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ABSTRACT

Since the emergence of Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) in December 2019, scientists have tracked five variants of
concern (VOC) of SARS-CoV-2. The variants such as B.1.1.7 and B.1.617.2
primarily originated independently from the United Kingdom and India,
respectively, and subsequently became dominant across the globe. The
adaptability of these variants depends on their relative survival fitness
to the positive selection pressure acting on them. Antiviral drugs and
vaccine usage might act as a selective environment, thus, facilitating the
positive selection resulting in the rapid emergence of new variants with
higher fitness and survival value. The recently emerged VOC, the omicron
variant (B.1.1.529), was first reported from South African samples, and
it has a large number of mutations some of which are concerning as
per the preliminary evidence. Owing to the dynamism of mutations
in the SARS-CoV-2 genome, we may expect many unexpected events
as far as the emergence of variants, virulence, and transmissibility is
concerned. However, as an evolutionary trade-off strategy, the virulence
of SARS-CoV-2 might get reduced with an increase in the transmissibility
to attain a wider host range. The intermingling of vaccinated and
unvaccinated individuals provides the virus opportunity to amplify
by infecting the unvaccinated individuals and causing breakthrough
infections. Moreover, the prevalence of different variants of SARS-CoV-2
has been different in different geographic zones as far as the cases and
causalities are concerned. Sustained viral surveillance and monitoring
with region-wise variant-specific preventive strategies are required to
prevent and contain the outbreak of emerging variants of SARS-CoV-2.
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Introduction

Since the emergence of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) in December 2019, scientists
have tracked several variants from different parts of the

world.! Since there is a continuous evolution of SARS-CoV-2
in nature and owing to the impact of variants on public
health, WHO classifies variant virus strains as variants
of concern (VOC), variants of Interest (VOI), and variants
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under monitoring (VUM) based on their attributes and
prevalence, which are dynamic in nature. Of all variants, 05
are designated as VOC (viz. alpha, beta, gamma, delta, and
omicron) which means the variants with genetic changes
leading to increased transmissibility or increased virulence
or decreased therapeutic effectiveness and are of global
public health significance.! Scientists around the world
are relentlessly engaged in knowing and understanding
the characteristic of SARS-CoV-2 for developing preventive
measures to control the disease. However, the emergence
of newer SARS-CoV-2 variants hinders the comprehensive
understanding of the COVID-19 disease dynamics. The
generation of newer variants by mutations in the case of
RNA viruses is a natural phenomenon, and it happens in
lesser time compared to many other life forms on the earth.?
However, the frequency of generation of variants and their
subsequent emergence in a short time is a concerning
avenue from a public health perspective. At this point,
an understanding of the possible reasons behind the
emergence of the diverse variants of SARS-CoV-2 from the
evolutionary and epidemiological perspective is required
for their clinical and epidemiological management.

Materials and Method

A review was conducted and research studies were drawn
from a literature search that targeted peer-reviewed journal
articles and book chapters. The databases explored were
PubMed, Google Scholar, Wiley Online Library, and Semantic
Scholar. These databases represent a varied range of
disciplines allied to SARS-CoV-2, viruses, viral evolution,
and public health. Information about different SARS-CoV-2
variants was drawn from World Health Organization (WHO)
website.

The data about the prevalence of case incidences of
different VOC were collected from GISAID open-access
website. The prevalence data comprises information from
the period October 2020 to February 2022. The data used
in the article was available as exponentially smoothed (a
= 0.3) percentage (%) of different SARS-CoV-2 variants of
concern.?

All the findings and observations in this review regarding
the focused topic are based on published information as
listed in the references.

Antiviral Agents as Positive Selection Pressure
on SARS-CoV-2

Naturally, error-prone replication with poor or faulty
proofreading ability is the reason behind the high mutability
of RNA viruses. The selection of these variants depends on
their fitness and adaptive benefits to the natural selection
pressure acting on them.? The positive selection pressure
is the only driver for the selection and establishment of
novel variants for viruses. If a viral niche doesn’t change
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and favours the existing variant of a virus, then the positive
selection mostly remains inoperative? unless one variant
competitively excludes the other.* However, a changing
ecological niche may act as a selective environment. The
major selection pressure for viruses in their ecological niche
is the host immune system.

In an attempt to contain the highly transmissible SARS-
CoV-2, the world has seen the emergency authorisation
of several repurpose drugs without high-quality research®
and the development of different vaccines.® However,
vaccination cannot entirely rule out the possibility of SARS-
CoV-2 infection.” The generation of neutralising antibodies
from the memory cells induced by vaccination is a barrier
and a possible selection pressure for the virus. Moreover,
the passive immune response in hosts by vaccination
changes the ecological niche of the SARS-CoV-2. The use
of repurposed drugs may also have a similar effect. Mode
of action for several repurpose drugs authorised on an
emergency basis includes targeting viral RNA and blocking
their replication, degrading viral polypeptides to block
their entry into host cells, or altering host cells ACE-2
related pathways.® Therefore, the use of these vaccines
and repurposed drugs against SARS-CoV-2 may generate
conflicting selective constraints within the ecological niche
of the virus. To survive and cope in such an unfavourable and
shifting cellular environment, the variants of SARS-CoV-2
with better fitness might get selected rapidly. Hence, the
antiviral agents might act as a driver for the selection of
better fit variants.

Evolutionary Trade-off and Transmissibility of
SARS-CoV-2

Under selection pressure, the virus can adapt to survive by
tissue tropism, antigenic variations, or by obtaining higher
transmissibility to infect a larger host population.? The
transmissibility of viruses largely depends on their basic
reproduction number (R ) i.e. the number of secondary
infections from one infected individual.® In the case of SARS-
CoV-2, the R value has been estimated to be 2.5, which is
the highest among most pandemic-causing pathogens.?® In
general, the viruses with a higher R  value are antigenically
more stable with a limited number of serotypes.!* The
genome of SARS-CoV-2 is not an exception. Despite being
an RNA virus, SARS-CoV-2 has a proofreading enzyme called
nspl4, a 3’ to 5’ exoribonuclease. The nsp 14 reduces the
error rate and results in a low mutation rate compared to
many other RNA viruses.'? However, the rate of error-prone
replication is sufficient to allow for the accumulation of a
significant number of mutations in the viral genome.* For
SARS-CoV-2, the enormous host range, owing to its high
transmissibility, allows for a vast number of mutations. The
alpha variant (B.1.1.7) of SARS-CoV-2 is more transmissible
than the primarily detected SARS-CoV-2, whereas the delta




Sinha S et al.
J. Commun. Dis. 2022; 54(1)

variant (B.1. 617.2 + AY.1 + AY.2 + AY.3 + AY.3.1) is even more
transmissible than the alpha variant.* Another concerning
factor in this regard is the ability of newer variants to resist
the vaccines.” The high transmissibility of SARS-CoV-2 might
compensate for the slow mutation rate and allow them
to gain the necessary genomic flexibility that is required
for survival. Therefore, high transmissibility could be an
evolutionary strategy for the survival of SARS-CoV-2. The
gradual emergence of variants with more transmissibility
might be favouring the virus to increase its host range,
which in turn provides it habitat to replicate and mutate,
thereby creating more variants that get selected based on
their survival value and fitness (Figure 1).

High transmissibility allows SARS-
CoV-2 to infect a vast number of
hosts

1

Vast number of mutations (even
with a slow mutation rate) due to
a large host range resulting in
wider scope of replication

Emergence of SARS-CoV-
2 with high RO value

Selection pressure by
Selection of Variants ostimmune system
with more

transmissibility

l

Emergence of Variants
writh more
transmissibility and
other genomic changes

More transmissible variants infecting
more hosts resulting in more
replication and

Selection pressure by host
immune system

Emergence of Variants with more
transmissibility and other genomic
changes

Figure |.Possible Events in the Acquisition of Higher
Transmissibility of SARS-CoV-2

Mutations in SARS-CoV-2 Spike Protein

The spike protein of the SARS-CoV-2 is significant for
attachment to the host ACE-2 receptors. Most of the
naturally acquired or vaccine-induced neutralizing
antibodies have been found to target the spike region for
their action. In particular, the receptor-binding domain
(RBD) and the N-terminal domain (NTD) of SARS-CoV-2
spike protein (S) are highly immunogenic.'®*'” Mutations
in RBD and NTD and their subsequent effects in many
instances increase the immune evasion ability of the virus
and reduce the antibody sensitivity to the spike region. One
of the early detected and significant mutations in the S
region is the D614G which alters the spike protein dynamics
and contributes to enhanced entry into the cells and viral
replication that subsequently leads to the attainment of
higher infectivity.’®!® Another mutation, E484K (Table 1)
in the RBD has been delineated as significant owing to
the immune evasive abilities of several variants, from
monoclonal antibodies and resistance to neutralization
from vaccines and convalescent sera.? In the VOC delta
(B.1.617.2 + AY.1 + AY.2 + AY.3 + AY.3.1), mutations T478K
and L452R (Table 1) in RBD possibly enhanced the ACE2
binding ability along with the mutation P681R in the furin
cleavage site which increases the fusogenic ability and
subsequently contributes to higher transmissibility.?*
Further, the E484K mutation has been suggested to increase
the ability of breakthrough infections by the lineages of

delta variant in recent studies.?> Mutation G142D in the
NTD has been associated with the increased viral load
and immune evasion for the delta variant as well.?® Other
mutations holding importance include Y453F, N501Y,
E484Q, V367F, etc. (Table 1). The recently emerged VOC,
the omicron variant (B.1.1.529) also has a large number
of mutations, some of which are concerning as evident
from preliminary investigations.?* The VOC omicron has
30 signature mutations and among them, 23 are unique to
this variant.?> Mutation in N501Y, H655Y, N679K, P681H etc.
leads to some key amino acid changes in the VOC omicron
that affects its receptor binding ability and binding affinity
to the neutralising antibodies.?*?® There are seven lineages
and sub-lineages of omicron variant namely, B.1.1.529,
BA.1,BA.1.1,BA.2, BA.3,BA.4 and BA.5, among which BA.1,
BA.1.1 and BA.2 are the most common.>?® The additional
mutations in the omicron variant includes, R346K, L452R/Q,
and F486V in the spike protein coding genes.!

Prevalence of different SARS-CoV-2 Variants
of Concern during the COVID-19 Pandemic

There are several lineages of SARS-CoV-2 circulating since
its emergence, among which hitherto five of the variants
have been designated as variants of concern depending
on their increased transmissibility or increased virulence
or decreased effectiveness of vaccines, therapeutics, and
diagnosis.! The available GISAID data (from October 2020
to November 2021) shows that the highest percentage of
global cases by the alpha variant (B.1.1.7) was from April
2021 to June 2021 (Figure 2). A total of 68% of the global
cases were recorded caused by the VOC alpha variant
between 3rd May 2021 to 9th May 2021, which is the
highest recorded percentage of VOC alpha cases in the
global total. During October 2021-November 2021, VOC
alpha cases decreased, the highest being 0.3% cases from
11th November 2021 to 17th November 2021 (Table 2). The
VOC beta and gamma cases were highest in percentage from
April 2021 to June 2021, with 2.1% and 8% of the global
cases respectively (Table 2). The percentage of VOC delta
cases escalated from April 2021 to June 2021 with a rise
in the global cases from 0.8% to 54.5% (Table 2). However,
the prevalence of delta variant has been highest during
October 2021-November 2021. The highest percentage
of VOC delta cases in this period was recorded at 99% of
total cases. The highest percentage of Delta cases was from
22nd November 2021 to 28th November 2021. Nearly at
the end of November 2021, the VOC omicron got reported
from the South African samples.? Till the end of November,
the highest percentage of omicron was 3.6% of the global
case incidences recorded from 22nd November 2021 to
29th November 2021. From 22nd November 2021 to 29th
November 2021, with an increased percentage of VOC
omicron cases in the African region, a drop in the VOC delta
cases has been observed.® From December 2021 to February
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was in the initial days of December 2021, accounting for
about 4.0% of the global cases.?

2022, hitherto the highest percentage of VOC omicron cases
have been recorded at 93.6%, and the lowest percentage

Table |.Mutations in different VOC of SARS-CoV-2 and their Possible Effects

Variant Lineage Significant Mutations Effects/ Possible Effects References
D614G Changgs in spike pr.ot.eln dynamics
and increases affinity to ACE2
N501Y Increases affinity to ACE2 receptor Plante et al.’;
Increases fusogenic activity and Lauring and Hodcroft?®;
Alpha B.1.17 P681H subsequently transmissibility Mohammadi et al.”;
: Meng et al.?®
H69-V70del Compensate for the mutz'at"lons for
immune escape activity
Y453F Increased binding affinity in minks
E484K Resistance .to ngutrahsmg
antibodies
in spi i ; Zhang et al.”%;
Changes in spike protein dynamics o
Beta B.1.351 D614G and increases affinity to ACE2 Plante et 'al. ’
- Mohammadi et al.?”
K417N Antibody escape
N501Y Increases affinity to ACE2 receptor
E484K Resistance 'to ngutrahsmg
antibodies
D614G Changes in spike protein dynamics "
and increases affinity to ACE2 Zhang et al.”;
Gamma P1 . Plante et al.8;
K417N Antibody e'scapfa ' Mohammadi et al.27
P6S1H/ N679K Increases fusogenic acpv!tY fa\nd
subsequently transmissibility
141-144 del Compensatory deletion
D614G Changgs in spike pr.ot.eln dynamics
and increases affinity to ACE2
Favours the binding to the ACE2 by
T478K L L . .
B.1.617.2 avoiding neutralising antibodies N
+AY1 + Possibly enhance immune escape Barnes et al.”’;
T19R - McCallum et al.?;
Delta AY.2 + activity
- — Plante et al.”;
AY.3 + L452R Changes fusogenic activity . »
AY3A1 Baj et al.
DISON Regulation of splke protein
dynamics
Found significant in case of
EABAK breakthrough infections
NS01Y Increases binding with ACE2
B.1.1.529 receptor
+BA.1 + Might increase spike cleavage
H655Y . . e
BA.1.1 leading to higher transmissibility
. - - Kannan et al.Z;
Omicron +BA.2 + May also increase spike cleavage CDC?S
BA.3 + N679K as residing near furin cleavage site
BA.4 + aiding transmission
BA.5 May reduce affinity between S-RBD
Y505H . .
and antibodies
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Table 2.Incidence of SARS-CoV-2 Variants of Concern (VOC) Cases from October 2020 to February 2022

VOC Alpha VOC Beta VOC Gamma VOC Delta VOC Omicron
Highest | Lowest | Highest | Lowest | Highest | Lowest | Highest | Lowest | Highest | Lowest
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
October
2020 - 14.2 0 1.2 0.2 0.1 0 0.2 0.1 0 0
December
2020
January
2021 - 59.4 16.9 2.1 1.2 2.6 0.1 0.4 0.1 0 0
March 2021
April 2021 -
June 2021 68 28.5 2.1 1.09 8 2.6 54.5 0.8 0 0
July 2021 -
September 22.6 0.5 1.1 0.97 7.4 0.4 96.8 54.5 0 0
2021
October
2021 - 0.3 0.1 0.1 0.09 0.4 0.1 99 94.5 2.9 0
November
2021
December
2021 - 0.1 0.1 0.1 0.1 0.1 0.1 94.4 5.1 93.6 4
February
2022
100 -
90
80 +
70
= .
§ 60 -
] j ® Alpha (Highest)
-g 50 B Alpha (Lowest)
| I B Delta (Highest)
§ 40 -
E | Delta (Lowest)
. B Omicron (Highest)
: W Omicron (Lowest)
20
10 j—l
o e
October 2020-  January 2021-  April 2021-June  July 2021- October 2021- December 2021-
December 2020) March 2021 2021 September 2021 November 2021 February 2022
Time (October 2020- February 2022)

Figure 2.Highest and Lowest Percentage of Global Case Incidences of SARS-CoV-2 VOC Alpha, VOC Delta and
VOC Omicron from October 2020-February 2022 in six different time periods viz. October 2020-December
2020, January 2021-March 2021, April 2021-June 2021, July 2021-September 2021, October 202 |-November

2021 and December 2021-February 20223
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Mixing of Vaccinated and Non-vaccinated
Population and its Impact

The vaccine allocation to the public initially was on the basis
of priority following the “Road map of Prioritizing Population
Groups for Vaccines against COVID-19” developed by
WHO.3° The non-uniform distribution of vaccines creates
a mixing of vaccinated and unvaccinated individuals staying
together in a population. The unvaccinated individuals in
a population remain susceptible to SARS-CoV-2. The virus
can replicate and survive within them, thereby getting
ample chances for mutation. Therefore, an unvaccinated
population provides space for the virus to mutate, modify
and survive under selection pressure by the vaccine-induced
immunity and natural immunity by creating variants
with more infectivity or more transmissibility or both.
The susceptibility of a population may also increase with
the emergence of newer variants of the pathogen as the
population remains immunologically naive to the newly
emerging antigenic properties.

Discussion

Like several other infective viruses, the SARS-CoV-2 is
also circulating as a group of lineages and sub-lineages in
different parts of the world.?! In the passages of times, some
of them are becoming dominant suppressing the others.
Possibilities arise that unidentified or endemic lineages of
SARS-CoV-2 are co-circulating which by gaining the ability to
infect humans through beneficial mutations may surface as
a potential public health threat. It has been established that
mutants like D614G appeared independently and dispersed
simultaneously across multiple geographical regions, which
is suggestive of an adaptive benefit for the D614G and
natural selection of the mutation for its better fitness.®
Viruses engage with host antiviral properties and evolve
through an evolutionary arms race;* which is evident in
the case of SARS-CoV-2. The immune induction by artificial
antivirals viz. vaccines and repurpose drugs may facilitate
the selection of mutations with better fitness. To prevent the
disease, potent antiviral drugs and vaccines are necessitated;
however, they instigate a man-induced evolutionary arms
race. This postulate, nonetheless, needs confirmation
through further research. The patterns of mutation, as
well as the number of mutations in spike proteins, are
different in different geographical regions.® This spatial
difference in mutation patterns and their selection can
be attributed to host immunity, environmental factors,
and genetic predisposition for the disease amongst the
host population, etc.343>32 Nevertheless, the vaccination
strategies and authorisation of the use of repurposed drugs
have been different in different countries.’” Whether the
various vaccination strategies that are implemented from
time to time across the globe, concurrent with the use
of repurpose drugs have any decisive role to play in the

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202260

selection of spike protein mutations is an important arena
for further research and investigation.

Acquiring herd immunity or population immunity by natural
course due to the previous infection or through vaccination
is possibly the ultimate way to break the transmission chains
of contagious viruses. In the case of SARS-CoV-2, the newly
emerging variants show decreased vaccine efficacy. The
beta (B.1.351) variant was found to show decreased efficacy
than the alpha variant (B.1.1.7), while the delta variant
(B.1.617.2) shows further reduction in vaccine efficacy.?”
As a result of this, re-infection with new variants even after
successful completion of the vaccination programme is
well-known for COVID-19 as well as breakthrough infection
with the same variants.3®’ Moreover, WHO was reported
about the recently emerged omicron variant (B.1.1.529) of
SARS-CoV-2 on 24th November 2021 from South African
samples, and by 26th November, it had been included in
the list of VOC.?* It has been suggested from the preliminary
evidence that there is an increased risk of getting re-infected
by the omicron variant as compared to other VOC.?* Further,
the breakthrough infection in the vaccinated individuals is
a cause of concern as antibody-dependent enhancement
(ADE) of coronavirus infection in experimental setups has
been demonstrated by several groups of researchers®4°and
apprehensions have been made that it could also happenin
the case of SARS-CoV-2.* The vaccines reduce the severity
of symptoms instead of preventing the viral infection,
as is also evident in the case of COVID-19 breakthrough
infections.*? These reduced symptoms or severity due to
vaccination or naturally induced immunity may resultin a
number of individuals with asymptomatic COVID-19.%*%
These asymptomatic individuals have been apprehended
as amplifiers for the SARS-CoV-2% and they may transmit
the virus to others, although the secondary infection rate
from these asymptomatic individuals is less compared to
the symptomatic ones.* Monitoring of both vaccinated and
non-vaccinated individuals to develop a comprehensive
preventive strategy for the spread and emergence of SARS-
CoV-2 variants is therefore very pertinent at this hour.

Vaccination against a pandemic is a time-demanding
process. Prioritised vaccination was the need of the hour,
and the same was thus implemented by the public health
authorities and policymakers.?® However, the mixing of
the vaccinated and unvaccinated population due to the
prioritised vaccination possibly provides opportunities
for the virus to survive and facilitates transmission by
infecting the unprotected individuals and the vaccinated
individuals as well. Therefore, it may not be unwise to
apprehend that the prioritised vaccination policy is possibly
advantageous for the SARS-CoV-2 to evolve. Another
concerning avenue regarding the vaccination was the
possible development of a false sense of complacency
in a partially vaccinated population. Human behaviour is
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infectious and the development of such a false sense of
security may further complicate the situation. Uniform
mass vaccination strategies without any prioritisation on
the basis of age or community in an area-specific manner
might be useful in preventing the mixing of vaccinated
and unvaccinated individuals. This would lessen the host
range thereby reducing the transmission rate of the virus
and subsequently might prevent or reduce the number
of emerging variants. Moreover, the predominance of
different SARS-CoV-2 variants in different geographic regions
has been observed in reference to COVID-19 cases and
casualties.! Hence, sustained surveillance of the emerging
and/ or re-emerging variants of SARS-CoV-2 and formulation
of region-wise variant-specific preventive strategies are an
imperative necessity.

The mutations in the spike region are considered most
significant in terms of virulence, transmissibility and
immune evasion.*’ As long as a large number of people
are infected, the chances of error-prone replication? and
the subsequent emergence of variants are very much
likely. This may result in further unexpected public health
challenges to meet. However, though the spike protein is
well researched, there are a number of mutations outside
the spike region? that are hitherto not well-studied to
date. Further comprehensive studies should be aimed
at such mutational hot spots beyond the spike region to
understand whether they are also under some selection
pressure and to interpret the implications of such mutations
on the ongoing pandemic.

Conclusion

The generation of new variants for a virus is a continuous
evolutionary phenomenon. However, apart from the
purifying selection agents, the selection of new variants may
get facilitated by several factors including the environment
in which the virus strives. The man-made antiviral agents
and vaccines may put the virus under a stronger selection
pressure than it would face naturally. Owing to the
dynamism of mutation in the viral genome, we can expect
many unexpected events such as the emergence of new
variants, and changes in their virulence and transmissibility
as far as SARS-CoV-2 is concerned. Nonetheless, as an
evolutionary trade-off, the virulence of SARS-CoV-2 may
get reduced by targeting a larger host range for its survival
through the generation of variants with better fitness
following the Darwinian dynamics and the trajectory of the
history of viral evolution. With the passage of time, SARS-
CoV-2 may become endemic. However, considering the
changing nature of SARS-CoV-2, sustained viral surveillance
and monitoring is an imperative necessity to detect the
emerging variants, if any, for better preparedness and for
formulating preventive and/ or control strategies.
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