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ABSTRACT
Coronaviruses has been spreading across the planet for more 
than two years now. Emerging new competent variants makes 
the surge never ending. With over thirty crore cases as on first 
week of January 2022 this virus has caused serious havoc to 
humanity.
Due to evolutionary selection, new variants become predom-
inant. These new variants are associated with higher transmis-
sibility, increased severity, re infection, immune and diagnostic 
escapes. It has been prescribed that emergence of herd immu-
nity either achieved by vaccination or by natural infection will 
be the game changer. Nonetheless COVID appropriate behav-
ior has to be strictly followed.
We take the opportunity to describe the variants which created 
and are still creating havoc all along the world. 
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INTRODUCTION
SARS-CoV-2 is an RNA virus that mainly affects 

the respiratory system and undergoes mutation as a 
part of replication. Mutation is not specific to Corona-
viruses; all the viruses mutate. More transmission and 
replication give the virus abundant opportunities for 
mutation. Newer variants caused desolating outcome 
as was witnessed in India during the second wave 
starting in late March 2021. 

With nearly 4 lakh Covid-19 cases daily there was 
system collapse both in the hospitals and crematori-
ums. But when the cases began to rise consequently in 
villages, rural areas were no exception. Due to Delta 
variant and delay in getting medical aid resulted in se-
vere consequences and increased fatality.1

Infections in some were severe, few were diagnosed 
negative on RT PCR tests in spite of having conven-
tional symptoms. These uncommon presentations 
were attributed to prodigious mutations which led to 
emergence of new variants of SARS Co V-2. The threat 
to global health is not over due to hypermutant vari-
ant Omicron which is spreading rapidly all across the 
globe. Omicron variant produces milder disease but if 
it spreads at such faster rate we can anticipate a hyper-
virulent mutation in the coming future.

Coronavirus is a constantly changing virus with 
endless mutations. Mutation is an important conse-
quence of viral replication. It is defined as an ‘error’ 
or change in the RNA sequence of the virus as it rep-
licates. The error can be in any form either substitu-
tion, deletion or addition of nucleotides. The import-
ant mutations are those conferring survival advantage 
and making the virus more competitive, for example, 
by increasing infectivity and virulence2. Multiple set 
of mutations leads to emergence of new “variants”. A 
strain is formed when a distinctly different phenotype 
with clear cut differences emerges due to sequences of 
variation. Covid-19 is caused by a Coronavirus strain 
known as SARS-CoV-2 which was different from the 
previous SARS CoV and MERS-CoV strains. A vari-
ant that deviates significantly from its viral ancestors 
may be identified as a new lineage (branch on the evo-
lutionary tree) and a group of lineages form a clade. 
Coronaviruses are expected to have rate of mutation 
ranging between 10−5 and 10−3 substitutions per nucle-
otide site per cell infection.3,4

SARS-CoV 2 can mutate due to random error 
during replication of virus, prolonged multiplication 
in immune-compromised individuals or due to im-
mune pressure faced after treatment with convalescent 
plasma or monoclonal antibodies. The spike receptor 
present on the Corona virus is the major mutation site. 
It is glycoprotein in nature and helps in entry of the 
virus. It has two surface areas, the N-terminal domain 
(NTD) which is mainly responsible for determining 
the host range and its receptor binding domain (RBD) 
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which helps in binding ACE 2 receptors. These are 
supposed to be the most common mutation sites. The 
mutations in S protein have also led to diagnostic es-
capes i.e. giving a false negative result on RT PCR tests.

Variants are emerging faster than they are being 
studied. Through this review article the authors have 
made a genuine effort to give an insight to major vari-
ants with the latest data available. It has been challeng-
ing as the virus was mutating at a faster rate and newer 
developments were seen almost every day.

Variants can be labelled by NextStrain nomencla-
ture system in which clade is written followed by ma-
jor mutation or PANGO nomenclature system which 
depends on lineage and sub lineages. For ex. “B.1.1.7”, 
in this case there was evolution of lineage B.1 and B.1.1 
evolved as a subst, which again changed to give at least 
7 lineages, one of which was B.1.1.7.5

If the variant shows increased transmissibility, en-
hanced virulence, more hospitalisations, escapes antibody 
neutralisation, diagnostic escapes etc. with genuine evi-
dence then the variant is called as a Variant of Concern.

Variant of interest refers to a variant associated 
with mutations with established or suspected pheno-
typic implications. 

On 31 May 2021, instead of using regional terms 
for variants, WHO has assigned new names to them 
and some of the major Covid Variants are discussed 
in Table 1.6,7 

Currently there are no Variants of Interest.
It becomes important to do gene sequencing and 

study these variants, to:
1. Identify the virus and determine it’s virulence and 

clinical presentation.
2. Determine the immunological responses and vac-

cine efficacies in mutant strains and thus help in 
formulating vaccines with better patient outcome.

Alpha variant (UK variant: B.1.1.7 lineage)
U.K. variant is labelled as B.1.1.7 / VOC 202012/01 

(variant of concern, year 2020, month 12, variant 01) / 
501Y.V1. WHO has renamed it as Alpha (α) variant. It 
was first detected in South East England in September 

Table 1
Covid Variants

S.NO. Variants First found in Pango 
lineage

Designation
history

Major mutations

1 Alpha U.K. B.1.1.7 VOC: Dec 2020
VBM: Sept,2021

N501Y, D614G, P681H,E 484K

2 Beta South Africa B.1.351 VOC: Dec 2020
VBM: Sept,2021

K417N, E484K, N501Y, D614G, A701V

3 Gamma Brazil P.1 VOC: June 2021
VBM: Sept 2021

K417T, E484K, N501Y, D614G, H655Y

4 Delta India B.1.617.2 VOC: June 2021
VBM: April,2022

L452R, T478K, D614G, P681R

5 Omicron South Africa & Botswana B.1.1.529 VOC: Nov 2021 P681H, N440K, N501Y, S477N, many 
others

6 Epsilon US B.1.427/ VOC: March 2021
VOI: Feb 2021 and June,2021
VBM: Sept,2021

L452R, D614G

7 Zeta Brazil B.1.429 VOC: Dec 2020
VBM: Sept,2021

E484K, D614G

8 Eta Nigeria P.2 VOI: Feb 2021
VBM: Sept 2021

E484K, D614G, Q677H

9 Theta Philippines B.1.525 VOI: March 2021 E484K, N501Y, D614G, P681H
10 Iota US P.3 VOI: Feb 2021

VBM: Sept 2021
E484K, D614G, A701V

11 Kappa India B.1.526 VOI: May 2021
VBM: Sept 2021

L452R, E484Q, D614G, P681R

12 Lambda Peru B.1.617.1 VOI: June 2021
VBM: Sept 2021

L452Q, F490S, D614G

13 Mu Columbia C.37 VBM: Sept 2021 T95I,YY144-145TSN,R346K, E484K, 
and N501Y
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2020 and in a very short period it spread all over and 
responsible for second wave of COVID in England.

This variant is known to have a total of 23 mu-
tations out of which 9 are in spike protein which fa-
cilitate attachment and entry and result in increased 
transmissibility. 

Three mutations which are of main concern were 
N501Y mutation, P681H mutation and deletion 
DH69/DV70 in S gene. Last mutation leads to failure 
to detect spike glycoprotein gene (immune escape) 
which results in false negative results. 8-10

The B.1.1.7 variant is more transmissible and in-
creased risk of death when compared to other strains. 
Transmission of this variant is 43% to 90% more than 
the original virus from Wuhan. Observational studies 
suggest an approximately 30% increased fatality rate 
associated with the variant.11

BETA VARIANT (SOUTH AFRICAN 
VARIANT, B.1.351)

This variant (20H/501Y.V2, B.1.351 lineage) was 
first detected in South Africa in October, 2020. It was 
also detected in other countries like USA/UK/Norway 
and India. It has 9 mutations in spike protein-coding 
sequences, and 3 in RBD, N501Y, K417N and E484K.12 
It was seen that B.1.351 variant had probable reluc-
tance to antibodies either developed by past infections 
or by vaccination.13 The issue was concerning as it 
reduced neutralization to several approved vaccines 
such as mRNA-1273, BNT162b2, ChAdOx1 nCoV-
19, NVX-CoV2373.14

A new more dangerous variant N501Y.V2 was 
identified in South Africa and Brazil. It has more se-
quence changes near RBD and it can affect the neu-
tralizing antibody (NAbs). 

GAMMA VARIANT (Brazilian variant, P.1)
Gamma variant P.1 (20J/501Y.V3) is an offshoot of 

B1.1.28 lineage was detected in January 2021 in Tokyo, 
Japan, in four people who had travelled from Brazil 
and a few days later in Manaus. It is reported to have 
17 mutations with 10 amino acid changes in the spike 
protein15,16. The three important amino acid changes 
were K417T, E484K, N501Y. These mutations led to 
higher transmissibility and decreased neutralization 
efficacy with vaccines or convalescent sera.

E484K was responsible for vaccine escape and both 
K417T, N501Y help in easy binding with human cells, 
thus leading to increased transmission.17,18

The P.2 variant also known as Zeta variant was re-
ported in Rio de Janeiro. The five P.2-specific muta-
tions are: E484K in S-gene, A119S in N-gene, 5’UTR 
C100U, L3468V and synC11824U in ORF1ab-gene.

DELTA VARIANT(B.1.617.2)
Delta variant is a sub lineage of B.1.617 vari-

ant.B.1.617 variant was the most common variant 
prevalent in India during the second wave. It was first 
detected in Maharashtra in October 2020. Though 
B.1.617 has around 13 mutations but it is known as 
“double mutant” as it has two major mutations:

a)E484Q: The E484K mutation in these variants 
is considered an “escape mutation” because it en-
ables SARS-CoV-2 to evade immune protection with 
monoclonal antibodies, which may decrease the effec-
tiveness of vaccines.

b) L452R: This mutation causes immunological 
escapes.

A third mutationP681R which is a substitution at 
position 681 may increase the cell infectivity of the 
variant.19

B.1.617 variant of SARS-CoV2 has three sub types 
or sub-lineages: (B.1) 617.1, 617.2 and 617.3.B.1.617.2 
has been renamed as Delta variant and B.1.617.3 
has been called Kappa variant. The mutations L452R 
and E484Q were peculiar to lineage B.1.617.1 and 
B.1.617.3 while L452R and T478K were expressed in 
lineage B.1.617.2. 20

In case of all the three sub-lineages, Delta variant 
has the ability to reduced antibody efficacy and re-
duced neutralisation by vaccine sera.21,22

Delta variant has increased transmissibility and is 
twice as easily spreading as alpha variant. It can lead to 
exponential spread and easily overburden health care 
systems which was truly witnessed during the second 
wave in India. It has around 23 mutations out of which 
twelve are in spike protein. From various studies it 
is seen that the delta variant 108% increased risk of 
hospitalization, 235% enhanced severe cases leading 
to ICU admission, and fatality rate increase of about 
133% 21,22

The highly infectious Delta variant (B.1.617.2) of 
Covid-19 has been mutated into a more virulent ver-
sion AY1 or Delta plus. Delta Plus (AY.1) variant is re-
sistant to monoclonal antibodies cocktail. It is charac-
terized by 666K417N, V70F and W258L mutations. In 
India Covaxin vaccinated individuals showed reduced 
neutralisation to Delta Plus variant. It was also report-
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ed to resist monoclonal antibodies. It was seen that it 
presents greater transmissibility due to greater affinity 
to the mucosal lining of lungs.23

OMICRON VARIANT (B.1.1.529,21K)
A new variant of concern Omicron has been de-

tected in several countries. First detected in South Af-
rica, Botswana and Gauteng province it is believed to 
be more transmissible than Delta. It takes about 2 to 
4 days to develop disease. It is a new variant of SARS-
CoV-2 that has recently been reported from South Af-
rica on 24th November 2021 and called as B.1.1.529 or 
Omicron. The variant has shown more than 60 mu-
tations.24,25 The critical mutations in spike protein are 
G339D, S371L, S373P, S375F, K417 N, N440K, G446S, 
S477 N, T478K, E484A, Q493R, G496S, Q498R, 
N501Y, and Y505H.25 The CDC has highlighted four 
key mutations that may aid transmission: N501Y, 
H655Y, N679K, and P681H, the last of which has 
also been found in the alpha variant, while a different 
mutation at this position (P681R) is found in delta. 
Current PCR testing does detect the variant, although 
several laboratories have said that one widely used test 
doesn’t detect one of the three target genes (S). This is 
the same gene dropout that was seen with the alpha 
variant in late 2020.26 WHO has said that this dropout 
can be used as a marker for the omicron variant before 
confirming with gene sequencing. NCDC also reports 
a subvariant of Omicron that is stealth variant which 
is spreading.27 

As per WHO BA.1., B.A.1.1 and B.A.2 are the 
commonly found sublineages of Omicron. Hospi-
talisations are increasing but fraction is less as com-
pared to delta wave. It is for sure that the variant is 
superspreading as we see in the exponential increase 
in cases, but the severity of clinical presentation is 
quite less. It will be premature to comment on vac-
cine efficacy impact and vaccine effectiveness as the 
studies are ongoing.

To monitor the genomic variations, Health Minis-
try and Department of Biotechnology (DBT) togeth-
er with Council for Scientific & Industrial Research 
(CSIR) and Indian Council of Medical Research 
(ICMR) has established a Consortium of 10 National 
Laboratories in December 2020. Now there are 28 labs 
at present who are undergoing gene sequencing. 

The samples are transported to the Regional Ge-
nome Sequencing Laboratories, where the genomes 
are sequenced and identified.

FUTURE PERSPECTIVES
It has been speculated that current vaccines will 

definitely decrease the disease severity, 
not reducing the risk of reinfections though. It has 

been discovered by scientists that virus is more like-
ly to mutate in regions with lower vaccination rates. 
Laboratory investigations on Pfizer‐BioNTech vac-
cines show a high level of protection from the Omi-
cron variant with threedoses.28Only the booster dose 
can increase the neutralizing antibody titers by 25‐fold 
compared with the other two dose Pfizer and other 
mRNA vaccines have been essential in launching mass 
vaccination campaigns in the United States and world-
wide.29

CONCLUSION
COVID has resurged and caused devastating threat 

to economy and global medical health system. The 
emergence of newer variants producing infections and 
reinfections all the more emphasizes on adaptation 
of COVID appropriate behaviour. Wearing masks by 
default, maintaining social distancing, hand hygiene, 
ventilation and vaccination is the ultimate key to re-
duce transmission of SARS-CoV-2. Vaccination is the 
only public health initiative which provides a ray of 
hope in the never-ending tunnel. Ongoing researches 
regarding vaccines and their efficacies and novel treat-
ment plans will definitely help us win the battle over 
COVID. 
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