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Abstract

In December 2019, a new disease emerged in China (Wuhan) and quickly spread to other countries. It is called “COVID-19” and
soon became the world’s first concern due to the large number of daily victims (COVID-19 stands for coronavirus disease 2019).
During this time and until the Definitive vaccine for COVID-19 be produced, researchers have to find the best therapeutic method
to rescue the patients from death. In this regard, so many efforts have been made and several treatment/prophylaxis methods have
been suggested, during this time (one year). In this survey, we try to collect and submit a brief report of the significant advances in
treatment of COVID-19. Along that, a convenient treatment method by using of the iron oxide magnetic nanoparticles and the fake
angiotensin-converting enzyme 2 (ACE2) (the receptor of the coronavirus) is theoretically suggested, which seems to be applicable.

Keywords: Angiotensin-converting enzyme 2; Omicron; Nano-biotechnology; SARS-CoV-2; Vaccines; Mutations.

Introduction

COVID-19 disease (COVID-19 stands for coronavirus disease
2019), is caused by the acute respiratory syndrome of SARS-CoV-2
virus. This disease appeared in December 2019 in China (Wuhan)
and spread first throughout China and then in all over the world. On
January 31, 2020, the World Health Organization (WHO) declared
the epidemic a public health emergency [1]. Symptoms of this
disease are fever, cough, fatigue, shortness of breath, pneumonia in
the moderate and severe stage, and its Appears by systemic organ
involvement including, among others, the heart, kidneys, liver,
intestines, the muscular and nervous system in the critical stage,
and in some cases leads to death [1,2]. In mid-January 2020, when
the Chinese New Year celebrations began, a number of people living
in Wuhan left their hometown for the holidays, and the virus spread

to cities and other countries [3]. Upon disease spread, researchers
immediately started working onitand found outthatthe coronavirus
is from a similar species with severe acute respiratory syndrome
(SARS), which was a viral disease with high transmission and
pathogenicity, and was spread in China (Quang Dong), for the first
time in 2002 [4]. A decade after the outbreak of SARS coronavirus
(SARS-COV), a new pathogenic virus called Middle East respiratory
syndrome (MERS) was first identified in Saudi Arabia (in 2012),
and then spread in the Middle East’s countries [5]. According to
the report announced by the WHO, from December/2019 till now
(January 2022) 312,173,462 people were infected with COVID-19
and 5,501,000 people lost their lives, which is terrible statistics.
According to this account, the American countries are known as
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the most affected areas and the Africa continent is known as the
least affected area [6]. Worst of all, around 25.9% of the infected
people to COVID-19 need intensive care unit (ICU) hospitalization,
but unfortunately there are not enough facilities in the countries
and their lives are in danger [7]. Research have revealed that men
are more susceptible to this disease than women, and people over
the age of 60 are more at risk of die [7,8].

From the structural aspect, coronavirus is a crown-like polymer
with positive-sense and single-stranded RNA with the mean size
120nm [6,9]. The key-like paradigm as the same as antibody-antigen
is passed by angiotensin-converting enzyme -2 (ACE2), through
which the coronavirus is hooked into and entered in the lung’s
cells [10]. The onset of the disease causes respiratory failure due
to alveolar injury [10,11]. Generally, there are two subunits in the
coronavirus’s structure through which the virus could be attached
to the cell membrane and internalized. Briefly, subunit I (receptor-
binding domain) interacts with the N-terminal peptidase domain
(Ser19-Asp615) at ACE2 and is dissociated. It causes subunit 2 to
rapidly cross from a metastable pre-fusion to a more-stable post-
fusion state that is essential for membrane fusion [12,13]. Hence,
it can be expressed that attachment to the ACE2 is a crucial stage
for coronavirus to enter into the lung’s cells. Accordingly, some
treatments can be proposed in which ACE2 is manipulated and
subjected to the infected blood.

Herein, we intend to make a brief review on the significant
progresses in COVID-19 therapy achieved by the researchers,
during these one year since the onset of the disease. Moreover,
since we are experts in the field of magnetic nanoparticles, an
applicable treatment method came to our mind that seems to give

desired result, if be tried practically.
Main Discussion
Origin and Epidemiology of SARS-CoV-2

The outbreak of coronavirus began at the seafood market,
where foods such as bats, frogs, snakes, birds and rabbits were
sold [14,15]. Research have disclosed that most people with the
disease have nothing to do with the seafood market. After a while,
the researchers found out that the disease is transmitted through
people communications and people being close to each other
through nasal and mouth breathing [14-16]. An epidemiological
study reported that eight out of nine patients were associated with
the seafood market in Wuhan [16]. Some of the people did not go to
the seafood market but they were staying at a nearby hotel. These
findings gave the thread that transmission of the disease through
droplets is possible [17]. Infection of the family and medical staff
has also confirmed the transmission of the disease from human

to human [14-17]. Bats have been cited as the primary source of
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coronavirus because genetic analysis has revealed that SARS-CoV is
genetically related to acute respiratory syndrome in bats [5,14,15].
Phylogenetic analysis has shown that coronaviruses were derived
from bats [18,19]. But there is evidence that another animal was a
host between humans and bats [4, 20]. As the first witness it can be
referred that the bats were hibernating in late December of 2019,
and there were no bats in the Wuhan (China) seafood markets [16].
According to a recent experimental report (performed by Zhang et.
al), pangolin-COV genome showed 91.02% nucleotide similarity
with the SARS-CoV-2 genome [4,16,20]. It was found out from a

practical investigation on dead Malayan pangolins.
Typology of SARS-CoV-2

Coronaviruses are very small in size and also have a single-
stranded RNA as a nucleotide material. These viruses cause lung
involvement as well as death [21]. In fact, the coronavirus mainly
causes respiratory infections and problems in the digestive system.
This is genetically divided into four categories namely alpha, beta,
gamma,and delta. The firsttwo typesinfectmammals,and the second
two types infect the birds and mammals [22,23]. So far, two types
of the alpha-coronavirus including H-CoV-N163 and H-CoV-229E,
and four types of the beta-coronavirus including complete H-CoV-
0C43 and H-CoV-KU1, SARS-CoV, MERS-CO, and SARS-CoV-2 have
been identified [23]. From topology perspective, the coronavirus
is a spherical complex of the various protein species including
spike (onto the surface), membrane (onto the surface), envelop
(in the membrane), nucleocapsid (inside the sphere), and single-
stranded proteins (in the center) (Figure 1) [6]. Spike glycoprotein
located on the outer surface of the coronavirus and is responsible
for the specific attachment of the coronavirus to the ACE2 receptor
through its crown-like structure [24]. This component is divided
into two main subunits, S1 and S2. The S1 subunit consists of three
regions (A, B and C) that bind to the host cell receptors [6,24,25].
For example, CoV-0C43 and CoV-KU1 enter the target cell from
region A of subunit S1 and MERS-CoV from both regions A and B,
SARS-CoV and SARS-CoV-2 through direct interaction with domain
B [7]. The beta-coronavirus genome encodes several structural
proteins, such as glycosylated spike protein (S), which functions
as a major inducer of host immune responses. This S protein
mediates the entry of SARS-CoV-2 into the host cell by binding to a
receptor protein called the angiotensin-converting enzyme (ACE2)
in the surface membrane of host cells. It has been reported that,
this entry process requires S priming protein, which is facilitated
by the serine protease which produced by the TMPRSS211 host.
In addition, RNA-dependent RNA polymerase (RdRp), the major
coronavirus protease (CLpro 3), and papain-like protease (PLpro)
are nonstructural proteins that the viral genome also encodes them.

As soon as entering the host cells, the viral genome is released as a
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single-stranded positive RNA. Then, it is translated into several viral
proteins via using a host cell protein translation machine, which
are then broken down into effective proteins by the viral proteins
3CLpro and PLpro. PLpro also behaves as a deubiquitinase, which
may deubiquinate some host cell proteins, including interferon
factor 3 and NF-kB which leading to immunosuppression. RdRp
synthesizes a full-length negative strand RNA template to be used
by RdRp to make more viral genomic RNA. The interaction between
viral S protein and ACE2 on the surface of the host cell has been
of great interest since the onset of the infection process [26]. As
shown in Figure 2, after internalization of the coronavirus into the
lung’s cell via endocytosis process, the virus releases its RNA [7,27].
The structure of the spike protein in SARS-CoV (spread in 2002)
and SARS-CoV-2 (spread in 2019) slightly differ from each other. In
fact, some mutations in SARS-CoV receptor binding sites resulted
in the formation of the SARS-CoV-2 [6]. In SARS-CoV-2, receptor
binding domain (RBD) of S1 subunit binds to the angiotensin
receptors located on alveolar cells, and the S2 subunit facilitates
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the combination between the host cell membrane and the virus
[25,27]. The alveolar cells located on the surface of the lung are
divided to three main sections: the first one is responsible for the
gas exchange; the second part is composed from protein and lipid
and is responsible for the production of surfactant. The angiotensin
receptors are present in this part of alveolar cells. The third part
contains macrophages (immune cells) [7]. When the coronavirus
binds to the angiotensin receptors on alveolar cells, macrophages
secrete cytokines by stimulatingimmune cells [6,7]. Averyimportant
question is this: why patients with an underlying disease of diabetes
are at higher risk of death by COVID-19? The experimental results
have shown that some enzymes such as LDH, HBDH, ALT, GGT in the
blood serum of the infected people exceed from the normal range
and as a result the internal organs such as myocardium, kidney and
liver are damaged [28]. That is why some patients have died from
multiple organ injuries [28]. The coronavirus exacerbates diabetes
by over-regulating glucose metabolism, and this affects the severity
of pneumonia [29] (Figure 2).
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Figure 1: General morphology of a coronavirus (some proteins on the surface of coronavirus and single-stranded RNA in the center of virus).
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Figure 2: Virus Life Cycle: ACE2 link allows the virion to enter the cytoplasm (endocytosis) and then release its RNA, which is also introduced

directly by the cell membrane during the fusion process [30].

Diagnosis of SARS-CoV-2

Almost in all the patients, hypogeusia (decrease in smell)
and hyposmia (decrease in taste) have been reported as the
early symptoms of COVID-19 [31]. One of the topics that many
researchers are considering today due to the diversity and
prevalence of coronavirus is the design of methods for accurate and
rapid diagnosis of this virus to control and treat it quickly. To date,
the tests available to detect Covid 19 can be divided into two main

categories:

a.  Molecular testing is a method based on the identification of
viral RNA

b. Serological tests that measure the amount of anti-SARS-CoV-2
immunoglobulins (IgG, IgM) in the blood or plasma.

However, with this method, it is very quick and easy to
determine if a person has been infected with the virus before and
despite the positive features of this method, which is widely used
today to diagnose and identify people with the corona virus, but
in this method, the disease cannot be correctly diagnosed in the
early stages of infection with the virus And it should be a few days
after the person becomes infected with the virus [32,33]. Reverse
transcription-polymerase chain reaction (RT-PCR) is a convenient
clinical test in which sampling is performed from pharyngeal
swab or an oral swab [3]. Swabs must be refrigerated to be safely
transferred to a microbiology laboratory. RT-PCR is an accurate

diagnostic method that diagnoses infection to SARS-CoV-2, at
the acute stage of infection [11]. COVID-19 diagnosis Kkits target
regions on a gene that codes for the protein that makes the virus’s
nucleocapsid, an envelope that houses its RNA [34,35]. As the next
stage for the certain diagnosis, computerized tomography (CT)
imaging is used. So far, there were so many cases in which patients
with negative result in RT-PCR test had CT test with positive result
[31]. The main deficiency of CT imaging method is no specific
diagnosis of the infection. In the other words, the type of the
infection (COVID-19 or other types) is not truly identified by CT
imaging, but the disease progress in the lungs is clearly recognized
[36]. It has been observed that the CTs of the COVID-19 patients are
similar to other diseases that cause pneumonia [37,38].

Applied Treatment Methods for COVID-19

So far, WHO has recommended several drugs for treatment
of COVID-19. Initially, broad spectrum interfrons-anebulization
antiviral drugs were used, but only remdesivir showed a good
effect on the coronavirus [39,40]. Remdesivir, a nucleotide analog
drug, has been approved by the FDA as the first antiviral drug to
treat COVID-19. Indeed, upon entering the host cell, the drug is
metabolized to the metabolite alanine and converted to nucleoside
triphosphate (NTP). This compound, which is similar to ATP,
disrupts RNA transcription and eliminates the SARS-CoV-2 virus
during RNA transcription [41]. Clinical trials have shown that the
effective dose of this drug is equal to 200mg on the first day and
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from the second to the tenth day equal to 100mg per day in the
diet of patients, which has shown good results in their treatment
[42]. Chloroquine is an anti-malarial and autoimmune drug and
has been reported to be a broad-spectrum antiviral drug Which
is widely used. Chloroquine is known to block virus infection by
raising the endosomal pH required for virus / cell fusion as well
as interfering with the glycosylation of SARS-CoV cell receptors
[43]. A combination of remdesivir and chloroquine demonstrated
effectiveness by inhibition of SARS-CoV-2 [44]. Favipiravir (T-705)
is a WHO-approved antiviral agent that is available in pill form.
By inhibiting the RNA transcription of the virus cell, it prevents
the virus from replicating or causing lethal mutagenesis for the
virus cell, without causing toxicity to other cells. During studies on
Vero E6 cells (ATCC-1586), it had a beneficial effect in preventing
SARSCoV-2 infection without any significant side effects [45,46].
Whereas other antiviral drugs have shown mediocre results. Such
antiviral drugs and antibiotics have been combined with traditional
Chinese medicines and have been evaluated in humans and mice
[47,48]. As another treatment method, recently, in Shanghai
(China) injection of the blood plasma of the improved patients
exhibited good results [21,49]. When a person becomes infected
with the SARS-CoV-2 virus, The body begins to produce antibodies
to fight the virus factor, hence, in this therapy, a part of the blood of
the Treated people (which has antibodies) is injected into people
infected with the virus or Susceptible to infection. The results
showed that after plasma injection the antibody titer in the blood
of these people increased rapidly so that at the time of their blood
sampling, no RNA of the SARS-CoV-2 virus was detected, and the
disease had cured. However, what are the limitations and challenges
of this treatment? These challenges include matching blood types
and the absence of other pathogenic viruses [50]. Therefore,
studies were performed on the transmission of antibodies alone as
a primary and uncomplicated treatment for COVID-19. The results
of studies conducted by Group Wang, Y et al. [39] on COVID-19
patients with different disease severity showed a different pattern
of antibody response and viral shedding. By examining different
tissues in patients ‘bodies, they were able to obtain SARS-CoV-2
specific antibodies (IgM, IgG) outside the patients’ Respiratory
Tract [51]. In fact, the immune system produces these antibodies,
preventing the virus from Binding to the cell surface and inhibiting
the fusion of the host membrane. The results showed that this

treatment method had a quick recovery in patients [50,52].

Recent studies have shown that a significant number of deaths
in patients with COVID-19 are according to an overactive immune
system. Hence, in order to relieve pain and inflammation, during
studies performed on patients with different intensities of the
disease, 6 mg of Dexamethasone was administered orally or

intravenously for 10 days and showed a 35% reduction in death.
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Therefore, this drug was approved as one of the life-saving drugs
for patients infected with COVID-19 virus [53]. Macrolides such as
azithromycin or clarithromycin are a class of immunomodulatory
and anti-inflammatory antibiotics that their coadministration
with hydroxychloroquinone seemed to be good candidate for the
treatment of COVID-19 [54,55]. In one of the recent reports, the
role of chloroquine and hydroxychloroquine in viral load was
investigated, by Gautretetal.[56] (from I[HU-Méditerranée Infection,
Marseille, France) [56]. In their study, during the treatment period
(from first to 16th of March/2020), 600 mg of hydroxychloroquine
was administrated to the patients in three servings, every day, and
the viral load of the nasopharyngeal swabs were tested. Along that,
a group of the infected people did not received hydroxychloroquine,
as a control group. In this way, researchers found out that
hydroxychloroquine is effective in clearing the nasopharyngeal
space of the virus and even the addition of azithromycin
accelerates the process of recovery of the patients. However, upon
publishing the Gautret’s report, so many attentions were attracted
to coadministration of macrolides with hydroxychloroquinone.
A few days later, Gautret’s claim was critically discussed by
Machiels et al. [57] (from Department of Medical Microbiology &
Radboudumc Center for Infectious Diseases, the Netherlands) [57].
In Machiels’s article entitled “Reply to Gautret et al. [57] it was
expressed that there is no adequate evidence for the effectiveness
of coadministration of hydroxychloroquine and macrolides to the
COVID-19 patients. Machiels et al. [57] declared there would be so
many negative side effects to the mentioned medicinal compilation,
and the patients will be exposed to high risk via this method. In
this way, another report that was published by “The Lancet”
journal in 22/May/2020 and included some analytical data about
the effectiveness of coadministration of hydroxychloroquine and
macrolides, was immediately withdrawn [58]. Given these issues, it
is found out that the risk of using these drugs is high in particular for
the patients with cardiovascular disease due to their relationship
with electrical instability [58]. The efficacy of the combination of
hydro chloroquine and azithromycin against COVID-19 has become

a very controversial issue in the medical community.

Type 1 interferon (IFN-I) that plays an important role in
antiviral immunity, can also be a safe and easy probable treatment
for COVID-19, as well [59]. IFN-I is a large class of interferon made
of protein and its main responsibility is to assist the regulation
of the activity of the human immune system. IFN-I includes a
group of cytokines including subgroups alpha and beta, which
are themselves divided to other isoforms. Briefly, when pattern
recognition receptors (PRRs) detect a viral ingredient in the
blood serum, the IFN-I are immediately secreted. IFNAR receptors
present at the cell membrane detect the secreted IFN-I through

fixation by transcriptional factors. The IFN-I should be used in
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the early stages of the infection to prevent the side effects and
optimize antiviral therapy [60,61]. Recently, it was administrated
to the COVID-19 patients in combination with ribavirin [59-61].
As a big bug, it should seriously be noted that excessive use of the
interferon causes damages to the healthy tissues and in some cases,
anti-interferon drugs is necessary to be administrated to reduce the
possible damages [62].

Vaccines typically contain agents similar to disease-causing
microorganisms, including: live attenuated vaccine(they are made
by genetically engineering the target virus to stimulate the immune
system and produce antibodies without causing disease) [63,64],
protein-based vaccines (contains supramolecular structures or
recombinant proteins that are similar to viral proteins) that known
as virus-like particles (VLPs) and they stimulate the immune
system to produce antibodies and memory cells [65]. These VLPs
according to the lack of virus genetic material are safer than live
attenuated vaccines [66,67]. Vector vaccines can also be divided into
two categories: non-Replication vectors and replication vectors.
Non-replication vaccines produce the vaccine antigen when they
enter the cell but are unable to reproduce, while replication vectors
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infect cells when they enter the cell and in addition to stimulating
the immune system and producing specific antigens of pathogens,
they are able to reproduce infectious viral vectors and then infects
the target cells. Hence, DNA vaccines (to transmit pathogenic genes
based on plasmid DNA) and RNA vaccines (which are reproducible
based on their mRNA or RNA) used as a strategy for the expression
of immunogenic viral proteins [68]. Also, today, due to the covid 19
epidemic method, a large number of vaccines have been produced
from the category of mRNA vaccines that have been designed
according to S protein. As shown in Figure 3 the main mechanism of
these vaccines is that they trigger an immune response by activating
B cells and as a result, when body exposed to a secondary antigen,
antibodies produced in the plasma bind to the virus antigens and
prevent the virus from binding to the target cell [69]. Remarkably,
mRNA vaccines are not very stable, so for degradation, they are
synthesized with modified nucleotides, such as lipid nanoparticles.
One of the designed vaccines is the ChAdOx1 nCoV-19 vaccine,
which it contains the Cemenia adenovirus vector with a defective
ChAdOx1 replication and contains the complete spike protein
SARS-CoV-2 and high level of neutralizing and induced antibodies
without any serious side effects [70] (Figure 3).
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In this predicament, pharmaceutical companies around the
world have been trying to find a definitive and specific vaccine to
treat the SARS-COV-2. After a year of research in this field, a number
of these companies have succeeded in approving their vaccine in
the World Health Organization that table 1 shows the first and most
important vaccines. BNT162b2 is a lipid nanoparticle-formulated,
nucleoside-modified RNA vaccine that encodes a prefusion
stabilized, membrane-anchored SARS-CoV-2 spike protein. After
injection, this vaccine stimulates the body and triggers an immune
response and the production of specific SARS-CoV-2 antibodies. In
studies, 43,548 participants were randomly selected from people
over 16 years of age and BNT162b2 was injected at 30 micrograms
per dose in two doses 21 days apart. The results showed minor side
effects such as mild to moderate pain at the injection site, headache,
and fatigue, as well as protection and efficacy of over 95% of patients
against Covid-19. Therefore, this vaccine was approved by WHO on
31/12/2020 according to its high efficacy and low side effects. But
with all the benefits of this vaccine, there is a bug to how it is stored,
which requires very low temperatures. Therefore, the research
continued in such a way that in addition to using this vaccine, a
vaccine would produce that could be easily stored and sent to other
countries [72]. mRNA-1273 was another vaccine Was unveiled by
Modrena Manufacturer in US that the advantage of this vaccine over
the BNT162b2 is that it does not require very low temperatures
to maintain it. The mRNA-1273 vaccine is a lipid nanoparticle-
encapsulated mRNA-based vaccine that encodes the prefusion
stabilized full-length spike protein of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). In clinical trials performed
on eligible patients over 18 years of age by intramuscular injection
according to the diet, two doses were injected with an interval of 28
days, with a concentration of 0.2mg/ml [73]. High levels of binding
and neutralizing antibodies have been observed during the studies.
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This vaccine also had shown 94.5% efficacy in a recent Phase 3 trial
[74]. No serious side effects have been reported for this vaccine.
The only side effects that were observed after 7 days of vaccination
included mild side effects of weakness, headache, chills, myalgia
and low fever, which were more after the second dose of the vaccine
[75,76]. In March - April 2021 Ad26.COV2. S vaccine was approved
by the WHO as a useful vaccine for the treatment of COVID 19.
This vaccine is a recombinant vector of adenovirus serotype 26
(Ad26) that encodes a SARS-CoV-2 surface-stabilized spike protein.
Therefore, when it enters the body, it stimulates CD4 + T-cell cells
and produces IgG1 and IgG3 antibodies. Studies in participants aged
18 to 60 years have shown 85% efficiency with low side effects such
as pain at the injection site, headache, abdominal pain, fatigue and
nausea [77,78]. The ChAdOx1 nCoV-19 vaccine (AZD1222) that was
developed at Oxford University, consists of a replication-deficient
chimpanzee adenoviral vector ChAdOx1, containing the SARS-
CoV-2 structural surface glycoprotein antigen or spike protein gene.
In a study of 23,848 participants aged 18 to 55 who were randomly
selected from across Brazil, the United Kingdom and South Africa
and the vaccine was given to them in one or two doses, after each
injection of this vaccine, the immune system showed acceptable
immune profile for the vaccine by inducing neutralizing antibodies
and antigen-specific T cells against the SARS-CoV-2 spike protein.
According to the results, protection was 64-1% after the first
dose and 70-4% after second injection without any side effects
or even death in AZD1222 receptors. This vaccine was approved
by the WHO as a suitable vaccine for global distribution as a high-
performance vaccine for the treatment of COVID 19 on 15 Feb 2021.
But the remarkable thing about this vaccine is that it needs 2-8
degrees Celsius for storage, so it can be a challenge for low-income

countries to use [79,80].

Table 1: Safe and effective vaccines against COVID-19 which had been registered with the World Health Organization.
Vaccine Manufacturer Vaccine type Antigen Dose Dosage Efficacy (%) Ref.
) Full-length spike(S) Protein 2 doses 28 days
mRNA-1273 Moderna (US) mRNA whit proline substitutions 100pg apart 94.5 [81,82]
Pfizer-BioNTech Full-length S protein whit 2 doses 21 days
BNT16b2 (us) mRNA proline substitutions 30ug apart >95 [83,84]
Recombinant, replication-
Janssen/ incompetent human
. " .
Ad26-CoV.S Johnson and Viral vector adenovn'u.s serotype26 > 101.0 viral 1 dose 85 [85]
Johnson (US) vector encoding a full-length, particles
stabilized SARS-COV-2 S
protein
Replication-dificient
ChAdOx1 AsteraZeneca/ . chimpanzee adenoviral 5*1010 viral 2 doses 28 days
(AZS1222) Oxford (UK) Viralvector | tor with the SARS-COV-2 particles apart 704 [86]
S protein
5ug of protein
Protein Recombinant full-length, and 50pg
NVX-CoV2373 | Novavax,Inc(US) subunit prefusion S protein of Matrix-M 2 doses 95 [87]
adjuvant

American Journal of Biomedical Science & Research 532



Am ] Biomed Sci & Res

Copy@ Reza Taheri Ledari, Ali Maleki

CureVac/ Prefusion stabilized full- 2 doses 28 davs
CVnCoV GlaxoSmithKline mRNA length S protein of the SARS- 12pg Y unknown [88]
. apart
(Germany) COV-2 virus
Gamaleya
g:st;(;’r‘;t 1011 viral
Gam-COVID- Full-length SARS-COV-2 particles per
. Center for ) ) . 2 doses 21 days
Vac (Sputnic - . Viral vector glycoprotein S carried by dose for each 92 [89]
Epidemiology . . apart
V) and adenoviral vectors recombinant
Microbiology adenovirus
(Russa)
65.3
. . . Inactivated CN0O2 strain of 38 ‘.Nlth (brazile)
Sinovac Biotech Inactivated aluminum 2 doses 14 days 78
CoronaVac . - SARS-COV-2 created from . . [90]
(China) virus hydroxide apart (Indonesia)
vero cells -
adjuvant 91.25
(turkey)
. . 4pg with
. . Inactivated HBO2 strain of .
BBIBP-CorV Slnoph:flrml/Z lnac_tlvated SARS-COV-2 created from alum1n1.1m 2 doses 21 days 86 [91]
(China) virus hydroxide apart
vero cells -
adjuvant
Bharat Biotech Inactivated Inactivated virus of SARS- (;lirrrrllllr:\;lrtr}ll 2 doses 14 davs
Covaxin International . COV-2 created from vero . Y 50.7 [92]
o . virus hydroxide apart
Limited (India) cells .
adjuvant
Mutations its S proteins that the three most important of these mutations

As COVID-19 progresses, there are opportunities for the
SARS-CoV-2 virus to cause possible mutations in it, which help to
evade from the immune system and spread the virus. One of the
mutations in SARS-CoV-2 virus is a mutation in the virus spike
protein, which is a special concern of researchers today, because
these glycoproteins mediate the binding to ACE2 receptors and the
entry of the virus into the target cell, as well as the main target of
antibodies to neutralize them. As a result, mutations in it can lead
to increased disease intensity, resistance to immunity and vaccines,
and the onset of new disease symptoms [93,94]. Such mutations
in the SARS-CoV-2 virus that have led to the global spread of those
species, include type B.1.1.7(It was first identified in September
2020 in the UK) This species has 17 mutations in its original genome
(SARS-COV-2), which has increased its efficiency for transmission
to other humans. 8 of these 17 mutations has been created in spike
protein of virus. Of these, 3 mutations including: N501Y (Mutation
in the remainder of the main binding of viral spike to the target cell
receptor, which resulted to increased desire for binding to the ACE2
receptor), P681H mutation at the site of the furin gap in the virus
spike (This area is important for the transmission and infection
of the disease) and 4H69-V70 mutation are very important which
increase the risk of virus infection and evade from the immune
system [93,95]. Type B.1.1.248 (P.1) The Brazilian type that has
been evolving since February 2020), It contains 11 mutations in

are N501Y, K417T and E484K, which increases the infection and
accelerates the transmission from one person to another [96]. Type
B.1.351(The type of South Africa that separated from the mouth
and throat swabs of South African patients in November 2020) This
type of mutation includes several mutations in its structural and
non-structural proteins in compared with SARS-COV-2 virus. This
species, like B.1.1.248, hasthreeimportantmutations, N501Y,K417T
and E484K, which increase the efficiency of virus binding to target
cells and increase infection [96]. Type BA.1/B.1.1.529 is the latest
mutation variant that was discovered in Botswana in November
2021 and reported to the World Health Organization (WHO) as a
novel variant containing an unprecedented number of previously
described and novel mutations. There are up to 59 mutations in this
variant’s genome, with 36 of them in the spike protein. [97] As you
know, in addition to these mutations, other mutations are B.1.617
(Indian species which itself divided into 3 subcategories B.1.617.1,
B.1.617.2 and B.1.617.3 and have different types of mutations and
phototypic characteristics, B.1.427 / B.1.429 (This species was
created in the United States), B.1.616 (France) and .... The complete
data set of these mutations has been brought in (Table 2). In fact,
in all of this, mutations were created for Increased resistance to
vaccines and the immune system and also increase transmission
from person to person. But the very important challenge is, can these
mutations, which are form in different species, be treated with the IgG
and IgM antibodies or available vaccines? (Figure 4).
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United Kingdom South Africa Brazil
(201/501Y.V1) (20H/501Y.V2) (r.1)
B.1.1.7 lineage B.1.351lineage B.1.1.248 lineage
-
\“FQ &
& SR &
vy LA B AL Ty

s1/s2 52' 51/52 52'

51/52 52'
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Y1440
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Figure 4: Genome, S-protein structure and location of mutations in UK, South Africa and Brazil variant [98].

Table 2: Overview of emerging information on key variants of SARS-COV-2 mutation.

Mutated species Variants of Created on | Firstdetected in Speclite msl;ti;;(t;ons in the Effective vaccines Ref.
S13],
. W152C,
B.1.427/B.1.429 Interest (VOIs) Mar-20 United States L452R BNT162b [102]
D614G
B.1.1.28.2 Interest (VOIs) Apr-20 Brazil E484K, D614G, V1176F mRNA1273 [96]
D80A, D215G, 241/243del, MRNA1273
B.1.351 Concern (VOCs) May-20 South Africa K417N, E484K, N501Y, D614G, [96,103,104]
BNT162b
A701V
69/70del, 144del, N501Y,
B.1.1.7 Concern (VOCs) Sep-20 United Kingdom A570D, D614G, P681H, T7161, mRI\(Ij/Z\l/227337;\IVX- 1&331'3??3’4]
S982A,D1118H e
L452R, D614G, P681R,
B.1.617 Concern (VOCs) Oct-20 India + (E484Q, Q107H, T19R, Covaxin [105,106]
del157/158, T478K, D950N)
L18F T20N, P26S, D138Y, ChAdOx1
B.1.1.28.1 Concern (VOCs) Nov-20 Brazil R190S, K417T, E484K, N501Y, mRNA1273 [104]
D614G H655Y, T10271, V1176F BNT162b
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B.1.526 Interest (VOIs) Nov-20

United State

L5F, T951, D253G, D614G,
A701V, + (E484K or S477N)

mRNA1273

BNT162b2 (107,108]

B.1.525 Interest (VOIs) Dec-20

Multiple countries

Q52R, A67V, 69/70del, 144del,

E484K, D614G, Q677H, F888L Unknown

[109]

B.1.1.28.3 Interest (VOIs) Jan-21

Philippines

141/143del, E484K, N501Y,
D614G, P681H, E1092K,
H1101Y, V1176F

mRNA1273 [110]

B.1.616 Interest (VOIs) Feb-21 France

H66D, G142V, 144del, D215G,
V483A, D614G, H655Y, G669S,
Q949R, N1187D

Unknoun [111]

BA.1/B.1.1.529 Concern (VOCs) Nov-21

South Africa

G339D, S371L, S373P, S375F,
K417N, N440K, G446S, S477N,
T478K, E484A, Q493R, G496S,
Q498R, N501Y, Y505H, A67V,

delH69-V70, T951, G142D,
delV143, Y145, N2111+delL212,
insR214-EPE, T547K, D614G,
H655Y, N679K, P681H, N764K,
D796Y, N856K, Q954H, N969K,
L981F

mRNA-1273
BNT162b2
Ad26-CoV.S

[112,113]

Studies by Wu et al. On the neutralization rate of human and
non-human serum infected with B.1.1.7 who were vaccinated with
the mRNA-1273 vaccine demonstrated an effective neutralization
response to this vaccine [99]. Also, during a survey that performed
by Xiaoying Shen et al. On B.1.1.7-infected serums, they found that
Moderna and Novavax vaccines were very effective in treating this
mutant species (B.1.1.7) so that, the Novavax vaccine was 85.6%
effective in treating B.1.1.7 [100]. According to a study by Markus
Hoffmann Group, it was observed that monoclonal antibodies that
were effectively used to treat COVID-19 do not completely prevent
the guided entry by S proteins of B.1.1.248 and B.1.351 virus surface
[98]. Furthermore, in another study by David Harrington et al. on
patients with a history of SARS-CoV-2, Even before infection with
B.1.1.7, they had anti-SARS-CoV-2 antibodies in their blood serum
and there was no evidence of a decrease in serum antibodies [101].
As aresult, it can be assumed that, depending on the situation and
the type of mutation that occurs in SARS-CoV-2, it may or may not
have serious effects on the new mutant types and considering that
there are so many different possibilities in creating a mutation, a
comprehensive interpretation cannot be given and in fact, a lot of
research needs to be done to treat any new ones that are created.
In order to deal with new mutation type, a very targeted and highly
effective treatment method can be provided to eradicate the virus.

Suggested Therapeutic Strategy for COVID-19

As a result, it seems that one effective trick that we can think
of is to try to collect the SARS-CoV-2 by administration of the fake
receptors (ACE2), to reduce the chance of the original ACE2 (on the
lung’s cells) for the attachment. Then, this is essential to lead the
collected ACE2/SARS-CoV-2 complex to immediate excretion. In

the way of COVID-19 treatment, injection of the fake angiotensin-
converting enzyme 2 (ACE2) (the receptor of the coronavirus) into
the blood serum has been recently suggested by the researchers
[114]. This protein is located onto the surface of many cell types
(lungs, heart, blood vessels, kidneys, liver and gastrointestinal
tract), and the exchange of 0, and CO, between the lungs and blood
vessels is its main function [115,116]. In COVID-19, ACE2 provides
the entry point for the coronavirus to attach to the lung’s cells
and as a result the normal function of the ACE2 is inhibited [116].
In fact, the coronavirus crosses a key-lock model with the ACE2
receptor, which is well-known in antibody-antigen attachments,
to hook into and infect the lung’s cells [114-117]. Accordingly, it
is quite possible and reasonable to use the fake ACE2 receptors to
capture the coronavirus and lead them to the kidneys and ultimately
renal excretion. For this purpose, we only need to practically
preserve the native structure of the ACE2 by working at very low
temperatures. Like other protein species, at high temperatures
or intense conditions, the ACE2 is denatured, and its reception
function is lost. From the structural aspect, ACE2 includes zinc ion
(Zn*) and also so many functional groups containing the oxygen
and nitrogen atoms, coming from the side chains of different amino
acids [118]. According to a recent docking study published in the
current year (2020) by Nature publications [119], it was revealed
that the N-terminal peptidase domain (Ser19-Asp615) and the zinc
ion of ACE2 are involved in the attachment of receptor-binding
domain of coronavirus. According to the literature, there is a
disulfide (S-S) bond at subdomain I of ACE2 [118], which can be
reduced to thiol sites via a partial reduction by mild reagents such
as dithiothreitol (DTT), tris(2-carboxyethyl) phosphine (TCEP),
and 2-mercaptoethanol [120]. Then, the resulted thiol sites in ACE2
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could be used for the formation of a stable covalent bond to another

thiol group (during an oxidation process).

Previously, we have reported so many achievements on the
magnetic nanoparticles (especially iron oxide - Fe,0, and Fe,0,),
which are functionalizable due to including chemical functional
groups onto the surfaces [121-125]. We have widely used Fe,0,
nanoscale magnetic core for various applications such as organic
catalysis [126-129], drug carrier [130], and photocatalysis for
degradation of the hazardous substances [131,132]. From the
structural aspect, Fe,0, nanoparticles include hydroxyl groups
(-OH) onto their surfaces that are considered as an appropriate
site for making a covalent bond with chemical/biochemical
structures. Moreover, there are several additional advantages
for using this type of materials such as low cost and convenient
preparation, high magnetic property, nontoxicity, biodegradability,
tiny size, convenient separation, etc. In our previous report, we
have demonstrated that the surface of Fe,0, nanoparticles could be
easily functionalized with thiol-containing organic structures via
different strategies [133]. Moreover, its great magnetic behavior
gives us this substantial opportunity to direct the particles to the
target tissue in the body’s internal environment, just by applying an
external magnetic field [134].

Copy@ Reza Taheri Ledari, Ali Maleki

Herein, we intend to suggest an applicable efficient approach
to capture the coronavirus before attachment to the original
ACE2, and direct that to the kidneys for renal excretion. Since
the treatment process of the COVID-19 disease deeply depends
on the strength of the body’s immune system (which is different
for everybody), it obtains so much importance to shorten the
treatment time, especially for someone who does not have so
strong immune system. For this purpose, it is suggested to prepare
ACE2-functionalized magnetic nanoparticles with the size of
<50nm diameter. Then, the particles are magnetically directed to
the kidneys, which is a relatively fast process than the normal flow
of the blood serum circulation in the body. In this way, the fake
ACE2 is tagged onto the surface of the Fe,0, nanoparticles via stable
covalent binding and subjected to the infected blood serum. This is
so important to preserve the native structure of the ACE2 during
the attachment onto the surfaces. Otherwise, the virus-connection
specific function of the fake ACE2 will be lost. One of the most
crucial conditions for working on the native proteins is to reduce
the temperature to below 4°C [135]. Also, this is an important issue
to prepare tiny scale particles (smaller than 20 nm) due to having a
successful renal excretion [136]. (Figure 5), schematically presents
the suggested preparation route of Fe,0,/ACE2 magnetic receptor
for coronavirus and further therapeutic method. (Figure 5).
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Figure 5: The proposed novel treatment for COVID-19 by using ACE2-functionalized Fe,O, magnetic nanoparticles. After administration of the
Fe,O,/ACE2 nanoparticles, they could be magnetically directed to the target tissue (here is kidneys).

Conclusion

In late 2019, a novel viral infection emerged in Wuhan (China),
through which a lot of people around the world lost their lives and
a huge variation was occurred in the world’s population growth
trend. Immediately, researchers and specialists started to work on

the origin of the mentioned infection, which is called “SARS-CoV-2".
Everyone knows that the discovery of a vaccine for SARS-CoV-2 (as
the main prophylaxis) and production will take a long time. During
this time, finding the best treatment for the COVID-19 patients is
essential to reducing mortality. In this way, some medications such

as lopinavir, ritonavir, umifenovir and chloroquine were approved
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by WHO and administrated to the patients, to prevent the disease
progress. As other types of the viruses, SARS-CoV-2 is entered
into the target cells (lung) via attachment to its specific receptor.
Therefore, one of the most logical methods that comes to the mind
is to inject fake receptors to the patient’s blood serum to prevent
attachment of the virus to the original receptors (ACE2, in the lung’s
cells). Herein, we suggest a novel approach that is a compilation of
nano- and biotechnology and seems to be applicable as a suitable
treatment for COVID-19.
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