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	 The coronavirus 2 illness (Covid-19) global pandemic has resulted in severe infection 
causing fever, cough, shortness of breath, pneumonia and even death. WHO is monitoring 
intimately in coordination with scientific experts and government agencies, the transmission 
rate of this virus and its neoteric variants identified worldwide. Since the start of year 2020, 
all the health authorities of each country are working in collaboration to explore the scientific 
information on coronavirus and providing essential guidelines to save humans. Undoubtedly, 
this pandemic impacted many lives regardless of all preventive steps followed to minimize 
its transmission. Currently, multiple anti Covid-19 vaccines are available everywhere and 
government authorities are monitoring and providing the guidelines for taking booster dose of 
vaccine to minimize and control the transmission of different variants of this virus. It is rational 
to state that some of the available anti Covid-19 vaccines may not be highly efficient against 
new emerging variants so further investigation and research are the need of hour. Therefore, 
the present review portrayed the features of the novel variants and mutations of coronavirus 
2 (Covid-19) and therapeutic updates associated with the effectiveness of different vaccines 
against new strains reported worldwide.
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	 The neoteric variant of Covid-19 virus 
(coronavirus 2), the contributing representative 
of Covid-19, that flare-up in year 2019 and was 
declared as global pandemic in March 2020. 
As of April 2022, there have been beyond 0.5 
billion cases universally with exclusive of 6.19 
million loss of lives.1,2 This Covid-19 pandemic 
has outcome to social, cognitive, and economical 
collapse. Meanwhile, numerous Covid-19 vaccines 
have been developed in a very short period by late 

2020 for emergency use and are competent towards 
distinctive variants to diminish this pandemic.3,4 
The approval for emergency use of different 
vaccines by the World Health Organization in 
less than a year is remarkable and a matter of 
pride in medical research. In addition to the 
fact that mortality and morbidity rate of this 
pandemic is very high resulting to further epidemic 
outbursts. Hence, development of further advanced 
therapeutic and preventive approaches is very 
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crucial. Undoubtedly, primary detection in early 
phase and proper treatment will minimize the 
outbreak of Covid-19.5.6

	 However, by the end of 2020, the new 
variants of Covid-19 have been perceived and 
recognized in numerous regions. The mutation of 
genetic material of viruses is a common process, 
and recently around 4000 transmutations in the 
spike amino acid chain of coronavirus 2 have been 
reported that prompted new travel restrictions, 
lockdowns and border closings and ultimately 
massive mortality rate. Furthermore, a viral mutant 
can abscond the human defense mechanism and 
proliferate or duplicate more competently within 
the human body.7-10

Covid-19 Virus Variants and Mutations
	 It is intrinsic capability of viruses to 
undergo mutation process continuously and 
resulted in variants. Covid-19 virus (â-coronavirus) 
consists of single-stranded positive ribonucleic acid 
(RNA) viruses (Figure 1). Therefore, likely to all 
RNA viruses, it is more susceptible to mutation 
by alternating its genetic code after replication 
in human body. This virus has integral structural 
RNA repair system, and hence its mutation process 
is relatively slow-going than almost further RNA 
viruses. The genome of Covid-19 virus investigated 
in month of October 2020 has nearly 20 mutations 
in relation to the first strain gnomically sequenced in 
January 2020. Subsequently, numerous mutations 
of Covid-19 virus have been detected around us and 
most of the genetic alterations in Covid-19 virus 
promoted extensive transmissibility and turned 
down susceptibility to natural immune system.11-15 
	 Between the year 2020-2021, Covid-19 
virus variants were recognized at a high rate 
that were more transmissible than currently 
reported strains and feasibly less permitted to 
neutralization by host antibodies. Additionally, 
it is a fact that further novel ‘variants of concern’ 
will be identified and reported in future. Hence it is 
highly recommended to develop a research agenda 
confirming rapid detection and characterization of 
variants of concern, to underpin swift and effective 
global human public health responses.16-18

COVID-19 Virus Variant Definition and 
Categorization 
	 A variant is a viral genome containing 
intrinsic mutations. Subsequently, the group of 
variants with equivalent phenotypic alterations, 

such as a linkage or species of linkages, may 
be termed as VOC or VOI by the public health 
organizations around the world. Hence, a 
Covid-19 variant may have multiple mutations 
that distinguish it from other variants. Therefore, 
scientists of various countries are comparing the 
genetic differences to identify the variants and their 
relations.19-22

	 In a document released by World Health 
Organization on 25 February 2021, it is stated 
that, VOI is an isolate of Covid-19 virus that 
has genotypic and/or phenotypic modifications 
comparable to the standard reference genome 
and a VOC is a VOI that has remarkably more 
transmission rate, increase in virulence and/
or ineffectively controlled by public health 
measures. The possible attributes of VOI are 
specific genetic markers affecting transmission 
rate, diagnosis, therapeutics, or immune escape. 
It requires sophisticated public health actions like 
increased surveillance, laboratory characterization, 
assessment of viral transmission rate and its severity 
and determination of efficacy of vaccines.23-25

	 A VOI (as interpreted above) is a VOC if, 
through a correlative analysis, it has been exhibited 
to be integrated with an escalation in transmission 
or destructive alterations in Covid-19 pandemic 
pattern26-30. The different variants of Covid-19 have 
been enlisted along with some effective approved 
vaccines in table 1.
COVID-19 VIRUS Discovered Variants 
Alpha (B.1.1.7)
	 The Alpha variant (B.1.1.7) was the first 
identified variant, its trans ability and transmission 
rate was much higher than Covid-19 virus first 
strain. First time, it was detected in UK during Nov 
2020. The rapid trans ability of this variant forced 
to think on the mutation in spiky glycoprotein of 
wild type Covid-19 virus and its different from 
the usual mutation has been observed, and it’s 
becoming in the category of VOC31. It is reported 
that a limited number of B.1.1.7 with E484K 
variations have been detected. Finally, on 31st 
May 2021, WHO declared that this VOC would 
be named as ‘Alpha’ for the public forum.32,33

	 This variant is acknowledged by various 
names like UK variant, English variant, and British 
variant as it was first identified in the UK and for 
UK it was called Kent variant because first sample 
was identified in Kent34-35. For science community, 
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first time it was referred in the category of (VUI-
202012/01) in late 2020. This variant was also 
called variant 20I/501Y.V1 by Nextstrain. The 
mutated form of alpha variant with E484K was 
named as VOC-202102/02. According to COG-UK 
Consortium, 4000 mutations has been identified in 
the alpha variant’s spiky glycoprotein.36 
	 As compared to existing Covid-19 
virus variants, the transmission rate of B.1.1.7. 
variant was 43 to 90%. According to COG-UK 
report, the transmissibility rate of this variant is 
50-100% higher and another report said that it 
was 75% more transmissible between Oct-Nov 
2020 in UK. Thereafter, later studies revealed 
that previous estimation of transmissibility was 
overestimated.37-38 The Dutch Ministry of Health 
reported that transmissibility of this variant 
fluctuated between 28%-47% higher than wild type 
in first six weeks of 2021. Thereafter, many studies 
and reports revealed the same transmissibility rate 
of this variant in many countries.39-41 
	 The most observable mutation in 
descendant B.1.1.7 is N501Y, which is the 
modification of asparagine to tyrosine at 501 
orientations. This position is present specifically in 
the spiky glycoprotein’s RBM, which is segment 
RBD interacts with ACE242-43. The mutations in 
RBD is difficult to recognize by antibody and easily 
bind to ACE2 which lead to more virus infection.44 
Beta (B.1.351/ 501Y.V2)
	 The Beta version, (B.1.351/501Y.V2), was 
first discovered in last month of the year 2020 in 
southern part of African region, sparking a second 
COVID-19 outbreak before being transmitted 
worldwide.  It was observed that between October 
2020 and January 2020 in South Africa, Covid-19 
positive cases were increased from 2,000 to over 
20,000 in a day45-46. Beta variant was characterized 
VOC by Centers for Disease Control (CDC), and as 
of June 2021, the transmission rate of Beta variant 
was estimated to be beyond 50% in numerous areas 
in African continent. The Beta variant has three 
spike protein variations namely (K417N, E484K, 
and N501Y) as well as five N-terminal domain 
(NTD) alterations, one of which is a loss within 
the NTD supersite at position 242-244. K417N, 
which helps the virus adhere to human cells more 
tightly, E484K, helps the virus in escaping some 
antibodies, N501Y helps the viral genome to attach 
firmly to human cellular component.47

	 The competency of vaccine BNT162b 
against the Beta strain was assessed at around 
72% in previously mentioned Qatar cohort trial, 
which was 15% lower than the Alpha version. In 
March 2022, the number of cases with beta variant 
were still the highest in the African continent with 
South Africa leading with 7169 cases, Europe and 
France had 3426 cases, US had 3154 cases and 
Canada had 1484 cases, India had 312 cases and 
the United Arab Emirates had no cases of the beta 
variant. The Beta variation has been a major source 
of worry for the Covid-19 immunization effort in 
terms of vaccine-induced immunity escape. Several 
authorized vaccines, including mRNA-1273, 
BNT162b2, BBIBP-CorV, ChAdOx1nCoV-19, 
NVX-CoV2373, and mRNA-1273 have exhibited 
lower serum neutralization.48-50

Gamma (P.1)
	 The Gamma variant (P.1) of Covid-19 
virus, was designated as VOC in January, 2021. 
The Brazilian variant or Brazil variant are some 
of the other names for this variant as Brazil was 
the first place where this variant was discovered. 
The variant has demonstrated a high level of 
transmissibility. Descendant P.1 is a Covid-19 virus 
variation with modifications in amino acid peptide 
chain, 10 of which are in the spiky glycoprotein, 
of which 3 namely N501Y, E484K, and K417T 
are of exceptional interest. The agency NIID 
located in Japan, first discovered this strain of 
Covid-19 virus on January 6, 2021. The Gamma 
variation is made up of two sub derived variants, 
28-AM-1/2, each includes the K417T, E484K, 
and N501Y mutations. Gamma is distinct from 
the Zeta form (descendant P.2), which was also 
widely distributed in Brazil.51-53 Zeta, an instance, 
only possesses the E484K mutation and none of the 
other two dangerous variants, N501Y and K417T. 
According to initial reports, P.1 and P.2 were two 
distinct offspring of the Brazilian descendant 
B.1.1.248. B.1.1.248 was reclassified to B.1.1.28 
after losing its identity as a separate descendant. P.1 
has also been referred to as B.1.1.28.1, and P.2 has 
been referred to as B.1.1.28.2 or VUI-202101/01. 
Because the PANGO descendant method of naming 
allows only three sub-levels, B.1.1.28.1 is assigned 
to P.1 and B.1.1.28.2 is assigned to P.2., following 
its discovery GISAID received genomic data for 
four samples of the novel variation. 54-56
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Fig. 1. The shape constitution of SARS-CoV-2

	 Covid-19 virus variant gamma contains 
10 alterations in its spiky glycoprotein, including 
N501Y and E484K, and open reading frames 
(ORF1a, ORF1b, and ORF8) gene. The descendant 
P.1, P.2, P.3, and P.4 of the coronavirus descendant 
B.1.1.28 have been identified as (VOC). The 
descendant P.2 (B.1.1.28.2, Zeta variation), 
discovered in Brazil in October 2020, has only one 
mutation with P.1: The E484K. The remaining P.2 
mutations are unimportant and are only sometimes 
encountered in other forms. E484K in S-gene, 
A119S in N-gene, 5’UTR C100U, plus L3468V 
and synC11824U in ORF1ab-gene are the five 
P.2-specific mutations. 3’UTR C29754U, F120F 
(synC28253U) in ORF8, M234I in the N-gene, 
plus L3930F and synA12964G in ORF1ab are 
all prevalent mutations in P.2. In Philippines, 
descendant P.3 (Theta variation) was identified 
during the second month of 2021. The descendant 
P.4 is the only extant B.1.1.28 virus. Although 
its exact origin is unknown. It has the L452R 
mutation in the spiky glycoprotein, which has 
also been found in descendant B.1.617 (Delta and 
Kappa variants) from India and Epsilon variation 
(descendant B.1.427 and B.1.429) from California. 
The P.4.1 (VUI-NP13L) branch of this descendant, 
emerged in Goiás, Brazil, Japan, Netherlands, 
and England during the year 2020, in spiky 
glycoprotein, P.4.1 possesses mutations V1176F 
and D614G.57-60

Delta (B.1.617.2)
	 The Delta (ä) variant of Covid-19 virus 
(B.1.617.2), is the major ill-famed variant amongst 
Covid-19 virus variants. The ä species was 
identified in December 2020 in India and named 
during May 2021. The ä variety also exhibits a high 
rate of transmissibility in comparison with other 
Covid-19 virus variants that transmitted to more 
than 175 countries by November 2021. The Public 
Health England (PHE) mentioned a 10.8 percent 
secondary firing rate in infected persons of non-
travel or unidentified cases for ä in comparison with 
the 10.2 % á variant; the death rate those persons 
were 386,835 with ä cases 0.3 %. In addition, 46 
% of cases for unvaccinated and 6 % of deaths 
being below 50 years of age humans. Immunity 
from prior recoveries or Covid-19 immunizations 
is required. Therefore, it is regarded to be among 
the highly contagious respiratory viruses. As a 
result, the esteemed organizations like WHO and 
CDC specify this variant as VOC and became the 
prevalent strain globally.61,62 
	 The ä version was recognized in the 
beginning in India, as a result as “Indian Variant.” 
The ä pedigree B.1.617 has been identified as the 
three variations in India. After that, WHO issued 
the tag of ä to descendant B.1.617.2 on May 2021. 
Three sub descendants come under descendant 
B.1.617. Among them, B.1.617.1 sub-descendant 
are named as Kappa. After some time, another 
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VUI was identified as both sub-variants, such as 
B.1.617.2 and B.1.617.3. In addition, B.1.617.1 
and B.1.617.3 variants don’t have T478K. At the 
same time, ECDC released a concise maintaining 
of the three sub-descendant B.1.617 regarding VOI. 
Additionally, the ä versions further subcategorized 
in the variants (AY.1 - AY.28) in August 2021. 
However, these variants (AY) have been found 
in all over the world. Among them AY.4 to AY.11 
variants were the largest in the United Kingdom, 
whereas in USA and Mexico, various types of 
variants also present such as AY.2, AY.3, AY.13, 
AY.14, AY.25, AY.20.63-64 
	 The ä variant had mutated the gene 
expressing the spiky glycoprotein of Covid-19 
virus, resulting in the replacements T478K, P681R, 
and L452R, which have been reported to impact the 
viral infection. Mutations also specify the changes 
in genes expressing its spiky glycoprotein resulting 
in the alterations of D614G, T478K, P681R, and 
L452R. The descendant of B.1.617.2 genome of ä 
has thirteen alterations that cause mutation in the 
peptide chain of proteins it encodes.65-66 
	 These spiky glycoproteins of the ä variant 
of the virus have all codes where among them, four 
are especially concern; In the D614G, aspartic 
acid (Asp)-to-glycine (Gly) replacement at site 
614 is conserved through other highly pathogenic 
variants such as á, Beta (â), and Gamma (Ò). In the 
second mutation T478K, the transition occurred at 
point 478 from threonine (Tyr)  to lysine (Lys). 
Furthermore, at position 452 of L452R mutations, 
the alteration from leucine-to arginine increases 
the spiky glycoprotein affinity towards the ACE-2 
receptor and lowers immune system recognition 
capabilities. In the mutation P681R, the substitution 
at site 681 from proline-to-arginine may upgrade 
the variant’s cell-level transmissibility by splitting S 
precursor protein to the active S1/S2 configuration. 
Finally, another mutation of E484Q does not exist 
in the genome of B.1.617.2.67-69

	 Delta plus (ä+) variant having K417N 
mutation that was initially matched to AY.1 and 
AY.2, then linked with descendant AY.3. Since 
about October 2021, this AY.3 variations has 
had an accumulative frequency of around 5% in 
Americans and 2% globally. The AY.4.2 version 
maybe 10-15% higher transmittable than the classic 
Delta type. AY.4.2 increases at a rate of around 15% 
quicker every week.70

Omicron (B.1.1.529)
	 Around the end of year 2021, Omicron was 
transmitted in varied countries, after drastic 
escalation in  Covid-19 cases in Gauteng province of 
South African region confirming the novel variant’s 
detection. The first Omicron confirmed case was 
reported on 9 November 2021, by the end of 2021 
it was transmitted and identified at 22 countries 
including Asian, African, European, American 
continents. Omicron has many mutations, some 
of which are alarming. The mutations include T91 
in the envelope, P13L, E31del, R32del, S33del, 
R203K, G204R in the nucleocapsid protein, D3G, 
Q19E, A63T in the matrix, N211DEL/L212I, 
Y145DEL, Y144DEL, Y143DEL, G142D, T95I, 
V70DEL, H69DEL, A67V in the  N-terminal 
domain of the spike, Y505H, N501Y, Q498R, 
G496S, Q493R, E484A, T478K, S477N, G446S, 
N440K, K417N, S375F, S373P, S371L, G339D in 
the receptor-binding domain of the spike, D796Y 
in the fusion peptide of the spike, L981F, N969K, 
Q954H in the heptad repeat 1 of the spike as well 
as multiple other mutations in the non-structural 
proteins and spiky glycoprotein.71-73

	 The South African epidemiologists 
suggested an increased risk of reinfection with 
Omicron, in comparison to other VOC. The 
mutations were so promising that many scientists 
raised the concern of partial resistance of this 
strain to approved Covid-19 vaccines, although 
the investigations have been in process. It is still 
unclear whether the transmission rate of Omicron 
is more compared to other variants of this virus, or 
whether infection resulted from Omicron is caused 
more severe illness.  In one of the published reports 
of WHO on 7 December 2021 it was mentioned 
that 57 countries globally have identified Omicron 
cases. However, the actual transmission figure 
of its spread might be in excess due to retarded 
declaration and inadequate reconnaissance in some 
countries.74-76 
	 The delta variant remains the most 
predominant and is responsible for 99.8% of 
Covid-19 positive cases globally in relation with 
previously identified variants.  Omicron has 
enormous mutations in its genomic structure, more 
than 30 mutations are in the spiky glycoprotein 
which Covid-19 virus uses to gain entry to our 
cells, allowing it to multiply and transmit.77-80 
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New Challenges on Public Health due to New 
Variants
	 The countries around the globe are facing 
the disgraceful public health crisis than ever due to 
Covid-19 virus. However, in a short period of time 
since this pandemic started several vaccines have 
been approved my health authorities but since this 
virus changes its properties very quickly, so some 
of the vaccines have been found ineffective against 
the new variants.1,12-30 
	 It has been reported that humans 
administered with single and double dose of 
Covid-19 vaccine have 75-94% less chances to get 
hospitalized compared with those have not taken 
any of the vaccine doses. It is well known fact that, 
vaccination helps boosting a prolonged defense 
feedback and the severity of Covid-19 can only be 
reduced by increasing the vaccination programme 
everywhere in the world. Additionally, it is also 
important to provide the booster dose of vaccines to 
reduce morbidity and mortality rate worldwide.55-60

Conclusion

	 The replication of Covid-19 virus genome 
leading to emergence of genetic variants, most 
of these variants influence virus transmission, 
extremity of disease including the vaccine 
induced immune response in global population. 
The variants of Covid-19 virus resulted to 
increased transmission rates, morbidity, and 
mortality. Additionally, variants escape detection 
through diagnostics kits, resulting to decreased 
susceptibility for treatment by antiviral agents, 
monoclonal antibodies, and plasma therapy. 
	 The clinical outcomes of infection 
caused by Covid-19 variants should be explored 
meticulously in children, pregnant women, and 
older people. The studies should explore the impact 
of variants on immune response of the people and 
response to therapeutics also need to be assessed. 
The framework of modern techniques of genome 
sequencing are needed to support large scale 
surveillance and assessment. This framework will 
help to identify, track and estimate new variants 
globally. 
	 It has been reported that new strains of 
Covid-19 virus are around 50% more contagious 
than the first strain of Covid-19. The approved 
vaccines are likely to be less effective against the 

new strains and warrant further studies to confirm 
the efficacy. The disease control should continue 
to be prioritized to minimize the risk of mortality. 
It is highly recommended that vaccination 
technology must be updated regularly to increase 
the immunity of humans against different variants 
of Covid-19 virus and vaccination programmes for 
booster dose should be implemented at massive 
scale in all countries. The global synchronized 
regulatory processes are required to increase fast 
development, assessment of reformed vaccines 
targeting the variants.
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