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Review article

SARS-CoV-2 vaccine challenge
based on spike glycoprotein
against several new variants

The coronavirus disease 2019 pandemic has not ended, and several variants of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus continue to emerge. The emer-
gence of new variants is worrying because higher transmission leads to spikes in infections,
vaccine efforts, and other therapeutic developments. Existing literature reports that with new
variants affecting vaccine efficacy, hospitalization and risk of a recurrent infection increase.
In this review article, we describe the latest variants of SARS-CoV-2, and the impact of each
new variant on the efficacy of the developed vaccines reported in the literature and findings.
The report concludes that the emergence of a variant that completely evades the immune re-
sponse and reduces neutralizing antibodies.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly contagious
and pathogenic coronavirus (CoV) that has caused a pandemic of acute respiratory
disease, named “coronavirus disease 2019” (COVID-19) [1]. COVID-19 was initially
characterized as an unknown form of pneumonia [2]. Like SARS-CoV, Middle East re-
spiratory syndrome coronavirus (MERS-CoV), and animal CoVs, SARS-Cov-2 infec-
tion is not limited to the respiratory system but can trigger an exaggerated immune re-
sponse, leading to multiple organ failure and death [3]. Since the COVID-19 pandemic
first hit on December 31, 2019, it has spread worldwide and resulted in more than 3.8
million deaths worldwide [4,5].

Like other CoVs, the SARS-CoV-2 genome encodes a spike (S) glycoprotein, which
protrudes from the surface of the mature virion [6]. Glycoprotein S plays an essential
role in viral attachment, fusion, and entry into host cells [7]. Each trimeric S protein
monomer is approximately 180 kDa and contains two subunits, S1 and S2, which me-
diate membrane attachment and fusion, respectively [8]. The surface-exposed loca-
tion of glycoprotein S allows it to carry out membrane fusion and makes it a direct tar-
get for the host immune response, making it a prime target for neutralizing antibodies
[9]. Due to its central role in viral infection and eliciting humoral and cellular immune
responses mediated in the host during infection [6], protein S is a significant target for
current vaccine development because antibodies directed against these proteins can
neutralize infection [7].
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Various countries have developed several SARS-CoV-2 vac-
cines (i.e., inactivated vaccine, recombinant protein vaccine,
adenovirus vector vaccine, DNA vaccine, and RNA vaccine).
This vaccine has achieved vaccine efficacy of up to 95% in
clinical trials. However, concerns have been raised regarding
the reduction of vaccine efficacy against globally emerging
variants [10-13]. Viruses are constantly changing through mu-
tations, and new variants are expected to continue to emerge.
Some variants appear and disappear, while others may ap-
pear and persist [14]. The SARS-CoV-2 variant is thought to or
is known to affect viral characteristics such as transmissibili-
ty, disease severity, immune shedding, and diagnostic or ther-
apeutic release. In addition, genetically altered SARS-CoV-2
variants were identified as causing significant community or
multiple-cluster transmission of COVID-19, in many coun-
tries with increasing relative prevalence as the number of
cases increased over time, or other significant epidemiologic
impacts suggesting emerging risks to global public health
[15,16]. This review focuses on using S glycoproteins as po-
tential antigens, mutations, and characteristics of the SARS-
Co-2 variants of concern (VOC), effectiveness, and immuno-
genicity of currently available vaccines against existing vari-

ants.

CoV is a subfamily Coronavirinae of the Coronaviridae fami-
ly. The CoV genome is 27-32 kb in size and is single-stranded
positive-sense RNA. CoV genome size is larger than other RNA
viruses. All CoVs are highly pathogenic, including SARS-CoV-2,
which belongs to the Betacoronavirus. The SARS-CoV-2 parti-
cles are spherical or pleomorphic, and the SARS-CoV-2 ge-
nome sequence is 80% similar to the SARS-CoV genome and
50% to MERS-CoV. The genome consists of 14 open reading
frames (ORFs). Two-thirds encode 16 non-structural proteins
(nsp1-16), the remaining one-third encode nine accessory
proteins (ORF) and four structural proteins (S, E, M, and N)
[1,17-19]. The most abundant structural protein is membrane
glycoprotein (M) spike protein (S), as type I membrane gly-
coproteins form peplomers. The primary inducer of neutral-
izing antibodies is the S protein. The M protein plays a signifi-
cant role in the formation of intracellular viral particles with-
out the need for S. Without S, SARS-CoV-2 is just a non-infec-
tious spike-less virion [17,18,20].
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Non-structural proteins

Nsp1l mediates RNA processing and replication. Nsp2 modu-
lates the survival signaling pathway of host cells. Nsp3 is be-
lieved to separate the translated protein. Nsp4 contains trans-
membrane domain 2 (TMT2) and modifies the endoplasmic
reticulum (ER) membrane. Nsp5 participates in polyprotein
processes during replication. Nsp6 is thought to be a trans-
membrane domain. Nsp7 and Nsp8 significantly increased
the combination of nsp12 and template-primary RNA. Nsp9
functions as an ssRNA binding protein. Nsp10 is essential for
cap methylation of viral mRNA. Nsp12 contains RARp (RNA-
dependent RNA polymerase), an essential component in CoV
replication/transcription. Nsp13 is bound to adenosine tri-
phosphate, and the zinc-binding domain of nsp13 participates
in replication and transcription. Nsp14 is an exoribonuclease
proofreading domain. Nsp15 has Mn (2+)-dependent endori-
bonuclease activity. Nsp16 is a 2’-O-ribose methyltransferase.
One study showed that several NSPs mediate the effects of
splicing, translation, and protein trafficking to inhibit host
defense. After SARS-CoV-2 infection, Nsp16 binds to the mRNA
recognition domain of the Ul and U2 snRNAs to suppress
mRNA splicing. Nsp1 binds to the 18s ribosomal RNA at the
ribosomal mRNA inlet to interfere with mRNA translation.
Nsp8 and Nsp9 bind to 7SL RNA located in the signal recog-
nition particle to damage trafficking proteins to cell mem-
branes [17,18].

Structural proteins

Spike glycoprotein (protein S) mediates the entry of CoV into
the host cell. Transmembrane glycoprotein (S) forms a ho-
motrimer that protrudes from the viral surface. There are 15-
30 freely rotating S proteins on the viral envelope. Spike gly-
coproteins are so important for the entry of CoV that they are
attractive antiviral targets. The S protein consists of two func-
tional subunits, namely the S1 and S2 subunits. The S1 sub-
unit consists of an N-terminal domain (NTD) and a receptor-
binding domain (RBD), which bind to host cell receptors.
The S1 domain acts as the primary surface antigen. The S2
subunit consists of a fusion peptide, heptad repeat 1 (HR1),
heptad repeat 2 (HR2), transmembrane domain, central he-
lix, connector domain, and cytoplasmic tail [17,18]. HR1 and
HR2 form a six-helical (6-HB) bud responsible for membrane
fusion dominated by the SARS-CoV and SARS-CoV-2 spike
proteins, making HR1 and HR2 attractive drug targets. 6-HB
in SARS-CoV-2 can increase the interaction between HR1 and
HR2, thereby increasing the infectivity of SARS-CoV-2 [17].
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The function of the S2 subunit is to fuse the viral and host
cell membranes. The cleavage site at the boundary between
the S1 and S2 subunits is called the S1/S2 protease cleavage
site. In all CoVs, host proteases cleave spike glycoproteins at
the S2 cleavage site to activate critical proteins for viral and
host cell membrane fusion through irreversible conforma-
tional changes. N-linked glycans for precise folding, neutral-
izing antibodies, and extensively decorating spike protein
trimmers. There is a furin cleavage site at the boundary of the
S1 and S2 subunits (RRAR). This site distinguishes SARS-CoV-2
from other SARS-CoV and CoVs. Another remarkable feature
of SARS-CoV-2 is the addition of a proline residue at the start
of the furin cleavage site. This incorporated proline creates
changes that are predicted to result in O-linked glycosylation
at positions S673, T678, and S686 [17,18].

The SARS-CoV-2 spike protein contains RBD that explicitly
recognizes the angiotensin-converting enzyme 2 (ACE2) re-
ceptor and is an important target for antiviral and antibody
components [17]. The region that interacts with ACE2 is high-
ly conserved among CoVs. The identity of SARS-CoV-2 and
SARS-CoV decreased in the RBD region. Only 74% identical
RBD explains why the two viruses attach to two different re-
ceptors on the host cell. In SARS-CoV, mutations in RBD can
occur in cell cultures. Thus, it is theoretically possible for SARS-
CoV-2 to acquire mutations in RBD as an adaptation during
cross-species transmission. Mutations in RBD increase in struc-
tural protein S and bind antibodies to other strains. Following
the initial interaction between the S1 domain and the host
ACE2 receptor, the S2 segment mediates the fusion of the host
and viral membrane, allowing the viral RNA genome to enter
the host cell [18].

Protein E is a small polypeptide, ranging from 8.4 to 12 kDa.
This protein consists of two domains, namely a hydrophobic
transmembrane domain and a charged cytoplasmic tail. Pro-
tein E of CoV has another unique function of “oligomeriza-
tion,” resulting in the formation of viroporin. Viroporins can
selectively transport ions such as Ca2+ and participate in the
assembly and release of viral particles from host cells. The E
protein of CoV is also known to contribute to pathogenesis.
This protein participates in increasing the protein folding load
on the ER. This situation results in incorrect protein folding,
resulting in the unfolded protein response (UPR) state. UPR
can eventually lead to apoptosis. The E protein also forms a
specialized structure of the ER-Golgi intermediate compart-
ment that facilitates the release of mature viruses [18].
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Protein M

Glycoprotein M is the most abundant component of CoVs.
The M protein is a multi-span membrane protein character-
ized by three transmembrane domains: an inside C-terminus
and an outer N-terminus. The third transmembrane domain
contains the amphipathic region at the end. This region was
highly conserved in all members of the Coronaviridae. The M
protein plays a role in viral assembly and its internal homeo-
stasis. Transmembrane participates in interactions between
proteins. M protein CoV can interact with RNA that encodes
information about genomic packing signals. These findings
support their primary role in virion particle assembly. As one
of the main proteins of CoVs, M protein is thought to be in-
volved in the regulation of RNA replication and packaging in-
to mature viral particles. The M protein of SARS-CoV was re-
ported to interact with host cell nuclear factor (NF)-B, decreas-
ing the cyclooxygenase 2 (Cox 2) gene expression. In addition,
M protein may contribute to pathogenesis by hijacking the
NF-B- and Cox-2-mediated host inflammatory response [18].

N proteins

N proteins range from 43 to 50 kDa and bind to gRNA. Over-
all, N proteins are divided into three conserved domains: N
arm, central linker (CL), and C tail. NTD and C-terminal do-
main (CTD) are essential structural and functional domains.
The function of NTD is to bind to RNA and is mainly occu-
pied by positively charged amino acids. CTD mediates N pro-
tein dimerization via self-association and contains a nuclear
localization signal. CTD plays an important role in the oligo-
merization of nucleocapsid proteins and the interaction of N
and M proteins. The CL region is thought to interact specifi-
cally with the M protein. The amino acid sequence of the N
protein in SARS-CoV-2 is estimated to be 90% identical to that
of the N protein in SARS-CoV. The functions of N proteins in-
clude viral RNA replication and transcription, formation, and
maintenance of ribonucleoprotein complexes. N protein has
also been reported to be involved in the interaction of the vi-
rus with the host, namely regulating the host cell cycle, in-
cluding apoptosis to facilitate viral multiplication and spread.
Recently three nuclear localization signals (NLS1-NLS3) and
two nuclear export signals (NES1 and NES2) were reported in
the SARS-CoV-2 N protein, which is supposed to play an es-
sential role in viral protein assembly [18].

SARS-CoV-2 variant
To aid public discussion of variants, the World Health Orga-

175



VACCINE

Rike Syahniar et al « SARS-CoV-2 vaccine challenge based on spike glycoprotein against several new variants

nization (WHO) proposes using labels consisting of the Greek
alphabet, e.g., Alpha, Beta, Gamma, as a practical way of dis-
cussing variants by non-scientific audiences [15]. As part of
the WHO assessment of circulating variants, a clear under-
standing of the amino acid substitutions characteristic of each
variant is required. A profile of amino acid changes in the spike
protein was generated for each variant based on the first 1,000
genomes available at GISAID (genomes with less than 29,000
nucleotides and >5% Ns were excluded; https://www.gisaid.
org/). Amino acid changes were present in 85% of the sequenc-
es shown. Of note, relevant amino acid changes may exist in
other regions of the SARS-CoV-2 genome. Not all amino acid
changes in the spike protein are associated with potential
changes in the characteristics of viral variants [15].

The D614G mutation in the spike glycoprotein was first de-
tected in March 2020 and spread throughout the world pre-
dominantly in the following month. In late January in China,
the D614G mutation was detected by sequencing. The effect
of this mutation occurs in receptor binding. Genetic and phy-
lodynamic analyzes performed on more than 25,000 sequenc-
es from the United Kingdom found that viruses carrying 614G
appeared to spread more rapidly and form larger phyloge-
netic clusters than viruses carrying 614D. Recent studies on
experimental animals indicate that the virus-carrying 614G is
more easily transmitted [21].

The spike N501Y mutation has been found in Alpha (B.1.1.7;
201/501YV1), Beta (B.1.351; 20H/501YV2), and Gamma (P.1;
20J/501YV3) variants. The E484K mutation occurs in Beta and
Gamma variants and has occurred independently in many
other lineages, including Zeta (P.2; 20B/S.484K), B.1.1.318, Eta
(B.1.525; 20A/S:484 K), and Iota [22]. K417N/T, E484K, and
N501Y decreased the neutralizing activity of convalescent se-
rum and vaccine mRNA [22].

Alpha variant (lineage B.1.1.7) was first reported in the Unit-
ed Kingdom [15]. The B.1.1.7 lineage, also called 501YV1 car-
ries a mutation in the S protein (N501Y). These mutations af-
fect the conformation of the RBD [21,23]. Thirteen B.1.1.7 lin-
eage-determining mutations, some of which are in the S pro-
tein, including deletions at positions 69 and 70 (del69-70) that
evolved spontaneously in other SARS-CoV-2 variants and are
known to increase transmissibility [23]. Eight of the B.1.1.7
lineage mutations are in the spike glycoprotein, including
N501Y at the RBS, the del69-70, and P681H at the furin cleav-
age site. All of these mutations can affect ACE2 binding and
viral replication. The spike variant 501Y is predicted to have a
higher affinity for human ACE2, and this mutated variant, along
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with other variants, is spreading rapidly in South Africa [21].

In May 2020, the earliest documented sample of the Beta
variant (B.1.351) was South Africa [15]. A study conducted in
Brazil found the B.1.351 (501YV2) mutation characterized by:
ORFlab: T265I, R724K, S1612L, K1655N, K3353R, SGF 3675_
F3677del, P4715L, E5585D; spike: D80A, D215G, 1.242_1.244del,
A262D, K417N, E484K, N501Y, D614G, A701V, C1247F; OR-
F3a: Q57H, S171L, E:P71L; ORF7b: Y10E N:T205[; and ORF14:
L52F [24]. Three substitutions (K417N, E484K, and N501Y) at
residues in its RBD may be of functional importance [25]. The
most important site is E484, where neutralization by multiple
plasmas is reduced >10-fold by multiple mutations, includ-
ing one in the emerging 20H/501YV2 lineage [25]. Mutations
in this lineage are associated with increased transmissibility
or immune flight [26].

Gamma (P.1) variant was first identified in Brazil [27]. The
P.1 lineage (20]/501YV3) exhibits 17 mutations, including a
trio of spike proteins (K417T, E484K, and N501Y) associated
with increased binding to the human ACE2 receptor [28]. All
lineages possessing the N501Y mutation in the RBD directly
bind to the ACE2 receptor of the host cell, contributing to in-
creased transmissibility [22]. Studies using a two-category
dynamic model integrating genomic and mortality data esti-
mate that P.1 maybe 1.7 to 2.4 times more infectious [28]. Case
reports in Brazil had 3/5 cases of the P.1 lineage reported de-
veloping as severe COVID-19, which required prolonged in-
tensive care unit care with one associated death. The infor-
mation interprets that the P.1 lineage may assume an increased
risk of severe infection or higher mortality. This association is
still speculative, so further studies are needed to assess this
possibility comprehensively [27].

The Delta (B.1.617) variant was first discovered in India with
RBD 1452R and E484Q mutations and P681R at the furin cleav-
age site. It was revealed that this might result in increased ACE2
binding and S1-S2 cleavage rates resulting in better transmis-
sibility [29]. In vitro, B.1.617.2 was six-fold less sensitive to se-
rum neutralizing antibodies than recovered individuals and
eight-fold less sensitive to vaccine-evoked antibodies than
Wuhan-1 wild-type containing D614G. B.1.617.2 had higher
replication and spike-mediated entry than B.1.617.1, which
could potentially explain the dominance of B.1.617.2. B.1.617.2
showed higher replication efficiency than B.1.1.7 in both the
airway organoid and the human airway epithelial system, cor-
responding to the B.1.617.2 spike being in a primarily split
state than the B.1.1.7 spike [30].

The majority of the mu (B.1.621) variant contains: The T95I
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and YY144-145TSN mutations in the NTD. Mutations R346K,
E484K, and N501Y in the RBD. D614 G, P681H, and D950N
mutations in other regions of the spike protein. Some of these
mutations are usually identified in the variant of concern. E484K
is shared by beta and gamma variants [31]. Mu variant is known
to be more resistant to antibody neutralization [31].

Variant B.1.1.28, notable by five single nucleotide variants
(SNV): C100U, C28253U, G28628U, G28975U, and C29754U.
SNV G23012A (E484K), in the spike protein receptor binding
domain, was widespread throughout the sample. This muta-
tion was previously associated with the release of neutralizing
antibodies against SARS-CoV-2 [32].

The newest variant of B.1.1529, named Omicron, was first
reported from South Africa on 24 November 2021 and is cur-
rently categorized as VOC. This variant has many mutations,
some of which are worrying. Compared with other VOCs, pre-
liminary evidence suggests an increased risk of reinfection
with this variant. The number of new cases of this variant in-
creases in almost all South African provinces. Several ongo-
ing studies and the “Technical Advisory Group on SARS-CoV-2
Virus Evolution” will continue to evaluate this variant [33].

We summarize the efficacy and effectiveness of the COVID-19
vaccine shown in Table 1 [12,34-48]. This efficacy and effec-

tiveness may differ between trials, even in terms of the defini-
tion of symptomatic disease. Vaccine effectiveness varies from
vaccine efficacy in that it reduces the risk of infection or dis-
ease among vaccinated individuals. This can be affected by
the effect of the vaccine depending on the population and
vaccination schedule, and the handling/administration of
the vaccine.

The efficacy of the ChAdOx1 nCoV-19 vaccine against the
Beta variant analyzed as a secondary endpoint, was 10.4%
(95% confidence interval [CI], -76.8% to 54.8%) [40]. The ef-
fectiveness of the ChAdOx1 nCoV-19 vaccine was 74.5% (95%
CI, 68.45% to 79.4%) among people with the alpha variant
and 67.0% (95% CI, 61.3% to 71.8%) among people with delta
variant [34]. A study of 130 healthcare workers infected with
SARS-CoV-2 at three centers in India found that the effective-
ness of the ChAdOx1 vaccine was decreased against B.1,617.2
compared to non-B.1,617.2, with caveats. Against the Delta
B.1.617.2 variant, the efficacy of highly susceptible compro-
mised vaccines and immune evaders requires continued in-
fection control measures in the post-vaccination era [30]. The
study, conducted by Lopez Bernal et al. [34], showed that the
vaccine’s overall effectiveness (BNT162b2 or ChAdOx1 nCoV-
19) was high against symptomatic disease with delta variant
after receiving two doses. The study combining the ChAdOx1
nCoV-19/BNT162b2 prime-boost heterologous vaccination
found adjusted vaccine effectiveness of 67% [40]. The vaccine
effectiveness adjusted for prime-boost vaccination of heter-

Table 1. Reported studies of the severe acute respiratory syndrome coronavirus 2 variant on vaccine efficacy and effectiveness

Vaccine effectiveness and efficacy against SARS-CoV-2 variant

Vaccine Platform
Original virus Alpha (B.1.1.7) Beta (B.1.351) Gamma (P1) Delta (B.1.617.2)
BNT162b2 (Pfizer- mRNA 95% after second 93.7% [34] 49% [36] Unknown 51.9% after second
BioNTech) dose [35] dose [37]; 88.0% [34]
NVX-CoV2373 Protein subunit 95.6% [38] Efficacy of 86.3% [39]; 60% [38] Unknown Unknown
(Novavax) 85.6% [38]
ChAdOx1 nCoV-19 Viral vector Vaccine efficacy was ~ 74.5% [34] Vaccine efficacy was 77.9% [41] 67.0% [34]
(Oxford-AstraZeneca) 74.0% [12] 10.4% [40]
CoronaVac Inactivated vaccine  Vaccine efficacy was 36.8% after second
50.7%—83.5% [42] dose [43]; 55.5%—
83.9% after second
dose [44]
Ad26.C0V2 Viral vector - - 52.0%—64% [45]
Moderna mRNA-127  mRNA 88.7% after the 37 100% after second  96.4% after the 73.1% after second
second dose [46] dose [47] second dose [47] dose [37]
Gam-COVID-Vac Recombinant 85.7% after the 37 Efficacy of 69.85%
(Sputnik-V) adenoviruses second dose [46] after single-dose [48]

Itis not possible to directly compare studies because of differences in efficacy endpoints; data are provided to provide an idea of possible trends in the impact of

variants on vaccines.
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ologous ChAdOx1 nCoV-19/mRNA-1273 was 79% [40]. An-
other study by Nasreen et al. [49] estimated the effectiveness
of BNT162b2, mRNA-1273, and ChAdOx1 vaccines against
infection with SARS-CoV-2 variant Alpha, Beta, Gamma, and
Delta in symptomatic patients and severe outcome (COVID-
19 hospitalization or death) in Ontario, Canada. The results
found that a single dose of these three vaccines provided sub-
stantial protection against the 4 SARS-CoV-2 variants [49)].
With the BNT162b2 vaccine, the two-dose effectiveness was
93.7% (95% CI, 91.6% to 95.3%) among those with the alpha
variant and 88.0% (95% CI, 85.3% to 90.1%) among those with
a delta variant [34]. The cohort study compared the effective-
ness of two Spike full-length protein-coding mRNA vaccines
from Moderna (mRNA-1273) and Pfizer/BioNTech (BNT162b2)
when the prevalence of alpha or delta variants was very high.
The results of the study showed that both vaccines were highly
effective against SARS-CoV-2 infection (mRNA-1273: 86% [95%
CI, 81%-90.6%]; BNT162b2: 76% [95% CI, 69%-81%]) and
COVID-19 associated hospitalization (mRNA-1273: 91.6%
[95% CI, 81%-97%]; BNT162b2: 85% [95% CI, 73%-93%)]) [50].
Studies by Lefevre et al. [36] found the effectiveness of the
vaccine against all forms of beta infection estimated at 49%
(95% CI, 14%-69%) and 86% (95% CI, 67%-94%) against se-
vere forms of disease after the second dose of BNT162b2
mRNA COVID-19 vaccine for at least 7 days. These results
were lower than those of a test-negative case-control study in
Qatar, where effectiveness against beta infection was 75%
(95% CI, 71%-79%), and effectiveness against beta infection
in severe disease was 97% (95% CI, 92%-100%) [51]. In the
study conducted by Charmet et al. [52], the second dose of
vaccine mRNA (BNT162b2mRNA or Moderna mRNA-127)
became 88% against the original virus, 86% against B.1.1.7,
and 77% against the B.1.351/P.1 lineage. The study over the
Delta period found that the effectiveness of the adjusted (Pfiz-
er-BioNTech and Moderna) mRNA (Pfizer-BioNTech and
Moderna) vaccines were 53.1% (95% CI, 49.1%-56.7%). Vac-
cine efficacy is lower after the Delta variant becomes the dom-
inant circulating strain in the United States [53]. A study con-
ducted in Scotland of 114,706 cases of SARS-CoV-2 infection
detected in almost all infections of the delta variant found
that the Oxford-AstraZeneca vaccine was 91% effective in pre-
venting death in people who had been double vaccinated. In
contrast, the Pfizer-BioNTech vaccine was 90% effective [54].
Preliminary data from clinical trials indicate the effective-
ness of the Novavax vaccine against the original SARS-CoV-2
variant is 95.6% but also protects against the newer variants
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B.1.1.7 (85.6%) and B.1.351 (60%) [38]. In another trial of the
NVX-CoV2373 vaccine against variant B.1.351, the vaccine
efficacy was only 49.4% [55]. But the data carry mixed news,
although Novavax was more than 85% effective against the
COVID-19 variant identified in the United Kingdom, it was
less than 50% effective against an alarming lineage called
501YV2 (B.1.351), which was detected in South Africa and
spread worldwide. The researchers estimated that Novavax
injection was more than 95.6% effective against the original
virus, compared with 85.6% against B.1.1.7 [56)].

In a single-dose test-negative case-control study in which
the Gamma variant accounted for 86% of the SARS-CoV-2
genotype sample, the adjusted CoronaVac vaccine’s efficacy
(49.6%; 95% CI, 11.3%-71.4%) on possible symptomatic SARS-
CoV-2 infection for 14 days or more. The adjusted effective-
ness of CoronaVac after receiving the second dose was 36.8%
(95% CI, 54.9%-74.2%) against symptomatic SARS-CoV-2 in-
fection for 14 days or more [43]. Another test-negative case-
control study showed the effectiveness of CoronaVac against
the gamma variant adjusted for COVID-19 symptoms was
24.7% at 0-13 days and 46.8% at 14 days after the second dose
[44].

A study conducted in South Africa showed 86 out of 91 cas-
es (94.5%) with consecutive viruses having the 20H/501YV2
variant, the efficacy of the Ad26.COV2.S vaccine was 52.0%
and 64.0% against COVID-19 moderate to severe-critical with
onset at least 14 days and at least 28 days after administration,
respectively—the efficacy of Ad26.COV2.S against critically
severe COVID-19 was 73.1% and 81.7%, respectively [45]. Non-
randomized studies across US clinical practice demonstrated
the effectiveness of the Ad26.COV2.S vaccine with a high in-
cidence of Delta variant being 78% (73% to 82%) for infection
and 85% (73% to 91%) for hospitalization [57].

The study conducted to assess the effectiveness of the ade-
novirus-based vaccine (recombinant adenovirus), Gam-CO-
VIDVac (Sputnik V), for preventing laboratory-confirmed in-
fections was 78.6% (95% CI, 74.8%-81.7%). The effectiveness
of the Sputnik V vaccine in reducing hospitalizations and mor-
tality was 87.6% (95% CI, 80.3%-92.2%) and 84.8% (95% CI,
75.0%-90.7%), respectively [58].

Vaccination induces both humoral and cellular responses,
but it is extensively thought that vaccine-induced neutraliz-
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ing antibodies against the RBD of the SARS-CoV-2 S protein
are a plausible protective mechanism. Animal studies show
neutralizing antibodies against protein S can provide com-
plete protection [59]. Spike mutations can affect susceptibility
to neutralization by antibodies evoked by vaccination with
the original spike sequence [60]. Different mutations varied
the neutralizing potential of the serum antibody spike, and
the mutants with the lowest neutralizing potential were K417N/
E486K/N501Y and K417T/E486K/N501Y. The neutralizing
potential of this infected person correlates with that of a pre-
viously uninfected vaccine, suggesting a similar susceptibility
to spikes in antibody mutations elicited by natural infection
or vaccination alone [60].

The serum neutralizing titer against B.1.617.2 was lower in
the ChAdOx1 vaccine than in the BNT162b2 vaccine [29]. A
cohort study involving volunteers who received a second in-
jection of the mRNA-1273 or BNT162b2 vaccine against SARS-
CoV-2 showed high levels of anti-SARS-CoV-2 immunoglob-
ulin (Ig)M and IgG spikes 8 weeks after vaccine. In addition,
plasma neutralizing activity and relative numbers of RBD-
specific memory B cells from vaccinated volunteers were equal
to those of individuals who had recovered from natural infec-
tion [22].

Several studies have shown that recipients of the Ad26.
COV2.S vaccine has lower neutralizing activity against viral
variants [61,62]. In a study by Moore et al. [62], 501YV2 neu-
tralization decreased significantly compared to Wuhan-1
D614G, with 22/27 (82%) serum showing no detectable 501Y.
V2 neutralization on day 29. The study compared antibody ti-
ters of the Ad26.COV2.S vaccine against variants B.1.351 and
P.1 was found 5.0-fold and 3.3-fold lower than WA1/2020 af-
ter vaccination on day 71. The binding antibody titers were
2.9-fold and 2.7-fold lower, against variants B.1.351 and P.1,
respectively, compared to the original SARS-CoV-2 strain.
These results indicate that the neutralizing antibody response
induced by Ad26.COV2.S has reduced against the B.1.351 and
P.1 variants, but the functional non-neutralizing antibody re-
sponse and the T-cell response were mainly preserved against
the SARS-CoV-2 variant [63]. The B.1.351 variant was resistant
to receptor binding of the RBD, mainly due to a mutation lead-
ing to the E484K substitution. B.1.351 was significantly more
resistant to neutralization by convalescent plasma (9.4-fold)
and serum than vaccinated individuals (10.3-12.4-fold) com-
pared with wild-type SARS-CoV-2 [64].

Research shows that the neutralization potential of Coro-

naVac against alpha and gamma variants is low. Plasma sam-
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ples showed more insufficient neutralization with variant al-
pha B.1.1.7 (geometric mean titer [GMT]=18.5) and gamma
P.1 (GMT=10.0) compared to variant D614G (GMT=75.1) at
60 days after treatment second dose of CoronaVac [65]. An-
other study comparing wild-type strains and post-vaccina-
tion serum showed similar effectiveness in neutralizing the
D614G, B.1.1.7, and B.1.429 variants, whereas the serum neu-
tralization efficiency decreased significantly for B.1.526 (by a
factor of 4.03 [95% CI, 3.26-4.80]), P.1 (by factors of 3.92 [95%
CI, 3.18-4.65]), and B.1.351 (by factors of 5.27 [95% CI, 4.19-
6.34]). In addition, only a small proportion of post-vaccination
serum was able to neutralize B.1.526 (24 [26%]; GMT=29.0),
P.1 (32 [34%]; GMT=26.1), and B.1.351 (5 [5%]; GMT=69.2)
[66]. Cohort studies assessing the protection provided by NAb
against wild-type and VOCs showed the percentage of partic-
ipants with the highest measured NADb titers (>20 units) against
the wild-type strain, followed by significantly lower titers against
the Alpha, Beta, and Delta variants. The geometric mean NAb
titer was significantly lower for all VOCs than for wild-type.
The NAbD titers against the alpha and beta variants were not
significantly different, and the NAD titers against the delta vari-
ants were the lowest [67].

Research conducted by Wang et al. [64] found that B.1.1.7
was resistant to neutralization by most monoclonal antibod-
ies against the NTD of the spike protein. However, B.1.1.7 is
relatively resistant to some monoclonal antibodies to the RBD.
It is no more resistant to plasma from individuals who have
recovered from COVID-19 or serum from individuals who
have been vaccinated against SARS-CoV-2 [64]. Collier et al.
[68] assessed individual immune responses after vaccination
with the BNT162b22 mRNA-based vaccine against pseudo-
virus expressing variant B.1.1.7. Serum from individuals re-
ceiving the vaccine showed slightly reduced neutralizing ti-
ters against wild-type pseudovirus against variant B.1.1.7. This
decrease was also seen in the serum of some patients who
had recovered from COVID-19. The appearance of the E484K
substitution in the B.1.1.7 background poses a threat to the
efficacy of the BNT162b2 vaccine [68]. In another study in the
United Kingdom, for the Pfizer-BioNTech BNT162b2 vaccine,
the reduction in neutralization titer against B.1.1.7 was 3.3-fold
(geometric mean; n=25, p<0.0001) [69].

Study assessing sputnik V vaccine against internationally
relevant genetic lineages B.1.1.7, B.1.351, P1, B.1.617.2, B.1.617.3,
and Moscow endemic variant B.1.1.141 (T385I) and B.1.1 0.317
(S477N, A522S) with mutations in the RBD domain. The data
obtained showed no significant difference in virus-neutraliz-
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ing activity (VNA) against B.1.1.7, B.1.617.3 and local genetic
strains B.1.1.141, B.1.1.317 with RBD mutations. Decreases in
VNA for B.1.351, P.1, and B.1.617.2 were observed to be statis-
tically significant 3.1-, 2.8-, and 2.5-fold, respectively [70].

The variant of concern resistance and the variant of interest
resistance to serum obtained from people who have recov-
ered from COVID-19 and people who have been vaccinated
can be associated with various mutations in the viral spike
protein. All current vaccines appear to effectively prevent se-
vere COVID-19, hospitalization, and death against all vari-
ants of concern. However, most of the effectiveness or effica-
cy decreases with the variant of concern. Questions remain
regarding booster and reduced immunity doses, duration of
immunity, and heterologous vaccination.

Several VOC have emerged, namely Alpha (501YV1 and
B.1.1.7), Beta (501YV2 and B.1.351), Gamma (501Y.V3 and
P1), and Delta (G/478KV1 or B.1.617.2). This variant has been
associated with increased transmission or mortality of COV-
ID-19 or escapes immunity compared to the original strain or
D614G variant. The COVID-19 vaccine currently under de-
velopment or approval is expected to protect against the new
virus variant as it generates a broad immune response involv-
ing multiple antibodies and cells. Therefore, changes or mu-
tations in the virus should not render the vaccine completely
ineffective. If one of the existing vaccines proves to be less ef-
fective against one or more variants, then the vaccine’s com-
position needs to be changed to protect against those vari-
ants. Currently, the emergence of the latest variant, Omicron,
has become a significant concern worldwide because of ma-
ny mutations.
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