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ARTICLE INFO ABSTRACT

Keywords: The severe acute respiratory syndrome coronavirus disease 2 instigated by coronavirus disease of 2019 (COVID-
SARS-CoV-2 19) has delivered an unfathomable obstruction that has touched all sectors worldwide. Despite new vaccine tech-
Va“é"ts & subvariants nologies and mass administration of booster doses, the virus persists, and unknown the ending of the pandemic
Vaccines for new variants and sub-variants. Moreover, whether leaning on home medications or using plant extracts is suf-
Booster doses . . . . . e . .

Tmmunity ficient often to combat the virus has generated tremendous interest in the scientific fraternity. Different databases

including PubMed, Scopus, Web of Science, and Google Scholar used to find published articles linked with related
topics. Currently, COVID-19 third and fourth shots of vaccines are progressively administered worldwide, where
some countries trail others by a significant margin. Many proteins related to viral activity have changed, possibly
boosting the virus infectivity and making antibodies ineffective. This study will reminisce the viral genome, as-
sociated pathways for viral protein functions, variants, and their mutations. The current, comprehensive review
will also provide information on vaccine technologies developed by several biotech companies and the efficacy
of their doses, costs including boosters on a mass level. As no vaccine is working to protect fully against all the
variants, the new proactive vaccine research needs to be conducted based on all variants, their sub-lineage, and

mutations.

1. Introduction

Coronavirus disease of 2019 (COVID-19) has been
spreading since late 2019 with a massive challenge to the
world’s healthcare system for generating active vaccines
[1]. This outbreak was proclaimed a pandemic on March
11, 2020, by the World Health Organization (WHO), for
its severity [2,3]. WHO confirmed around 768 million
positive reports that had been recorded up to March 22,
2023, including 6.9 million fatalities [4,5].

Positive SARS-CoV-2 patients displayed a notable fea-
ture of medical manifestations that appeared 2-14 days
after infection [4,5,6,7,8]. The common COVID-19 symp-
toms are fever, cough, chill, difficulties in breathing,
fatigue, body aches, and headache are most common
[5,6,9]. Several techniques are available to detect SARS-
CoV-2, where the gold standard and mostly used tech-
nique is reverse transcription polymerase chain reaction
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(RT-PCR) to identify genetic markers [10,11]. Serolog-
ical methods, molecular techniques, whole genome se-
quencing (WGS), and enzyme-linked immunosorbent as-
say (ELISA) are commonly used methods for this virus
[12,13,14]. At least 10 significant variants SARS-CoV-2
have emerged because of genetic mutation, a frequent oc-
currence among RNA viruses [15]. Alpha, Beta, Gamma,
Delta, Epsilon, Zeta, Eta, Theta, Iota, Kappa, Lambda,
Omicron, and neo-COV-2 have become a grave threat to
public health [8]. The WHO has classified these variants
into variants of interest (VOIs), variants under monitor-
ing (VUMs), and variants of concern (VOCs). The Delta
and Omicron variants and their sub-lineages pose an
even more than other variants [8]. WHO declared vari-
ant B.1.1.529 as a VOC, which was named Omicron on
November 26 2021 [6,7]. These variants have caused
widespread concern and alarm, resulting in the imposi-
tion of stricter lockdown measures and travel restrictions
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globally [10,16]. The discovery of these increasingly se-
vere and extremely communicable varieties is a signifi-
cant setback in the ongoing battle against the COVID-19
catastrophe [17,18].

Although immunization against COVID-19 reduces its
positivity and mortality, SARS-CoV-2 with its novel and
more potent forms, continues to appear, resulting in a
sluggish response in vaccine campaigns and immuniza-
tion [19]. Several COVID-19 vaccines from Moderna,
Sinopharm, Oxford-AstraZeneca, Pfizer-BioNTech, and
Sputnik Janssen have been approved for use against coro-
navirus infection [20]. This review presents COVID-19
genomic structural features, mutations, vaccination strat-
egy, and mode of action, including their pros and cons.
The effectiveness of booster shots of vaccines against dif-
ferent variants, coverage of global vaccines, and diffi-
culties and costs behind COVID-19 vaccines are also in-
cluded in this article. Finally, a therapeutically active new
vaccine against SARS-CoV-2 development necessity is
added.

2. SARS-CoV-2 genomic construction

SARS-CoV-2 is a representative of Nidovirales order,
Coronaviridae family, the Betacoronavirus genus, and the
severe acute respiratory syndrome-related coronavirus
species. The causal factor of COVID-19 is a positive-strand
RNA virus encapsulated in a lipid bilayer with a genome
size of approximately 30 kilobases [21]. The virus ac-
quires its enveloped lipid bilayer by budding from the
host cells through an orchestrated mechanism involving
the spike protein interaction with the ACE2 receptor on
the host cell membrane. The genomic spectrum of SARS-
CoV-2 has several functional and regulatory segments and
proteins covering structural and nonstructural proteins
(nsps) (Fig. 1) [4].

Fig. 1 represents SARS-CoV-2 structure which contains
mainly spike glycoprotein with 2 subunits (receptor bind-
ing domain, N- terminal, fusion peptide, heptad repeat
1 and 2), envelope, membrane, nucleocapsid, and viral
genome. Both structural and nonstructural proteins are
found in the genomic organization of this virus. The for-
mation and assembly of the virion are facilitated by the
structural proteins, which consist of the spike (S) gly-
coprotein, envelope (E) protein, membrane (M) protein,
and nucleocapsid (N) protein. Nucleocapsid protein (N)
is physically connected to the nucleic acid, which is lo-
cated in the vacuum of the Golgi body and endoplasmic
reticulum (ER) [22]. The most physically complex pro-
tein, known as the membrane protein (M protein), affects
how the virus envelope is shaped [23]. All other struc-
tural proteins can bind to this protein. The envelope, or E
protein, is the tiniest component of SARS-CoV-2 but is cru-
cial to viral development and maturity [22]. SARS CoV-2
is deficient in the hemagglutinin esterase gene, present
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in the lineage of human coronavirus (hCoV) HKU1, beta-
coronavirus.

SARS-CoV-2 viral entry into human cells is facilitated
with the help of S glycoprotein, a trimeric transmem-
brane protein. This is accomplished by interaction with
the ACE2 receptor on the host cell’s surface, which medi-
ates viral entrance. The measured weight of the S protein
is 600-kDa, which has 66 N-linked glycans that explain
its heavy glycosylation [17]. The elements are known as
spike proteins translated from the viral RNA template
by the infected host, and the spike is integrated into
the lipid bilayer around the virus core [24]. Two main
portions of the spike proteins of SARS-CoV-2 are trans-
ported to the plasma membrane, and the cellular furin
proteases cut the spike at the furin cleavage site (FCS)
between the S1 and S2 regions. The severed fragments
joined forces to produce a semi-mature spike on the cell
surface [25].

The nonstructural proteins (nsps) are tangled in viral
replication and transcription, including nspl to nspl6.
Nspl is a multifunctional protein that interferes with
host gene expression and immune response. Nsp2 is an
enzyme-like protease that splits the SARS-CoV-2 polypro-
tein into functional nsps [26]. Nsp3 protein acts as a
multi-domain involved in various aspects of viral repli-
cation, including viral RNA synthesis and modification
and host immune evasion. Nsp4 is a transmembrane pro-
tein involved in viral replication complex assembly. Nsp5
functions as a protease that enzymatically cleaves both
viral and host proteins, rendering it as a viable therapeu-
tic target. Nsp6 is a transmembrane protein involved in
viral replication complex assembly and host cell mem-
brane regulation. Nsp7 and nsp8 are cofactors forming a
complex in viral RNA synthesis. Nsp9 is a single-stranded
RNA-binding protein involved in viral RNA synthesis [7].
Nspl0 is a cofactor for nspl6, which plays a role in vi-
ral RNA methylation. Nsp12 is an RNA-dependent RNA
polymerase responsible for viral RNA synthesis. Nsp13
is a helicase that unwinds double-stranded RNA during
viral replication [9]. Nsp14 is an exoribonuclease that
proofreads viral RNA during replication. Nspl5 acts as
an endoribonuclease that cleaves viral RNA to prevent
recognition by host immune sensors. Nspl6 is a methyl-
transferase that modifies viral RNA to evade host immune
recognition (Table 1).

The functions of nonstructural proteins of SARS-CoV-
2 are tabulated in Table 1. Various fragments of the
SARS-CoV-2 proteins have been studied as potential tar-
gets for vaccine development and therapeutic interven-
tion. The S protein receptor-binding domain (RBD) is a
major target for neutralizing antibodies and has been
used in vaccine development. The N protein has also
been studied as a potential vaccine candidate. Nsp5 has
been targeted for drug development, and inhibitors of
this protease have been shown to have antiviral activity.
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Fig. 1. A detailed depiction of the genomic structure of SARS-CoV-2, with a focus on the structural and nonstructural protein segments and their smaller subunits.
The diagram provides a comprehensive understanding of this virus’s molecular organization and complexity, particularly with respect to its protein-coding regions

[27,28].

Table 1

Comprehensive overview of the critical functions of nonstructural proteins encoded by the SARS-CoV-2 genome, highlighting their interplay and role in the viral life

cycle.

Nonstructural protein Function

NSP1 or leader protein
mRNA [29]

NSP2

NSP3 (papain like proteinase)

NSP4

NSP5 (3C-like proteinase)

NSP6 (putative transmembrane domain)

Attaches to the host cell’s 40S ribosome, causing a halt in protein synthesis, and stimulates the degradation of host cell

Contributes to the disruption of the host cell’s homeostasis.

Facilitates viral activity by producing NSP1, NSP2, and NSP3 [30]
Alteration of cell membranes in SARS-CoV-2 [31]

Splits the NSP polyprotein into 11 distinct segments through cleavage [32]
generate autophagosomes [33]
Forms a dimer with NSP8 and NSP12, resulting in the RNA polymerase function of NSP8 [34]

NSP7

NSP8 Stimulates NSP12 [35]

NSP9 Crucial for the replication of the virus [35]
NSP10 Boosts the function of NSP14 and NSP16 [36]
NSP11 Unknown

NSP12 (RNA dependent RNA polymerase)
NSP13 (Helicase)

NSP14 (3’-5’ endonuclease,
N7-methyltransferase)

NSP15 (endoRNAse)

NSP16 (2’-O-ribose-methyltransferase)

Replicates the viral RNA [37]

Separates the duplex RNA [38]
5’-cap RNA (3’-5’ exonuclease, guanine N7-methyltransferase) [39] Proofreading of viral genome

Degrade RNA to evade host defense [40]
The 5’-cap shields mRNA from degradation, promotes its translation, and blocks the regulation of innate immunity [41]

Nspl2is another target for drug development, and remde-
sivir, a nucleotide analogue, has been approved to treat
COVID-19 [42].

3. Functions of the spike protein in SARS-CoV-2
pathogenesis

A crucial step in membrane fusion is the attachment
of the S protein to the ACE2 [43]. The plasma membrane
containing transmembrane protease serine 2 (TMPRSS2)
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is responsible for digesting S1 and S2 at the S29 location
next to the FCS for optimum cellular infection. Thus, to
effectively promote the viral membrane-host cell mem-
brane fusion for virus entry, the RBD (in S1) of Spike can
link with the ACE2 of the host cell surface receptor [15].
A furin-like protease must break down S1/S2 to activate
S, which then changes its shape before following fusion
[44]. The 3 RBDs of the S glycoprotein can be seen in
different earlier stages of fusions with confirmations in
either direction [26,43]. The RBDs can only assume an
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up conformation to reveal the receptor binding sites. Re-
combinantly produced S proteins of the virus have been
found in the states such as “RBD down,” “one RBD up,”
and “two-RBD up” [45]. S pursues a regular class I fusion
protein activation route: major alterations to its structure,
including removing its S1 subunit and adding the fusion
peptide (FP) to the target cell membrane [44]. S changes
into a needle-shaped post-fusion form after membrane fu-
sion, with 3 helixes coaxially entwined. The Wuhan-Hu-1
strain, having full-length S protein with 1273 residues,
contains a signal peptide (N-terminal), S1(RBD), and S2
(fusion fragment). As opposed to this, the S1 was further
split into the RBD, C-terminal domains (CTD1 and CTD2),
and N-terminal domain (NTD) [46]. On the other hand,
S2 includes a fusion-peptide proximal region (FPPR), hep-
tad repeats (HR1 and HR2), fusion peptide (FP), cytoplas-
mic tail (CT), transmembrane segment (TM), central helix
(CH), connector domain (CD) [44].

The SARS-CoV-2 virus utilizes the homotrimer spike
glycoprotein on its surface to recognize the ACE-2 re-
ceptor. Following this recognition, the virus-host cellular
membrane fusion is necessary for the viral nucleocapsid
to enter the host cells. The S glycoprotein-ACE2 receptor
attachment initiates the viral accession into the host or-
ganism’s cells (lung cells concerning type 2 pneumocytes)
[44]. The S protein binding domain (331-524 residue),
situated along the receptors of the virus, can stably bind
to both human and bat ACE2 [44]. The fusion process in-
volving the host cell and viral membrane occurs after the
entrance and attachment steps [44]. Once fusion has oc-
curred, the receptor-linked S proteins are activated by a
type II transmembrane serine protease (TMPRSS2) from
the host cell [44]. Subsequently, the virus can enter the
cells because this causes conformational alterations. The
2 proteins, ACE2 and TMPRSS2, are the initial regulators
for the trance of the virus.

The mRNA released by the virus further undergoes
translation equipping its genomic materials. The viral
genome is assisted by a large number (approximately 14)
of open reading frames (ORF), each of which encodes a
different set of structural and nonstructural proteins es-
sential to the virus’s continued existence and pathogenic-
ity. During its transformation phase, the mechanism
allows the production of gene fragments encoding non-
structural mega proteins such as ORFla and ORF1b and
their further assembly into super-imposed mega proteins,
ppla, and pplab. Polyprotein processing involves the
replacement of polyproteins by protease enzymes such as
papain-like proteases (PLpro) and the serine-type Mpro
(chymotrypsin-like protease (3CLpro) protease), which
are encoded by nsp3 and nsp5, respectively. After then,
nonstructural proteins (nsps) 1-11 and 1-16 are pro-
duced by the cleavage of ppla and pplab, respectively.
The nsps are crucial for diverse viral and host cell-related
functions [44].
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Following their biosynthesis, a complex network of
nonstructural proteins (nsps) coalesces into replicase-
transcriptase complexes (RTCs) within double-membrane
vesicles (DMVs). These RTCs are primarily assembled by
subunits that contain RNA-dependent RNA polymerase
(RdRp) and helicases, key enzymes involved in viral RNA
replication and transcription. The RdRp domain is found
in CoVnsp 12 and AV nsp 9, respectively. Transcription to
positive-sense mRNAs is predominantly assisted by RARp
[44]. The transformation of sub-genomic RNA into inter-
mediary products coupled with the negative sense genes
of progeny genome are formulated as the endogenous
genome associated with the viral entry is turned by the
complex [44]. The intermediary chamber facilitates the
translation of sub-genomic proteins into structural and ac-
cessory proteins like M, S, and E proteins (ERGIC). It is sit-
uated between the Golgi apparatus and the endoplasmic
reticulum. Meanwhile, the copied genome program may
now access the ERGIC to link the N protein to the nucle-
ocapsid structure directly. Small wallet-shaped vesicles,
called exosomes, are constructed from the nucleocapsids
in this compartment, along with a variety of other struc-
tural proteins.

Changes observed in the glycosylation sites and mu-
tations in human SARS-CoV-2 spike proteins have found
presence based on a study assessing the reactivity and in-
fectivity concerning the neutralizing antibodies and sera
obtained from individuals recovered from infection. They
are relevant to the current situation [44]. The spike gly-
coprotein has reportedly undergone relatively few muta-
tions. The D614G mutation is known to increase the effec-
tiveness of infection and is found to be considerably more
common [10,11]. Two-dimensional maps of the spike pro-
tein mutation locations from several Indian isolates re-
lated to the virus have been produced [44,47]. Almost
every area of the protein has some form of mutation. The
D614G mutation is found in the S1D domain (594-674),
which is present in 7859 of the 7915 mutations in this
area of the spike protein [44].

4. COVID-19 vaccine technology

The SARS-CoV-2 genome was made available on Jan-
uary 11, 2020. This triggered rapid growth in interna-
tional research and development (R&D) projects to initi-
ate vaccination programs to eliminate the epidemic. Due
to the impact COVID-19 posed on economic resources and
human affairs, innovative approaches are speeding up the
assessment of potential platforms for next-generation vac-
cine technologies [3]. Consequently, the initial candidate
of the COVID-19 vaccine for human trials was autho-
rized at an astonishing speed on March 16, 2020. There
are 115 vaccine candidates currently in different stages
of development in the R&D field concerning COVID-19
as of April 8, 2020, 78 of which have been confirmed
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Covid-19 Vaccines

Fig. 2. A comparative view of the vaccine development process in 2 distinct platforms, traditional vaccines, and COVID-19 vaccines, highlights the similarities and
differences between the 2 platforms and emphasizes the unique challenges and advancements associated with COVID-19 vaccine development [48].

as active, and 37 of which have not. In the experimen-
tal or preclinical stages, 73 of the 78 initiatives have
been confirmed as active. Several cutting-edge vaccine
candidates, such as Ad5-nCoV from CanSino Biologicals,
mRNA-1273 from Moderna, LV-SMENP-DC, INO-4800
from Inovio, and a pathogen-specific APC from Shenzhen
Geno-Immune Medical Institute, have already entered
clinical studies. Many more vaccine producers have made
plans to begin human trials in 2020. Seeing how many dif-
ferent technological platforms are being evaluated for the
COVID-19 vaccine is breathtaking. Accordingly, a range
of vaccine technologies are under investigation, including
viral vectors (both replicating and non-replicating), inac-
tivated viruses, live attenuated viruses, recombinant pro-
teins, nucleic acids (RNA and DNA), peptides, virus-like
particles, and recombinant proteins (Fig. 2). According to
the WHO data total of 11 COVID-19 vaccines are permit-
ted to use including Serum Institute COVOVAX (Novavax
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formulation)- approved in 6 countries, 7 trials in 3 coun-
tries; Novavax (Nuvaxovid)- approved in 40 countries, 22
trials in 14 countries; Moderna (Spikevax)- approved in
88 countries 70 trials in 24 countries; Pfizer/BioNTech
(Comirnaty)- approved in 149 countries 100 trials in
31 countries; CanSino (Convidecia)- approved in 10
countries 14 trials in 6 countries; Janssen (Johnson &
Johnson) Jcovden- approved in 113 countries 26 tri-
als in 25 countries; Oxford/AstraZeneca (Vaxzevria)-
approved in 149 countries 73 trials in 34 countries;
Serum Institute of India Covishield (Oxford/AstraZeneca
formulation)- approved in 49 countries 6 trials in 1
country; Bharat Biotech Covaxin- approved in 14 coun-
tries 16 trials in 2 countries; Sinopharm (Beijing) Covilo-
approved in 93 countries 39 trials in 18 countries;
Sinovac CoronaVac- approved in 56 countries 42 tri-
als in 10 countries. Among these vaccines, Sinopharm,
Bharat Biotech Covaxin, and Sinovac are inactivated;
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CanSino, Janssen, Oxford, Covishield are non-replicating
Viral vector; Moderna and Pfizer are RNA vaccines; and
COVOVAX and Novavax are protein subunit vaccine
(https://covid19.trackvaccines.org/agency/who/).

This illustration serves as a valuable reference tool
for researchers and healthcare professionals seeking to
understand the underlying mechanisms and innovations
in vaccine development in the context of COVID-19.
Fig. 2 describes a comparative overview of traditional and
COVID-19 vaccine development. The traditional vaccine
needs 10-15 years to develop whereas COVID-19 devel-
oped within 1 year. Clinical trial phases in the traditional
vaccine require 3~4 years with help of 3000 participants,
which was 6-10 months for COVID-19 using 1000 partic-
ipants.

4.1. Inactivated vaccines

Attenuated vaccines are based on dead microorganisms
and are a highly traditional technological platform that
has produced many vaccinations [10,11,49,50]. The con-
structs of the technology present superior resiliency com-
pared to live attenuated vaccines; however, they are still
limited by the short immunological memory, which ne-
cessitates the use of bigger doses of vaccine or the com-
bination of the immobilized microbe with an adjuvant.
Numerous other SARS-CoV-2 antigens are also targeted
by the immune reaction that is produced, in addition to
the Spike protein. Although the generated reaction is typ-
ically less strong than that caused by viruses that have
been attenuated, the vaccine is easier to use, less costly,
and considerably safer [47].

BBIBP-CorV, also called the Sinopharm Beijing vac-
cine, is a COVID-19 vaccine that uses inactivated SARS-
CoV-2. This vaccine utilizes multiple strains of the virus,
including 19nCoV-CDC-Tan-Strain03 (CQO01), 19nCoV-
CDC-Tan-HB02 (HB02), and 19nCoV-CDC-Tan-Strain04
(QDO01), acquired from bronchoalveolar lavage (BAL)
samples of individuals with COVID-19 during the vaccine
development process [47]. Researchers selected the HB02
variant to develop the inactivated vaccine due to its high
virus yield and replication levels, and it has proven effec-
tive against SARSCoV-2 [47]. The HBO2 variant was sub-
sequently isolated and utilized as a viral stock. Vero cells
were used to increase the viral stock. After 10 generations
of adaption and passing, the initial germ for the inacti-
vated vaccine was obtained with a sequence homology of
99.95%. The collected virus sample was combined with
p-propiolactone to inhibit the formation of SARS-CoV-2.
Vial contagiousness was eliminated, and formulation sta-
bility went hand in hand with the viral inactivation pro-
cess. Sinopharm’s inactivated SARS-CoV-2 vaccine tested
positive in phase I/1I clinical trials and was shown to be
both safe and well-tolerated. Additionally, healthy vacci-
nation recipients showed immunogenicity.
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Sinovac, commonly referred to as CoronaVac, is a type
of WIV vaccine developed and produced in China [51].
In this context, kidney cells from African green mon-
keys were used to grow the SARS-CoV-2 vaccine’s CN0O2
strain. After then, g-propiolactone was employed to har-
vest and inactivate SARS-CoV-2. The material was then
concentrated and cleaned. It was eventually deposited on
aluminum hydroxide. By employing Water, phosphate-
buffered saline (PBS) and sodium chloride, the dilution
of the aluminum hydroxide complex prior to disinfection
was executed [51]. Based on the data obtained during the
phase I/1I clinical research volunteers with good health
status had been shown tolerating perfectly against the
vaccine and could only slightly generate immunogenicity
[51].

COVAXIN, also referred to as BBV152, is an Indian-
made COVID-19 vaccine that uses inactivated SARS-CoV-
2 and is produced by Bharat Biotech [52]. By utilizing g-
propiolactone to inactivate the NIV-2020-770 strain, CO-
VAXIN is created. The spike proteins of the strain have
the Asp614Gly mutation [52]. According to phase I clin-
ical trial findings, COVAXIN was safe and well tolerated
by participants and had the ability to produce immuno-
genicity and boost the immune response (most notably
the T-cell response) following vaccination [52]. Utilizing
several chemical approaches, the SARS-CoV-2 is rendered
inactive. These potential vaccinations are all intramuscu-
larly administered.

Seven vaccine candidates with differently induced
SARS-CoV-2 inactivation processes are now undergoing
clinical testing; 4 of them have previously received re-
stricted approval. When they are available, reports from
Phase II studies point to the vaccine’s safety and high an-
tibody titer. The 7 medical studies are directed by:

o Interim findings for the CoronaVac vaccine, con-
structed in China by Sinovac Biotech, are anticipated in
late November. CoronaVac, meanwhile, has already re-
ceived permission for restricted usage among the pub-
lic.

« Chinese Academy of Sciences, China.

« Two of Sinopharm’s unique initiatives have received
approval for restricted usage in the general population.

« Another vaccine has been authorized for restricted use
in general population by Wuhan Institute of Biological
Products, China.

« This vaccine, Covaxin, is now undergoing a late-stage
Phase III study at Bharat Biotech in India.

« RIBSP, Kazakhstan.

4.2. Viral vector vaccines

Viral vectors have the ability to transport DNA encod-
ing the Spike protein into cells, which is based on the re-
markable ability of viruses to infect and distribute mRNA
throughout human cells [53]. The use of adenovirus vec-
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tors holds great potential in developing COVID-19 vac-
cines by utilizing this mechanism. Adenoviruses are non-
enveloped dsDNA viruses that can cause mild diseases
that affect the respiratory tract and eyes and other human
illnesses that typically resolve on their own [53]. High-
tech vaccine platforms, which rely on adenovirus vectors,
are currently gaining attention as reliable transporters of
nanotechnology for gene delivery [16]. The SARS-CoV-2
S proteins can replace the E1 and E3 viral genes in order
to improve vaccine design and eliminate unwanted anti-
gens [53]. The major advantage of employing adenovirus
vectors for drug, gene, and vaccine delivery is that they
cannot integrate into the human genome, thereby ensur-
ing safety following injection.

The virus with DNA insertion may endanger its poten-
tial to proliferate. Since a preestablished immunity to the
virus vector may reduce the effectiveness of the vacci-
nation, primate viruses (from chimpanzee, gorilla, etc.)
are usually utilized as vectors. In other instances, the
DNA is placed into replicated viral vectors; since these
viruses may spread to some extent, they might cause a
more potent immune response [53]. The Spike protein,
its variations, or the fragmented pieces are also the target
antigens for these vaccine studies, if not the only ones.
These virus-interceded vaccinations are frequently deliv-
ered through the intra-muscular route. However, many
intriguing projects try to inhale the vaccine into the nasal
for delivery. If successful, the proposed vaccine might
stimulate mucosal immunity that can neutralize the virus,
preventing it from entering the human body [53].

The AstraZeneca/Oxford vaccine, which is marketed
as Vaxzevria, is a recombinant adenovirus vaccine that
employs the S glycoprotein to fight against SARS-CoV-
2. To produce the SARS-CoV-2 spike protein (S-protein),
the vaccine utilizes a chimpanzee adenovirus and a shut-
tle plasmid that contains the SARS-CoV-2 amino acid se-
quence and tissue plasminogen activator (tPA) leader at
the 5’ end. One of the primary advantages of this vaccine
is its affordability in low- and middle-income countries
and regions. Additionally, it can be stored at temperatures
ranging between 2 and 8 °C, making it a practical option
for global distribution [53].

Adenovirus-vectored vaccines include the Johnson &
Johnson vaccine, sometimes referred to as Janssen. The
adenovirus 26 DNA was modified to include the SARS-
CoV-2 spike protein gene (Ad26.COV2-S). By delivering
this altered adenovirus immunization, the viral DNA may
enter the cell and be released. The spike protein will then
be generated using the DNA of the virus. Subsequently,
the immune system will get activated, and spike protein-
induced antibodies will be generated. As a result, im-
munization may prevent SARS-CoV-2 infection following
virus exposure [53]. After immunization, infection will
not be happening because the adenoviral proliferation
is precluded, responsible for SARS-CoV-2 transmission.
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This vaccine may be distributed internationally and re-
quires a higher storage temperature (2~8 °C) than pre-
viously licensed vaccines like Pfizer/BioNTech and Mod-
erna, which need an extremely cold storage environment
for the endurance of the SARS-CoV-2 DNA molecules
[54]. Sputnik V, marketed as Gam-COVID-Vac, is a type
of vaccine that utilizes a heterologous recombinant aden-
ovirus (rAd26 and rAd5) vector [54]. Adenoviral vector-
delivered antigens gain the ability to elicit both humoral
and cell-mediated immune responses after administration
of the initial dose. However, a long-lasting immune re-
sponse would occur once the second dose of these vacci-
nations was administered [54]. This vaccines’ immuno-
genicity against the vector components would be their
main disadvantage. The prime-boost heterologous vacci-
nation technique can lessen and even get rid of this is-
sue by utilizing 2 distinguishable vectors concerning the
vaccination (1st and 2nd dose) purpose. Sputnik V is a
double vector vaccine that uses Ad5 and rAd26 to deliver
spike proteins encoded by the SARS-CoV-2 virus (rAd26-
S and rAd5-S, respectively) [54]. Both heterologous re-
combinant adenoviruses are administered intravenously
at intervals of 21 days. Following the positive findings
of the phase I/II clinical studies, this vaccine was given
early approval in Russia [54]. According to the findings
of phase III clinical studies, Gamaleya’s Sputnik V vac-
cine was 91.6% effective overall on day 21 following the
administration of the first dosage (the day of the second
injection).

According to the COVID-19 Vaccine Development
Landscape, Adenovirus 5 (Ad5)-vectored vaccines, such
as the CanSino vaccine (Ad5-nCoV), deliver DNA to cells
encoding the spike proteins of SARS-CoV-2. A phase I clin-
ical trial conducted in China using the CanSino vaccine, a
type of Ad5-vectored vaccine, demonstrated the vaccine’s
ability to stimulate both adaptive and innate immunity
within 14 and 28 days following a single-dose administra-
tion. The study utilized a dose-escalation design and was
open-label and non-randomized in nature. These findings
provide promising evidence for the vaccine’s potential to
elicit an immune response against SARS-CoV-2 [54]. Var-
ious vaccination initiatives utilizing viral vectors are al-
ready well advanced in the clinical testing process, with
4 of them undergoing a Phase III study or having limited
authorization. The vaccine’s DNA is inserted into cells,
and the CanSino vaccine, also known as CanSinoBIO, uses
Ad5-vectors for SARS-CoV-2 spike protein encoding.

4.3. RNA vaccines

Even though messenger RNA (mRNA) has not yet re-
sulted in a vaccine that has received its approval for mass
use, several initiatives are using it to construct SARS-
CoV-2 vaccines. RNA, administration employs a variety
of methods. The mRNA vaccination induces the cells to
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generate antigen proteins once it has been incorporated
momentarily. Liposomes transport the mRNA in most of
these vaccination efforts. Additionally, regarding anti-
SARS-CoV-2 mRNA vaccines, the Spike protein, its varia-
tions, or its fragments serve as the primary or sole repre-
sentation of the target antigen translated by the mRNA.
These vaccination formulations must be stored between
—30 and —80 °C [55].

The first vaccination formulations to receive EMA
conditional approval and Emergency Use Authorization
(EUA) from the FDA were Moderna and Pfizer/BioNTech.
Moderna (US) developed mRNA-1273, which expresses
the full-length S protein and is given in 2 doses through
intramuscular injection. Encouraging clinical trial out-
comes led to the vaccine’s approval for widespread use
in humans. Similarly, LNP encapsulated mRNA vaccines
were created by Pfizer and BioNTech (BNT162al, b1, b2,
c2). Unlike BNT162b1, which aims to encode the full-
length S protein in the prefusion state, BNT162b2 encodes
the SARS-CoV2 RBD. These 2 vaccinations can enhance
neutralizing antibodies, according to the findings of the
clinical experiment that compared them. The company
opted to move forward with this formulation in hopes of
receiving approval because BNT162b2 mRNA vaccination
produced less severe adverse effects [56].

The BNT162bl mRNA vaccine has demonstrated
promising safety results and substantial immune cell re-
sponses in its phase I trial, although the BNT162b2 mRNA
vaccine has received regulatory approval worldwide. This
mRNA vaccine encodes a trimerized, secreted version
of the SARS-CoV2 spike (S) glycoprotein RBD, increas-
ing CD4+ and CD8+ T-cell-mediated responses gener-
ating IFN-y after 2 doses. In a randomized, placebo-
controlled, double-blind phase 1 study, the SARS-CoV-
2 BNT162b1 mRNA vaccine was shown to be safe and
immunogenic in both younger and older Chinese indi-
viduals [57]. Other companies are testing mRNA-based
vaccines, such as the CureVac firm’s CVnCoV vaccine,
which codes for the S protein and is administered intra-
muscularly in 2 doses, encapsulated in LNP [58]. While
the previous mRNA vaccines from Moderna and BioN-
Tech/Pfizer were thought to be more expensive and un-
stable, the consequences of CureVac’s mRNA vaccine
were less effective due to various reasons, such as mRNA
conformation, the use of regular uridine instead of mod-
ified nucleotides of pseudouridine to reduce inflamma-
tory reactions, and differences in storage temperature
and non-coding sections. A Phase 1 evaluation is being
conducted among human volunteers employing mRNA
lipid-based nanoparticle vaccine for safety and immuno-
genicity by Acturus/Duke-NUS and Imperial College, Lon-
don, respectively, looking towards the vaccines ARCT021
(Lunar-COV19) and LNP-nCoVsaRNA, which are designed
to be administered intramuscularly and replicate mRNA
(Fig. 3).
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4.4. DNA vaccines

The platforms based on DNA and mRNA allow for
extremely rapid and flexible modification of the coded
antigen [59]. DNA vaccines are commonly used in vet-
erinary medicine, however, they are yet to receive ap-
proval for human use. These vaccines provide stability
and higher production in large amounts by microorgan-
isms. A very brief local electrical pulse may help DNA
plasmids injected into muscle or skin infiltrate human
cells (electroporation). Plasmid DNA, once introduced,
prompts the cell to generate the desired protein for a lim-
ited time. Killer T cell activation in conjunction with stim-
ulated antibody production, is the principal effort in en-
suring protective immunity when the DNA vaccination
strategy is employed [59]. IgG responses are triggered
against the RBD and S proteins. A higher titer of neutral-
izing antibodies was also observed to develop. At least
momentarily, the IL-12 immunization protocol enhanced
the neutralizing antibodies. Singular prefusion spike pro-
tein encoded copy or in conjunction with plasmid IL-
12 transfection, based on the electroporation of plasmid
DNA is conducted in-silico to produce a novel coronavirus
vaccine (CORVax) [60]. On the 20th of August 2021,
Zydus Cadila has been granted Emergency Use Autho-
rization (EUA) by the Drug Controller General of India
(DCGI) for ZyCoV-D, which is recognized as the world’s
first Plasmid DNA Vaccine developed to combat COVID-
19 [59,60]. The administration of the vaccine ZyCoV-D
is limited to the utilization of the PharmalJet Tropis®
Needle-free Injection System. The ZyCoV-D vaccine devel-
oped in India uses circular DNA as a protective measure
against SARS-CoV-2 infection. The vaccine formulation
consists of a 2 mg quantity of a DNA plasmid known as
pVAX-1, which encodes the Wuhan Hu-1 spike antigen of
the SARS-CoV-2 virus, along with an IgE signal peptide
[59].

4.5. Subunit vaccines

Vaccines containing antigenic proteins that are either
chemically synthesized peptides or produced through re-
combinant DNA technology are used to induce a durable
immune response for therapeutic or preventative pur-
poses [61]. However, an adjuvant is necessary to aug-
ment the vaccine’s immunological responses due to the
subunit vaccination’s limited immunogenicity. An adju-
vant may increase the production of immunomodulatory
cytokines or increase the half-life of the antigenic sub-
stance, triggering an immune response in the body, often
by binding to specific antibodies or immune cells. When
used in conjunction with a vaccine, adjuvants help allevi-
ate some of the problems associated with protein subunit
vaccines [39]. The SARS-CoV-2 S protein is the most effi-
cient foreign entity in generating antibodies that have the



Md.A. Islam

Infectious Medicine 2 (2023) 247-261

A

SARS-CoV-2
Spike protein Y
mRNA 7

2

T

A

<

Encapsulation

v
AT,
A

of SARS-CoV-2
D Spike Protein

e ve
v 23
v a2

<t s

S5
PPaes

Particle stubbed
with SARS-CoV-2 (Immune
spike protein Stimulator)

» Vaccination

Saponin

Antibody production

SARS-CoV-2 SARS-CoV-2 : 0 i
Spike protein Antibody Interaction aga;nsit(zAlsoste(i:: ¥z
synthesis Vaccine A pike p
. £ K, T = { >
A 2 \ @ Yok N o=
= Yy VT T AN i S >
¢ 3 VP e g
A ¢ SELAx —J X
Immune Response Activation Viral Exposure
C
. Serial T\
EEEE— e
< Passages — _— WY,
Pl P2 P10 N EE—— S ‘
SARS-CoV-2 s rtaton [ gl \m
2G OV, Ll kY Viral adsorption :
CovID-19 Strain Pl aston o | Inactivated SARS-CoV-2  (Aluminium Hydroxide) ~ 'mactivated SARS-
' chemical treatment) 2 CoV-2 vaccine
Patient virus

Fig. 3. Comprehensive overview of the design and development of COVID-19 vaccines, showcasing 3 different approaches to vaccine development: (A) a spe-
cific vaccine targeting mRNA, (B) the Novavax COVID-19 vaccine, and (C) a general overview of the overall design and development of COVID-19 vaccines

[62].

ability to render the infection inactive [63]. Two subunits
make up the S protein. Compared with the S2 subunit
possessing HR 1 & 2, FP, the S1 subunit includes NTD,
RBD, and RBM domains [64]. Viruses are able to enter
cells via endocytosis owing to the S-Protein-assisted at-
tachment to the hACE2 receptor. Subunit vaccination is
primarily directed toward the S-Protein and its antigenic
parts as a result. The pre-fusion and post-fusion states are
the 2 conformational states in which the dynamic protein
known as the S glycoprotein can exist. As a way to secure
the epitopes necessary to relay the reactions concerning
the antibodies, the antigen cannot but hang on to contin-
ued superficial chemistry and protein profiling of the pri-
mary pre-fusion spike protein [39]. Utilizing techniques
that employ the cloaked RBM as an antigen can enhance
the production of neutralizing antibodies and improve the
overall effectiveness of the vaccination.

4.6. Booster of COVID-19 vaccines

The immune system undergoes subsequent steps by
producing immune cells and associated chemicals and ob-
serves reduced immune cell counts when the vaccine is
administered. Despite that, a minute amount of T and B
cells remain in the bloodstream, safeguarding against po-
tential infections [34]. A booster dose of the vaccine has
multiple functions. It replicates the defense mechanism
against the foreign particles when multiplying the num-
ber of antibody-producing B cells [39]. Even though the
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B cell number might go down once the infection is in con-
trol, the reservoir of memory B cells will combat ensuing
infections. The procedure describing the transportation of
“Engaged” B cells (the stimulated phase when in contact
with the vaccine) to the lymph node is termed “Affinity
Maturation” and it is further accelerated by administer-
ing the booster doses. Affinity maturation results in the B
cells inheriting potential mutations, which may lead them
to increased efficacy in their fight against probable infec-
tions [39]. Since administering the 2nd dose of the vac-
cine, several months of the non-intervened state ensures
the depression of active antibodies in the body. The 3rd
dose of the vaccine, constructed by Oxford-AstraZeneca,
Pfizer-BioNTech, Moderna, and Sinovac contributed to in-
creasing neutralizing antibody counts. In a current study
in the UK, alternative booster regimens will be tested, in-
cluding those employing a different vaccine from the ini-
tial shots. These “mix and match” tactics may lead to spe-
cific antiviral responses coupled with the destruction of
infected cells Due to the increase in T cells and antibodies.

A variant of interest (VOI) is defined by a lineage with
suspected mutations that result in increased transmissi-
bility, the blockade against therapeutic measurement or
vaccination, increased infectivity or instances of infec-
tions, and prevalence that has not spread and localized
in a particular area. Several VOIs were circulating dur-
ing the height of the pandemic. In Nigeria, the B.1.525
(eta) and B.1.1.318 variants coexisted with the Alpha
variant (Table 2). These 2 variants were shown to infect
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A comprehensive list of the variants being monitored (VBM), including their origin, global distribution, vaccine efficacy level, and transmission phenomenon, serves
as a critical reference tool for public health officials and researchers to track and screen the emergence and feast of new SARS-CoV-2 variants [65].

WHO labels Clade First identified =~ Top pangoline Origin First infection Vaccine activity against this Transmission

lineage lineage phenomenon

Alpha 201 B.1.1.7 B.1.1.7 Kent, England November 20 According to statements made by 30%-50% more
Pfizer, Moderna, and Johnson & transmissible in
Johnson, their respective vaccines comparison with the
have demonstrated effectiveness in original SARS-CoV-2
protecting against severe disease and  strain
hospitalization associated with the
Alpha variant.

Beta 20H B.1.351 B.1.351 South Africa July 20 The Beta variant has been reported to  The initial coronavirus
exhibit lower susceptibility to the strain was found to 50%
vaccines developed by less contagious in
AstraZeneca-Oxford, Pfizer-BioNTech, comparison with Beta
Moderna, and Johnson & Johnson. variant.

Delta 21A, 211, 21J B.1.617.2 B.1.617.2 India October 5 20 The 3 vaccines available in the United The transmissibility of
States have been deemed highly the Delta variant has
efficacious in protecting against been found to be
severe illness, hospitalization, and significantly higher,
mortality resulting from the Delta estimated to be around
variant. However, despite their 80-90% more contagious
effectiveness, breakthrough infections than the Alpha variant.
of Delta have occurred in some
individuals who were fully
vaccinated. Moreover, vaccinated
individuals who contracted the
infection were still capable of
transmitting the virus to others,
although the period of their
infectiousness was likely to be
shorter. It is worth noting that no
vaccine provides 100% protection
against any variant of the virus.

Delta Plus 21A, 211, 21J AY.4.2 AY.4.2 UK December 20 Partially effective 10%-20% more

transmissible than Delta.

Omicron 21K-L, 22A-F, BA.1 BA.5, BF.7, XBB, Botswana and November 21 Experts are still learning about their The most transmissible

23A BN.1, BF.11, BQ.1, South Africa effectiveness against the latest variant of concern
BQ1.1 Omicron subvariants

experimental monkeys and human cell lines aggressively.
They both have E484K substitution in the spike RBD. Cur-
rently, no VOIs are in existence. A study conducted re-
cently has found suspicious deletions in the antigenic re-
gions of SARS-CoV-2, particularly in the N-terminal re-
gion, and concluded that future variants may originate
based on this feature.

On the contrary, a variant of concern (VOC) is de-
scribed as a lineage that is married with increased trans-
missibility, disease severity, evidence of elevated infec-
tions, substantial protectivity against therapeutic inter-
vention (antibodies from previous infections), and di-
agnostic detections. The Omicron subvariant XBB 1.5
(Kraken) shows increased transmissibility in the US. The
variant may be more transmissible than its ancestor XBB.
Omicron BA.2.10.1 and BA.2.75 are the recombinant par-
ents of XBB, and XBB 1.5 is a direct descendant of XBB.
However, 2 booster campaigns are persistently effective
against the variant XBB 1.5 for at least 3 months, and the
susceptibility to severity is low compared to other persist-
ing sub-lineages such as BQ.1. Variants being monitored
are defined as variants that have been taken care of by ad-
vanced therapeutic measurements and diagnostic proto-
cols. A variant of high consequence (VOHC) is denoted by
failure in diagnostic tests, substantially higher prevalence
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of infections in vaccinated persons, reduced vaccine effi-
cacy, severe clinical onsets, or disease progression. The
declaration of any VOHC relevant to COVID-19 has not
yet materialized.

5. Vaccine efficacy against variants

Examining a vaccine’s effectiveness in research, such
as how effectively it prevents symptomatic disease, is
one way to determine its efficacy [16]. With 692 million
COVID-related illnesses along with a mortality count of
6.90 million as of August 07, 2023, the decisiveness of
COVID-19 is undeniable when considering the world per-
spective The global spread of variants, particularly the
Omicron variant, has aggravated more severe infections
and transmission [34].

The COVID-19 vaccination campaign is viewed as the
most critical measure to combat the pandemic because
it helps to minimize the complications associated with
COVID-19, thus making it suitable for societies to reopen
and promoting economic recovery. As of June 4, 2022,
129 COVID-19 vaccination programs had undergone clin-
ical trials, and 32 had already received approval for mass
application. In many nations, widespread immunization
campaigns and booster vaccination schedules are in place.
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Numerous randomized controlled trials (RCT) or observa-
tional studies have provided strong evidence for vaccina-
tions’ immunogenicity, safety, and effectiveness. The ma-
jority of COVID-19 vaccines, nevertheless, were created
for the initial strains. However, concerns about the effi-
cacy of the vaccine arose with the emergence of several
VOCs, including Alpha, Beta, Gamma, Delta, and Omi-
cron. According to leading research, the VOCs are more
infectious and better at evading the immune system than
the original strains, suggesting a decline in VE. A num-
ber of Randomized Clinical Trials (RCT) studies were con-
ducted to measure VE against morbid outcomes brought
on by VOCs. The RCT studies are carried out in an ex-
tremely challenging environment, with rigorous limita-
tions on the sample volume and trial settings. The study
environment was distinct to the actual research. Public
health initiatives, personal self-protective behaviors, ac-
cess to healthcare, vaccination reluctance, and a variety
of study groups have a cumulative impact on how well
VE performs in the real world.

Evaluating evidence of public health choices signifies
the success of COVID-19 vaccinations in the practical
world. The results that arose from several investigations
are debatable, despite some studies authenticating the
real-world efficiency of COVID-19 vaccinations against
the VOCs. Comprehensive evaluation urgently requires
meta-analysis based on empirical data. In this work, we
sought to comprehensively assess the VE in the context of
the actual world against each clinical result brought on
by the VOCs.

6. Effectiveness of booster shot upon different
variants

The dose registered after the initial vaccination series
can be defined as the booster dose. That can be any dose
after the first dose or 2 doses of any vaccine. According to
several prior investigations, existing variations like Delta
and Omicron display robust immune responses to mit-
igating antibodies produced by initial immunization or
prior infestations [58]. However, with a period, the perks
of protection fade [58]. With such a decline in immu-
nity, fully immunized individuals do have illnesses that
develop suddenly [58]. For instance, with multiyear re-
search within the course of 6 months, its potency through-
out preventive care was reduced by a preliminary 90%-
60% [58]. As a result, the subject of interest has shifted to
the longevity of the resistance of vaccine induction as well
as the requirement for recurrent boosting vaccinations.

Boosting shots provide better defense versus the
COVID-19 virus. In comparison to the second dose of a
specific vaccine (BNT162b2), a trio dosage produced 95.3
percent effectiveness towards COVID-19, according to a
stage 3 clinical study (NCT04955626). Towards the end
of 2021, once the Delta variant became the most popu-
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lar type, several nations began to give COVID-19 boosts.
However, the Omicron variant offered a different problem
as the emerging outbreaks dramatically surged at the cli-
max of 2021, and enhancers efficiently protected over se-
vere sickness and hospitalization brought on by the Delta
variant. Thankfully, patients who received boosting of
BNT162b2, mRNA-1273 [34], or generic mRNA vaccina-
tions demonstrated a significant rise in serum anti-spike
antibody responses and the neutralized titers towards the
Omicron variant.

Additionally, it’s been demonstrated that CoronaVac
and mRNA vaccine enhancers enhance memory B cells
specialized for anti-receptor attachment domains and
quickly develop responses against various variations, in-
cluding Omicron. Optimized people can still experience
Delta and Omicron outburst infestations, but the viral
counts appear to be reduced, and the signs are less severe
[34].

Especially in marginalized and elevated populations,
repeat immunizations are particularly crucial. For in-
stance, investigations revealed that the addition of
BNT162b2 or mRNA-1273 enhancers is required to pro-
tect from Delta and Omicron in cancer therapy effectively,
organ transplant candidates, and the elderly [34]. Israel
began providing an additional booster in January 2022
to aged and immunosuppressed people. In March 2022,
subsequent mRNA boosts were also made available in the
US to the elderly and those with underlying medical is-
sues. According to future research in Israel, adults over
60 who received 2 BNT162b2 booster doses saw fewer
hospitalization and fatalities due to COVID-19 than those
who received just one.

This relevance of renewal vaccines, demonstrated in
several trials to improve antibody responses and suscep-
tibility towards Delta and Omicron, has indeed been high-
lighted by introducing the more contagious Delta and
Omicron strains. For people receiving genetically identi-
cal BNT162b2 supplements, this same efficiency against
inflammation to Delta and Omicron has been predicted to
be 88~93 percent and 76 percent, respectively. In com-
parison, the efficiency against clinical complications in-
duced by Delta and Omicron was anticipated to be 97
percent and 89 percent, respectively.

7. Death toll regarding COVID-19

According to the findings from Wordometer, 6,904,567
people have passed away due to COVID-19. According
to investigations conducted by Johns Hopkins University,
the countries with the highest COVID-19 mortality rates
were Peru at 4.9%, Mexico at 4.5%, Ukraine at 2.1%, Iran
at 1.9%, Brazil at 1.9%, and Poland at 1.8% of deaths
occurring per 100,000 people. The term “excess mortal-
ity” refers to the difference between the reported number
of deaths in a given week or month (depending on the



Md.A. Islam

country) in 2020-2023 and an estimate of the number of
deaths that would have been expected for that period if
the COVID-19 pandemic had not occurred. This measure-
ment is used to determine the total impact of the pan-
demic on deaths rather than relying solely on the con-
firmed death count from COVID-19. The largest rates of
excess mortality were recorded in South Africa, Mexico,
and Russia.

8. COVID-19 booster dose administration

The longevity of COVID-19 vaccines and previous data
supported decreasing host immunity after vaccination is
still unclear. There is evidence documenting a drop in
COVID-19 antibody titers within the human body over
time. Additionally, it has been proven that lower antibody
titers may be associated with reduced levels of protection.
The requirement for booster doses of the COVID-19 vac-
cine presented a logistical hurdle for global health poli-
cymakers. As of January 1, 2021, no evidence of booster
administration was reported. It is revealed from Our word
in data that persons in China (92.81%), Brazil (89.10%),
the United States (81.81%), Indonesia (74.45%), India
(74.44%), and Pakistan (73.43%) received at least 1
COVID-19 vaccination dose. The 2 companies have com-
mitted to supply up to 1.8 billion doses to the EU from
December through 2023, in addition to the 600 million
doses bought this year. Up to April of next year, the US
government has ordered 700 million for Americans and
500 million for gifts to the poorest nations. 3 billion vac-
cinations will be produced this year by Pfizer and BioN-
Tech, and 4 billion the next year. The data presented in
Our World in Data demonstrates approximately 72.3%
of the world’s population, or approximately 5.55 billion
individuals, have received at least 1 dose of the Covid-
19 vaccine. Globally, approximately 2.72 billion booster
doses have been administered.

9. New COVID-19 vaccines

According to the most updated data, 344 COVID-19
vaccines have been constructed, with some still under-
going development. Of the 31 vaccines that have found
regulatory approval by the concerned authorities, most of
them have employed at least 5 distinct technologies [58].
However, 2 new approaches in vaccine construction have
found light recently. These vaccines are the recombinant
plant-based adjuvant vaccine [58] and the RBD dimer-
based ZF2001 vaccine.

However, 2 new approaches in vaccine construction
have recently emerged. These vaccines include the re-
combinant plant-based adjuvant vaccine (Bacillus subtilis),
and the RBD dimer-based ZF2001 vaccine. The majority
of COVID-19 vaccines require sophisticated storage ca-
pabilities, such as extremely low storage temperatures.
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In contrast, these 2 vaccines are created to not include
those standards, which makes them appropriate for uti-
lization in countries with lower and middle financial sta-
tus [58]. More importantly, the phase 3 trials of these
vaccines were conducted in such countries when available
data showed the prevalence of several SARS-CoV-2 vari-
ants. However, these data excluded the omicron variant
of the virus, indicative of the variant’s existence after the
trials.

The plant-based recombinant vaccine, which combines
adjuvant system 03 (AS03) and prefusion-spike protein
from the original strain of the virus, during phase 3 trials,
this vaccine was given in 2 doses in various countries in-
cluding Mexico, Canada, the UK, Argentina, Brazil, and
the USA. The vaccine demonstrated effectiveness rates
of 78.8% (95% confidence interval [CI], 55.8-90.8) for
moderate to severe infection, 74.0% (95% CI, 62.1-82.5)
for individuals who were seronegative at the beginning
of the trial, and 69.5% against symptomatic infection con-
firmed by polymerase chain reaction (95% CI, 56.7-78.8)
[66].

During the phase 3 trials conducted in Mexico, Canada,
the UK, Argentina, Brazil, and the USA, a plant-based re-
combinant vaccine was given in 2 doses. The vaccine com-
bined an adjuvant system (AS03) and prefusion-spike pro-
tein from the original strain of the virus. The vaccine was
found to have an efficacy rate of 78.8% (95% CI, 55.8-
90.8) against moderate to severe infection, 74.0% (95%
CI, 62.1-82.5) in people who had a negative result for an-
tibodies at the start of the trial, and 69.5% against symp-
tomatic infection confirmed by polymerase chain reaction
(95% CI, 56.7-78.8). On the other hand, the RBD dimer-
based vaccine has shown to be an improvement compared
to the plant-based vaccine with a vaccine efficacy of 87%
against serious complications, onset just 7 days after the
third dose, and 75.7% against COVID-19 in trials con-
ducted by Shen et al. and Jackson et al. [67,68]. How-
ever, both trials excluded the elderly group, breaking the
promise to lessen the complications for the elderly who
were considered the most prioritized group for vaccina-
tion by the WHO.

Given the surging conditions in China, there is a need
for better understanding and techniques for generating
new vaccine tools. World leaders should consider this,
and some initiatives have been taken by the African na-
tions’ leaders to combat the disease in case of future
complications (mRNA Vaccine Technology Transfer Hub,
WHO). Additionally, some plant species have antiviral
properties and have been used during the COVID-19 pan-
demic as home remedies [69].

10. Future foresight for the COVID-19 pandemic

The omicron subvariants that are currently circulat-
ing may look different from the prevalent SARS-CoV-2
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variants over the upcoming autumn and winter seasons
[46,70]. The immune system individuals already have
from their first vaccines, along with an updated booster
that more accurately matches today’s omicron subvari-
ants, is anticipated to offer improved protection in the
future. It could need less frequent boosting as long as omi-
cron sub-lineages are dominant. In the coming weeks, the
Food and Drug Administration will convene to choose the
fall boosters so that manufacturers can prepare the shots
[71]. Vaccine manufacturers like Moderna is currently as-
sessing the immune response to newly developing strains
and testing their booster prospects on humans. The results
of the tests will likely determine what will be utilized to
prepare for an autumn or winter surge [72].

Optionally, the universal coronavirus vaccination
strategies that have already shown promise in animal
studies might be added to the vaccine booster method
[73,74]. The aim of the research is to develop a uni-
versal vaccination that works against all strains. Some
researchers are concentrating on chimeric spikes, which
mix components of the spikes of various coronaviruses
into a single vaccine, to increase protective immunity
[75]. Others are experimenting with immunizations using
nanoparticles that tell the immune system to concentrate
on the areas where the coronavirus increase is most likely
to occur [76].

The lab has shown these methods to be successful
against resistant SARS-CoV-2 strains. They are also effec-
tive against zoonotic coronaviruses from bats that might
jump to humans and produce a future SARS-CoV-3 out-
break, as well as the original SARS virus, which caused
an outbreak in the early 2000s. The proteins found in
SARS-CoV-2 can be classified into 2 types of polyproteins,
ORF1la and ORF1ab, which are then divided into 16 non-
structural proteins [77]. There are also 4 structural pro-
teins, such as the S glycoprotein, E glycoprotein, M glyco-
protein, and N protein. Additionally, 8 accessory proteins
can be found in SARS-CoV-2, namely ORF3a, ORF3b (not
present in SARS CoV-2), ORF6, ORF7a, ORF7b, ORF8a,
ORF8b, and ORF9b (also not present in SARS CoV-2).
These proteins play a significant role in the replication
and pathogenesis of SARS-CoV-2 [58].

11. Conclusion

COVID-19, a viral illness, has altered the planet and
continues to do so in some countries. Although COVID-19
cases and death have declined, however, it is still caus-
ing widespread illness and death. It circulates new muta-
tions that give rise to new variants with potential impli-
cations for vaccine efficacy and public health measures.
Viral properties and new mutations of SARS-CoV-2 pro-
duce new variants, and they plays a critical role in de-
termining the effectiveness of current vaccines. Immu-
nization protects oneself from infectious diseases, such
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as SARS-CoV-2, which cannot be stopped with vaccines
and booster doses due to new mutations. As a result,
more research and updated technologies are required to
develop an active COVID-19 vaccine. Different research
studies are conducted to evaluate the activeness of vac-
cines against variants, and few of them revealed vari-
able results. Following booster doses, one must practice
proper cleanliness and guidelines and impose natural im-
munity through nutrition, physical activity, and a healthy
lifestyle. In order to mitigate the global transmission of
such infectious viruses and safeguard public health, it
is imperative to sustain ongoing study and surveillance
endeavors, alongside the advancement of prophylactic
vaccinations.
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