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Abstract

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) outbursts began
at the end of 2019, which imposed a serious crisis on public health and the economy all
over the world. To date, there is no antiviral drug available for SARS-CoV-2, and hence
vaccination is the most preferred method to prevent people from getting attacked
by this virus, especially for those who are at high risk. To counter coronavirus-2, there
are various types of vaccines, which are being used, such as live attenuated vaccines,
killed or inactivated vaccines, recombinant vaccines, mRNA vaccines, recombinant
vector vaccines, and DNA vaccines. Novavax data shows that the vaccine is effective
against severe diseases caused by B.135l. The Pfizer-BioNTech and AstraZeneca
vaccines show evidence of some protection against P.1. Due to the immune response,
the Human body can recognize and protect itself against harmful foreign substances
such as bacteria, viruses, and microorganisms. The immune system protects our
body from these harmful substances by identifying them as antigens. Virus-infected
cells release many chemicals such as chemokines and cytokines for the initiation
of immune response. To control the pandemic situation, herd immunity is required
by the immunization of a critical mass of the world population at once. In this review
article, we have made an analysis of the immune response of the human body to
SARS-CoV-2 infection, different types, and modes of action of SARS-CoV-2 vaccines
along with the current status of vaccines.

Keywords: Antigens; Covaxin; COVID-19
vaccine; Variants of mutant COVID-19; Immune
response; MRNA vaccines; SARS-CoV-2
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Introduction system which is also the 1st line of defense that determines

the ‘molecular patterns’ of the entered pathogen [5-7].

The human body can recognize and protect itself
Second, is the highly specific long-lasting memory effect of

against foreign substances such as bacteria, viruses, and

microorganisms that are harmful to us; this is called the vig adaptive immune system [8]. Virus-infected cell releases

immune response. The immune system protects our body
from these harmful substances by identifying them as antigens
[1,2]. Antigens (more specifically hetero-antigens) are mainly
those proteins or fragments of protein that are present in
the cell surface of fungi, viruses, and bacteria or produced by
them. Nonliving substances may also act as antigens such as
Chemicals, toxins, drugs, etc. Thus the immune system is how
our body can recognize and destroy or tries to destroy, all of
these types of pathogens (antigens) [3,4]. Mainly two types
of immune responses are involved during viral infections in
a host cell. The first one is the non-specific innate immune
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many chemicals such as chemokines and cytokines for the
initiation of immune response [9,10]. After that, neutrophils
& macrophages are activated and thereby attracted to the
virus-infected site and kill the virus-infected cell by releasing
cytotoxic substances, such as matrix metalloproteinases
[11,12].

In this mini-review we have made a comprehensive
analysis of types of immune response systems, the kinds
of vaccines developed so far and the proper mechanism of
working of them against SARS-CoV-2.
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Innate immune responses to SARS-CoV-2 infection

Pathogen-associated molecular patterns (PAMPs)
molecules, lipopolysaccharide (LPS) are a diverse sets of
microbial molecules that need to be recognized to elevate
the antiviral response or innate immune system to destroy
intruding pathogens [13-16]. These RNA base viruses
including dsRNA are detected by the endosomal RNA receptor
(TLR3 and TLR7) and the cytosolic RNA sensor (RIG-1/ MDAS5)
[17-19]. This process involves the activation of downstream
signaling cascade (NF-kB and IRF3) along with nuclear
translocation, which produces type I IFN expression, and
pro-inflammatory cytokines to fight against pathogens at an
early stage [20-22]. The innate immune response depends on
the expression of IFN (IFN-alpha/beta) which are cytokines
secreted from the virus-infected cell to the nearest healthy
cell for its protection. Schneider, et al. reported that humans
generate 13 subtypes of IFN-alphas, one IFN-beta, and one
each of IFN-omega and IFN-kappa [23]. The signaling pathway
is JAK-STAT which is completed by the binding of IFN-
cytokines to the IFN-receptors (IFNAR-1 and IFNAR-2) [24-
27]. Thereafter, Janus Kinases (JAK1 & JAK2) are activated
followed by phosphorylating the signal transducers and
transcription factors STAT1 and STAT2. Then IRF9 forms
complexes with STAT1 & STAT2 and enters into the nucleus
to initiate the transcription and finally up-regulated the gene
expression. The total process of gene expression by I[FNis called
ISGs (IFN-stimulated genes) [28,29] and is shown in Figure 1.
SARS-CoV infection suppresses the IFN signaling pathway and
in turn, inhibits all the down-regulated signaling by the IFNAR
[30-32]. This process also inhibits IRF3 nuclear translocation
by the degradation of RNA sensors (RIG-i & MDAS) [33,34].
Therefore the JAK-STAT pathway is interrupted and
phosphorylation or dimerization does not occur by STAT
which also inhibits gene expression [35]. Both structural viral
proteins (such as M, N) and non-structural viral proteins (ORF
proteins) are involved in the modulation of this host type-I1 IFN
response. From the genomic sequence comparison analysis, it
is found that SARS-CoV-2 has approximately 79% similarity
with previously occurred SARS-CoV and has been containing

Pro inflammatory
Cytokines

Figure 1: Schematic pathway of innate immune response.
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additional gene regions (10b, 13, 14). Apart from that 68%
similarity has been observed between SARS-CoV and SARS-
COV-2 from amino acid sequences. So the interference pattern
of SARS-CoV-2 with the host innate immune response may be
ascertained after careful genome sequence analysis. Although
the mechanism of SARS-CoV-2 infection against innate
immune response is still not clear, it may be hypothesized to
some extent that SARS-CoV-2 has developed the same sort of
approach to reduce and/or modulate the type-I IFN and the
host innate immune response. Therefore, innate immune
response plays a major role in the early detection of SARS-
CoV infection by the secretion of chemokines and cytokines,
especially type-I IFN from neutrophils and macrophages. The
data analysis on the COVID-19-infected patients indicates that
there is a similar change in total neutrophils and lymphocytes
which is involved in delayed secretion of type I IFN. This
ultimately leads to failure to control viral replication in an
early phage. Young patients are comparatively less affected
by COVID-19 due to their potential innate immunity system
whereas old patients suffer severe conditions [36]. The mouse
model study also supports the hypothesis that proper timing
of innate immune response was responsible for protection
against the RNA virus, COVID-19 [37].

The immune system plays a vital role in removing toxins
and allergens that penetrate mucosal surfaces, relying on both
innate and adaptive mechanisms that differentiate between
self and nonself to effectively combat pathogens and other
external threats, while also highlighting how disruptions in
immune function can worsen tissue damage which shown in
Figure 1.

Adaptive immune responses

Adaptive immunity is highly specific to pathogens and
only activated when the innate immunity system gives
information about the foreign molecules via releasing several
chemicals like interleukins from the affected macrophages
and dendritic cells which form the MHC-II complex during the
signaling pathway. The adaptive immune response is of two
types: cell-mediated immune response (T cells) and humoral
immune response (B cells and antibodies). T cells are of three
types: cytotoxic, helper, and suppressor cells. Cytotoxic T
cells can kill pathogens directly by secretion of IL-4 in the
cell-mediated immune response and helper T cells activate B
cells to produce antibodies in plasma cells and enhance the
phagocytosis of pathogens [38]. Adaptive immunity provides
information about the similar pathogen entered earlier by the
memory cell to inhibit the re-infection quickly. There are two
types of helper T cells involved (Th1 & Th2). Th1 secretes IL-
10 & IL-2 to activate Th2 and Tc (Killer Cell) respectively. The
humoral immune response involves B cell activation by TH2
through IL-4 signaling and produces antibodies to prevent
re-infection in the future [39]. In SARS-CoV, both T and B
cell epitopes were extensively mapped for the structural
proteins, S, N, M, and E protein [40-42]. The serum analysis
of convalescent SARS-infected patients showed that plasma

www.clinvirologyjournal.com m



COVID-19 Vaccines Development: Challenges and Future Perspective

contained antibodies which were mainly IgM and IgG. The
SARS-specific IgG antibody persists for a long time up to 2
years after infection and acts as a humoral immune response,
whereas the SARS-specific IgM antibody persists for a very
short time (within 13 weeks). It was also considered that IgG
antibody is highly specific to produce antibodies against the
structural proteins (spike & nucleocapsid) of SARS-CoV [43-
47]. Detailed report of serology of SARS CoV 2 is insufficient.
A primary study for a patient shows that specific [gM after the
onset infection of 9 days was very high and later on after 2
weeks changed to IgG [48,49]. The same study was carried out
with 5 patients having COVID-19 positive which resulted in
some cross-reaction with SARS-CoV only. In addition, a plaque
assay indicated that patients likely produced antibodies to
neutralize the SARS-CoV-2 virus, with recommendations
about ways to boost the immune response. To identify the
immune response that correlates with protection, Li, et al.
studied T cell response against SARS-CoV infection. From the
analysis of 128 convalescent samples of SARS-CoV patients,
they observed that 90% controlled strongly neutralizing Abs
and 50% were affirmative for T cell response [50]. CD4* T cell
responses were less significant as compared to CD8* in terms
of frequency and magnitude of the responses. CD4* T cell
responses were primarily huddled in spike protein but CD8*
T cell responses were spread extensively across the entire set
of SARS proteins. Polychromatic cytometry analysis revealed
that the largest component of virus-specific CD4* T cells
secreted only one cytokine, from CD4* T cells in individuals
with mild-to-moderate and severe SARS, prone to be central
memory phenotype (CD27*/CD45R0*) formed IFN-gamma,
TNF-a and IL-2 and CD8" T cells also released IFN-gamma,
TNF-a and degranulated state (CD107a) with significantly
higher frequency as compared with mild-moderate group.
Enriched TH2 cytokines (IL-4, IL-5, IL-10) were noticed, in
case of severe SARS infection. It is clear from the present data
that TH response might be a very effective tool to combat
strongly against previous outbreaks of COVs (SARS and
MERS) [51]. Thus the similar role of TH type response may
help to prevent SARS-CoV-2. T cell’s response to infected
cells is highly significant for the adaptive immune system.
Based on the magnitude and frequency of response, CD8* T
cells response is more effective and significant as compared
to CD4* T cells as shown in Figure 2 [52]. Therefore, with the
help of T cell’s immune response as a benchmark, the design,
development, and evaluation of vaccines or the defense and
eradication of CoVs are ascertained in the interest of future
research. Structural proteins (S, E, M, and N) are the major
constituents for the modeling of epitopes. Memory CD4* T
cells are guarded in an animal model for protection against
CoVs and also neutrophils have a destructive role in any
kind of infections [53]. A vaccine-mediated adaptive immune
response involves several stages like antigen presentation,
T cell and B cell activation, antibody production, and the
formation of memory cells by introducing antigens, paving the
way for lasting immunity against specific pathogens which is
shown in Figure 2.
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Figure 2: Schematic diagram of vaccine-mediated adaptive immune
response.

Whatis vaccine?

Vaccine is definitely a biological development that gives
adaptive immunity against a specific contagious disease
[54]. It may be produced by an agent that simulates with
microorganisms accountable for disease or is often made from
weakened/killed forms or it can originate from chemicals,
toxins, and surface proteins [55]. To enhance the body’s
immunity vaccines are introduced directly into the body
via injection, mouth, or nasal route. The human body itself
can generate antibodies against specific substances due to
the defense mechanism that is obtained from the process
of immunity development. Another important fact about
vaccines is that it has a protective role against the effects of a
future infection by a natural or “wild” pathogen or therapeutic
to fight against a disease that has already happened [56].

Types of vaccines

There are various types of vaccines such as live attenuated
vaccines, killed or inactivated vaccines, recombinant vaccines,
mRNA vaccines, and recombinant vector vaccines as well as
DNA vaccines. To date, there is no antiviral drug is available
for SARS-Cov-2 and hence vaccination is the most preferred
method to prevent people from this viral attack, especially for
those who are at high risk due to compromised immunity or
other health issues. So vaccination is the only option in our
hands to prevent people from this coronavirus infection.

Live attenuated vaccines

The development of Live or attenuated vaccines can be
made in different ways. Among them, one of the methods
comprises the disease-causing virus passing via a series of
embryos of animal (typically chick embryos) or cell culture
[57,58]. Chick embryos can be taken as a host where the
virus is grown in a series with different embryos [59]. In this
way, the virus can diminish its strength to replicate in human
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cells whereas it increases its capability to replicate in host
cells. A virus before using it as a vaccine, has to be grown in
200 different cell cultures or embryos. All these approaches
involve transmitting a virus via a non-human host to create a
new strain of the virus that can still be familiar to the immune
system of humans, but in human host cells, they no longer
replicate. When this vaccine is applied to humans it does not
cause any illness, but still provides an immune response that
can protect against future infection. During all these processes
we should remember one thing in this vaccine virus can
revert to a form that is capable of causing disease. Sometimes
viruses mutate in such a way that may result in a virulent
strain. So, during the development of an attenuated vaccine,
one should consider all these facts. Rotavirus vaccine, MMR
(measles, mumps, and rubella) vaccine, nasal flu vaccine,
shingles vaccine, chickenpox vaccine (for specific groups
only), BCG vaccine against TB (for special groups only), yellow
fever vaccine, oral typhoid vaccine, etc are the examples of
attenuated vaccine.

Killed or inactivated vaccines

Another type of vaccine is a killed or inactivated vaccine
which is developed by inactivating a pathogen with the
treatment of chemicals (formaldehyde or formalin) or using
heat [60]. This treatment can destroy the replication capacity
of the pathogen, although it can easily recognized by the
immune system (the term “killed” is generally not used
instead of “Inactivated” as this type of vaccine belongs to viral
vaccines, and viruses are generally considered dead). Again
killed or inactivated viruses can’t replicate at all; therefore
they never return to a more virulent strain that may cause
disease [61]. All these facts suggest that it provides short-term
effects compared to live attenuated vaccines. Some examples
of inactivated vaccines are flu vaccines, hepatitis A vaccines
(special groups only), rabies vaccines, Japanese encephalitis
vaccines, etc.

Recombinant vaccines

Generally, recombinant vaccines are prepared by using
yeast or bacterial cells [62,63]. At first, a part of DNA is taken
from bacteria or viruses from which we want to protect
ourselves. Then make them active components in a large
amount for the vaccine (generally with sugar or a single
protein) by further inserting them into other cells. For example,
the hepatitis B vaccine can be developed by taking a small part
of the DNA from this vaccine and inserting it into the yeast
cell DNA [64]. Therefore after purification of the vaccine, one
of the surface proteins from the hepatitis B virus is used as
an active component. Examples of these types of vaccines are
the Hepatitis B vaccine, HPV vaccine, MenB vaccine, injected
typhoid vaccine (a polysaccharide vaccine), etc.

MRNA vaccines

Vaccines can be developed by some intermediary between
DNA and proteins, one such example is mRNA vaccines
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[65,66]. Some issues related to mRNA such as instability and
their delivery into cells are overcome by recent technological
advances. Apart from this some of the early results of mRNA
vaccines are encouraging. A novel kind of RNA vaccine made
up of the nucleic acid RNA which is available within one
vector similar to lipid nanoparticles [67,68]. For example, Zika
virus vaccines also different types of RNA vaccines are under
progress to contest with the COVID-19 pandemic.

Recombinant vector vaccines

This type of vaccine involves delivery of genetic material
into cells by using a harmless virus or bacterium as a vector, or
carrier instead of delivering nucleic acid (DNA or mRNA) onto
cells. Animals can be protected against infectious diseases
such as rabies and distemper through numerous recombinant
vector vaccines [69]. Examples of these types are HIV, Zika
virus, and Ebola virus.

Mode of action of COVID-19 vaccines

Inactivated virus vaccines: This type of virus cannot
reproduce within the body, so advanced doses are required
[70]. Sometimes an adjuvant is used to strengthen the immune
responses. This vaccine induces only antibody-mediated
immunity. Since the microorganism is dead, the immune
system can learn to recognize its antigen know-how to fight in
the future as shown in Figure 3. Here, the immunological mode
of action is started when neighboring cells are infected. These
mechanisms of action are anti ion and associated
with CD4* lymphocytes and SLA II and cytotoxicity activation
related with CD8* lymphocytes and SLA |, and then release of
various cytokines. This type of vaccine was developed by the
Sinovac company of China called CoronaVac while Covaxin
was developed by Bharat Biotech and the ICMR jointly [71].
Both vaccines contain aluminum hydroxide; which acts as
an adjuvant that boosts the efficiency of the vaccines [72,73].
In Covaxin, a supplementary adjuvant was used known as a
Toll-Like Receptor (TLR) against the origin of dependable,
which also prompts a strong immune response [74].

Inactivated vaccines are created by rendering a virulent
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Figure 3: Mechanism of action of inactivated vaccine.
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virus noninfectious while maintaining its ability to stimulate
an immune response; although safe, they require larger doses
and multiple injections, along with booster shots over the
years, to achieve levels of immunity similar to those provided
by smaller doses of live attenuated vaccines which shown in
Figure 3.

Viral subunit vaccines: Figure 4 represents schematically
the mechanistic pathway of the viral protein subunit vaccine.
Here virus antigen was used instead of genetic material;
generally, an adjuvant is used to provide an elevated immune
response [75,76]. This vaccine usually induces antibody-
mediated immunity and with the aid of antigen-presenting
cells, the antigens are known by T helper cells as a genuine
viral disease [77,78]. For SARS-CoV-2 there are two subunit
vaccines in phase 2 viz. the entire spike protein (Sanofi+GSK)
or the receptor binding domain [79]. There are two subunits in
the S Protein viz. S1 and S2 subunits. The S1 subunit consists
of the following domains:

(a) N-terminal domain (NTD)
(b) Receptor-binding domain (RBD)

(c) Receptor-binding motif (RBM) domains while the S2
subunit is made up of fusion peptide, heptad repeat 1 & 2.
The entry of the virus into the cell through endocytosis by
using the S-Protein interceded binding to the receptor of the
hACE2. So, the S-protein along with its antigenic fragments
is the key target of this vaccine [80]. The S glycoprotein has
two conformational states viz. pre and post-fusion state. As a
result, the antigen must retain its surface chemistry and shape
of the new pre-fusion spike protein to save the epitomes for
igniting superior-quality antibody responses [81]. Moreover,
the target of the covered RBM since an antigen will improve
the neutralizing antibody reaction and increase the overall
efficiency of the vaccine.
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The Novavax COVID-19 vaccine generally contains a
protein or a polysaccharide - a sugar molecule or a blending
of the two from a pathogen. In the Novavax vaccine the SARS-
CoV-2 components are produced in-vitro before isolating
directly from the virus [82].

Protein subunit vaccines, developed through recombinant
methods or purification after growing the pathogen, use a
specific subunit to activate the immune system and require
adjuvants and booster doses for effective immunogenic
response, which helps prevent severe side effects but
necessitates multiple administrations for lasting immunity
which is shown in Figure 4.

Viral vector vaccines: This vaccine may be of two types
replicating and non-replicating. In non-replicating infecting
a cell, creates the antigen of SARS-Cov-2 in that cell but not
a novel virus whereas replication due to infection produces
the antigen of SARS-CoV-2 in that cell and novel virus which
affects other cells. The SARS-CoV-2 antigen can be seen
within the cells since if the virus infects the body it produces
cytotoxic T cells and helper cells [83]. The COVID-19 Oxford-
AstraZeneca vaccine uses a chimpanzee universal freezing
viral vector identified as ChAdOx1, which delivers the code
that allows our cells to make the SARS-CoV-2 spike protein
which is shown in Figure 5 [84].

RNA vaccines

These vaccines transfer RNA-coding viral proteins into
human cells. Then, they will replicate themselves and produce
viral proteins through the aid of polymerase, and this way,
RNA-based vaccines copy ongoing viral infection including
toll-like receptors activation and IFN production [85,86]. Such
vaccine versions of mRNA for the spike protein have been
developed by Moderna, Curevac, and Pfizer [87,88]. RNA-
based vaccines are relatively economical and easy to handle
in case of mass production. The antigens of mRNA-LNPs are
picked up by APCs viz. dendritic cells (DCs) [89]. Then these
APCs enter the nodes of lymph where they are capable of
keying CD4" and CD8* T lymphocytes [90]. The CD8* T cells can
initiate the creation of cytotoxic T lymphocytes (5b) which are
able to homicide the infected cells. The CD4* T cells can break
up into two cells viz. Thl cells or T follicular helper (Tfh)
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Figure 5: Mechanistic pathway of adenovirus vaccine.
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cells [91]. Tth cells aid in beginning a germinal center (GC)
reaction. GC reactions introduced by vaccination will affect
the formation of antibody-secreting long-lived plasma cells
(LLPCs) and memory B cells (MBCs). Tfh cells can be directed
towards the phenotypes of Th1 or Th2, which will control the
class switching of antibodies (Abs) formed by LLPCs to Th1-
or Th2-related Absas shown in Figure 6 [92].

mRNA vaccines introduce a piece of genetic material that
directs the body’s cells to create a viral protein, prompting
the immune system to recognize it as foreign and generate
antibodies to combat the actual virus in the future which is
exhibited in Figure 6.

Current status of COVID-19 vaccine

To prevent the ongoing pandemic caused by coronavirus,
a race started among scientists to create COVID-19 vaccines
safely and effectively in a record time. Research and testing
are required before vaccines can be used in clinics. To date, 97
COVID-19 vaccines are in clinical trials on humans and among
them, 32 have reached the final stages (stage 3) of testing
[93,94]. Currently, 10 vaccines are in early or emergency use
whereas only 8 vaccines are approved for full use in several
countries. Also, there are 5 vaccines that get abandoned after
clinical trials. In Table 1, we have summarised the current
status of some leading COVID-19 vaccines [94].

Different variants of mutant COVID-19

Generally, viruses constantly change their characteristics
through mutation [95,96]. Therefore a virus undergone one
or more mutations is called a variant of the original virus.
Since the emerging SARS-CoV-2 virus several variants that
cause COVID-19 diseases by circulating around the world
throughout the ongoing COVID-19 pandemic [97]. Most of the
new variants have slightly different viral characteristics but
few of them may possess reinforced viral properties such as
spread rate, increase in disease severity, immunity to vaccine,
or other collateral health issues.

According to WHO (World Health Organization), all the
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Figure 6: Mechanism of action of mRNA vaccine.
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variants of the SARS-CoV-2 virus are classified as Variants of
Concern (VOC) and Variants of Interest (VOI) [98,99]. Tables
2-4 represent the current status of VOC and VOI respectively.

Challenges and future perspective of the COVID-19
vaccine

To take control of the pandemic situation, herd immunity
is required by the immunization of a critical mass of the world
population at once but data shows there are five risk factors
that may delay the process of herd immunity. First, vaccination
of people may prove lower than expected. That could happen
if a real or perceived safety issue increases hesitancy or if
younger people see little reason to be vaccinated once older
groups are protected and a transition toward normalcy is well
underway. Secondly, herd immunity relies on the efficacy of
vaccines to reduce transmission, though the efficacy rate may
not prove high enough to drive herd immunity. Third, the
duration of immunity adopted by vaccines may prove shorter
than expected which makes it hard to achieve simultaneous
immunity. Fourth, supply-chain disruptions and delays may
occur and this will produce supply shocks which will come in
conflict with timelines. Fifth and most importantly, variants
that reduce the efficacy of vaccines or the benefits of natural
immunity may spread widely. Initial data indicates some
concerning evidence that the examples of such variants are
B.1.351 and P.1. Although the recent Novavax data shows
that the vaccine is effective against severe diseases caused
by B.1.351. Similarly, limited data from the Pfizer-BioNTech
and AstraZeneca vaccines shows evidence of some protection
against P.1. These five factors combined mean that there’s
still an opportunity that herd immunity will not be achieved
in the near future. Following the two endpoints, a transition
toward normalcy and herd immunity may appear different
in numerous geographical places. As soon as the new cases
drop down may include a series of steps that will gradually
normalize aspects of social and economic life though that will
vary by geography. The much-awaited steps include a return
of fully in-classroom education, reopening of restaurants and
bars, gathering with larger groups of people, reopening of
offices, etc. Not everyone will immediately resume all of their
activities rather there will be a gradual or step-by-step shift
toward more of them.

From various research works done by scientists and
doctors, it may be concluded that ‘herd immunity’ is the only
way to reach a more definitive end to the pandemic. Yet the
most concerning fact is that new cases and deaths still indicate
the virus may continue to circulate for one or more quarters
after herd immunity is reached. Even when a nation reaches
herd immunity, ongoing surveillance, booster vaccines, and
potentially other measures may be needed. After almost 2
years later, the end of the pandemic is in sight for some parts
of the world. It's much too early to declare victory; however,
we hope that the leaders and policymakers set much-needed
policies and strategies to bring back the pre pandemic stage.
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Table 1: Current status of COVID -19 vaccine.

Types Developer Dose Phase Status Efficacy
Pfizer-BioNTech 2 doses, 3 weeks apart 2.3 Approved in several countries, emerg(.ency use in the U.S, E.U,, 91.3%
RNA and other countries.
Moderna 2 doses, 4 weeks apart 3 Approved in Switzerland, emergenc'y use in the U.S,, E.U,, and 590%
other countries.
Oxford-Astrazeneca 2 doses, 4 weeks apart 23 Approved in Brazil, emergency us.e in UK, E.U,, India, and other 76%
countries.
Adenovirus Gamaleya 2 doses, 3 weeks apart 3 Emergency use in Russia, and other countries. 91.6%
Johnson & Johnson Single dose 3 Emergency use in the U.S,, E.U,, and other countries. 64-72%
CanSino Single dose 3 Approved in China, emergency use in other countries. 65.28%
Sinopharm 2 doses, 3 weeks apart 3 Approved in China, U.AE, Bahrau-l, and emergency use in other 78.1%
countries.
Inactivated 50.65% in Brazil, 83.5% i
nactivate Sinovac 2 doses, 2 weeks apart 3 Approved in China, emergency use in other countries. % mTul:(Zely %in
Bharat Biotech 2 doses, 4 weeks apart 3 Emergency use in India, and other countries. 77.8%
Vector institute 2 doses, 3 weeks apart 3 Early use in Russia, approved in Turkmenistan Unknown
) Novavax 2 doses, 3 weeks apart 3 _ 89.7%
Protein . -
Centro De ?ngemena .Genetlca & 3 doses 3 Emergency use in Cuba 92.28%
Biotecnologia
DNA Zydus 3 doses, 4 weeks apart 3 _ 66.6%

Table 2: Current status of Variants of Concern (VOC).

Variant names Pangolineages Next strain clade Earliest documented sample Additional amino acid changes Date of designation
+S:484K
Alpha B.1.1.7 201 (V1) UK, Sept-2020 +S452R 18-12-2020
B.1.351
Beta B.1.351.2 20H (V2) South Africa, May-2020 +S:L18F 18-12-2020
B.1.351.3
P.1
Gamma P.1.1 20J(V3) Brazil, Nov-2020 +S:681H 11-01-2021
P.1.2
B.1.617.2
. VOI:04-04-2021
Delta 25; 21A India, Oct-2020 +S:417N VOC:11-05-2021

Table 3: Current status of Variants of Interest (VOI).

Variant names Pango lineages Earliest documented sample Next strain Clade Date of designation
Eta B.1.525 Multiple countries, Dec-2020 21D 17-03-2021
Lota B.1.526 U.S.A, Nov-2020 21F 24-03-2021
Kappa B.1.617.1 India, Oct-2020 21B 04-04-2021
Lambda C.37 Peru, Dec-2020 21G 14-06-2021
‘Table 4: Mechanism and adverse effects of SARS-CoV-2 vaccines. ‘
COVID-19 vaccines Possible mechanism Vaccine components Adverse effects RE O
BNT16b2 IgE-mediated reactions and PEG, DSPC, trometamol Anaphylaxis [100,101]
non-IgE mediated reactions
Ad26.CoV2.S Cross-reactivity with PEG Polysorbate 80, Anaphylaxis [102]
mRNA-1273 Spike binds to ACE2 receptor in cardiomyocytes mRNA, spike protein, impurities Myocarditis [103,104]
Ad26.CoV2.S Herpes zoster Adenovirus, mRNA trauma and immunosuppression [105,106]
Adenovirus, spike protein, EDTA, tPA, .
S . . . o Thrombosis and
AZD1222 Vaccine-induced immune thrombotic thrombocytopenia  CAR receptor, sialic acid receptor, TLR . [107,108]
. . - thrombocytopenia
ligands, impurities
Conclusion are at high risk. A variety of vaccines are available, including

The worldwide SARS-CoV-2 pandemic has killed
thousands, disrupted livelihoods, and caused widespread
property and socioeconomic damage. It is crucial to
understand the pathophysiology of SARS-CoV-2 infection and
how it affects the immune system of the host cell in order to
treat it. Currently, there is no antiviral medication available to
combat SARS-CoV-2, therefore vaccination is the only way to
safeguard against this viral attack, particularly for those who

https://doi.org/10.29328/journal.ijcv.1001064

live attenuated vaccines, Killed or inactivated vaccines,
recombinant vaccines, mRNA vaccines, recombinant vector
vaccines, and DNA vaccines. Pfizer-BioNTech and AstraZeneca
vaccines show some protection against P.1, according to
Novavax data. AstraZeneca vaccines reveal some protection
against mild diseases caused by B.1.351. An attached protein
called N (nucleocapsid) is located on the SARS-CoV-2
envelope membrane protein, S (spike), E (envelope), and
M (membrane). A SARS-CoV-2 protein termed N regulates
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IFN- -synthesis and signaling by inhibiting IFN1 as it does
in other coronaviruses. In contrast, the effectiveness of the
innate immune system in fighting viral infections is mainly
determined by IFN1 production and downstream signaling,
which results in suppressing viral replication and triggering
an effective adaptive response. An immunization of a critical
mass of the world population simultaneously is necessary
for herd immunity in the event of a pandemic. Therefore,
the SARS-CoV-2 pandemic has led to the rapid development
of vaccine formulations that could help us to strengthen our
immune system in the event of future pandemics.
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