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Abstract
The Delta variant is one of the alarming variants of the SARS-CoV-2 virus that have been immensely detrimental and 
a significant cause of the prolonged pandemic (B.1.617.2). During the SARS-CoV-2 pandemic from December 2020 to 
October 2021, the Delta variant showed global dominance, and afterwards, the Omicron variant showed global dominance. 
Delta shows high infectivity rate which accounted for nearly 70% of the cases after December 2020. This review discusses 
the additional attributes that make the Delta variant so infectious and transmissible. The study also focuses on the significant 
mutations, namely the L452R and T478K present on the receptor-binding domain of spike (S)-glycoprotein, which  
confers specific alterations to the Delta variant. Considerably, we have also highlighted other notable factors such as the 
immune escape, infectivity and re-infectivity, vaccine escape, Ro number, S-glycoprotein stability, cleavage pattern, and 
its binding affinity with the host cell receptor protein. We have also emphasized clinical manifestations, symptomatology, 
morbidity, and mortality for the Delta variant compared with other significant SARS-CoV-2 variants. This review will help 
the researchers to get an elucidative view of the Delta variant to adopt some practical strategies to minimize the escalating 
spread of the SARS-CoV-2 Delta variant.

Keywords Delta variant · Distribution · Infectivity · Immune escape · SARS-CoV-2

Introduction

The world has been facing a pandemic since early 2020 
named COVID-19. The principal causative agent behind 
this pandemic is the SARS-CoV-2 virus. Like other RNA 
viruses, SARS-CoV-2 has also encountered many alterations 
in its transmissibility and infectivity, causing severe 
threats to the world population (Chakraborty et al. 2020; 
CDC 2021). By examining the pattern of infection since 

2020, the World Health Organization (WHO), Centers for 
Disease Control and Prevention (CDC), the USA, and the 
European Centre for Disease Prevention (ECDC) classified 
the emerging SARS-CoV-2 variants into two essential 
categories, namely variant of concern (VOC) and variant 
of interest (VOI). The VOCs are causing typical threats to 
human life by altering several clinical manifestations of the 
disease, and they are much more virulent and transmissible. 
On the other hand, the VOIs are emerging due to amino 
acid replacements that alter several viral characteristics 
(Campbell et al. 2021; Gómez et al. 2021).

The Delta (B.1.617.2) variant was first identified in 
Maharashtra, India, in late 2020. According to several 
published medical reports, this variant is responsible for 
about 70% of cases in the Indian subcontinent as of May 
2, 2021 (Cherian et al. 2021; Chakraborty et al. 2021b; 
Kunal et al. 2021). Based on massive transmission, the 
CDC designated this variant to the VOC category from the 
VOI category. The Delta variant was reported in 50 other 
countries within a very short tenure. By August 2021, a 
total of 163 countries worldwide were affected by this 
variant. The timeline diagram depicts a critical series of 
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events from the first detection of the Delta variant, nam-
ing, and transmission (Fig. 1). This variant comprises 7 
to 8 mutations in the spike trimeric protein complex and 
several characteristic mutations in ORF (1a, 1b, 3a, 7a, 
8), nucleocapsid (N) protein, and membrane (M) protein 
(Table 1) (Farinholt et al. 2021). The mutations in the 
viral genome of the Delta variant account for many distinct 
characteristics. This variant also had an altered receptor-
binding domain (RBD) conformation accounting for its 
strong affinity with the human ACE receptor, enhancing 
cleavage efficiency of the transmembrane serine protease 
2 (TMPRSS2). Consequently, it demonstrates powerful 
and efficient viral entry by evading the membrane of the 
host cells (Hatmal et al. 2020; Ogawa et al. 2020). The 
mutations in the viral genome of this variant have exerted 
alterations in the antigenic properties, questioning the effi-
cacy of the available vaccines (Zhang et al. 2021). Some 
of the mutations in the RBD domain of the Delta variant 
include P681R, D614G, T19R, T478K, G142D, L452R, 
R158G, D950N, and Δ156–157 (Chakraborty et al. 2021a; 
CDC 2021). The invasion of the ACE2 receptor of the host 
cell is highly dependent on the conformation of the RBD. 
Thus, scientists have stated that the mutations in the RBD 
region, namely T478K and L452R, increase the transmis-
sion rate and infectivity rate of the Delta variant (Baral 
et al. 2021; Chakraborty et al. 2021c).

As per WHO’s reports, out of the several VOCs, the 
Delta variant is the “fastest and fittest” strain that has 
emerged to date. It significantly impacts the transmis-
sibility rate, which is twice that of the primitive strain 
isolated from Wuhan and 40–60% than the Alpha variant. 
The symptoms caused due to the infection of the variant 
are more or less similar to the other variants. Still, in some 
extreme cases, the disease results in hearing disability, 
gastrointestinal (GI) tract infections, and problems related 
to blood clotting (Shiehzadegan et al. 2021).

Therefore, this review is primarily focused on the leading 
state of the distribution of the SARS-CoV-2 Delta variant, its 
viral load, the cleavage pattern, binding affinity, and stability  
of the spike protein. Subsequently, we have highlighted the 
Delta variant's infectivity, re-infectivity, immune, and vac-
cine escape ability. Our crucial interpretations of the muta-
tion-specific viral variant (B.1.617.2) might help and act as 
a practical approach for further research and development 
against this COVID-19 pandemic.

Distribution of Delta variant

The Delta variant has been transmitted worldwide and might 
be one of the potential causative agents behind the detrimen-
tal second wave in India (Vaidyanathan 2021; Yadav et al. 
2021). After initial detection in India, it quickly acquired 
a greater prevalence in the whole country until May 2021 
(Campbell et al. 2021; Del Rio et al. 2021). The Delta vari-
ant reported a higher number of cases from the UK between 
February to May 2021 (Kunal et al. 2021). This variant was 

Fig. 1  The timeline represents 
the series of events of the 
SARS-CoV-2 Delta variant first 
report, naming, and transmis-
sion

Table 1  Significant mutations in the Delta variant of SARS-CoV-2 
virus. The mutations are derived from the Nextstrain server (Next-
strain 2021) and the CoVariants server

Sl. no Gene Significant mutations

1 ORF1a P2046L,V2930L
2 ORF1b P314L, G662S, P1000L, A1918V
3 ORF3a S26L
4 ORF7a V82A, T120I
5 ORF8 D119I, del120/121
6 S T19R, E156G, L452R, T478K, 

D614G, P681R, D950N
7 M I82T
8 N D63G, R203M, G215C, D377Y
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also responsible for a series of new infections in the USA. 
The first case was reported in February 2021. The Delta 
attack was detrimental in places with low vaccination cover-
age, for example, the Southeastern parts of the USA. Due to 
a very high vaccination coverage in the UK, the Delta variant  
infected people, but the severity was fewer and very limited 
of the subjects required hospitalization (Del Rio et al. 2021). 
The massive outbreak caused by the Delta variant was very 
rapid compared to the other variants that emerged from Bra-
zil, South Africa, and Italy.

Remarkably, the Delta variant is currently distributed 
throughout the globe, including the USA, Europe, Latin 
America, South America, South Africa, different Asian 
countries, and Australia (Fig. 2). Previous variants were 
less harmful than the Delta variant (Shu and McCauley 
2017). The Delta variant has been detected in more than 80 
countries worldwide, and presently another similar lineage 
with greater virulence called Delta plus has been reported  
in Maharashtra, India (Press Information Bureau 2021). 
Delta plus variant contains additional mutation (K417N) in  
S-protein compared to the Delta variant (Kannan et al. 2021). 
The prevalence of Delta variant throughout the world and 
the submitted sequences of Delta variant as country-wise 
distributions are shown in Table 2. Furthermore, the conti-
nent-wise sequence count in the 7-day rolling average of the 
Delta variant is also represented in Fig. 3. Subsequently, the 
continent-wise sequence frequency of the B.1.617.2 lineage 
in a 7-day rolling average is shown in Fig. 4.

Basic Ro number and viral load

The basic reproduction number (Ro) is the average number 
of infections transmitted by an infected human being in a 
completely new population without pre-exposure to vac-
cines and therapeutics (Katul et al. 2020). The Delta vari-
ant has a much higher Ro value than the primitive strain. 
The Ro value for the Delta variant is 5.08, whereas the wild  
strain has a value of 2.79 (Liu and Rocklöv 2021). The 
infections by the Delta variant elucidated that this vari-
ant has a more significant viral load and Ro number, con-
tributing to its extraordinary transmission and virulence 
supremacy (Mlcochova et al. 2021; Ong et al. 2021). A 
high Ro value also indicates a more excellent coverage of 
vaccines to combat the ongoing pandemic. The vaccine 
coverage rate should be increased to 60–70% compared 
to the Wuhan strain. According to the equation q = 1–1/ 
Ro, Ro value above 5 needs a more excellent coverage 
of vaccines (approximately 80%) to combat the disease 
provided the vaccine administered is 100% efficient (Abu-
Raddad et al. 2021). This Ro number may even be higher 
in the case of the Delta variant because, at the time when 
this value was estimated, most of the countries imposed 
lockdown. The vaccine coverage rate should be nearly 
90% (Liu and Rocklöv 2021). Recently, a hypothesis was 
provided by Professor Martin Hibberd, London School 
of Medicine, on Ro value and stated that the Ro value 
for a variant is nearly 6 or 7 (Burki 2021). The several 

Fig. 2  The figure shows the distribution of Delta variants in different 
countries. The figure illustrates the Delta variant distribution through-
out the globe, such as the USA, Europe, Latin America, South Amer-

ica, South Africa, different Asian countries, and Australia. The Delta 
variant was first found in India and spread throughout the world. The 
figure was developed by the Nextstrain server (Nextstrain 2021)



20 Folia Microbiologica (2023) 68:17–28

1 3

mutations in the genome of the Delta variant are mainly 
responsible for its higher viral loads.

Cleavage pattern, binding affinity, 
and stability of the spike protein in Delta 
variant

In recent days, the Delta variant has been dominating the 
pandemic. Most of the reported cases confirm the presence  
of the Delta variant of the SARS-CoV-2 virus. A more signif-
icant number of mutations in the spike glycoprotein also play  
a vital role in viral transmissibility, infectivity, antigenic-
ity, etc. The L425R, D614G, and T478K mutation in the 
RBD of the spike proteins in the carboxy-terminal of the S1 
domain increases the Delta variant’s transmissibility. These 
mutations also alter some critical parameters regarding the 
ACE2-binding capability. It brings a conformational change 
in the spike protein affecting its binding with the human  
ACE2 receptor. The extreme pathogenicity and transmissi-
bility also depends on the cleavage efficiency. All the B.1.617  
variant sublineages, including Delta, possess an additional 
mutation in the  618th position proximal to the furin cleav-
age site. It has been noted that the P618R strongly enhances 
the cleavage by the furin (Peacock et al. 2021). Due to the 
E484K mutation in the viral genome of the Delta variant, 
the RBD conformation gets altered. It remains in the “open-
up” state, increasing the immune-evading capacity of this 
deadly virus. This “open-up” conformation also enhances 
more viruses to bind with the host ACE2 receptors (Gobeil 
et al. 2021).

Table 2  Country-wise distributions data of the Delta variant sequences

Sl. no Country First case reported Submitted 
sequences of Delta 
variant

1 Mexico 2020–09-22 28334
2 India 2020–10-30 43064
3 Sweden 2020–11-19 104631
4 USA 2020–12-16 995184
5 Italy 2021–01-07 50228
6 Spain 2021–01-29 50340
7 Canada 2021–01-26 91638
8 Germany 2021–02-07 195605
9 Australia 2021–02-07 14689
10 France 2021–02-27 69742
11 Turkey 2021–03-09 60795
12 South Africa 2021–03-18 9491
13 UK 2021–03-18 609208
14 Greece 2021–03-23 5228
15 Japan 2021–03-28 90710
16 Denmark 2021–03-29 98408
17 Belgium 2021–04-06 31908
18 Switzerland 2021–04-07 36000
19 Pakistan 2021–04-12 580
20 The Netherlands 2021–04-13 34800
21 Brazil 2021–04-26 27089
22 Portugal 2021–04-18 10094
23 China 2021–04-21 116
24 South Korea 2021–04-22 5921
25 Bangladesh 2021–04-27 1123

Fig. 3  The figure depicts continent-wise sequence counts of the Delta variant. The figure represents the 7-day rolling average of sequence counts 
(continent-wise). The figure was developed by the CoV-lineages server (O'Toole 2021)
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Fig. 4  The figure illustrates the continent-wise frequency of sequences of the B.1.617.2 lineage. The figure represents the seven-day rolling aver-
age. The figure was developed by the CoV -lineages server (O'Toole 2021)

Fig. 5  Continent-wise estimate of the absolute number of cases of 
Delta variants. A Asia, B Europe, C Africa, D North America, E 
South America. The CoV-spectrum server developed the figure. Data 

were obtained from the GISAID server, which was analyzed through 
the web application (Elbe and Buckland‐Merrett 2017)
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Infectivity, re‑infectivity by the Delta variant

One of the most alarming variants responsible for the mas-
sive outbreak during the pandemic was the Delta variant due 
to its infectivity and re-infectivity. Due to several mutations 
in the viral genome, the virus developed many significant 
features regarding the epidemiological characteristics com-
pared to the Wuhan strain. The infection rate were higher 
compared to other variants of SARS-CoV-2. It was noted 
that the Delta variant demonstrated increased infection in 
every continent. The continent-wise estimated absolute 
number of cases of Delta variants is shown in Fig. 5. Due to 
this enhanced fitness, this variant raises the question about 
the efficiency of vaccines and other therapeutics. They can 
escape the immune system even in the presence of antibod-
ies (Walensky et al. 2021). In several cases, several patients 
noted re-infection by the Delta variant. It has been pointed 
out that the health workers were re-infected by the Delta var-
iant, though the patient was previously infected by the Alpha  
variant (Shastri et al. 2021). Since the Delta variant shares 
many common mutations with the other VOC, the question 
of re-infection cannot be ignored. A notable predominant 
mutation in all the variants is D614G, which enhances the 
transmissibility of all the significant variants of SARS-
CoV-2 (Volz et al. 2021). Salehi-Vaziri et al. reported three 
cases from Iran where the re-infected subjects confirmed the 
presence of D614G mutation in the viral genome (Salehi-
Vaziri et al. 2021). As this mutation is present in the Delta 
variant, the chances of re-infection persist.

Moreover, the other mutations present in the variant also 
contribute to the re-infection of the individuals. Recent stud-
ies also proved that the Delta variant could evade the host 
body despite antibodies developed from prior infections or 
elicited by the administration of the vaccines (Mlcochova 
et al. 2021; Planas et al. 2021). This, in turn, raises the ques-
tion of re-infectivity by the Delta variant.

Clinical manifestations, symptomatology, 
morbidity, and mortality of Delta variant

The Delta variant spread 50% faster than Alpha, which was  
50% more contagious than the Wuhan strain of SARS-
CoV-2 throughout the world. Additionally, the Delta plus 
mutant variant is also a cause for concern. As we know, 
the specific mutation in position K417N affects the spike 

protein, resulting in the virus infecting more cells, which 
is the critical target for the mRNA and other vaccine types 
(Katella 2021). The major clinical manifestations are high 
fever, headache, fatigue, dry cough, runny nose, sore throat, 
persistent chest pain, and shortness of breath by the infection  
of the Delta variant. Simultaneously, patients also suffered 
conjunctivitis, diarrhea, muscle or joint pain, vomiting, and 
loss of appetite for mild-to-severe infection cases (Menni 
et al. 2022; Wang et al. 2021). The chance of unvaccinated  
individuals contracting the disease was much higher for 
infection by the Delta variant. The CDC data showed that 
unvaccinated Americans died 11 times higher than the rate  
of fully vaccinated individuals after the Delta variant became  
dominant (Dyer 2021). Delta variant has a higher transmis-
sion and infection rate, followed by the Omicron variant 
compared to all other known SARS-CoV-2 variants. In terms 
of clinical severity, the Delta variant appears to cause signifi-
cantly more severe disease than the Omicron variant (Wrenn 
et al. 2022). The combination of both variants caused high 
surges of COVID-19 symptomatic infection and more death 
cases (Mohapatra et al. 2022).

Delta variant mutations

The Delta variant emerged as one of the most virulent 
strains due to its combination of the mutations until July 
2021 (Elbe and Buckland‐Merrett 2017; Singanayagam 
et al. 2020). This variant includes seven significant muta-
tions in the spike trimeric protein complex (Fig. 6A). Out 
of the several significant mutations present in the genome 
of the Delta variant, the L452R and T478K mutations in 
the RBD region of the S-glycoprotein part of the viral 
genome contribute to its high infectivity rate (Fig. 6D). 
The 3D structural model of SARS-CoV-2 S-glycoprotein 
has shown significant mutational changes in the Delta 
variant (Fig. 6). Since the RBD part of the S-glycoprotein 
is responsible for interacting with the host ACE2 receptor, 
the mutations in the RBD will play a significant role in 
providing the essential characteristics of the variant from 
the epidemiological point of view. These two mutations 
are also responsible for altering the structural conforma-
tion of the Delta variant, which makes it susceptible to 
escaping the immune system. The residues located in the 
interface between 438 to 508 amino acid positions are 
potential target sites for the antibodies. Hence, mutations 
in these residues will alter the binding affinity with the 
antibodies and the ACE2 receptor (Baral et al. 2021). 
Chemmama et al. and Beck et al. highlighted that rear-
ranging the G496 residue establishes a powerful hydro-
gen bond. The L452R alters the structural flexibility by 
reorienting the β sheets and demonstrates the interaction 

Fig. 6  Schematic diagram and 3D surface structural model shows  
different significant mutations position in the S-glycoprotein of  
Delta variant of SARS-CoV-2. A Schematic diagram of significant 
mutations of Delta variant in S-protein. B Mutations of Delta variant 
S-protein surface structure in front view. C Mutations of Delta vari-
ant S-protein surface structure 90° axial rotated view. D Mutations of 
Delta variant S-protein surface structure 90° crosswise turned view

◂
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between R454 and D467 by forming a salt bridge. It 
makes the L452R mutant strain a “Variant of Concern 
(VOC)” by the WHO and CDC, USA (Beck et al. 2008; 
Chemmama et al. 2012; McCallum et al. 2021). Notably, 
it also enhances many structural changes in the Delta var-
iant, making it more contagious than the other variants. 
These mutations alter the arrangements of the β sheets, 
the antibody-binding ability, the ACE2 receptor–binding 
affinity, and the destruction and weakening of several 
hydrogen bonds in the Delta variant (Baral et al. 2021).

L452R and T478K: two significant mutations in Delta 
variant

Recent studies show that the L452R mutation is present 
in many of the recently emerged SARS-CoV-2 variants. 
Besides, iota, epsilon, and kappa, this mutation is also 
present in the Delta variant. The mutation resides very 
close to the interface of the RBD by which it interacts 
with the host ACE2 receptor (Fig. 6D). The location of 
the mutation enhances the attachment of more viruses to  
the receptors and co-receptors. It also contributes to the 
several characteristics that increases the viral fitness, such 
as pathogenicity, transmissibility, infectivity, immune 
escape, and other factors. Studies also show that this 
L452R is a natural positive selection and has emerged 
evolutionarily. As this mutation is favored by nature, it 
contributes to the virulent characteristics of this virus.

A notable example is the Delta variant, a significant 
damaging strain for the entire population of SARS-CoV-2 
variants (Tchesnokova et al. 2021). The MD simulation 
study performed by Antony et al. revealed that the L452R 
mutation creates a robust electrostatic interaction of the 
viral S-glycoprotein with the ACE2 receptor, enhancing 
the stability of the protein. This interaction alters the 
conformation of the spike protein, making it difficult for 
the antibodies to interact, thus increasing the chances of 
infectivity (Antony and Vijayan 2021).

The T478K is also a very alarming mutation and is 
responsible for various structural changes in the Delta 
variant. T478K disrupts the salt bridge between the L31 
of the host ACE2 receptor and the E484 of the viral spike 
protein. T478K also alters the RBD conformation result-
ing in the “open up” state, which favors the strong bind-
ing of the viral spike protein with the ACE2 receptor and 
leads to escape from the immune system (Gobeil et al. 
2021). Interestingly, both of these two mutations reside 
in the RBD of the S-glycoprotein (Cherian et al. 2021). 
Moreover, the T478 site is an important position for the 
interaction of the antibodies, and mutation at this posi-
tion hinders the binding of the antibodies leading to vac-
cine escape. Thus, it can be concluded that T478K may 

be a potential factor contributing to the vaccine escape 
by the Delta variant. T478K mutation also contributes to 
enhanced viral fitness of the variants (e.g., Delta, kappa) 
where these mutations are present compared to the iso-
lated strain from Wuhan (Yi et al. 2020).

Delta variant and other significant 
SARS‑CoV‑2 variants

In late 2020, the emergence of SARS-CoV-2 variants 
increased the risk to global public health and encouraged 
the need to characterize the significant mutant variants 
specifically. It was noted that the Delta variant reached 
almost 90% of all viral sequences submitted on GISAID 
by October 2021 and had a high global prevalence out of 
11 variants of SARS-CoV-2 (Chakraborty et al. 2022a). 
In the Delta variant, the important mutations have been 
observed in the RBD regions that can alter the receptor-
binding interface’s structural configuration and the bind-
ing affinity with the ACE2 protein (Chakraborty et al. 
2022b). The Alpha variant was first reported in the UK 
during September/October 2020 and circulated in several 
countries. This virus has caused substantial differences in 
severity, transmissibility, and re-infection possibility. The 
variant was observed with important mutations in spike 
protein that also differ from the Delta variant. Specific 
mutations are also crucially responsible for SARS-CoV-2 
variants for antibody, immune, and partial vaccine escape 
(Chakraborty et al. 2022c). The Beta variant was first doc-
umented in May 2020 in South Africa. Studies suggested 
that mutations in the spike protein (E484K, K417N, and 
Δ242-244) of the Beta variant might permit it to escape 
the immune response, even in individuals having current 
COVID-19 vaccinations (Duong 2021).

Another significant SARS-CoV-2 variant is Omicron which 
holds maximum important mutations in the RBD regions (32 in 
coding sequence) in respect to all other variants, causing a higher 
potential for transmission (Kumar et al. 2022). During the SARS-
CoV-2 pandemic from December 2020 to October 2021, the Delta 
variant showed global dominance, and afterward, the Omicron 
variant showed global dominance. The researcher also concluded 
that the Omicron variant rapidly evolved and substituted the Delta 
variant as the dominant strain (Wang et al. 2021; Bhattacharya  
et al. 2022). In Omicron, the mutations P681H, N679K, N501Y, 
T478K, and N655Y also overlay with the other SARS-CoV-2 
variants (Gamma, Alpha, Beta, and Delta). It is also noted that the  
mutations in the NTD (K150 T/Q/R/E, and N148S) and RBD 
(V445E and K444 Q/R/N) might be the main factor for antibody 
escape mechanism (Bhattacharya et al. 2022; Weisblum et al.  
2020). Furthermore, a unique type of recombinant variant of Delta 
and Omicron was also observed as “Deltacron” (Wang and Gao  
2022). This special variant is designated as XD variant (AY.4/
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BA.1). It is considered a recombinant lineage from two VOCs, 
namely the Omicron BA.1 variant and Delta (AY.4) variant. 
The XD variant encompasses the genomic elements (ORF1a 
and ORF1b) obtained from the Delta variant, whereas the  
spike protein part is acquired from the Omicron BA.1 variant. 
On the other hand, another recombinant “XE” variant is also 
created from the recombinant genomic elements of two Omicron 
variants (Omicron BA.2 variant and Omicron BA.1). Likewise, 
the recombinant XF variant also developed from the diverse 
recombinant genomic aspects of the two variants. The first part 
of the genome comprises the Delta variant (NSP1 to NSP3), and 
the rest is from the Omicron BA.1 variant (Chakraborty et al. 
2022d). However, the emergence of these recombinant lineages 
of Omicron and Delta is not too threatening. However, it needs 
more research to formulate reasonable control and prevention 
strategies to stop the recent and future pandemics.

Immune escape by Delta variant

The  CD4+ and  CD8+ T lymphocytes are responsible for pro-
viding immunity in case of the SARS-CoV-2 infection. They 
are also accountable for inflecting the disease’s severity on 

any variant’s attack (Le Bert et al. 2020; Moderbacher et al. 
2020; Rao et al. 2020). The mutations in the viral genome 
of the Delta variant are the principal cause of the escape 
from the immune system. This variant can evade the immune 
system despite the presence of antibodies. Several structure 
alterations result in the difference in the receptor-binding 
surface to interact with the human ACE2 receptor and the 
antibodies elicited by vaccines or prior infection. Due to high 
structural flexibility, it becomes difficult for the antibodies to 
bind, imparting the property of “immune escape”(Baral et al. 
2021). These mutations bring some conformational changes 
in the virus RBD and NTD region.

Moreover, these mutations sometimes change the epitopes 
of the spike protein, hindering the interaction of the antibod-
ies. Besides, these nonsynonymous spike mutations also bring 
some changes in the structural conformation of the S1 and S2 
domains, which plays a vital role in attaching the virus to the 
host cell and may be responsible for antibody neutralization 
(Finkelstein et al. 2021; Plante et al. 2021). The L452R and 
T478K are the two predominant mutations responsible for the 
immune invasion capacity of the Delta variant. Some in vitro 
studies also revealed that the mutation at the 478 positions 
reduces antibody neutralization (Liu et al. 2021).

Table 3  Efficacy of vaccines against the Delta variant of SARS-CoV-2 virus

Sl. no Name of the 
vaccine

Type of 
vaccine

Country of 
origin

Age group 
(year)

Population 
tested

Efficacy for 
the Wuhan 
strain (wild-
type) (%)

Efficiency 
against Delta 
variant (%)

Reference

1 Sputnik V Adenovirus-
based

Russia 18–59 1,065,556 92 83 Dolzhikova et al 
2021

2 Janssen 
COVID-19 
vaccine/
Ad26.
COV2-S

Adenovirus-
based

Belgium 3,90,517 66 73 Polinski et al. 
2021

3 ChAdOx1-S Adenovirus-
based

Republic of 
Korea

16–65 52,943 70 67 Bernal et al 
2021

4 BNT162b2/
Pfizer-
BioNTech 
COVID-19 
vaccine

mRNA Germany 16–65 24,889 95 88 Bernal et al 
2021

5 COVISHIELD
(ChAdOx1-S)

Adenovirus-
based

India 24–46 203 70 64 Harder et al 
2021

6 Covaxin Inactivated 
SARS-CoV-2 
virus

India  ≥ 18 25,798 81 65 Ella et al 2021

7 CoronaVac Inactivated 
SARS-CoV-2 
virus

China 40–59 366 67 69.5 to 77.7 Li et al 2021

8 Moderna 
COVID-
19 vaccine 
(mRNA-
1273)

mRNA Spain 18–64 8153 95 87 Bruxvoort et al. 
2021
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Vaccines escape by Delta variant

COVID-19 vaccines are one of the powerful weapons that 
helped to combat the current pandemic. COVID-19 vaccines 
were developed very quickly. The world has not seen such 
quick development of the vaccine. Several types of vaccines 
were developed, such as mRNA, DNA, recombinant, and 
peptide (Chakraborty et al. 2021d, e) by different companies 
from time to time. Using these vaccines, the vaccination 
program was initiated by several countries. At the same time, 
vaccine escape phenomena were noted for the different vari-
ants (Chakraborty et al. 2022c, e).

The Delta variant was responsible for the massive infec-
tion surge in recent months. The currently designed vaccines 
have proven to protect against this variant, but several facts 
also imply the vaccine escape property of this variant. This 
variant neutralizes the antibodies by altering the spike pro-
tein conformation enabling it to evade the host (Planas et al. 
2021). According to the study conducted by Baral et al.,  
the Delta variant has several structural features which make 
them superior in escaping the immune system. Compared to 
the other strains, the Delta variant has a different interaction 
between the RBD and the antibody receptor, making it fit to 
evade the immune system. Besides, the L452R and T478K 
mutations in the RBD also contribute to this feature (Baral 
et al. 2021). Several reports from the UK proved that a sin-
gle dose of ChAdOx1 nCoV-19 (AstraZeneca-Oxford) and 
BNT162b2 (Pfizer-BioNTech) does not protect the people 
having specific symptoms due to Delta infection. Adminis-
tering two doses of these vaccines had shown greater effi-
cacy in the Alpha variant compared to Delta. The efficacy 
rate of the ChAdOx1 nCoV-19 (AstraZeneca-Oxford) and 
BNT162b2 (Pfizer-BioNTech) for the Delta variant is 66% 
and 88%, respectively (Bernal et al. 2021). It was noted that 
the two doses of vaccines for Delta infection did not provide 
persuasive reports. Therefore, countries like Germany and 
Israel administered another dose to combat this variant (Hall 
et al. 2021). Table 3 represents the comparative efficacy of 
different vaccines against the Wuhan strain (wild-type) and 
Delta variant of the SARS-CoV-2 virus.

Conclusion

The Delta is a significant, harmful variant of SARS-CoV-2 
that evolved during this pandemic. A devastating effect 
worldwide in recent months is due to the rapid spread of 
the Delta variant. Several mutations in the viral genome 
make this strain more transmissible and infectious than the 
other variants that emerged in a row with Delta. This viru-
lent strain does not show desired response to developed 
vaccines and therapeutics. Good coverage of vaccines, 

however, can reduce the disease severity. The prospective 
of escaping the immune system and the neutralizing anti-
bodies become a concern throughout the globe regarding 
the Delta variant. Scientists and doctors are worried due 
to the variant’s immune and vaccine escape phenomena. 
It is prevalent throughout the world, and the variant might 
have the capability to contribute to a tremendous surge in 
different countries within a brief period. The Ro value also 
suggests the superiority of the strain, indicating the need 
for more elaborate vaccination drives to end the pandemic 
in no time. In the landscape of VOCs, the Delta variant is 
the most transmissible and virulent compared to Alpha, 
Beta, and Epsilon. The rise and the decline of the preva-
lence of the Delta variant globally and locally force greater 
attention to the evolution of viral proteins and interest in 
understanding the constraints to viral fitness and evolution 
imposed by RNA properties. Such a changed pattern of 
the Delta variant also signifies the antigenic shift and step 
changes in transmissibility to humans. The different vac-
cines administered in various countries like (AstraZeneca-
Oxford) ChAdOx1 nCoV-19, Pfizer-BioNTech BNT162b2, 
Johnson and Johnson, etc., confers resistance to the vari-
ant, but still, the efficacy rate is much lower. Concerning 
the frequency of the variant, well-prepared strategies are 
needed to exterminate the variant in every country. At the 
same time, a strategic and appropriate vaccination drive is 
required to end the pandemic. However, we urge the scien-
tists to unfold the variant’s molecular, immunological, and 
virulent features to effectively fight against the Delta vari-
ant and eradicate the variant quickly throughout the globe.
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