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COVID-19: AN UPDATED REVIEW
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Abstract. COVID-19 is a zoonotic disease that showed higher levels of transmissibility in humans. Coronavirus has
the largest recognized genome (28—33 kb) of a positive-sense single stranded RNA. The genome composed of 5-end,
the translationable mRNA sequences for the key proteins; replicase, spike, envelop membrane, and nucleocapsid and
3’-end (polyA tail). This highly contagious virus may impair the immune system in the early phase of the disease, hence
the symptoms of the disease appear very rapidly. Importantly until now, there is no efficient strategy for containing the di-
sease. So, all the world scientists today are in a race against time to find a vaccine or treatment to COVID-19, which
requires a deeper understanding.
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COVID-19: OBHOBJIEHHbIN B3rnaa
Isihak F.A., Hamad M.A., Mustafa N.G.

Koanedauc éemepunapnoii meduyunsl, Ynueepcumem Mocyaa, e. Mocya, Hpak

Pe3tome. COVID-19 siBnsieTcss 300HO3HBIM 3a00JIEBAaHUEM, 11 KOTOPOTO OOHapyXeH 0oJjiee BHICOKMI YPOBEHD Tie-
penauu y yenoseka. Cpenu Bcex PHK-coaepxamux BUpycCOB KOPOHABUPYCHl UMEIOT HauOOJIbIIKUI pa3Mep reHoma
(28—33 11.0.), mpencTaBIEHHBII MOJOXUTENbHO-TIONsIpHOM HUTHhI0O PHK. B yacTHOCTH, X TEHOM CONEPXUT 5'-KOHETI,
TpaHciaupyeMble MPHK, cooTBeTCcTBYIO1IME KITIOUEBBIM OeiKaM; pernnKasy, 06eaok spike (iui), 6e1Ku 000J0UKH,
HYyKJIeoKarcua u 3’-KoHel (moju-A XBOCT). DTOT BHICOKOKOHTAIMO3HBI BUPYC MOXET BIMSATH HA UMMYHHYIO CH-
CTeMY Ha paHHe# cTaauy MHMEKIUU, U3-3a Yero CUMITOMBI 3a00J1eBaHMSI TIPOSIBSIIOTCS OYeHb ObICTpO. BaxkHo, UTO
JIO CUX MOp OTCYTCTBYET 3 (PeKTUBHASI CTpaTerus Mo orpaHUYeHuIo0 3TOro 3adoaeBanus. Mcxons us aToro, yueHble
BCEro Mupa B TOHKE CO BPEMEHEM 3aHSThl MIOMCKOM BaKIMH MM MeTonoB JieueHuss COVID-19, uto Tpedyet 6oJiee
I1y00KOro MOHMMaHUs TeUSHU S 3a00IeBaHM.

Karoueesvie caosa: COVID-19, SARS-CoV-2, sakyunayus, cmpoenue supyca, snudemuonoeus, ACE2, wiuns..

History of human coronaviruses

Human coronaviruses originated in 1965 when
it was discovered in human embryonic tracheal
organ cultures attained from the respiratory tract
of an adult with a common cold and the viruses
named B814 [69]. These viruses were termed “OC”
to describe that they were grown in organ cultures
[3]. Performed electron microscopy on fluids from
organ cultures infected with B814 found particles
that look like the virus caused infectious bronchi-
tis of chickens (IBV). Human coronaviruses were

until 2003 recognized as a normal cause of com-
mon cold symptoms, and rarely a cause of lower
respiratory tract disease, but occasionally if ever
a cause of serious illness. In 2003, a novel corona-
virus was established into humans from animals as
the causative agent of the outbreak of severe acute
respiratory syndrome (SARS). The SARS outbreak
revealed that coronaviruses can be life threating
human pathogens and led to the discovery of other
novel human coronaviruses as well as multiple novel
coronaviruses in bats, the likely reservoir for SARS
coronavirus [72].
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Human coronaviruses

The four most common human coronaviruses
named 229E (alpha coronavirus), NL63 (alpha coro-
navirus), OC43 (beta coronavirus) and HKUI1 (beta
coronavirus), did not jump from animals to humans
but rather use humans as their biological hosts.
According to the CDC, they can cause common
colds and self-limiting upper respiratory diseases
in immune-competent patients. While other human
coronaviruses are MERS-CoV (the beta coronavirus
that causes Middle East Respiratory Syndrome, or
MERS), SARS-CoV (the beta coronavirus that caus-
es a severe acute respiratory syndrome, or SARS) and
lastly SARS-CoV-2 (the novel coronavirus that caus-
es coronavirus disease 2019, or COVID-19) (fig. 1).
Sometimes coronaviruses that infect animals can
evolve and make humans ill and turn out to be a new
human coronavirus. Three recent examples of this
are SARS-CoV-2 (COVID-19), SARS-CoV-1 and
MERS-CoV [35].

Shape of coronaviruses

The virus particles were medium sized (80—
150 nm in diameter), pleomorphic, membrane-coat-
ed (enveloped), and covered with widely spaced club-
shaped surface projections (spikes) (fig. 2, color plate,
p. I). Coronaviruses are a large family of zoonotic vi-
ruses that possesses the largest RNA viral genomes
cause illness varying from the common cold to acute
respiratory diseases [33].

Epidemiology

During 2002—2003 outbreaks, SARS infection
was recorded in 29 countries in Europe, Asia, North
America, and South America. Overall 8098 infected
individuals were detected with 774 SARS-related
deaths [13]. It is still unclear how the virus entered
the human population and whether the Himalayan
palm civets were the natural reservoir for the virus?
The SARS epidemic gave the world of coronaviruses

a huge infusion of energy and activity that contrib-
uted to the large amount already known about the vi-
rology and pathogenesis of coronavirus infections
from the growing area of veterinary virology [34].

In 2012 another coronavirus capable of produc-
ing a severe acute respiratory illness later known
as Middle East respiratory syndrome (MERS) was
discovered in humans. The former case was found
in Saudi Arabia, and others were reported with-
in the subsequent year in France, Qatar, Jordan,
Tunisia, the United Arab Emirates, Germany and
the United Kingdom. All proved cases were directly
or indirectly linked to the Middle East [54].

A novel coronavirus outbreak was first recognized
in Wuhan, Hubei Province, China in December
2019. It has now been confirmed on six continents
and in more than 150 countries. There are many cor-
onaviruses known to be circulating in different ani-
mal populations that have not yet infected humans.
On December 31 2019, Chinese authorities alert-
ed the World Health Organization of an outbreak
of a novel strain of coronavirus causing severe ill-
ness, which was subsequently named SARS-CoV-2.
COVID-19 is the most current to make the jump
to human infection. This new virus seems to be very
communicable and has quickly spread worldwide.
The dynamics of SARS-CoV-2 are currently un-
known, but there is an assumption that it also has an
animal origin [14]. This virus has round or elliptic
and often pleomorphic shape and a diameter of ap-
proximately 60—140 nm. Like other CoVs, it is sensi-
tive to ultraviolet waves and heat. The whole genome
of SARS-CoV-2 has an 86% resembly with SARS-
CoV-1 [68].

Pathogenesis

The virulence mechanisms of SARS-CoV-2 have
an affinity to the function of the nonstructural pro-
teins (Nsps) and structural proteins. For instance,
research underlined that (Nsps) is able to impair
the host innate immune response [65]. The envelop
of the virus has an essential role in pathogenicity

Virus Middle East respiratory Severe acute respiratory
species syndrome-related = ~——— syndrome-related
coronavirus coronavirus
- ICTV-
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§ Virus MERS-CoV -¢——  SARS-CoV —» SARS-CoV-2
@
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g Middle East Severe acute Coronavirus
WHO Disease respiratory syndrome  respiratory syndrome disease 2019
(MERS) (SARS) (COVID-19)
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Year 2012 2003 2019
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Figure 1. Current international classification of coronavirus diseases in relation to virus taxonomy ICD-11 [76]
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as it supports viral assembly and release. The angi-
otensin-converting enzyme 2 (ACE2) that found
on the cells of the lower respiratory tract of human,
has been linked as the receptor used for cell endo-
cytosis for both SARS-CoV-1 and SARS-CoV-2
(COVID-19) [85].

Among the structural component of CoVs,
the spike glycoproteins consist of two subunits (SI
and S2, see below). Homotrimers of S proteins com-
pose the spikes on the viral surface (envelop) lead-
ing the link to susceptible host receptors. In SARS-
CoV-2, the S2 subunit, having a fusion peptide,
a transmembrane domain and cytoplasmic domain,
is highly conserved. Thus, it could be the target
for antiviral (anti-S2) compounds. Other structural
elements on which research must necessarily fo-
cus are the ORF3b that has no homology with that
of SARS-CoVs and a secreted protein (encoded by
OREF8), which is structurally different from those
of SARS-CoV [31].

The researchers found that the receptor-binding
domain (RBD) portion of the SARS-CoV-2 spike
proteins had developed to efficiently target a molecu-
lar feature on the outside of human cells called ACE2
receptors, these receptors involved in controlling
of blood pressure. The spike protein of SARS-CoV-2
was so effective at binding the human cells; in fact, that
the scientists achieved it was the result of natural selec-
tion and not the product of genetic engineering [4].

The difference between SARS-CoVs 2020
and 2003 outbreaks

Here we mention the main deference that in-
cludes: Firstly, the Wuhan location is different,
which is the epicenter of COVID-19, joins multi-
ple aspects that make containment challenges. As
the largest city (more than 11 million people) in cen-
tral China, Wuhan is a major transport center, focal
point for trade and business, home to the biggest train
station and largest airport [75]. Secondly, the reason
might be that the infectious period is uncommon.
Isolation was efficient for SARS because peak viral
shedding happened after patients were already quite
ill with respiratory symptoms and could be easily
detected [74]. Thirdly, an explanation could be that
the transmissible rate might be higher for COVID-19
than for SARS. The fourth clarification is that
the clinical spectrum is different. China’s initial case
explanation was focused on pneumonia, and initial
case fatality rates (CFR) were described at about 10%
on the basis of this narrow case definition [29]. Fifth
the continued spread of SARS-CoV-2 is “more in-
fectious” but less severe than the SARS-CoV-1, and
everything indicates that the mortality rate of SARS-
CoV-2 is lower when compared to the outbreak
of SARS in 2003, as well as the stock markets around
the globe dropped sharply amid intensifying concern
about the economic impact of the COVID-19.

SARS-CoV-2 genome

Among a variety of viral genomes, coronavirus,
the most abundant virus (including SARS-CoV-2)
have the largest recognized genome (28—33 kb)
of a non-segmented positive-sense (+) single stranded
RNA [4]. The genome composed of 5" end (cap), has
UTR and leader sequences, that is critical to mRNA
transcription and replication, and 3’(polyA tail) end,
and in between the translationable mRNA sequences
for the essential key proteins; replicase, spike, envelop
membrane, and nucleocapsid [21]. About two-third
(~20 kb) of the genome create nonstructural proteins
(nsps), while remaining (~10 kb) encodes accessory
and structural proteins. Also, it should be noted that
each structural and accessory genes have transcrip-
tion regulatory sequences (TRSs) that are critical
in each gene transcription [24]. This genome under-
goes the replication in two steps producing mRNA
and subgenomic mRNA (fig. 3, color plate, p. I), while
the translation process directly employed host cell
ribosomes depending on either nested mRNA or ri-
bosomal frameshifting [23]. Faithfully, virus to over-
whelmed of their small mRNA, it is headed for trans-
lational maneuvers a) Biosynthesis of polyprotein pre-
cursor, and b) Non-translation (subgenomic mRNA,
RNA splicing, and mRNA editing). Besides that, ri-
bosomal frameshifting as a “slyness process” validat-
ed in other viruses such as HI'V and Rous sarcoma vi-
rus, also in many living organisms and in human cells,
in which the individual ribosome moves to another
reading frame beginning the translation. This pro-
cess required at least two components: a) Sequences
of slippery homopolymeric (~7 nt), b) RNA second-
ary structure called pseudonot (~5—8 nt), it is thought
that the aim of ribosomal frameshifting is either de-
velopment of more than one polypeptide from a sing-
le mRNA and/or regulation of the developed protein
activities [66].

After an attack of the prefered host cell, part of the
viral genome, the 5-open reading frame (ORF)
is encoded to the biosynthesis of a polyprotein which
is subsequently cleaved by the viral-encoded pro-
teases developing several Nsps, including an RdRp
and an ATPase/helicase [67]. The above proteins
are liable for the viral genome replication and crea-
tion of nested transcripts which are utilized in the
formation of the viral other proteins [45]. As men-
tioned above, SARS-CoV RNA is contagious and at-
tends as the genome and viral mRNA, thus ORFla
and ORFIb are encoded by the genomic RNA, then
the translation arises through ribosomal frameshift-
ing (fig. 3). The resulting proteins ppla and pplab
are processed into the viral polymerase (RdRp) and
other non-structural proteins involved in RNA syn-
thesis, whereas, structural proteins are expressed as
subgenomic RNAs, each RNA (genomic and sub-
genomic) is translated to yield only the protein en-
coded by the 5’-most ORF [60].
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However, the genome of SARS-CoV-2 was se-
quenced in different centers around the world,
in brief, according to [45] it is composed of 29811
nt, (32.12%T, 29.86%A, 19.63%G, and 18.39%C),
whereas recently it is demonstrated that the complete
genome is 29,903 nt, it is revealed that these sequence
analyses are very closely related to the previously se-
quenced SARS-CoV [36].

SARS-CoV proteins
Spike

A glycosylated dense protein (about 150 kDa)
contributed to the virus pass into the cell [46]. Spike
is a trimeric fusion protein adapted to the continu-
ous conformational and structural changes triggering
virus membrane fusion with the host cell membrane
[39, 60], these changes activated when S1(see below)
binds to the own receptor on the host cell membrane.
The binding of S1 destabilizes trimeric protein lead-
ing to loss of S1 consenting to S2 conformational
changes ensuring post-fusion stability [9], besides,
after binding to the receptor, S1 receptor binding
domain (RBD) transiently change it is attendance.
Therefore, the spike, in addition to their key role
in the host immune response and reflecting of a spe-
cies and tissue determinant, spike also a consider-
able target of the antibody-mediated neutralization.
Depending upon the crystal structural and cryo-EM
studies [77] spike consists of three segments (fig. 4,
color plate, p. I); a large external part, anchoring
transmembrane part, and a small tail inside the virus.
The large part has two subunits S1 and S1, usually,
but not always, S protein is cleaved through a furin-
like protease of the host cell into two polypeptides
(S1 and S2) [21]. SI (specified to combined to host
cell membrane receptor), and S2 (act as fusion sub-
unit with host cell membrane) (fig. 5, color plate,
p. I). Furthermore, S1 consists of two parts; S1-N-
terminal domain (S1-NTD) contributed to the bind-
ing to the sugar [44, 71], and S1-C-terminal domain

(S1-CTD) denoted to recognizing of protein domain
of ACE2, APN, DPP4 receptors [18, 56], for more
information about SARS-CoV receptors see table 1.

On the other hand, it is confirmed that corona-
virus has two target hot spots in the human ACE2
receptor; Lys31 and Lys353, these hot spots have salt
bridge inside a hydrophobic domain, it is believed
that these spots play a key role in virus-receptor rec-
ognition and interaction [18]. During the SARS epi-
demic in 2003, interestingly, there was a high homo-
geneity between human and palm civet isolates of the
SARS-CoV, with remarkable S1-CTDs that differ
only in two residues at RBM; human SARS-CoV
Asn479 and Thr487 compared to civet SARS-CoV
Lys479 and Ser487, respectively [41, 60].

These residues (479 and 487) on the S1-CTD
of SARS-CoV collaborate with the above mentioned
hot spots, and continually vulnerable to mutations
of selection, for example the two common selective
mutations of SARS-CoV are K479N and S487T, en-
dorse the hot spots activity and enhance the affinity
of S1-CTD to human ACE2 [44, 49, 55]. Itis generally
assumed that the above two mutations play a critical
role in SARS-CoV transmission from civet to man,
and among humans during SARS-CoV epidemic [39,
43], another support to the key role of hot spots found
in the ACE2 of rats that lack the same previously
mentioned hot spots, consequently, SARS-CoV can-
not interact with rat ACE2 receptor, and rats resist
the infection [27].

Papain-like protease

Coronavirus Gene 1 encodes replicase polypro-
teins that are projected to be handled into 16 Nsps
(Nsps 1 to 16) (tabl. 2) through the action of two
proteases, a papain-like protease (PLP) and 3CLpro
[53]. Papain-like protease (PLP) is a multifunctional
protein, interferon adversary that establishes a do-
main of the replicase polyprotein, and at an initial
phase of the viral replication round may be active
to upset of IFN induction [7]. PLP catalyzes site-

Table 1. Common recognized receptors of coronaviruses*

Viruses

Recognized receptors

Alphacoronavirus (HCoV-NL63)
Betacoronavirus (SARS-CoV)

Zinc peptidase angiotensinogen converting enzyme 2 (ACE2) [27, 38]

Alphacoronavirus (TGEV, PEDV, PRCV)

Other zinc peptidase, aminopeptidase N (APN) [42, 44]

Alphacoronavirus (TGEV, PEDV) and

gammacoronavirus (IBV) APN [85]

MERS-CoV

KU Serine peptidase, Dipeptidyl peptidase 4 (DPP4) also known as CD26 [57, 79]
MHV Cell adhesion molecule, CEACAM1 [37]

BCoV N-acetyl-9-0O-acetylneuraminic acid [42]

*Here it must be noted that one of the unique characteristics of coronavirus their wide range of receptors. Besides, ambiguously various coronaviruses
could recognize the same receptor, in contrast, the individual virus can target various receptors. Therefore, it could be suggested that the novel

coronavirus currently may direct to changes their prefer receptor.
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Table 2. Size and functions of non-structural protein (Nsps) [64]

Nsps Size

Function

Act as a potential virulence factor, collaborated to cleave mRNA,

Nspf 110a.a, 20 kDa it is a target for 40S ribosomal subunit

Nsp2 70 kDa Disrupt intracellular signaling of the host

Nsp3 214 kDa Replication and transcription

Nsp4 56 kDa Transmembrane domain

Nsp5 34 kDa Highly conserved

Nsp6 33 kDa Transmembrane domain

Nsp7 (nsp interactome) 83a.a, 10 kDa Cap modification, mRNA capping, and fidelity of RNA synthesis

Nsp8 (nsp interactome) 200 a.a, 22 kDa

Key role in RNA synthesis, primase

Nsp9 (nsp interactome) 110 a.a, 13 kDa

Cap modification, mRNA capping, and fidelity of RNA synthesis

Nsp10 (nsp interactome) 139 a.a, 18 kDa

Replication cofactor, contributed to the formation of capping
machinery, most conserved protein

Nsp11

Nsp12 (RNA-dependent RNA

polymerase, RARp) 102 kDa

RdRp

Nsp13 (Helicase) 600 a.a, 66.5 kDa

Multifunction and highly conserved, contributed to the formation
of capping machinery, RNA 5’ triphosphatase, site for zinc
binding

Contributed to the formation of capping machinery, N7-Methyl

2’-0-MTase)

Nsp14 (Exoribonuclease) 58 kDa transferase, mismatch repair
Nsp15 (Endoribonuclease) 38.4 kDa Most conserved protein among coronaviruses proteins
Nsp16 (ribose 2’-O-methyl transferase, 33kDa Contributed to the formation of capping machinery, 2’-O-methyl

transferase

specific protein cleavage of the viral polyprotein.
Also, contrasting to the accessory proteins, that can
differ significantly among CoV species, conservation
of PLP activity is key to viral duplication and is thus
maintained among coronaviruses [21]. PLP catalyzes
the handling of the replicase polyprotein at cleavage
locations nspl/nsp2, nsp2/nsp3, and nsp3/nsp4. PLP
deubiquitinating action has been confirmed in sever-
al signaling, therefore, PLP considers a target to the
development of coronavirus inhibitors [39, 82].

3C like main protease

3C like main protease (3CLpro) that is NspS5,
the first enzyme that auto-cleaved from polypro-
tein to form mature enzymes. 3CLpro contributed
to the development of other Nsps which play a criti-
cal role during the viral replication cycle. However
3CLpro consists of three parts; domain I (§—101 resi-
dues), domain II (102—184 residues), and domain I1I
(201—-303 residues), in addition to long loop (185—200
residues) connect domains I and II, forming a cavi-
ty-like structure that demonstrated as an active site
of 3CLpro [51, 70].

RNA dependent RNA polymerase

RNA dependent RNA polymerase (RdRp) or
Nspl2 composed of 221 residues (25 kDa) it is one
of the conservative proteins of coronavirus, it has

a central role in replication/transcription complex.
RdRp is a vital protease that catalyzes the transcrip-
tion of RNA from template RNA, thus it is a target
of therapeutic agents. RdRp occurs toward C ter-
minal and three of residues (Ser, Asp, Asp) consid-
ered highly conserved [78]. Also, it is demonstrated
that RARp utilizes Nsp6 (made by Nsp8) as a primer
for RNA biosynthesis, RARp has an active site as an
enormous and profound furrow for the RNA biosyn-
thesis [60].

Immunity, Vaccination and Treatment
Immunity influences

The immune cells that play a major role in the con-
trolling of viral infection include natural killer (NK)
and cytotoxic lymphocytes like cytotoxic T lympho-
cytes (CTLs) [38, 83]. In the sickens with COVID-19
contagion there was a markedly reduced in the overall
issue of NK and CD8* T cells [84]. According to the
observations, the increased expression of NKG2A
in COVID-19 sickens led to a haggard in the function
of NK and CD8* T cells. While the sickens that con-
valesced after therapy, showed the restored normal
numbers of NK and CD8" T cells with a reduction
in expression of NKG2A [83, 84]|. This group evi-
dence proposes that the functional exhaustion of cy-
totoxic lymphocytes is correlated with SARS-CoV-2
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contagion. So, COVID-19 may destroy antiviral im-
munity in early-stage [84]. Also, the COVID-19 in-
fection diminished the levels of CDI107a, interferon
(IFN)-v, interleukin (IL)-2, granzyme B, and tumor
necrosis factor (TNF)-o [63, 84].

According to the obtained data from comparing
among three groups of people; healthy group (HG),
mild cases (MC) and severe cases (SC), the effects
of SARS-CoV-2 were proved clearly on NK, T cell
and CDS8* T cell counts. Where T cell and CD8*
T cell numbers were lessened markedly in MC and SC
sickens in comparison with those in HG. Whereas,
The count of T cells and CDS8* T cells were mainly
lower in SC sickens than that in MC cases. The num-
bers of NK cells were minimized significantly in SC
sickens in comparison with those in MC cases and
HG. Of course depending on the results of treatment
the diseased cases (MC, SC) randomly with one
of the following medication (Kaletra®, Chloroquine
phosphate, Interferon) plus antibiotics; these medi-
cations contributed in the restored the normal num-
bers of NK, T cell and CD8" T cell in the convales-
cent people and reduced the ratio of NKG2A™ NK
cells [84].

The main immune influence manifestation
in COVID-19 is the leukopenia with WBC numbers
of 2.91 x 10° cells/L and 70% of them were the neutro-
phils. Also, markedly raise blood levels of cytokines
and chemokines were recorded in sickens with
COVID-19 contagion that included MIPlo,, MIPI1,
PDGFB, TNFa, IL-1-3, IL-1RA, IL-7, IL-8, IL-9,
1L-10, basic FGF2, G-CSF, GM-CSF, IFNy, 1P-10,
MCP-1, and VEGF-A. In several acute-phase pa-
tients that were turned to the intensive nursing, unit
manifested rise levels of pro-inflammatory cytokines
inclusive 1L.-2, 1L-7, 1L-10, G-CSF, 1P-10, MCP-1,
MIP-10o, and TNFo that are explain to promote ill-
ness severity [5, 29].

The suppression of innate immune responses
is one of the main keys in most of the viral infec-
tions and respiratory viruses from them, so they have
the chance for their adequate replication and caus-
ing the disease. The outcomes for the host’s immune
response are that it is predominating imperfect, be-
lated or lessened, or exhibit too strong inducement
(after the lateness) that may result in tissue damage.
The influenced innate immune response also affects
following adaptive responses, and thus viral innate
immune escape oftentimes subverts entirely protec-
tive immunity [32].

Vaccination and treatment strategies

COVID-19 is the third extremely pathogenic cor-
onavirus infecting human beings in the 215 century
afterthe MERS-CoV and SARS-CoV. Paradoxically,
even after many years of research on coronavirus,
as yet there are no authorized vaccines or curative
agents to cure coronavirus contagion that point an
imperative necessity to evolve efficacious vaccines or

post-exposure prophylaxis to prevent upcoming epi-
demics [12, 13, 20, 62].

Notable exertions have been made to evolve ther-
apeutic interference versus coronavirus infection.
Principal explorer concentrated on recognize antivi-
ral molecules that can be attacking the spike protein
as it intermediate viral entrance, and their prospects
in stimulate host immune responses and triggering
preventive antibody responses in infected persons
[46, 62].

Asis known, until the present time there are no ef-
ficient vaccines or anti-viral therapeutic agents were
confirmed to cure COVID-19 or any other human
CoV hitting. The existing path to coronavirus disease
management focuses on supportive care. Quick ge-
neric health interferences with antibodies, anti-virals
or novel vaccine strategies are quite fundamental
to stem the virus and illness transition. Nevertheless,
there is an imperative requirement to behold new
remedies for curing clinically advanced cases to min-
ify deaths, virus propagation and to relieve the pos-
sible future outbreaks [59].

In general, there are many strategies to defense or
contain the COVID-19.

1) Passive antibody cure: can be deemed as a route
toboundary COVID-19 epidemics. Passive fortification
of antibodies that will recognize the epitopic zone in the
strange virus particle can minify the virus proliferation
and disease intensity. Antibodies for passive immuno-
therapy could be secluded from the blood of the ills or
it could be produced in the laboratories. Immuno-cure
by relocating the convalescence sera to the sickens may
be efficient in humans through neutralizing the virus
and prohibit more infection. Depending on the existent
proves and former expertise in the therapy of other viral
contagions like Ebola, SARS, MERS, and influenza,
the soon donation of convalescence sera or hyper-im-
mune immunoglobulin from sickens that having highly
antibody titers can probably decrease the viral load and
the deaths [6, 15, 47, 48, 50, 80]. The simple below fig-
ure 6 (see color plate, p. 11), summarizes the main pur-
pose of using passive immunity.

Obstacles for this way: Availability of adequate
donors, severity or clarity of clinical condition,
the viral kinetics, and host interactions of COVID-19
required to be clarified before recommending con-
valescent plasma as a preference treatment [26, 62].
Tiziana Life Sciences produced a monoclonal anti-
body known as TZLS-501, which can be used for the
therapy of COVID-19. It’s a human anti-interleu-
kin-6 receptor (IL-6R), which helps in preventing
lung injury.

2) Vaccines: COVID-19 challenge the world and
the biggest vaccine producing companies.

Thisparagraph summarizesthe main problem that
facing the world because the principles rules of uni-
versal vaccines producing companies are the eco-
nomic benefits and the funding, so the main problem
is the worry of these companies about the passing and
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end of this pandemic before their vaccines are ready
for marketing. Where, vaccine production has many
principles steps that spending long periods, and may
require several months or up to a year. For these ob-
stacles, we wrote the above paragraph “COVID-19
challenge the world and the biggest vaccine producing
companies”. Therefore, the task should not be the re-
sponsibility of vaccine manufacturing companies
alone, but rather there must be global cooperation
and support for these companies to intensify efforts
and try to produce an effective vaccine in abundant
numbers at low cost to be available to all, and this re-
quires as we mentioned cooperation at the global lev-
el as well Relevant organizations such as the WHO,

FDA, and others. The steps of vaccine production

and marketing include:

a. Choice the main particle of virus for using as an-
tigen (RNA, spikes, Viral proteins...) and the pre-
cursor of a vaccine,

b. The modification method to produce an attenu-
ated or avirulent vaccine,

c. Evaluation of in vitro responses or reactions,

d. Evaluation of in vivo responses in laboratory ani-
mals,

e. Evaluation of the safety of the vaccine (Include
the dosage, route of administration, single or
multiple doses),

f. Evaluation of the results of the clinical trials
on volunteers.

Depending on all the previous results, obtaining
approval from the authorized official authorities such
as the WHO or American Organization of FDA.

Several well-known companies have conducted
experiments to produce a vaccine for this pandem-
ic that under trial or in different partial steps of the
proving and below some examples:

e Vaccine by Medicago company: Produced virus-
like particles (VLP) of the coronavirus, and de-
veloped antibodies against SARS-CoV-2.

e Altimmune’s intranasal coronavirus vaccine: pro-
duce of the monocular-dose inoculates has been
accomplished, however, animal experiences will
go after.

e INO-4800: production by Inovio Pharmaceuti-
cals and Beijing Advaccine Biotechnology. An in-
novative coronavirus inoculation. The company
began pre-clinical experiences for clinical prod-
uct industrialization.

¢ mRNA-1273 vaccine: Manufactured by Moderna
and Vaccine Research Center. The vaccine goals
the Spike (S) protein of the coronavirus.

e Avian Coronavirus Infectious Bronchitis Vi-
rus (IBV) vaccine: Manufactured and modified
in MIGAL Research Institute in Israel for therapy
of COVID-19.

e TNX-1800: Manufactured by Tonix Pharmaceu-
ticals. It’s a modified horsepox virus.

e Recombinant subunit vaccine: Producing by Clo-
ver Biopharmaceuticals. The vaccine based on the
trimeric S protein (S-Trimer) of the COVID-19

coronavirus, which is accountable for adhering

with the host cells and occurring a viral infection.

e Vaxart’s coronavirus vaccine: An oral recombi-
nant vaccine in tablet formulation.

Interferon: The cellular tracers able to disclosed
viruses and stimulate the expression of the Interferon
type 1 (I IFNs) that divided to IFNo and IFNP.
Type 1 IFNs link to the ubiquitously expressed
IFNAR (IFNo/B receptor), stimulating the JAK/
STAT pathway [19].

The release of I IFN stimulates the expression
of hundreds of interferon stimulating genes (ISGs)
whose firstly serve to edge the further virus spread and
contagion. Also, type I IFNs can straightly stimulate
immune cells(e.g., stimulating phagocytosis, dendritic
cell maturation), and indirectly starting immune re-
sponses (e.g., induce the producing of chemokines and
cytokines by respiratory cells). Substantial antiviral
vigor by type I IFNs implicate declining viral process-
es such as cell entrance, proliferation, transcription,
and translation [61]. Other ISG products can degrade
viral nucleic acids or proteins, and many ISGs have yet
to be fully characterized. In addition to their principal
antiviral reaction, type I IFNs Induce the beginning
of the adaptive immune response by interceding den-
dritic cell (DC) activation, improving effector func-
tions of lymphocytes and macrophages, and induc-
ing the humoral (antibody) response for neutralizing
the virus [19, 52]. For all benefits of Interferon, the re-
searchers referred to it as a defense appliance for war-
fare against SARS-CoV-2.

Tiny-molecule drugs to warfare COVID-19:
Several medications that are also under trial or in dif-
ferent partial steps of proving, were announced [16]
and including:

e Chloroquine phosphate: It showed effectiveness
in the therapy of symptoms of the illness, among
the 30 medications that were used. Ills treated with
the drug showed the best decline in fever and faster
recovery time in clinical experiences that carried out
in hospitals in the Guangdong governorate and Hu-
nan governorate. Where up to date the world’s atten-
tion is directed toward the results of this medicine.

e Favilavir: It revealed efficiency in therapy the dis-
ease with negligible side properties in a clinical
trial encompassing 70 Sickens in China.

e AT-100 (rhSP-D): It produces by Airway Thera-
peutics, effective in preclinical studies and dimin-
ishes inflammation and lung infection, and also
produce the immune response for various respira-
tory illnesses.

e OYAI: production by OyaGen. Strong antiviral
effectiveness for coronavirus in a laboratory expe-
rience.

e BPI-002: by BeyondSpring company. It’s a tiny
molecule referred for therapy different contagions
including COVID-19. It can stimulate CD4*
helper T cells and CD8" cytotoxic T cells and pro-
ducing an immune response against the virus.
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Table 3. Antimicrobial peptides in the
the respiratory system [81]

Antimicrobial peptides
in the respiratory tract

Alpha-Defensins (HNP1-4)
Alpha-Defensins (HNP5)

Produced by cell

Neutrophils
Epithelial

Epithelial, Macrophages,

Beta-Defensins (HBD1-4) Monocytes, Dendritic

LL-37

Lysozyme

Epithelial, Neutrophils

Epithelial, Neutrophils

Lactoferrin Epithelial, Neutrophils

Epithelial

Anionic peptides

e Ivermectin: The main using of ivermectin as ant-
parasitic, while a very recent study approved that
this drug has anti-viral efficacy in vitro and in-
hibit the SARS-CoV-2 [10].

e Other medications like NP-120 (Ifenprodil) by
Algernon Pharma, APNOI by University of Brit-
ish Columbia and APEIRON Biologics.
Antimicrobial peptides (AMPs): Referred as

“host defense peptides (HDPs)”, a portion of the

innate immune response exist in every type of life-

time. Basic differences find between prokaryotic and
eukaryotic cells represented by the effects of antimi-
crobial peptides, which produced by the eukaryotic
cells and some bacteria. These peptides are powerful,
wide spectrum antimicrobial which proved potency
as new curative factors. These peptides have been
confirmed to destroy Gram-negative and Gram-
positive bacteria, viruses, fungi and even convert or

cancerous cells [25, 58].

The more bountiful antimicrobial peptides in the
respiratory system of mammals are lysozymes, lacto-
ferrin, histatins, defensins, and cathelicidins [8, 25].
AMPs are found in numerous kinds of tissues inclu-
sive skin, eyes, oral bore, ears, airway, lung, female
genital system, vaginal secretion, bowels, and uri-
nary system [1, 17].

The defensins and the cathelicidin LL-37 are
the best AMPs were thoughtful in humans, and im-
portantly they have the immunomodulatory effect [2,
28]. AMPs as curative stuff appear particularly prom-
ised versus to emerging contagious viruses, which
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none confirmed vaccines or medications are pres-
ently ready, such as dengue virus (DENYV) and Zika
virus (ZIKV) [81]. Table 3 summarized the antimi-
crobial peptides that found in the respiratory system.

3) Herd immunity: Some researchers, and scien-
tific and media channels suggested using the herd
immunity method for containing the COVID-19.
Whereas, the WHO criticized it, and mentioned that
far greater activity is needed. Other health pundits
said this pathway is empirical at bestead, and serious
at worse. Herd immunity means letting a large num-
ber of people catch a disease, and hence develop im-
munity to it, to stop the virus spreading [22].

The meaning of herd immunity is permitting
a great count of people to get a disease, so they develop
immunity to it, which helps to pause the virus perva-
sion. Herd immunity is explained in the figure 7 (see
color plate, p. II).

Finally, inclusive approaches to minify person-
to-person passing of COVID-19 are wanted to con-
trol the existing pandemic. Special attentiveness and
efforts to safeguard or minimize transmission must
be applied in sensitive inhabitants inclusive children,
health care providers, and old people. A guideline
was issued for the medical staff, healthcare providers,
and, public health persons and scientists who are con-
cerned in the 2019-nCoV [30]. The early dying cases
of COVID-19 contagion happened mainly in elderly
persons, perhaps due to a weakened immune system
that authorized quicker development of viral infec-
tion [40, 73].

Conclusion

1. COVID-19 is the biggest challenge to the world
in the 21 century.

2. It should be remembered that one of the unique
features of COVID-19 is a high rate of mutations.

3. COVID-19 may destroy antiviral immunity in the
early stage.

4. There is no efficient containing for the disease, al-
though there are many suggested strategies.

5. Strict public health measures have a reasonable
role in reducing the spread of the epidemic.

6. Certain drugs, such as (hydroxy) Chloroquine,
Kaletra, and Ivermectin perhaps promising in the
treatment of COVID-19.
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The virus associated with the cutbreak originating in Wuhan,
China, has been designated severe acute respiratory
syndrome coronavirus 2 (SARS-CoV2). The disease caused
by that virus is now officlally called COVID-19.
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Figure 4. SARS-CoV proteins structure (A. Spike. B. Nucleoprotein.
C. Replicase polyprotein 1a. D. Replicase polyprotein 1ab.

E. Envelop small membrane protein. F. M protein)
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