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ABSTRACT
The novel corona virus SARS-CoV-2 causes severe acute respiratory syndrome along with other complexities
that has led to the rise of COVID-19 pandemic. Its severe clinical manifestations, confirmed cases and mortality rate
have increased vigorously. Phylogenetic studies reveal that SARS-CoV-2 is closely associated with the Chiroptera
sp, but this concept is still under discussion which renders the origin of the SARS-CoV-2 not recognized. SARSCoV-2 can be transmitted from human to human and human to animal transmission is also reported. The mode of
infection in a gist can be explained as when the spike (S) protein of the virus binds to Angiotensin-Converting
Enzyme 2 (ACE 2) receptor of the host cell and enters into the susceptible cell to initiate replication. Its clinical
manifestations have been reported as loss of smell or taste, breathlessness, and multiple organ dysfunctions,
especially for individuals with co-morbidities. This review discussed the structure composition of SARS-CoV-2,
route of spread, types of susceptible patients, mode of replication of the virus, clinical manifestations, pathogenesis,
lab diagnostic methods, recent trends in treatment and prevention.
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1. Introduction
Coronaviridae is a family of spherical, enveloped, large virus
containing a single stranded RNA as the genome. The family is
named as „corona‟ for the crown like morphology seen under electron
microscopy (Willey et al., 2011). These are relatively large RNA
viruses, diameter ranging from 118- 136 nm. It possesses a genome
size of 25-32 kb enclosed within an envelope bearing large peplomer
spikes which protrude from the envelope. Coronaviruses belong to the
subfamily Coronavirinae in the family Coronaviridae of the order
Nidovirales (Payne et al., 2017). Coronavirinae are found extensively
in mammals that commonly causes transmissible cold to more
complications. Fig.1 showed that subfamily Coronavirinae further
contains 4 genera that have been classified below including the strain
infecting humans. SARS-CoV-2 falls under the category
betacoronavirus.

Fig. 1 Classification of Coronavirinae

COVID-19 is a highly transmittable pulmonary disease caused
SARS-CoV-2. In the name COVID-19 “CO” stands for corona, “VI”
stands for virus, “D” stands for disease and 19 stands for year 2019
(UNICEF/UNI220408/PACIFIC). Bats and pangolins are considered
most likely as the natural host for SARS-CoV-2. RmYN02 virus from
Rhinolophus malayanus (Malayan horseshoe bat) is more closely
related to SARS-CoV-2 than to pangolin CoV and that pangolin could
not be the only intermediate host (Zhou et al., 2020; Liu et al., 2020).
At complete viral genome analysis RmYN02 shares 93.3% nucleotide
identity with SARS-CoV-2.
Taxonomy
Realm
:
Riboviria
Phylum
:
Incertae sedis
Order
:
Nidovirales
Suborder
:
Cornidovirineae
Family
:
Coronaviridae
Subfamily :
Orthocoronavirinae
Genus
:
Betacorona virus
Subgenus :
Sarbecovirus
Species
:
Severe Acute Respiratory Syndrome (SARS)
Strain
:
SARS Corona virus 2/ COVID 19 virus/ 2019
nCoV (Gorbalenya et al., 2020).
2. Structure and composition
SARS-CoV-2 is a large virus with a diameter (60-140) nm
(Cascella et al., 2020). These are spherical and enveloped virus. The
envelope is made up of a phospholipid bilayer derived from the hos
cell system. The viral envelope containing of envelope (E) proteins,
bromodomain (BRD2) proteins, membrane (M) proteins,
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hemagglutinin esterase (HE) dimers and spike (S) glycoproteins
which protrudes from the envelope. S proteins consist of ectodomain
160 Å long trimer (Bianchi et al., 2020; Meara et al., 2020;
Klausegger et al 1999; Walls et al., 2020). The envelope has
contained viral nucleocapsid (N) protein surrounds the RNA
genome. SARS-CoV-2 has a positive single stranded RNA as its
genetic material. It is found to have 8903 adenosines, 5482
cytosines, 5852 guanines, and 9574 thymine units that add up to
29811 nucleotides in total (Sah et al., 2020). It has the genome size
of 29.8 Kb. The genome of SARS-CoV-2 has 14 ORF regions
encoding 27 proteins (Wu et al., 2020) ORF1ab is the longest ORF
occupying 2/3 of the entire sequence (Fehr and Perlman 2015) and it
codes for a replicase polyprotein 1ab which contains 7096 amino
acids. The replicase protein is cleaved by 2 proteases. Multifunction
related to transcription and replication of RNA (Wu et al., 2020) has
been in regard to this polyprotein. PP1ab and PP1a proteins are
encoded by ORF1ab and ORF1a genes at the 5‟ end. PP1ab has
Nsp1 to 10, 12, 13, 14 and 16 units. The PP1a also has Nsp1 to10
units. The 3‟ end has 4 structural protein such as S, E, M and N
protein along with 8 accessory proteins- 3a, 3b (22 amino acid), p6,
7a, 7b, 8b (121 amino acid), 9b and ORF 14. (Wu et al., 2020).
ORF2-10 encodes S, M, N, E proteins which helps for structural
organization and other accessory proteins. S, M, E proteins help in
viral coat production. N protein helps in RNA packaging in virion
(Wu et al., 2020). Structure of SARS-Co-2 showed in Fig.2.
2.1 Epidemiology of SARS-CoV-2
The new strain was first officially reported at Wuhan, China
during the month of December 2019 and then it was widely spread
throughout the world denoted as pandemic (WHO who.int/newsroom/detail/27-04-2020). From china it has spread across all major

continents including America South-Asia, Russia, etc., (WHO
20200420-sitrep-91-COVID-19)

Fig.2 Structure of SARS-CoV-2
2.2 Mode of outspread
COVID-19 virus spreads through to the droplets (Alford et al.,
1966). Droplets (5 µm or more in diameter) and droplet nuclei (14µm in diameter that results from the evaporation of larger droplets)
have expelled by the infected individual while coughing,
vocalization and sneezing (Xie et al., 2009; Willey et al., 2011).
Each droplet (10µm in diameter) moves about 100m/sec or more
than 200Mi/hrs. Viral loaded, mucus is also responsible for the
transmission. Ocular secretion from the infected patient has
confirmed the presence of virus particles (Colavita et al., 2020).
Direct contact transmission includes touching, kissing, copulation,
via oral secretions or body lesions (Willey et al., 2011). Close
contact and fomites of an infected person or surface contact with
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contaminated environment can lead to the transmission of COVID19 (Dick et al., 1987; Moser et al., 1979) transmission through
fomites such as drinking vessels, bedding, is also possible, etc., No
evidence has been found to report vertical transmission of the virus.
However, during breast feeding droplet from an infected mother can
transmit SARS- CoV-2 to the neonate (Karimi-Zarchi et al., 2020).
Reports claim pregnant women to be more prone to COVID-19
(Chen et al., 2020). According to Zhang et al.,2020, SARS-CoV-2
was found in fecal specimen during diagnosis, therefore improper
sewage disposal can also spread the virus. Indirect transmission of
SARS-CoV-2 has also been witnessed by asymptomatic infected
persons (Cai et al., 2020). „Super-spreader‟ events may be
responsible for 80% of COVID infections (Voanews.com/covid-19pandemic, may 23,2020) super-spreaders are the potential high-risk
factors which can infect large number of populations coming to
contact
simultaneously
(Timesofindia.indiatimes.com,
may
16,2020).
2.3 Susceptibility
Risk factors for COVID-19 includes co-occurrence of
hypertension, lung diseases, and heart disease (Yang et al., 2020)
SARS-CoV-2 are found to infect more of the male population when
compared to females (Badawi and Ryoo, 2016; Channappanavar et
al., 2017). Senior citizens and people with co-morbidities are at a
higher risk of acquiring SARS-CoV-2 (Zhang et al., 2020a).
Pregnant women, diabetic patients, blood group A are more likely to
be infected with SARS-CoV-2 compared with other non-A blood
groups (Chen et al., 2020; Iacobellis et al., 2020, Zhao et al., 2020).
Tobacco smoking increases ACE 2 which is the entry point for the
virus and increases the risk for viral binding and entry (Cai et al.,
2020). Cats can be infected with SARS-CoV-2 and can be spread to

other cats. Four tigers and three lions were found positive for SARSCoV-2 at the Bronx zoo, a Pomeranian, a German shepherd at
Hongkong, and a domestic cat at Belgium was also reported positive
for SARS-CoV-2 (Mallapaty, 2020). Human can spread the virus to
animals whereas no clear evidence is provided to prove that animals
can
spread
SARS-CoV-2
the
other
way
around
(Nationalgeographic.com aprl 22,2020).
2.4 Replication
The replication of any virus involves 7 important stagesattachment, entry, replicase protein expression, replication,
transcription, assembly and release. SARS-CoV-2 uses ACE 2
receptor for entry and serine protease TMPRSS 2 for S protein
priming (Hoffmann et al., 2020). Spike glycoprotein receptor
binding domain (RBD) found in the envelope of the virus attaches to
Angiotensin converting enzyme 2 (ACE 2) receptor of the host cell
by this the virus is taken into the cell through a process called
pinocytosis (Wan et al., 2020). It enters the cell as an endosome.
Upon entry into the host cell the viral RNA gets released into the
cytoplasm. ORF 1a and ORF 1ab are translated to produce PP1a and
PP1ab which are cleaved by proteases that are produced by ORF1a
to give 16 Nsps. RNA replicase transcriptase complexes, is produced
by the 16 Nsps. These complexes gather at the perinuclear region
inside the endoplasmic reticulum to produce the negative sense RNA
via replication and transcription. During the process of replication,
the first full length negative strand is obtained. This negative strand
RNA is used as a template to produce numerous positive sense RNA
strands. Through discontinuous transcription all the necessary
structural proteins get synthesized. In this process sub genomic
negative sense RNA is also produced by joining varying length of 3‟
end of genome with 5‟ leader sequence required for translation. The
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sub genomic positive sense mRNA, are reproduced through the
transcription of sub genomic negative strand RNA. The first ORF
which is closest to the 5‟ end is the only ORF that gets translated. At
the endoplasmic reticulum-Golgi intermediate compartment, the
structural proteins are assembled within the nucleocapsid and
envelope of the virus. In this way complete virions are released from
the infected cells (De et al., 2016).
2.5. Clinical manifestation
Symptom of COVID-19 appear in about 2-14 days which
includes fever, cough, fatigue, pneumonia and finally a cytokine
storm which can lead to ARDS and kidney failure. In some patients
the symptoms reported include sore throat, aches and pain, diarrhea
and nausea, headache or hemoptysis. Alveolar damage has also been
seen in infected elderly men. Conjunctivitis, loss of taste or smell,
skin rashes, difficulty in breathing, chest pain, sub-acute thyroiditis,
loss of speech or movement, fever with upper respiratory tract
infection with lymphopenia or leukopenia, and even septic shock. If
untreated it leads to organ dysfunction and death. Some patients are
asymptomatic
(WHO
interim
guidance
document;
who.int/docs/default-source, Brancatella et al., 2020; Zu et al 2020).
2.5.1 Pathogenesis
Pathological changes in infected individual are classified into 3
stages. They are asymptomatic state, upper airway and conducting
airway response and hypoxia, ground glass infiltrates and
progression to ARDS. The epithelial cells present in the nasal cavity,
apical cilia on airway cells and microvilli on type 2 cells are binding
site and assist the entry for SARS-CoV-2 virus. It binds to the cells
and starts its replication. During this stage multiplication of virus
occurs by restricted innate immune response. The second stage is
manifested within the next few days. The virus gets replicated and

spread throughout the respiratory tract. In this stage increased and
strong innate immune response, increased nasal secretion and mucus
is observed. Due to beta and lambda interferon response from
infected epithelial cell leukocytes, monocytes, activated neutrophils,
eosinophils, endothelial cells, fibroblast cells- secretion of CXCL10
inflammatory chemokine have been studied (Mason, 2020; Liu et al.,
2011). At this stage the virulence of the disease will be mild and
mostly limited to upper respiratory tract along the conducting
airways. At third stage, the virus migrates to the alveoli and infects
alveolar type 2 cells. The viral particle multiples within type 2 cells
and virions are released by lysing the cell with self- replicating
pulmonary toxin and infecting the adjacent units. Secondary pathway
for epithelial regeneration will be activated. Diffuse alveolar damage
(DAD) with hyaline membrane (membrane with proteins, dead cells,
surfactant, difficulty in breathing and exchange of gases) and
multinucleated giant cells (MGC), severe scaring and fibrosis are the
severe changes forming hypoxia, ground glass infiltrates and
progression to ARDS.
2.5.2 Lab diagnosis
Sputum, bronchial specimen, bronchoalveolar lavage fluid,
nasal, nasopharyngeal swabs, oropharyngeal swabs, saliva, tracheal
samples are the specimens used to test COVID-19 (Wan et al., 2020;
cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinicalspecimens.html). According to the report, 7.11x 108 RNA copies was
found in a throat swab on the 4th day of infection (Wolfel et al.,
2020). He also emphasized that enormous amount of pharyngeal
viral discharge was observed during first week of symptoms. CXCL
10 activation was also used as a diagnostic biomarker in SARS
(Tang et al., 2005; Mason, 2020). RT PCR test is widely used for the
qualitative detection of viral RNA from COVID-19 infected patients.
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It helps to quantify the viral load, stage of infection, progression of
infection and the treatment required (LabCorp covid 19 RT-PCR test
EUA summary 2020). CT chest computed tomography scan and
magnetic resonance imaging MRI scan can be useful in finding out
COVID-19 with their co rad values. Serological antibodies for
COVID-19 get developed during the 2nd week of infection using
those antibodies, quantification of antibodies and diagnosis of
COVID-19 can be made (Wölfel et al 2020). CRISPR based
DETECTOR assay helps to detect the virus faster which has become
the alternative for RT PCR assay (Broughton et al., 2020). IgM
antibodies are also used for the detection of COVID-19. EUA-FDA
approves SARS-CoV-2 antibody test that can reveal the results in 15
min (NBC news, 9 may 2020). EUA- FDA approves new Rutgers
saliva test for SARS-CoV-2 (Rutgers.edu, 13 April 2020). According
to Chen et al., 2020 the rapid kit can diagnose COVID-19 in 10 min
which contains lanthanide doped polystyrene nanoparticles used in a
lateral flow immunoassay for the detection of anti SARS-CoV-2 IG2
in human serum.
3. Treatment
Currently no confirmed treatment has been developed for
COVID-19. Vaccine development has been achieved with
considerable curative activities. Until then, supportive treatments for
symptoms are recommended. High flow nasal oxygen therapy can be
provided, the patients requiring endotracheal intubation use of low
tidal volume with 6mL/kg per predicted body weight with a plateau
airway pressure <30 cm H2O can be maintained if possible, positive
end expiratory pressure can be increased from moderate to high if
needed, administration of neuromuscular blockade for ventilator
desynchrony, increased airway pressure and hypoxemia. Delivering
a recruitment maneuver and high PEEP improves oxygenation and

reduce need for other rescue therapy. Placing prone positioning helps
to improve oxygenation for worsening hypoxemia, PaO2 FiO2
<100-150 mm Hg. Usage of conservative fluid management in
patients with SARI when there is no evidence of shock. Renal
placement therapy is for oliguric renal failure, acid base
management, and negative fluid balance. Inhalation of nitic oxide
can be 5-20 ppm may improve oxygenation (Matthay et al., 2020).
Rescue therapy with high dosage of vitamin C is recommended
(Truwit et al., 2019).
Remdesivir acted against SARS-CoV-2 and significant result
was achieved (Holshue et al., 2020). Gautret et al., reported that
hydroxychloroquine and azithromycin treatment found to be efficient
against the virus and significantly reduced the viral load. But usage
of hydroxychloroquine for COVID-19 treatment is temporarily
suspended in the solitary trial by world health organization (Gautret
et al., 2020). In India revised advisory issued by ICMR has
recommended use of hydroxychloroquine as prophylaxis (Economic
times 26th may 2020). Ivermectin reduced the viral RNA 99.8% after
48 hrs (Caly et al., 2020). Abidol, lopinavir/ritonavir, chloroquine,
alpha interferon, nucleoside analogues, neuraminidase inhibitors,
peptide EK1, anti-inflammatory drugs, RNA synthesis inhibitor
TDF, 3TC can also be used for SARS-CoV-2. Shu Feng Jie Du
capsules, Lianhuaquingwen capsule, shuanghuanglian oral liquid
belongs Chinese traditional medicine could be used against SARSCoV-2 (Lu, 2020; Ni et al., 2020) CAP 1002 contains allogenic
cardio sphere derived cells (cdc) treatment found to be effective in
critically ill COVID-19 patients (Singh et al.., 2020). The drugs such
as favipiravir, darunavir/cobicistat, camostst mesilate/ nafamostat,
tocilizumab, colchicine, baricitinib, aviptadil, eculizumab,
meplazumab, novaferon, niclosamide, ciclesonide a monoclonal
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antibody are used for the symptoms and treatment of COVID-19 are
currently used or under clinical trials list (Scavone et al 2020; Zheng
et al., 2020; Jeon et al., 2020). Sofosbuvir, galidesivir and tenofovir
showed good result against SARS-CoV-2 (Elfiky, 2020) Auranofin
found to reduce virus 95% in 48hrs after infection (Rothan et al.,
2020) Synthetic recombinant interferon alpha (Lu et al 2020),
immunoglobulin (Jawhara, 2020), thymosin alpha 1(Liu et al 2020),
plasma therapy provided the promising result for the treatment of
COVID-19 (Chen et al., 2020).
3.1 Prevention and control
Maintain hand hygiene, follow social distancing by maintaining
at least 1 m distance from others, avoid touching contaminated
surfaces. Public often using surfaces like door knobs, computer
mouse, etc., minimize the skin exposure, avoid touching eyes, nose
and mouth. Use mask when going outdoor. Use tissue paper or cover
mouth and nose while coughing or sneezing. Self-isolation and
proper medication through doctors is must, when encountered with
any of the symptoms (who.int/emergencies/diseases/novelcoronavirus-2019). People have to access clean water, decent
sanitation, basic health care infrastructure, avoid travel by air to
other countries, avoid uncooked food, smoking, unpasteurized dairy
products, avoid skin perforating procedures like acupuncture, body
piercing, tattooing, venipuncture, sharing of razors. Avoid pet
animals like cat, civet, dogs, and feline domestic as well as wild
animals. Avoid swimming in public pools or non-chlorinated public
water (Willey et al., 2011). Wash hands with soap, alcohol based
sanitizer, usage of personal protective equipment (PPE), In case of
health care workers eye protection glasses must also be provided,
personal hygiene should be maintained, avoid skin perforating
injury, disinfecting the equipment handled by workers in COVID-19

area and often clean the environment. Mask such as N95, FFP2,
FFP3, PPE, gloves, long sleeved gowns are compulsory. Adequately
ventilated rooms are used to perform aerosol generating procedures
40(who interim guidance document). To control the spread the
infected person should be identified rapidly then isolated and proper
medication must be provided. Awareness must be provided to the
public and health care workers (Xiao and Torok, 2020).
4. Conclusion
Due to the emergence of COVID-19, all the countries are facing
tremendous loss in all aspects. Many countries are struggling for life
of people, virus control, self-sufficient food materials, medicines,
etc., since COVID-19 is highly contagious, people cooperation, selfisolation after air travel, curfew, social distancing, wearing PPE
found to be effective measure. Apart from this development and
maintenance of public health care centers with experts, advanced lab
equipment, research centers, implementation of government policies
for the transmission and prevention of disease, investing money in
genome analysis, development of advanced diagnosis kit and
equipment, microbiological testing laboratories in more numbers has
to be encouraged. Due to the mutation occurring in virus, emergence
of new strains are possible so genetic studies are important for drug
discovery and drug delivery. Creating awareness, educate, train the
public regarding the epidemiology of the infection and personal
health hygiene is mandatory. To control measures can be done
through removing the source of infection from the public, breaking
the chain between the source and public, raising herd immunity. The
production of vaccine and vaccination will be the prevention
measure for future generation.
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