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Abstract

COVID-19 is considered as the third human coronavirus and has a high potential for transmission. Fast public
health interventions through antibodies, anti-virals or novel vaccine strategies to control the virus and disease
transmission have been extremely followed. SARS-CoV-2 shares about 79% genomic similarity with SARS-
CoV and approximately 50% with MERS-CoV. Based on these similarities, prior knowledge in treating SARS-
CoV and MERS-CoV can be used as the basis of majority of the alternatives for controlling SARS-CoV-2. Im-
munotherapy is an effective strategy for clinical treatment of infectious diseases such as SARS-CoV-2. Passive
antibody therapy, which decreases the virus replication and disease severity, is assessed as an effective therapeu-
tic approach to control SARS-CoV-2 epidemics. The close similarity between SARS-CoV-2 genome with the
SARS-CoV genome caused both coronaviruses to bind to the same angiotensin-converting enzyme 2 (ACE2)
receptors that found in the human lung. There are several strategies to develop SARS-CoV-2 vaccines, which
the majority of them are based on those developed previously for SARS-CoV. The interaction between the
spike (S) protein of SARS-CoV-2 and ACE2 on the host cell surface leads to the initiation of SARS-CoV-2 in-
fection. S protein, which is the main inducer of neutralizing antibodies, has been targeted by most of these
strategies. Vaccines that induce an immune response against the S protein to inhibit its binding with the host
ACE2 receptor, can be considered as effective vaccines against SARS-CoV-2. Here, we aimed to review frontier
therapeutics and vaccination strategies for SARS-CoV-2 (COVID-19).
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Introduction

Coronaviruses (CoVs) are classified into the naviridae is categorized into Alphacoronavirus,
family Coronaviridae, subfamily Coronavirinae, Betacoronavirus, Gammacoronavirus, and Del-
and the order Nidovirales (1). The family Coro- tacoronavirus that each of them is classified into
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lineage subgroups (2). Human coronaviruses
(HCoVs), as a main group of coronaviruses, are
recognized as respiratory pathogens related to
respiratory and intestinal infections with various
severities from the usual cold to pneumonia, and
bronchiolitis. hCoV-229E, OC43, NL63, HKU1,
and other human coronaviruses generally induce
mild infection in humans (3). While Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV),
and Middle East Respiratory Syndrome Corona-
virus (MERS-CoV) can induce intense respiratory
illness and casualties (4). Mutations, high rate of
nucleotide substitution, potential to infect new
host, and cross-species transmission result in a
fast evolution in HCoVs (5).

Envelope protein

Membrane protein

Nucleocapsid protein

In structural point of view, they are large envel-
oped viruses with a positive sense, single-
stranded RNA genome of about 26 to 33 kb that
infect a wide range of hosts (6). A helical capsid
and an envelope surround the genome, and the
spike protein creates considerable protrusions in
the envelope in the figure of a crown. It leads to
the coronal appearance of the virus. Corona is a
Latin word that means crown (7, 8). The surface
spike protein (S), the membrane glycoprotein
(M), and the envelope protein (E) are three
MERS-CoV proteins, expressed on the envelope
of the virus (Fig. 1). Viral entry by attaching to
and merging with the host cell membrane occur
through the S protein. MERS-CoV host cell re-
ceptors are dipeptidyl peptidase-4 (DPP4) (9, 10).

Lipid membrane

Spike protein

Fig. 1: Diagram of coronavirus structure depicts surface proteins

Outbreak of another coronavirus, which induced
respiratory associated illness, was reported in
China at the end of 2019. It is the sister virus of
SARS-CoV, so it has been named “SARS-CoV-
27 Its genome sequenced completely and alt-
hough there are similarities with genome compo-
sition of SARS-CoV and MERS-CoV, they are
distinguishable (1, 11). WHO announced a global
health emergency, because of the continuing
threat of coronavirus, briskly distributed to other
countries. Although many nations are trying to
perform preventive and control strategies, there
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is no report for both vaccines and drug to treat
coronavirus infections (12, 13). Despite this,
there have been numerous attempts to develop
vaccines against human CoV infections in recent
decades, but their considerable sequence diversity
leads to the degree of cross-protection rendered
by these vaccines is a limiting factor (14). Prior
experiences in treating SARS- and MERS-CoV
are considered as the foundation of majority of

the therapeutic alternatives, which are accessible
for controlling SARS-CoV-2.
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Therapeutic methods for SARS-CoV-2

In order to control the virus and disease trans-
mission, fast public health interferences through
antibodies, anti-virals or novel vaccine strategies
are extremely crucial. An effective strategy for
clinical treatment of infectious disease is immu-
notherapy. A novel era in prevention of infec-
tious disease that curbs lots of drawbacks related
to serum therapy and intravenous immunoglobu-
lin’s preparations in terms of specificity, purity,
low risk of blood-borne pathogen pollution and
safety is utilize of monoclonal antibodies. To
curb SARS-CoV-2 epidemics, passive antibody
therapy is evaluated. Monoclonal antibodies are
adaptable type of pharmaceuticals, successfully
utilized by pharmaceutical industry. Antibodies,
required for passive immunotherapy, are possible
to obtain from the blood of the infected patients
or can be produced in the laboratory. The virus
replication and disease severity can be decreased
through passive immunization of antibodies,
which can identify epitopic regions in the foreign
virus particle. These antibodies have the potential
to offer an effective therapeutic treatment with
an extremely particular treatment against specific
disease (15, 10).

In recent years, lot of monoclonal antibodies
against viruses have been developed, furthermore
several are in clinical pipeline (17, 18). In mice
that were exposed to fatal MERS-CoV, consider-
able protection was induced through passive im-
munization with pootly and potently neutralizing
antibodies. A set of monoclonal antibodies,
which functionally target specific domains in
MERS-CoV § protein, were used in a clinical ex-
periment. These monoclonal antibodies bind to
six specific epitope regions, which have interac-
tion with the receptor binding, membrane fusion,
and sialic acid-binding sites, that illustrate the
three significant entry functions of MERS-CoV S
protein (19, 20).

The interaction between the receptor binding
domain, located in the S protein, and target re-
ceptor on the host cell surface, such as angioten-
sin-converting enzyme 2 (ACE2) for SARS-CoV
and dipeptidyl peptidase-4 (DPP4) for MERS-
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CoV, leads to the initiation of CoV infection (21).
Utilize of broad-spectrum anti-viral drugs or de-
termine therapeutic molecules that can directly
disturb any levels of the viral lifecycle or the re-
ceptor proteins on the host cell membrane to
prevent the virus binding, and consequently
blocking the attachment virus and its entrance.
We can achieve this by utilizing peptidic fusion
inhibitors, anti-SARS-CoV-2 neutralizing mono-
clonal antibodies, anti-ACE2 monoclonal anti-
bodies and protease inhibitors. The main antigen-
ic component, which causes host immune re-
sponse, is the spike protein (Fig. 2). In addition,
the spike protein located on the viral membrane
has an essential influence on virus entry (22). For
this reason, to develop effective therapeutics and
increase humoral protection against coronavirus
infection through targeting various S protein
epitopes and functions, a novel approach can be
represented by using these antibodies. In the re-
ceptor-binding domain (RBD) of S1 subunit of
spike protein, the receptor-binding motif is locat-
ed that has an interaction with the cell receptor
and mediates the virus attachment with the host
cells (23). The cross-neutralization capacity of
SARS-CoV RBD-specific neutralizing monoclo-
nal antibodies widely relies on the similarity be-
tween their RBDs. SARS-CoV RBD specific an-
tibodies can cross-neutralize SARS-like (SL)
CoVs, i.e., bat-SL-CoV strain WIV1 RBD which
had 8 different amino acids with SARS-CoV,
though not bat-SL-CoV strain SHCO014 which
had 24 different amino acids (25). Appropriate
RBD-specific monoclonal antibodies can be rec-
ognized and assessed in clinical experiments
through a comparative analysis of SARS-CoV-2
RBD with SARS-CoV. To recognize monoclonal
antibodies specific and effective for SARS-CoV-
2, regeneron is trying. Therefore, the therapies
for SARS-CoV are possible to extrapolate to uti-
lize for SARS-CoV-2. The specific neutralizing
monoclonal antibodies that target RBD in spike
protein or specific antibodies that bind to ACE2
could effectively inhibit the virus binding to its
cellular receptor, and consequently prevent its
entry into the cell.
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Fig. 2: SARS-CoV-2 and SARS-CoV S Structures (24)

Since SARS-CoV and SARS-CoV-2 utilize the
same host cell surface receptor, potential block-
ing agents or strategies that examined to prevent
SARS entry can be assessed against SARS-CoV-2.
A group of human monoclonal antibodies, which
target the RBD region of S protein of SARS-
CoV, are demonstrated by Coughlin and Prab-
hakar (26).

Different monoclonal antibodies may combine to
identify various epitopes on the viral surface.
This combination can be evaluated to neutralize
broad range of isolates containing escape mu-
tants. Consequently, we can utilize the best can-
didates for passive immunotherapy. Monoclonal
antibody combination represents more potent
anti-virus activity which can enhance the efficacy
of the treatment and prevent the viral escape (27,
28).
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Since produce extensive monoclonal antibodies is
labor-intensive, expensive and time-consuming,
there is an urgent need to reduce the production
costs of monoclonal antibody. Suitable expres-
sion system such as mammalian, yeast or plant
can be used for cloning and expressing the se-
quences of monoclonal antibodies, which are ef-
fective against SARS-CoV. However, this method
should be investigated. Interestingly, to produce
monoclonal antibodies in a short time, plant ex-
pression system can be recognized, which has an
affordable cost. This is an important advantage
that should be evaluated particularly during epi-
demic situation (29-32).

In addition, combination therapy with monoclo-
nal antibodies and the drug remdesivir may be
considered as an ideal therapeutic option for
SARS-CoV-2 (33). However, before confirming
the effectiveness of this combination therapy,
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more assessment is needed. To inhibit virus rep-
lication, fully human antibodies (such as human
single-chain antibodies; Hu-scFvs) or humanized-
nanobodies (single-domain antibodies, sdAb,
VH/VHH), can be produced. These fully human
antibodies and humanized-nanobodies can trav-
erse across the membrane of the virus-infected
cells (trans bodies) and bind to or interfere with
biological activities of replicating virus proteins,
and consequently inhibit the replication of virus.
Some examples consist of trans bodies to influ-
enza virus, hepatitis C virus, Ebola virus, and
Dengue virus (34). Therefore, trans bodies can be
produced to CoV intracellular proteins, for in-
stance, the papain-like proteases (PLpro), cyste-
ine-like protease (3CLpro) or other non-
structural proteins (nsps). These are essential for
CoV replication and transcription for safe,
nonimmunogenic, widely effective passive im-
munization of CoV exposed subjects and treat-
ment of individuals infected. In neutralizing the
virus and prevent further infection, immunother-
apy through transferring the serum of recovered
individuals to infected patients can be effective.
There are evidences and experiences in treating
other viral infections like influenza, SARS, MERS
and Ebola, which reveal that the early administra-
tion of plasma of recovered individuals or hyper-
immune immunoglobulin from patients that in-
cludes considerable antibody titers, probably can
decrease the viral load and disease fatality (35,
36). Nevertheless, before considering that plasma
of recovered individuals as a therapeutic option,
the main challenges like accessibility of enough
donors, clinical condition, viral kinetics, and host
interactions of SARS-CoV-2, should be consid-
ered.

b

SARS-CoV-2 vaccine strategies

There are several strategies to develop CoV vac-
cines. A classical strategy for viral vaccinations is
live-attenuated or inactive whole virus vaccines.
Whole virus vaccines have innate immunogenici-
ty and can stimulate toll-like receptors (TLRs)
consisting TLR 3, TLR 7/8, and TLR 9, consid-
ered as important benefits. However, to approve
live virus vaccine safety, extensive extra examin-
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ing is needed. This matter is particularly consid-
ered for coronavirus vaccines, based on the find-
ings of enhanced infectivity following immuniza-
tion with live or killed whole virus SARS corona-
virus vaccines (37).

An industry newsletter reported that Johnson &
Johnson is one of the few multinational compa-
nies initiating SARS-CoV-2 vaccines. They are
using Janssen’s AdVac® adenoviral vector and
manufacturing in their PER.C6® cell line tech-
nology, similar to their Ebola vaccine platform.
Moreover, researchers at the University of Hong
Kong have developed a live influenza vaccine,
which expresses SARS-CoV-2 proteins. Ultimate-
ly, a “codon deoptimization” technology to at-
tenuate viruses has been developed by Co-
dagenix. This technology is investigating SARS-
CoV-2 vaccine strategies (38).

Among different strategies to develop CoV vac-
cines, most of them target the surface-exposed
spike (S) glycoprotein or S protein as the main
inducer of neutralizing antibodies. Many S-
protein-based strategies have been tried to devel-
op CoV wvaccines. For example, utilize of full-
length S protein or S1-receptor-binding domain
(RBD) and expression in virus-like particles
(VLP), DNA, or viral vectors (14, 19, 39, 40).
Subunit vaccines are included one or more im-
munogenic units, derived from a pathogen (41).
For both SARS-CoV and SARS-CoV-2, subunit
vaccines depend on inducing an immune re-
sponse against the S protein to prevent its bind-
ing with the host ACE2 receptor (37). S1 and S2
are two subunits of the S protein molecule, which
have their own responsibilities. The S1 subunit
has an RBD that interacts with ACE2. The S2
subunit has an important effect on merging be-
tween the virus and host cell membranes in order
to transferring viral RNA into the cytoplasm for
replication (42). For this reason, S-proteinbased
vaccines must stimulate antibodies, which block
both viral receptor binding and virus genome
uncoating. The immunodominant region is con-
stituted by the C-terminal domain of the S1 sub-
unit of porcine Deltacoronavirus, in addition the
immune response to this region demonstrates the
most potent neutralizing result (43). During in-
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fection with SARS-CoV, the S protein has an im-
portant effect on the initiation of protective im-
munity through inducing neutralizing-antibodies
and T-cell responses (42). Enhanced infection
and eosinophilic infiltration are induced by some
full-length S proteins in SARS. For this reason,
full-length or suitable portions of the S protein
can be considered as an effective candidate CoV
vaccine composition. S protein immunogenicity
or the binding of it to the ACE2 receptor, which
is essential for virus to accessibility to the host
cell, are not affected by other structural proteins
(44, 45).

The University of Queensland is synthesizing vi-
ral surface proteins, under funding from the Coa-
lition for Epidemic Preparedness (CEPI), to rep-
resent them without difficulty to the immune sys-
tem. In addition, immunogenic virus-like nano-
particles, relied on recombinant expression of the
S protein, have been developed and manufac-
tured by Novavax (46). Clover Biopharmaceuti-
cals through utilizing their patented Trimer-Tag®
technology, is developing a subunit vaccine in-
cluded of a trimerized SARS-CoV-2 S protein
(38).

Recombinant proteins that consist of RBD and
the recombinant vectors that encode RBD are
possible to be used for developing the effective
SARS-CoV vaccines, based on the exclusive po-
tential of RBD to induce neutralizing antibodies
(47). A subunit vaccine, consisted of RBD of the
SARS-CoV § protein, has developed and exam-
ined by a consortium guided by Texas Children’s
Hospital Center for Vaccine Development at
Baylor College of Medicine (37, 48, 49). The
SARS-CoV RBD vaccine induces a peak of pro-
tective immunity on the similar virus challenge
when formulated on alum. RBD-based vaccine
can minimize host immunopotentiation, consid-
ered as a benefit for this vaccine (37). Since the
SARS-CoV and SARS-CoV-2 RBDs have more
than 80% amino acid similarity and bind to the
same ACE2 receptor, make it possible to develop
either protein as a subunit vaccine.

By applying intranasally of recombinant adenovi-
rus-based vaccine expressing MERS-CoV S pro-
tein into BALB/c mice, systemic IgG, sectretory
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IgA, and lung resident memory T-cell responses
are induced and long-lasting neutralizing immuni-
ty to MERS spike pseudotyped virus is provided.
As a result, the vaccine might be effective in the
protection against MERS-CoV (45). Moreover, to
express MERS-CoV S protein, rabies virus (RV),
which is a viral vector, and Grampositive en-
hancer matrix (GEM), which is a bacterial vector,
have been utilized. In BALB/c mice, the immune
responses to these vaccine candidates were inves-
ticated for cellular and humoral immune re-
sponses. Considerably higher levels of cellular
immunity and earlier antibody responses were
induced by RV based vaccine in comparison to
the GEM particle vector (50). Because of the
similarity in T-cell epitopes of SARS and MERS-
CoV, there is an expectancy of developing a uni-
versal CoV vaccine. In fact, the potential for
cross reactivity between CoVs was confirmed,
based on this similarity (51).

Moreover, vaccines developed for SARS-CoV are
possible to reveal crossreactivity to SARS-CoV-2
(52). On full-length S protein sequences of
SARS-CoV-2 and SARS-CoV, the comparative
evaluation was carried out and recognized that
the essential CoV vaccine target is the most vari-
able residues located in the S1 subunit of S pro-
tein (53). These findings suggest that the particu-
lar neutralizing antibodies, which are effective
against the SARS-CoV, may not be effective
against the SARS-CoV-2. There are critical muta-
tions in the S protein of SARS-CoV-2 in compar-
ison to SARS-CoV, they will still act as a feasible
target for vaccine development (54).

In order to recognize epitopes for inclusion in
SARS-CoV-2 vaccine candidates, it is possible to
utilize immuno-informatics strategy. To identify
considerable cytotoxic T lymphocyte (CTL) and
B-cell epitopes in SARS-CoV-2 § protein, immu-
no-informatics was used recently. Through utiliz-
ing molecular dynamics simulations, the interac-
tions between these epitopes and their corre-
sponding MHC class I molecules were investigat-
ed, and the CTL epitopes bind with MHC class 1
peptide-binding grooves through multiple con-
tacts, so demonstrating their potential for pro-
ducing immune responses (55). These epitopes
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might have the principal features to be a compo-
nent of SARS-CoV-2 vaccine candidates. As pos-
sible immunoprotective targets, which stimulate
T-cell and neutralizing antibody responses, the
nucleocapsid (N) protein, as well as the potential
B-cell epitopes of the E protein of MERS-CoV,
has been proposed (56, 57). To inactivate the ex-
onuclease influences of non-structural protein 14
(nspl4) or to eliminate the envelope protein in
SARS in live-attenuated vaccines, reverse genetic
approaches have been utilized (14). Avian live
virus IBV vaccine (strain H), which is a vaccine
for avian infectious bronchitis virus (IBV) as a
chicken CoV, may be effective for SARS (58).
Strain H presents an immunization relies on neu-
tralizing antibody production as well as other
immune responses. As a result, if the safety of
avian IBV vaccine confirms through assessing, it
can be regarded as another alternative for SARS-
CoV-2 (59).

There is cooperation between researchers at
Rocky Mountain Laboratories and Oxford Uni-
versity, to develop a chimpanzee adenovirus-
vectored SARS-CoV-2 vaccine candidate. The
Coalition for Epidemic Preparedness Innovations
(CEPI) recently announced the initiation of three
programs aimed to develop SARS-CoV-2 vac-
cines by utilizing constituted vaccine platforms
(60-62). Two of these programs are continuances
of earlier cooperation.

There are advanced nucleic acid vaccine plat-
forms for SARS-CoV-2 by several major bio-
techs. For instance, a DNA vaccine is developing
by Inovio Pharmaceuticals, on the other hand,
RNA vaccine platforms are developing by
Moderna Therapeutics and Curevac. In 1993,
immunizing with DNA in mice represented pro-
tective immunity against influenza, which was the
first idea of immunizing with DNA. In 2018, for
developing DNA vaccine candidates for MERS,
there was cooperation between CEPI and Inovio.
This vaccine, which is under development, to
transporting synthetic genes into cells for transla-
tion into antigenic proteins, uses DNA Medi-
cines’ platform. Then, T-cell and antibody re-
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sponses are induced through antigenic proteins.
Since 2019, cooperation between CEPI and The
University of Queensland has started to develop
the molecular clamp vaccine platform against
multiple viral pathogens consisting MERS-CoV.
The operation of the vaccine platform is in a way
that viral surface proteins are generated to get
bind to the host cells and attach them into shape.
It assists to identify antigens by the immune sys-
tem (60-62).

Except these programs, funding has presented by
CEPI to Moderna for comparing mRNA thera-
peutics and vaccines. They collaborate with Vac-
cine Research Center (VRC) of the National In-
stitute of Allergy and Infectious Diseases
(NIAID), which is a section of the National Insti-
tutes of Health (NIH), with the aim of design
and produce mRNA vaccine (63). A vaccine can-
didate is developing by NIAID-VRC scientists,
which is expressing SARS-CoV-2 S protein in the
mRNA vaccine platform technology. This vac-
cine undergoes clinical experiments in a few
months. Table 1 illustrates some of the main
SARS-CoV-2 clinical vaccines and therapies un-
der development, including biocentury.com (38).

Conclusion

SARS-CoV-2 has been distributed rapidly, while
neither an effective anti-viral nor a vaccine in or-
der to treat this infection is available until now.
There is an urgent demand to a successful vac-
cine against SARS-CoV-2 to prevent the spread
of this virus. Specific preventive and therapeutic
intervention strategies consisting vaccines, mon-
oclonal antibodies, peptides, interferon therapies
and small-molecule drugs to combat SARS-CoV-
2 has been developing; however examine their
effectiveness in vitro/in vivo might need some
months. In addition, it widely relies on the out-
comes of the clinical experiments. Although this
virus is recently recognized, the clinical and ge-
netic features demonstrate similarity with SARS-
CoV.

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/
https://www.biocentury.com/

Sheikhshahrokh et al.: Frontier Therapeutics and Vaccine Strategies for ...

Table 1: Some of the main SARS-CoV-2 vaccines under development (38)

Compound Sponsor Modality Type Phase
(COVID-19)
Anti-SARS-CoV-2  polyclonal  hyperimmune CSL; Takeda; Biotest; BPL; LFB; Octa- Biologic Therapy Preclin
immunoglobulin pharma
Anti-SARS-CoV-2 hypetrimmune globulinA Grifols Antibody Therapy Preclin
CORVax12 OncoSec DNA vaccine Vaccine IND
CoroFlu FluGen / Bharat Biotech Viral vaccine Vaccine Preclin
CV-15 (iCP-NI) Cellivery Therapeutics Peptide Therapy Preclin
EIDD-2801 Emory University; Ridgeback Biothera- Small molecule Therapy Preclin
peutics
ExpreS2-CoV ExpreS2ion Biotech Holding; AdaptVac; Protein-based Vaccine Preclin
University of TAV4bingen; Leiden Univer-
sity Medical Center; University of Copen-
hagen; Wageningen University

Ii-Key-SARS-2 Generex Biotechnology; EpiVax Protein-based Vaccine Preclin
ISR50 ISR Small molecule Therapy Preclin
LUNAR-COV19 Arcturus Therapeutics; Duke-NUS Medi- RNA vaccine Vaccine Preclin

cal School
NCP112 NovaCell Technology Peptide Therapy Preclin
Neumifil PneumagenA Protein Therapy Preclin
PRTX007 Primmune Therapeutics Small molecule Therapy Preclin
Unnamed Baylor College of Medicine; University of Protein-based Vaccine Preclin

Texas Medical Branch;
New York Blood Center;
Fudan University
WP1122 Moleculin Biotech Small molecule Therapy Preclin
Kainos small molecule antivirals Kainos Medicine Small molecule Therapy Preclin
Ad26 SARS-CoV-2 Johnson & Johnson; Beth Isracl Deacon- Viral vector Vaccine Preclin
ess Medical Center;

BARDA
AdCOVID Altimmune; University of Alabama Viral vector Vaccine Preclin
BNT162 BioNTech; Pfizer; Fosun Pharma RNA vaccine Vaccine Preclin
COVID-19 S-Trimer Vaccine Sichuan Clover Biopharmaceuticals; Protein-based Vaccine Preclin

Dynavax
COVID-HIG Emergent BioSolutions; BARDA Antibody Therapy Preclin
COVID-EIG Emergent BioSolutions Antibody Therapy Preclin
Coronavirus VLP Mitsubishi Tanabe (Medicago) Vaccine Vaccine Preclin
DPX-COVID-19 MV Protein-based Vaccine Preclin
IBIO-200 iBio; Texas A&M University Protein-based Vaccine Preclin
ISR50 ISR Small molecule Therapy Preclin
NI007 Neurimmune; Ethris Antibody; RNA Therapy Preclin
rCIG GigaGen Antibody Therapy Preclin
SAB-185 SAB Biotherapeutics; BARDA Antibody Therapy Preclin
STI-4398 Sorrento Therapeutics Fusion protein Therapy Preclin
STI-6991 Sorrento Therapeutics Cellular vaccine Vaccine Preclin
TAK-888 Takeda Pharmaceutical Antibody Therapy Preclin
TNX-1800 Tonix Pharmaceuticals; Southern Re- Engineered live Vaccine Preclin

search Institute attenuated virus

VIR-7831 Vir Biotechnology; GlaxoSmithKline Antibody Therapy Preclin
VIR-7832 Vir Biotechnology; GlaxoSmithKline Antibody Therapy Preclin
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Due to their similarities, it is possible to use the prior
knowledge and modify the existing vaccines or thera-
peutic models, which were developed against different
coronaviruses to target the unique aspects of SARS-
CoV-2.
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