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Abstract
Background: Viruses are continually evolving as they replicate. Each of these modiﬁcations is referred to as a "mutation." A virus that has
undergone mutation in one or more nucleotides is called a "variant" of the wild type. Several existing SARS-CoV-2 variants do have the ability to
escape immune cell response or antibodies neutralization in some people. This review critically looks at the challenges course by vaccine
escaped mutants in the current COVID-19 vaccination programs.
Methodology: Search engines of SCOPUS, PubMed, Google Scholar, and the WHO and CDC websites were used for ﬁnding resourceful
information and journal articles. The search turned up relevant studies published between 2020 and 2022.
Results: SARS-CoV-2, a novel coronavirus, was shown to have several variations in different geographical regions, according to scientists. A
mutation is responsible for the majority of evolutionary changes in viral genomes. It's caused by insertions or deletions in the genome in some
circumstances. The S protein is the immunogenic component of the virus structural protein that is responsible for viral immunity, mutation to
this protein have caused large outbreaks in heavily vaccinated populations. Mutations that allow monoclonal antibody escape can be
predicted and easily generated in the lab, including a single substitution that confers reduced susceptibility to monoclonal antibodies.
Conclusion: Updated versions of current vaccines are being tested, but there is currently hardly any scientiﬁc proof that variant-speciﬁc
vaccines might provide considerably stronger protections.
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Introduction

I

t was globally reported that SARS-CoV-2 infects more than 143 million people causing
COVID-19 which leads to about 3.8 million mortality worldwide (1,2). This was a result
of the discovery of the pandemic in Wuhan, China it has destroyed many lives and
countries' economies globally, and also stretched the health facilities and personnel
leading to global health system collapse (3) resulting in a serious global threat whose
impact is still unknown. Droplets emitted when an infected person coughs, sneezes, or
talks are thought to spread the virus from person to person. It can also be spread by
touching a virus-infected surface and then touching one's lips, nose, or eyes, however, this
is rare. Its incubating phase might last anything between one to fourteen days. COVID-19
causes a variety of symptoms including coughing and exhaustion (4). Such infection is
highly moderate, but it can proceed from bronchitis to multi-organ failure in certain
persons, like the aged as well as those with comorbidities. Some individuals are
symptomless.
Since the commencement of the COVID-19 pandemic, the evolutionary divergence of
SARS-CoV-2 has emerged and circulated over the world. Scientists are concentrating on
the quick characterisation of emerging variants and are closely monitoring its possible
impact on crucial SARS-CoV-2 prevention strategies such as vaccinations, treatments,
and diagnosis (5). The emergence of genetic changes, notably in the S coding regions
areas, that boost their ﬁtness in contrast to earlier existing isolates, the introduction of
SARS-CoV-2 variations signiﬁcantly restricts the overall eﬃcacy of vaccinations or innate
defence (6). Concerning virus mutations that could arise with severe resilience towards
the protection provided through the present COVID-19 vaccine, when particular variations
of interest show greater risk of transmission or pathogenicity, eﬃcient and effective
public disease interventions and immunization initiatives will become even more
important (7). Therefore, there is a need for a prompt and scientiﬁcally sound national
and international approach to end the menace of this pandemic. This review critically
looks at the challenges course by vaccine escaped mutants in the current COVID-19
vaccination programs.
Methodology
SCOPUS, PubMed, Google Scholar, the Centre for Disease Control, and the World Health
Organization websites were used to ﬁnd the literature used in this review. The search was
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or nonsense codon, the protein will be terminated
at that point in the message.
iii. Silence mutation occurred as a result of a change
in the sequence of nucleotide bases that make up
DNA, without affecting the amino acid or the
overall function of the protein. A single amino acid
can change, but if it has the same qualities as the
amino acid it replaces, there will be little to no
difference (Figure 1). Except for methionine, all
amino acids are coded for by more than one
codon.

done using medical subject headings (MeSH) terms
such as "Mutations," "Escaped mutations," "vaccine
escaped SARS-C0V-2," "Immune escaped SARS-C0V2," "Antibody escaped SARS-C0V-2," "SARS-C0V-2
variations," "mechanism mutations," and "SARS-C0V-2
structural proteins" were used to search the literature.
The phrases were used alone and in combination, with
Boolean operators like "AND" and "OR" being used to
connect them. The search turned up studies
published between 2020 and 2022.
What is Gene Mutation?
This referred to the nucleotide sequence variation of
an organism's, virus's, or extrachromosomal DNA's
genome. Errors in DNA or viral replication, mitosis, or
meiosis, as well as other types of DNA damage,
resulting in mutations, which may undergo errorprone repair, create an error during other forms of
repair, or produce an error during replication (8).
Mutations can also occur as a result of mobile genetic
elements inserting or deleting portions of DNA (9).
Mutations may not always result in detectable
changes in an organism's observable features.
Evolution, cancer, and the development of the immune
system, including junctional variety, are all affected by
mutations in both normal and aberrant biological
processes. All genetic variant stems from mutation,
which provides the basis on which evolutionary
processes like natural selection can act (10).

Mechanism of Mutations
The viral ability to mutate varies from its ability to
adopt multiple host environments to its genetic
makeup, with RNA viruses having a higher ability to
mutate than DNA viruses. and the size of the genome
appears to be inversely proportionate to genetic
changes. (13). Proofreading, replication processes,
cellular milieu, post-replicative repair, sequence
context, and polymerase preference are all factors
that inﬂuence viral mutation rates (12). Moreover,
virus-encoded variability elements, and also hostencoded cytidine/adenine deaminases, could
introduce a large major transformation (14).
Following are the main two general mutation
pathways (9).
1. Nucleotide substitution (point mutations): During
DNA replication, one deoxyribonucleotide is
replaced by another. It is the most popular
method of mutation. The substitution of one
nucleotide for another is caused by the
tautomeric shift, a rare occurrence whereby the
hydrogen atoms of a DNA chain base move in a
way that completely changes the characteristics
of its hydrogen bonding. Because of a shift in the
hydrogen atom, adenine, for example, can form

Types of Mutations
i. A missense mutation is most commonly seen
with a single replacement mutation, which results
in one incorrect codon and one incorrect amino
acid.
ii. The nonsense mutation occurred as a result of
the transformation in the DNA chain coding
sequences and leads to the translation of a stop

Figure 1: Schematic illustration of types of point mutations: The changes in amino acids are highlighted in a red
box. Source: MCAT Biology Review (11)
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(Figure 3).

hydrogen bonds with cytosine rather than
thymine. Similarly, due to a change in the
hydrogen atom, thymine can link to guanine rather
than adenine.
2. Nucleotide deletion or addition (frameshift
mutations): is a form of mutation in which a
nucleotide is inserted or deleted with several
deleted base pairs that are not divisible by three.
The term "divisible by three" is signiﬁcant since
the cell reads genes in three-base groupings.
Vaccine Escaped Mutation
Whole-genome sequencing of the SARS-CoV-2 virus
has established the foundation for future studies into
the emergence of mutations that might affect its
a n t i g e n i c i t y, v i r u l e n c e , t r a n s m i s s i o n a n d
pathogenicity. SARS-CoV2 is a single-stranded RNA
virus with 29,903 nucleotide bases that encode 29
structural and non-structural proteins (15, 16). Figure
2 depicts a family of four structural proteins (17, 18).
Among these structural proteins, the spike protein is
the virus's antigenic protein, so it is of particular
interest to researchers.

Figure 3: Showing Omicron variant of SARS-CoV-2
spike protein has a mutation in the receptor-binding
domain (RBD) and the N-terminal domain (NTD). As
illustrated by Dr Will Harvey of the University of
Glasgow.
The Omicron variant has a large number of mutations
and was designated as a variant of concern by WHO
(8). The variant's ability to withstand neutralization by
convalescent plasma was studied by scientists and
was found to possess signiﬁcant resistance (27,28).
The number of mutations seems to avert the
development of protective immunity, enabling
omicron to avoid immune control (29). Escape
mutations have been discovered in NTD viruses
exposed to convalescent plasma. and the RBD (21,
22). Prominently, genetic variations emerging from
convalescent plasma under evolutionary pressure
may vary from those chosen by the most commonly
isolated monoclonal antibody from the same plasma
(30).

Figure 2: The SARS-CoV-2 virus's structural proteins
and genome are depicted schematically (19).
Numerous research ﬁndings have helped us
understand why SARS-CoV-2 spike protein mutations
escape vaccination neutralization. Conventional
escape genetic variants emerge in virus-associated
with exposure to speciﬁc antibodies (20) or
convalescent plasma comprising polyclonal
antibodies (21, 22); focused evaluation of genetic
alterations (23); and larger studies of a large number
of circulating variants (24) or all potential amino acid
transpositions in the RBD (25, 26). A large number of
the scientiﬁc evidence for immune escape in the Nterminal domain (NTD) is concentrated in a region
centred on a conformational epitope containing the
antibody epitope, which consists of residues
140–156 and 246–260. According to Omicron,
genetic changes were mostly distributed evenly
between the RBD and the NTD in research ﬁndings
that discovered the presence of immune escape
mutations in viruses exposed to convalescent plasma
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Convalescent plasma-selected mutations may
enhance escape from many monoclonal antibodies,
which could explain and predict differences. Though
D769H has been described as having the lowest
sensitivity to neutralizing antibodies, there seems to
be little data on the antigenic implications of spike
protein (S2) fusion mediating membrane domain
mutations (31). D769H had also been found in an
immunosuppressed patient treated with post-acute
plasma, in association with cordon 69–70 deletion, in
a surface-exposed S2 loop (31). The Alpha variant is a
dangerous SARS-CoV-2 variant that is thought to be
40–80% more transmissible than SARS-CoV-2 in its
wild form. It was initially discovered in November
2020 in a sample taken in September in the United
Kingdom, and by mid-December, it had spread swiftly,
about the same time as diseases were on the rise (32).
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