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SARS-CoV-2, SARS and MERS: Three formidable
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Summary

The recent continuously emerging rampancy of novel coronavirus (SARS-CoV-2) that started in
Wuhan in late December 2019 has become an international public health emergency and is still
spreading rapidly in the world. Up to October 11, 2020, 37.109.6851 confirmed cases of COVID-19
have been announced with 2.8 percent death, which means 1.070.355 confirmed death cases.
At the moment, a specific vaccine or drug for the new coronavirus is not available; thus, the
development of a drug with far-reaching HCoV inhibitory activity is an urgent medical need.
It is, however, vital to first comprehend the nature of this family and other coronaviruses that
have caused the outbreak. Here, we relate the epidemiological and virological characteristics
of the COVID-19, SARS, and MERS ramparcy.
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ACE-2 - angiotensin-converting enzyme-2, ALl — acute lung injury, ARDS - acute respiratory
distress syndrome, CoVs — Coronavirus, DPP4 - dipeptidyl 4, MERS - Middle East respiratory
syndrome, RBD - Receptor binding domain, RBM - receptor-binding motif, SARS - severe acute
respiratory syndrome.

SARS-CoV-2 by the WHO, and the disease was designated

COVID-19, which stands for coronavirus disease 2019 [19].

In the last two decades, new coronaviruses have emerged
globally. For instance, severe acute respiratory syndrome
(SARS-CoV) in 2002 and the Middle East respiratory syn-
drome (MERS) in 2012 were both devastating new human
coronaviruses (HCoVs), which that greatly affect the res-
piratory tract. Recently, the unprecedented emergence of
HCoV has caused unexplained pneumonia in Wuhan, Hubei
province, China. In Feb. 2020, the virus was officially called

This review emphasizes the pandemic and epidemic poten-
tial of the emerging coronaviruses and discusses the cur-
rent state of knowledge on the biology, genome and protein
characteristics, animal reservoirs, the pathogenesis of
SARS-CoV-2 and tries to furnish a reference for drug devel-
opment based on the researcher’s current knowledge of
SARS-CoV, MERS-CoV.
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Fig. 1. History of SARS-CoV (a), MERS-CoV (b), and COVID-19 epidemic consequence

HISTORY

In November 2002, the first case of severe acute respira-
tory syndrome (SARS) erupted in Foshan, China. In March
2003, clusters of atypical pneumonia were reported in sev-
eral countries [32, 34, 46], and soon after, SARS crossed 26
countries, causing 8,096 reported cases and 774 deaths
(9.6%) [13, 34, 46]. The World Health Organization (WHO)
appointed a network of labs to characterize the disease’s
causative agent. In March 2003, global efforts led to the
identification of a novel CoV, SARS coronavirus (SARS-
-CoV). The outbreak was partly controlled using quaran-
tining, and the disease was finally controlled in June 2003.
Some SARS-CoV-like viruses were discovered in bats, which
presented as being able to contaminate human cells with-
out former coincidence, which indicated that SARS could
reappear [16].

Ten years later, in June 2012, a man with acute pneumo-
nia and renal failure died in Saudi Arabia. A novel coronavi-
rus, named Middle East respiratory syndrome coronavirus
(MERS-CoV), was isolated from his sputum [9]. After that,
some cases of MERS were diagnosed in Jordan, the UK, and

outside the Arabian Peninsula [10, 58]. In 2015, MERS-CoV/
spread across 15 countries, starting the second pandemic
in South Korea. In November 2019, the WHO reported 2.494
laboratory-confirmed cases of MERS-CoV infection, includ-
ing 858 deaths (35%) in 27 countries (www.who.int/emer-
gencies/mers-cov/en/).

In late December 2019, a group of patients with unknown
pneumonia were reported in Wuhan, Hubei Province,
China [59]. A novel CoV was isolated from the epithe-
lial cells of the respiratory tract of a patient. The Wuhan
Municipal Health Commission at the end of December 2019
reported the new outbreak of viral pneumonia with an idi-
opathic pathogen in Wuhan, China, in four employees of
South China Seafood Wholesale Market [53].

Today, the number of infected people with this virus around
the world is increasing, which requires more attention and
work [20]. By 11 October 2020, 37.109.851 confirmed cases
and 1.070.355 (2.8%) deaths were reported from more than
200 countries worldwide. The overall perspective of SARS,
MERS, and SARS-CoV-2 epidemic development is presented
in Fig. la-c,sequentially.
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CLASSIFICATION

Coronaviruses (CoVs) are enveloped positive-stranded
RNA viruses that are generally distributed among humans,
other mammals, and birds, causing acute and persistent
infections. Coronaviruses are the largest group among
the Nidovirales. From the four identified genera (Alpha-,
Beta-, Gamma-, and Delta), human coronaviruses (HCoVs)
were classified in alpha- (HCoV-229E and NL63) and beta-
(SARS-CoV, HCoV-0C43, HCoV-HKU1, and MERS-CoV)
coronavirus genera [16]. People around the world are fre-
quently confronted and infected in their life with four
HCoVs (0C43, HKU1, NL43, 229E), which typically leads to
an upper respiratory tract infection manifested by typical
cold symptoms [24]. The most harmful CoVs, such as severe
acute respiratory syndrome (SARS-CoV) in 2002, Middle
East respiratory syndrome (MERS) in 2012, and these new
SARS-CoV-2, transmit from animals to humans and spread
further from human to human [19]. Although generally
associated with mild, upper respiratory tract infections,
the currently existing human CoVs can also cause lower
respiratory infections and have the most severe complica-
tions in the young, elderly, and immunocompromised indi-
viduals. This novel CoV, SARS-CoV-2, belongs to the beta
coronavirus genus based on phylogenetic clustering [57].

GENOME ORGANIZATION

The coronavirus has the largest genome among RNA
viruses, including RNA viruses that have segmented
genomes. The genome sizes SARS-CoV, MERS-CoV, and
SARS-CoV-2, are 27.9,30.1 kb, and 29.9 kb, respectively. Like-
wise, all viruses in the order Nidovirales, SARS-CoV, MERS--
CoV and SARS-CoV-2 have a singular coding scheme: viral
genomic RNA translates to two large polyproteins (ppla
and pp1lab that nonstructural code proteins), and the rest
of the viral genome is transcribed into subgenomic mRNA
from transcribed negative-sense RNA [42, 43]. SARS- and
MERS-CoV transcribe 12 and 9 subgenomic RNAs, respec-
tively. Coronaviruses contain a set of four major structural
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proteins: the spike (S), envelope (E), membrane (M) pro-
teins, which are located in the envelope, and nucleocapsid
(N), found in the ribonucleoprotein helical core. Also, sev-
eral accessory proteins that are not involved in viral repli-
cation but interfere with the host innate immune response
or with unknown or poorly understood function are pro-
duced in infected cells [15] (Fig. 2). The genome compari-
son between SARS-CoV and SARS-CoV-2 demonstrates that
they have more than 85% similarity in their genomes at the
level of nucleotides. There are six regions of difference (RD)
between the SARS-CoV and SARS-CoV-2 genome, and three
of them (RD1, RD2, RD3) code partial sequence of ORFlab
gene, two of RDs (RD4, RD5) are partial coding sequence of
the spike genome. Also, RD6 is part of ORFs 7b and 8. These
are probably new targets to help us develop new drugs
against SARS-CoV-2 [62]. Phylogenetic analysis showed
that SARS-CoV-2 exhibited about 50% of the sequence
of MERS-CoV. Therefore, this virus is closer to SARS-CoV
strains than to MERS-CoV [39].

RESERVOIRS AND TRANSMISSION

SARS-CoV, MERS-CoV, and SARS-CoV-2 most probably have
a zoonotic origin. Sequence analysis has revealed that bats
are the potential animal reservoirs [42]. The SARS-CoV out-
break demonstrated that the ability of CoVs to cross spe-
cies, as the virus, naturally a bat virus, was able to infect
humans and small mammals such as Himalayan palm
civets (Paguma larvata), raccoon dogs (Nyctereutes procyo-
noides), and a Chinese ferret badger (Melogale moschata) in
the Guangdong Province [21]. The search for the source
of MERS-CoV was initially focused on bats. The serologi-
cal investigation by the Food and Agriculture Organization
in 2011 declared that the primary causes of MERS-CoV in
Jordan, Saudi Arabia, and the United Arab Emirates might
be the meat and milk of cows, goats, sheep, and dromedary
camels [24, 47, 49]. Full genomic sequence analysis from
the Shanghai Public Health Clinical Center argued for a bat
origin for the SARS-CoV-2. By investigating the virome
composition of pangolin, multiple ancestors of pangolin
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Fig. 2. Genomic comparison among SARS-CoV, MERS-CoV, and SARS-CoV-2. A schematic of the complete genome of SARS-CoV-2 (a), SARS-CoV (b), and MERS-CoV (c)

are shown
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coronavirus have been discovered, and their similarity
to SARS-CoV-2 suggests that pangolins should be consid-
ered as possible hosts in the emergence of novel coronavi-
ruses and should be removed from wet markets to prevent
zoonotic transmission [62]. Furthermore, vertical transmis-
sion of SARS-CoV-2 is possible and increasingly reported
[64]. In addition to the ability to cross species, CoVs read-
ily undergo recombination. This potential has raised con-
cerns about the use of live attenuated coronavirus vaccines
and the likelihood of an emerging virus via contact with
infected animals in wet markets.

ENTRY AND UNCOATING

The entry of virions into cells results from the fusion of
viral and cellular membranes [17].

Coronaviruses use S (spike) glycoprotein to bind to the
host cell receptor. The known receptor for SARS-CoV is
angiotensin-converting enzyme-2 (ACE2). Furthermore,
an alternative receptor, CD209L, with lower affinity, is con-
sidered. ACE2 is broadly expressed in the respiratory tract
and on alveolar epithelial cells, tracheae, bronchi, bronchi
serosa glands, alveolar monocytes, and macrophages [43].
The receptor role of ACE2 seems to be independent of its
enzymatic activity. An analysis of the SARS-CoV recep-
tor-binding domain (RDB)-ACE2 interface demonstrated
a mutation of only two key RBD residues, which was suffi-
cient to cross the species barrier [16]. Spike receptor bind-
ing domain (RBD) of SARS-CoV-2 accurately identifies the
ACE2 receptor of the host. The structure of RBD demon-
strates that the SARS-CoV-2 RBD domain contains a core-
like structure and one receptor-binding motif (RBM). RBM
attaches to the outer paw-like structure of the ACE2 recep-
tor. Furthermore, such specific amino acids in some posi-
tions enhanced the affinity of SARS-CoV-2 spike protein to
human ACE2 [15].

The S proteins of many CoVs are uncleaved in mature viri-
ons and require a cellular protease at the entry step to sep-
arate the receptor binding (S1) from the fusion domain (52)
of the spike. SARS-CoV can use the endosomal cysteine
proteases cathepsin B and L (CatB/L) for S protein prim-
ing. Alternatively, cell-bound SARS-CoV can be activated by
TMPRSS2. This transmembrane serine protease, which is
expressed in pneumocytes, co-localizes with and binds to
ACE-2. This route of activation greatly enhances the infec-
tivity of SARS-CoV and allows the virus to enter from the
cell surface. A more recent study demonstrated that SARS-
-CoV-2 uses TMPRSS2 for priming. TMPRSS2 inhibitors
might be considered a treatment option. The S1 domain is
hugely variable. By contrast, the S2 domain is highly con-
served [8]. This spike stalk in SARS-CoV-2 is highly con-
served and shares 99% identity with bats SARS-like CoVs
and SARS-CoV [9]. Thus, broad-spectrum antiviral pep-
tides against S2 has treatment potency [30]. The coronavi-
rus S protein is a class I viral fusion protein with domains
functionally similar to other viral fusion proteins such as
the influenza virus, HIV, and Ebola virus. Like those other
viral fusion proteins, the CoVs S2 domain contains two

separated heptad repeats, HR1 and HR2, with a fusion pep-
tide upstream HR1 and the transmembrane area immedi-
ately downstream of HR2. Soon after priming, the two HR1
and HR2 are brought together to form a six-helix bundle.
The outcome is sufficient to allow fusion of the virus enve-
lope with cellular membranes. Therefore, it is rational to
consider HR1 also to be the right candidate for the develop-
ment of fusion inhibitors against highly pathogenic HCoVs.
Enfuvirtide is a synthetic peptide of 36 amino acids that
mimics an HR2 fragment of HIV fusion protein, gp41. Its
binding to the HR1 region blocks the formation of the six-
helix bundle structure, which is critical for the fusion pro-
cess [5]. Such approved and available fusion inhibitor drugs
might be considered in the treatment of COVID-19. The
MERS-CoV'’s primary receptor is DPP4 (dipeptidyl 4, also
known as CD26) that is broadly expressed in epithelial cells
of the kidney, intestine, liver, alveoli, prostate, and acti-
vated leukocytes. Therefore, MERS-CoV could infect multi-
human cell lines, including the lower respiratory tract,
kidney, intestine, histocytes, and liver cells. Tissue tropism
in MERS is broader than in other coronaviruses. Also, it can
cause high lethal acute pneumonia and kidney dysfunction
[48]. DPP4 receptor MERS-CoV receptor is proved not to be
a receptor of SARS-CoV-2 [27].

PATHOGENESIS AND PATHOLOGY MECHANISM

Human-to-human transmission of SARS-CoV, MERS-CoV,
and SARS-CoV-2 occurred through the nosocomial trans-
mission. Effectual human-to-human includes multiple
transmission routes, such as secretions from respiratory
tracts, direct and indirect contact. About 43.5% to 100%
of MERS-CoV cases in individual outbreaks are correlated
with hospital and are very similar to some clusters of SARS-
-CoV. Transfer among family members occurred 13-21%
and 2-39% of MERS-CoV and SARS-CoV cases, respectively
[30]. Moreover, so far, respiratory droplets are the most sig-
nificant route of transmission in the new emerging coro-
navirus. There are some routes that are still not confirmed
but must also be noticed; the fecal-oral path is one that
must be considered and later will be confirmed with the
detection of SARS-CoV-2 nucleic acids in the stool samples
of pneumonia patients with abdominal symptoms [67].
Another one is transmission via the ocular surface, which
could be contaminated easily with droplets and secretions
that contain the virus [38].

HUMAN CORONAVIRUS INFECTIONS

All three CoVs cause the most severe disease of any human
CoV [37]. The virus infects upper and alveolar epithelial
cells, resulting in mild to severe lung injury [15]. SARS-
-CoVs are also detected in the kidney, liver, small intes-
tine, and in the stool. Although the lung is recognized
as the most severely affected organ, the exact mecha-
nism of lung injury is controversial. The spike protein (S)
may contribute to the severity of the disease. The S pro-
tein facilitates the entrance of CoVs into the host cell via
primary attachment to the ACE2 and virus infusion with
the host membrane. Following attachment, the S protein
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Fig. 3. Distribution of SARS-CoV-2 in the world

downregulates ACE2, and this may exacerbate the disease
during SARS--CoV [69]. Cells in the upper respiratory air-
way are initially infected, resulting in little epithelial cell
damage. However, the virus rapidly spreads to the alveoli,
causing diffuse alveolar damage.

Overtime, alveolar damage has progressed, resulting in
acute lung injury (ALI) and acute respiratory distress syn-
drome (ARDS). ARDS is the a joint immunopathological
event for SARS-CoV-2, SARS-CoV, and MERS-CoV infec-
tions [63]. ARDS is the leading cause of death in COVID-19
patients. There are two-phased immune responses (innate
and adaptive immune response) inferred by SARS-CoV-2
infection during the incubation and non-severe phases. As
mentioned, the entrance of the virus occurs with the inter-
action of ACE2 and toll-like receptor 7 (TLR7), and then
TLR?7 activation leads to the production of an interleukin
cascade such as alpha-interferon, TNF-alpha, IL12, and IL6,
which lead to the formation of CD8+-specific cytotoxic T
cells and, via the CD4+ T helper cell, lead to the produc-
tion of B-cells and antibody. Specific adaptive immunity is
needed to remove the virus and to prevent the disease from
developing to severe stages. Hence, strategies to enhance
immune responses (anti-sera or pegylated IFN-a) at this
phase are undoubtedly important [50, 63]. When the body
cannot produce enough adaptive immune response against
the virus, unremitting innate-inferred inflammation could
result in a cytokine storm [1, 18]. One of ARDS’s primary
mechanisms is the cytokine storm, the deadly uncontrolled
systemic inflammatory response [28]. The cytokine storm
will trigger a violent attack by the immune system to the
body, cause ARDS and multiple organ failure, and finally
lead to death in severe cases of SARS-CoV-2 infection,
which is exactly what occurs in SARS-CoV and MERS-CoV
infection [63].

MERS-CoV infection in humans, the primary receptor, is
amulti-functional cell surface protein, which is DPP4 or the
same CD26, broadly expressed in the epithelial cells of the
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kidney, intestine, liver, alveoli, prostate, and activated leu-
kocytes. Therefore, MERS-CoV could infect multi-human
cell lines, including the lower respiratory tract, kidney,
intestine, histocytes, and liver cells. Tissue tropism in MERS
is broader than in other coronaviruses. Also, it can cause
high lethal acute pneumonia and kidney dysfunction. DPP4
receptor for MERS-CoV entrance highly expressed in the
kidney and, for this reason, results in kidney dysfunctional
either by hypoxia damage or epithelial infecting [48, 54].

CLINICAL FEATURES

The average age and man to woman ratio for SARS-CoV
infection were 39.9 (1-91 years) and 1:1.3, respectively [2].
SARS-CoV has caused more disease in the healthcare set-
ting [46], has the incubation time is 4.6 days, and it has
a case fatality ratio (CFR) about 11% [3, 34]. The primary
clinical manifestation of SARS-CoV was fever (100%), cough
(61.8%), myalgia (48.7%), dyspnea (40.8%), and diarrhea
(31.6%) [55]. The average age in MERS-CoV infection was 56
(14-94), but with higher mortality than in SARS-CoV due to
the infection severity and the extreme need for mechani-
cal ventilators. Generally, 35% of patients with MERS died.
The clinical manifestations of MERS-CoV infection dif-
fer from asymptomatic infections to severe pneumonia;
MERS patients present after an incubation period of 2 to 14
days with fever, chills, myalgia, cough, and dyspnea. Some
patients have gastrointestinal symptoms such as nausea,
vomiting, and diarrhea. Fever may be absent in up to 15%
of hospitalized cases [31, 65]. The exact incubation period
for COVID-19 is not known., It is presumed to be between
2 to 14 days after exposure, with most cases occurring
within three to five days after exposure [21]. It is estimated
that the case fatality rate in COVID-19 is 2.4%. As put for-
ward by Tindale et al., Zhanwei Du et al., and H. Nishiura
et al., the serial interval for COVID-19 is estimated at about
four days, with approximately 40 to 80% of transmission
occurring two to four days before the onset of symptoms
in infected patients, which is dramatically lower than in
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Table 1. Comparison among SARS-CoV, MERS-CoV and SARS-CoV-2 in respect to their virology, epidemiology, and clinical manifestation

MERS-CoV SARS-CoV SARS-CoV-2
. Betacoronavirus Betacoronavirus Betacoronavirus
Virology i ’ .
lineage 2C lineage 2B lineage B
Receptor hDPP4 ACE2 Angiotensin-converting enzyme 2 (ACE2)
Genome Size 30.1kb 27.9kb 29.9kb
. . Evolutionary origin: horseshoe bats
Evolutionary origin: bats ) . i -
) Intermediate host: palm civets, Evolutionary origin: horseshoe bat
Source Intermediate host: Not yet confirmed A ) )
) ) . raccoon dogs, and Chinese ferret Intermediate host: Pangolin, cats
camel is the likely host Limited
badger
. Human-to-human transmission
Zoonotic, human to human L . ) .
L ) ) Human to human transmission is respiratory droplets is the major
S transmission, the disease is mostly . L
Epidemiology L . well-recognized, affected many route of transmission, fecal-oral route
localized in the Middle East, Eastern ) A .
. ) countries of transmission is considered but
Africa, and Northern Africa ) -
unconfirmed, Vertical transmission
Respiratory failure More common Less common More common

Travel association Limited travel-associated exposure

Recognized travel-associated

Recognized travel-associated exposure

exposure
Incubation period 0-16 days 2-8 days 4-8 days
Male to Female Ratio 331 113 2.7:1

Unpredictable and erratic clinical
course ranging from asymptomatic
iliness to severe pneumonia

(linical presentation

Atypical biphasic clinical course

Fever, dry cough, and shortness of breath,
and most patients (80%) experienced mild
illness.

Leukopenia (42.6%),
thrombocytopenia (46.6%),
and elevation of aspartate
aminotransferase (42.7%)

Laboratory Features

Lymphopenia, features of low

grade disseminated intravascular
coagulation (thrombocytopenia,
prolonged activated partial
thromboplastin time, elevated
D-Dimer), elevated alanine
transaminases (ALT), lactate
dehydrogenase (LDH) and creatinine

Higher levels of aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), lactate dehydro-
genase (LDH), y-glutamyl transpeptidase
(y-GT) and a-hydroxybutyric
dehydrogenase (a-HBDH)

kinase (CPK)

SARS-CoV and MERS-CoV 40, [40, 53]. Pre-symptomatic trans-
missions have occurred more than symptomatic ones, because
the serial interval is shorter than the incubation period. A sig-
nificant ratio of secondary transmission occurred before the
disease inception, which indicates that many contagious
influences cannot be prevented only by the isolation of symp-
tomatic cases. They may have already become infectious
themselves and produced secondary cases [35].

SARS-CoV-2 spreads more rapidly than SARS and MERS.
The basic reproduction number (RO) is a sign of a virus’s
transmissibility, demonstrating the average number of new
infections begotten. RO estimates for SARS and MERS-CoV
of approximately 3 and <1 have been reported respectively,
within the range of the mean R0 for COVID-19 which is the
reason that COVID-19 is already more widespread than
SARS-CoV and MERS-CoV, indicating it may be more trans-
missible [36]. Also, the lag between the entrance of the virus
until the onset of the disease is broader than other infections
in this family virus [50]. COVID-19 has similarities with SARS
patients, but the principal manifestation of this disease are
fever, fatigue, and dry cough [10] (Fig. 3 and Table 1).

DIAGNOSIS

The laboratory diagnostic tests and imaging modality
are used to detect COVID-19. The laboratory diagnostic
tests are divided into molecular assays for the detection
of SARS-CoV-2 viral RNA, which use polymerase chain
reaction (PCR)-based techniques or nucleic acid hybridi-
zation-related methods, and serological and immunologi-
cal assays, which are based to a large extent on detecting
antibodies generated as a result of exposure to the virus
or on detecting antigenic proteins in infected organisms.
Tests used for detecting SARS-CoV-2 viral RNA identify
SARS-CoV-2 during the acute phase of the infection; after-
wards, the serological tests identify individuals who have
extended antibodies to the virus and could be convales-
cent plasma donors. Molecular assays for the detection of
viral nucleic acids contain several methods such as reverse
transcription-polymerase chain reaction (RT-PCR), Isother-
mal Nucleic Acid Amplification, Nucleic Acid Hybridization
Using Microarray, Amplicon-Based Metagenomic Sequenc-
ing, High-Level Overview of Current Molecular Genetic
Assays on SARS-CoV-2 Detection. Another serological and
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immunological assay is the enzyme-linked immunosorb-
ent assay (ELISA), lateral flow immunoassay, neutralization
assay, luminescent immunoassay, biosensor test and rapid
antigen test. In the light of the above mentioned tests in
molecular assays, isothermal nucleic acid amplification is
categorized into reverse transcription loop-mediated iso-
thermal amplification (RT-LAMP), transcription-mediated
amplification (TMA), CRISPR based assays and rolling circle
amplification [6, 7, 44, 65, 67]. Nucleic acid-based diagno-
sis contains deep sequencing molecular methods such as
next generation sequencing and metagenomic, along with
the most practical method, which is real-time reverse tran-
scription-polymerase chain reaction (rRT-PCR). COVID-19
infection is currently diagnosed by rRT-PCR analysis of
nasopharyngeal swab specimens, which have high speci-
ficity and low sensitivity (60-70%). IgM and IgG antibody
play a pivotal role in COVID-19; generally, IgM response is
non-specific and needs weeks to develop, but IgG response
could remain for a long time after the infection, offer-
ing a protective role. The first IgM becomes detectable in
serum after a few days and remains a couple of weeks dur-
ing the infection and is followed by a switch to IgG. Thus,
IgM can be an indicator of early stage infection, and IgG can
be an indicator of current or prior infection. IgG may also
be used to suggest the presence of post-infection immu-
nity. For surveying serological tests, a nucleocapsid protein
from bat SARS-CoV RP3 was used as an IgG and IgM ELISA
antigen [69]. The tests based on the detection of polyclonal
antibodies against SARS-CoV-2 are developing faster other
than detection tests. The different detection methods
that have developed are combinational serological tests
combined with immunochromatography, colloidal gold,
and other technologies [28]. Also, point of care test (POC)
immunoassays has been developed for the rapid detection
of SARS-CoV-2 antibodies (IgG and IgM). To detect SARS--
CoV-2 early and manage the disease in time, a faster and
more comfortable method for SARS-CoV-2 nucleic acid
detecting has been developed: RT-LAMP technique (reverse
transcription loop-mediated isothermal amplification)
[60]. Aptamers are virus markers that can detect any viral
infection markers, such as viral genes, proteins, and anti-
bodies. By applying some attitudes, aptasensors can dif-
ferentiate infected and active form cells from uninfected
and inactive ones [55]. Chest computed tomography (CT),
particularly high-resolution CT (HRCT), is the method of
choice for detecting pneumonia caused by COVID-19, even
in the initial stages. Several non-specific HRCT findings and
patterns can be found; despite that nearly 50% of patients
imaged in the first two days after the symptom onset had
regular chest CT, serial CT imaging is valuable in assess-
ing the progression of lung abnormalities [31]. These tests
will be essential for real-time patient handling, screening,
and infection control decisions, especially when other, less
infectious forms of pneumonia are present, and respiratory
isolate resources are rare [51].

The instantaneous requirement for precise and rapid diag-
nosis of SARS-CoV-2 infection remains critical. Particularly,
serological and immunological testing of infected asymp-
tomatic and symptomatic people, and their close contacts,

is anticipated to be in strong demand. Molecular genetic
tests, in addition to confirming suspected infections, would
provide noteworthy data about the course and degree of
immune response, as well as the longevity of immunity in
infected individuals and participants in vaccine clinical trials.

CONCLUSION

With re-estimated mortality rates achieved by dividing the
death number on patients being divided by the confirmed
COVID-19 cases on a given day, using WHO data until March
1, 2020, the mortality rate would be 5.6% for China and
15.2% for another country, which represents the higher
potential of this virus for dissemination [4].

The development of genetic diversity among coronavi-
ruses and their consequent potency to make the disease
in individuals result from infected peridomestic animals,
which are intermediate hosts and could be saved, facilitat-
ing recombination and mutation events. The spike glyco-
protein (S glycoprotein), which attaches the virion to the
host cell membrane, is hypothesized to play a significant
role in host range restriction. There are multiple kinds of
treatments for SARS and MERS in animal models in vitro,
including small-molecule protease inhibitors, neutralizing
antibodies, and inhibitors of the host immune response.
Nevertheless, there is no specific treatment for corona-
viruses, as the treatment protocol is just supportive and
symptomatic [40]. Up—to—date treatment recommendations
for clinicians who are caring for patients with COVID-19 are
classified to four groups based on disease severity includ-
ing: 1. Patients with COVID-19 who are not hospitalized
or who are hospitalized with moderate disease but do not
require supplemental oxygen, 2. Hospitalized patients with
COVID-19 who require supplemental oxygen but who do
not require delivery of oxygen through a high-flow device,
non-invasive ventilation, invasive mechanical ventilation,
or extracorporeal membrane oxygenation, 3. Hospital-
ized patients with COVID-19 who require delivery of oxy-
gen through a high-flow device or non-invasive ventilation
but not invasive mechanical ventilation or extracorporeal
membrane oxygenation and 4. Hospitalized patients with
COVID-19 who require invasive mechanical ventilation or
extracorporeal membrane oxygenation, which for the first
group suggests the use of dexamethasone (or other corti-
costeroids for the treatment of COVID-19 (unless a patient
has another clinical indication for corticosteroid therapy.
And for the rest of groups use of Remdesivir intravenously
(IV) until hospital discharge, or A combination of Remde-
sivir plus dexamethasone IV or orally for up to 10 days or
until hospital discharge or if Remdesivir cannot be used,
dexamethasone may be used instead: https://www.cov-
id19treatmentguidelines.nih.gov.

There is an urgent need for global surveillance of humans
infected with COVID-19. To halt the spread of the COVID-
-19 outbreak, affected countries should look back and
notice the successes and failures of the beta-coronavi-
rus range. Lessons learned from the MERS and SARS out-
breaks can provide tremendous insight into how to behave
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and deal with the current epidemic. These include proper
hand hygiene, isolation of infected individuals in properly
ventilated hospitals (negative pressure rooms), isolation of
individuals with suspected symptoms or fever, and the pre-
vention of direct contact with alleged animal reservoir hosts.

One of the most important effects found in our study is
asignificant induction of the expression of the DEFB4A gene
by the T4 phage. This gene encodes for $-defensin-2 (BD2),
a potent antimicrobial peptide produced by epithelial
cells, which has a very important role in inducing innate
immune responses against bacteria and other microbes
[28]. Recently, it was shown that recombinant BD2 ame-
liorated an inflammatory reaction in three different ani-
mal models of inflammatory bowel disease (IBD) [12]. In
another study, transfection of Caco-2 cells with a gene
encoding for BD2 resulted in down-regulated expression
of pro-inflammatory cytokines in response to infection
by Salmonella typhimurium [7]. Thus, our findings may sug-
gest a novel mechanism of anti-inflammatory activity of
phages. Such activity might be exhibited by endogenous
phages from the microbiota as well as exogenous phages
administered during phage therapy. Moreover, our results
may provide a starting point for further studies to evalu-
ate potential anti-inflammatory effects of phages in animal
models of IBD.

We also found that the T4 phage displayed a tendency
to increase the expression of the TNF gene. This result
deserves further research because the product of this gene
- TNF-a - is a key cytokine implicated in the pathogene-
sis of IBD [30]. However, it needs to be stressed that while
T4 increased the expression of TNF more than twofold
compared with control cultures, this effect fell short of
statistical significance.

Moreover, we found that neither of the examined phage
preparation significantly induced the expression of the
IL15 gene. While the role of IL-15 in the pathogenesis of
IBD has not been fully elucidated yet, most studies have
shown that this cytokine can display pro-inflammatory
activity in this context [34].
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