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and reproduction in any medium, provided Severe acute respiratory disease virus-2 (SARS CoV-2) is one of the deadliest global threats faced by

the original author and source are credited. mankind to date. Despite the colossal efforts, the viral pandemic swept across all boundaries. Besides the
virulence and susceptible population, the low proofreading capacity and error-prone mechanism of RNA-
dependent RNA polymerase (RdRp) have contributed to new variants and reinfections. The World Health
Organization has officially categorized these variants as variants of concern or variants of interest. This
nomenclature is not merely to suffice the surveillance but also to have effective treatment and vaccine
options in place. Coronavirus disease 2019 (COVID-19) variants have the propensity to render the available
treatment strategies futile owing to the mutations they acquire. The futility of treatment strategies can be
attributed either to the ineffectiveness or the shortage of supply given the skyrocketing increase in the
number of cases. Presently, the Omicron variant is the most widespread one and is known to escape the
protection, be it immune-derived, vaccination-derived, or hybrid. WHO has recommended modification in
vaccine development policies and few companies have introduced Omicron-adapted vaccine jabs. Keeping in
view the unending tale of COVID-19 variants and the huge data available on the same, this review focuses
on providing insight into the emergence and ongoing dynamics of these new COVID-19 variants.
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Introduction And Background

Severe acute respiratory disease virus-2 (SARS-CoV-2) is one of the most dreadful threats to mankind and
has culminated into an unrelenting, fatal pandemic. The virus emerged in Wuhan, China, in late 2019
affecting a cluster of patients with pneumonia of unknown etiology [1-4]. Consequently, the infection was
affirmed as a ‘public health emergency of international concern’ on January 30, 2020, by the World Health
Organization (WHO) [1,3,4]. The origin of the virus was traced back to the wet live markets of China, which
facilitated the zoonotic transmission of disease by spillover across the animal-human interface. The virus
gradually gripped the whole world, and WHO acknowledged it as a global pandemic on March 11, 2020 [1-4].
Genome sequencing of the agent unraveled the virus to be a member of the order Nidovirales, family
Coronaviridae, and genus Betacoronavirus of 2B lineage. The phylogeny of the virus was also tracked down to
the SARS-like bat betacoronavirus, RaTG13. SARS-CoV-2 is a non-segmented, positive-sense, single-
stranded, enveloped virus with the potential to infect mammals and birds. The virus causes mild-to-severe
respiratory illness (most common), followed by gastrointestinal illness. It was designated as coronavirus
disease 2019 (COVID-19) by WHO [1-4]. Its dreadful transmission has not halted since its emergence and
infection keeps on waning and waxing, giving rise to new waves as soon as the herd immunity depletes or
new variants arise.

Review
Mutations in SARS-CoV-2 and origin of variants

SARS-CoV-2, being an RNA virus, has the propensity to mutate due to its low proofreading capacity and
error-prone mechanism of the RNA-dependent RNA polymerase (RdRp), also known as non-structural
protein (Nsp) 12 [3,4]. However, unlike the influenza virus, SARS-CoV-2 is non-segmented. There is no
antigenic drift/shift seen in COVID-19. SARS-CoV-2 undergoes constant mutations and amino acid
substitutions in its genome, and even a single amino acid substitution drastically influences the virulence
and transmission ability of the virus. However, all mutations are not that pronounced and may remain silent
with minor changes in phenotypic characteristics. The non-silent, aggressive mutations are the predecessors
of new variants [5].

Variants are viruses that belong to the same class but have varied and mutated genome sequences. They are
either more aggressive or milder than the parent virus. Variants harbor single or multiple mutations. Once
these variants acquire distinct physical properties from the parent virus, it is referred to as a strain. All
strains are variants but not vice-versa [6].

These mutations occur recurrently in the spike protein of the genome. The SARS-CoV-2 genome (27-32kb)
consists of 16 Nsps (Nsp 1-16) and four structural proteins including envelope (E), membrane (M), spike (S),
and nucleocapsid (N). Nsp is involved in replication, translation, and signaling pathways. Nsp12
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encompasses RdRp, the most critical initiator of mutations. Among the structural proteins, the S
glycoprotein has two subunits S1 and S2, which facilitate the entry of the virus into host cells. S1 has an N-
terminal and a receptor binding domain, which helps in binding to host receptors, angiotensin-converting
enzyme 2 (ACE 2). The S2 subunit fuses the viral membrane with host cells. It consists of a cytoplasmic tail, a
fusion peptide, a transmembrane domain, heptad repeat 1 and 2, a connector domain, and a central helix.
The furin-cleavage site is located at the boundary of the S1/S2 subunit with four residues [7,8]. The S
glycoprotein is the most important factor that determines the origin of variants and strains, during
mutations. The first significant mutation of COVID-19 in the S protein was D614G, which had the same
severity and increased transmissibility compared to the ancestral strain. The D614G mutation is present in
>98% of SARS-CoV-2 strains. After the emergence of this mutation, numerous mutations have been
reported in the genome of SARS-CoV-2, making the virus more pathogenic, thus resulting in its continuous
transmission. Natural selection determines the survival or culling of various mutations. The ones with
enhanced fitness and competitive survival, along with increased transmission, virulence, or immune escape
are prone to increased survival and vice versa [8]. The founder effect also shapes the viral evolution, by
allowing a limited viral population with characteristics compromising the viral fitness to dominate as a
separate viral populace [9].

Nomenclature of emerging variants

Since a wide plethora of variants keep on originating and vanishing, the naming of these variants is
pertinent. Global Initiative on Sharing Avian Influenza Data (GISAID), Phylogenetic Assignment of Named
Global Outbreak (PANGO), and Nextstrain have been assigned to analyze, curate, and make the genome
sequences available for open access. Of these, GISAID was established in 2008 for making genomic data of
influenza virus available in open access. After the declaration of the COVID-19 pandemic in Jan 2020,
GISAID is dealing with SARS-CoV-2 as well [10]. PANGO is a software-based lineage nomenclature tool,
developed by the Andrew Rambaut Lab and the Centre for Genomic Pathogen Surveillance in South
Cambridgeshire, United Kingdom [11]. Nextstrain is a rather new platform under the collaboration of
researchers in Seattle, United States, and Basel, Switzerland, that facilitates the comprehension of viral
evolution and transmission [12]. Apart from these global nomenclature systems, national or institute-wise
nomenclature can also be adopted.

Ever since the emergence of the D614G mutation, the SARS-CoV-2 genome has undergone many deletions,
substitutions, and insertions. Some reports state that SARS-CoV-2 acquires one to two mutations per month
[13,14]. All these genomic events are supervised by the Technical Advisory Group on Virus Evolution (TAG-
VE), which was previously designated as WHO Virus Evolution Working Group. These working groups have
come up with non-stigmatizing labels for variants using Greek letters for easy comprehension by the general
public viz. alpha, beta, delta, and the like. It was the emergence of a wide array of variants in the later
months of 2020 that impelled the molecular description and characterization of varied SARS-CoV-2 variants
as ‘Variants of Interest’ (VOIs) and ‘Variants of Concern’ (VOCs). It was of substantial importance

to underline such prioritization for global monitoring, surveillance, and research efforts [13].

The group of closely related viruses with a common ancestor is referred to as ‘lineage’ and the emerging
variants are further categorized based on viral characteristics. The working definition of all these variants is
changed in real-time based on changes in transmission, severity, immune escape, and impact on diagnostics
and vaccination [13].

VoI

As per the working definition given by WHO, a VOI is a SARS-CoV-2 variant that possesses “genetic changes
predicted or known to affect its characteristics like transmissibility, disease severity, immune escape,
diagnostic or therapeutic escape. They have been identified to cause significant community transmission or
multiple COVID-19 clusters, in multiple countries with increasing relative prevalence with the increasing
number of cases over time, or other apparent epidemiological impacts to suggest an emerging risk to global
public health” [15]. WHO has designated XBB.1.5 (11-01-2023) and XBB.1.16 (17-04-2023) as VOI, as of June
27,2023 [15]. However, currently there are no VOI, as per CDC [13]. The previous VOIs have been tabulated
in Table 1.
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WHO Label
Epsilon
Zeta

Eta

Theta

lota

Kappa
Lambda

Mu

Country of origin
United States
Brazil

Multiple
Philippines

United States
India

Peru

Colombia

Date of declaration as VOI

Date of declaration as Previous VOI

Pangolin lineage

March 5, 2021 July 6, 2021 B.1.427, B.1.429
March 17, 2021 July 6, 2021 P.2

March 17, 2021 September 20, 2021 B.1.525

March 24, 2021 July 6, 2021 P.3

March 24, 2021 September 20, 2021 B.1.526

April 4, 2021 September 20, 2021 B.1.617.1

June 14, 2021 March 9, 2022 C.37

August 30, 2021 March 9, 2022 B.1.621

TABLE 1: Nomenclature, country of origin, date of declaration, and Pangolin lineage of VOIs as of

June 2022

VOI: variants of interest

Source: World Health Organization [15]

WHO Label
Alpha

Beta
Gamma
Delta

Omicron

Country of origin
United Kingdom
South Africa
Brazil

India

South Africa

voc

As per the working definition given by WHO, a VOC is a SARS-CoV-2 variant that meets the definition of
“VOI and after thorough comparative assessment, has been noted to cause an increase in transmissibility, a
detrimental change in COVID-19 epidemiology, an increase in virulence, change in clinical disease
presentation, or a decrease in the effectiveness of public health and social measures or available diagnostics,
vaccines, and therapeutics” [15]. Apart from Omicron, four other variants that wreaked havoc earlier have
now been designated as ‘previous VOCs’ (Table 2).

Date of declaration as VOC Date of declaration as Previous VOC Pangolin lineage

December 18, 2020 March 9, 2022 B.1.1.7
December 18, 2020 March 9, 2022 B.1.351
January 11, 2021 March 9, 2022 P.1

April 4, 2021 (VOI: May 11, 2021)  June 7, 2022 B.1.617.2
November 21, 2021 Newer emerging sublineages dominating the world B.1.1.529

TABLE 2: Nomenclature, country of origin, date of declaration, and Pangolin lineage of ‘previous
VOCs' as of June 2022

VOC: variants of concern

Source: World Health Organisation [15]
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VOC Lineages Under Monitoring (VOC-LUM)

In May 2022, the WHO added another category of “potentially concerning sub lineages” of widespread VOCs,
and designated them as “VOC lineages under monitoring (VOC-LUMs).” This new category was devised to
supervise the intra-VOC evolution. It has evolved with the emergence of a constellation of descendent
lineages since the emergence of Omicron. Whenever any of these lineages is proven to have characteristics
distinct from the original VOC, it will be designated a separate label by TAG-VE [15,16].

As per the working definition given by WHO, VOC-LUM is a SARS-CoV-2 variant that belongs to a currently
circulating VOC, based on the phylogenetic analysis, which shows signals of transmission advantage
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compared to other circulating VOC lineages, and has additional amino acid changes known or suspected to
confer the observed change in epidemiology and fitness advantage as compared to other circulating variants
[15,16] (Table 3).

Pangolin lineage Country of origin Relationship to VOC

BA.4 South Africa Sister lineages: BA.1 and BA.2
BA.5 South Africa Sister lineages: BA.1 and BA.2
BA.2.12.1 United States BA.2 sublineage

BA.2.9.1 Multiple BA.2 sublineage

BA.2.11 Multiple BA.2 sublineage

BA.2.13 Multiple BA.2 sublineage

BA.2.75 India BA.2 sublineage

TABLE 3: Country of origin and Pangolin lineage of VOC-LUM as of June 2022

VOC: variants of concern; LUM: lineages under monitoring

Variants Under Monitoring (VUM)

As per the working definition given by WHO, VUM is a SARS-CoV-2 variant that has undergone genetic
changes suspected to impact the viral characteristics that might pose some future risk, but the evidence of
epidemiological or phenotypic impact is currently unclear and needs enhanced monitoring and repeated
assessments. VUM can be designated as VOC or VOI with evolving evidence on a real-time basis by WHO
[15,16]. WHO has issued the statement pertaining to monitoring of sublineages of Omicron and decided to
consider their classification independently, as VUM or VOI or VOC; from March 15, 2023 [15]. The present
VUM are depicted in Table 4.

Pangolin . L
) Country of origin Derivation
lineage
BA.2.75 India BA.2 sublineage
CH.1.1 Southeast Asia BA.2 sublineage
X . BA.2 sublineage: Recombinant of BA.2.10.1 and BA.2.75 sublineages (BJ1 and
XBB ?Singapore/?India
BM.1.1.1)
XBB.A.9.1 Southeast Asia/? BA.2 sublineage: Recombinant of BA.2.10.1 and BA.2.75 sublineages (BJ1 and
o Singapore/Indonesia BM.1.1.1)
SERLOR ?Southeast Asia/? BA.2 sublineage: Recombinant of BA.2.10.1 and BA.2.75 sublineages (BJ1 and
o Singapore/Indonesia BM.1.1.1)
. . BA.2 sublineage; Recombinant of BA.2.10.1 and BA.2.75 sublineages (BJ1 and
XBB.2.3 India/?United States

BM.1.1.1)

TABLE 4: Country of origin and Pangolin lineage of VUM, as of June 19, 2023

? indicate that the origin of certain variants isn't clear

VUM: variants under monitoring

Variants of High Consequence (VOHC)

As per the working definition given by the CDC and SARS-CoV-2 Interagency Group (SIG), VOHC is a SARS-
CoV-2 variant with clear evidence of decreased effectiveness of preventive or medical countermeasures, as
compared to the prior variants in circulations [5]. VOHC possesses characteristics, in addition to those
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present in VOC, like a failure in diagnostic procedures, evidence to suggest a substantial decrease in the
effectiveness of the vaccine, a higher rate of vaccine breakthrough infections or very low vaccine-induced
protection during severe disease, a substantial reduction in susceptibility to approved drugs, and an
increased severity of clinical infection with more hospitalizations. No SARS-CoV-2 variant has been
designated as VOHC till now [13].

Some important variants
Alpha Variant (B.1.1.7)

This was the first SARS-CoV-2 to be designated as a VOC. It was first detected in the United Kingdom, in
October 2020. The variant was peculiar in having 23 more mutations than the Wuhan strain, eight being in
the S protein, and was responsible for the surge in cases in the United Kingdom. The alpha variant was
considered to have an escalated (40-80%) transmission, attributed partly to N501Y, P681H, and 69/70
deletions. The mutations were initially considered to increase the virulence; however, later studies deferred
the hypothesis [17]. The WHO de-escalated the alpha variant and its sub-variants to ‘previously circulating
VOC’ in March 2022 [15].

B.1.1.7 with E484K

This variant is characterized by an additional E484K mutation and is also known as 'VOC 21FEB-02' or
B.1.1.7 with E484K [18]. This mutation in spike protein decreases the neutralization efficiency with
polyclonal antibodies and post-vaccination sera. It has been considered an escape mutation as it helps the
virus to escape easily from the body’s immune system [19].

Beta Variant (B.1.351)

The B.1.351 variant was first detected in Nelson Mandela Bay in South Africa in October 2020 [17]. It is also
referred to as 501Y.V2 and possesses 23 mutations with 17 amino acid changes. The most significant of
these include E484K, N501Y, and K417N mutations in the S protein. The notable features of this variant were
the presence of escape mutation under E484K and K417N, its escalated transmissibility, and comparatively
common infection of young immunocompetent individuals [17,20], mediating escape from antibody
neutralization and decreased effectiveness of vaccines [21].

Gamma Variant (B.1.1.28.1 or P.1)

The B.1.1.28.1 or P.1 variant was initially detected in Manaus in the Amazonas state of North Brazil [21]. It
was noted to have 17 amino acid substitutions, 10 being in S proteins and the key mutations being N501Y,
E484K, and K417T in the receptor binding domain (RBD) that enhanced its affinity to the human ACE-2
receptor. The immune escape mutation was attributed primarily to E484K. The P1 variant was noted to be 2.5
times more transmissible than the original coronavirus. The variant has shown relative resistance to
neutralization by convalescent plasma and vaccination [22].

Kappa Variant (B.1.617.1)

B.1.617.1 was first detected in India in December 2020. This variant is one of the three sublineages of
B.1.617 [23]. Public Health England designated it as a variant under investigation (VUI-21APR-01) [24]. The
important mutations noted in this variant were L452R, E484Q, and P681R [25].

Delta Variant (B.1.617.2)

The B.1.617.2 variant was initially detected in Maharashtra, India in late 2020/early 2021. Since then, it has
spread across the world and has been reported from more than 135 countries. The delta variant was of
paramount concern as the variant was noted to be more transmissible (1.1-1.4 folds) than the alpha and
kappa variants [26]. It possesses mutations in the S protein with T478K, P681R, and L452R being the most
prominent ones. This variant is known to affect the transmissibility and neutralization of antibodies. This
variant is considered to be one of the most transmissible respiratory viruses known and accounted for
heightened mortality [27].

Delta Plus Variant (Delta With K417N)

This variant originated from the delta variant, after the acquisition of the K417N mutation. It was first
reported in June 2021. This mutation was noted in previous beta and gamma variants and was feared to have
reduced vaccine effectiveness and neutralization with antibodies. There were also concerns about the
increased risk of reinfection. This Delta with K417N variant has two clades that correspond to the AY.1 and
AY.2e Pango lineages, respectively [18,27].
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Omicron Variant

The Omicron variant was first reported in November 2021 in South Africa. This is considered the most
mutated variant, with approximately 50 mutations in its genome, of which 26-32 mutations are in the S
protein. The most worrisome feature of these mutations is that 15 of them are in the RBD (receptor binding
domain) [28,29]. These numerous mutations have led to an increase in the transmissibility of this variant
along with the immune escape from hybrid, natural and vaccine-induced immunity [28,30]. These have
rendered the use of convalescent serum and monoclonal/polyclonal antibodies ineffective [21,31]. The
variant is characterized by the typical S gene dropout or S gene target failure (STGF), which is 69-70del.
STGF has previously been associated with the alpha variant as well, but since the alpha variant is very rare
these days, STGF is considered indirect evidence of omicron. However, the same needs to be confirmed by
whole genome sequencing (WGS). Clinically, it has a shorter incubation period with milder symptoms and an
increased risk of reinfection [32,33]. It has several sub-lineages, of which BA.1, BA.1.1, and BA.2 were the
most commonly circulating ones, as of February 2022 [34]. Of these sub-lineages, BA.1 (21K) had 60
mutations, of which 32 are in the S protein, and BA.2 had 28 more mutations, four being in the S protein
[35]. BA.2 (21L) is also referred to as the Stealth Omicron owing to the absence of the characteristic STGF in
its genome. This absence of STGF and the presence of other confirmatory genes in PCR led to a few initial
tribulations in discerning BA.2 and it was confused with the delta variant in PCR. However, the term Stealth
is a misnomer, as BA.2 can be precisely determined and is considered more transmissible than BA.1. The
standard sub-lineage is now referred to as BA.1 (B.1.1.529.1), while other sub-lineages are referred to as
BA.2 (B.1.1.529.2), BA.3 (B.1.1.529.3) and so on [36]. BA.2 subvariants, BA.2.12 and BA.2.12.1 were also
detected after a short while, with a substantial survival advantage over BA.2 [37,38].

Another overtaxing development was the origin of the XE subvariant, which is a recombinant lineage of
BA.1 and BA.2. XE subvariant was isolated firstly from the United Kingdom in January 2022 and studies
found it to be more transmissible than BA.1 and BA.2, designating it as the most contagious variant
identified till then [39]. BA.3, the third Omicron sublineage, is quite rare. However, more recently, the two
most worrisome subvariants, BA.4 and BA.5, have emerged globally. BA.4 was detected for the first time in
South Africa in January 2022, followed by BA.5, but the widespread transmission started in April 2022,
leading to a newer COVID-19 wave in many countries [40]. BA.4 and BA.5 are more similar to BA.2 while
retaining STGF (69-70del) from the BA.1. Both BA.4 and BA.5 are similar to each other in the S region and
vary merely outside the S region. These variants can escape the immune system efficiently, by acquiring
mutations in the S protein, L452R, F486V, and Q493 [41]. These were classified as VOCs by the European
CDC and the UK Health Security Agency in May [42,43]. Presently, these are the most common SARS-CoV-2
variants circulating globally, being responsible for fresh COVID-19 waves [44-46].

Recently, BA.2.75 has been reported to have emerged as a new circulating variant. BA.2.75 was first reported
in India in May this year and subsequently, has been identified from approximately 10 countries. The variant
is supposed to be more transmissible with more ability of immune escape than other Omicron subvariants;
however, the data isn’t enough as of now, and WHO hasn’t declared it as VOI or VUM till now. However,
ECDC has declared BA.2.75 as VUM [47].

Another new variant of BA.5, BF.7, has also been reported lately. This variant is noted to have more
transmissibility, with a shorter incubation period and more chances of re-infection [48]. Apart from these,
another offshoot variant, XBB.1.5, is now being considered the one determined to spread globally. XBB.1.5 is
known to have multiple mutations in the spike protein, with a rare amino acid change named F486P,
potentiating its transmissibility and immune escape [49].

Surveillance and monitoring of SARS-CoV-2 variants

SIG, in coordination with CDC, WHO, National Institute of Health (NIH), Food and Drugs Administration
(FDA), Biomedical Advanced Research and Development Authority (BARDA), and other nations as well as
other international health agencies, is monitoring the waxing and waning of COVID-19 variants on a real-
time basis [13]. Indian SARS-CoV-2 Genomics Consortium (INSACOG) is monitoring the situation in India,
in collaboration with the Department of Biotechnology and the Indian Council of Medical Research [50].
These along with their counterparts from around the world are using WGS as the platform to decipher the
circulating strains, so as prioritize the potentially important mutations and strategize preventive and
management strategies accordingly. Integrated genomic surveillance systems across the globe are of
paramount significance in the documentation and control of SARS-CoV-2 in national as well as
international settings as this genomic data can be studied in real-time to predict and rule out any
impending, potential strains of the pandemic.

Impact of variants on available treatment strategies

COVID-19 variants have the propensity to render the available treatment strategies futile, because of the
mutations they acquire. The futility of treatment strategies can be attributed either to the ineffectiveness or
indirectly to the shortage of supply due to skyrocketing increase in the number of cases. It was noted that
the number of mutations increased from two per month to several folds, especially in the N-terminal and the
receptor binding domain, thereby, lessening the efficacy of treatment modalities [51]. The most substantial
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D614G mutation twirled the virus into a much more infective variant by increasing its affinity to ACE2
receptors and consequently, the entry into infective cells. N439K, the successive mutation of D614G,
commanded a noteworthy lineage B.1.258 with enhanced binding affinity and reduced neutralizing action of
monoclonal antibodies and polyclonal ones from convalescent sera of infected patients [52]. However, the
deep mutational scanning study didn’t have the same findings, and the discordance has been attributed to
the mechanism of immune escape exhibited by this mutation [51]. The N439K alters immune evasion by
enhanced affinity to ACE-2 receptors, rather than altering the epitope recognition, thereby giving
inconsistent results. Another mutation that provides an immune escape to the virus is E484K, which was
reported in the South African B.1.351 and Brazilian B.1.1.28 strains initially [51,53]. This mutation was
responsible for the ineffectiveness of Bamlanivimab in COVID-19 patients because of non-neutralization,
especially in patients infected with the B.1.1.7 variant [53]. Another mutation, S477G in the S protein, has
been noted to confer immune escape from monoclonal antibodies, but not from convalescent sera [51].
Other mutations conferring reduced binding with monoclonal antibodies and associated with immune
escape include S: L18F, S: Y144-, and S: K417 [54-56].

The most dreadful VOC is Omicron, which is taking a toll on global health with >30 mutations in the S
protein, 15 being in the RBD region. Omicron possesses T478K, K417N, E484A, N501Y, N440K, Y505H,
S477N, Q493R, G496S, and Q498R mutations; and deletions in orfla i.e., L3674, G3676, and S3675 and
deletions in orf9b i.e., E27, A29, and N28. These mutations are responsible for immune escape, in addition
to increased transmissibility. Studies have revealed that neutralization antibody titre was 36 times lower
when convalescent sera from patients infected with previous strains was neutralised with pseudotyped
Omicron S protein-expressing virus and the same was 39 times lower with Delta strain [28]. BA.4 and BA.5
are thought to have originated from BA.2 but carry unique mutations such as L452R and F486V in the S
protein, which might be conferring escalated transmissibility and immune evasion [57,58]. The authors
studied the effect of Bamlanivimab on P.1 and B.1.351 variants and a full immune escape in these variants
was unraveled [59]. On the contrary, partial immune escape with Casirivimab was noted [59]. Another study
disclosed the loss of efficacy of antibody cocktails in variants possessing novel mutations in spike and RBD
region and implicated that the most common mutations responsible for this immune escape were E484K,
L452R, and K417N/T [60,61].

Impact of variants on the effectiveness of vaccines

The vaccines have been running an unending taxing race against the continuously evolving SARS-CoV-2
variants, since its emergence [40]. Though none of the VOCs have rendered vaccines fully futile, the
effectiveness of these vaccines has reduced modestly over time, for the newly emerging variants [51-54,62-
66]. Despite the reduced effectiveness, vaccines do provide protection against severe disease and vaccinated
individuals usually suffer from a milder infection. The vaccine vs disease wasn’t a substantial fear until the
emergence of the delta variant [55]. Studies have shown that mRNA vaccines have better protection rates
against delta variants as compared to the ChAdOx1 vaccines. Some studies have shown preserved T-cell
recognition despite reduced antibody neutralization for the delta variant [55,62-66]. Multiple variations like
L452R present in delta, iota, and epsilon variants have been noted to enhance virus infectivity and
transmissibility, further reducing the neutralization ability of the vaccines and plasma [56,57]. On the other
hand, the alpha variant does harbor increasing transmissibility of the mutations, but these don’t affect the
binding of neutralizing antibodies. Similarly, beta and gamma variants are noted to be minimally affected by
these mutations, with a mild decrease in the deterrence of symptomatic infection. However, one dose of
ChAdOx1 or BNT162b2 is seen to have less efficacy in the delta variant, as compared to two doses of
vaccination [67].

The Omicron variant is known to escape the protection, be it immune-derived, vaccination-derived, or
hybrid. Studies have shown that vaccines have limited effectiveness against symptomatic Omicron
infections. Moreover, the effectiveness after the booster doses waned faster [66]. Vaccine effectiveness for
BA.1 and BA.2 was noted to be similar; however, the effectiveness for BA.2 waned faster as compared to BA.1
[64].To add to the near-ineffectiveness of prevailing vaccines, BA.4 and BA.5 have spread across the globe,
affecting vaccinated individuals to a great extent. Lately, studies have shown a 4.4 times less effectiveness of
vaccination against the BF.7 variant, as compared to the original strain [68]. Other subvariants like
BA.2.75.2,BQ.1, and BQ.1.1 were noted to have more neutralization resistance against the vaccines. The
same has been attributed to N460K and K4444 mutations in the latter, while F486S in the former. The results
were confirmed using infectivity testing in Calu-3 cells and molecular modeling.

Keeping in view these developments, Pfizer Inc. (New York, United States) and Moderna, Inc.
(Massachusetts, United States) upgraded their vaccine development policies and have introduced Omicron-
adapted vaccine jabs [69]. With the increasing number of affected individuals and the immune escape by new
variants, the WHO has issued an interim statement regarding the use of variant-updated vaccines [70]. Its
aim is the provision of greater protection against severity and fatality, simultaneously providing a broader
horizon of protection for distant variants than the index virus. Moderna has developed a new bivalent mix-
and-match vaccine based on the same terms, using two varied versions of spike proteins (the original and
the changed version of BA.1). Data from the recent trial has shown 75% increased efficacy of this bivalent
vaccine against BA.1 and three times lesser protection against BA.4 and BA.5 [71]. Though the results are
encouraging, they are not quite compelling to shift to variant-based vaccines. The adoption of a pattern for
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seasonal influenza jab that is followed for influenza vaccines is still in the infancy for COVID-19 as the
precise dynamics of evolution and imprinting are still cryptic. The regulatory authorities at WHO will review
the data from these variant-adapted vaccines, and decide on the emergency use authorization of the same,
which will be further considered for policy recommendations by Strategic Advisory Group of Experts on
Immunization (SAGE).

Conclusions

The emerging COVID-19 variants underline the efficacy of the virus in potentially escaping the immune
system, simultaneously enhancing their entry, transmissibility, and lethality. The ongoing, continuous
mutations in the error-prone SARS-CoV-2 genome render the diagnostic tests and susceptibility to
treatment strategies futile. Mutations like N439K, E484K, S477G, L452R, F486S, L3674, G3676, and S3675
help the virus attain more infectivity and facilitate their immune escape. These dynamic changes further
highlight the significance of adhering to preventive measures mask usage, hand hygiene, and isolation of
suspected and confirmed cases, by both immunocompromised as well as immunocompetent individuals.
Besides these, surveillance, genomic monitoring, determination of the circulating variants, and vaccination
drive in the community still act as the key players in the control, mitigation, and prevention of this
relentless pandemic.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Pneumonia of Unknown Cause - China . (2020). Accessed: October 5, 2022:
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON229.

2.  Klein S, Cortese M, Winter SL, et al.: SARS-CoV-2 structure and replication characterized by in situ cryo-
electron tomography. Nat Commun. 2020, 11:5885. 10.1038/s41467-020-19619-7

3. Gupta P, Goyal K, Kanta P, Ghosh A, Singh MP: Novel 2019-coronavirus on new year's Eve . Indian ] Med
Microbiol. 2019, 37:459-77. 10.4103/ijmm.IJMM_20_54

4. Eskier D, Suner A, Oktay Y, Karakiilah G: Mutations of SARS-CoV-2 nsp14 exhibit strong association with
increased genome-wide mutation load. Peer]. 2020, 8:e10181. 10.7717/peerj.10181

5. WangY, Tang CY, Wan XF: Antigenic characterization of influenza and SARS-CoV-2 viruses. Anal Bioanal
Chem. 2022, 414:2841-81. 10.1007/500216-021-03806-6

6.  What’s the Difference Between Mutations, Variants and Strains? A Guide to COVID Terminology . (2021).
Accessed: July 1, 2023: https://theconversation.com/whats-the-difference-between-mutations-variants-
and-strains-a-guide-to-covid-terminology-....

7.  Wang MY, Zhao R, Gao L], Gao XF, Wang DP, Cao JM: SARS-CoV-2: structure, biology, and structure-based
therapeutics development. Front Cell Infect Microbiol. 2020, 10:587269. 10.3389/fcimb.2020.587269

8. Carabelli AM, Peacock TP, Thorne LG, et al.: SARS-CoV-2 variant biology: immune escape, transmission and
fitness. Nat Rev Microbiol. 2023, 21:162-77. 10.1038/s41579-022-00841-7

9. Chakraborty C, Saha A, Sharma AR, et al.: D614G mutation eventuates in all VOI and VOC in SARS-CoV- 2:
is it part of the positive selection pioneered by Darwin?. Mol Ther Nucleic Acids. 202126, 237-41.
10.1016/j.omtn.2021.07.011

10. Khare S, Gurry C, Freitas L, et al.: GISAID's role in pandemic response . China CDC Wkly. 2021, 3:1049-51.
10.46234/ccdcw2021.255

11. O'Toole A, Pybus OG, Abram ME, et al.: Pango lineage designation and assignment using SARS-CoV-2 spike
gene nucleotide sequences. BMC Genomics. 202223, 1186:12864-022. 10.1186/s12864-022-08358-2

12.  Hadfield ], Megill C, Bell SM, et al.: Nextstrain: real-time tracking of pathogen evolution. Bioinformatics.
2018, 34:4121-3. 10.1093/bioinformatics/bty407

13.  SARS-CoV-2 Variant Classifications and Definitions. (2023). Accessed: July 1, 2023:
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html.

14. B.1.1.7: What We Know About the Novel SARS-CoV-2 Variant . (2021). Accessed: 2023:
https://asm.org/Articles/2021/January/B-1-1-7-What-We-Know-About-the-Novel-SARS-CoV-2-Va.

15. Tracking SARS-CoV-2 Variants. (2023). Accessed: July 1, 2023: https://www.who.int/activities/tracking-
SARS-CoV-2-variants.

16. Parums DV: Editorial: World Health Organization (WHO) variants of concern lineages under monitoring
(VOC-LUM) in response to the global spread of lineages and sublineages of omicron, or B.1.1.529, SARS-
CoV-2. Med Sci Monit. 2022, 28:€937676. 10.12659/MSM.937676

17.  Vasireddy D, Vanaparthy R, Mohan G, Malayala SV, Atluri P: Review of COVID-19 variants and COVID-19
vaccine efficacy: what the clinician should know?. | Clin Med Res. 2021, 13:317-25. 10.14740/jocmr4518

18. Variants: distribution of cases data, 20 May 2021 . (2021). Accessed: October 10, 2022:
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-
numbers/variants-distribution....

19. WiseJ: Covid-19: the E484K mutation and the risks it poses. BMJ. 2021, 372:n359. 10.1136/bmj.n359

2023 Gupta et al. Cureus 15(7): e41295. DOI 10.7759/cureus.41295 8 of 10


https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON229
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON229
https://dx.doi.org/10.1038/s41467-020-19619-7
https://dx.doi.org/10.1038/s41467-020-19619-7
https://dx.doi.org/10.4103/ijmm.IJMM_20_54
https://dx.doi.org/10.4103/ijmm.IJMM_20_54
https://dx.doi.org/10.7717/peerj.10181
https://dx.doi.org/10.7717/peerj.10181
https://dx.doi.org/10.1007/s00216-021-03806-6
https://dx.doi.org/10.1007/s00216-021-03806-6
https://theconversation.com/whats-the-difference-between-mutations-variants-and-strains-a-guide-to-covid-terminology-154825
https://theconversation.com/whats-the-difference-between-mutations-variants-and-strains-a-guide-to-covid-terminology-154825
https://dx.doi.org/10.3389/fcimb.2020.587269
https://dx.doi.org/10.3389/fcimb.2020.587269
https://dx.doi.org/10.1038/s41579-022-00841-7
https://dx.doi.org/10.1038/s41579-022-00841-7
https://dx.doi.org/10.1016/j.omtn.2021.07.011
https://dx.doi.org/10.1016/j.omtn.2021.07.011
https://dx.doi.org/10.46234/ccdcw2021.255
https://dx.doi.org/10.46234/ccdcw2021.255
https://dx.doi.org/10.1186/s12864-022-08358-2
https://dx.doi.org/10.1186/s12864-022-08358-2
https://dx.doi.org/10.1093/bioinformatics/bty407
https://dx.doi.org/10.1093/bioinformatics/bty407
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
https://asm.org/Articles/2021/January/B-1-1-7-What-We-Know-About-the-Novel-SARS-CoV-2-Va
https://asm.org/Articles/2021/January/B-1-1-7-What-We-Know-About-the-Novel-SARS-CoV-2-Va
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://dx.doi.org/10.12659/MSM.937676
https://dx.doi.org/10.12659/MSM.937676
https://dx.doi.org/10.14740/jocmr4518
https://dx.doi.org/10.14740/jocmr4518
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data
https://www.gov.uk/government/publications/covid-19-variants-genomically-confirmed-case-numbers/variants-distribution-of-cases-data
https://dx.doi.org/10.1136/bmj.n359
https://dx.doi.org/10.1136/bmj.n359

Cureus

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

US COVID-19 Cases Caused by Variants. (2021). Accessed: October 24, 2021:
https://stacks.cdc.gov/view/cdc/104580.

Planas D, Bruel T, Grzelak L, et al.: Sensitivity of infectious SARS-CoV-2 B.1.1.7 and B.1.351 variants to
neutralizing antibodies. Nat Med. 2021, 27:917-24. 10.1038/s41591-021-01318-5

Gamma (P.1). (2022). Accessed: October 13, 2022: https://gvn.org/covid-19/gamma-p-1/.

Weekly Epidemiological Update on COVID-19 - 22 June 2021 . (2022). Accessed: October 17, 2022:
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---22-june-2021.
SARS-CoV-2 Variants of Concern and Variants Under Investigation in England: Technical Briefing 49. UK
Health Security Agency, London, UK; 2023.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1129169/variant-

techn....

Saville JW, Mannar D, Zhu X, et al.: Structural and biochemical rationale for enhanced spike protein fitness
in delta and kappa SARS-CoV-2 variants. Nat Commun. 2022, 13:742. 10.1038/s41467-022-28324-6
Mlcochova P, Kemp SA, Dhar MS, et al.: SARS-CoV-2 B.1.617.2 Delta variant replication and immune
evasion. Nature. 2021, 599:114-9. 10.1038/s41586-021-03944-y

Bian L, Gao Q, Gao F, et al.: Impact of the Delta variant on vaccine efficacy and response strategies . Expert
Rev Vaccines. 2021, 20:1201-9. 10.1080/14760584.2021.1976153

Khandia R, Singhal S, Alqahtani T, et al.: Emergence of SARS-CoV-2 Omicron (B.1.1.529) variant, salient
features, high global health concerns and strategies to counter it amid ongoing COVID-19 pandemic.
Environ Res. 2022, 209:112816. 10.1016/j.envres.2022.112816

Enhancing Readiness for Omicron (B. 1.1. (5292021). World Health Organization, Geneva, Switzerland;
2022. https://www.who.int/docs/default-source/coronaviruse/2021-12-23-global-technical-brief-and-
priority-action-on-omicron....

Classification of Omicron (B.1.1.529): SARS-CoV-2 variant of concern. (2022). Accessed: October 13, 2022:
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-
concern.

Dejnirattisai W, Shaw RH, Supasa P, et al.: Reduced neutralisation of SARS-CoV-2 omicron B.1.1.529 variant
by post-immunisation serum. Lancet. 2022, 399:234-6. 10.1016/50140-6736(21)02844-0

Jansen L, Tegomoh B, Lange K, et al.: Investigation of a SARS-CoV-2 B.1.1.529 (Omicron) variant cluster -
Nebraska, November-December 2021. MMWR Morb Mortal Wkly Rep. 2021, 70:1782-4.
10.15585/mmwr.mm705152e3

Callaway E: Heavily mutated Omicron variant puts scientists on alert . Nature. 2021, 600:21.
10.1038/d41586-021-03552-w

Statement on Omicron Sublineage BA.2 . (2022). Accessed: October 13, 2022:
https://www.who.int/news/item/22-02-2022-statement-on-omicron-sublineage-ba.2

What We Know about Omicron’s BA.2 Variant So Far . (2022). Accessed: October 13, 2022:
https://www.scientificamerican.com/article/what-we-know-about-omicrons-ba-2-variant-so-far1/.

Arora P, Zhang L, Rocha C, et al.: Comparable neutralisation evasion of SARS-CoV-2 omicron subvariants
BA.1, BA.2, and BA.3. Lancet Infect Dis. 2022, 22:766-7. 10.1016/S1473-3099(22)00224-9

Del Rio C, Malani PN: COVID-19 in 2022-the beginning of the end or the end of the beginning? . JAMA.
2022, 327:2389-90. 10.1001/jama.2022.9655

What is The BA.2 or “Stealth” Omicron Subvariant?. (2022). Accessed: October 12, 2022: https://www.ama-
assn.org/delivering-care/public-health/what-ba2-or-stealth-omicron-subvariant.

Mohapatra RK, Kandi V, Tuli HS, Chakraborty C, Dhama K: The recombinant variants of SARS-CoV-2:
concerns continues amid COVID-19 pandemic. ] Med Virol. 2022, 94:3506-8. 10.1002/jmv.27780

Maxmen A: Are new Omicron subvariants a threat? Here's how scientists are keeping watch . Nature. 2022,
604:605-6. 10.1038/d41586-022-01069-4

Tegally H, Moir M, Everatt ], et al.: Emergence of SARS-CoV-2 Omicron lineages BA.4 and BA.5 in South
Africa. Nat Med. 2022, 28:1785-90. 10.1038/s41591-022-01911-2

Breaking: ECDC upgrades Omicron Sublineages BA.4 and BA. 5 to Variants of Concern from Variants of
Interest, Making it the First Public Health Authority. (2022). Accessed: October 10, 2022:
https://medriva.com/breaking-the-ecdc-has-upgraded-omicron-sub-lineages-ba-4-and-ba-5-to-variants-
of-concern-from-var....

Two Types of Omicron Classified as Covid Variants of Concern in UK . (2022). Accessed: October 10, 2022:
https://www.theguardian.com/world/2022/may/20/two-types-omicron-classified-covid-variants-concern-
uk-ba4-ba5..

UK Covid Cases Surge Following Queen’s Jubilee Celebrations, New Variants Become Dominant . (2022).
Accessed: October 10, 2022: https://www.cnbc.com/2022/06/24/uk-covid-cases-surge-following-jubilee-
bapoint4-bapoint5-become-dominant.html.

BA.5 Becomes Dominant COVID-19 Variant in Germany . (2022). Accessed: October 10, 2022:
https://www.thestar.com.my/news/world/2022/06/25/ba5-becomes-dominant-covid-19-variant-in-germany.

The Omicron Subvariants BA.4 and BA.5 Have Together Become Dominant in the U.S., the C.D.C. Estimates .

(2022). Accessed: October 10, 2022: https://www.nytimes.com/2022/06/28/health/covid-subvariants-ba4-
ba5.html.

European Centre for Disease Prevention and Control: Surveillance and disease data on COVID-19 . (2021).
Accessed: 2022: https://www.ecdc.europa.eu/en/covid-19/situation-updates.

Covid-19 Variant BF.7 Detected In India: Symptoms, Precautions, Transmission Rate And More . (2022).
Accessed: January 13, 2023: https://www.ndtv.com/health/omicron-sub-variant-bf-7-detected-in-india-
symptoms-precautions-transmission-rate-and-mor....

Callaway E: Coronavirus variant XBB.1.5 rises in the United States - is it a global threat? . Nature. 2023,
613:222-3. 10.1038/d41586-023-00014-3

INSACOG: Indian SARS-CoV Genomics Consortium . (2023). Accessed: June 30, 2023:
https://dbtindia.gov.in/insacog.

Harvey WT, Carabelli AM, Jackson B, et al.: SARS-CoV-2 variants, spike mutations and immune escape . Nat

2023 Gupta et al. Cureus 15(7): e41295. DOI 10.7759/cureus.41295

90of 10


https://stacks.cdc.gov/view/cdc/104580
https://stacks.cdc.gov/view/cdc/104580
https://dx.doi.org/10.1038/s41591-021-01318-5
https://dx.doi.org/10.1038/s41591-021-01318-5
https://gvn.org/covid-19/gamma-p-1/
https://gvn.org/covid-19/gamma-p-1/
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---22-june-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---22-june-2021
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1129169/variant-technical-briefing-49-11-january-2023.pdf
https://dx.doi.org/10.1038/s41467-022-28324-6
https://dx.doi.org/10.1038/s41467-022-28324-6
https://dx.doi.org/10.1038/s41586-021-03944-y
https://dx.doi.org/10.1038/s41586-021-03944-y
https://dx.doi.org/10.1080/14760584.2021.1976153
https://dx.doi.org/10.1080/14760584.2021.1976153
https://dx.doi.org/10.1016/j.envres.2022.112816
https://dx.doi.org/10.1016/j.envres.2022.112816
https://www.who.int/docs/default-source/coronaviruse/2021-12-23-global-technical-brief-and-priority-action-on-omicron.pdf
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://dx.doi.org/10.1016/S0140-6736(21)02844-0
https://dx.doi.org/10.1016/S0140-6736(21)02844-0
https://dx.doi.org/10.15585/mmwr.mm705152e3
https://dx.doi.org/10.15585/mmwr.mm705152e3
https://dx.doi.org/10.1038/d41586-021-03552-w
https://dx.doi.org/10.1038/d41586-021-03552-w
https://www.who.int/news/item/22-02-2022-statement-on-omicron-sublineage-ba.2
https://www.who.int/news/item/22-02-2022-statement-on-omicron-sublineage-ba.2
https://www.scientificamerican.com/article/what-we-know-about-omicrons-ba-2-variant-so-far1/
https://www.scientificamerican.com/article/what-we-know-about-omicrons-ba-2-variant-so-far1/
https://dx.doi.org/10.1016/S1473-3099(22)00224-9
https://dx.doi.org/10.1016/S1473-3099(22)00224-9
https://dx.doi.org/10.1001/jama.2022.9655
https://dx.doi.org/10.1001/jama.2022.9655
https://www.ama-assn.org/delivering-care/public-health/what-ba2-or-stealth-omicron-subvariant
https://www.ama-assn.org/delivering-care/public-health/what-ba2-or-stealth-omicron-subvariant
https://dx.doi.org/10.1002/jmv.27780
https://dx.doi.org/10.1002/jmv.27780
https://dx.doi.org/10.1038/d41586-022-01069-4
https://dx.doi.org/10.1038/d41586-022-01069-4
https://dx.doi.org/10.1038/s41591-022-01911-2
https://dx.doi.org/10.1038/s41591-022-01911-2
https://medriva.com/breaking-the-ecdc-has-upgraded-omicron-sub-lineages-ba-4-and-ba-5-to-variants-of-concern-from-variants-of-interest-making-it-the-first-public-health-authority-to-do-so/
https://medriva.com/breaking-the-ecdc-has-upgraded-omicron-sub-lineages-ba-4-and-ba-5-to-variants-of-concern-from-variants-of-interest-making-it-the-first-public-health-authority-to-do-so/
https://www.theguardian.com/world/2022/may/20/two-types-omicron-classified-covid-variants-concern-uk-ba4-ba5.
https://www.theguardian.com/world/2022/may/20/two-types-omicron-classified-covid-variants-concern-uk-ba4-ba5.
https://www.cnbc.com/2022/06/24/uk-covid-cases-surge-following-jubilee-bapoint4-bapoint5-become-dominant.html
https://www.cnbc.com/2022/06/24/uk-covid-cases-surge-following-jubilee-bapoint4-bapoint5-become-dominant.html
https://www.thestar.com.my/news/world/2022/06/25/ba5-becomes-dominant-covid-19-variant-in-germany
https://www.thestar.com.my/news/world/2022/06/25/ba5-becomes-dominant-covid-19-variant-in-germany
https://www.nytimes.com/2022/06/28/health/covid-subvariants-ba4-ba5.html
https://www.nytimes.com/2022/06/28/health/covid-subvariants-ba4-ba5.html
https://www.ecdc.europa.eu/en/covid-19/situation-updates
https://www.ecdc.europa.eu/en/covid-19/situation-updates
https://www.ndtv.com/health/omicron-sub-variant-bf-7-detected-in-india-symptoms-precautions-transmission-rate-and-more-3628167
https://www.ndtv.com/health/omicron-sub-variant-bf-7-detected-in-india-symptoms-precautions-transmission-rate-and-more-3628167
https://dx.doi.org/10.1038/d41586-023-00014-3
https://dx.doi.org/10.1038/d41586-023-00014-3
https://dbtindia.gov.in/insacog
https://dbtindia.gov.in/insacog
https://dx.doi.org/10.1038/s41579-021-00573-0

Cureus

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Rev Microbiol. 2021, 19:409-24. 10.1038/s41579-021-00573-0

Thomson EC, Rosen LE, Shepherd JG, et al.: Circulating SARS-CoV-2 spike N439K variants maintain fitness
while evading antibody-mediated immunity. Cell. 2021, 184:1171-1187.e20. 10.1016/j.cell.2021.01.037
Jangra S, Ye C, Rathnasinghe R, et al.: SARS-CoV-2 spike E484K mutation reduces antibody neutralisation.
Lancet Microbe. 2021, 2:e283-4. 10.1016/52666-5247(21)00068-9

Hachmann NP, Miller ], Collier AY, et al.: Neutralization escape by SARS-CoV-2 Omicron subvariants
BA.2.12.1, BA.4, and BA.5. N Engl ] Med. 2022, 387:86-8. 10.1056/NEJMc2206576

McKeigue PM, McAllister DA, Hutchinson SJ, Robertson C, Stockton D, Colhoun HM: Vaccine efficacy
against severe COVID-19 in relation to delta variant (B.1.617.2) and time since second dose in patients in
Scotland (REACT-SCOT): a case-control study. Lancet Respir Med. 2022, 10:566-72. 10.1016/S2213-
2600(22)00045-5

Chakraborty C, Sharma AR, Bhattacharya M, Lee SS: A detailed overview of immune escape, antibody
escape, partial vaccine escape of SARS-CoV-2 and their emerging variants with escape mutations. Front
Immunol. 2022, 13:801522. 10.3389/fimmu.2022.801522

AoD,LanT, He X, et al.: SARS-CoV-2 Omicron variant: Immune escape and vaccine development .
MedComm (2020). 2022, 3:e126. 10.1002/mco2.126

Yao L, Zhu KL, Jiang XL, et al.: Omicron subvariants escape antibodies elicited by vaccination and BA.2.2
infection. Lancet Infect Dis. 2022, 22:1116-7. 10.1016/51473-3099(22)00410-8

Hoffmann M, Arora P, GrofS R, et al.: SARS-CoV-2 variants B.1.351 and P.1 escape from neutralizing
antibodies. Cell. 2021, 184:2384-2393.e12. 10.1016/j.cell.2021.03.036

Starr TN, Greaney AJ, Dingens AS, Bloom JD: Complete map of SARS-CoV-2 RBD mutations that escape the
monoclonal antibody LY-CoV555 and its cocktail with LY-CoV016. Cell Rep Med. 2021, 2:100255.
10.1016/j.xcrm.2021.100255

Baum A, Fulton BO, Wloga E, et al.: Antibody cocktail to SARS-CoV-2 spike protein prevents rapid
mutational escape seen with individual antibodies. Science. 2020, 369:1014-8. 10.1126/science.abd0831
Andrews N, Stowe ], Kirsebom F, et al.: Covid-19 vaccine effectiveness against the Omicron (B.1.1.529)
variant. N Engl ] Med. 2022, 386:1532-46. 10.1056/NEJMoa2119451

Callaway E: What Omicron's BA.4 and BA.5 variants mean for the pandemic . Nature. 2022, 606:848-9.
10.1038/d41586-022-01730-y

Wheatley AK, Juno JA: COVID-19 vaccines in the age of the delta variant . Lancet Infect Dis. 2022, 22:429-
30.10.1016/S1473-3099(21)00688-5

Eyre DW, Taylor D, Purver M, et al.: Effect of Covid-19 vaccination on transmission of alpha and delta
variants. N Engl | Med. 2022, 386:744-56. 10.1056/NEJMoa2116597

Aleem A, Akbar Samad AB, Vagar S: Emerging variants of SARS-CoV-2 and novel therapeutics against
coronavirus (COVID-19). StatPearls [Internet]. StatPearls Publishing, Treasure Island (FL); 2023.

Kirsebom FC, Andrews N, Stowe J, et al.: COVID-19 vaccine effectiveness against the omicron (BA.2) variant
in England. Lancet Infect Dis. 2022, 22:931-3. 10.1016/51473-3099(22)00309-7

Qu P, Evans JP, Faraone JN, et al.: Enhanced neutralization resistance of SARS-CoV-2 Omicron subvariants
BQ.1,BQ.1.1, BA.4.6, BF.7, and BA.2.75.2. Cell Host Microbe. 2023, 31:9-17.e3. 10.1016/j.chom.2022.11.012
Coronavirus (COVID-19) Update: FDA Authorizes Moderna and Pfizer-BioNTech Bivalent COVID-19
Vaccines for Use as a Booster Dose in Younger Age Groups. (2023). Accessed: June 30, 2023:
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-
moderna-and-pfizer-bio....

World Health Organization. Interim statement on decision-making considerations for the use of variant
updated COVID-19 vaccines. (2022). Accessed: October 17, 2023: https://www.who.int/news/item/17-06-
2022-interim-statement-on-decision-making-considerations-for-the-use-of-variant-u....

Chalkias S, Harper C, Vrbicky K, et al.: A bivalent omicron-containing booster vaccine against Covid-19 . N
Engl ] Med. 2022, 387:1279-91. 10.1056/NE]Mo0a2208343

2023 Gupta et al. Cureus 15(7): e41295. DOI 10.7759/cureus.41295

10 of 10


https://dx.doi.org/10.1038/s41579-021-00573-0
https://dx.doi.org/10.1016/j.cell.2021.01.037
https://dx.doi.org/10.1016/j.cell.2021.01.037
https://dx.doi.org/10.1016/S2666-5247(21)00068-9
https://dx.doi.org/10.1016/S2666-5247(21)00068-9
https://dx.doi.org/10.1056/NEJMc2206576
https://dx.doi.org/10.1056/NEJMc2206576
https://dx.doi.org/10.1016/S2213-2600(22)00045-5
https://dx.doi.org/10.1016/S2213-2600(22)00045-5
https://dx.doi.org/10.3389/fimmu.2022.801522
https://dx.doi.org/10.3389/fimmu.2022.801522
https://dx.doi.org/10.1002/mco2.126
https://dx.doi.org/10.1002/mco2.126
https://dx.doi.org/10.1016/S1473-3099(22)00410-8
https://dx.doi.org/10.1016/S1473-3099(22)00410-8
https://dx.doi.org/10.1016/j.cell.2021.03.036
https://dx.doi.org/10.1016/j.cell.2021.03.036
https://dx.doi.org/10.1016/j.xcrm.2021.100255
https://dx.doi.org/10.1016/j.xcrm.2021.100255
https://dx.doi.org/10.1126/science.abd0831
https://dx.doi.org/10.1126/science.abd0831
https://dx.doi.org/10.1056/NEJMoa2119451
https://dx.doi.org/10.1056/NEJMoa2119451
https://dx.doi.org/10.1038/d41586-022-01730-y
https://dx.doi.org/10.1038/d41586-022-01730-y
https://dx.doi.org/10.1016/S1473-3099(21)00688-5
https://dx.doi.org/10.1016/S1473-3099(21)00688-5
https://dx.doi.org/10.1056/NEJMoa2116597
https://dx.doi.org/10.1056/NEJMoa2116597
http://www.ncbi.nlm.nih.gov/books/NBK570580/
https://dx.doi.org/10.1016/S1473-3099(22)00309-7
https://dx.doi.org/10.1016/S1473-3099(22)00309-7
https://dx.doi.org/10.1016/j.chom.2022.11.012
https://dx.doi.org/10.1016/j.chom.2022.11.012
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-bivalent-covid-19-vaccines
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-bivalent-covid-19-vaccines
https://www.who.int/news/item/17-06-2022-interim-statement-on-decision-making-considerations-for-the-use-of-variant-updated-covid-19-vaccines
https://www.who.int/news/item/17-06-2022-interim-statement-on-decision-making-considerations-for-the-use-of-variant-updated-covid-19-vaccines
https://dx.doi.org/10.1056/NEJMoa2208343
https://dx.doi.org/10.1056/NEJMoa2208343

	Emergence of COVID-19 Variants: An Update
	Abstract
	Introduction And Background
	Review
	Mutations in SARS-CoV-2 and origin of variants
	Nomenclature of emerging variants
	TABLE 1: Nomenclature, country of origin, date of declaration, and Pangolin lineage of VOIs as of June 2022
	TABLE 2: Nomenclature, country of origin, date of declaration, and Pangolin lineage of ‘previous VOCs' as of June 2022
	TABLE 3: Country of origin and Pangolin lineage of VOC-LUM as of June 2022
	TABLE 4: Country of origin and Pangolin lineage of VUM, as of June 19, 2023

	Some important variants
	Surveillance and monitoring of SARS-CoV-2 variants
	Impact of variants on available treatment strategies
	Impact of variants on the effectiveness of vaccines

	Conclusions
	Additional Information
	Disclosures

	References


