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Abstract

As of today seven coronaviruses were identified to infect humans, out of which only 4 of them belongs to beta family of
coronavirus, like HCoV-HKU1, SARS-CoV-2, MERS-CoV and SARS-CoV. SARS family viruses were known to cause severe
respiratory disease in humans. SARS-CoV-2 has recently considered as a pandemic with over 100 M confirmed cases and over
1.5 M death worldwide. Vaccines and antibodies appeared as record pace. However, generation of variants has already been
demonstrated as an escape of virus from a particular vaccine therapy. Therefore, a broad-spectrum anti-CoV therapies should
be emphasized.
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Introduction

What is COVID-19

A new threat to human life, in recent days, is the
outbreak of SARSCoV-2 human coronavirus at Wuhan City of
China in late December 2019. COVID-19 is the severe lower
tract infectious disease caused by SARS-CoV-2, a beta family
of human respiratory coronavirus. COVID-19 also presents
several other pathologies in different patients [1]. As of
April 9, 2021, the world-wide SARS-CoV-2 infected cases are
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Pandemic

more than 134M and death number is 3M. In USA, there have
been over 30 million confirmed cases with 554K deaths, and
worldwide there have been more than 134 M cases with 2.9K
fatalities [2].

The infection capabilities of SARS-CoV-2 are due to its
increased affinity for the angiotensin-converting enzyme 2
(ACE2) receptor presents on the recipient body’s cell surface
[3,4]. We have recently written an article referring the
zoonosis, susceptibility and different strategies to develop
therapeutics [5].

Transmission

Route of person-to-person transmission — Direct
person-to-person respiratory transmission is the primary
means of transmission of SARS-CoV-2 [6]. Infection might
also occur if a person’s hands are contaminated by droplets
or by touching contaminated surfaces and then they touch
their eyes, nose, or mouth, although contaminated surfaces
are not thought to be a major route of transmission. SARS-
CoV-2 also has been detected in non-respiratory specimens,
including stool, blood, ocular secretions, and semen, but the

Med ] Clin Trials Case Stud


https://medwinpublishers.com/MJCCS/
https://portal.issn.org/resource/ISSN/2578-4838#
https://medwinpublishers.com/
https://doi.org/10.23880/mjccs-16000298

Medical Journal of Clinical Trials & Case Studies

role of these sites in transmission is uncertain [7-13]. In
particular, several reports have described detection of SARS-
CoV-2 RNA from stool specimens, even after viral RNA could
no longer be detected from upper respiratory specimens,
and replicative virus has been cultured from stool in rare
cases [8,10,11,14].

Period of greatest infectiousness

Infected individuals are more likely to be contagious
in the earlier stages of illness, when viral RNA levels from
upper respiratory specimens are the highest [15-19].

Immunity following infection

Evidence suggests that some of these responses are
protective and generally last at least several months.
However, it is unknown whether all infected patients mounta
protective immune response and how long protective effects
last beyond the first few months after infection.

Humoral immunity

Following infection with SARS-CoV-2, the majority
of patients develop detectable serum antibodies to the
receptor-binding domain of the viral spike protein and
associated neutralizing activity [16,17]. However, the
magnitude of antibody response may be associated with
severity of disease, and patients with mild infection may
not mount detectable neutralizing antibodies [20,21]. When
neutralizing antibodies are elicited, they generally decline
over several months after infection, although most studies
suggest that neutralizing activity is maintained for up to
six to eight months [22-25]. These antibody responses are
associated with protection from SARS-CoV-2 infection.

Cell-mediated immunity

Studies have also identified SARS-CoV-2-specific CD4
and CD8 T cell responses in patients who had recovered
from COVID-19 and in individuals who had received an
investigational COVID-19 vaccine, which suggest the
potential for a durable T cell immune response [26-28].

Protective immune response after infection or
vaccination in primate studies

Animal studies have suggested that the immune response
to infection may offer some protection against reinfection, at
least in the short term [29-32]. Antibodies that neutralize
SARS-CoV-2 and SARS-CoV-2-reactive CD4 T cells have been
identified in some individuals without known exposure to
SARS-CoV-2, and some of these appear to be cross-reactive
with antigens from common cold coronaviruses [28,33-
35]. These pre-existing immune responses whether impact
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the risk or the severity of COVID-19 and whether they will
influence COVID-19 vaccine responses remain unknown.

Risk of reinfection

Overall, the short-term risk of reinfection (eg, within
the first few months after initial infection) appears low.
Nevertheless, sporadic cases of reinfection have been
documented [36-42]. The first infection elicited detectable
neutralizing activity (evaluated using a reference strain-
based neutralizing assay) that was undetectable at the time
of the second infection [43].

Therapeutic Approaches

To find a proper therapeutics for SARS-CoV-2, it is better
to know first the structural and functional biology of the said
virus. Coronaviruses are enveloped positive-stranded RNA
viruses. Full-genome sequencing and phylogenic analysis
indicated that human Coronavirus including SARS-CoV-2
have largest genome among all known RNA viruses (227 Kb)
[44,45]. Its nonstructural gene product replicase is required
for viral replication and modulation of the antiviral effects
[46-48].

The structural gene region encodes spike protein (S),
envelope (E), membrane (M), and nucleocapsid protein (N)
[49,50]. The spike (S) protein of SARS binds with the host cell
surface angiotensin-converting enzyme 2 (ACE2), and then
uses the host trans membrane serine protease-2 (TMPRSS2)
for S priming for efficient fusion and cellular entry of SARS-
CoV-2 [49,51] (Figure 1). Mature Coronavirus as a double
membrane compartment particles are COVID-19 causing
virus, SARS-CoV-2 is similar to SARS-CoV but dissimilar in
posing threat to humans transported to the cell [49].

Figure 1: SARS-CoV-2 virion, genome and strategies for
stabilizing the spike protein. A cartoon picture of SARS-CoV-2
virion with structural proteins (spike S), membrane (M),
nucleocapsid (N) and envelope (E)) and genome were shown.
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Present Therapy

Over a year ago, when the very first SARS-CoV-2 cases in
the USA were discovered, Nano Viricides was already working
on developing a broad-spectrum anti-coronavirus drug. Yet
the scientific community at large and regulatory efforts have
remained focused on (a) vaccines, (b) antibodies, and (c) re-
development of pre-existing drugs as antivirals [52].

A: Vaccine and/or Antibody

The strong government support led to rapid emergency
approval, and later full approval, of an already known antiviral
drug called remdesivir (Gilead). Strong fiscal support from
the government also led to the emergency approval of two
different antibody drugs, one from Regeneron, and one from
Eli Lilly in the fastest ever drug development timeframe.

Even stronger commitments and strong government
support led to the fastest ever emergency approval of two
vaccines, both employing nanotechnology; both developed
against the original 2019-nCoV-Wuhan variant, one by
Pfizer-BioNTech, and one by Moderna.

Vaccine Technologies
mRNA Vaccine

mRNA vaccines combine desirable immunological
properties with an outstanding safety profile and the
unmet flexibility of genetic vaccines. Based on in situ
protein expression, mRNA vaccines are capable of inducing
a balanced immune response comprising both cellular and
humoral immunity while not subject to MHC haplotype
restriction. In addition, mRNA is an intrinsically safe vector
as it is a minimal and only transient carrier of information
that does not interact with the genome. Because any protein
can be expressed from mRNA without the need to adjust the
production process, mRNA vaccines also offer maximum
flexibility with respect to development. Taken together,
mRNA presents a promising vector that may well become the
basis of a game-changing vaccine technology platform [53].
BioNtech and Pfizer already announced the final results of
their COVID-19 vaccine phase 3 clinical trial on 18 November
2020 [54].

Only a couple of days earlier, Moderna had also revealed
the preliminary outcome of their phase 3 study [55]. In
both cases the claimed efficacy in preventing infection
was 95% and 94.5%, respectively. Besides, BNT162b2, the
vaccine developed by the small German start-up and the
giant American pharma, and mRNA-1273 developed by the
Cambridge-based biotech company in collaboration with the
National Institutes of Health, are en-route to becoming the
first prophylactic measures against SARS-CoV-2 infection.
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Target Protein for vaccines

Thevirushas15non-structural proteinsand 12 structural
and accessory proteins. The spike (S) protein are responsible
for recognition of the host cellular receptor to initiate virus
entry. M proteins are embedded in the envelope and shape
the virion envelope. E proteins are small polypeptides that
are crucial for CoV infectivity. N proteins make up the helical
nucleocapsid and bind structural rearrangement of the S
protein and the insertion of FP required for virus- host
membrane fusion [56-59].

The spike protein (S)

Being composed of two subunits (S1 and S2), it mediates
both virus-host attachment via its receptor-binding domain
(RBD) and virus entry into the host cell [60]. Therefore, it
could be the major target of neutralizing antibodies, which
are most closely associated with protective responses against
viral infection in humans.

M, E and N proteins

Unlike the S protein, CoV M and E proteins are poorly
immunogenic for humoral responses, presumably owing to
their small ecto-domains for immune cell recognition and
small molecular sizes [61,62] (Figure 1). Adoptive transfer of
sera from donors immunized with a virus vector expressing
M or E protein did not protect mice against SARS- CoV-2
infection [63]. Therefore, M and E proteins have never been
explored as vaccine targets alone against SARS- CoV-2 or
other CoVs.

Nonetheless, the sequence identity of M or E proteins
among SARS- CoV, MERS- CoV and SARS- CoV-2 is much
higher than for the S protein and RBD, suggesting the
potential of M and E proteins as targets for cross- reactive T
cells. Indeed, several T cell epitopes have been identified in
M and E proteins in previous studies of SARS- CoV and MERS-
CoV immunity [64]. In this regard, M and E proteins may help
to broaden the T cell response and improve cross- protection
if included in a SARS- CoV-2 vaccine.

The N protein

Is the most abundant viral protein and is highly
immunogenic during CoV infections [65]. It is a major target
for antibody responses and also contains T cell epitopes [66].
N- specific antibodies were reported to protect mice against
mouse hepatitis virus, a mouse CoV, via Fc- mediated effector
functions [67,68]. However, anti- N immune sera did not
protect against SARS- CoV-2 infection in a mouse model [63].
Immunization with N protein can also elicit CD4+ and CD8+
T cell responses in mice [69]. N- specific CD8+ T cell epitopes
are known to protect chickens against IBV infection [70].
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Venezuelan equine encephalitis virus replicon particles
expressing an N- specific CD4+ T cell epitope showed
complete protection against SARS-CoV infection [71].
However, its potential as a CoV vaccine target was largely
undermined by early studies of SARS- CoV showing that
vaccines expressing N protein did not provide protection
and, on the contrary, enhanced infection-induced pneumonia
via increased pulmonary eosinophil infiltration and TH2
cell-biased responses [72,73], causing ERD. Therefore, the
inclusion of N protein in CoV vaccines is complicated by
balancing viral clearance and immune-pathogenesis and no
N protein-based vaccine has been reported for COVID-19, so
far.

The RBD

The RBD binds to the host receptor via a receptor-
binding motif (RBM) on its external subdomain in SARS-
CoV, MERS- CoV or SARS- CoV-2 [74-76]. The surface of the
S protein is extensively shielded from antibody recognition
by glycans, with the notable exception of the RBD, which
explains the immune-dominance of RBD epitopes [77].

Most SARS- CoV-2 neutralizing antibodies (nAbs) bind to
RBD and block the RBD-hACE2 interaction, thus inhibiting
virus attachment [78-90]. RBD is an attractive vaccine
target because it elicits high- quality, functionally relevant
antibodies, while avoiding the potential risk of ADE, which is
generally thought to be mediated by weak nAbs or non- nAbs
[91-93].

The RBD also contains epitopes for T cell responses, as
shown in studies of SARS- CoV, MERS- CoV and SARS- CoV-
2 [64,94-96]. RBD- based antigens have been described
in previous studies for SARS- CoV and MERS- CoV vaccine
development [64,94,97-99]. To date, several RBD- based
vaccines for COVID-19 have entered clinical trials. Yang, et
al. reported an RBD- based COVID-19 vaccine candidate
generated using a protein subunit strategy [95]. Consistent
with this, a recent report of an RBD- based DNA vaccine
also showed that the nAbs, and not the induced T cells, are
immunogenic protects NHPs from COVID-19 [100]. An RBD-
based mRNA vaccine is being developed in China and is
currently in phase I trials.

This candidate vaccine, ARCoV, which expresses SARS-
CoV RBD delivered by lipid nanoparticles, induced both nAb
production and TH1 cell- biased responses in mouse and
NHP models. Vaccination protected mice against challenge
with a mouse- adapted SARS- CoV-2 strain [94]. However,
the use of RBD in vaccines is compromised by its limited
immunogenicity owing to its small molecular size and
possible mixed forms of multiple complexes (as monomers,
dimers or trimers). Strategies to overcome these drawbacks
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include increasing antigen size (for example, by fusing the
RBD with an Fc domain), or by RBD multi-merization (for
example, by displaying multiple copies of RBD on particles
[101-108]. Recently, to address these limitations, a dimeric
form of the RBD of beta- CoV antigens suitable for use against
SARS- CoV-2, MERS- CoV and SARS- CoV are in the process of
development [109].

In addition to the RBD- dimer, an mRNA vaccine, BNT162b1
(BioNTech/Pfizer), was reported to express an RBD- trimer
stabilized by the fold on trimerization domain (Figure 1). The
phase I/l studies of this vaccine encouragingly showed that two
doses of the vaccine induced nAbs to levels higher than those
in convalescent patients as well as inducing TH1 cell- biased
responses [110,111].

Indeed, it is assumed that multivalent antigens would
allow the crosslinking of B cell receptors for better B cell
activation [112]. Interestingly, a recent study described a
vaccine candidate comprising multiple copies of the SARS-
CoV-2 RBD displayed in arrays on nanoparticles that induced
a markedly lower binding to nAb ratio than a S-2P- based
vaccine, indicating the humoral responses are focused on
epitopes recognized by nAbs for the RBD- based vaccines,
which are believed to have lower ADE potential [108]. S1-
NTD and the S2 subunit. The S1- NTD also contains epitopes
for CoV nAbs found in infected patients and has been
considered a potential target in CoV vaccines [56,57,85,113-
115]. NTD- targeting nAbs generally do not directly block
receptor binding but rather interfere with receptor binding
or restrain the S protein conformational changes required
for the pre- fusion to post- fusion transition [56,114,115]. It
is notable that SARS- CoV-2 NTD- targeting nAbs generally
exhibit lower neutralizing potency than RBD- specific nAbs
[56]. We previously reported an NTD- based vaccine against
MERS- CoV [116].

Vaccination with NTD protein elicited nAbs and NTD-
specific T cell responses. Furthermore, it reduced lung
abnormalities in a MERS-CoV challenge mouse model,
although the immunogenicity and protective efficacy of the
NTD protein were weaker than the RBD protein [116]. The
inclusion of NTD in a COVID-19 vaccine would broaden the
neutralizing epitopes and reduce the potential of viral escape
of host immunity. Yet, so far, NTD- based vaccines against
COVID-19 have not been reported.

S2 Subunit

Peptides derived from HR1 or HR2 of the S2 subunit from
SARS-CoV, MERS- CoV and SARS- CoV-2 have been described
that inhibit viral fusion with target cells and thereby prevent
virus infection. Moreover, nAbs have been reported to target
the S2 subunit of CoVs, including SARS- CoV-2 suggesting the
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S2 subunit as a COVID-19 vaccine target [39,56,117,118].
However, the membrane- proximal S2 subunit contains
more extensive N- glycan shielding and is less accessible for
immune recognition than the S1 subunit and is therefore
less immunogenic [119,120]. Rabbits immunized with SARS-
CoV-2 S2 protein showed much lower nAb titres than those
immunized with the S1 subunit or RBD proteins [121]. S2
subunit- targeting antibodies isolated from convalescent
patients showed weaker neutralizing activities against SARS-
CoV-2 than RBD- targeting antibodies [86]. These studies
suggest that the S2 subunit alone may not be an effective
target for humoral responses. Nevertheless, because of the
relative sequence conservation of the S2 subunit between
virus species, the S2 subunit is targeted by cross- reactive
antibodies and CD4+ T cells recognizing both SARS- CoV-
2 and other human CoVs, suggesting a potential target in
universal CoV vaccines [86,38,39,122].

Nanoparticle-based Vaccines

Two of the nanoparticles-based vaccines are close to
obtaining approval by the US Food and Drug Administration
could represent a giant step in the fight against the COVID-19
pandemic. Nanomedicine approaches, especially for cancer
therapies, have often led to underwhelming results when
translated from the pre-clinical to the clinical arena due to
the complex and still poorly understood nature of the nano-
bio interactions. The latest evidence suggests that in areas
such as vaccine development the odds for a nanomedicine-
based approach are more favorable [123,124]. These
strategies moreover are scalable and versatile, since mRNA
can be engineered using standard laboratory techniques.
This means that they can be easily and quickly adapted to
produce new vaccines against future epidemics.

With respect to other approaches, mRNA-based
therapies have several advantages. mRNA delivery is safer
than whole virus or DNA delivery as mRNA is not infectious
and cannot be integrated into the host genome; while DNA
needs to reach the nucleus to be decoded, mRNA is processed
directly in the cytosol; mRNA has a short half-life, which can
be regulated by molecular design; finally, it is immunogenic,
which might represent an advantage for vaccine design,
yet its immunogenicity can be modulated with molecular
engineering techniques [125]. However, to be safely and
efficiently transported in vivo without being degraded in
the circulation, and to reach the cytosol across the cellular
plasma membrane, mRNA needs a carrier. For many mRNA-
based therapeutics, including BNT162b2 and mRNA-1273,
the vehicles of choice are lipid nanoparticles (although
other materials have also been used) [125]. Complexed with
positively-charged lipids, mRNA is more stable and resistant
to RNase-mediated degradation and forms self-assembled
virus-sized particles that can be administered via different
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routes [126]. Once endocytosed, the lipid nanoparticles
promote endosomal escape, and release their genetic cargo
in the cytosol, where the mRNA is translated into antigenic
proteins, kick-starting the immune system machinery into
producing neutralizing antibodies. Both BNT162b2 and
mRNA-1273 deliver mRNA encoding genetic variants of
the SARS-CoV-2 spike protein that are more stable and
immunogenic than the natural protein. A current drawback
of these formulations is that their long-term storage requires
low temperatures, posing logistical hurdles to their potential
distribution and administration, in particular for regions of
the global south [127-129].

Adenovirus Cassette

Adenoviral vectors are the new COVID-19 vaccine front-
runners. As with all vaccines, the idea is to trick our body into
thinking it’s been infected. Those self-made spike proteins
would train our bodies to detect and terminate any real SARS-
CoV-2 infections. The technique has been in development for
more than 3 decades, but thanks to COVID-19, it is about to
be put to the test like never before.

As soon as the genetic sequence of SARS-CoV-2 was
posted online in January, three groups began independently
working on adenoviral vector vaccines for COVID-19:
CanSino Biologics, the University of Oxford, and Johnson &
Johnson. All three teams are chock full of vaccine veterans,
and their COVID-19 programs have garnered global attention
for their scale and speed.

CanSino’s adenoviral vector vaccine made it into
human trials in China in March ‘20. Later that month, the
US government pledged more than $500 million to help J&]
make up to 1 billion doses of its vaccine, which isn’t expected
to enter clinical testing until September. Oxford University,
meanwhile, is taking the most ambitious approach: in late
April, it started a 1,100-person trial to prove its vaccine’s
safety while looking for signs that it works. Its goal is to
complete that study in just a month and then begin a Phase
Il trial of 5,000 people as soon as June. If successful, Oxford’s
program would leapfrog all other COVID-19 vaccines in
development.

And all genetic vaccines—DNA vaccines, mRNA vaccines,
and adenoviral vector vaccines—mimic a natural viral
infection by forcing our bodies to produce viral proteins
inside our cells. That spurs the T cells of our immune system
to attack these vaccinated cells, and in the process, they learn
to seek and destroy cells infected with the real virus in the
future. Traditional vaccines, made from weakened viruses or
viral proteins, stimulate B cells to make antibodies against
the virus. Those antibodies latch onto invading viruses and
prevent them from entering our cells. The problem is that
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once the virus infiltrates our cells, the antibodies from a
traditional vaccine are useless. It’s at that stage that T cells
need to swoop in. Adenovirus vectors “are the best of all
vaccines at inducing a T-cell response,” Wistar’s Ertl says.

The National Institutes of Health, which partly funded
the trials, called a meeting to decide whether to proceed
with trials of Ad5-based vaccines. In 2009, it decided to push
forward with a modified version of a planned HIV vaccine trial
so long as the participants didn’t have preexisting immunity
to Ad5. Results from the 2,500-person study showed that the
vaccine was safe, but it still didn’t work.

That study curbed enthusiasm for Ad5, but didn't
eliminate it altogether. CanSino, a Chinese company
founded by former Sanofi vaccine developers, developed
an Ad5-based vaccine for Ebola during the 2014 outbreak,
and a Phase II study showed that the vaccine induced an
antibody response 4 weeks after injection. Several smaller
firms are also developing COVID-19 vaccines based on Ad5.
One of them is ImmunityBio, which uses Ad5 vectors with
additional gene deletions. CEO Patrick Soon-Shiong says the
modification drastically curtails the body’s toxic immune
responses to the virus and even allows the vector to be dosed
multiple times. The firm has tested the vector in about 200
people in several small clinical trials, mostly for cancer.

Other companies, including Altimmune, Stabilitech
BioPharma, and Vaxart, believe they can circumvent
preexisting immunity to Ad5 in the bloodstream by
administering their vaccines as nasal sprays or pills rather
than injections. The experimental formulations could also be
easier to manufacture, store, distribute, and use.

To date, three COVID-19 vaccine candidates based on
adenovirus expressing the full- length S protein have entered
phase III clinical trials. One, which is being developed in
China, is based on human adenovirus type 5 (Ad5) [31,130].

Ad-Chimp used by Oxford (A-Z) to COVID

In 2012, the Oxford group developed its own
chimpanzee-derived vector, dubbed ChAdOx1, based on an
adenovirus discovered in chimpanzee feces. The Oxford team
went on to create the spin-off company Vaccitech in 2016
and has developed experimental vaccines for a number of
diseases, including AIDS, malaria, tuberculosis, and Middle
East respiratory syndrome, which is caused by the MERS
coronavirus. A small safety study of that MERS vaccine was
conducted in 2018. The results, published this April, showed
that most of the 24 people in the trial still had T cells that
targeted the MERS virus 12 months after a single injection of
the vaccine. They also still had elevated levels of antibodies a
year later. But only about half the people who got the highest
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dose of the vaccine had antibodies that neutralized the MERS
virus in lab experiments. That MERS work allowed the Oxford
team to move fast on a COVID-19 vaccine, which essentially
swaps in the genetic instructions for the SARS-CoV-2 spike
protein.

A single dose of ChAdOx1 nCoV-19, an investigational
vaccine against SARS-CoV-2, has protected six rhesus
macaques from pneumonia caused by the virus, according
to National Institutes of Health scientists and University of
Oxford collaborators. The findings are not yet peer-reviewed
but are being shared to assist the public health response
to COVID-19. Based on these data, a Phase 1 trial of the
candidate vaccine began on April 23 in healthy volunteers in
the United Kingdom.

Oxford University has entered into a partnership with
UK-based global biopharmaceutical company AstraZeneca
for the further development, large-scale manufacture and
potential distribution of the vaccine [131]. The second,
being developed in the UK, uses recombinant chimpanzee
adenovirus, ChAdOx1 [132,133].

Inactivated virus: Besides Pfizer’s and Moderna- developed
COVID-19 vaccine, a third one was developed by China’s
Sinovac Biotech company from inactivated SARS-CoV-2
to stimulate our bodies immune response. This vaccine is
similar to the flu and chickenpox vaccines, and is currently in
late-stage trials [134].

Live attenuated virus: Live attenuated virus (LAV) vaccines
have been a reliable means of inducing effective long-term
immunity against various specific viral pathogens, such as
polio and measles. These are developed by passaging the
pathogen under heterogeneous conditions. For instance, the
LAV measles strain called AIK, used for vaccine production,
was produced by passaging in sheep kidney cell lines
and then in chicken embryo cells at 33°C. This allows it to
replicate at 35°C but not at 37°C or 39°C. Such temperature-
sensitive strains are suitable for LAV vaccines.

An end result is a weakened form of the virus that
cannot replicate easily within human cells. This allows
the virus to generate an immune response but not to
establish a productive infection. The mutant enzymes may
be temperature-dependent in their activity. Alternatively,
the structure of the NSP may be altered by temperature,
hindering complex formation with other NSPs and therefore
preventing viral replication. A50-18 thus isolated as a novel
live attenuated vaccine candidate for the prevention of
COVID-19 because they less pathogenicity but retained the
immunogenicity [135].

Validity of S protein as target: The SARS-CoV-2 S protein
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binds to the host cell receptor and induces virus—cell
membrane fusion, which plays a vital role in the process
of virus invasion. Moreover, the high affinity between the S
protein and ACE2 increases the infectivity of SARS-CoV-2.
Mammals including pangolins, pets (dogs and cats), and
members of Cricetidae may be important for determining
key residues for association with S from SARS-CoV and
SARS-CoV-2 understanding of the structure and function of
SARS-CoV-2 S will allow for additional information regarding
invasion and pathogenesis of the virus, which will support
the discovery of antiviral therapeutics and precision vaccine
design [136].

Structural information will also assist in evaluating
mutations of the SARS-CoV-2 S protein and will help in
determining whether these residues have surface exposure
and map to known antibody epitopes of S proteins from other
coronaviruses. In addition, structural knowledge ensures
that the proteins produced by constructs are homogeneous
and participate in the prefusion conformation, which should
maintain the most neutralization sensitive epitopes when
used as a candidate vaccine or B-cell probe for isolating
neutralizing human mAbs. Furthermore, atomic-level details
will enable the design and screening of small molecules that
inhibit fusion. Since SARS-CoV-2 and SARS-CoV RBD domains
share 75% amino acid sequence identity, future work will be
necessary to evaluate whether any of these Abs neutralize
newly emerged coronavirus. Overall, interaction between
the S protein of SARS-CoV-2 and ACE2 should be further
studied to contribute elucidation of the mechanism of SARS-
CoV-2 infection. Similarly, focusing on high expression of
the S protein or its receptor binding region is also of great
significance for the development of vaccines.

The S2 subunit of SARS-CoV-2 shows 88% sequence
homology with the SARS-CoV S2 domain and is structurally
conserved.Therefore,thedevelopmentofantibodiestargeting
this functional motif may cross-bind and neutralize these two
viruses and related CoVs. Antiviral peptides prevent SARS-
CoV-2 membrane fusion and can potentially be used for the
prevention and treatment of infection. It is worth mentioning
that EK1C4, which targets the highly conserved HR1 domain
of the S2 subunit, is expected to have therapeutic potential
against SARS-CoV-2. More importantly, EK1C4 can be used
as a nasal drop, which increases its medicinal properties, it
possesses a high genetic barrier to resistance, and does not
easily induce drug-resistant mutations. On the other hand,
peptide fusion inhibitors may not be widely used clinically
and have low bioavailability. Therefore, the development of
oral small molecule fusion inhibitors is a major direction.

In the course of virus epidemics, the ability to adapt to
external pressure is an important factor affecting the spread
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of the virus. Regarding the envelope S protein, recombination
or mutation in the gene of its RBD can occur to promote
transmission between different hosts and lead to a higher
fatality rate [137]. Mutation of the aspartate (D) at position
614 to glycine (G614) results in a more pathogenic strain
of SARS-CoV-2 which makes it more difficult to develop
antibodies or vaccines that target non-conservative regions
[138]. To effectively prevent disease, combinations of
different mAbs that identify different epitopes on the SARS-
CoV-2 S surface can be assessed to neutralize a wide range of
isolates, including escape mutants [139].

Potential Issues in using S-protein as target

¢ Autoantibodies against ACE and ACE-like hormones are
possible.

¢ [t has been hypothesized (suggested) by some experts
that ACE inhibitors could make COVID-19 worse. But
because COVID-19 is a new disease, we do not know if
they actually do.

¢ ACE inhibitors reportedly increase levels of ACE-2 which
is the protein that the SARs-CoV-2 virus binds to, and
long-term use may also suppress the immune response.

e However, an overactive renin-angiotensin system may
be another reason people with high blood pressure are
more likely to develop pulmonary complications from
COVID-19.

¢ There is currently no evidence that ACE inhibitors do
make COVID-19 worse. But it is something that needs
to be investigated further, to help guide practice during
this current COVID-19 pandemic and for any new
coronaviruses in the future that use ACE-2 as an entry
point as well.

¢ Do not stop taking your ACE inhibitor because this may
increase your chance of having a heart attack or stroke.
If you have any concerns, talk to your doctor.

Variants are really considered: SARS-CoV-2 Variants a new
virus variant has one or more mutations that differentiate
it from the wild-type or predominant virus variants already
circulating among the general population. As expected,
multiple variants of SARS-CoV-2 have been documented in
the United States and globally throughout this pandemic.
To inform local outbreak investigations and understand
the national picture, scientists compare genetic differences
among viruses to identify variants and how closely they are
related to each other.

Several new variants, most notably

B.1.1.7: In the United Kingdom (UK), a variant of SARS-CoV-2
known as B.1.1.7 emerged., and has a transmission advantage
of 0.4 to 0.7 points higher in reproduction number, meaning
it’s reproduction numbers could vary from 1.4 to 1.8 [140].
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This variant carries a large number of mutations and has
since been detected around the world, including in the United
States (US). This variant was first detected in the US at the
end of December 2020. In January 2021, scientists from the
UK reported early evidence that suggests the B.1.1.7 variant
may be associated with an increased risk of death compared
with other variants [141,142]. More studies are needed to
confirm this finding.

B.1.351: In South Africa, another variant of SARS-CoV-2
known as B.1.351 emerged independently of B.1.1.7.
According to a non-peer-reviewed preprint article, this
variant shares some mutations with B.1.1.7 [143]. Cases
attributed to B.1.351 have been detected outside of South
Africa, and this variant was first detected in the US at the
end of January 2021. Preliminary evidence from non-peer-
reviewed publications suggests that the Moderna mRNA-
1273 vaccine currently used in the US may be less effective
against this variantbut additional studies are needed [144].

P.1: In Brazil, a variant of SARS-CoV-2 known as P.1 emerged;
it was first identified in January 2021 in travelers from Brazil
who arrived in Japan. This variant was detected in the US at
the end of January 2021 [145,146].

The P.1 variant has 17 unique mutations, including three
in the receptor binding domain of the spike protein (K417T,
E484K, and N501Y), according to non-peer-reviewed
preprint articles [147,148]. There is evidence to suggest
that some of the mutations in the P.1 variant may affect the
ability of antibodies (from natural infection or vaccination)
to recognize and neutralize the virus but additional studies
are needed [149].

One specific mutation, called D614G, is shared by these
three variants. It gives the variants the ability to spread
more quickly than the predominant viruses, as described in
a non-peer-reviewed preprint article [150,151]. There also
is epidemiologic evidence that variants with this specific
mutation spread more quickly than viruses without the
mutation [152].

This mutation was one of the first documented in the
US in the initial stages of the pandemic, after having initially
circulated in Europe [153].

D-1: Other target protein for COVID-19 vaccine: New
research shows why the N protein might be a good target.
The latest results from the phase 3 COVID-19 vaccines trials
have been very positive. These have shown that vaccinating
people with the gene for SARS-CoV-2 spike protein can
induce excellent protective immunity.

The spike protein is the focus of most COVID-19 vaccines
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as it is the part of the virus that enables it to enter our cells.
Virus replication only happens inside cells, so blocking entry
prevents more virus being made. If a person has antibodies
that can recognize the spike protein, this should stop the
virus in its tracks.

The three most advanced vaccines (from Oxford/
AstraZeneca, Pfizer/BioNTech and Moderna) all work
by getting our own cells to make copies of the virus spike
protein. The Oxford vaccine achieves this by introducing the
spike protein gene via a harmless adenovirus vector. The
other two vaccines deliver the spike protein gene directly
as mRNA wrapped in a nanoparticle. When our own cells
make the spike protein, our immune response will recognize
it as foreign and start making antibodies and T cells that
specifically target it.

However, the SARS-CoV-2 virus is more complicated
than just a spike protein. There are, in fact, four different
proteins that form the overall structure of the virus particle:
spike, envelope (E), membrane (M) and nucleocapsid (N).
In a natural infection, our immune system recognizes all of
these proteins to varying degrees.

Following SARS-CoV-2 infection, researchers have
discovered that we actually make the most antibodies to the
N protein - not the spike protein. This is the same for many
different viruses that also have N proteins. But how N protein
antibodies protect us from infection has been a long-standing
mystery. This is because N protein is only found inside the
virus particle, wrapped around the RNA. Therefore, N protein
antibodies cannot block virus entry, will not be measured in
neutralization assays that test for this in the lab, and so have
largely been overlooked.

New mechanism discovered: A new mechanism for how
N protein antibodies can protect against viral disease has
emerged from the MRC Laboratory of Molecular Biology in
Cambridge. An unusual antibody receptor called TRIM21 is
only found inside the cell. They have shown that N protein
antibodies that get inside cells are recognized by TRIM21,
which then shreds the associated N protein. Tiny fragments
of N protein are then displayed on the surface of infected
cells. T cells recognize these fragments, identify cells as
infected, then kill the cell and consequently any virus.

This suggests that vaccines that induce N protein
antibodies, as well as spike antibodies, could be valuable,
as they would stimulate another way by which our immune
response can eliminate SARS-CoV-2.

Adding N protein to SARS-CoV-2 vaccines could also be

useful because N protein is very similar between different
coronaviruses - much more so than the spike protein. This
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means it’s possible thata protective immune response against
SARS-CoV-2 N protein could also offer some protection
against other related coronaviruses, such as MERS.

Another potential benefit that may arise from including
N protein in SARS-CoV-2 vaccines is due to the low mutation
rates seen in the N protein sequence. Some changes to the
sequence of SARS-CoV-2 have been reported over the course
of this pandemic, with the most significant changes occurring
in the spike protein. There is some concern that if the spike
sequence alters too much, then new vaccines will be required.
This could be similar to the current need for annual updating
of influenza vaccines. However, as the N protein sequence
is much more stable than the spike, vaccines that include a
component targeting the N protein are likely to be effective
for longer [154].

E: Are vaccines a good strategy for using in late stage of
this pandemic?: The coronavirus disease 2019 (COVID-19)
pandemic disrupted our lives and our healthcare systems
and accounted for millions of illnesses across the globe
ranging from mild to severe to deadly. COVID-19 vaccination
is a critical tool in stopping this pandemic.

There are several COVID-19 vaccines that are in the late
stages of development. Currently, two vaccines have been
authorized for use by the U.S. Food and Drug Administration
and recommended by the Centers for Disease Control and
Prevention. These vaccines are designed to teach your body’s
immune system to recognize and fight off the virus that
causes COVID-19.

Both of these vaccines require two doses. The first shot
starts building protection. A second shot a few weeks later
is needed to get the most protection the vaccine has to offer.
Neither of these vaccines will give you COVID-19 [155].

Why are COVID-19 vaccines important?

COVID-19 has sickened and killed millions of people
worldwide. COVID-19 vaccines have been tested in clinical
trials to determine that they are highly effective in stimulating
our bodies to develop immunity and protect us from the
disease. Therefore, COVID-19 vaccines are a critical tool in
stopping the pandemic, resuming normal life, and protecting
ourselves and others from this disease.

e Psychological comfort

e May reduce severity of diseases even from a variants.

e However, increase of ADE cannot be neglected. In case
of SARS-CoV-1, ADE was demonstrated in animal model.

e Vaccines are protective prior to going to exposure event.
However, the virus is constantly mutated.

e Is frozen vaccine going to alter our normal life, may be
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questionable.

F: Compare plasma therapy and Antibody therapy: MABs
repeatedly escaped. Several approved MABs are not very
effective based on the amount of dosing and clinical results.

Demerits of Vaccine/Antibody therapy: However, as the
vaccines are undergoing deployment, several new virus
variants of tremendous concern have already emerged.
Additional virus variants will continue to emerge at an even
faster rate because of the widespread dissemination of the
virus with many patient bodies serving as factories.

It is well known that viruses, particularly RNA viruses,
mutate rapidly, and that such changes produce “variants” that
escape from vaccines as well as from antibody drugs. SARS-
CoV-2 has a repair mechanism that retains some fidelity
during reproduction, and therefore it changes less rapidly
than Influenza A viruses or HIV. Nevertheless, given the
significant penetration of the virus into human population,
and the very high viral loads achieved in severe cases, the
virus has a tremendous ability to change. This important
concern, voiced by several eminent scientists, has been
overlooked until recently.

Meanwhile, SARS-CoV-2 has generated at least four
important variants that have had significant impact. The very
first one, namely D614G, replaced the original Wuhan strain
completely and rapidly during the first wave of the pandemic
itself. In the current second wave, we have seen emergence of
the B.1.1.7 variant from UK, the N501Y-V.2 (also called B.1.1.7
variant) from South Africa, and the P.1 variant from Brazil.
Each of them arose independently and in distinctly different
geographic spaces, and yet there are many common features.
It appears that the 501Y mutation in the spike protein leads
to stronger binding to the human cellular receptor ACEZ2,
allowing the virus to infect more productively. It appears that
the E484K mutation, along with other mutations, may result
in escape from vaccines and antibodies.

Even more of concern is the fact that the variants now
being found have an accumulation of multiple mutations.
This is predictive of such variants being more resistant to
drugs and vaccines. They are likely to have been selected
against drug pressure or immune system pressure, and thus
would have resistance to antibody drugs, as well as other
commonly used drugs such as remdesivir,

It has already been found that most of the new variants
are resistant to existing antibody drugs. Some of the new
variants may also be resistant to remdesivir, since a WHO
report stated that remdesivir was not very effective in
the field, in contrast to its established effectiveness in
randomized clinical trials by Gilead.
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Ofnote, the currently approved drugs, namely remdesivir,
the Regeneron antibody cocktail, or the Eli Lilly antibody
drug, had demonstrated only moderate effectiveness in
clinical trials. Remdesivir reduced the length of hospital stay
in marginally sick hospitalized patients by approximately
one to two days. The Eli Lilly antibody drug, given alongside
remdesivir, improved this by another one day. The Regeneron
drug dosing is at 8g of antibody, indicating relatively weak
effectiveness.

Further, it is known that a new variant can cause
infection of a previously recovered coronavirus patient, and
sometimes may be more severe than the earlier infection.
Thus, further loss of effectiveness of the existing drugs as
new variants emerge would have devastating consequences

Vaccines, it appears, are not the great hope nor panacea
that the scientific community had once thought for this
epidemic. The South African variant, 501Y.v2 is of great
concern as scientists believe it may escape current vaccines.
Its mutations are also shared by the Brazilian variant, P.1.
Vaccinated persons coming down with SARS-CoV-2 infection
has already been witnessed. As more variants emerge,
existing vaccines would probably be practically useless.

An additional concern is that some of the variants are
expected to result in greater total fatality numbers. A more
contagious variant would cause more number of cases and
thus greater number of fatalities. A more lethal variant
would lead to a greater proportion of infected patients dying
(i.e. a greater case fatality rate). The UK B.1.1.7 variant has
both of these features, and thus presents a great risk. It is
reportedly more lethal than the earlier prevalent strain, and,
additionally, it is significantly more contagious.

Failure of vaccines and antibody drugs is therefore
certain, the only question is how long will it be before the
original vaccines become completely useless. Replacing
current vaccine with a new vaccine, would be an endless
game of chasing a rapidly changing epidemic that would be
both costly and would be substantially non-responsive.

G: Host Defence Therapy

Dexamethasone: A moderate dose of dexamethasone (6 mg
daily for 10 days) reduced mortality in hospitalized patients
with COVID-19 who required supplemental oxygen therapy
or mechanical ventilation [156,157]. These favorable findings
are supported by three other trials of glucocorticoids for
COVID-19, which stopped enrolment in early June, 2020,
when the RECOVERY trial results were released [158-160].
Each ofthese trials showed some evidence of benefit, although
none had completed enrolment. A prospective meta-analysis
of these and other trials, totaling 1703 participants (59%
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from the RECOVERY trial), confirmed a reduction in 28-day
mortality with minimal heterogeneity across studies [22].

While confirming beneficial effects of corticosteroids
for critically ill hospitalized patients with COVID-19, some
unanswered questions and issues remain that deserve
discussion and should be addressed in future research.

Corticosteroids: Corticosteroids, such as hydrocortisone
and dexamethasone, have anti-inflammatory, antifibrotic,
and vaso-constrictive effects with acute respiratory distress
syndrome (ARDS) and septic shock. The publication of these
3 randomized trials of corticosteroids and the prospective
meta-analysis in this issue of JAMA represents an important
step forward in the treatment of patients with COVID-19.
However, numerous other studies limits the confidence in
using corticosteroids in hospitalized patients with COVID-19
[161].

IL and Interferons: Effective therapeutic approaches are
urgently needed to reduce the spread of the virus and its
death toll. An unique role of IFNA in fine-tuning antiviral
immunity in the respiratory tract prevents the devastating
consequences of COVID-19-mediated pneumonia and acute
respiratory distress syndrome (ARDS) [162].

H: Traditional Antivirals

e Antiviral agents that target membrane-bound
corona-viral RNA synthesis: Represent a novel and
attractive approach [163,163]. Inhibition of membrane-
bound corona viral RNA synthesis byK22, [(Z)-N-(3-
(4-(4-bromophenyl)-4-hydroxypiperidin-1-yl)-3-oxo-
1-phenylprop-1-en-2-yl) benzamide], showed potent
antiviral activity of MERS-CoV however, never applied to
other CoVs including SARS-CoV-2 [163, 165].

¢ Antiviral effect of protease inhibitors: Disulfiram,
generally used for alcohol-aversion therapy, can inhibit
papain-like protease and can block viral evasion
[166,167]. However, Disulfiram inhibits papain-like
proteases in MERS and SARS via different mechanisms
[168].

¢ Replicase Inhibitors: Virus replication in host cells
depends on a crucial protein Helicase (nsP13) [163,
169]. Development of a small 1,2,4-triazole derivative
demonstrated an inhibition of NTPase/helicase of SARS-
and MERS-CoVs and low cytotoxicity [170, 171].

e Antivirals Targeting the viral entry: Camostat and
Nafamostat, inhibitors of TMPRSS2, have shown
effectiveness against coronaviruses entry to the host
cells (e.g. MERS-CoV) [172,173]. Further, endocytic
entry of -coronaviruses can be blocked by Imatinib,
an Abelson (Abl) kinase inhibitor [174]. All of these
potential therapeutics inhibited the replication of MERS-
CoV, SARS-CoV, and HCoV-229E in the low-micromolar
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range, which is an indicative of their use as a broad-
spectrum antiviral remedies [163].

¢ Anti-ebola drug: Remdesivir (GS-5374), a nucleotide
analog that was developed as a therapy for Ebola and
Marburg virus infections showed antiviral activity
against Respiratory Syncytial virus, Junin virus, Lassa
Fever virus, and MERS-CoV [163,175]. This analog is also
effective against Bangladesh genotypes of Nipah virus,
in vitro [176]. Indeed, very recent it was published that
Remdesivir can inhibit SARSCoV- 2 in cell culture studies
[177,178].

e Antimalarial drugs: Chloroquine, generally known
as an anti-malarial drug, interferes with the terminal
glycosylation of ACE2, and thus inhibits virus-receptor
binding and thereby entry to the host cell [179].
Furthermore, an endosomal acidification whichis needed
for viral genome release in the host-cell cytoplasm,
may be inhibited with Chloroquine or its more potent
chemical derivate Hydroxychloroquine which have
shown promise in testing with SARS-CoV-2 in vitro [179-
181]. Recently, Wang et al. and Liu et al. have shown
that the chloroquine can inhibit SARS-CoV-2 in vitro
effectively, though the efficacy vs. toxicity remains as a
big issue [182,183].

e« Some concerns of the above therapeutic
approaches: The anti-malarial drugs, chloroquine, and
hydroxychloroquine were found to be effective in limited
cases of COVID-19, and also have significant side effects,
including increased case fatality rates [177,184,185].

Prospective Therapies

Attention needs to be focused on broad-spectrum
antiviral therapeutics that minimize the possibility that virus
variants would escape the drug. If such an effective drug is
available, vaccines that require constant changes would not
be needed.

NanoViricides, Inc. (Shelton, CT, USA) is probably the
only company that has developed such a technology to have
broad spectrum two arms antiviral capacity. It is the only
company to the best of our knowledge that can develop
antiviral drugs that (a) directly attack the virus and disable
them from infecting human cells, and simultaneously, (b)
block the reproduction of the virus that has already gone
inside a cell. Together, this double-whammy would result in
a cure.

Additionally, the Nanoviricides® platform technology is
based on biomimetic engineering that copies the features
of the human cellular receptor of the virus. No matter how
much the virus mutates, all virus variants bind to the same
receptor in the same fashion. In fact, the later variants bind
to the receptor more effectively, in general. Thus, if these
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features of the cellular receptor are appropriately copied, the
resulting Nanoviricide drug would remain effective against
current and future variants of a virus.

In brief, we have developed a “Venus-FlyTrap” for virus
particles which is designed with such an unique concept that
a when a virus encounters our Nanoviricide “Venus-FlyTrap”
thinking it is binding to its target cell receptor(s), and would
get engulfed and destroyed in the process (Figure 2). Using
a plug-and-play approach, we can change the virus binding
ligand portion of this nanomedicine to attack a different
virus. This allows for rapid design & construction, synthesis,
manufacture, and testing of novel drug candidates against
an emerging outbreak such as the SARS-CoV-2 that has now
become pandemic.

Figure 2: Novel Platform Technology: Nanoviricide is a cell
Mimic.
HIV Particle binding to a cell via CD4 and a Co-receptor.

A nanoviricide “look like” a human cell o the virus.
Nanoviricide is large enough for a virus particle to latch onto
it. Yetsmall enough to circulate readily in the body. Rather than
the virus particle entering into a nanoviricide, a nanoviricide
wraps around the virus particle and encapsulates it, by using
the virus particle’s very same ability to enter a cell.

Viral resistance to the nanoviricide drug is unlikely
because even as the virus mutates, it still binds to the same
cell surface receptor(s), in the same fashion.

Our Recent Results

We have already found SARS-CoV-2 binding ligands

using molecular modeling.

e We have synthesized several Nanoviricides based on
these virtual hits.

¢ We have already tested them for broad-spectrum anti-
coronavirus effectiveness in cell culture studies. One
of the coronavirus strains (NL63) we studied uses the
same cell surface receptor ACE2 (angiotensin converting
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enzyme-2) that is shared by SARS-CoV-2 and the older
coronavirus SARS-CoV-1.

¢ In order to assess how broad-spectrum effect our drug
candidates may possess we have tested our compounds
against two different coronaviruses, 229E and NL63, in
this cell culture study.

e Out of several of our drug candidates, one drug showed
as much as 15-TIMES more effective than favipiravir
(an RNA polymerase inhibitor used here as a positive
control) against two different coronaviruses in this
study (Data is in the process of writing an experimental
paper).

e Safety and Tolerability of anti-coronavirus drug
candidates observed in an animal model, announced on
July 8,2020, further advances NanoViricides’ SARS-CoV-2
therapeutics program. Three different drug candidates
at three different dosage levels (low, medium, and high)
and vehicle control were administered to separate
groups of mice intravenously in the Safety-Tolerability
study reported here. Clinical observations and gross
post-mortem studies have been completed. The tested
drug candidates were safe and well tolerated, thereby
clearing the path for further development towards a
treatment for SARS-CoV-2 infection that has caused the
current COVID-19 pandemic.

e There were no clinical signs of immune or allergic
reactions such as itching, biting, twitching, rough coat,
etc. Further, there were no observable changes in any
organs including large intestine or colon on post mortem
in gross histology. The only reportable changes observed
were, in the high dosage groups of two of the three drug
candidates tested, associated with the non-absorption
of water, in the colon. This is consistent with the clinical
observation of very loosened stools in the same groups.
In clinical usage, the drug candidates are not anticipated
to be administered in such high levels. The objective
of this study was to discover the dosage level at which
such an effect may occur. Sixteen mice in each group
(8 males, 8 females), were administered one of the
three drug candidates at one of the three dose levels,
and additionally, one group was administered vehicle
control, for seven days by daily tail-vein intravenous
infusion in this blinded study with additional evaluations
on 8th day. This non-GLP safety/tolerability study was
conducted under GLP-like conditions by AR BioSystems,
Inc., Odessa, Tampa, FL. Further microscopic histology
and blood work analyses are in progress.

We have already scaled up production of key portions to
multi-kilogram scales. We are now initiating an animal model
study to finalize two to three best candidates for further
testing. We intend to perform certain animal model safety
studies, in order to further advance the final candidate for
limited human clinical (compassionate) use scenario. This is
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the fastest timeframe that a drug candidate truly directed at
the SARS-CoV-2 has been developed by any Company to date
[186].

NanoViricides has diligently engaged in the fight
against SARS-CoV-2 since very early in the epidemic. Our
drug candidates began core safety pharmacology studies
required for entering human clinical trials around October/
November, 2019. The studies have been completed and we
are anticipating the report from the external CRO shortly.

We are now working on filing a pre-IND application
with the US FDA as soon as possible. We are actively seeking
opportunities to engage appropriate sites for human clinical
trials in preparation of clinical trial protocols and filing of an
IND with the US FDA.

Discussion and Conclusion

We have previously reported that these drug candidates
have shown strong effectiveness in a lethal lung infection
model in rats using a coronavirus that uses the same ACE2
receptor as SARS-CoV-2 which causes COVID-19, namely
hCoV-NL63. We have found that hCoV-NL63, which causes
a milder disease than SARS-CoV-2, causes substantially
similar clinical pathology in this efficacy animal model as has
been reported for SARS-CoV-2 associated lung infections in
humans [187].

Inthosepreviousreportswithlethal direct-lung-infection
model efficacy study, animals in all groups developed lung
disease which later led to multi-organ failures, a clinical
pathology resembling that of the SARS-CoV-2. Reduction
in loss of body weight at day 7 was used as the primary
indicator of drug effectiveness. Rats were infected directly
into lungs with lethal amounts of hCoV-NL63 virus particles
and then different groups were treated separately with five
different nanoviricides drug candidates, remdesivir as a
positive control, and the vehicle as a negative control. The
treatment was intravenous by tail-vein injection once daily
for five days, except in the case of remdesivir wherein it
was by tail-vein injection twice daily. In that efficacy study,
animals treated with the five different nanoviricides showed
significantly reduced body weight loss. The body weight loss
in female animals ranged from only 3.9% to 11.2% in the
different nanoviricide-treated groups, as compared to 20%
in vehicle-treated control group, and 15.2% in a remdesivir-
treated group (n=5 in each group). The body weight loss in
male animals ranged from 8.0% to 10.9% in the different
nanoviricides-treated groups, as compared to 25% in the
vehicle-treated control group, and 18.6% in remdesivir-
treated group (n=5 in each group). Smaller numbers mean
less loss in body weight compared to starting body weight in
the group, and indicate greater drug effectiveness.
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The strong effectiveness of nanoviricide drug candidates
inthelung-infection modelis consistent with the effectiveness
observed in cell culture studies against infection of both
hCoV-NL63, which was used in the efficacy study, and hCoV-
229E, another circulating coronavirus that uses a distinctly
different receptor, namely APN (aminopeptidase).

Prior to filing for human clinical trials, we plan on
conducting studies, towards clinical candidate selection,
to further determine the effectiveness against SARS-CoV-2,
perform additional drug development studies as may be
necessary, and request a pre-IND Meeting with the US FDA
for regulatory guidance.

Taken together, our approach and results give a strong
confidence that: (a) our broad-spectrum anti-coronavirus
drug candidates would most likely be effective against SARS-
CoV-2, and (b) potential mutations in the virus are unlikely to
enable it to escape these drug candidates.

Itis needless to say that in the present days, rapid design
& construction, as well as synthesis and manufacture of anti
SARS-CoV-2 has a crying need. Although our approach are
very potential for the COVID-19 therapy, but we have been
limited to studying effectiveness against available BSL2 level
strains of coronaviruses, as they do not cause the severe
pathology in humans. No other drug currently available in the
development for SARS-CoV-2 virus in the USA, be it antibody,
small chemical, or otherwise, has been tested against any
coronaviruses at present, to the best of our knowledge.
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