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Abstract:

outbreaks.

Severe Acute Respiratory Coronavirus-2 [SARS-CoV-2] emerged as a great threat to the world at the end of December 2019 in China. The SARS-
CoV-2 evolved from a virus responsible for the SARS epidemic in 2002. The SARS-CoV-2 has a high rate of human-human transmission and
originated from the bat. It has a close resemblance with bat-like-SARS-CoV compared to SARS-CoV; however, the Spike protein responsible for
virus-host cell interaction possesses the least similarity with that of SARS-CoV. Cytokine Storm is associated with the severity of Covid-19 and
leads to acute respiratory distress syndrome [ARDS] and/or multiple organ dysfunction syndromes [MODS)]. In the current review article, the
features of a novel coronavirus, including viral biology, genomic organisation, life cycle, pathophysiology and genetic diversity, have been
discussed. The development of policies and plans which can prepare the world for future pandemics has also been proposed. In addition, the drug
development pipelines, diagnostic facilities and management of such pandemics need an up-gradation to contain the current as well as future
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1. BACKGROUND ive-sense single-stranded RNA. The viruses that infect both

The world had just coped with the epidemic of MERS-
CoV, which caused respiratory distress syndrome in the
middle-east in the year 2012-2016; the human race has to face
the outbreak of a novel coronavirus pandemic again [1]. In
December 2019, Wuhan, a city in China, reported a plethora of
inexplicable cases of pneumonia that, in time, spread abruptly
within China and other parts of the world. After a few days, the
pathogenic agent responsible for the unexplained respiratory
disease was identified as a new strain of coronavirus called
SARS-Cov-2 [2]. Realizing the extensive outbreak of the virus,
WHO, on 30" January 2020, declared the coronavirus epidemic
as, “public health emergency of international concern”.
Coronaviruses (CoVs) which constitute the family of
Coronaviridae, are large, enveloped viruses possessing a posit-
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animals and humans are divided into four genera depending
upon their genotype and serotype as Alpha CoVs, Beta CoVs,
Gamma CoVs and Delta CoVs. Hitherto, the coronaviruses,
which infect the human race, belong to the first two groups.
Howbeit, the Beta CoVs have gained considerable attraction
across the world, causing two epidemics and one pandemic,
respectively [3, 4]. The first outbreak of coronavirus occurred
in the year 2002-2003, people suffered from Severe
Respiratory Distress Syndrome (SARS), and China was the
epicentre of this epidemic. The SARS-CoV affected 26
countries worldwide, infecting more than 8000 with a death toll
of approximately 800 patients. Another virus of the same genre
known as MERS-CoV came into existence in 2012. According
to the recent updates in 2019, around 2494 infected cases with
858 deaths have been reported across 27 countries in the world
[5]. Unfortunately, the SARS-CoV-19, also knows as Novel
Coronavirus, Covid-19 is far more aggressive than the two
viruses affecting above 23 million people around the globe
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Fig. (1). A: schematic of the respiratory syndrome causing SARS-CoV-2. B: The three structural envelop proteins of the virus. The Spike
glycoprotein is the key protein in determining the virus entry and tissue tropism.

with > 8 lakh fatality cases as of 25" August 2020 [6, 7]. These
viruses are zoonotic agents originating from animals and
causing infection in humans. Thus identifying the evolution
cycle of Beta CoVs genera according to their structure and
function is the thrust area of today’s time. In addition, due to
the unavailability of a specific treatment modality for Covid-19
disease, the current review will help understand the
perspectives of treatment pipelines. Therefore, the current
article presents an overview of the virus biology,
pathophysiology, the importance of saliva as a diagnostic
indicator, and the various treatment modalities in the pipeline.

2. VIRUS MORPHOLOGY

Coronavirus is a spherical and pleomorphic particle whose
diameter may range from 65-120 nm. The genome of the virus
is enveloped by lipid bilayer from where it projects the pear-
like, club-shaped spike glycoproteins (Fig. 1). The spikes taper
towards lipid envelops with an average 10nm width distally.
Some of the other strains of coronaviruses may contain
additional small projections of size 5-10 nm of Hemagglutinin-
Esterase (HE) protein [8]. There are four main structural
proteins of the virus; spike protein (S), envelope small
membrane protein (E), membrane protein (M) and
nucleoprotein (N). Out of these four proteins, the first three are
the membrane proteins, and the S glycoprotein is pivotal as it
guides the virus-host interaction. The S protein consists of
approximately 1200 amino acid (AA) chain and belongs to the
class-I fusion proteins. S protein of the SARS-CoV-2 is known
for its key functions like receptor binding, host response and
pathophysiology [9 - 11]. The M and E proteins are crucial for
giving a proper shape to the virus, its assembly and the viral
pathophysiology. The M protein was the first viral membrane
protein to be described and was formerly known as the E1
protein

M protein has three transmembrane hydrophobic domains
and also has a large amphiphilic carboxy-terminus domain
located in the cytoplasm, which interacts with the nucleocapsid
once the virus enters into the host cell [12, 14]. E is a small

polypeptide, which is profusely expressed inside the target cell,
however, the bilayer lipid membrane incorporates only a small
portion of E protein. It helps in the assembly and budding of
the CoV [15]. The N protein binds with the virion genome in a
beads-on-a-string fashion to form the nucleocapsid. Besides
this function, N protein has played its role in virus replication
and the host response. In the replication cycle [discussed later],
the protein functions in assembling the membrane proteins and
the nucleocapsid to form virus bud [16]. In addition, some
studies reported that this protein can bind with nsp 13 to secure
the RNA to replication-transcription complex (RTC) [17, 18].

2.1. Genomic Organisation of SARS-CoV-2

The genome of SARS-CoV-2 possesses a single-stranded
positive-sense RNA (+ssRNA) encapsulated by nucleocapsid
protein N [19, 20]. The single-stranded genome is ~29.9 kb
(2891 base pairs) in size with 5'cap and 3’ poly(A) tail and may
range from 26-32 kb, which encodes about 9860 amino acids
(AA) [19, 21]. The G+C contents range from 32%-43%. The
coronaviruses are considered to contain the largest RNA in
nature as virtually all the viruses holding RNA genome are
three to four times smaller than the coronavirus genome [22,
23]. The RNA encloses variable numbers of open reading
frames (orfs) with at least six orfs and may extend up to
twelve, which are bounded by untranslated regions (UTRs) [24,
25]. About two-thirds (67%) of the complete virus genome
consist of two ORFs; ORF1a/b, which serves as the template to
translate the replicase polyproteins la/lab (ppla/lab) [25].
Ribosomal frameshift site interconnects ORFs 1a/b and at this
site occurs the processing of the replicase gene in a -1
frameshift between the two ORFs resulting in the
synthetisation of ppla and pplb [21]. Further, these proteins
are processed by the virally encoded 3C-Like Proteinase
(3CL™), also called the chymotrypsin-like and papain-like
proteinase (PL™), to release the sixteen non-structural proteins
or nsps [26 - 28] (Fig. 2). The remaining ORFs occupies the
remaining one-third of the genome encoding the four structural
proteins and other accessory proteins of the virus (Fig. 2).
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Fig. (2). Genomic organization of the SARS-CoV-2 with 5° cap and 3’ poly (A) tail. The first ORF 1 a/b is the longest gene occupying two-third of
the complete viral genome and encodes 16 non-structural viral proteins. The other ORFs forms the remaining one-third.

The four structural proteins are invariably arranged in the
order S-E-M-N near the 3’poly A tail [29]. The structural and
accessory proteins are translated by the sub-genomic RNA
(sgRNA) [30]. The extra-genes (ORFs), which translate some
special and accessory proteins of the virus, are scattered among
the canonical genes of the coronaviruses. These proteins, like
HE protein, 3a/b protein, and 4a/b protein, vary from one genus
to another in the family Coronaviridae [22, 31]. The accessory
proteins of the coronaviruses are least studied; however, they
are considered to be crucial for virus replicated and also to
counteract the host response [31, 32]

3. LIFE CYCLE OF SARS-CoV-2

3.1. Receptor Recognition Mechanism and Virus Entry

The SARS-CoV-2 entry into the target cell is governed by
the spike (S) protein, and it recognizes the human
Angiotensinogen Converting Enzyme-2 (hACE-2) receptors to
enter into the host similar to SARS-Cov [33, 34]. S protein is a
transmembrane glycosylated protein, which forms homotrimers
projecting from the viral membrane in a spike-like fashion. The
S protein is functionally categorized into two domains or
subunits responsible for binding host cell receptor (S, domain)
and fusion of the cell and virion membrane (S, domain). The S,
subunit is more stable than the S, subunit [11]. S1 subunit
comprising Receptor-Binding Domains (RBDs) initiates the
virus-host cell interaction. Further, the RBDs possess a core
structure and Receptor-Binding Motif (RBM). It is this RBM
that attaches to the ACE-2 [34] (Fig. 3). Before receptor
binding, S proteins exist in a stable prefusion trimer undergoes
conformational change following the binding of the receptor-

Binding Domains (RBDs) to the receptor. This results in the
deterioration of the S1 and a shift to a stable conformation of
S2 subunit.

The Spike protein exists in different conformational states
like open conformation and close conformation. During close
confirmation, the receptor binding determinants of the RBDs
are unable to recognize hACE-2 while they can easily
recognize and attach to the target cell receptor during the open
conformation (Fig. 4). These various conformations and the
dense glycan guard the virus against the host’s immune
response. Following the initial attachment, S2 subunit
functions to fuse the viral and host cell membrane.

The cleavage of S proteins of SARS-CoV and MERS-CoV
mostly occurs at the S1/S2 site. Some studies show that
proteases like TMPRSS2 and cathepsin L cleaves the S protein
of SARS-CoV at the S1/S2 and S2’ regions, and the process is
called priming [35, 36]. However, one study reported a unique
priming site in SARS-CoV-2 called the S1/S2 furin cleavage
site responsible for the initial binding with the receptor. This
was named after the sequence analysis of the virus S protein,
which showed four amino acid residue insertion at the S1/S2
border when compared with the SARS-Cov [33]. The second
proteolytic cleavage occurs at the S2’ site. Thus, priming
occurs at the S1/S2 and S2’ site for mediating virus entry into
the cell. Fusion occurs in the presence of key components like
fusion peptides; Internal Fusion Peptides (IFPs), Fusion
Proteins (FP) and Heptad Repeat one and two (HR1 and HR2).
These domains drag the viral envelope in proximity to the
target cell membrane. In addition to this, host/human proteases
are crucial for fusion to occur [37].
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3.2. Replication

After entering into the host cell via endocytosis, the viral
genome is released in the cytoplasm, and the RTC is formed by
the 16 nsps in double-membrane vesicles [38]. One of the main
proteins of RTC RNA-dependent RNA polymerase initiates the
replication of the +ssRNA to form sets of minus subgenomic
RNAs (-sgRNA) employing discontinuous transcription. The
formed nested sets minus subgenomic RNAs serves as the
template to form subgenomic messenger RNAs (mRNAs).
Besides RNA-dependent RNA-polymerase, the RTC contains
other proteins like helicase, endoribonuclease and
exoribonuclease, which assist in this complex process (Fig. 2)
[25, 39]. Unlike other RNA viruses, the exoribonuclease
enzyme among the 16nsps is unique to coronaviruses, which
functions to proofread the RTC [40, 41]. The subgenomic
mRNAs are used to translate the structural proteins [S, E, M]
of the virus in the endoplasmic reticulum and subsequently,
they travel to the ER-Golgi intermediate compartment
[ERGIC] where the N protein is formed. The +ssRNA of the
virus is replicated parallel to the translation process. (Fig. 5)
[15, 24, 33].

3.3. Release

Budding occurs at the ERGIC through the assembly of the
proteins and RNA, and the mature virus-like particle is formed,
which is then fuses to the inner membrane, and the virus is

released outside to infect the cells [38].

Fig. (5) depicts the complete replication cycle of SARS-
CoV-2 inside the host cell.

4. IMMUNOPATHOGENESIS MECHANISM OF SARS-
CoV-2

The Type II alveolar epithelial cells are the chief targets of
Covid-19 infection, and they choreograph the exacerbation of
pro-inflammatory mediators. SAS-CoV2 replicates inside these
cells, and subsequently, several viral copies are delivered into
the alveolus, thereby leading to apoptosis of Type II cells. The
Pattern Recognition Receptors (PRRs), such as toll-like
receptor (TLR), RIG-I-like receptor (RLR), NOD-like receptor
(NLR) and C-type lectin-like receptors (CLmin) identify
pathogen-associated molecular patterns (PAMPs) of the virus
and provoke an inflammatory response which engages the
macrophages at the site of cell injury [42, 43]. The
macrophages further draw other immune cells like T
lymphocytes, including CD4* and CD8%* cells. CD4* activate
B cells to produce antigen-specific antibodies that neutralize
the viruses in the alveolus, while CD8* T cells have a cytotoxic
effect on the virus, reducing the infection. Inadequate viral
clearance and damage to lymphocytes hyper-activates the T
cells instigating an increase in the production of cytokines and
chemokines like IL-1f, IL-2, IL-6, IL-7, IL-8, tumour necrosis
factor-a [TNF-a], Interferon-g and chemokines like C-C motif
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chemokine ligand (CCL)-2, CCL-3, and CCL-5 [44, 45]. This
dysregulation in the immune response, the “cytokine storm” is
virtuously exerted by the cell-mediated immune response (Fig.
6). An elevated cytokines and chemokines profiles in the
pulmonary tissue and peripheral blood suggests that these
factors play a vital role in the immunopathogenesis of SARS-
CoV-2. There is a strong association of the disease severity
with elevated serum levels of IL-6. Critically ill patients have
higher IL-6 levels compared with moderately and ordinary ill
patients [46 - 48]. The cytokine storm is pivotal in modulating
the clinical outcome of the patients. It marks the disease
severity and is responsible for Acute Respiratory Distress
Syndrome (ARDS) and/or Multiple Organ Dysfunction
Syndrome (MODS) in Covid-19 patients.

The association of Covid-19 disease with deranged
coagulation parameters and connection between DIC
(disseminated intravascular coagulation) and Covid-19 have
led to the search for the effectiveness of anticoagulant
molecules as supportive therapy in SARS-CoV-2 positive
patients [49]. The coagulopathy, mainly in the form of venous
thromboembolism [pulmonary embolism], is often correlated
with the poor prognosis [50]. The shreds of evidence
supporting this theory derive from case reports and studies
depicting a significant increase in D-dimer and/or fibrin
degradation products (FDPs) of severe Covid-19 patients [51 -
54]. In another study, a better prognosis was observed in
patients who had received low molecular weight heparin as
anticoagulant therapy [55]. This is an emerging concern and
requires more investigations to arrive at a decision on whether
anticoagulant therapy should be administered prophylactically.

The Open Dentistry Journal, 2021, Volume 15 291

Laboratory analysis of SARS-CoV-2 positive patients also
reveals increased levels of ferritin, C-reactive protein (CRP)
and procalcitonin [47, 56]. Elevated ferritin levels are a sign of
bacterial and viral contamination, and it is evident that
hyperferritinemia leads to activation of macrophages, which
further releases cytokines into the blood, thereby contributing
to the development of cytokine storm in Covid-19 patients
[57]. The hypoxic environment is one of the factors responsible
for hyperactive inflammation and disease severity. This is
because SARS-CoV-2 attacks the B-chain of haemoglobin,
which dissociates iron and form porphyrin in the body.
Ultimately, the oxygen-carrying capacity of the blood reduces,
giving rise to the hypoxic condition. This condition may
worsen in pre-existing respiratory illness [58].

5. GENOMIC DIVERSITY OF SARS-CoV-2

The causative agent responsible for the atypical pneumonia
outbreak was a new strain of the virus, which fell under the 8
coronavirus. Initially, the virus was named as "WH-Human 1'
coronavirus in a study for the patient who was admitted on 25"
December 2019 [3]. Subsequently, other studies proved that
'WH-Human 1' coronavirus, which is now called 2019-nCoV
or SARS-2, belongs to the Sarbecovirus subgenus of f
coronavirus genera, along with SARS-CoV. MERS-CoV is a
member of the same subgenus (Merbecovirus) [3, 19, 59].
SARS-CoV-2 closely relates to the three bat-SAR like-
CoronaVirus (bat-SL-CoV), bat-SL-CoV-RaTG13, bat-SL-
CoVZ(C45, and bat-SL-CoVZXC21. Bat-SL-CoV-RaTG13 has
the highest sequence identity with SARS-CoV-2 of 96.3%,
while the other two have 87-99% and 87-23% sequence
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identity, respectively [19, 59]. The sequence identity of the
SARS-CoV (~79%) and MERS-CoV (~50) is less when
compared with bat-SL-CoV [8, 19]. The genomic organisation
of SARS-CoV-2 bears a resemblance to the gene structure of
other  coronaviruses, and it is very close to the SARS-CoV.
The longest ORFlab that contains the 16 nsps and other
downstream ORFs is also similar to the SARS-CoV. However,
the genomic divergence is noted in the S protein of SARS-
CoV-2 from the SARS-CoV [60]. As discussed earlier, the
insertion of the furin cleavage site at the S1/S2 junction has
contributed to the diversity and increase pathogenicity of the
virus. Departure from the genomic identity of the spike protein
of SARS-CoV-2 from SARS-CoV and MERS-CoV reveals
that the trajectory of SARS-CoV-2 is different and more
aggressive from these viruses [29, 33, 61]. The close
resemblance of the bat-like coronavirus and the SARS-CoV-2
made it clear that the bats are the natural reservoir of the virus.
However, a study reported pangolin as a reservoir of the virus
[19, 20]. There is evidence that suggests the presence of an
unknown intermediate host between the bat to human
transmission of the SARS-CoV-2 similar to SARS-CoV
(civets) and MERS-CoV (camels) [62].

6. SALIVA: A DIAGNOSTIC WINDOW TO COVID-19

Saliva is a complex biological fluid comprising of water,
salts, metabolites, molecules, proteins as well as a plethora of
microbes, including bacteria and viruses, responsible for
various pathologies [63, 64]. Regardless of the heterogeneous
nature of saliva as it contains a wide spectrum of secretions
like gingival crevicular fluid, glandular fluids, oral exfoliated
cells, efc., it has been demonstrated as a good diagnostic
indicator for oral and systemic diseases [65]. Further, the
viruses like Hepatitis, Ebola, Zika, SARS-CoV, and MERS-
CoV have been detected in saliva samples of patients, making
saliva a potent diagnostic tool for the detection of viral
infections [66]. In the COVID-19 scenario, the most reliable
test for specific and accurate identification of SARS-CoV-2
infection is the Reverse Transcription Polymerase Chain
Reaction (RT-PCR). The upper respiratory specimens collected
to determine the virus RNA are in the forms of nasal swabs,
nasopharyngeal or oropharyngeal swabs, mid-turbinate swabs.
The lower respiratory specimens may be in the form of
bronchoalveolar lavage, nasopharyngeal aspirate, sputum in
case of patients reporting with pneumonia [67]. Howbeit,
several studies have prompted the non-invasive nature of the
sample collection resulting in patient haemorrhage and
discomfort. Besides, there also exists a risk of virus
transmission to the health care workers collecting the samples
[67 - 69]. Saliva samples have astounded these undesirable
outcomes and proved to be an effective non-invasive specimen
for laboratory detection of COVID-19. The relative ease of
saliva collection as well as minimal or no risk of virus
contamination to the health-care personnel mark saliva as a
potent biological specimen for disease diagnosis [70, 71].
However, a study has observed an enhanced efficiency of virus
detection from the broncho-alveolar lavage samples, especially
in the severely ill SARS-CoV-2 infected cases [72].
Considering that each technique or method possesses certain
merits or demerits, saliva can be a reliable alternative
diagnostic tool in the COVID-19 pandemic.
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7. THERAPEUTIC MODALITIES AGAINST SARS-
CoV-2

In the current scenario, no specific single or combined
antiviral drug therapy exists and the main treatment plan is
observation and supportive care. The recombinant IFN in
combination with remdesivir, had shown promising results to
decrease the virus load [38, 73]. Chloroquine has also shown
favourable results to some extent by inhibiting the steps
involved in the virus replication or down streaming certain
immune markers like TNF-a and IL-6 [74, 75]. Chloroquine
concomitantly with remdesivir, depicted inhibitory results in-
vitro [76]. Quite a few individuals are investigating the
effectiveness of convalescent plasma in reducing the mortality
of severe Covid-19 patients. Convalescent sera therapy is
adoptive immunotherapy in which neutralizing antibodies from
the recovered Covid-19 patients are administered to the
patients as an adjunct to the standard treatment. Significant
clinical outcomes have been achieved with this therapy, along
with declination of the virus load [77 - 79]. As discussed
earlier, elevated levels of IL-6 is present in severely ill SARS-
CoV-2 positive patients; some groups have evaluated
tocilizumab, an antagonist of the IL-6 receptor. The
preliminary results showed promising effects of tocilizumab
like a decrease in the IL-6 level, clinical and radiographic
improvement and also reduced mortalities [80, 81]. To date, no
specific or particle therapeutics are existing against Covid-19,
and many approaches [mentioned above and other] have been
investigated for their effectiveness, however, more studies are
desirable to endorse their safety and efficacy.

CONCLUSION

Coronaviruses are identified in several species around the
earth, and a plethora of these is yet to be discovered. Recently,
a group of researchers discovered seven strains of
coronaviruses from the bat in Myanmar, out of which six are
the newly detected strains [82]. There is still a broad spectrum
of scope to understand the genome of the virus and its
pathophysiology at the molecular level. The certainty of virus
mutations and its asymptomatic and mild behaviour in humans
has emerged as a huge burden on healthcare systems across the
globe. To date, there is deprivation of a specific therapy or
vaccine against Covid-19. The Discovery of viable drug
therapeutics would substantially alter the course of the
Covid-19 outbreak aiding the eradication of the virus, thus
saving lives on this planet. The virus can be contained
following social distancing and personal sanitation. Policy
discussion, proper vigilance and surveillance should be carried
out to prevent future outbreaks of such deadly diseases.

CONSENT FOR PUBLICATION
Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The author declares no conflict of interest, financial or
otherwise.



Severe Acute Respiratory Coronavirus-2

ACKNOWLEDGEMENTS

This paper would not have been possible without the
exceptional support of my institute Datta Meghe Institute of
Medical Sciences. I am also grateful for the insightful
comments offered by the anonymous peer reviewers at The
Open Dentistry Journal. The figures in the manuscript were
prepared using “Biorender” software.

REFERENCES

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Fehr AR, Channappanavar R, Perlman S. Middle East respiratory
syndrome [MERS]: Emergence of a pathogenic human Coronavirus.
Annu Rev Med 2017; 68: 387-99.
[http://dx.doi.org/10.1146/annurev-med-051215-031152]
27576010]

Lai C-C, Shih T-P, Ko W-C, Tang H-J, Hsueh P-R. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus
disease-2019 (COVID-19): The epidemic and the challenges. Int J
Antimicrob Agents 2020; 55(3): 105924.
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105924]
32081636]

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, ef al. A novel
coronavirus from patients with pneumonia in china N Engl J Med
2019. Available from:
https://www.nejm.org/doi/10.1056/NEJM0a2001017

Yin Y, Wunderink RG. MERS, SARS and other coronaviruses as
causes of pneumonia. Respirology 2018; 23(2): 130-7.
[http://dx.doi.org/10.1111/resp.13196] [PMID: 29052924]

WHO. SARS [Severe Acute Respiratory Syndrome] [cited 2020 May
8]. Available from: https://www.who.int/ith/diseases/sars/en/

WHO. Middle East respiratory syndrome coronavirus [MERS-CoV]
[cited 2020 May 8]. Available from:
http://www.who.int/emergencies/mers-cov/en/

COVID-19 situation update worldwide, as of 8 May 2020 2020. [cited
2020 May 8]. Available from:
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-c
ases

Zhang Y-Z, Holmes EC. A Genomic Perspective on the Origin and
Emergence of SARS-CoV-2. Cell 2020; 181(2): 223-7.
[http://dx.doi.org/10.1016/j.cell.2020.03.035] [PMID: 32220310]
Bosch BJ, van der Zee R, de Haan CAM, Rottier PJIM. The
coronavirus spike protein is a class I virus fusion protein: structural
and functional characterization of the fusion core complex. J Virol
2003; 77(16): 8801-11.
[http://dx.doi.org/10.1128/JVI.77.16.8801-8811.2003]
12885899]

Liu Z, Xiao X, Wei X, et al. Composition and divergence of
coronavirus spike proteins and host ACE2 receptors predict potential
intermediate hosts of SARS-CoV-2. J Med Virol 2020; 92(6):
595-601.

[http://dx.doi.org/10.1002/jmv.25726] [PMID: 32100877]

Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of the 2019-
nCoV spike in the prefusion conformation. Science 2020; 367(6483):
1260-3.

[http://dx.doi.org/10.1126/science.abb2507] [PMID: 32075877]
Sturman LS. 1. Structural proteins: effects of preparative conditions on
the migration of protein in polyacrylamide gels. Virology 1977; 77(2):
637-49.

[http://dx.doi.org/10.1016/0042-6822(77)90488-3] [PMID: 855186]
Armstrong J, Niemann H, Smeekens S, Rottier P, Warren G. Sequence
and topology of a model intracellular membrane protein, El
glycoprotein, from a coronavirus. Nature 1984; 308(5961): 751-2.
[http://dx.doi.org/10.1038/308751a0] [PMID: 6325918]

de Haan CAM, Kuo L, Masters PS, Vennema H, Rottier PJM.
Coronavirus particle assembly: Primary structure requirements of the
membrane protein. J Virol 1998; 72(8): 6838-50.
[http://dx.doi.org/10.1128/JV1.72.8.6838-6850.1998]
9658133]

Schoeman D, Fielding BC. Coronavirus envelope protein: Current
knowledge. Virol J 2019; 16(1): 69.
[http://dx.doi.org/10.1186/512985-019-1182-0] [PMID: 31133031]
Klumperman J, Locker JK, Meijer A, Horzinek MC, Geuze HJ, Rottier
PJ. Coronavirus M proteins accumulate in the Golgi complex beyond
the site of virion budding. J Virol 1994; 68(10): 6523-34.

[PMID:

[PMID:

[PMID:

[PMID:

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

The Open Dentistry Journal, 2021, Volume 15 293

[http://dx.doi.org/10.1128/JVI1.68.10.6523-6534.1994]
8083990]

Chang CK, Sue S-C, Yu TH, ef al. Modular organization of SARS
coronavirus nucleocapsid protein. J Biomed Sci 2006; 13(1): 59-72.
[http://dx.doi.org/10.1007/s11373-005-9035-9] [PMID: 16228284]

Cui L, Wang H, Ji Y, et al. The nucleocapsid protein of coronaviruses
acts as a viral suppressor of RNA silencing in mammalian cells. J
Virol 2015; 89(17): 9029-43.

[http://dx.doi.org/10.1128/JV1.01331-15] [PMID: 26085159]

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, er al. Genomic
characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding Lancet Lond Engl
2020; 395(10224): 565-74.
[http://dx.doi.org/10.1016/S0140-6736(20)30251-8]

Zhang T, Wu Q, Zhang Z. Probable pangolin origin of SARS-CoV-2
associated with the COVID-19 outbreak. Curr Biol 2020; 30(7):
1346-1351.¢2.

[http://dx.doi.org/10.1016/j.cub.2020.03.022] [PMID: 32197085]

Chan JF-W, Zhang AJ, Yuan S, Poon VK-M, Chan CC-S, Lee AC-Y,
et al. Simulation of the clinical and pathological manifestations of
Coronavirus Disease 2019 [COVID-19] in golden Syrian hamster
model: implications for disease pathogenesis and transmissibility. Clin
Infect Dis 2020 Nov 1; 71(9): 2428-46.

Masters PS. The molecular biology of coronaviruses. Adv Virus Res
2006; 66: 193-292.
[http://dx.doi.org/10.1016/S0065-3527(06)66005-3]
16877062]

Wege H, Miiller A, ter Meulen V. Genomic RNA of the murine
coronavirus JHM. J Gen Virol 1978; 41(2): 217-27.
[http://dx.doi.org/10.1099/0022-1317-41-2-217] [PMID: 214517]
Haveri A, Smura T, Kuivanen S, et al. Serological and molecular
findings during SARS-CoV-2 infection: the first case study in Finland,
January to February 2020. Euro Surveill 2020; 25(11): 25.
[http://dx.doi.org/10.2807/1560-7917.ES.2020.25.11.2000266]
[PMID: 32209163]

Cui J, Li F, Shi Z-L. Origin and evolution of pathogenic
coronaviruses. Nat Rev Microbiol 2019; 17(3): 181-92.
[http://dx.doi.org/10.1038/s41579-018-0118-9] [PMID: 30531947]
Thiel V, Ivanov KA, Putics A, Hertzig T, Schelle B, Bayer S, et al.
Mechanisms and enzymes involved in SARS coronavirus genome
expression. J Gen Virol 2003; 84(Pt 9): 2305-15.

Ziebuhr J, Snijder EJ, Gorbalenya AE. irus-encoded proteinases and
proteolytic processing in the Nidovirales. J Gen Virol 2000; 81(Pt 4):
853-79.

Cardenas-Conejo Y, Lifian-Rico A, Garcia-Rodriguez DA, Centeno-
Leija S, Serrano-Posada H. An exclusive 42 amino acid signature in
pplab protein provides insights into the evolutive history of the 2019
novel human-pathogenic coronavirus (SARS-CoV-2). J Med Virol
2020; 92(6): 688-92. [SARS-CoV-2].
[http://dx.doi.org/10.1002/jmv.25758] [PMID: 32167166]

Malik YS, Sircar S, Bhat S, ef al. Emerging novel coronavirus (2019-
nCoV)-current scenario, evolutionary perspective based on genome
analysis and recent developments. Vet Q 2020; 40(1): 68-76.
[http://dx.doi.org/10.1080/01652176.2020.1727993]
32036774]

Hussain S, Pan J, Chen Y, et al. Identification of novel subgenomic
RNAs and noncanonical transcription initiation signals of severe acute
respiratory syndrome coronavirus. J Virol 2005; 79(9): 5288-95.
[http://dx.doi.org/10.1128/JVI1.79.9.5288-5295.2005] [PMID:
15827143]

Liu DX, Fung TS, Chong KK, Shukla A, Hilgenfeld R. Accessory
proteins of SARS-CoV and other coronaviruses. Antiviral Res 2014;
109: 97-109.

[http://dx.doi.org/10.1016/j.antiviral.2014.06.013] [PMID: 24995382]
Narayanan K, Huang C, Makino S. SARS coronavirus accessory
proteins. Virus Res 2008; 133(1): 113-21.
[http://dx.doi.org/10.1016/j.virusres.2007.10.009] [PMID: 18045721]
Walls AC, Park Y-J, Tortorici MA, Wall A, McGuire AT, Veesler D.
Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell 2020. [cited 2020 Apr 3]; Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102599/

Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by
the novel coronavirus from wuhan: An analysis based on decade-long
structural studies of SARS coronavirus. J Virol 2020; 94(7) [cited
2020 Apr 14]; Available from:
https://jvi.asm.org/content/94/7/¢00127-20

Shulla A, Heald-Sargent T, Subramanya G, Zhao J, Perlman S,

[PMID:

[PMID:

[PMID:


http://dx.doi.org/10.1146/annurev-med-051215-031152
http://www.ncbi.nlm.nih.gov/pubmed/27576010
http://dx.doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32081636
https://www.nejm.org/doi/10.1056/NEJMoa2001017
http://dx.doi.org/10.1111/resp.13196
http://www.ncbi.nlm.nih.gov/pubmed/29052924
https://www.who.int/ith/diseases/sars/en/
http://www.who.int/emergencies/mers-cov/en/
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
http://dx.doi.org/10.1016/j.cell.2020.03.035
http://www.ncbi.nlm.nih.gov/pubmed/32220310
http://dx.doi.org/10.1128/JVI.77.16.8801-8811.2003
http://www.ncbi.nlm.nih.gov/pubmed/12885899
http://dx.doi.org/10.1002/jmv.25726
http://www.ncbi.nlm.nih.gov/pubmed/32100877
http://dx.doi.org/10.1126/science.abb2507
http://www.ncbi.nlm.nih.gov/pubmed/32075877
http://dx.doi.org/10.1016/0042-6822(77)90488-3
http://www.ncbi.nlm.nih.gov/pubmed/855186
http://dx.doi.org/10.1038/308751a0
http://www.ncbi.nlm.nih.gov/pubmed/6325918
http://dx.doi.org/10.1128/JVI.72.8.6838-6850.1998
http://www.ncbi.nlm.nih.gov/pubmed/9658133
http://dx.doi.org/10.1186/s12985-019-1182-0
http://www.ncbi.nlm.nih.gov/pubmed/31133031
http://dx.doi.org/10.1128/JVI.68.10.6523-6534.1994
http://www.ncbi.nlm.nih.gov/pubmed/8083990
http://dx.doi.org/10.1007/s11373-005-9035-9
http://www.ncbi.nlm.nih.gov/pubmed/16228284
http://dx.doi.org/10.1128/JVI.01331-15
http://www.ncbi.nlm.nih.gov/pubmed/26085159
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1016/j.cub.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32197085
http://dx.doi.org/10.1016/S0065-3527(06)66005-3
http://www.ncbi.nlm.nih.gov/pubmed/16877062
http://dx.doi.org/10.1099/0022-1317-41-2-217
http://www.ncbi.nlm.nih.gov/pubmed/214517
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.11.2000266
http://www.ncbi.nlm.nih.gov/pubmed/32209163
http://dx.doi.org/10.1038/s41579-018-0118-9
http://www.ncbi.nlm.nih.gov/pubmed/30531947
http://dx.doi.org/10.1002/jmv.25758
http://www.ncbi.nlm.nih.gov/pubmed/32167166
http://dx.doi.org/10.1080/01652176.2020.1727993
http://www.ncbi.nlm.nih.gov/pubmed/32036774
http://dx.doi.org/10.1128/JVI.79.9.5288-5295.2005
http://www.ncbi.nlm.nih.gov/pubmed/15827143
http://dx.doi.org/10.1016/j.antiviral.2014.06.013
http://www.ncbi.nlm.nih.gov/pubmed/24995382
http://dx.doi.org/10.1016/j.virusres.2007.10.009
http://www.ncbi.nlm.nih.gov/pubmed/18045721
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102599/
https://jvi.asm.org/content/94/7/e00127-20

294 The Open Dentistry Journal, 2021, Volume 15

[36]

[37]

[38]

(391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

(53]

Gallagher T. A transmembrane serine protease is linked to the severe
acute respiratory syndrome coronavirus receptor and activates virus
entry. J Virol 2011; 85(2): 873-82.
[http://dx.doi.org/10.1128/JV1.02062-10] [PMID: 21068237]

Millet JK, Whittaker GR. Host cell proteases: Critical determinants of
coronavirus tropism and pathogenesis. Virus Res 2015; 202: 120-34.
[http://dx.doi.org/10.1016/j.virusres.2014.11.021] [PMID: 25445340]
Coutard B, Valle C, de Lamballerie X, Canard B, Seidah NG, Decroly
E. The spike glycoprotein of the new coronavirus 2019-nCoV contains
a furin-like cleavage site absent in CoV of the same clade. Antiviral
Res 2020; 176: 104742.
[http://dx.doi.org/10.1016/j.antiviral.2020.104742] [PMID: 32057769]
Chen Y, Liu Q, Guo D. Emerging coronaviruses: Genome structure,
replication, and pathogenesis. ] Med Virol 2020; 92(4): 418-23.
[http://dx.doi.org/10.1002/jmv.25681] [PMID: 31967327]

Chan JF-W, Kok K-H, Zhu Z, et al. Genomic characterization of the
2019 novel human-pathogenic coronavirus isolated from a patient with
atypical pneumonia after visiting Wuhan. Emerg Microbes Infect
2020; 9(1): 221-36.
[http://dx.doi.org/10.1080/22221751.2020.1719902]
31987001]

Eckerle LD, Becker MM, Halpin RA, et al. Infidelity of SARS-CoV
Nspl4-exonuclease mutant virus replication is revealed by complete
genome sequencing. PLoS Pathog 2010; 6(5): e1000896.
[http://dx.doi.org/10.1371/journal.ppat.1000896] [PMID: 20463816]
Ogando NS, Ferron F, Decroly E, Canard B, Posthuma CC, Snijder EJ.
The Curious Case of the Nidovirus Exoribonuclease: Its Role in RNA
Synthesis and Replication Fidelity. Front Microbiol 2019; 10: 1813.
[http://dx.doi.org/10.3389/fmicb.2019.01813] [PMID: 31440227]

Law HKW, Cheung CY, Ng HY, ef al. Chemokine up-regulation in
SARS-coronavirus-infected, monocyte-derived human dendritic cells.
Blood 2005; 106(7): 2366-74.
[http://dx.doi.org/10.1182/blood-2004-10-4166] [PMID: 15860669]
Law HK, Cheung CY, Sia SF, Chan YO, Peiris JS, Lau YL. Toll-like
receptors, chemokine receptors and death receptor ligands responses in
SARS coronavirus infected human monocyte derived dendritic cells.
BMC Immunol 2009; 10(1): 35.
[http://dx.doi.org/10.1186/1471-2172-10-35] [PMID: 19505311]
Cheung CY, Poon LLM, Ng IHY, et al. Cytokine responses in severe
acute respiratory syndrome coronavirus-infected macrophages in vitro:
Possible relevance to pathogenesis. J Virol 2005; 79(12): 7819-26.
[http://dx.doi.org/10.1128/JVI1.79.12.7819-7826.2005] [PMID:
15919935]

Lau SKP, Lau CCY, Chan K-H, Li CPY, Chen H, Jin D-Y, et al.
Delayed induction of proinflammatory cytokines and suppression of
innate antiviral response by the novel Middle East respiratory
syndrome coronavirus: Implications for pathogenesis and treatment. J
Gen Virol 2013; 94(Pt 12): 2679-90.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China.
Lancet Lond Engl 2020; 395(10223): 497-506.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, ef al. Clinical and
immunologic features in severe and moderate Coronavirus Disease
2019. J Clin Invest 2020.

[http://dx.doi.org/10.1172/JC1137244]

Chen L, Liu HG, Liu W, ef al. Analysis of clinical features of 29
patients with 2019 novel coronavirus pneumonia. Zhonghua Jie He He
Hu Xi Za Zhi 2020; 43(3): 203-8.

[PMID: 32164089]

Lillicrap D. Disseminated intravascular coagulation in patients with
2019-nCoV pneumonia. J Thromb Haemost 2020; 18(4): 786-7.
[http://dx.doi.org/10.1111/jth.14781] [PMID: 32212240]

Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou GS,
Syrigos K. Thromboembolic risk and anticoagulant therapy in
COVID-19 patients: Emerging evidence and call for action. Br J
Haematol [cited 2020 Apr  20]; Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1111/bjh.16727

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost 2020; 18(4): 844-7.
[http://dx.doi.org/10.1111/jth.14768] [PMID: 32073213]

Yin S, Huang M, Li D, Tang N. Difference of coagulation features
between severe pneumonia induced by SARS-CoV2 and non-SARS-
CoV2. J Thromb Thrombolysis 2020.
[http://dx.doi.org/10.1007/s11239-020-02105-8] [PMID: 32246317]
Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation
of patients with SARS-CoV-2 infection. Clin Chem Lab Med 2020;

[PMID:

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Agrawal et al.

58(7): 1116-20.

[http://dx.doi.org/10.1515/cclm-2020-0188] [PMID: 32172226]

Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous
thromboembolism in patients with severe novel coronavirus
pneumonia. J Thromb Haemost JTH 2020.

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment
is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost JTH 2020.

LiR, Tian J, Yang F, et al. Clinical characteristics of 225 patients with
COVID-19 in a tertiary Hospital near Wuhan, China. J Clin Virol
2020; 127: 104363.

[http://dx.doi.org/10.1016/j.jcv.2020.104363] [PMID: 32298988]
Shoenfeld Y. Corona [COVID-19] time musings: Our involvement in
COVID-19 pathogenesis, diagnosis, treatment and vaccine planning.
Autoimmun Rev 2020. [cited 2020 Apr 25]; Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7131471/

Wenzhong L, Hualan L. COVID-19: Attacks the 1-Beta Chain of
Hemoglobin and Captures the Porphyrin to Inhibit Human Heme
Metabolism  2020. [cited 2020 Apr 20]; Available from:
https://chemrxiv.org/articles/COVID-19 Disease ORF8 and Surface
_Glycoprotein_Inhibit Heme_Metabolism_by_Binding_to_Porphyrin/
11938173

Zhou P, Yang X-L, Wang X-G, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020;
579(7798): 270-3.

[http://dx.doi.org/10.1038/541586-020-2012-7] [PMID: 32015507]
Kumar S, Maurya VK, Prasad AK, Bhatt MLB, Saxena SK. Structural,
glycosylation and antigenic variation between 2019 novel coronavirus
(2019-nCoV) and SARS coronavirus (SARS-CoV). Virusdisease
2020; 31(1): 13-21.

[http://dx.doi.org/10.1007/s13337-020-00571-5] [PMID: 32206694]
Paraskevis D, Kostaki EG, Magiorkinis G, Panayiotakopoulos G,
Sourvinos G, Tsiodras S. Full-genome evolutionary analysis of the
novel corona virus (2019-nCoV) rejects the hypothesis of emergence
as a result of a recent recombination event. Infect Genet Evol 2020;
79:104212.

[http://dx.doi.org/10.1016/j.meegid.2020.104212] [PMID: 32004758]
Sabir JSM, Lam TT-Y, Ahmed MMM, et al. Co-circulation of three
camel coronavirus species and recombination of MERS-CoVs in Saudi
Arabia. Science 2016; 351(6268): 81-4.
[http://dx.doi.org/10.1126/science.aac8608] [PMID: 26678874]

Zhang C-Z, Cheng X-Q, Li J-Y, et al. Saliva in the diagnosis of
diseases. Int J Oral Sci 2016; 8(3): 133-7.
[http://dx.doi.org/10.1038/ijos.2016.38] [PMID: 27585820]

Dawes C, Wong DTW. Role of Saliva and Salivary Diagnostics in the
Advancement of Oral Health. J Dent Res 2019; 98(2): 133-41.
[http://dx.doi.org/10.1177/0022034518816961] [PMID: 30782091]
Miller CS, Foley JD, Bailey AL, et al. Current developments in
salivary diagnostics. Biomarkers Med 2010; 4(1): 171-89.
[http://dx.doi.org/10.2217/bmm.09.68] [PMID: 20387312]

Niedrig M, Patel P, E1 Wahed AA, Schidler R, Yactayo S. Find the
right sample: A study on the versatility of saliva and urine samples for
the diagnosis of emerging viruses. BMC Infect Dis 2018; 18(1): 707.
[http://dx.doi.org/10.1186/s12879-018-3611-x] [PMID: 30594124]
Hamid H, Khurshid Z, Adanir N, Zafar MS, Zohaib S. COVID-19
Pandemic and Role of Human Saliva as a Testing Biofluid in Point-of-
Care Technology. Eur J Dent 2020.

[PMID: 32492721]

To KK-W, Tsang OT-Y, Yip CC-Y, Chan K-H, Wu T-C, Chan JM-C,
et al. Consistent Detection of 2019 Novel Coronavirus in Saliva. Clin
Infect Dis Off Publ Infect Dis Soc Am 2020; 71(15): 841-3.

To KK-W, Tsang OT-Y, Leung W-S, et al. Temporal profiles of viral
load in posterior oropharyngeal saliva samples and serum antibody
responses during infection by SARS-CoV-2: an observational cohort
study. Lancet Infect Dis 2020; 20(5): 565-74.
[http://dx.doi.org/10.1016/S1473-3099(20)30196-1]
32213337]

Khurshid Z, Moin SF, Khan RS, Agwan MAS, Alwadaani AH, Zafar
MS. Human salivary protein extraction from RNAPro-SAL™,
Pure-SAL™, and passive drooling method. Eur J Dent 2017; 11(3):
385-9.

[http://dx.doi.org/10.4103/ejd.ejd_183_17] [PMID: 28932152]
Pasomsub E, Watcharananan SP, Boonyawat K, Janchompoo P,
Wongtabtim G, Suksuwan W, ef al. Saliva sample as a non-invasive
specimen for the diagnosis of coronavirus disease 2019. Available
from:
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743

[PMID:


http://dx.doi.org/10.1128/JVI.02062-10
http://www.ncbi.nlm.nih.gov/pubmed/21068237
http://dx.doi.org/10.1016/j.virusres.2014.11.021
http://www.ncbi.nlm.nih.gov/pubmed/25445340
http://dx.doi.org/10.1016/j.antiviral.2020.104742
http://www.ncbi.nlm.nih.gov/pubmed/32057769
http://dx.doi.org/10.1002/jmv.25681
http://www.ncbi.nlm.nih.gov/pubmed/31967327
http://dx.doi.org/10.1080/22221751.2020.1719902
http://www.ncbi.nlm.nih.gov/pubmed/31987001
http://dx.doi.org/10.1371/journal.ppat.1000896
http://www.ncbi.nlm.nih.gov/pubmed/20463816
http://dx.doi.org/10.3389/fmicb.2019.01813
http://www.ncbi.nlm.nih.gov/pubmed/31440227
http://dx.doi.org/10.1182/blood-2004-10-4166
http://www.ncbi.nlm.nih.gov/pubmed/15860669
http://dx.doi.org/10.1186/1471-2172-10-35
http://www.ncbi.nlm.nih.gov/pubmed/19505311
http://dx.doi.org/10.1128/JVI.79.12.7819-7826.2005
http://www.ncbi.nlm.nih.gov/pubmed/15919935
http://dx.doi.org/10.1172/JCI137244
http://www.ncbi.nlm.nih.gov/pubmed/32164089
http://dx.doi.org/10.1111/jth.14781
http://www.ncbi.nlm.nih.gov/pubmed/32212240
https://onlinelibrary.wiley.com/doi/abs/10.1111/bjh.16727
http://dx.doi.org/10.1111/jth.14768
http://www.ncbi.nlm.nih.gov/pubmed/32073213
http://dx.doi.org/10.1007/s11239-020-02105-8
http://www.ncbi.nlm.nih.gov/pubmed/32246317
http://dx.doi.org/10.1515/cclm-2020-0188
http://www.ncbi.nlm.nih.gov/pubmed/32172226
http://dx.doi.org/10.1016/j.jcv.2020.104363
http://www.ncbi.nlm.nih.gov/pubmed/32298988
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7131471/
https://chemrxiv.org/articles/COVID-19_Disease_ORF8_and_Surface_Glycoprotein_Inhibit_Heme_Metabolism_by_Binding_to_Porphyrin/11938173
https://chemrxiv.org/articles/COVID-19_Disease_ORF8_and_Surface_Glycoprotein_Inhibit_Heme_Metabolism_by_Binding_to_Porphyrin/11938173
https://chemrxiv.org/articles/COVID-19_Disease_ORF8_and_Surface_Glycoprotein_Inhibit_Heme_Metabolism_by_Binding_to_Porphyrin/11938173
http://dx.doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://dx.doi.org/10.1007/s13337-020-00571-5
http://www.ncbi.nlm.nih.gov/pubmed/32206694
http://dx.doi.org/10.1016/j.meegid.2020.104212
http://www.ncbi.nlm.nih.gov/pubmed/32004758
http://dx.doi.org/10.1126/science.aac8608
http://www.ncbi.nlm.nih.gov/pubmed/26678874
http://dx.doi.org/10.1038/ijos.2016.38
http://www.ncbi.nlm.nih.gov/pubmed/27585820
http://dx.doi.org/10.1177/0022034518816961
http://www.ncbi.nlm.nih.gov/pubmed/30782091
http://dx.doi.org/10.2217/bmm.09.68
http://www.ncbi.nlm.nih.gov/pubmed/20387312
http://dx.doi.org/10.1186/s12879-018-3611-x
http://www.ncbi.nlm.nih.gov/pubmed/30594124
http://www.ncbi.nlm.nih.gov/pubmed/32492721
http://dx.doi.org/10.1016/S1473-3099(20)30196-1
http://www.ncbi.nlm.nih.gov/pubmed/32213337
http://dx.doi.org/10.4103/ejd.ejd_183_17
http://www.ncbi.nlm.nih.gov/pubmed/28932152
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X%5B20%5D30278-0/abstract

Severe Acute Respiratory Coronavirus-2

[72]

(73]

[74]

(751

[76]

X[20]30278-0/abstract

Wang W, Xu Y, Gao R, ef al. Detection of SARS-CoV-2 in Different
Types of Clinical Specimens. JAMA 2020; 323(18): 1843-4.
[http://dx.doi.org/10.1001/jama.2020.3786] [PMID: 32159775]

Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr HW.
Treatment of SARS with human interferons. Lancet 2003; 362(9380):
293-4.
[http://dx.doi.org/10.1016/S0140-6736(03)13973-6]
12892961]

Colson P, Rolain J-M, Raoult D. Chloroquine for the 2019 novel
coronavirus SARS-CoV-2. Int J Antimicrob Agents 2020; 55(3):
105923.
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105923]
32070753]

Devaux CA, Rolain J-M, Colson P, Raoult D. New insights on the
antiviral effects of chloroquine against coronavirus: what to expect for
COVID-19? Int J Antimicrob Agents 2020; 55(5): 105938.
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105938]
32171740]

Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-
nCoV) in vitro. Cell Res 2020; 30(3): 269-71.
[http://dx.doi.org/10.1038/s41422-020-0282-0] [PMID: 32020029]

[PMID:

[PMID:

[PMID:

(771

[78]

[79]

[80]

[81]

[82]

The Open Dentistry Journal, 2021, Volume 15 295

Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effectiveness of
convalescent plasma therapy in severe COVID-19 patients. Proc Natl
Acad Sci 2020. [cited 2020 Apr 25]; Available from:
https://www.pnas.org/content/early/2020/04/02/2004168117

Roback JD, Guarner J. Convalescent plasma to treat COVID-19:
Possibilities and challenges. JAMA 2020. [cited 2020 Apr 25];
Available from:
https://jamanetwork.com/journals/jama/fullarticle/2763982

Chen L, Xiong J, Bao L, Shi Y. Convalescent plasma as a potential
therapy for COVID-19. Lancet Infect Dis 2020; 20(4): 398-400.
[http://dx.doi.org/10.1016/S1473-3099(20)30141-9] [PMID:
32113510]

Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in
COVID-19: A single center experience. J Med Virol 2020; 92(7):
814-8.

[http://dx.doi.org/10.1002/jmv.25801] [PMID: 32253759]

Zhao M. Cytokine storm and immunomodulatory therapy in
COVID-19: role of chloroquine and anti-IL-6 monoclonal antibodies.
Int J Antimicrob Agents 2020. [cited 2020 Apr 25]; Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7161506/

Valitutto MT, Aung O, Tun KYN, er al. Detection of novel
coronaviruses in bats in Myanmar. PLoS One 2020; 15(4): ¢0230802.
[http://dx.doi.org/10.1371/journal.pone.0230802] [PMID: 32271768]

© 2021 The Author(s). Published by Bentham Open.

(OMON

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X%5B20%5D30278-0/abstract
http://dx.doi.org/10.1001/jama.2020.3786
http://www.ncbi.nlm.nih.gov/pubmed/32159775
http://dx.doi.org/10.1016/S0140-6736(03)13973-6
http://www.ncbi.nlm.nih.gov/pubmed/12892961
http://dx.doi.org/10.1016/j.ijantimicag.2020.105923
http://www.ncbi.nlm.nih.gov/pubmed/32070753
http://dx.doi.org/10.1016/j.ijantimicag.2020.105938
http://www.ncbi.nlm.nih.gov/pubmed/32171740
http://dx.doi.org/10.1038/s41422-020-0282-0
http://www.ncbi.nlm.nih.gov/pubmed/32020029
https://www.pnas.org/content/early/2020/04/02/2004168117
https://jamanetwork.com/journals/jama/fullarticle/2763982
http://dx.doi.org/10.1016/S1473-3099(20)30141-9
http://www.ncbi.nlm.nih.gov/pubmed/32113510
http://dx.doi.org/10.1002/jmv.25801
http://www.ncbi.nlm.nih.gov/pubmed/32253759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7161506/
http://dx.doi.org/10.1371/journal.pone.0230802
http://www.ncbi.nlm.nih.gov/pubmed/32271768
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode

	Severe Acute Respiratory Coronavirus-2: A Critical Review of Virus Biology, Genome and Pathophysiology 
	1. BACKGROUND
	2. VIRUS MORPHOLOGY
	2.1. Genomic Organisation of SARS-CoV-2

	3. LIFE CYCLE OF SARS-CoV-2
	3.1. Receptor Recognition Mechanism and Virus Entry
	3.2. Replication
	3.3. Release

	4. IMMUNOPATHOGENESIS MECHANISM OF SARS-CoV-2
	5. GENOMIC DIVERSITY OF SARS-CoV-2
	6. SALIVA: A DIAGNOSTIC WINDOW TO COVID-19
	7. THERAPEUTIC MODALITIES AGAINST SARS-CoV-2
	CONCLUSION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




