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The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its new variants reported
in different countries have posed a serious threat to human health and social fabrics worldwide. In addition,
these new variants hindered the efforts of vaccines and other therapeutic developments. In this review article, we
explained the emergence of new variants of SARS-CoV-2, their transmission risk, mortality rate, and, more
importantly, the impact of each new variant on the efficacy of the developed vaccines reported in different
literature and findings. The literature reported that with the emergence of new variants, the efficacy of different

vaccines is declined, hospitalization and the risk of reinfection is increased. The reports concluded that the
emergence of a variant that entirely evades the immune response triggered by the vaccine is improbable. The
emergence of new variants and reports of re-infections are creating a more distressing situation and therefore
demands further investigation to formulate an effective therapeutic strategy.

1. Introduction

Coronaviruses (CoVs), from ++RNA lineage, are known to cause
respiratory illness in mammals, birds, and humans [1], with disease
severity ranging from mild to lethal [2]. The CoV disease 2019
(COVID-19), caused by severe acute respiratory syndrome CoV 2
(SARS-CoV-2) (Fig. 1), was first reported in Wuhan, China, in December
2019, causing an epidemic of rare viral pneumonia [3]. SARS-CoV-2 was
provisionally named 2019 novel CoV or 2019-nCoV [4]. The unprece-
dented rate of interhuman transmission of the virus enabled its
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worldwide penetration. The novel beta-CoV named SARS-CoV-2 [5] has
significantly devastated human health worldwide due to upper respi-
ratory complexities resulting in severe pneumonia and bronchiolitis [6,
7]. Consequently, On March 11, 2020, the World Health Organization
(WHO) declared COVID-19 as a global pandemic [8].

SARS-CoV-2 reportedly has a zoonotic source and is considered as a
successor of SARS-CoV-1 [9]. Comparative genomics investigation un-
veiled that SARS-CoV-2 is 89% identical with bat SARS-CoVZXC21 and
only 82% with SARS [10]. Furthermore, it has been genetically linked to
the bat CoVs; however, the genetic diversity suggests that the virus
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spillover occurred in late 2019 and an intermediate host is possibly
involved [11-13]. Nonetheless, a mutational study clarified all these
doubts and discovered additional information on SARS-CoV-2 trans-
mission and assisted to trace its propagation [14,15]. As an intermediary
host for SARS-CoV-2 spread to humans, pangolins have been elusively
reported to play a significant role [16].

SARS-CoV-2, like other coronaviruses, also uses the same S protein
for attachment to ACE2 and ingress to the host cell (Fig. 2) [17]. The
NTD domain of the S1 subunit (comprised of the NTD and CTD domains)
of the S protein helps the virus to attach, while the S2 subunit mediates
the viral membrane integration at the CTD [18]. A basic amino
acid-enriched furin cleavage site (52') is obtained upon the cleavage of
the S1 and S2 subunits. During viral endocytosis, the S2’ site acts as a
fusion peptide after the S2 subunit is cleaved. The presence of the S2' site
is a distinguishable feature of SARS-CoV-2, which makes it unique in
origin from the others. This S2’ site via various irreversible conforma-
tions stimulates the protein for the fusion of the viral and host mem-
branes, rendering the penetration of SARS-CoV-2 into the prone cells
[19,20]. Due to the significant likeness with SARS at the
receptor-binding site (RBD), both viruses exhibit a similar binding
mechanism to the ACE2 [21-23]. However, the distinguished feature,
the S2' site, makes SARS-CoV-2 have enhanced pathogenicity and
transmissibility [24,25]. Structural data have indicated that the avail-
ability of key hotspots (i.e., Glu31 and Lys353) facilitates binding in a
claw-like structure of ACE2 [26]. Residues such as Glu31 and Lys353
possess greater compatibility for Leu455, Phe486, Glu493, Ser494, and
Asp501, ultimately enhancing the binding with the host receptor [27].
The super affinity and super efficiency of the entry are associated with
tissue tropism and the host range [26,28]. Upon the binding of the S1
subunit, the fusion is further assisted by the S2 subunit by decreasing the
distance between the host cell and viral spike protein [29]. Next, the
fusion peptide starts acting and completes the other necessary steps,
such as deformation and membrane attachment [30]. Either the endo-
somal or non-endosomal pathway, or both, could be selected for entry
into the host cell [31]. Alternative approaches may be used based on the
pH of the cell. In the case of low pH inside the cell, the endosomal
pathway is utilized, assisted by cysteine protease cathepsin [32]. At the
same time, for the non-endosomal pathway, TMPRSS2 and
TMPTESS11D facilitate the S1/S2 cleavage to stimulate the S protein for
induction. In this regard, the host membrane fluidity is stimulated by the
IFITM3 to halt the SARS-CoV-2 invasion into the cell [33,34].

The life cycle of SARS-CoV-2 inside the human cell mainly relies on
the nonstructural proteins (NSPs), which are necessary for entry to the
cell glycoprotein (spike glycoprotein)[35]. SARS-CoV-2 shares a similar
genomic arrangement with related beta-coronaviruses. The
positive-sense, single-stranded, ~ 30 kb RNA genome codes six func-
tionally unique open reading frames (ORFs) in 5-3' sequence:
ORF1a/ORF1b (replicase), envelope (E) protein, spike protein, nucleo-
capsid (N), and membrane (M). Additionally, the accessory proteins are
encoded by seven ORFs, which are sprinkled among the structural genes
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(Fig. 3) [36].

The ongoing pandemic is a continuous threat to public health, and
still, no proven effective anti-COVID19 drugs, vaccines or any other
therapeutics have shown potential health benefits. The age factor,
ecological factors, gender differences and rapid evolution of the SARS-
CoV-2 is making it difficult for researchers to develop a comprehen-
sive therapeutic strategy. The ongoing clinical trials of different thera-
pies are far away from reality. The race for a final magic drug still
continues and according to the August 17, 2021 updates data provided
by the COVID-19 vaccine and therapeutics tracker, 408 clinical trials of
138 vaccine candidates are under consideration and are in different
clinical phases (https://covid19.trackvaccines.org/). However, with the
emergence of new variants i.e. B.1.1.7, B.1.351, B.1.617, P.1, B.1.618
and many others have posed serious threat to the efficacy of the already
developed vaccines. Many studies revealed demonstrated the efficacy of
different vaccine against different variants. To understand the impact of
different variants on the efficacy of different vaccine, the current review
provides information on the genomic features, specific substitutions of
amino acids, targeted protein, origin and epidemiology. This review also
provides knowledge on the impact of different variants on the efficacy of
different vaccines i.e. Moderna, AstraZeneca, Sinopharm, CanSino,
Sinovac and Johnson Johnson.

1.1. Transmission and disease behaviour of SARS-CoV-2

The preliminary route for SARS-CoV-2 transmission is close contact
with an infected person [37,38]. Secondary events such as small tiny
droplets or aerosols cleared by an infected person either by sneezing,
speaking, or coughing helps the virus to spread to another person
[39-41]. The eyes and nose are alternate routes of transmission for the
virus [42]. In addition, contaminated surfaces may also enable the
spread of the virus. However, further investigations are required to
confirm the fast transmission routes of SARS-CoV-2 [43].

Variable symptoms such as loss of smell, fatigue, fever, breathing
hitches, cough, and loss of taste and asymptomatic cases have been re-
ported [44,45]. These symptoms take approximately 1-14 days after
exposure to develop [46]. Among patients with noticeable symptoms,
approximately 81% of them developed mild pneumonia [47]; 14%
developed severe symptoms such as severe hypoxia and dyspnea [48];
and 5% developed fatal symptoms such as respiratory disruption, shock,
and multi-organ defects. One-third of the infected people showed no
noticeable symptoms [49]. On the contrary, some patients reportedly
experienced symptoms for weeks or months after their initial recovery
from COVID-19 infection, referred to as “Long COVID.” These patients
are more sensitive to organ impairment [50]. Nonetheless, the long-term
impact of COVID-19 infection needs further investigation [51].

COVID-19 primarily and rapidly affects the upper respiratory (nose,
sinuses, and throat) and lower respiratory (lungs and windpipe) tracts
[52,53]. The abundant expression of angiotensin-converting enzyme 2
(ACE2) on the surface of type II alveolar cells enables the virus to

RNA viral genome

Fig. 1. Graphical representation of SARS-CoV-2 structure. Interspersed genomic regions are also shown in the right panel (created with biorender.com).
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damage the lungs significantly [54]. Moreover, the severity of organ
damage is directly correlated with ACE2 density [55,56]. Therefore,
most deaths in SARS-CoV-2 infection could be attributed to densely
infected lungs [57]. Furthermore, although no association between the
central nervous system (CNS) involvement and COVID-19 has been re-
ported, low levels of SARS-CoV-2 have been detected in the brains of
patients who died due to COVID-19 [58]. It has been speculated that the
virus may have entered the bloodstream, evading the blood-brain

barrier to pass into the CNS, although the exact mechanism needs
further research [59,60]. In addition, ACE2 expression in the gastroin-
testinal organs may affect different tissues [61]. Acute myocardial
injury, cardiovascular complications, thrombosis, venous thromboem-
bolism, pulmonary embolism, ischemic events, vasoconstrictive re-
sponses, and injury to the olfactory bulbs have been reported in patients
who died from COVID-19 [62-65]. Lymphocyte-containing inflamma-
tory infiltrates and diffused alveolar damage also contribute to death
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risk in COVID-19 [66,67]. Conclusively, the pathophysiology of
COVID-19 is haphazard and may need further research to reveal the
diversity in affected organs [68]. The whole pathogenesis cascade of
SARS-CoV-2 is illustrated in Fig. 4.

1.1.1. SARS-CoV-2 vaccine designing

To enforce a more robust lifelong immunity against the infection of
SARS-CoV-2, immunization is an efficient approach. To date, 242 vac-
cines are under trial for clinical evaluation. From peptides to nucleic
acids and from lipid-encoated to adenovirus-based anti-COVID-19 vac-
cines, they are under investigation. Among the others, lipid-encoated
mRNA and live or attenuated vaccines have also been part of this
fight. Of 138 vaccine candidates, only 21 vaccine candidates are
approved.; A total of 31 reached the stage-III performance evaluation;
and others are still in different stages (Phase I, 36 vaccine candidates
Phase 11, 65 candidates (https://covid19.trackvaccines.or
g/vaccines/#progress-meter)). Vector-based S protein vaccine
designed by CanSino Biologics with double-blinded efficacy evaluation
on 603 volunteers resulted in safe strong humoral immune responses
[69]. On the contrary, using Chimpanzee vector-based vaccine
ChAdOx1 by the University of Oxford produced neutralizing antibodies
when evaluated in 1077 individuals [70]. This vaccine, however, is still
under the Phase-II clinical stage and reported that it works in a
dose-dependent manner. A lipid nanoparticle-encoated mRNA-based
vaccine known as mRNA-1273, co-manufactured by Moderna and
NIAID, also triggered a robust immune response against the SARS-CoV-2
[71]. Increased antibodies production was observed after the injection
of the second dose. Furthermore, inactivated and whole vaccines are
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neutralizing antibodies [72]. Approximately 4.74 billion doses as of
August 17, 2021, have been administered worldwide [73]. A list of
approved vaccine are given in Table 1.

1.2. Evolution of SARS-CoV-2 new variants

The natural selection process is liable for the selection of mutations
and the fate of emerging variants. Mutations that facilitated the survival,
replication, and fitness of an organism were maintained in the popula-
tion and the deleterious ones were purged. A strong correlation between
the selection process and chance events played a significant role in the
evolution of the new variants. Variations in the genomics sequences
were referred to as new variants, while those that induced changes in the
characteristic properties, i.e., virulence or transmissibility, were tagged
as new strains. Understanding the viral nomenclature helps in control-
ling the infection and better surveillance. Classification of viruses into
large groups known as clades and the species of SARS-CoV-2 were
further classified into many groups based on the genetic variability
when compared to the reference sequence. Many variants after the
reference strain were reported and their potential features were
explored to understand their role in the transmissibility and vaccine
effectiveness. The following sections will discuss the notable variants
reported during this pandemic.

1.2.1. D614G variant

The replacement of a polar charged amino acid-aspartic acid by a
nonpolar aliphatic amino acid glycine at position 614 reported in early
2020 played an essential role in the conformational changes in the S1
and S2 domains of the spike protein. This mutation made it easier for the
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Table 1
represent the WHO approved list of vaccines against SARS-CoV-2.
S.No Vaccine name Type of vaccine Country Status Manufacturer
1 (CIGB): CIGB-66 Protein Subunit Cuba Approved Center for Genetic Engineering and Biotechnology
2 EpiVacCorona Protein Subunit Russian Federation Approved FBRI
3 Covishield Non Replicating Viral Vector India Approved Serum Institute of India
4 Ad5-nCoV Non Replicating Viral Vector China Approved CanSino
5 Sputnik Light Non Replicating Viral Vector Russian Federation Approved Gamaleya
6 Ad26. COV Non Replicating Viral Vector USA Approved Janssen (Johnson & Johnson)
7 COVID-19 Inactivated Vaccine Inactivated Iran Approved Shifa Pharmed Industrial Co
8 Inactivated (Vero Cells) Inactivated China Approved Sinopharm (Wuhan)
9 Covaxin Inactivated India Approved Bharat Biotech
10 QazVac Inactivated Kazakhstan Approved Kazakhstan RIBSP
11 SARS-CoV-2 Vaccine (Vero Cells) Inactivated China Approved Minhai Biotechnology Co
12 BNT162b1 RNA Germany Approved Pfizer/BioNTech
13 mRNA-1273.211 RNA USA Approved Moderna

viral spike protein to connect to the ACE2 receptor, consequently
enhancing the risk of infection [74]. Spike D614G variation became
universally prevalent a few months after perception of the parental
strain, probably due to better ability to interact with human ACE2 re-
ceptor [75]. In both human and animal models, the D614G mutation
resulted in increased replication capacity and susceptibility. The disease
severity of the patients infected with the D614G variant was comparable
with the wild type; however, viral load in the nasopharyngeal was re-
ported to be comparatively high. In addition, loss of smell was more
dominant in infections with this strain due to its robust interaction with
host ACE2 in the olfactory epithelium [76]. Furthermore, an investiga-
tion of animal models infected with this strain reported a higher level of
neutralizing antibodies than the zero strain. Structural modeling study
of furin binding to the wild type and D614G revealed that the binding of
furin was enhanced by the mutation and thus potentially increases the
infectivity [77]. Consequently, this showed that strain had no significant
impact on the vaccine efficacy or any other therapeutics agents [78].
The D614G in the furin binding was a notable frequent mutation re-
ported in almost all the new variants [79].

1.2.2. Lineage B.1.1.7 (Alpha)

The evolution of the SARS-CoV-2 new variant, B.1.1.7, also known as
Variant of Concern (VOC), is reported to be 70% more transmissible
than the former one and is rapidly diffusing worldwide. There is an
instant need to discover how the new variant interacts with the host
receptor (ACE2). Recent reports from England regarding the origin of
novel contagious strain (B.1.1.7) of SARS-CoV-2 have further exacer-
bated the situation [80]. The novel evolved substitutions in the S protein
of B.1.1.7 (deletion 69-70, 144, and substitutions P681H, E484K,
A570D, T716I, N501Y, S982A, D1118H, and many others) might have
altered the SARS-CoV-2 ability to transmit and infect. Consequently, the
currently available vaccines against COVID-19 might not be effective
against B.1.1.7 lineage [81]. The substitution mutations N501Y, E484K,
and others within the receptor-binding domain (RBD) of the United
Kingdom (UK) and South African SARS-CoV-2 strains are now spreading
unchecked [82]. The number of 501Y mutation-associated cases
increased from 0.1% in early October to 49.7% in late November in the
UK. The mutation N501Y co-occurs with other mutations in the N, orf8,
orfla, and S glycoprotein in 501, involving two deletions—A69 and A70
[83]. Multiple amino acid alterations in the spike protein have been
linked to this lineage, such as deletions at 69/70, ORF8 mutations,
P681H, N501Y, and E484K mutations [84]. The N501Y mutation, which
is a replacement of asparagine by tyrosine in the receptor-binding motif
is of major concern [85]. Structural modeling analysis revealed that the
orientation of aromatic ring and establishment of additional hydrogen
bonds with the ACE2 receptor increases the binding affinity and
consequently the infection. Moreover, increasing specificity towards the
ACE2 receptor by this mutation was also observed. The hospitalization
and mortality rates were reported to increase by 52% and 59%,
respectively [86]. Minimal reduction in the efficacy of natural and

vaccination-triggered antibodies was observed [80]. Computational
analysis of the binding of the N501Y variant of RBD to the host receptor
ACE2 revealed enhanced binding and variations in the inter-hydrogen
bonding network [87]. They also revealed the structural basis for
B.1.351, P.1, and B.1.617, which concluded that the binding affinity was
enhanced substantially and structural dynamic properties were also
altered [88-90].

Furthermore, among the notable variations that emerged included
P681H substitution in the Furin binding motif 682-685. This was also
reported in Nigeria (eta) and was classified as lineage B.1.1.207 [80]. In
the Nigerian variant along with E484K, another mutation, F888L, in the
spike protein was also identified. This mutation was reported to alter the
biological efficiency of SARS-CoV-2 by performing hydrolysis by
TMPRSS2 and augment viral invasion [91]. In addition, it is possible
that this crucial alteration enabled the virus’ escape from the host’s
immune system. This is accomplished by avoiding neutralizing anti-
bodies, perhaps resulting in concerns regarding the effectiveness of
vaccinations presently being delivered to the general public [91,92].
Furthermore, the two deletions 69/70 were also reported to help the
virus to escape the host immune system, while the mutations in ORF8
were believed to act as inactivating mutations, thus increasing the sus-
ceptibility of mutations inductions in other regions [93]. The UK variant
with E484K mutation was also reported and named as VOCs 21FEB-02
[94].

1.2.3. Lineage B.1.351 (Beta)

The beta variant from South Africa, which was reported in December
2020, carries E484K mutations amongst others. A total of 12 variations
and one deletion were reported in this lineage [95]. Young individuals
with comorbidities are more likely to be infected by this variant, and it
causes serious disease more frequently than other variants in similar
situations. The new variants from both UK and South Africa appear to be
more contagious; however, mutations in the UK variants are unlikely to
impede the effectiveness of the developed vaccines, though the South
African variants (501. V2) may interfere with it to some extent, partic-
ularly because of K417N and E484K mutations [96]. In this regard, the
lack of empirical data is the major challenge to predict which one of the
recently emerged strains of SARS-CoV-2 is more lethal [97]. The trans-
missibility of this variant has been reported to increase up to 52%, while
the hospitalization of patients remains under investigation. Moreover,
the mortality rate due to the infection of this variant is increased. The
risk of reinfection with this variation has reportedly reduced because the
T cell response provoked by the D614G variant remains effective against
it. More importantly, the efficacy of the developed vaccine is reduced for
many. Furthermore, conformational changes in the flexible loop site of S
RBD induced by the E484K mutation confers a critical role in immune
evasion, viral receptor binding affinity, and infectivity.

1.2.4. Cluster 5 variant
In Denmark, AFVI-spike, characterized as cluster 5 strain and
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identified in minks, exacerbated the situation and may further aggravate
it. As of November 2020, 205 active mink-mediated corona cases have
been confirmed [98]. Infection with this strain may reduce viral
neutralization sensitivity, resulting in a reduction in the durability of
immune protections offered by vaccination and the natural process of
infection. According to WHO, the cluster 5 variant moderately lessened
sensitivity to counteracting antibodies. Because viral development in
mink reservoirs may lead to the recurring risk of human infection from
minks, the adaptability of this variant in minks remains a huge health
concern in the future [99].

1.2.5. Lineage B.1.258A

This variant is placed within the clade B.1.258 and was detected in
Czech Republic and Slovakia in late 2020 [100]. This variant carries an
N439K mutation in the RBD, with similar deletions 69-70 at the ter-
minal regions of the spike glycoprotein. It has been reported to increase
the viral load and escape the immune response triggered by a previous
infection. H69/V70 deletion is a tolerant mutation in which the anti-
genic peptides in the amino-terminal region (variable loops) are modi-
fied, resulting in resistance to neutralization by convalescent sera and
vaccination [100,101].

1.2.6. P.1 or 20J/501Y.V3

Lineage P.1 was characterized as a new variant with 17 mutations in
total and 11 in spike protein. Since December 2020, 42% of the samples
were annotated with P.1 lineage infection [102]. The N501Y and E484K
mutations were primarily detected. This mutant has the most spike
protein variations, and all of these changes have major consequences for
infectivity, reinfection incidence, and antibody-mediated immune
evasion. The WHO named it the Gamma variant with the most important
three mutations, K417T, E484K, and N501Y, in the RBD domain [103].
With increased hospitalization, this variant reportedly increased the
infection rate by + 161% and mortality rate by + 50%. The reinfection
is reduced, while the immunity with natural or vaccine-mediated is
retained. P.2 lineage cases were later reported in Brazil, harboring the
E484K substitution only [104,105]. Interestingly, the P.1 and P.2 (zeta)
lineages were not correlated. According to research, an infection caused
by the Gamma variant can yield roughly 10 times more viral load than
those infected with one of the other lineages discovered in Brazil
(B.1.1.28 or B.1.195) [106]. The Gamma variant had 2.2 times higher
transmissibility with the capacity to infect both adults and elderly
people, indicating that P.1 and P.1-like clades were more proficient at
attacking younger individuals, regardless of gender. The Gamma variant
is 1.4-2.2 fold more communicable, according to a report of samples
taken in Manaus between November 2020 and January 2021. It was also
shown to be capable of evading 25-61% of acquired immunity from
subsequent CoV diseases, referring to the possibility of re-infection after
recovery from an earlier COVID-19 infection. In terms of fatality ratios,
Gamma infections were shown to be 10-80% more fatal [107]. People
who have been completely vaccinated with Pfizer or Moderna had a
considerably reduced neutralization effect against the Gamma variant,
according to research, although the influence on the disease’s course
remains unknown [108]. According to a pre-print research published by
the Oswaldo Cruz Foundation in early April, patients who received the
first dosage of Sinovac’s Coronavac vaccine had a 50% effectiveness rate
in real-world situations. After the second dose, the effectiveness rate was
expected to be higher. However, the research remains underway as of
July 2021. The Oxford-AstraZeneca vaccine appears to be effective
against the Gamma variant, according to an initial report from two tests,
albeit the specific level of efficiency has not yet been published. Coro-
naVac appears to be effective against the Gamma form as well, according
to preliminary results from an Instituto Butantan research, which has yet
to be extended to obtain conclusive data as of July 2021[107].

1.2.7. Lineage B.1.617 and B.1.617.2
Also known as VUI-21APR-01, lineage B.1.617 emerged in India in
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October 2020 with three prominent substitutions L452R, E484Q, and
P681R in the spike protein. The two mutations in the RBD domain and
one adjacent to the Furin binding site accelerates the transmission of this
variant [109]. The infection rate, hospitalization, and mortality remain
under investigation, whereas the reinfection, vaccine, and natural im-
munity have slightly reduced. On the contrary, the B.1.617.2 variant
owns L452R, T478K, and P681R substitutions, which increases the
transmissibility and hospitalization by + 64% and + 85%, respectively
[110]. Moreover, the reinfection probability is decreased, while the
vaccine efficacy is also compromised [111].

1.2.8. Lineage B.1.168

With mutations E484K and D618G and two amino acid deletions,
Tyr145 and His146, in the spike protein, this variant was reported in
West Bengal, India. It was reported as the key immune evading variant
due to its ability to escape from multiple monoclonal antibodies and
convalescent plasma [109,146].

1.2.9. Other notable variants

Besides the aforementioned variants, other variants have been re-
ported in different countries. For instance, Los Angeles reported lineage
B.1.429 or the Epsilon variant in 50% of the samples, exhibiting
different mutations in ORFlab and spike protein. This variant with
D1183Y and 14205V mutations in the ORFlab and S13I, W152C, and
L452R mutations in the spike protein is also known as CAL 0.20C, 20C/
S:452R, CA VUI, or 21C. Variants B.1.429 and B.1.427 were classified as
VOCs by the CDC[112].

The Epsilon (CAL 0.20C) variant was first detected in California in a
total of 1230 samples during the COVID-19 pandemic [113]. This
variant disappeared; however, it was detected again in November 2020
in California. By January 2021, the Epsilon variant was reported in 36%
of the total samples processed in California, which then increased to
50% in the following months. In addition, this variant was discovered in
various regions in Northern California, according to a joint press state-
ment released by the University of Southern California and Santa Clara
Public Health Department. The prevalence of the variant in sequenced
samples from Northern California increased from 3% to 25% between
November and December 2020. In a research focusing on Southern
California, CAL 0.20C was defined as belonging to clade 20C and
responsible for around 36% of the infection, whereas an evolving
mutant from the 20G clade accounts for approximately 24% of the
infection. Consequently, as of January 2021, the 20G clade prevailed in
the United States (US) overall. Following the rise of Epsilon cases in
California, the variant has been found in variable percentages in most
states in the US. Furthermore, small populations have been found
infected with this variant in other North American nations, as well as
Europe, Asia, and Australia. However, its frequency swiftly decreased
after an initial spike in February 2021, as it was outbred by the more
contagious Alpha variant. Nonetheless, as of April 2021, the Epsilon
variant remains prevalent in portions of northern California. It had
almost vanished from the southern portions of the state and had not been
successful in establishing a stronghold beyond. Only 3.2% of all cases in
the US were infected with the Epsilon variant, while more than 2/3 were
infected with the Alpha variant. As of July 2021, the WHO does not
recognize the Epsilon variant as a VOC [113-115].

The Philippines’ Department of Health verified the identification of
two COVID-19 mutations in Central Visayas on February 18, 2021:
E484K and N501Y. The mutations were found in 37 of 50 samples, with
both mutations co-occurring in 29 of them, thus creating a variant
named lineage P.3 or the Theta variant. The variant was also detected in
Japan, UK, and Malaysia. As of July 2021, the Theta variant is no longer
regarded as VOC by the WHO [116,117].

Japan reported a new variant known as R.1 and was designated as
VOC by the National Institute of Infectious Diseases in Japan [117,118].
It harbors E484K mutation on the RBD of the spike protein and W152L
mutation on the N-terminal domain. The mutations may potentially
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have implications for immune evasion. Moreover, an estimated 6999
infections have been reported in 30 other countries and 1244 cases in
the US. In a limited study conducted in the US, the Pfizer-BioNtech
vaccine was shown to be 94% effective in preventing R.1 hospitalization
and mortality during an epidemic. As the Alpha followed by the Delta
variant increased in Japan, R.1 instances became increasingly rare [119,
120].

Linage B.1.620, also known as Lithuanian strain, was found in
Lithuania in March 2021. The variant could be found in both Central
Africa and North America. Other European nations, such as France and
Belgium, have also discovered the occurrence of this variation. In
comparison to the reference variant, this lineage exhibits 23 alterations
and deletions, most of which are distinct mutations. There is an E484K
mutation in this lineage. This variant has the D614G mutation, which
was seen in the majority of the circulating strains. P681H and S477N are
two more noteworthy variants [121-123].

In October 2020, lineage B.1.618 was discovered for the first time. It
shares the E484K mutation with many other variations and exhibited
considerable expansion in West Bengal, India, in April 2021. The
PANGOLIN database revealed 135 sequences discovered in India as of
April 23, 2021, with single-digit counts in each of the other eight nations
[124,125].

On February 24, 2021, Public Health England recognized Lineage
B.1.1.318 as a Variant Under Investigation (VUI) (VUI-21FEB-04, pre-
viously VUI-202102/04). It has been found in 16 individuals in the UK
[126]. Although lineage B.1.1.317 is not a variant of concern, it is
notable; the Queensland Health ordered two individuals undergoing
hotel quarantine in Brisbane, Australia, to spend an additional 5 days in
quarantine on top of the statutory 14 days when it was proven they were
infected with the variant.

1.3. SARS-CoV-2 new variants and the fate of COVID-19 vaccine

The rapid availability of vaccinations has altered the natural inter-
action between SARS-CoV-2 and its human hosts [127]. The emergence
of SARS-CoV-2 variants that are partly or completely resistant to the
antibody response induced by COVID-19 vaccinations needs further
evaluation [128]. According to a study, several vaccines produced for
the initial strain had lesser efficacy against the newly emerged variants
[129]. However, the US Food and Drug Administration declared all
FDA-approved vaccinations still effective against circulating
SARS-CoV-2 strains as of February 2021 [128].

1.3.1. Vaccine effectiveness against Alpha (Lineage B.1.1.7)

Several primary studies examined by the WHO revealed that Pfi-
zer-BioNTech, Oxford-AstraZeneca, and Novavax vaccines were effec-
tive against COVID-19 caused by the Alpha variant, with no data for
other vaccines yet. In addition, the WHO demonstrated that the most
widely dispersed immunizations retained antibody neutralization
against the Alpha variant, which is relevant to how vaccines, including
Pfizer-BioNTech, Sputnik V, Moderna, BBIBP-CorV, CoronaVac, and
Covaxin, can control the pandemic by preventing asymptomatic in-
fections. In the case of the Oxford-AstraZeneca vaccine, there is a low to
moderate reduction, and there is no data for other vaccines to date
[130]. Early reports suggested that Moderna and Pfi-
zer-BioNTechvaccines offer safety against the variants [131,132]. Ac-
cording to a trial, the Oxford-AstraZeneca vaccine exhibited a 42-89%
efficiency against the Alpha variant as compared to 71-91% against
other variants. Similarly, initial findings from clinical data also revealed
that the Novavax vaccine is 96% efficient against the original strain and
86% effective against the Alpha variant [133].

1.3.2. Vaccine effectiveness against Beta (Lineage B.1.351)

Preliminary findings reviewed by the WHO indicated that the
Oxford-AstraZeneca vaccine has shown a considerable reduction of new
infections caused by the beta variant, Novavax vaccine demonstrated a

Biomedicine & Pharmacotherapy 143 (2021) 112176

moderate protective effect against this variant, Pfizer-BioNTech and
Johnson & Johnson vaccines have lessened efficacy against the Beta
lineage, with no data for other vaccines yet. In addition, the WHO
revealed that most widely circulated vaccines may have reduced anti-
body neutralization against the Beta variant, which is relevant to how
vaccines can control the pandemic by reducing asymptomatic infections.
BBIBP-CorV and CoronaVac have shown minimal to modest reductions
in the effectiveness against the Beta lineage, while Johnson & Johnson,
Oxford-AstraZeneca, Pfizer-BioNTech, Sputnik V, Moderna, and
Novavax resulted in nominal to considerable decline against this variant
[130]. Moderna has begun testing its vaccine against the Beta variant,
also known as lineage B.1.351. [134]. Pfizer said on February 17, 2021,
that neutralizing activity for this version had been lowered by
two-thirds, but no entitlements regarding the vaccine’s efficacy in pre-
venting infection from this variant could yet be made [135]. Several
studies eventually verified that sera from patients inoculated with the
Moderna and Pfizer-BioNTech vaccines against the Beta variant had
lower neutralizing activity [104]. On April 1, 2021, an assessment on a
Pfizer-BioNTech South African vaccination study indicated that the
vaccine was a 100% effective thus far. Beta variants were found in 6/9
infections in the placebo control group [136]. Johnson & Johnson
developed vaccine, Ad26. COV2. S, was tested in South Africa and
claimed a 72% effectiveness against COVID-19 (moderate to severe) in
the US and 57% in South Africa as of January 2021 [137]. The Financial
Times reported on February 6, 2021, that data from preliminary trials of
a study conducted by the University of the Witwatersrand (South Af-
rica), in collaboration with Oxford University, revealed that the
Oxford—AstraZeneca vaccine was less effective against this variant. The
study indicated that the AZD1222 vaccine provided only “limited pro-
tection” in all cases, except the most severe instances of COVID-19 in a
sample size of 2000 people [138]. The South African Minister of Health
delayed the scheduled deployment of around a million doses of the
vaccine on February 7, 2021, while they evaluate the data and expect
guidance on how to proceed [138,139]. The “preliminary efficacy” of
the Novavax vaccine (NVX-CoV2373) was reported as 51% against the
Beta lineage. The disease condition for this trial, conducted in March
2021, ranged from mild to severe COVID-19 [140].

1.3.3. Vaccine effectiveness against Gamma (Lineage P.1)

Multiple exploratory trials assessed by the WHO showed that Coro-
naVac and BBIBP-CorV were effective against COVID-19 caused by the
Gamma variant of SARS-CoV-2, with no data for additional vaccinations
yet. In addition, the WHO found that Oxford-AstraZeneca and Corona-
Vac preserved antibody neutralization against the Gamma linage (no to
minimal reduction), whereas Pfizer-BioNTech and Moderna had a
relatively low neutralization (minimal to moderate reduction), with no
information for other vaccines to date. This is important because vac-
cines can control the pandemic by preventing asymptomatic infections
[141]. The Gamma variant, first discovered in Brazil and also known as
20J/501Y.V3, may partially evade vaccination, specifically the Pfi-
zer-BioNTech vaccine [104].

1.3.4. Vaccine effectiveness against Delta (Lineage B.1.617)

Several studies examined by the WHO indicated that
Oxford-AstraZeneca and Pfizer-BioNTech were effective against
COVID-19 caused by the delta variant of SARS-CoV-2, with no data for
other vaccines. In addition, the WHO showed reduced antibody
neutralization against the Delta variant with Oxford-AstraZeneca (sig-
nificant reduction), Pfizer-BioNTech, and Covaxin (small to moderate
reduction), with no findings for other vaccines yet [130]. Spike muta-
tions D111D (synonymous), G142D, P681R, E484Q [142], and L452R
[143] are among the 15 characteristic mutations, of which the last two
are synergistic for antibody invasion.

The advent of SARS-CoV-2 new variants has further aggravated the
situation, and the efficacy of the developed vaccines may or may not be
compromised. Preliminary reports from Pfizer revealed that the new
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variants slightly reduced the efficacy of the mRNA-based vaccine [144,
145]. Scientists also believed that new variants completely evading the
immune responses triggered by vaccines are very unlikely. Furthermore,
it is believed that the E484K variant may compromise the effectiveness
of the current vaccine. The emergence of new variants and reports of
reinfection are creating a more distressing situation and therefore de-
mands further investigation to formulate an effective therapeutic
strategy.

2. Conclusion

Researchers, private firms, educational institutes, ministries, and
people from all walks of life are focusing on eliminating COVID-19,
which has posed a serious health risk to human life. Preliminary data
generated from experiments are available for secondary research. In this
regard, computational methods and recent machine learning algorithms
have exponentially increased research on SARS-CoV-2; from virtual drug
screening to molecular mechanism and from vaccine designing to
COVID-19 platforms development, computational approaches have
been of great interest. They have significantly accelerated the compre-
hension of genomic patterns, proteomics, structure determination, mu-
tation stability, and function correlation, as well as tracing. However,
our knowledge concerning the virus remains limited. To the best of our
knowledge, there are no effective anti-COVID-19 strategies formulated
yet, and further research is needed to be warranted to increase our un-
derstanding of SARS-CoV-2 and forestall this infection in a living host.
Despite the increased interest to explore COVID-19, insightful under-
standing of the disease is needed. Specifically, the evolution of SARS-
CoV to SARS-CoV-2 with altered virus-host interactions in terms of
enhanced binding potentially led to higher levels of pathogenicity. Thus
prompted understanding of the associated viral mutations and viral
evolution is needed. Although, only few polymorphic sites are identified
for the SARS-CoV-2 variants, the spectrum of variants specific intra-host
variant interactions and dynamics related to the evolution of this virus
remains unknown. A genomic level mechanistic surveillance of the virus
may help to manage the potential spread of novel coronaviruses
affecting humans. Apart from this, the already developed vaccines and
drugs are also challenged by the emerging novel variants of the virus.
Herein, advanced studies are needed to explore the phenotypic relation
during virus-host interactions and assessing the impact of environmental
changes in relation to genomic sequences, more systematic methods are
needed to grasp the pathogenicity of COVID-19 associated infections.
Furthermore, vigorous methods for drugs screening such as artificial
intelligence (Al) assisted discovery and its laboratory tests are needed to
hamper the coronaviruses evolution. Further, mutational landscape of
spike protein to predict further lethal variant may inform the potential
risk of emerging variants.
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