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Abstract: The emergence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) linked
with coronavirus disease 2019 (COVID-19) poses a serious threat to public health worldwide.
Firstly, the SARS-CoV-2 was reported in Wuhan, Hubei Province, China in December 2019. Initially,
the major proportion of virus-infected cases (i.e. about 99%) was reported in China and now it is
being reported in other counties as well. Humans begin to be infected within their communities and
transmittance of the viral epidemic increased rapidly due to lack of understanding of its
transmission routes and precautionary measures. The existence of SARS-CoV-2 in China threatened
the population greatly due to the high incidence of fatal respiratory infections. Current
investigations speculated that this virus transferred into a human from viral-infected bats. However,
the process of interspecies viral transmission is an important scientific question to be addressed.
Due to the continuous increase in the patients infected with COVID-19 associated pneumonia, the
World Health Organization (WHO) has included this viral epidemic to the priority list of diseases.
Therefore, accelerated research developments are required to control the spread of this outbreak, as
it is declared as a public health emergency by WHO especially in the absence of efficacious drugs
and vaccines. Our review encompasses the recent status of disease severity in China, a particular
replication mechanism of SARS-CoV-2 and potential risks and precautionary measures required to
avoid contact with this fatal viral infection.
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1. Introduction

Coronavirus disease 2019 (COVID-19)linked with the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) is the most incessant infectious disease in humans, particularly in China
and is the leading cause of disturbing normal global public health [1]. Coronaviruses (CoVs) are a
large family of viruses enclosed with single-stranded positive-sense RNA (ssRNA), known since the
mid-1960s. These viruses are capable of infecting a large number of hosts and causing different
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respiratory, enteric, liver and systemic diseases [2]. Due to their unique replication mechanism, CoVs
have a tendency to undergo recombination and mutation, which constantly enable them to
acclimatize to new hosts and ecological niches [3,4]. The World Health Organization (WHO)
estimates that virus-induced fatal respiratory infections are the main reason for death worldwide.
Until 2003, little research data was available about these deadly viruses and only 10 CoVs were
known. However, another virus-induced respiratory infection called Severe Acute Respiratory
Syndrome (SARS) was emerged in 2003, due to which 800 people of more than twelve states of Asia,
Europe and America were died [5]. After the emergence of this new viral infection, several new CoVs
were discovered [6]. According to the International Committee on Taxonomy of Viruses (ICTV),
CoVs groups have been assigned to different genera namely Alpha-, Beta-, Gamma- and Delta-CoVs
[7,8]. The birds and animals served as the reservoir for the emergence of most of the novel viral strains
due to the habit of walking in flocks and their ability to fly long distances. Birds have the potential to
transmit emerging viruses among themselves and to humans. The diversity of migratory routes and
bird species in China can bring several pathogens to the country, including CoVs [9,10]. A role of
public health should also be considered as it can contribute to studies on the origin of these viruses,
such as the agents that cause respiratory failure linked with SARS-CoV-2, severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-
CoV). In this study, we compile the current insights of SARS-CoV-2 with special emphasis to
enhanced surveillance and control the deadly infections in different regions of China.

2. The occurrence of SARS-CoV-2

The presence of SARS-CoV-2 in China was first reported on 29 December 2019 when numerous
health service units registered clusters of patients with pneumonia of unknown reason that was
epidemiologically associated with seafood and other aquatic animals sold in a local market in Wuhan,
Hubei Province, China [11,12]. However, the primary source of this novel SARS-CoV-2 is not
confirmed yet. In China, studies were carried out in Wuhan and other regions of the country to
identify the agents responsible for respiratory failure and SARS-CoV-2 was detected in patients
linked with pneumonia [13]. This virus was detected in the bronchoalveolar lavage fluid of three
victims and confirmed by using whole-genome sequencing and direct PCR. The respiratory tract
infection that has been caused by this virus was termed as novel coronavirus-infected pneumonia
(NCIP). Phylogenetic investigation showed that SARS-CoV-2 falls into the genus Betacoronavirus,
which consists of numerous coronaviruses (including SARS-CoV, MERS- CoV, and others) diagnosed
in humans, bats, and other wild animals [1]. Recent reports indicating infections in family members
as well as in healthcare workers confirmed the human-to-human transmission [4]. As per report of
26 February 2020, the number of reported confirmed cases of COVID-19 have been reached up to
78191 in china, and in other regions 2918 confirmed cases have been reported e.g. 40 in Thailand, 3 in
India, 1 in Nepal, 1 in Sri Lanka, 1261 in Republic of Korea, 164 in Japan, 91 in Singapore, 23 in
Australia, 22 in Malaysia, 16 in Vietnam, 3 in Philippines, 1 in Cambodia, 322 in Italy, 18 in Germany,
13 in United Kingdom, 12 in France, 2 in Austria, 2 in Croatia, 2 in Russian Federation, 2 in Spain, 1
in Belgium, 1 in Finland, 1 in Sweden, 1 in Switzerland, 95 in Iran, 26 in Bahrain, 13 in United Arab
Emirates, 12 in Kuwait, 5 in Iraq, 4 in Oman, 1 In Afghanistan, 1 in Egypt, 1, Lebanon, 53 in United
States of America, 10 in Canada, 1 in Algeria, 691 in International conveyance (Diamond Princess)
[15]. The 25% of the total confirmed cases reported in China have been classified as serious illness
cases by Chinese health authorities (from Hubei Province: 16% severely ill, 5% critically ill, and 4%
have died) (Fig. 1). This alarming situation gives rise to the threat that this virus may spread to the
other parts of the world. It is predicted that further increase in the human cases suspected to be
infected with SARS-CoV-2 can convert this epidemic situation to pandemic by transferring this virus
to other nations (Table 1).
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Table 1. Summary of confirmed, cured and death cases of COVID-19 caused by SARS-CoV2 in
worldwide as of 26 February 2020 [14-15].

Country Confirmed Cured Deaths Country Confirmed Cured Deaths
China 78191 30078 2718 Iraq 5 0 0
South Korea 1261 22 12 Philippines 3 1 1
Italy 322 1 11 Pakistan 2 0 0
Japan 164 22 1 Croatia 2 0 0
Iran 95 0 15 India 3 3 0
Singapore 91 62 0 Austria 2 0 0
USA 53 3 0 Oman 2 0 0
Thailand 40 22 0 Russia 2 2 0
Bahrain 26 0 0 Belgium 1 1 0
Germany 18 14 0 Finland 1 1 0
Kuwait 12 0 0 Sweden 1 0 0
Australia 23 15 0 Switzerland 1 0 0
Malaysia 22 18 0 Cambodia 1 1 0
France 12 11 1 Algeria 1 0 0
Vietnam 16 16 0 Afghanistan 1 0 0
Spain 2 2 0 Egypt 1 0 0
UAE 13 4 0 Lebanon 1 0 0
UK 13 8 0 Nepal 1 1 0
Canada 10 4 0 Sri Lanka 1 1 0

3. Respiratory diseases associated with SARS-CoV-2 and their diagnosis

The possible relationship between human coronaviruses and respiratory diseases was identified
when these viruses were isolated from the samples of patients with severe respiratory tract infections
and subsequently observed for their mode of action in causing respiratory tract failure when
inoculated into the volunteers. Currently, 2762 people have been reported to be died with WHO and
NCIP in China (where 2615 were from Hubei province, 19 from Henan, 12 from Heilongjiang, 6 from
Anhui, 6 from Chonggqing, 7 from Guangdong, 6 from Hebei, 4 from Beijing, 5 from Hainan, 4 from
Hunan, 6 from Shandong, 3 from Sichuan, 3 from Tianjin, 1 from Liaoning, 2 from Gansu, 2 from
Guangxi, 2 from Hong Kong, 2 from Guizhou, 3 from Shanghai, 2 from Yunnan, 1 from Fujian, 1 from
Jiangxi, 1 from Jilin, 1 from Liaoning, 1 from Shaanxi, 1 from Taiwan, 2 from Xinjiang, 1 from
Zhejiang) and internationally 2 from International conveyance (Diamond Princess), 2 from Iran, 1
from France, 1 from Japan, 1 from Philippines, 1 from Republic of Korea. The majority of them were
elderly or had compromised immune system due to other health complications according to the [15].
Li Lanjuan, director of the State Key Laboratory for Diagnosis and Treatment of Infectious Diseases,
suggested some preventive measures to control pneumonia caused by the SARS-CoV-2. She said that
the SARS-CoV-2 infection in human has been linked to symptoms of upper and lower respiratory
tract infections, which are being related to different clinical conditions such as fever, rhinorrhea,
cough, and bronchiolitis. Therefore, the most important thing for us to identify is to take a throat
swab and test for the virus. Now the technology is very advanced, as it can report whether you are
infected with influenza A or B or with SARS-CoV-2. Currently, all hospitals of China are able to test
new coronavirus and reagents are available in designated hospitals as previously described by [16].
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4. Classification of CoVs

CoVs are classified in the order Nidovirales and family Coronaviridae, which includes the genera
Coronavirus and Torovirus. Despite considerable differences in genetic complexity and viral
architecture, viruses of the Coronaviridae, Arteviridae and Roniviridae family are characterized by a
viral replication process that involves the production of multiple nested sub-genomic messenger
RNAs (mRNAs) with 3'-like termination [17]. The organization chart of the taxonomy of the order
Nidovirales is shown in Figure. 1. The Coronavirinae subfamily differs from the Torovirinae in viral
morphology and genome size. The CoVs are capable of infecting humans and a wide variety of hosts,
including other mammals (e.g. pigs, rats, dogs, horses, cattle, cetaceans, and bats) and birds (eg
chickens, turkeys and pheasants), causing a variety of respiratory, enteric, liver and central nervous
system dysfunction [18,19]. Recently, the CoV Study Group of the International Committee for Viral
Taxonomy (ICTV) proposed replacing the traditional groups with the genera Alpha-, Beta-, Gamma-
and Delta-CoVs. Historically, the Alpha- and Beta-CoV groups were found in mammals, while Gamma-
CoVs were found only in birds. However, some reports also suggest the presence of Gamma-CoVs in
mammals [8,20] and the presence of a fourth group called Delta-CoV was identified in birds and pigs

[3].
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Figure 1. Taxonomy of the Coronaviridae family.

5. Morphology and genomic organization.

The CoV morphology is predominantly spherical, with a size of approximately 100 to 160 nm in
diameter, however, they are quite pleomorphic due to the presence of an envelope which consists of
a double layer of lipids and structural proteins [21,22]. The CoVs are single-stranded, non-segmented,
polycistronic, positive polarity RNA (ssRNA) viruses presenting the major viral RNA genomes
known to date (27 to 31 kb). In the genomic organization, 2/3 of the 5" position of the genome contains
2 large ORFs (“open reading frames”) called ORFla and ORF1b, encoding non-structural proteins
essential for RNA replication containing, for example, the RNA dependent RNA polymerase enzyme
(RpRd) (Figure 2). However, the remaining 1/3 of the 3" proportion of the genome contains the genes
encoding 4 proteins are originate: “Spike” (5), envelope (E), membrane (M) and nucleocapsid (N)
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[23]. The hemagglutinin esterase (HE) gene, characteristic of some Beta-CoVs, is located immediately
after the S gene and is not present in Alpha- and Gamma- CoVs [23,24]. Before each ORF of the
genome, there are intergenic spaces containing regulatory sequences called regulatory transcription
sequences (TRS). The TRS is present in the 3' portion of the "leader” sequence and in the 5' portion of
each of the "ORFs". These regulatory sequences are composed of a specific sequence of 6 to 10
nucleotides which are conserved among CoVs of the same group and participate in the transcription
control of each viral gene [25]. The main properties linked to infectivity, virulence, and variability are
associated with envelope proteins [26]. The spikes of the infectious coronavirus particle are oligomers
of the S glycoprotein, which bind the viral particle to the host cell receptor and can induce the fusion
of the viral envelope with the cell membrane, being important for viral penetration into the host cell.

This protein can be divided into 3 structural domains between the N-terminal and C-terminal
regions. The external domain is subdivided into two subdomains (viz. S1 and S2), followed by a
transmembrane domain and a small C-terminal cytoplasmic fragment. The S1 subdomain includes
half of the N-terminal region and forms a globular portion of the spike that contains the sequences
liable for binding to specific permissive cell receptors [27]. The M glycoprotein presents only a small
fragment of the N-terminal domain exposed on the outside of the virions while being present mainly
inside the viral particle. This protein participates in the arrangement of the viral particle, interacts
with the S and N proteins, and may be associated with the determination of the intracellular binding
site of the virus to the Golgi complex [28,29]. The E protein is the smallest protein in the viral envelope
and has a function related to the beginning of the formation of the viral particle. Structural protein N
is a 50-60 kDa phosphoprotein and has a strong connection with viral genomic RNA, composing the
nucleocapsid through the involvement of the simple viral RNA strand. Protein N also interacts with
protein M, leading to the incorporation of the nucleocapsid in the viral particles, and can facilitate
the formation of replicative RNA complexes, since its inhibition by antibodies can negatively
influence the in vitro reaction of RNA polymerase [30].

Figure 2. Representation of the structural proteins that make up the coronavirus viral particle. In the
nucleus, the protein N (nucleocapsid) is observed united to the simple RNA strand (complex RNA-
nucleocapsid protein). S-glycoproteins (Spike) are represented, HE (hemagglutinin-esterase), M
(membrane glycoprotein) and protein E (envelope).

6. CoV infectious cycle

In spite of a variety of target tissues and host variety, CoV tropism is generally specific for
epithelial cells in the respiratory or gastrointestinal tract. Viral replication occurs in the cytoplasm of
the host cell [31]. Initially, the viral particle glycoprotein S interacts with cellular receptors depending
on the coronavirus strain. The spike protein can mediate the direct fusion of the virus with the cell
membrane or the virus can penetrate the cell via receptor-mediated endocytosis and the S protein
induces the fusion of the viral envelope with the endosomal membrane, releasing the viral genomic
RNA into the cytoplasm [32,33] (Figure. 3). The viral genome initially acts as an mRNA and the 5'
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region of the genome, composed of ORFs 1la and 1b of the polymerase is directly translated by
ribosomes into the polyprotein replicase (pplab). The translation of ORF 1b is dependent on a change
in the ribosomal frame reading codon, allowing the translation of proteins found in a different
reading frame as compared to ORF 1a. The ppla and pplab polyproteins are then processed by viral
proteases (papain-like and 3CL proteases) generating 16 non-structural proteins (called nsp1-nsp16)
components of the replication complex [34].

The 16 non-structural proteins are arranged with membranes generating double-membrane
vesicles, where genomic RNA synthesis and subgenomic mRNA transcription occur. These RNAs
conduct all proteins located after ORF1b and each subgenomic RNA has the same initial sequence
("leader") in the 5' portion, which is composed of 65 to 100 nucleotides depending on the virus type
[35]. The leader sequence of each mRNA is similar to the "leader" sequence present exclusively at the
beginning of the genomic RNA. Sub-genomic mRNAs are polycistronic structures, containing one to
all the following ORFs of the gene to be expressed (except for RNA of the N gene), but only the first
OREF of the subgenomic RNA located after the “leader” sequence is translated [35,36]. Subgenomic
RNAs are then translated to generate structural proteins (S, M, N, E, HE) and accessory proteins. The
number and function of proteins vary between different types of coronaviruses. The replicated
genomic RNA forms a complex with the N protein forming the helical structure nucleocapsid.
Structural virus proteins are inserted into the Endoplasmic Reticulum (ER). The nucleocapsid is then
inserted into the intermediate compartment between the Golgi complex and the ER where the
formation of the virion occurs. The viral particles are then incorporated into vesicles prior to their
transport and release from the cell by exocytosis [36].

> . Coronavirus

Receptors s Wi -."J
. - Translation

gRNA (+) QM‘WVVVW AAA

Smooth-walled

.:. . v .
¥ @ Replicase esicles

' Double membrane
vesicles

gRNA (-) ‘ A~ UUU
; Transcription

v .
sgRNA (+) W::: :}\"a
@A~~~ AAA N

H

gRNA (+) @A~ AAAAAAS AAA

Cytoplasm

Figure 3. Graphical representation of the CoV infectious cycle.

7. Preventive measures

Currently, there are no definite antiviral treatments for COVID-19 and the main treatment
options available are only supportive. Chloroquine phosphate, an old drug for treatment of malaria,
is shown to have apparent efficacy and acceptable safety against COVID-19 associated pneumonia in
multicenter clinical trials conducted in China. Recombinant interferons (IFN) along with ribavirin
have shown inadequate effects on CoV infection [37]. After the outbreak of SARS and MERS, plenty
of anti-CoV agents have been developed to counter CoVs proteases, polymerases, MTases, and entry
proteins, but so far, neither of them have been verified by clinical trials against COVID-19 [38,39].
Until now, the recommended primary treatment for CoVs is therapies with plasma and antibody
gained from recovering patients. Several vaccination approaches for CoVs like inactivated viruses,
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live-attenuated viruses, viral vector-based vaccines, subunit vaccines, recombinant proteins, and
DNA vaccines have been refined but still, these are only verified in animals [40,41]. Since there is
neither practical remedy nor vaccines developed so far to counter COVID-19, the best approach
against severe respiratory infection caused by novel CoV is to control the origin of infection, early
diagnosis, and reporting, timely isolation of patients to avoid its spread and supportive treatments
[42]. To discourage needless panic and fear among the public, epidemic data should be published on
time and personal preventive measures like particular hand hygiene, avoiding crowds, wearing a
surgical mask and proper ventilation should be prompted.

8. Future prospects

Due to the involvement of SARS-CoV-2, many facts regarding virulence, mode of transmission
and the actual source of viral infection still need to be investigated. Up until now, the available data
related to the viral outbreak is limited due to which there are many areas, which still required to be
explored. For instance, the percent contribution of each route of transmission is not fully understood
due to which the authorities face problems in controlling the infection spreading. However, the initial
cases of COVID-19 were reported to have visited the Seafood Wholesale Market of Wuhan. Later,
more COVID-19 cases emerged nearby the supermarkets of seafood located in the two districts of the
city [43].

Furthermore, human-to-human transmission has been confirmed as family clusters within and
outside China and health-care workers were found to be infected with SARS-CoV-2. However, with
currently available data it is very difficult to explain/measure the extent of human-to-human
transmission. According to a recent report, about 12,335 cases have been documented outside the
Hubei province of China due to which it can be concluded that strong human-to-human viral
transmission is occurring in Hubei and other provinces of China [44].

With the estimation of reproductive number (i.e. 1.4-2.5), the Chinese authorities suggested that
the SARS-CoV-2 has higher transmissibility than MERS (reproductive number=0.7) but similar to
SARS (reproductive number = 2-3). The preliminary analysis further confirms the reproductive
number of the virus estimated by Chinese authorities [45]. Further work has been done to measure
the importation of risk to other cities of China and outside China [46]. The currently limited data is
mainly focused on the mobility pattern with the least emphasis on the human-to-human viral
transmission route [47].

The responsible Chinese authorities are performing their best to limit the
transmission/spreading of the outbreak and implemented different disease preventive measures such
as restrict people from New Lunar Year celebrations, prohibited public gathering in theatres and
parks and also lock down public transport facilities particularly in Wuhan [44]. In addition, the
authorities executed strict exit screening within and outside of Hubei province. However, research
studies are required to understand the molecular basis of pathogenicity/virulence of SARS-CoV-2
linked infection, which ultimately will help to identify the potential targets for antiviral medicines.
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