequences, the PCR primers and probes used
in the rRT-PCR test kit with WHO and the international community.
•

[32]
[32]
[33]
[31,27]
[34]

January 24, 2020

Vietnam has reported first case of 2019-nCoV with no travel history from China, while his family
member was the China traveler. Hence marks the first incidence of human to human transmission
of corona virus
The government of Singapore confirmed first case of 2019-nCoV

January 25, 2020

The government of Australia, federal democratic republic of Nepal and French republic confirmed their first
cases of 2019-nCoV

[35]

January 26-31, 2020

Other countries reported the cases of 2019-nCoV; Jan 26 [Malaysia], Jan 27 [Canada], Jan 28 [Cambodia,
Germany, Sri Lanka], Jan 29 [United Arab Emirates], Jan 30 [Philippines, India, Finland], and Jan 31 [Italy]

[36-41]

January 30, 2020

WHO declared the outbreak a Public Health Emergence of International Concern [PHEIC] under the
International Health Regulations 2005

[31]

February 01, 2020

Russian Federation, Spain, Sweden, and United Kingdom reported the cases of 2019-nCoV

[42]

February 05, 2020

Belgium reported the case of 2019-nCoV

[43]

February 11, 2020

WHO announced a name for the disease caused by new virus as a “COVID-19” which is the acronym of
“Coronavirus Disease 2019”

[31]

February 15, 2020

Egypt reported the case of 2019-nCoV

[44]

February 19, 2020

Islamic Republic of Iran reports the first confirmed case of COVID-19

[45]

February 22, 2020

Lebanon and Israel reported the cases of COVID-19

[46]

March 06, 2020

Bhutan, Cameroon, Serbia, and South Africa reported the cases of COVID-19

[47]

March 07, 2020

100 countries are reporting 100, 000 cases of COVID-19.

[31]

March 11, 2020

WHO declared COVID-19 as pandemic

[31]

March 13, 2020

Europe becomes the epicenter of the pandemic, with more reported cases and deaths, apart from China

[31]

March 16, 2020

Phase I clinical trial to investigate mRNA-1273, a vaccine developed by Moderna against the COVID-19 has
begun in Kaiser Permanente Washington Health Research Institute [KPWHRI], Seattle, US. Jennifer Haller
[44] is the first person [participant] in world to get coronavirus vaccine trial

March 18, 2020

WHO and partners launch the SOLIDARITY clinical trial for COVID-19 treatment

[31]

March 25, 2020

Off-label use of medicines for the treatment of COVID-19

[31]

March 28, 2020

The U.S. Food and Drug Administration issued an Emergency Use Authorization [EUA] to allow
hydroxychloroquine sulfate and chloroquine phosphate products in treating patients with COVID-19

[50]

April 13, 2020

Under WHO’s coordination, expert group forms for the development of vaccines against COVID-19

[31]

April 21, 2020

The Food and Drug Administration [FDA] has approved the use of the first COVID-19 at-home test kit,
developed by LabCorp

[51]

•
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antibodies take time to develop. The study revealed that the
Enzyme-Linked Immunosorbent Assay (ELISA) detected
antibodies which could bind to the receptor-binding domain
of the spike protein and was 12 days for IgM and 14 days
for IgG, even though the rate of cross-reactivity with other
coronaviruses would be a primary concern, also, IgM tests
were prone to false-positive results [60].
Imaging: The predictable features regarding radiographs
and the Computed Tomography (CT) of the chest of
symptomatic reveals skewed peripheral ground-glass
opacities without pleural effusions. Due to overlapping
with the various other infections conditions such
as adenovirus, imaging without confirmation by RT-PCR is
of limited specificity [61,62].
Other tests: Several Tests that identify SARS-CoV-2
antigen are under development and as part of the safety
reasons, specimens from a patient with documented Covid-19
was not allowed to be submitted for viral culture.

Immunoinformatics
Covid-19

aided

Identiϐication

of

Current observations indicate that coronaviruses are
particularly adapted to evade immune detection and dampen
human immune responses. The prolonged incubation period
is due to immune evasion properties, efficiently escaping
host immune detection at the early stage of infection. As
a member of the Betacoronavirus genus, immune evasion
mechanism is potentially similar to those of SARS-CoV and
MERS-CoV in which mechanisms rely on the repression
of innate immune responses, especially type I interferon
recognition and signaling [10]. The surface glycoprotein of
2019-nCoV have 76.3% identity and 87.3% similarity with the
spike glycoprotein of SARS-CoV. The genomic data suggests
SARS-CoV-2 and SARS-CoV has the corresponding human
cell receptor, the Angiotensin-Converting Enzyme 2 (ACE2),
while MERS-CoV uses Dipeptidyl Peptidase 4 (DPP4) for
invasion [63]. The receptor affinity of ACE2 of SARS-CoV-2 is
higher compared to SARS-CoV which will lead to severe lung
involvement in Covid-19 than in SARS which requires further
investigation.
MERS-CoV has progressed approach to manipulate
innate immunity and prevent pathways leading to the
production of IFN. This ability contributes to the higher rate
of fatality in immunocompromised. The viral recognition
by the TLR, recruit the adaptor molecules, either MyD88
(myeloid differentiation primary response 88) or Toll/
Interleukin-1 Receptor- (TIR-) domain containing adapterinducing interferon-β (TRIF) that further activate the
pathway of MAPK and NF-κB responsible for the production
of proinflammatory cytokines and IFNs [64-66]. The spike
protein of MERS-CoV activate the expression of the negative
regulators of the TLR signaling pathways which leads to
the expression of IL-1R-Associated Kinase (IRAK-M) and
Peroxisome Proliferator-Activated Receptor-γ (PPAR), the
negative regulators of IRF7, the transcription factor that
produces the expression of IFN-α and IFN-β [67]. The durable
persistence of negative regulators reduces the clearance of

MERS-CoV infections; thereby infection get established. The
viral proteins including Membrane (M) or Nonstructural (NS)
proteins (eg. NS4a, NS4b, NS15) are the key molecules in host
immune modulation [68]. For adaptive immune evasion,
antigen presentation via MHC class I and MHC class II will be
down regulated when the macrophages or dendritic cells is
infected with MERS-CoV, which would markedly diminish T
cells activation [69,70].

Genomic organization of Covid 19
Covid-19 is a zoonotic RNA coronavirus, which is
spherical or pleomorphic, non-segmented, single stranded,
positive sense RNA [71] with 5’ cap structure and 3’ poly
A tail virus. The total G+C content is 38%. The size of
SARS-CoV 2 is 29.9 kb whereas SARS-CoV is 27.9 kb and
MERS-CoV is 30.1 kb [72-75]. It has large genome of 29811
nucleotides [73] (cDNA) which includes 29.86% adenines,
18.39% cytosines, 19.63% guanines and 32.12% thymines
[72]. Coronavirus belong to the order Nidovirales, in the
family of Coronaviridae, subfamily of Coronavirinae. The
subfamily includes 4 genera known as Alpacoronavirus,
Betacoronavirus, Gammacoronavirus and Deltacoronavirus
[73]. The alpha and beta genera infect mainly humans and
mammals while the other 2 genera infect mainly birds. Novel
coronavirus (SARS-Cov-2) belonging to beta genera is round
shape with 60-140 nm diameter. A Virus caspid is comprised
of matrix proteins and within the capsid, RNA associated with
nucleoprotein is seen. Club-shaped glycoproteins are seen
in virus envelope and a unique N-terminal fragment is seen
within the spike proteins. Coronaviruses possess 32% to 43%
variation in G+C contents [77]. In all coronaviruses, the genes
that codes for structural proteins are in 5’ to 3’ order as S,E,M
and N [77]. The Schematic representation of a Coronavirus is
given as figure 1.
Coronaviruses contains at least six Open Reading
Frames (ORFs) in their genome, there are few exceptions
in case of Gammacoronavirus that lacks nsp1. Almost two
thirds of the whole genome length is first ORFs (ORF1a/b)
thatencodes 16 nsps. In Covid-19 there are 12 ORFs along
with a set of 9 subgenomic mRNAs containing conserved
leader sequence, nine transcription regulatory sequences
and 2 terminal untranslated regions, but this virus don’t have
haemagglutinin-esterase gene which is found in lineage
A beta-CoVs. The 16 nps are as follows: NSP3 (papanin like
protease), NSP5 (main protease), NSP12 (RNA-dependent
RNA polymerase, NSP13 (helicase) and other NSPs which
are involved in transcription and replication of viruses
[73]. Mutations have been observed in two NSPs such as
NSP2 and NSP3 and spike proteins, which contribute to
a major role in differentiation mechanism and infection
of novel coronavirus, but at protein level, no aminoacid
substitution was reported to occur in spike protein, NSP7,
NSP13,envelop, accessory proteins p6 and 8b [74]. There are
two Strains of Novel Coronavirus (SARS-CoV-2) which have
been discovered such as L-type and S-type, L type is more
aggressive and contagious which is derived from S-type
[74]. The diversification degree of Covid 19 is smaller than
mutation of H7N9 avian flu. The two polypeptides pp1a and
pp1ab are produced by a frameshift in between ORF1a and
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Figure 1 Schematic representation of a Coronavirus.

ORF1b.Virally encoded Chymotrypsin-Like Protease (3CLpro)
or main protease and 1 or 2 papain- like protease processes
these polypeptides [75].
The four main structural proteins of the coronavirus
contain spike, Membrane, envelope and nucleocapsid
proteins represented as S,M,E and N respectively, encoded on
one –third of the genome near the 3’ terminus by ORF10 and
ORF11. CoVs encode structural and accessory proteins such
as HE protein, 3a/b protein and 4a/b protein which when
matured play a major role in virus replication and genome
maintenance [75]. Covid 19 virus genome contain 6 accessory
proteins, encoded by ORF3a, ORF6, ORF7a, ORF7b and ORF8
genes [76]. M and E proteins helps in viral envelop formation
while N protein mainly helps in assembly of the virus. The S
structural protein bind specifically to the receptor of the host
cell thereby helping viruses to invade susceptible cells in the
host. Membrane Glycoprotein (M) constitute major portion
of the structural protein, it spans the membrane bilayer three
times, a long COO terminus (cytopasmic domain) is present
inside the virion and short N2 terminal domain outside
the virus [77]. Peplomers are Spike Proteins (S) as a type 1
membrane lycoproteins, S proteins are the main inducer of
neutralizing antibodies. Intracellular viral particle formation
is initiated by M glycoproteins without the involvement of S
protein. Coronaviruses devoid of spike and are non-infectious
can be grown in the presence of tunicamycin that contain M
protein, but not contain S protein [77]. The Structure of the
SARS-CoV-2 genome is given as figure 2.
Covid 19 shows certain genetic similarity with SARSCoV (about 79%) and MERS-CoV (about 50%). The
arrangement of N, E and M proteins are different among the
Betacoronaviruses. The virus genomic RNA used to translate
polyprotein 1a/1ab encodes Non Structural Proteins (NSPs)
that leads to the formation of replication–transcription
complex. It is formed inside the Double Membrane Vesicles
(DMVs). Moreover, a nested set of Subgenomic RNAs
(sgRNAs) are synthesized in a discontinuous transcription.
These subgenomic mRNAs shares a common 5’ leader
and 3’ terminal sequences. At transcription regulatory

sequences there is transcription termination and subsequent
acquisition of a leader RNA occurs which is located between
ORFs and these Minus-Strand (sgRNAs) serve as template for
subgenomic mRNAs production. The structural and accessory
proteins are translated from sgRNAs [75].
The nsp-coding region are more conserved and structural
proteins are less conserved or more diverse which help them
in adaptation inside the host species, which is proven from
the genomic sequence alignment of Coronavirus which shows
58% identity on nsp-coding region and 43% on the structural
protein-coding region among different coronaviruses.
During the replication of RNA viruses, the mutation rates is
more than that occurs in DNA viruses. The CoV genome is 30
kb in length (largest known RNA viruses) other RNA viruses
genome having less than 10kb in length. The large genome of
CoVs is nurtured with the help of special features of CoV RTC,
which contains several RNA processing enzymes such as the
3’-5’ exoribonuclease of nsp14. One of the unique feature of
CoVs among all other RNA virus is this 3’-5’ exoribonuclease
activity, probably providing a proof reading function of the
RTC. Sequence analysis of Covid-19 revealed that typical
genomic structure of novel coronavirus belongs to the cluster
of betacoronaviruses such as Bat-SL ZC45, SARS-CoV, BatSL ZXC21 and MERS-CoV. Phylogenetic analysis shows that
Covid-19 is more closely related to Bat-SARS than to SARSCoV [75]. Betacoronaviruses genome organization is given as
figure 3 [78,79].
Betacoronaviruses
genome
organization,
The
Betacoronavirus for human genome comprises of the
50-Untranslated Region (50-UTR), open reading frame (orf)
1a/b (green box) encoding Non-Structural Proteins (nsp)
for replication, structural proteins including spike (blue
box), envelop (maroon box), membrane (pink box), and
nucleocapsid (cyan box) proteins, accessory proteins (light
gray boxes) such as orf 3, 6, 7a, 7b, 8 and 9b in the SARSCoV-2 genome, and the 30-Untranslated Region (30-UTR).
The doted underlined in red are the protein which shows key
variation between SARS-CoV-2 and SARS-CoV.
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Figure 2 Structure of the SARS-CoV-2 genome [29903 nucleotides].

Figure 3 Betacoronaviruses genome organization.
The Betacoronavirus for human genome comprises of the 50-untranslated region [50-UTR], open reading frame [orf] 1a/b [green box] encoding non-structural
proteins [nsp] for replication, structural proteins including spike [blue box], envelop [maroon box], membrane [pink box], and nucleocapsid [cyan box] proteins,
accessory proteins [light gray boxes] such as orf 3, 6, 7a, 7b, 8 and 9b in the SARS-CoV-2 genome, and the 30-untranslated region [30-UTR]. The doted underlined
in red are the protein which shows key variation between SARS-CoV-2 and SARS-CoV.

There are five mutations which have been identified in
Covid -19 including T9561C (codons TTA to TCA in ORF1a,
a non-silent mutation), T8782C (codons AGT to AGC in
ORF1a, a silent mutation), T29095C (codons TTT to TTC in
Nucleocaspid, a silent mutation), C28144T (Codons TCA to
TTA in ORF8b, a non-silent mutation), C15607T (codons CTA
to TTA in ORF1b, a silent mutation [72].
S1 and S2 are the two subunits of spike glycoprotein, S1
subunit contains a single peptide followed by an N-Terminal
Domain (NTD) and receptor-binding domain, while S2
subunit consists of four components such as conserved Fusion
Peptide (FP), Heptad Repeat (HR) 1and 2, Transmembrane
Domain (TM) and Cytoplasmic Domain (CP). S2 subunit of
SARS-CoV-2 shows 99% identity with those of two bat SARSlike CoVs and human SARS-CoV whereas S1 subunit shows
only 70% identity and S2 subunit is highly conserved. The
development of broad spectrum antiviral peptides against
this S2 subunit could be used for treatment modality for

testing in animal models. The RBD component of S1 subunit
have certain amino acid differences which is responsible for
the direct interaction with the host receptor. Detailed studies
on this soluble variable external subdomain region will give
insight on pathogenesis, receptor usage and transmission of
viruses among different species [73].

Identiϐication,
dynamics

transmission

and

replication

Identification of Covid-19 using cell culture: When virus
specimen was observed under the electron microscope, the
spherical external spike protein displayss a characteristic
crown shape. Samples were collected from the nasopharyneal
and oropharyneal region of the patients. For the isolation
of virus from oropharyneal samples, it was diluted with
viral transfer medium containing nasopharyneal swabs and
antibiotics and was incubated for 1 hour at 4ºC and then
inoculated into Vero cells. After the inoculation, Vero cells
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were cultured in 1x Dulbecco’s Modified Eagle´S Medium
(DMEM) supplemented with 2% Fetal Bovine Serum (FBS)
and penicillin-streptomycin, incubated at 37ºC and 5%
CO₂. The cytopathic effects were observed from 3 days after
inoculation, the inoculated cells were harvested on the 4th day
when cytopathic effects in the cells were more than 80%. Virus
isolation and replication were confirmed through different
methodologies such as gene detection, cytopathic effects and
electron microscopy. Virus replication was confirmed by RTPCR using the RNA extracted from the cell culture medium,
this RNA was amplified with primers for full- length gene
analysis and NGS was performed using Miseq. According
to the biosafety guidelines, all virus culture should be done
inside Biosafety Cabinet Level-3 (bsl-3). Real-time RT PCR
and transmission electron microscopy could be used for
virus identification. In RT-PCR, the optimal concentration
of primers and probes were required which were synthesized
using known sequences and was determined with the
RNA transcript of SARS-CoV. In transmission electron
microscopy, the autolysis of the cells infected with virus
could be prevented by inoculated cells which were prefixed by
incubating with 2% paraformaldeyde and 2.5% glutaraldeyde
in 0.1M phosphate buffer with pH 7.4. The virus could then be
observed inside the cytoplasm of inoculated cells in electron
microscope, virus particle size equal ranged from 70-90
nm. The aggregates of assembled intracellular virions could
also be viewed inside the intracellular organelles, especially
inside vesicles [80].
Transmission of Covid-19: Epidemiological studies
revealed the fact that there are 3 factors involved in the
transmission of nCoV-19 transmission which following:
•

•

Source of infection: Natural host of SARS-CoV-2
were considered as Bats, from the study made by
Wuhan institute of virology. They have found 96.2%
similarity in the sequence between Covid-19 and
bat coronavirus using gene sequencing technology.
Pangolins were considered as intermediate host
for Covid-19, studies made by technologies such as
macrogenomic sequencing, molecular biological
detection and electron microscopic analysis showed
99% similarity between Covid-19 isolated from
pangolins and the virus strains currently infecting
human beings [78].
Route of transmission: The most common routes of
transmission included droplets, aerosols and close
contact with the infected patients. The respiratory
droplets (size >5-10μm in diameter) produced by
infected person during cough or sneeze is ingested or
inhaled by nearby person which leads to transmission.
The aerosols (having size <5um in diameter) are
formed by mixing respiratory droplets into the air,
when we inhale high dose of aerosols into the lungs,
it lead to infection. Person after touching a surface
or object contaminated with virus and subsequently
touching other body parts such as nose, mouth and eyes
will subsequently lead to contact based transmission
of viruses [81]. Based on the evidence, reports suggest
that digestive tract may be another route of infection
since researchers have detected virus from stool,

gastrointestinal tract, saliva and urine. The tears and
conjunctival secretions of Covid-19 patients have also
been found detected with presence of SARS-CoV-2
virus. More advanced studies are required to know
more about the possibility of vertical transmission
of virus between mother and infants [78]. Subclinical
symptomatic or asymptomatic persons were
considered as sources of Covid-19 infection. The virus
invade CNS primarily through the olfactory route, yet
grow better in primary human airway epithelial cells.
•

Susceptibility of infection: Epidemiological studies
report that older aged peoples are most susceptible
to infection. The immunocompromised peoples like
those with cancer, autoimmune disorders, AIDS,
lung diseases, high blood pressure are also more
vulnerable to infection. Based on clinical studies
done, the median incubation period was 3 days (range
0-24) and the median time from symptom onset to
death was 14 days, this median incubation period for
Covid-19 was shorter than that for SARS and MERS
infection. The maximum latency of Covid-19 were
observed as 24 days, which might increase the risk of
transmission. The disease progression rate in elderly
people was also more rapid as compared with younger
people [78].

Replication Dynamics of Covid-19: From the 16 NonStructural Proteins (nsp) known, most of nsp’s have
specific role in replication. The nsp1 helps in cellular
mRNA degradation by inhibiting IFN signaling, nsp3 have
role in polypeptide cleaving thereby blocking host innate
immune response and it also promotes cytokine expression,
nsp4 helps in DMV formation, nsp6 helps in restricting
autophagosome expansion and DMV formation, nsp9 have
role in dimerization and RNA binding and nsp16 functions
negatively regulating innate immunity [76].
Four structural proteins such as S proteins, M proteins,
E protein and N protein play a major role in virion assembly
and infection of CoVs. Homotrimers of S protein make up the
spikes and these spikes on viral surface helps in attachment
to host receptors. The structure of M protein contains 3
transmembrane domain, this M protein shapes the virion,
promotes membrane curvature and binds to nucleocaspid.
The E protein helps in virus assembly and release thereby
involved in viral pathogenesis. The N protein helps to tether
the genome to RTC and package the encapsidated genome
into virions. The N protein play major role in viral replication
by, act as antagonist of interferon and viral encoded repressor
of RNA interference.
Human lower respiratory tract found ACE2 act as cell
receptor for Covid-19 and regulates transmission of virus.
The studies on Bronchoalveolar Lavae Fluid (BALF) isolated
from Covid-19 infected patients, confirmed that Covid-19 and
SARS-CoV uses the same cellular entry receptor, ACE2. The
cellular receptor ACE2 found on the surface of human cells
were used as a site of attachment for virion S-glycoprotein
on the surface of coronavirus. In order to perform cell entry
process, this spike protein need to be primed by protease
enzyme called TMPRSS2 [79]. S1 and S2 are the two subunits
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of virion S-glycoprotein, both subunits perform different
functions. S1 subunit determines the virus-host range and
cellular tropism with RBD as key function domain, while
S2 subunits helps in virus cell membrane fusion by two
tandem domains such as Heptad Repeats 1 (HR1) and Heptad
Repeats 2 (HR2). After the attachment of nCoV to the host
cell membrane, membrane fuses and releases viral genome
RNA into the cytoplasm and the uncoated RNA translates
into two polyproteins such as pp1a and pp1ab, these
polyproteins encode non-structural proteins and form RTC
complex (replication-transcription complex) inside doublemembrane vesicle. RTC complex replicate continuously and
synthesize a nested set of subgenomic RNAs, which encodes
structural proteins and accessory proteins, this mediates
endoplasmic recticulum and golgi. The nucleocaspid
proteins, envelop, glycoproteins and newly formed genomic
RNA assemble together and forms viral particle buds. The
nCoV genome replication and transcription takes place at
cytoplasmic membrane of host cell. Finally virions will be
released from the host cell by virion-containing vesicles
which fuse with the plasma membrane of the host cell [74].
The life cycle of SARS-CoV-2 in host cells is given as figure
4 [79].
The life cycle of SARS-CoV-2 in host cells, after receptor
binding, the conformation change in the S protein facilitates

viral envelope fusion with the cell membrane through the
endosomal pathway, then RNA into the host cell. Genome RNA
is translated into viral replicase polyproteins, then cleaved
into small products by viral proteinases. The polymerase
produces a series of subgenomic mRNAs by discontinuous
transcription and finally translated into relevant viral
proteins. Viral proteins and genome RNA are subsequently
assembled into virions and released out of the cell.
Epidemiological aspects of Covid-19: According to
WHO situation reports as on May1 2020, there have been
31,75,207 confirmed cases of Covid-19 and 2,24,17 deaths
due to Covid-19 globally [82]. This began as an outbreak
in December 2019 in Wuhan, China [83] and on January
7, 2020, the causative pathogen was identified as a novel
coronavirus which was different from known SARS-CoV
and MERS-CoV, but closely related [84]. In earlier studies
reported 49-66% patients had the contact history of Huanan
seafood market, where different kinds of living wild animals
were on sale, including poultry, bats, and marmots [26]. The
environmental samples taken from Huanan seafood market
were tested positive for SARS-CoV-2, but the exact animals
associated with the virus have not been identified. Based
on previous evidence, the bats, the host of more than 30
coronaviruses, may be the origin of Covid-19. In the initial
phase, from the first case in December 2019 to the emergence

Figure 4 The life cycle of SARS-CoV-2 in host cells.
After receptor binding, the conformation change in the S protein facilitates viral envelope fusion with the cell membrane through the endosomal pathway,
then RNA into the host cell. Genome RNA is translated into viral replicase polyproteins, then cleaved into small products by viral proteinases. The polymerase
produces a series of subgenomic mRNAs by discontinuous transcription and finally translated into relevant viral proteins. Viral proteins and genome RNA are
subsequently assembled into virions and released out of the cell.
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of new cases outside Wuhan by January 13, 2020, a total of
41 cases were confirmed. Epidemiologic analysis showed that
already in this initial phase, person-to-person transmission
had occurred by close contact [85]. In the second phase which
was in early and mid-January 2020, the virus spread to other
Chinese provinces, On 20 January, China reported nearly 140
new cases in one day. Already by January 23, twenty nine
provinces, and six foreign countries, had reported a total
of 846 confirmed cases, which was about 20-fold increase
from the first phase [86]. In the time of third phase which
was by the end of January, the number increased 240-fold,
reaching 9826 confirmed cases, and WHO declared this to be
an epidemic and a Public Health Emergency of International
Concern (PHEIC) [87]. According to the epidemiological
analysis carried out by Chinese Center for Disease Control and
Prevention, in first 72,314 cases of Covid-19 found in China, it
was found out that this disease was highly contagious. It had
spread exponentially from a single city to the entire country
within only about 30 days. But according to the studies it was
fortunate that Covid-19 had been mild for 81% of patients
and had a very low overall case death rate of 2.3% in which a
greater part have been ≥60 years of age or have had other preexisting, conditions such as hypertension, cardiovascular
disease, and diabetes [84].
By the end of January, the virus spread to all provinces
of mainland China. By this time Covid-19 confirmed cases
were reported in other countries such as South Korea, Iran,
Italy, Spain, France, Germany, USA and India. As of 2 May
2020, more than 3.34 million cases of Covid-19 had been
reported in 187 countries and territories, resulting in more
than 2,38,000 deaths. More than 1.05 million people have
recovered. United States of America has the most number
of Covid-19 confirmed cases in the world followed by Spain,
Italy, United Kingdom and Germany.

Pathogenesis
SARS-CoV-2 is spread mainly via respiratory droplet,
contact, and potential in fecal-oral route. The infection of
SARS-CoV-2 is of clustering onset, is more chances to infect
older men with other diseases, and can result in severe and
even fatal respiratory diseases such as Acute Respiratory
Distress Syndrome [88]. The primary replication of SARSCoV-2 arise in the mucosal epithelium of upper respiratory
tract followed by further replication in lower respiratory
tract and gastrointestinal mucosa. This may give rise to
mild viremia. In some patients, the virus infection may
be controlled at this stage and they remain asymptomatic
SARS CoV-2 infect the human cells by spike glycoprotein
binding to its cellular receptor, Angiotensin Converting
Enzyme 2 (ACE2) [89,90]. This rapid viral replication in
lower respiratory tract leads to cellular damage, virusinduced ACE2 downregulation and shedding, and Antibody
Dependent Enhancement (ADE). ACE2 is widely expressed
in nasal mucosa, bronchus, lungs, heart, esophagus, kidney,
stomach, bladder, and ileum, which means all of these
organs can be affected by SARS-CoV-2 [91]. This pathogen
after reaching lower respiratory tract and gastrointestinal
mucosa also induces over activation of T cells in peripheral
blood, manifested by increase of Th17 and high cytotoxicity

of CD8 T cells, leading to the severe immune dysfunction
in the patient [92]. These all leads to cytokine storm ie, the
production of exuberant pro-inflammatory cytokines and
chemokines. ACE2 downregulation and shedding could also
enhance inflammation and cause vascular permeability
and pulmonary edema. This cytokine storm and pulmonary
edema could be the major cause for ARDS, and even sudden
death, though most patients survive the inflammatory
responses and eliminate the virus.
According to the Single-cell RNA-seq data studies,
expression of ACE2 might cause viral replication in organs
such as lungs, liver kidney heart. The clinical symptoms
such as dyspnea, diarrhea, acute cardiac injury, and kidney
failure in Covid-19 patients might be due to this attack of the
pathogen in the lung, upper respiratory track, ileum, heart,
and kidney. The viral replication in these organs could lead
to systemic viral sepsis followed by systemic inflammatory
responses which leads to multiple organ damage and then
death [90,91].

Virus host interactions
Initially due to the limited knowledge of SARS-CoV-2,
the interaction of the pathogen to human cell is presumed
to be similar to that of SARS-CoV. Later studies proved that
the assumption was correct. The spike glycoprotein protein
present on the surface of the virion, binds to the human
Angiotensin-Converting Enzyme-2 (ACE2) membrane
receptor thereby promoting its fusion to the host cell
membrane. The spike protein of SARS-CoV-2, it contains
two regions, S1 subunit and S2 subunit, which consists
of 1253 amino acids. S1 domain is associated to receptor
binding; S2 domain is associated to cell membrane fusion.
Similar to SARS-CoV, S1 contains the N-Terminal Domain
(NTD) and a Receptor-Binding Domain (RBD). S2 contains
three functional domains, Fusion Peptide (FP), and Heptad
Repeat (HR) 1 and 2. The RBD binds to the ACE receptor,
which triggers a conformational change in the S protein,
which then promotes membrane fusion between the viral
and cell membrane through the S2 domain. The S2 changes
conformation to facilitate the membrane fusion by three
functional domains [89,93]. According to later studies it
was found that the ACE2 binding affinity of the SARS-CoV 2
spike protein was 10−20-fold higher than that of the SARSCoV spike protein [94]. Studies found out that the functional
domains of S2 subunit, S-HR1 and S-HR2 play key roles in
mediating SARS-CoV 2 fusion with and entry into the host
cell. When S1 protein recognizes its receptor on human cells,
the HR1 and HR2 domains are exposed to interact with each
other, forming 6-HB to mediate membrane fusion between
virus and target cell [95].

Impact of weather conditions
It has been already reported earlier that there are
associations between climatic conditions and infectious
diseases [96]. Certain environmental conditions can boost
transmission of viruses. Not only temperature, but it is
correlated to other factors such as relative humidity, or
human behaviours during cold or warm weather. When
the first case of corona virus was reported, the port city of
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Wuhan in China was experiencing its winter season, where
the average temperatures ranged from 1 to 11 degrees Celsius
[26]. The reason why cold weather could have been a cause
in spreading of coughs, colds and flu is that cold air causes
irritation in the nasal passages and airways, which makes
people more susceptible to viral infections. Winter weather
also tends to make people spend more time indoors which
increases the risk of spreading the infection.
The cold weather reduces human’s innate immunity.
Cold temperature reduces the blood supply and thus reduces
the provision of immune cells to the nasal mucosa [97,98].
According to disease experts, when the air is cold and dry, the
droplets from sneeze or cough are more likely to float in the air
for longer and travelling further and infecting more people [99].
Covid-19 pandemic might be partially suppressed with
increasing temperature and humidity [100]. In the northern
hemisphere, the warmer temperature might modestly
reduce rate of spread of the virus, but a substantial decline
in total number infected due to warmer temperatures could
not be anticipated [97]. A study by Chin et al suggested
that the Corona virus was highly stable at 4°C and sensitive
to heat. The virus survival time had shortened to 5 min
as the incubation temperature increased to 70°C [101].
Variation in transmission and migration rates could result
in substantial variation in prevalence between regions. While
the uncertainty in parameters is large, the scenarios shows
that transient reductions in the incidence rate might be due
to a combination of seasonal variation and infection control
efforts and do not necessarily mean the epidemic is contained
[98].

Quarantine during the COVID-19 pandemic
Quarantine could play a role in controlling the spread
of coronavirus. Early implementation of quarantine along
with other public health measures such as isolation, physical
distancing would certainly reduce spread of the disease.
Transmission between humans and secondary infections
among close contacts and health-care workers, should be
limited using strong quarantine protocols thus preventing
transmission amplification events and preventing further
international spread.
In line with the International Health Regulations, most of
the countries around the world, had issued travel advisories
from time to time, considering the surge in cases of Covid-19
in China. People travelling abroad was quarantined upon
return. With rapid world wide spread of the virus, these
travel restrictions had extended to almost all countries
around the globe. At the community level, people are asked
to avoid crowded areas and postpone non-essential travel
to places with ongoing transmission. Diamond Princess, a
cruise ship docked off Yokohama in Japan, was quarantined
for two weeks after a tourist who disembarked at Hong Kong
after testing people positive for Covid-19 [103,104]. If the
pandemic threats are to be contained with lower magnitudes
of loss to human life and economy, every country needs to
invest in building up people-centric health systems, which
pre-empt and prevent, rather than work in reactive, feedback
loops driven by the burden of human misery [105]. In global

setting, locking down Wuhan city was one of the immediate
measure taken by Chinese authorities and hence had slowed
the global spread of Covid-19 [106].

RISK FACTORS
Being a new disease, there is only a limited information
regarding risk factors for severe illness associated with
Covid-19. The highest risk associated with corona virus
infection is seen in adults ≥60 years of age, and in those with
certain underlying conditions, such as cardiovascular and
cerebrovascular diseases and diabetes [107,108]. Moderateto-severe asthma, chronic lung diseases, Diabetes, Serious
heart conditions, Chronic Kidney diseases and severe obesity,
might also put people at higher risk for severe illness from
Covid-19 [109]. Groups of persons at higher risk of infection
and severe disease may require additional surveillance or
they may require specific medical treatments. The communal
nature of nursing homes and long-term care facilities put
those living in nursing homes at higher risk of infection and
severe illness from Covid-19.
Health care workers account for a significant proportion
of infections in Corona virus outbreaks. Exposed Health
care workers may experience a high incidence of infections,
particularly for unprotected and repeated exposures [110].
Another risk factor in Health care workers include use of PPE
kits [111]. Job that dealing with palm civets was the main risk
factor of SARS-CoV infection in animal market workers [112],
people who are immune-compromised, including those who
are undergoing cancer treatment, bone marrow or organ
transplantation, immune deficiencies, poorly controlled
HIV or AIDS, and prolonged use of corticosteroids and other
immune weakening medications all add to the risk group for
acquiring the infection. Social distancing, frequent, thorough
handwashing and other guidelines such as wearing a cloth
face covering if social distancing isn’t possible would all be
appropriate to help lower the risk for everyone, especially the
most vulnerable.

Vaccine development strategy
Every year, vaccines are administered to millions of
people to mitigate the spread of a wide variety of infectious
diseases. One of the best known and widely used vaccines
is the influenza (“flu”) vaccine. Prior to the widespread
adoption of the flu vaccine, the influenza virus was
associated with relatively high mortality rates. Acute viral
respiratory tract infections remain a leading cause of
morbidity, mortality, and economic loss. Although it doesn’t
affect much of younger and healthy adults, these infections
are responsible for a substantial loss of productive time and
are important contributing factors to the illness and death of
the very young, of immunocompromised individuals, and of
elderly populations.
Vaccine development often takes many years, several
vaccine candidates are already moving out of the initial
exploratory stage into the preclinical and clinical stages.
Vaccine development comprises of several stages like
exploratory stage, Preclinical stage, Clinical development,
Regulatory review, approval, Manufacturing and Quality
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control. Several efforts were made to develop a vaccine
against human coronavirus (CoV) infections such as MERS
and SARS as well as for Covid-19. Many efforts have been
made for developing CoV vaccines and drugs that target
the spike glycoprotein or S protein, the major inducer of
neutralizing antibodies. Although a few candidates have
shown efficacy in In vitro studies, not many have progressed
to randomized animal or human trials, hence may have
limited use to counter Covid-19 infection [113].
Multiple strategies are adopted in the development of
CoV vaccines; In November 2002, an outbreak of atypical
pneumonia was reported in Guangdong Province, Southern
China and on 12th March 2005, WHO issued a global alert,
warning travellers and others to be aware of the signs
and symptoms of SARS-CoV (Severe Acute Respiratory
Syndrome), as the causative agent of the outbreak
[114,115,14]. Eight thousand ninety six cases of SARS-CoV
infection were reported in twenty nine countries, with a
total of seven hundred and seventy four deaths. Vaccines
targeting several animal CoVs have been developed, and
some have been demonstrated to be efficacious in preventing
viral infections [116]. However, a phenomenon of enhanced
disease following vaccination has been observed in cats upon
infection with feline infectious peritonitis virus following
previous infection, vaccination, or passive transfer of
antibody [117].
Several S-protein-based strategies have been attempted
for developing CoV vaccines, e.g., use of full-length S protein
or S1-Receptor-Binding Domain (RBD) and expression in
Virus-Like Particles (VLP), DNA, or viral vectors [118,119].
The S protein has a major role in the induction of protective
immunity during infection with SARS-CoV by eliciting
neutralizing-antibodies and T-cell responses. Both
recombinant proteins that contain RBD and the recombinant
vectors that encode RBD could be used for developing the
effective SARS-CoV vaccines [120].
Many different types of vaccines are being developed as
possible potential candidates. Inactive or live-attenuated
viruses, Virus-Like Particle (VLP), viral vectors, proteinbased, DNA-based, and mRNA-based vaccines are being
developed and some are now entering animal studies for
assessment of toxicology. mRNA vaccines development is a
new technology and as yet none have been licensed for use.
Vaccination and safety testing is usually performed in a
manner compliant with good laboratory practice and usually
takes 3-6 months to complete. As most of the population
is naïve to Covid-19, a significant time-gap is expected
between the availability of the vaccine and the population
gaining immunity.

SARS-COV VACCINE STRATEGIES THAT
HAVE BEEN EVALUATED ARE LISTED
BELOW
Inactivated whole-virus vaccines
The efficacy of inactivated whole-virus, SARS-CoV
vaccines were evaluated in mice.

Live attenuated vaccines
To date, live attenuated vaccines for SARS-CoV have not
been evaluated in pre-clinical models. However, experiments
were being done to generate cDNAs encoding the genomes of
CoVs, including SARS-CoV.

Subunit/expressed-protein vaccines
Bisht, et al. reported development of a subunit vaccine
consisting of a soluble baculovirus-expressed N-terminal
fragment of the S protein.

Vectored vaccines
Several experiments have been done and reported the
preclinical evaluation of vaccines utilizing other viruses as
vectors for SARS-CoV proteins, like a chimeric parainfluenza
virus.

DNA vaccines
DNA vaccines have been demonstrated to elicit strong
induction of immune responses to viral pathogens in preclinical models, specifically in mice; however, clinical data
on DNA vaccines in human subjects are limited.

Recombinant adenovirus-based vaccine
This recombinant vaccine expressing MERS- Co- S protein
was reported to induce systemic IgG, secretory IgA, and
lung resident memory T-cell responses when administered
intra-nasally into BALB/c mice and provide long-lasting
neutralizing immunity to MERS spike pseudotyped virus,
thereby suggesting that the vaccine may confer protection
against MERS-CoV [121]. Furthermore, Rabies Virus (RV) as a
viral vector as well as Gram Positive Enhancer Matrix (GEM)
as a bacterial vector has been used to express MERS-CoV S
protein.
The guidance to control Covid-19 might be based on
existing measures for MERS and SARS, with some further
precautions due to the unknown nature of this new CoV.
The infected individuals who are hospitalized should
be immediately be given supportive treatment such as
mechanical ventilation, ICU admission, and supportive care.
Therapy may be comprised of supplementary oxygen or high
flow nasal cannula oxygen therapy to reduce breathing stress.
Furthermore, RNA synthesis inhibitors (like 3TC, TDF),
remdesivir, neuraminidase inhibitors, peptide (EK1), antiinflammatory drugs, abidol, Chinese traditional medicine,
such as Lianhuaqingwen and ShuFengJieDu Capsules, could
be the promising COVID-19 treatments [122]. Scientists,
researchers and various health agencies put high efforts to
stop the rapid spread of covid -19 by designing appropriate
vaccines and therapeutics worldwide.
The time required for drug discovery programs to develop,
evaluate, and obtain approval for a new potent anti-Covid-19
agent could take more than 10 years. In the present scenario,
the development of a new therapeutic agent for Covid-19 is
not a feasible option with regard to available time. Another
option is to repurpose broadly acting antiviral drugs used for
other viral infections. Such drugs have the advantage of easy
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availability, known pharmacokinetic and pharmacodynamic
properties, solubility, stability, side effects, and also wellestablished dosing regimens. Among the evaluated drugs,
both remdesivir and chloroquine were found to be highly
effective in controlling Covid-19 in vitro. Oral administration
of neuraminidase inhibitors such as oseltamivir has been
used as an empirical drug for Covid-19 suspected cases
in China hospitals even though there is no evidence of its
efficacy. Among the evaluated drugs, both Remdesivir and
chloroquine were found to be highly effective in controlling
Covid-19 In vitro [123]. The study also pointed out that the
three nucleoside analogs such as Ribavirin, Penciclovir, and
Favipiravir may not have significant in vivo antiviral effects
against Covid-19 since higher concentrations were required
to reduce the viral infection In vitro.
Achievements in the development of vaccines and
therapeutic agents for SARS- and MERS-CoV as well as
recent ongoing progress for Covid-19 will facilitate the
development of effective vaccines and therapeutics against
this emerging virus.

CURRENT CLINICAL TRIALS
Many drugs have been recently undergoing clinical
trials for the treatment for Covid-19 that includes a lowcost antimalarial drug chloroquine and its derivative
Hydroxychloroquine (HCQ), along with several other
antiviral drugs. Chloroquine and hydroxychloroquine, two
medicines currently used for the treatment of malaria which
is prevalent not in tropical countries and certain autoimmune
diseases, are being investigated worldwide for their potential
to treat coronavirus disease. However, efficacy in treating
Covid-19 is yet to be shown in studies. But chloroquine and
hydroxychloroquine are presently authorized to be used
by only patients and healthcare professionals or as part of
clinical trials or national emergency use programmes for the
treatment of Covid-19. Hydroxychloroquine was observed to
be more potent than chloroquine in inhibiting SARS-CoV-2
In vitro. Hydroxy chloroquine sulfate 400mg given twice
daily for 1 day, followed by 200 mg twice daily for 4 more
days is recommended to treat SARS-CoV-2 infection. There
are several clinical trials on potential antiviral therapies
taking place. The therapies could be divided into two
categories depending on their target. One that acts directly
on the coronavirus, either by inhibiting crucial viral enzyme
responsible for genome replication or by blocking viral
entry into human cells. The other is designed to modulate
the human immune system, either by boosting the innate
response, which has a particularly important role against
viruses, or by inhibiting the inflammatory processes that
cause lung injury. Most of these drugs were originally used
for the treatment of other pathogens and were repurposed for
the current Covid-19 trials.
Since Covid-19 has rapidly developed into a worldwide
pandemic with a significant health and economic burden,
hundreds of clinical studies have been registered with the
intention of discovering effective treatments. Since 2005, the
International Committee of Medical Journal Editors (ICMJE)
had recommended that all clinical trials should be registered

in publicly available domains before they could be considered
for publication [124]. The introduction of this requirement
and other initiatives to increase clinical trial transparency
has contributed to an increasing number of trials being
recorded in online registries, such as ClinicalTrials.gov and
the International Clinical Trials Registry Platform of the
WHO.
Scientists can’t assume their vaccine design will just
work; they have to test and test again. They have to recruit
thousands of people to ensure the safety and usefulness of a
vaccine. The process has six important phases listed below:

Vaccine design
Scientists has to study the biology of a pathogen and
decide on how they will get the immune system to recognize
it.

Animal studies
A newly developed vaccine will be tested in disease
induced animal models to demonstrate how it works and to
study its extreme adverse effects.
Clinical trials (Phase I): These represent the first tests in
human beings and test the safety and dose.
Clinical trials (Phase II): This is a deeper analysis of how
a drug or vaccine actually works biologically. It involves
a larger group of patients and assesses the physiological
responses and interactions with the treatment, like in a
coronavirus trial, they may assess if a vaccine stimulates the
immune system in a certain way.
Clinical trials (Phase III): The final phase III trials
employs an even greater amount of people tested over a long
period of time.
Regulatory approval: The final hurdle sees the regulatory
agencies, like the US food and drug administration,
the European Medicines Agency (EMA) and Australia’s
Therapeutic Goods and Administration (ATGA).

Current clinical trials: An overview
As of March 28, 202 clinical trials could be retrieved
with the search term “COVID-19” in the database [125] of
the U.S. National Library of Medicine. The number jumped
to 388 as of April 8, 2020. Among these trials are: Seven
studies involving human plasma; Eleven studies involving
Traditional Chinese Medicine (TMC); Fourteen studies
involving stem cells, mostly mesenchymal stem cells; Sixteen
studies involving dietary complements, including vitamin
C, and honey; Twenty seven studies dedicated to vaccines;
Fifty two studies involving proteins, including commercially
available monoclonal antibodies; Seventy studies involving
antiviral drugs; More than hundred studies involving other
small molecules.
Large clinical trials are under way to generate the robust
data needed to establish the efficacy and safety of chloroquine
and hydroxychloroquine in the treatment of Covid-19.
EMA welcomes these trials, which will enable authorities
to give reliable advice based on solid evidence to healthcare
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professionals and patients. Considering the urgency and
the pressure healthcare systems face to save lives during
the Covid-19 pandemic, some countries, including the USA
and France, have put strict protocols in place to allow the
experimental use of these two medicines, for example, in
patients with severe forms of Covid-19.
Over 85% of the clinical trials for either the prevention
and/or treatment of Covid-19 have been registered in China,
which is not surprising given that the country saw the
outbreak of the disease first. The first clinical trials were
registered within 1 month of Covid-19 identification and
rapidly expanded after that. Public health initiatives have
thus far successfully curtailed the previously exponential
growth of Covid-19 cases in China. This has reduced the
number of potential participants for clinical trials in China
and the registration of new clinical trials has been in decline
since. The Covid-19 pandemic represents the gravest global
public health threat seen after the 1918 influenza outbreak
and has rapidly become a global healthcare emergency.
Clinical trials need to produce high-quality data that could
be used objectively to assess potentials therapies for both the
treatment and prevention of this global emergency.
Several clinical trials of novel Coronavirus which are
registered in the China Clinical Trial Registry (ChiCTR),
provide data bases and information references for clinical
treatment. Around 232 studies were registered in chiCTR and
the overall number of registrations were increased mainly
in the Hubei province in china. The statistics of Covid-19
clinical trials registered with ChiCTR as of February 24th,
2020 were collected and descriptive analysis of registration
characteristics. CMT drugs with high research frequency
are chloroquine, lopinavir/ritonavir, and I-IFN; BI was Cell
therapy, plasma therapy, Thymosin, and M/P-AB. There
were problems of unclear classification of research types
and irregular registration behaviour. Also, within the studies
researched, heterogeneity exists for various dimensions.
Different study design characteristics have led to significant
differences in some aspects of the clinical trial. Timely
summary analysis could provide more treatment options
and evidence for clinical practice. Finally, statistical highfrequency research drugs could provide more treatment
options and evidence-based evidence for the clinical practice.
The design of Covid-19 clinical trials should give priority to
“timeliness”. The trial sample size needs to consider the
balance between clinical and statistical significance, and its
estimated volume reflects the reliability and repeatability of
the research results [126].
On January 13, 2020, the US National institutes of Health
and Moderna’s infectious disease research team has begun a
phase I clinical trial in collaboration with National Institute
of Allergy and Infectious Diseases (NIAID), the US National
institutes of Health and KPWHRI. It is the first testing in
humans of the mRNA-1273 vaccine and would look to enroll
a total of 45 healthy adult volunteers aged between 18 and
55 years. On January 23, 2020 Moderna announced funding
award from CEPI to accelerate development of Messenger
RNA (mRNA) vaccine against novel coronavirus.
Use of plasma from patients who have recovered from

Covid-19 is expected to possess the potential benefit of
providing disease-specific neutralizing antibodies, before
targeted therapies could be developed. During the Ebola
outbreak in 2014, WHO advised the use of convalescent
plasma or whole blood therapies. However, a nonrandomised
comparative study in 84 patients with Ebola found no
associated improvement in survival [127]. There are currently
12 registered trials to investigate convalescent plasma or
immunoglobulins in Covid-19.
The Covid-19 pandemic represents the gravest global
public health threat seen since the 1918 influenza outbreak
and has rapidly become a global health emergency. Clinical
trials need to produce high quality data that can be used to
objectively assess potentials therapies for both the treatment
and prevention of this global emergency.

TREATMENT AND MANAGEMENT
To date, there is no specific antiviral drug, vaccine or
specific treatment available for Covid-19. Isolation remains
the most effective measure for the containment of infection.
Suspected cases will be isolated in a single room, while
the confirmed cases will be accommodated in the same
room [128]. The treatment is symptomatic and supportive
therapy is the treatment management method followed by
the health professionals, which includes; administration
of antipyretic and analgesic, maintenance of hydration
[129], immunomodulating therapy, organ function support,
Bronchoalveolar Lavage (BAL), blood purification, mechanical
ventilation as respiratory support, Extracorporeal Membrane
Oxygenation (ECMO) and administration of antibiotics in the
case of secondary bacterial infections [128,130].
As per WHO guidelines, patients with mild Covid-19
infection are provided symptomatic treatment (such as
antipyretics for fever) and monitoring; oxygen therapy or
empirical neuraminidase inhibitor therapy is considered for
patients with severe infection; patients with critical infection
are provided with advanced oxygen therapy or ventilatory
support [131]. Currently, no vaccination is available. But there
are many ongoing clinical trials testing various potential
antiviral drugs, convalescent plasma transfusion, and
vaccines for the treatment of Covid-19.
Remdesivir (GS-5734), a broad spectrum antiviral
nucleotide prodrug developed for Ebola virus has shown
activity against SARS-CoV-2 In vitro and preclinical studies
have shown its efficacy in inhibiting MERS-CoV and SARSCoV infections [26,132]. Remdesivir inhibits replication
through the premature termination of RNA transcription
and is capable of affecting a wide range of RNA viruses [133].
Other antiviral drugs that have been used in treating Covid-19
infection are Oseltamivir, Umifenovir [133], Interferon-α
(IFN-α), Lopinavir/Ritonavir, Chloroquine phosphate
[133,134], Ribavirin, Arbidol, hydroxychloroquine in
combination with azithromycin [134]. Though several drugs
claim to be safe and efficient for Covid-19 treatment, only
two drugs have been allowed by FDA; hydroxychloroquine
sulfate and chloroquine phosphate [50]. Some research
studies claimed that ribavirin and IFN-α have offered
synergetic effect in early stage [129]. Also, preliminary results
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from the clinical study recommend that Covid-19 patients
could be treated with hydroxychloroquine in combination
with azithromycin to cure the infection and to limit the
transmission of the virus [134].

PREVENTION/CONTROL AND FUTURE
PERSPECTIVES
Infection Prevention and Control (IPC) is a practical,
evidence-based approach in preventing, patients and
health workers from being affected by infections. Without
effective IPC it is impossible to control the spread of the
virus. Considering the lack of effective treatment and rapid
transmission rate of the Covid-19 pandemic, different
strategies should be implemented in both short-term and
long-term aspects as a preventive measure to avoid its
further spread. At this moment, the best prevention is to
avoid the exposure to the virus. The main IPC measures that
reduce the risk of exposure are: (i) to wash hands with soap
and water for at least 20 seconds, (ii) to use a hand sanitizer
with at least 60% alcohol content, (iii) to avoid touching
eyes, nose and mouth with unwashed hands, (iv) to avoid
close contact with sick person, (v) to avoid mass gatherings,
(vi) to maintain distance, about 2 arm’s length (or at least 1
metre) in particular with those with respiratory symptoms,
(vii) to cover mouth and nose with a cloth face cover, (viii) to
cover coughs and sneezes with a tissue, and (ix) to clean and
disinfect frequently touched surfaces daily [135].
Public health measures to prevent or slow down
the transmission of Covid-19 includes; case isolation,
identification and follow-up of contacts, environmental
disinfection, use of Personal Protective Equipment (PPE)
such as disposable isolation gown with fluid resistant
characteristics, disposable gloves with coverage over gown
cuffs, disposable respirators like N95 masks and Filtering
FacePiece 2 (FFP2) masks, eye protection with goggles, and
if possible a face shield over goggles. Wearing a medical
mask is one of the preventive measures to limit the spread of
respiratory infections. But this measure alone is not enough
and should be combined with hand hygiene or other IPC
measures to prevent human-to-human transmission. WHO
has issued detailed guidelines for the use of medical masks
in communities, at home and at health care facilities in areas
that are reported by Covid-19 infection [136]. According to
this guideline, health care workers are recommended to wear
a medical mask when patients with suspected or confirmed
cases are admitted, and to use a certified respirator like N95
or FFP2 when engaged in aerosol-generating procedures.
The guideline also advises on the use of masks for healthy
people in community settings.
A delay in detection and response has been recorded
in China, U.S, as well as in other major countries, thereby
affecting the local health systems. So, early diagnosis and
supportive treatments are required to limit the spread
of infection. The most important measures for reducing
infection spread at the community level rely on case
detection, isolation, contact tracing of positive cases followed
by quarantine for those exposed, social distancing and
lockdown [137]. In a scenario of rapidly spreading infection,

there is an urgent need for taking the right measures to
control the Covid-19 pandemic and any future infectious
diseases. From the present situation, it is very clear that most
of the countries were unprepared to face this pandemic, with
respect to medications, vaccines, PPEs etc. So, there is a need
for highly specialized research centres for viral diseases,
bacterial illness etc. under the umbrella of WHO along with
contributions from worldwide to combat any future calamity.

CONCLUSION
In the current review, we summarize and comparatively
analyze the emergence, diagnosis, immunoinformatics,
pathogenicity etc. of the Covid-19 pandemic, the third virus
of coronaviridae family that caused infection and disease to
arise in the 21st century. Covid-19 seems to be nearly close
to SARS with regards to the clinical basis and less lethal
than MERS, but even with lesser severe clinical picture, it
could spread in the community more easily which have been
presently reported in the nosocomial settings. In conclusion,
there is still much more to unravel in the mystery of Covid-19,
especially pertaining to its epidemiological features such
as mortality and capacity to spread in a pandemic level,
challenges in diagnostics and the development of vaccine
and drug. The preparation for future pandemics with
clear understanding about the nature of the disease is very
important. Development of rapid identification diagnostic
kits with specificity, public health interventions like social
distancing, development of diagnostics for the monitoring
in real time spread of the disease should become standard
protocols while encountering a new viral disease. Public health
officials should prepare the public for realistic scenarios and
greater compliance with traumatic mediations ranging from
stay-at-home orders, economic costs and end-of-life care
that will enhance our ability to conquer future pandemics
faster and at lesser cost. At present, there is no specific
standard treatment for Covid-19. Given the high rate of
transmission of this virus between humans across the globe,
giving it a pandemic nature. The transmission, replication,
structure, epidemiology, pathogenicity, virus host reactions
of the virus discussed in this review article, might be helpful
to structure and identify strategies for the development of
novel drugs and vaccines. We have also discussed various
approaches for developing effective vaccines and therapeutic
combinations to cope with this viral outbreak.
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