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Abstract

The coronavirus disease (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has infected more than 26 million individuals and caused 871,166 deaths globally.
Various countries are racing against time to find a vaccine for controlling the rapid transmission
of infection. The selection of antigen targets to trigger an immune response is crucial for vaccine
development strategies. The receptor binding domain of the subunit of spike 1 protein is considered
a promising vaccine candidate because of its ability to prevent attachment and infection of host cells
by stimulating neutralizing antibodies. The vaccine is expected to mount a sufficient immunogenic
response to eliminate the virus and store antigenic information in memory cells for long-term protection.
Here, we review the ongoing clinical trials for COVID-19 vaccines and discuss the immune responses
in patients administered an adequate dosage to prevent COVID-19.
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INTRODUCTION

Within a span of twenty years, several
outbreaks have been caused by members of
the coronavirus family, such as severe acute
respiratory syndrome coronavirus (SARS-CoV) in
2002-2003, Middle East respiratory syndrome
coronavirus (MERS-CoV) in 2012, and SARS-
CoV-2, which has recently caused a full-blown
pandemic. Because the recently reported virus is
genetically similar to SARS-CoV, it has been named
as SARS-CoV-21. Initially, the virus was called the
2019-novel-Coronavirus. SARS-CoV-2 was first
identified from China's Hubei province in the city of
Wuhan in December 2019. The disease was initially
characterized as an unknown form of pneumonia?.

As of September 5, 2020, a total of
26,468,031 individuals worldwide have been
reported to have COVID-19. Of the total number
of cases, 871,166 patients have died. The case
fatality rate (CFR) has reached 3.2% worldwide. Till
September 5, 2020, the United States of America
(USA) had the highest number of confirmed
COVID-19 cases. A total of 6,095,007 individuals
have been confirmed to have COVID-19, along
with a total of 185,687 deaths. In Southeast Asia,
4,592,952 COVID-19 cases have been confirmed.
Of these, 82,182 people have lost their lives. In
Indonesia, the total number of COVID-19-positive
cases was 187,537 till September 5, 2020. Of these,
7,832 (4,2%) have been reported to have died?.

Currently, countries are transitioning
to the "new normal" where vaccines against the
disease are highly anticipated. Various countries
have begun working on developing a viable vaccine
candidate against COVID-19 and are currently in
the phase lll of clinical trials. Each vaccine is unique
owing to the characteristics of the pathogen, the
property of the disease, and the target population
for administration. Antigen selection is a major
consideration in the development of vaccines.
The vaccine must induce an antigenic immune
response for generating immunological memory in
lymphocytes for mounting a rapid response against
subsequent viral infections. Thisimmune response
must be directed towards a defining structure
expressed by the pathogen®. In this literature
review, we discuss various target antigens for
COVID-19 vaccines, theirimmune responses, and
the status of vaccine trials.

Classification of Coronaviruses

SARS-CoV-2, MERS-CoV, and SARS-
CoV belong to subfamily Orthocoronavirinae
of family Coronaviridae and order Nidovirales?.
Coronaviruses comprise four genera, including
alphaCoV, betaCoV, deltaCoV, and gammaCoV>.
The betaCoV genus is divided into five lineages®.
The alphaCoV (TGEV, PEDV, FIPV, CCoV) and
betaCoV (MHV, BCoV) only infect mammals’.
DeltaCoVs, namely HKU15, HKU16, HKU17, HKU18,
HKU19, HKU20, and HKU21, cause infection in
birds and pigs8. Seven of the coronavirus groups
have been found in humans. HCoV-HKU1, HCoV-
0C43, HCoV-229E, and HCoV-NL63 cause upper
respiratory tract infections that are self-limiting
inimmunocompetent individuals. However, SARS-
CoV-2, MERS-CoV, and SARS-CoV can cause severe
distress in respiratory as well as extra-respiratory
regions with variable clinical manifestations®.
Structure and Genome of SARS-COV-2

SARS-CoV-2 has a crown-like spherical
shape, with a virion of 70 to 90 nm size, which is
similar to that of SARS-CoV°. The positive-sense
RNA of the SARS-CoV-2 genome has a size of
~30 kb, consisting of 6-11 open reading frames
(ORFs)°. Guanine and cytosine content was 38%?°.
The ORF region covers 67% of the genome, which
encodes 16 putative nonstructural proteins (NSPs),
along with accessory and structural proteins. In
SARS-CoV, NSP1 is a nuclease that is involved in
splitting host mRNA, leading to host termination®®.
NSP1 may play a role in destroying host immunity.
Other putative NSPs are papain-like (NSP3),
chymotrypsin-like, 3c-like, or primary proteases
(NSP5), primases (NSP7, NSP8), RNA-dependent
RNA polymerases (NSP12), and helicases (NSP13).
Other NSPs may have a role in transcription and
replication of the viruses. In addition to NSP,
there are major structural proteins, including
spike surface glycoproteins (S), membranes
(M), nucleocapsid proteins (N), and envelopes
(E), which are derived from host lipid bilayers
embedded in the helical nucleocapsid base of
viral RNA>*3, However, SARS-CoV-2 does not have
a hemagglutinin esterase gene that is typically
found in lineage-A BetaCoV*2.
Host-Pathogen Interactions

The glycoprotein S consists of two
subunits, S1 and S2. S1 plays a role in receptor
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binding, whereas S2 is involved in fusion of the
cell membrane?. Receptor binding domain (RBD)
S1 links with ACE2 to activate the engulfment of
the SARS-CoV-2 virions, thereby exposing them
to endosomal proteases. In endosomes, the S1
subunit is cleaved, which then merges into the
host membrane. The S1 domains of SARS-CoV
and SARS-CoV-2 have 50 matching amino acids,
although there are some variations in the amino
acids within major residues. In particular, SARS-
CoV-2 shares 88% similarity with two sequences
of SARS-CoV obtained from bats?. S2 subunits
containing fusion peptides, transmembrane
domains, and cytoplasmic domains are all highly
conserved. Similar to SARS-CoV, the ACE2 receptor
is required for the internalization of SARS-CoV-2
and Serin protease TMPRSS2 to prime protein
523,24.

The identification of receptors is one
of the most important targets for immune host
supervision and human intervention strategies.
Structural analysis and mutagenesis revealed that
the RBD pattern of SARS-CoV-2 had higher affinity
for ACE2 binding than the RBD of SARS-CoV??4,
On the other hand, studies using pull-down
protein assay®® and cytometry assay®® show that
the affinity of the spike protein towards ACE2
receptor is less potent than that of spike protein
of SARS-CoV. Interestingly, the study of Cryo-EM
revealed that the RBD of SARS-CoV spike protein is
mostly in an upright state to facilitate host receptor
binding??%. However, the RBD on the SARS-CoV-2
spike protein is largely in a horizontal state, which
creates difficulty in binding to the host receptor.
Therefore, despite the higher affinity of SARS-
CoV-2 RBD towards the ACE2 receptor, it is less

Tabel 1. Coronaviruses in Human

accessible than the SARS-CoV RBD?*?°, This shows
that the binding of SARS-CoV-2 Spike protein with
the ACE2 receptor is not much different from the
binding of SARS-CoV Spike protein.

SARS-CoV-2 relies on other strategies
to sustain its infectivity while maintaining its
less accessible RBD, namely the activation of the
host proteases. The activation of host proteases
plays a significant role in coronavirus infection
and pathogenesis. Entry of SARS-CoV-2 can be
activated via cell surface proteases such as furin,
lysosomal proteases, and other proteases, which
have a cumulative effect on viral entry?. Furinis a
protein conversionase (PCS), a crucial group of host
proteases. To manage the mechanism of cell entry,
increase virulence, and spread, various viruses
including coronaviruses use furin and other PCS
from constitutive protein secretion pathways3%3,
Immune Responses

When a viral infection occurs,
macrophages, dendritic cells, and neutrophils slow
the development of the virus and prevent it from
causing symptoms through a nonspecific innate
immune response. They also initiate an adaptive
immune response that produces antibodies
specific to the virus and the T-cells enhance cellular
immunity by removing infected cells. Adequate
innate and adaptive immune responses can control
the development of re-infection32. To evaluate the
vaccine-induced immune response, validation of
immunodiagnostic assays using the appropriate
antigen is required.

Innate Immune Response

Effective innate immune response
by interferon (IFN) type 1 and its downstream
cascade can control viral replication. Pathogen-

Virus Group Receptor Ref.
HCoV-0C43 (A- lineage) betaCoVs HLA Class | Antigen 14
HCoV-HKU1 (A- lineage) betaCoVs 9-0O-acetylated sialic acid 15
HCoV-229E alphaCoVs hAPN 16
HCoV-NL63 alphaCoVs ACE 2 17
SARS-CoV (B and C lineage) betaCoVs ACE 2 18
SARS-CoV-2 (B and C lineage) betaCoVs ACE 2 19
MERS-CoV (B and C lineage) betaCoVs DPP4 20

Abbreviations: Human Leukocyte Antigen (HLA); Angiotensin converting enzyme 2 (ACE 2); human aminopeptidase N (hAPN);

Dipeptidyl peptidase-4 (DPP4)
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associated molecular patterns (PAMPs) in the form
of genomic RNA viruses, such as coronaviruses,
are identified by endosomal RNA receptors (TLR3
and TLR7) and cytosolic RNA sensors (RIG-I /
MDAGS)*. The activation of this interaction directs
the transcription factor NF-kB and the interferon
regulatory factor (IRF), which is then translocated
into the nucleus®.

This transcription factor induces the
expression of IFN types | and lll involved in cellular
antiviral defenses and other proinflammatory
cytokines, which provide defense against first-
line viral infections at the entry point®3>. The
resulting effect of IFN type | and Il expression
enhances intracellular antiviral defenses in
adjacent epithelial cells, which aim to control
the development of the virus. In addition, the
release of IL-6 and IL-1P promotes the recruitment
of neutrophils and cytotoxic T cells. These
activated neutrophils release leukotrienes and
reactive oxygen species that induce pneumocytic
and endothelial injuries, leading to acute lung
diseases®®. The development of COVID-19 caused
a decrease in IFN during the course of initial
infection. In vitro and in vivo studies conducted by
Blanco et al. showed that the immune response
cannot produce sufficient IFN I and Ill to check viral
replication, while robust expression of cytokines
is needed to activate effector cells®.

Adaptive Immune Response

Adaptive immune responses, intended
to eliminate infected cells and viral particles,
involve T lymphocytes (T cells) and B lymphocytes
(which produce antibodies)®. Antigen-presenting
cells create a cytokine microenvironment that
determines the T cell response. To eliminate
viruses from host cells, helper T cells regulate the
adaptive immune response by enabling cytotoxic T
cells and B cells; particularly, CD8 cytotoxic T-cells
respond by releasing perforins, granzymes, and
interferons (IFNs)*®2°, A retrospective study of 452
COVID-19 patients showed significantly reduced
levels of T-cells (CD 4 and CD 8)*. In severe clinical
manifestations, the helper T cell levels are quite
low**41, In addition, the levels of regulatory T cells
are significantly lower and evidently damaged in
severe cases. This shows that there is a disruption
in the function and regulation of host T cells,
leading to disease manifestations. Comparison
between patients with severe and mild forms of

the disease indicated elevated expression of IFNs
from T-Cells (CD8+ and CD4+)%. A study using flow
cytometry comparing CD4 and CD8 markers found
that the level of CD8 expression was higher than
that of CD4*2. However, this study did not explain
the severity of the disease.

The humoralimmune response, especially
antibody production, inhibits the adhesion of
SARS-CoV-2 to target cells and helps in neutralizing
the virus®. A study involving 173 patients revealed
that the presence of antibodies was less than 40%
in the first week of onset, which increased to 100%
(Ab), 94.3% (I1gM), and 79.8% (IgG) from the 15
day onwards. The median seroconversion time for
total antibodies (Ab), IgM, and IgG was day 11,
day 12, and day 14, respectively*®. Another study
in critical and non-critical patients reported that
the median time of seroconversion to 1gG was 7
days after onset of symptoms?*’. Another study
reported that 100% of the 285 patients tested
positive for IgG in an acute antibody response to
SARS-CoV-2 within 19 days after symptom onset.
IgG and IgM titers remained stable for 6 days after
seroconversion®. Antibody levels are known to
increase rapidly from the sixth day post-onset,
accompanied by a decrease in viral load*.

The difference in seroconversion is
influenced by various factors, one of which is the
antigen used. Seroconversion to IgG occurred two
days earlier, on average, for nucleoprotein (N)
than for protein S*. Seropositivity for anti-RBD
IgG and anti-RBD IgM was higher than that for
anti-N IgG and anti-N IgM after 14 days of symptom
onset. Anti-SARS-CoV-2-RBD and anti-SARS-CoV-
2-N or 1gG levels were correlated with the virus
neutralization titer, which is important for the
design of vaccine studies?”.

Nucleocapsids and S proteins trigger
antibody responses between days 8 and 14
after the initial symptoms. Antibody against
nucleocapsid protein shows better sensitivity
than S protein of the virus in patients with more
than 14 days of symptom onset*. Antibodies that
appear during the first infection may not be able
to neutralize the second infection entirely. On
the contrary, due to the activation of the virus,
antibodies form a complex with the second virus.
In addition, some non-neutralizing antibodies that
target the S protein in the non-RBD section can
lead to an increase in antibodies, which causes a
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dangerous immune response®. Using PAMPs of S
protein from the virus as an antigen, the sensitivity
and specificity of the tests were 88.66% and
90.63% in the combined IgM-IgG antibody testing
kits, respectively®°.

Immunological Profile of Recovered COVID-19
Patients

Studies have reported that the majority
of individuals recovering from COVID-19 have
detectable neutralizing antibodies, which are
related to the number of virus-specific T cells>*>2,
Recovering COVID-19 patients permanently
produce a strong CD4 + T cell response against spike
proteins of SARS-CoV-2, which was proportional to
the magnitude of the anti-SARS-CoV-2 IgG and IgA
titers. The TH1 response is prominent in COVID-19
cases, with little to no TH2 cytokines®3.

There relationship between antibody
response and clinical improvement is unclear.
Several studies have found high antibody levels in
severe forms of the disease******. A study using a
modified cytopathogenic neutralization test based
on the direct SARS-CoV-2 test and ELISA showed
that patients with poor clinical classification have
higher neutralizing antibody titers (p=0.0227)%.
Independent multivariate analysis showed that
a higher Ab titer was strongly associated with
clinical severity (p=0.006)*. However, a cohort
study revealed high titers of specific antibodies
against RBD S1 and S2 proteins of SARS-CoV-2 in
175 patients with mild symptoms of COVID-19%.

Studies using a chemiluminescent
immunoassay reported that specific antibodies
against SARS-CoV-2 disappear within 3 months
of recovery®’. Another study involving 1797
patients showed 91.1% seropositive cases both
immediately after recovery and about 3 months
after recovery®®. However, in patients with SARS-
CoV and MERS-CoV antibodies, antibodies can
last up to 2—3 years in recovered patients*>®°, In a
separate study, the NAb titer of patients (28/30)
decreased gradually over 3 months after symptom
onset®’. Among the recovered patients, the elderly
and severely affected COVID-19 patients showed
higher antibody levels®®. In the majority of patients
who have recovered from COVID-19, levels of IgG
and neutralizing antibodies decrease within 2-3
months post infection®2.

SARS-CoV-2-specific NAb titers were
detected at 4 to 6 days, and the peak time for

NAbs was 10 to 59 days after disease onset®.62,
NAb titers increased over time with increasing
levels of I1gG antibodies, which correlated well at
the third week (r = 0.41)%%. NAbs were unable to
cross-react with SARS-CoV, and NAb titers were
correlated with spike-binding antibody targeting.
Studies among 175 patients who recovered from
mild COVID-19 showed that the SARS-CoV-2 Nab
titer appears to vary®2.

To date, there is no evidence that people
who have recovered from COVID-19 are protected
against a second infection®2. Infection of the six
coronaviruses in humans can produce antibodies
that cross-react with SARS-CoV-2 antibodies. Four
coronaviruses infections are endemic in humans,
causing common cold. Studies have reported that
SARS-CoV-2-reactive CD4 + T cells are produced
in 40%—-60% of non-exposed individuals. This
suggests cross-reactive T-cell recognition between
the circulating common cold flu virus and the
SARS-CoV-2%3, Studies using monoclonal antibodies
targeting SARS-CoV have shown that they are not
bound to the new coronavirus. As such, antibodies
containing SARS-CoV from 2003 are not necessarily
effective in preventing or treating COVID-19%.
However, serological testing has limitations, and
it is necessary to accurately distinguish between
past infections due to preexisting antibodies
against SARS-CoV, MERS-CoV, and the common
cold coronavirus®. Therefore, it is important to
verify the specificity of the serological test to avoid
false-positive results®.

Immunopathology

When SARS-CoV-2 infects cells, active
multiplication and shedding of the virus leads to
lysis of the infected cells and damages molecular
patterns, including ATP, nucleic acids, and ASC
oligomers. Localized inflammation results
in increased secretion of pro-inflammatory
cytokines and chemokines, including macrophage
inflammatory protein 1a (MIP1a), IL-6, IP-10,
MIP1B, and MCP1. Furthermore, cytokines
mobilize monocytes, macrophages, and T cells
to the site of infection, increase farther reserves
(by increasing IFN obtained by T cells) and create
pro-inflammatory feedback loops. This leads
to excess production of cytokines, resulting in
cytokine storms. Cytokine storms can circulate
to various organs, leading to multiple-organ
damage?®. A study involving 123 COVID-19
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patients showed that IL-6 and IL-10 levels were
higher in patients with severe disease than in
patients with mild disease®®. Moreover, non-
neutralization antibodies generated by B cells
may facilitate SARS-CoV-2 infections via increased
antibody-dependent enhancement (ADE), thereby
aggravating organ damage?'®. The activation
of immune cells from the circulation and the
transmigration of lymphocytes into the airways
can modify lymphopenia mechanisms and increase
the neutrophil-lymphocyte ratio to approximately
80% in SARS-CoV-2-infected patients®.

Vaccines

DNA Vaccines

This vaccine consists of DNA molecules
that encode the desired antigen and additional
support for cell entry, thereby targeting specific
cells, or costimulatory molecules. The concept
of this vaccine is that DNA components are
expressed in small amounts of antigenic proteins
that promote antibodies, cytolytic T cells,
and protective immune responses, which are
generated quickly upon exposure to the actual
antigen®>%. Antigen-encoding sequences are
obtained directly from DNA viruses or through
reverse transcription of RNA viruses, which are
then inserted into a plasmid between a strong
promoter and a polyadenyl signal. Plasmids are
replicated in bacterial cells and then purified for
use as a vaccine®’.

The safety profile of DNA vaccines
must demonstrate the absence of integration
of DNA vaccines into the human genome or
induction of autoimmune reactions. Initially, DNA
immunization showed limited immunogenicity
in humans; however, in many vaccine trials, it
induced protection in mice and non-human
primates. Synthetic DNA is a feature that is
resistant to temperature and cold chains, which
is an important feature for delivery to locations
with limited resources. Through improvements
in the promoter design, manufacturing process,
and administration, immunization of DNA vaccines
in humans promises to be a platform to induce
antibody neutralization and significant T cell
responses®. The synthetic DNA vaccine candidate,
INO-4800, targets the S protein from SARS-CoV-2,
which induces strong expression of S protein in
vitro and produces T cell responses and antibodies
after immunization in mice and guinea pigs. This

vaccine, produced by Inovio Pharmaceuticals, has
entered phase | of clinical trials (NCT04336410).
mRNA Vaccines

The mRNA-based antiviral vaccine is
highly immunogenic. In addition, the vaccine can
minimize the risk of infection and mutagenesis
by insertion due to natural degradation of mRNA
in the cellular microenvironment. mRNA vaccines
tend to be safer because they do not interact
with the genome and are directly needed for
the expression of encoded proteins. To increase
efficiency, an adjuvant vaccine can be added to
support the adaptive immune response in addition
to the proper antigen®.

BNT162al, BNT162b1, BNT162b2,
and BNT162c2 are four variants of messenger
RNA (mRNA) vaccines made by Biontech SE/
Pfizer, which have entered phase I/l of clinical
trials (NCT04380701) (NCT04368728). These
four vaccine candidate variants expressed the
RBD from the SARS-CoV-2 spike protein. Other
vaccine candidates include mRNA-1273, produced
by ModernaTX, Inc. mRNA-1273 expresses S
protein from SARS-CoV-2 encapsulated in lipid
nanoparticles (NCT04283461). Phase | of clinical
trials have found the vaccine candidates to be
safe; unwanted side effects show no pattern of
concern and the vaccines are capable of inducing
antibodies with high levels of viral neutralizing
activity’. Currently, the vaccine has completed
phase 2 and has entered phase 3 of clinical trials
(NCT04405076) (NCT04470427).
Vector-Recombinant Protein Vaccines

The recombinant DNA method allows
cloning of viral genes into viruses, bacteria, fungi,
insect cells, or plant cells that are not pathogenic
to produce immunogenic proteins. Because only
a portion of the viral genome is needed, there
is no original virus to the vaccine produced;
therefore, it is safer than the inactive vaccine.
Viral proteins can be produced in large quantities
through engineered organisms under purification
conditions. Genes are inserted to replace genes
that are not needed for virus replication in carriers
when used as a vaccine or added to the viral
genome.

Vector vaccines are based on vectors that
have proven to be safe, allowing the production
and release of immunogenic antigens from infected
cells for a limited period of time. Poxviruses,
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adenoviruses, measles viruses, and togaviruses are
the most commonly used vectors for developing
vaccines for coronaviruses’. Current vaccine
candidates made by Oxford University using an
adenovirus vector called ChAdOx1 nCoV-19 have
entered phase 3 of clinical trials (NCT04400838).
ChAdOx1 nCoV-19 is made from a weak version
of the adenovirus (ChAdOx1). The virus causes
infection in chimpanzees but has been genetically
altered so that it cannot multiply in the human
body. The addition of genetic material has been
carried out on ChAdOx1, which enables the
production of SARS-CoV-2 Spike glycoprotein.

There were no serious side effects
associated with ChAdOx1 nCoV-19. ChAdOx1
nCoV-19 exhibits an acceptable safety profile, and
homologous enhancement enhances antibody
response. Neutralizing antibody responses were
strongly correlated with antibody levels, as
measured by ELISA. These results, together with
the induction of humoral and cellular immune
responses, support a large-scale evaluation of this
vaccine candidate in an ongoing phase 3 of clinical
trial’™.

Anothervaccine candidate, Ad5-nCoV, has
entered phase 2 of clinical trials (NCT04341389).
An open label, non-randomized, phase 1 clinical
study from Ad5-nCoV reported no serious side
effects within 28 days after vaccination. On the
14™ day, peaking at 28 days after vaccination,
neutralizing antibodies and antibodies were
known to increase significantly, as assessed by
ELISA and neutralization tests. In addition, on the
14t day after vaccination, the T-cell response was
found to peak™.

Live attenuated vaccines

Attenuated live vaccines provide
nonspecific protection against lethal infections
not associated with the vaccine target pathogen.
The proposed trained innate response is one that
may increase immunity and reduce levels of the
virus and/or sequelae associated with COVID-19,
similar to that reported for other viral infections.
If this innate response is truly induced in ongoing
clinical trials, recipients should benefit during the
acute crisis period of the COVID-19 pandemic
until a conventional vaccine is available. Death in
COVID-19 cases is closely related to progressive
pulmonary inflammation and ultimately sepsis.

BCG and MMR vaccination in immunocompetent
individuals has no contraindications and may be
highly effective in providing preventive measures
for high-risk populations during the COVID-19
pandemic’®. Until August 29, 2020, BCG and MMR
vaccines were currently underway in phase 3 of
clinical trials in healthcare workers (NCT04357028)
(NCT04327206).
Inactivated vaccines

Inactivated vaccines are produced by
viruses/bacteria that are grown on culture media
and then inactivated using heat or formaldehyde.
The key to this procedure lies in finding the
combination of the concentration of chemicals
used and the reaction time needed to completely
deactivate the virus”’. Currently, the SARS-CoV-2
inactivated vaccine produced by Sinovac has
entered phase 3 of clinical trial (NCT04456595).
Dendritic Cell Vaccines

Various studies have shown that patients
infected with coronavirus show reduced T cell
response and modest neutralizing antibody
titers®*#1, On the other hand, the T-cell response
induced by the SARS-CoV-2 vaccine must be
well controlled to avoid immunopathology. To
produce long-term protection through cellular
immune responses, dendritic cells and antigen-
presenting cells can bring viral antigens to the
immune system to enhance strong immunological
resistance. Artificial antigen-presenting cell (AAPC)
vaccines are designed to express viral proteins and
immunize modulator genes to activate AAPCs and
T cells. This vaccine candidate has entered phase
1 of clinical trial (NCT04299724).
Therapeutic vaccines

Although the term “vaccine” is based
more on prevention, in vaccine therapy, early
post-infection interventions provide the greatest
opportunity to halt the progression of any clinical
disease. The therapeutic vaccine approach is
based on the interaction of Fc fragments from
antibodies with receptors present in cells of
the immune system. This interaction can trigger
an immunoregulatory response pathway’®. A
therapeutic vaccine produced by Immunitor LLC
has been prepared using heat-activated plasma
from a donor with COVID-19. At present, the
vaccine has reached phase I/1l of clinical trial
(NCT04380532).
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CONCLUSION

The innate immune response is triggered
in the initial phases of infection, due to interferon
type 1, which is intended to inhibit further
replication of the virus, and induction of an
adaptive immune response. The adaptive immune
response targets the continued infection of the
virus, involving antibodies that inhibit further
viral infections and increase production of pro-
inflammatory cytokines. This results in elimination
of infected cells; however, excessive production of
pro-inflammatory cytokine storms causes multi-
organ damage, in order to eliminate viral particles.
Development of vaccine candidates based on viral
genetics aims to increase the production of pro-
inflammatory cytokines, elimination of infected
cells, and induction of antibodies that can inhibit
viral infections. Optimal vaccine discovery is
expected to be one of the promising approaches
towards tackling the COVID-19 pandemic.
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