Inflammation Research (2022) 71:377-396
https://doi.org/10.1007/500011-022-01555-5 Inflammation Research

REVIEW q

Check for
updates

COVID-19 pandemic: the delta variant, T-cell responses,
and the efficacy of developing vaccines

Biswajit Biswas' - Shagnik Chattopadhyay’ - Sayantee Hazra' - Arman Kunwar Hansda' - Ritobrata Goswami’

Received: 14 October 2021 / Revised: 7 February 2022 / Accepted: 16 February 2022 / Published online: 15 March 2022
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2022

Abstract

Background The mayhem COVID-19 that was ushered by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2) was declared pandemic by the World Health Organization in March 2020. Since its initial outbreak in late 2019, the
virus has affected hundreds of million adults in the world and killing millions in the process. After the approval of newly
developed vaccines, severe challenges remain to manufacture and administer them to the adult population globally in quick
time. However, we have witnessed several mutations of the virus leading to ‘waves’ of viral spread and mortality. WHO has
categorized these mutations as variants of concern (VOCs) and variants of interest (VOIs). The mortality due to COVID-19
has also been associated with various comorbidities and improper immune response. This has created further complications
in understanding the nature of the SARS-CoV2-host interaction that has fuelled doubts in the efficacy of the approved vac-
cines. Whether there is requirement of booster dose and whether the impending wave could affect the children are some of
the hotly debated topics.

Materials and Methods A systematic literature review of PubMed, Medline, Scopus, Google Scholar was utilized to under-
stand the nature of Delta variant and how it alters our T-cell responses and cytokine production and neutralizes vaccine-
generated antibodies.

Conclusion In this review, we discuss the variants of SARS-CoV2 with specific focus on the Delta variant. We also spe-
cifically review the T-cell response against the virus and bring a narrative of various factors that may hold the key to fight
against this marauding virus.
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CT C-Terminal region

Nsp Non-structural protein

ACE2 Angiotensin converting enzyme 2

TMPRSS2 Transmembrane serine protease 2

NRP1 Neuropilin 1

DPP-4 Dipeptidyl-peptidase-4

Mda5 Melanoma differentiation-associated pro-
tein 5

IFIT Interferon-induced protein with tetratrico-
peptide repeats

NK cells Natural killer cells

RIG-I Retinoic acid inducible gene 1

MAVs Mitochondrial antiviral-signaling proteins

IL Interleukins

PSO Post symptom onset

ARDS Acute respiratory distress syndrome
ALI Acute lung injury

PRR Pattern recognition receptor

CI Confidence interval
Introduction

Pandemics have befallen human civilization multiple times
in the past. From the Spanish Flu in 1918 to the Ebola out-
break of 2013, the deadly effect of these microscopic infec-
tive agents like viruses has been witnessed by mankind
several times. In December 2019, the world took notice of
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV?2) leading to the novel coronavirus disease (COVID-
19). The disease was declared a global pandemic by the
World Health Organization (WHO) in March 2020. We are
still reeling from the devastation of the pandemic that has
caused immense damage to the health and the economy
globally. The virus has infected more than 200 million peo-
ple claiming more than 4 million lives worldwide [https://
www.worldometers.info/coronavirus/]. Despite the rapid
development and approval of vaccines, there are several
challenges that might have limited the success stories of
the vaccines: (a) failure to adhere to COVID-19 appropriate
behavior, (b) lack of quick production of vaccines in large
numbers, (c) variants of concerns emerging from the par-
ent strain, (d) comorbidities associated with a large number
of COVID-19-positive patients, (e) fatalities despite taking
the necessary doses of approved vaccines, and (f) concerns
about the duration of the memory responses mediated by the
vaccines and whether there is any requirement of booster
doses.

On May 31, 2021, the WHO designated different vari-
ants of COVID-19 using Greek alphabets like alpha, beta,
gamma, and delta among others. India witnessed a surge of
COVID-19 cases during the second wave with more than
400,000 cases and over 4000 deaths reported in early May
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2021 [1]. The B.1.617.2 variant, otherwise known as the
delta variant, was first detected in October 2020 in the coun-
try, which became the most obvious variant in April 2021,
leading to a huge uptick in the number of positive cases [2].
This variant had been detected in more than 40 countries
across six continents. According to CDC, the delta variant is
twice as fast in terms of spreading infection that might lead
to ‘hyperlocal outbreaks’. The adaptive immune response,
especially the T-cell response against COVID-19 is critical
to mount resistance against the virus. However, the rapid
induction and the amount of humoral responses in fighting
the virus is equally important. Reports have suggested the
role of CD4 + and CD8 + T cells in the resolution of SARS-
CoV2 infection, including modulating disease severity in
humans [3]. The coordinated action of both CD4 + and
CD8+T cells leads to a milder form of the disease aided
with faster viral clearance [4]. The incubation time to the
onset of the disease and its subsequent progression to the
severe form takes approximately 4-10 days according to
studies assessing the clinical features of patients infected
with the virus [5]. Patients suffering from the severe form of
COVID-19 display an impaired function of CD4+T cells,
associated with diminished IFN-y production [6]. In con-
trast, other studies report the over-activation of these T cells.
Patients who have recovered from COVID-19 demonstrated
an increased frequency of CD4 + T-cell responses against the
virus spike protein [3, 6]. This has an uncanny resemblance
to what has been observed during influenza virus infections.
The function of cytotoxic CD8 + T cells against COVID-19
has also remained unclear. While a few studies suggested
that CD8+ T cells from severe COVID-19 patients had
attenuated cytokine production following in vitro stimula-
tion, some studies strongly suggest the potential exhaustion
of these T cells [7]. However, other reports seem to high-
light an over-exuberant CD8 + T-cell response associated
with augmented cytotoxic response in COVID-19 patients
[6]. Strong CD4 +and CD8 + T-cell memory responses are
reported to be induced after COVID-19; accordingly, sev-
eral COVID-19 vaccines have been demonstrated to elicit
CD4 +and CD8 + T-cell responses [8, 9].

Needless to say, that vaccines hold the key to unlock the
deadly mayhem unleashed by COVID-19. These include
RNA and DNA vaccines, adenovirus vector vaccines, inac-
tivated virus vaccines, and subunit vaccines. While there
has been debate about the efficacy of such vaccines against
the variants of concern, it goes without saying that addi-
tional interventional, non-randomized studies are required.
In this review, we highlight the COVID-19 variants of con-
cern and variants of interest. Furthermore, we discuss the
immune responses against such variants with a specific focus
on the T-cell responses that ideally would play a pivotal
role to fend off the viruses. Additionally, the mechanisms
of the approved vaccines in regulating T-cell responses in
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hosts will be highlighted. To conclude, we will discuss the
key factors that play a crucial role in the pathogenicity of
SARS-CoV2. With additional waves knocking on the door
of different countries, our timely review provides the much-
needed insights into the role of the new VOCs in keeping
the pandemic alive, and how we can combat the situation to
end the pandemic.

SARS-CoV2 variants

From its first detection in the later half of 2019, a substan-
tial amount of research has investigated the principal causa-
tive agent of the ongoing pandemic. The SARS-CoV2 viral
genome has been extensively studied and has been phy-
logenetically mapped to the betacoronavirus genus under
the coronaviridae family. It shows about 79.5% and 50%
sequence similarity to the previously identified SARS-CoV
(Severe Acute Respiratory Syndrome Coronavirus) and
MERS-CoV (Middle Eastern Respiratory Syndrome Coro-
navirus), respectively [10—12]. Apart from being a single-
stranded enveloped RNA virus with spherical morphology, it
has shown remarkable ability to infect multiple mammalian
species with humans being their principal host. The RNA-
dependent RNA polymerase (RdRP) of this novel member
of the SARS family has proof-reading capabilities, making
it fairly stable to changes in its genome unlike some of the
other RNA viruses like Influenza A [13]. However, due to
antigenic drift, and the natural need for adaptation in the
host, mutations beneficial for the virus can be predicted to
occur over time. Agreeably, a period of genomic steadiness
was observed in the virus after its initial emergence from
Wuhan in 2019 [14]. From the middle of 2020, changes in
the genome of the SARS-CoV2 virus have been detected that
resulted in the inception of new variants with significantly
altered transmissibility, disease severity, and immune escape
abilities.

The SARS-CoV2 genome is 29.9 kbp (kilo base pair) in
length and consists of several ORFs [15]. The ORFsla/b
in the 5° part is responsible for directing the synthesis of
16 non-structural proteins (Nspl-16), while the 3 ORFs
constitute the codons that give rise to 4 structural proteins,
namely the Spike (S), Envelope (E), Matrix (M), and Nucle-
ocapsid (N) along with 6 other accessory proteins [16]. The
homotrimeric glycosylated S-protein of SARS-CoV-2 is the
key for entering into host cells [17]. This bipartite, 180-200
KDa protein, primarily comprises of an exposed extracel-
lular NTD, a transmembrane section TM, and a short C-ter-
minal region CT [18]. The S-protein has 2 major subunits,
named S1 and S2. The S1 unit is responsible for receptor
recognition and binding, while the S2 unit assists in host
cell membrane fusion and virus entry. Evidently, the S1 unit

contains the NTD, RBD and RBM, SD1 and SD2, while
the S2 unit encompasses the FP, HR1, HR2, TM, and CT
regions. On binding to the host cell receptor, the trimeric
S-protein undergoes substantial alteration in its structural
conformation which results in splitting of the S1 and S2
subunits at their cleavage site in S1/S2 junction [18] (Fig. 2).

The occurrences of mutations in the non-coding regions
of 57 and 3 UTRs were found to be quite common. One
study identified 105 and 158 nucleotide-level mutations
in the 5° and 3’ UTRs, respectively, after analyzing 2492
genome samples, while another study reported 260 and 224
mutations in the same non-coding regions in a sample size
of 10,022 genomes [16, 19]. However, all of these mutations
have been predicted to have little impact on the evolution
of the pandemic. However, changes in the coding region
of the viral genome present a different challenge as they
can modify the host—pathogen interactions vastly. ORFla/b
being the largest portion of the genome has also been found
to harbor the majority of the mutations and it is closely fol-
lowed by the S protein in the second position [20]. In the
previously mentioned study by Koyama et. al. consisting
of 10,022 genomes, a total number of 1905 missense muta-
tions in ORF1a/b could be detected along with 394 in the S
protein [19]. All these data readily support the phenomenon
of viral evolution and the subsequent rise of newer variants.
These viral strains with impactful mutations in the genome
results in enhanced viral characteristics that could pose a
serious threat to our health in the upcoming waves.

Various classification systems, including Nexstrain sys-
tem (https://nextstrain.org/) and PANGOLIN classification
system (https://cov-lineages.org/resources/pangolin.html/),
have been developed to keep track of all the new emerg-
ing variants as the pandemic has progressed. The extensive
amount of information available from all these organizations
along with a constant effort from scientists around the world
has helped the WHO understand the impact of these vari-
ants on human health on a global scale. For ease of study
and monitoring, the variants have been divided into various
subtypes each consisting of several lineages, including Vari-
ants of Concern (VOCs), and Variants of Interest (VOIs).
Table 1 summarizes all the important variants that have
been detected to date, their defining substitutions, and their
impact on viral characteristics.

Delta and delta plus variants

The first traces of the B.1.617 family were detected in India
in October of 2020. In the second wave of the pandemic, the
B.1.617 lineage and B.1.618.1 (Bengal variant) were primar-
ily responsible for the disastrous situation in India which
resulted in over 400,000 new infections per day during its
peak in May 2021 [21]. Now, as the signs of a third wave
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are being observed in some countries, the delta variant or
B.1.617.2 from the same lineage is shaping up to be an even
deadlier enemy. Currently, the delta variant is watchlisted
as a VOC by the WHO and has been detected in 149 coun-
tries according to cov-lineages.org (https://cov-lineages.org/
global_report_B.1.617.2.html), while outbreak.info shows
that at least 160 countries have been affected (https://outbr
eak.info/situation-reports?pango=B.1.617.2), making it the
predominant strain across the globe (Fig. 1). The B.1.617
lineage consists of three sub-lineages, B.1.617.1 (Kappa),
B.1.617.2 (Delta), and B.1.617.3. This parental B.1.617
family has originated from the B.1 lineage with the original
D614G mutation in the S protein [2]. Reports have iden-
tified multiple non-uniform substitutions prevalent in one
sub-lineage of the B.1.617 than the others, indicating the
influence of selection pressure and the need for adaptation
in the host [2]. Hence, it can be concurred that majority of
these mutations are non-synonymous and have been found
modify viral attributes (Table 1). The B.1.617.2 or delta

sub-lineage contains the exclusive T478K (in the receptor-
binding motif of the RBD) and G142D (in the NTD) of the
S protein, while the E154K mutation is only observed in
the B.1.617.1 subvariant [2]. Another study has observed a
high frequency of T95I mutation in the delta variant adding
to the list of changes (Fig. 2) [22]. These unique mutations
make the delta variant more resistant to neutralization by
monoclonal antibodies and also facilitate immune escape.
The delta plus or AY.1 or B.1.617.2.1 variant is further
characterized by the addition of K417N change in the paren-
tal delta variant which causes the loss of proper binding of
neutralizing antibodies with the S protein and thus making
it even more prone to immune evasion [22]. Kannan et. al.
reported 269 unique mutations in the delta plus variant includ-
ing V70F and W258L (Fig. 2) [22]. Unique mutations in other
non-structural proteins (A328T in Nsp3) were also found to be
present in the delta plus variant, indicating that AY.1 is not a
subvariant of the delta strain, but a distinct evolutionary jump
consisting of unique mutational features that demand attention

ORF8 ORF10

$1/S2 Cleavage site

Q
N
OQ

0 130 260 390 520 650

@B.1.617.2 @BAY.1 8B.1.621

780 910 1040 1170 1300

Fig. 1 Worldwide incidence of the B.1.617.2 (Delta) variant as of 7th October 2021 courtesy of Outbreak.info. It has become the most wide-
spread strain of SARS-CoV 2 after its initial detection in India in 2020 (Color figure online)
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B.1.617.2 cumulative prevalence by country

e outbreak.info

Source: The GISAID Initiative

07 Oct 2021

m

0-1 1-5 5-10 10-20 20-35 35-50

t. B.1.617.2 prevalence since identification

22 m F] not detected

50-75 75-100%

[] no sequencing

[ sequenced < 25 samples

Fig.2 A Schematic representation of the 29.9 kbp-long SARS-
CoV-2 genome where the different regions have been highlighted.
B The 1273 amino acid long S protein of the SARS-CoV-2 show-
ing different domains with mutations belonging to the delta, delta
plus, and mu variants. The black arrows point to the major mutations
across the S protein for the B.1.617.2 (Delta) variant, while the red
and cyan arrows indicate the exclusive mutations present in the AY.1

[22]. Additionally, those mutations already found in the S pro-
tein of the delta variant (like T95I and G142D) were present
at a greater prevalence in the delta plus variant (37% and 69%
more, respectively) [22]. Apart from India, this variant has
been detected in the United States, United Kingdom, and Japan
(cov-lineage.org), and as time progresses, it is predicted to
spread across other countries owing to its more enhanced abil-
ity to escape the immune system and lesser neutralization by
various antibodies courtesy of its distinctive mutations. On
August 30, 2021, the mu variant (B.1.621) from Colombia
has been added as a VOI by the WHO. It is currently being
tracked as it has the potential to become the next major strain.
One study reported that B.1.621 S protein is the most resistant
version of all previously reported variants to be neutralized

(delta plus) and B.1.621 (Mu) variants, respectively. The scale shows
the relative position of the amino acids in the S protein. Index: S1
and S2: S protein subunits 1 and 2, NTD: N-terminal domain, RBD:
Receptor-binding domain, RBM: Receptor-binding motif, SD1 and
SD2: Sub-domains 1 and 2, FP: Fusion peptide, HR1 and HR2: Hep-
tad repeats 1 and 2, TM: Transmembrane domain, CT: Cytoplasmic
domain (Color figure online)

by convalescent sera and vaccines (BNT162b2) [23]. Thus,
it is of paramount importance to continue our research and
understanding of these rapidly evolving variants to face the
oncoming days of the pandemic with little consequence.

Immune response and evasion strategies
of SARS-CoV2

Distinct immune evasion strategies and dysregulated cel-
lular responses are the prime contributors to SARS-CoV2-
mediated pathogenesis. Being airborne, this virus enters
the host body through respiratory tract and eventually
entire respiratory system [trachea, bronchi, bronchioles,
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and lungs] get infected. The viral S protein targets the
angiotensin-converting enzyme 2 [ACE2] receptor present
on the surface of various host cells, including epithelial
cells, enterocytes, and goblet cells [24]. This tropism
provokes the virus to attack other organs such as kidney,
brain, eyes, and gastrointestinal tract [25]. Recent stud-
ies suggest that SARS-CoV?2 could also access the host
cell by interacting with CD147, Neuropilinl [NRP1], and
Dipeptidyl-peptidase-4 [DPP-4] through S protein, which
makes the lymphocytes also susceptible to the SARS-
CoV2 virus [26-28]. Upon infection, the viral recogni-
tion is mediated by tissue-resident innate cells, which
later activate other immune components to remove the
pathogen (Fig. 3). However, SARS-CoV2 has evolved
intricate evasion strategies to dodge the surveillance of
the innate immune system and replicate inside the host
[29]. To avoid identification by intracellular receptor Mda5
and IFIT family of proteins, SARS-CoV-2 Nsp16 modifies
the 5° capping of viral mRNA by 2’0 methylation [30,
31]. Further research has concluded that SARS-CoV-2 not
only avoids detection inside the host but also the Nsp1 and
Nspl4 shuts down antiviral protein synthesis at the level of
translation [32-34]. SARS-CoV-2-specific Nsp8 and Nsp9
seize Sec61 mediated trafficking pathway of the host cell
to enter the ER and halts the host cell protein fabrication
machinery [35]. NK cells are known to play a pivotal role
in fine-tuning the interaction between innate and adap-
tive immune systems. Therefore, SARS-CoV2 suppresses
the production of IFN-I to inhibit this interaction [36]. To
suppress the IFN-I and II synthesis, SARS-CoV-2 addi-
tionally uses M, ORF3b, ORF6, and Nspl3. The virus-
specific M protein suppresses immune component PRR
and RIG-I from forming protein complexes with Mda5
and MAVs and hampers the production of IFN I [37].
Virus-specific ORF6 blocks the nuclear translocation of
STATTI to suppress IFN I production [38], while ORF3b
hinders the nuclear translocation of IRF3 to block IFN
I-mediated signaling [39]. Several reports have proclaimed
that Nsp13 along with Nsp8 also plays an inhibitory role
in the host innate immunity, specifically in MDAS derived
IFN I signaling pathway [40, 41]. As a unique evasion
mechanism, ORF§ protein of SARS-CoV-2 has shown
the ability to re-route the developing MHC-I molecule
from ER to autophagosome where they get degraded and
effect adaptive immunity [42]. COVID-19-mediated infec-
tion is also characterized by cytokine storm, leading to
an enhanced production of pro-inflammatory cytokines.
After the virus enters the host, various immune cells,
such as T cells, B cells, DCs, neutrophils, NK cells, mac-
rophages, start to release pro-inflammatory cytokines to
fight against the offending pathogen. In contrast to healthy
individuals, COVID-19 patients display elevated levels of
the cytokines IL-1f, IL-2, IL-6, IL-7, IL-10, TNF-a, and
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IFN-y (Table 2) [43]. In the coming section, we will high-
light the dynamism of adaptive immune responses against
COVID-19, especially the T cells.

Antibody responses in COVID-19

During the first wave of SARS-CoV-2, little data were
available regarding the antibody response against the
virus. In infected individuals, it is important to understand
the nature of the neutralizing antibody response against
SARS-CoV-2 for evaluating the efficacy of the developed
vaccines. The presence of neutralizing antibodies against
SARS-CoV-2 can act as an indicator for protection against
reinfection for previously infected individuals. The anti-
bodies that target the S1 domain of the SARS-CoV-2 spike
protein, including the RBD, severely impair virus cell
entry. In a study from Italy, antibody response to distinct
antigens of SARS-CoV-2 was elucidated in patients who
were admitted to hospital during the first wave in March
and April 2020. The study evaluated neutralizing antibod-
ies, IgG against NP and IgG, and IgM and IgA against S1
[44]. There was increased S1 IgM seroconversion rate for
patients who succumbed compared to patients who sur-
vived. However, no difference in S1 antibody titers was
observed in patients who survived compared to patients
who did not survive. The peak antibody response was
observed between days 6 and day 18-20, which was dif-
ferent from other studies [44]. This difference could be
attributed to time recruitment of such patients to the hos-
pital and the severity of the disease. Another study from
Germany that recruited patients in April and May 2020,
observed a very small fraction of the patients’ serum sam-
ples, could be classified as high neutralizers [45]. In con-
trast, some symptomatic patients failed to develop antibod-
ies against SARS-CoV-2, suggesting the varied antibody
response against the virus.

The neutralization capacity of polyclonal antibodies in
serum has a positive correlation with IgG against spike
protein or against RBD. A detailed systematic review of
150 studies observed an early detection of virus-specific
IgM over IgG with a peak in weeks 2 and 5 and a decline
in the subsequent 3—-5-week time point after symptoms
[46]. The peak of IgG could last for at least 8 weeks. The
neutralizing antibodies can be detectable within 7-15 days
of disease onset, increase until days 14-22, before decreas-
ing [46]. During convalescence, the decrease in serum
antibody level could indicate a downtick of the immune
response as the presence of virus-specific B cells in the
bone marrow could be detected [47]. One study has
found that high level of IgG antibodies could be detected
11 months post-symptom onset [48]. The same study
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Fig.3 A The initial target of SARS CoV2 spike protein is the ACE2
receptor, present on the cell surface. After binding to ACE2, Furin
cleaves the S protein at R-R-R-R stretch of S1/S2 junction and
TMPRSS2 at S2 subunit. This protease cleavage helps the virus to
enter the host cell via the endocytic pathway. Subsequently, the viral
RNA is recognized by cytosolic RNA sensors such as TLR 7/8, TLR
3, and RIG-I/MDAS5 leading to the activation of downstream kinases
of the NF«xf signaling pathway. This pathway elicits the production
of various pro-inflammatory cytokines including TNFa, IL1f, and

IFN-I/I11, but gets suppressed by SARS CoV2 components like Nsp8,
M protein, ORF3b, and Nsp13. B All the pro-inflammatory cytokines
depicted in Fig. 2A induce the activation and cytokine production
from other innate immune cells. This uncontrolled cytokine produc-
tion initiates cytokine storm followed by hyperinflammation and
organ damage. Increased cytokine levels also trigger activation and
proliferation of adaptive immune cells which further contributes in
cytokine storm (Color figure online)
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Table 2 Cytokine profile of COVID-19

Cytokines Disease onset Source

Week 1-2 Week 34

Role in COVID-19 Refs

IL-1B \/ Macrophages, endothelial cells, activated Induces activation of pro-inflammatory [127, 128]
monocytes cytokines IL-6 and TNF-a; recruits neutro-
phil and T cells
IL-2 \/ Thl cells Triggers differentiation and survival of Treg [129]

IL-4 Vv

Mast cells, Th2 cells

cells; takes part in cytokine storm

Activates macrophages and increases the secre- [130]
tion of TGF-f

IL-5 \/ NK cells, mast cells, airway smooth muscle Eosinophil expansion and activation in severe ~ [131]
cells, epithelial cells, Th2 cells patients; triggers cytokine storm
IL-6 \/ Fibroblasts, macrophages, Th2 cells Accelerates the lung inflammation, fever, and  [132]
fibrosis; cytokine storm inducer; induces
B-cell differentiation
1L-7 \/ Epithelial cells, dendritic cells Initiates rapid elevation of lymphocyte count [133]
by modulating the effect of IL-6, IL-10, IFN-
¥, TNF-a
1L-8 \/ Endothelial cells, epithelial cells, macrophages, Promotes neutrophil chemotaxis and angio- [134]
fibroblasts genesis
IL-10 \/ Endothelial cells, macrophages, fibroblasts, Increased expression with the disease severity  [135]
Th2 cells which leads to immune suppression
IL-12 \/ Dendritic cells, macrophages Regulates maintenance of NK cell numbers; [136]
inducer of Th1 cell differentiation
IL-13 \/ Mast cells, granulocytes, Th2 cells, NK-T cells Accelerates cytokine storm via macrophage [130]
activation
IL-17 \/ Th17 cells Downregulates Treg cell response; induces [137]
pulmonary inflammation
IL-21 \/ Tth, Th2, NK-T cells Triggers IFN-y production by dendritic and [138]
NK cells; inhibits differentiation to Th1 cell
IL-23 \/ Macrophages, dendritic cells Promotes cytokine storm via proliferation of [139]
Th17 cells
IL-33 \/ Macrophages, dendritic cells, pulmonary Suppressing IFN-y production by NK cells [140]
epithelial cells leads to impaired NK cell responses; inhibits
innate antiviral immune response by sup-
pressing TLR7
IFN-y \/ Endothelial cells, macrophages Downregulates viral replication; triggers [141]
cytokine production from T cell; prevents
Th2 response; can induce cytokine storm in
high levels which leads to organ damage
TNF-a \/ Endothelial cells, macrophages Promotes organ damage by accelerating cell [142]

death

observed that the development of neutralizing antibody is
associated with the activation of T cells.

One study noted that across 4 variants of SARS-CoV-2
(A.1,B.1.1.7, B.1, N501Y), infection and vaccine-medi-
ated immunity could be retained against the B.1.1.7
variant [49]. However, the study had several limitations
including small sample size and lack of definitive clinical
outcome. The epitope-based (from the S and N proteins)
antibody responses could differentiate the outcome of
COVID-19 against different SARS-CoV-2 variants. The
mutations including S235F (in the N-protein) and P681H
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(in the S-Protein) associated with B.1.1.7 could alter the
specificity of the corresponding epitopes [50]. The efficacy
of various vaccines in inducing prime-boost immunity has
been evaluated against different SARS-CoV-2 variants.
The BioNTech/Pfizer’s BNT162b2 vaccine demonstrated
relatively high titers of neutralizing antibodies against the
B.1.351, B.1.1.7 and P.1 variants [51]. While the Pfizer
and the AstraZeneca vaccines were found to be efficient
against the Delta variant, compared to the Alpha variant,
the neutralizing ability of the vaccines was about three-to-
fivefold less potent [2]. Importantly, serum samples from
single-dose recipient of either of the two above-mentioned
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vaccines failed to elicit a proper inhibitory effect against
the Delta variant. Such studies are pointers toward under-
standing the importance of the impact of different variants
of the virus in regulating the antibody response.

T cells regulate COVID-19 disease
progression

Similar to innate immune and humoral immune cells, the
cell-mediated immune system plays as a prime regulator in
viral disease pathophysiology. The cytotoxic CD8 +T cells
function by attacking the virus-infected cells to reduce
the viral load. SARS-CoV2-specific S, M, N, and ORF3a
are the highly prevalent antigenic regions that trigger the
activation of CD8 + T cells [52]. Cytotoxic CD8 + T cell
usually takes few days to become activated after the onset
of disease. However, COVID-19-specific CD8 + T-cell
responses get further delayed due to the prevalent inflam-
matory environment and viral load [53]. Besides the
killing ability of infected cells, virus-specific memory
CD8+T cells formation is also reported in the COVID-19
patients. In a study with patient recovered from COVID-
19, functional SARS-CoV2-specific memory CD8+ T
cells was detected even after 6 months following infection,
revealing the impact of T cells on the clinical outcome of
the disease [54]. Another cohort study with a hospitalized
patient group following their recovery reported the per-
centage of circulating SARS-CoV2 memory CD8 + T cells
to be 70% and 50%, respectively, at 1 month post-symptom
onset [PSO] and 6 month PSO [55].

Virus-specific CD4 + T cells differentiate into het-
erogeneous populations with their diverse effects on
disease pathogenesis. To eliminate the invading patho-
gens, Thl cells induce inflammatory responses, while
Th2 cells trigger the activation of B cells. In COVID-
19, the increased response of CD4 + T cells relative to
CD8+ T cells has been reported during primary infection
[52, 56, 57]. SARS-CoV2-specific S, M, and N proteins
trigger the activation of CD4 + T cells, although substan-
tial responses against ORF3a and Nsp3 have also been
detected [52]. Recent studies have reported the presence
of SARS-CoV2-specific CD4 + T cell as early as 2—4 days
PSO [58]. During COVID-19, antiviral Thl cell induces
cytokine storm by producing IFN-y, while Th2 secretes
IL-4 and IL-10 [59, 60]. Although a higher level of IL-10
is a potent inhibitor of Thl cells and pro-inflammatory
cytokines, a report has suggested that Th1 suppression is
not beneficial for COVID-19 disease prognosis [28]. In
addition, the increased concentrations of IL-4 and IL-10
induce the accumulation of a high proportion of baso-
phils and degranulated eosinophils in the lungs, leading
to cytokine storm and organ damage [60-62]. Overactive

Th2 cells also trigger acute respiratory distress syndrome
[ARDS] by increasing the level of IL-6 and IL-15 [28].
IL-6 is a typical innate immune cell-induced cytokine;
however, but the abnormality of COVID-19 triggers the
secretion of this pro-inflammatory cytokine by Th2 cells
[28]. IL-21, produced by Th2 cells, significantly helps in
Th17 cell differentiation. With increased disease severity,
enhanced expression of the chemokine receptor CCR6 + on
Th17 cells explains the increased number of these cells
on mucosal tissue and the subsequent effect in COVID-
19 disease pathophysiology [52, 63]. Th17 cells trigger
aggressive inflammatory response during COVID-19 by
producing the pro-inflammatory cytokine IL-17, aiding in
the cytokine storm [64]. In severe COVID-19 cases, Th17
cells induce acute lung injury [ALI] and ARDS by promot-
ing neutrophil migration to the lungs via suppressing Treg
cell response [60—-62].

The function of cytokines is not limited to regulate
immune cell activation; eventually, they also impact the
function of humoral immune cells. Although increased lev-
els of SARS-CoV2-specific cytokines indicate disease sever-
ity, disease-specific Tth cell-secreted IL-21 induces neutral-
izing antibody titers to help in memory B-cell formation for
long-term use humoral immunity. SARS-CoV2-specific cir-
culating Tth [cTfh] cells are formed during disease severity
[57, 65]. Despite this, no association has been found between
cTth cell frequency and antibody titer [55, 57]. At the later
stage of the disease, a high level of SARS-CoV2-specific
memory cTfh responses has been reported, which may be
result from prolonged antigen exposure [66]. One study has
found memory cTfh responses up to 6 months PSO in con-
valescent patients [55]. Analogous to SARS-CoV2-specific
CD8+ memory T cells, CD4 4+ memory T cells were found
against virus-specific S, M, N, ORF3a, and Nsp3 proteins
[52]. SARS-CoV2 memory CD4 +T cells show quite robust
response with a detection rate of 93% after 1 month and 92%
after 6 months, respectively [55]. Other cohort studies have
reported the presence of SARS-CoV2 [B.1.1.7] N-specific
memory CD4 + T cells in unexposed individuals as the con-
sequence of previous exposure to the common cold virus,
circulating widely in humans [67]. Apart from N-reactive
memory CD4 + T cells, S-reactive CD4 + T cells have also
been found in healthy donors, which indicate the possibility
of S sequence similarity of SARS-CoV2 with other HCoVs
[63]. Thus, the above-mentioned evidence supports the role
of immunological memory of T cells in COVID-19 patients.
The defining response of distinct classes of T cells can reveal
novel opportunities for treatment and disease prevention.

@ Springer



388

B. Biswas et al.

Impact of delta variant in immune system

The highly transmissible new B.1.617.2 variant with esca-
lated replication kinetics evades the immune system with
an enhanced mutation at the RBD and NTD site of SARS-
CoV2 S protein [68, 69]. The T19R substitution mutation,
present on the NTD of S protein, led to the B.1.617.2 and
B.1.617.2.1 variants [70]. This mutation leads to the reduced
binding affinity of the NTD neutralizing antibodies to the
NTD of S protein [70]. Another highly prevalent mutation
of the delta and delta plus variant is G142D, which forms
a structural alteration at its side chain that clashes with its
neighbor R158 side chain. To avoid this collision, R158
undergoes a structural change, which may be one of the
reasons for the emergence of new variants [22]. A156-157
mutations help the variant escape immune recognition more
efficiently due to changes in the configuration of the N-ter-
minal domain. The flexibility of S-specific NTD of these
new variants was decreased for the deletion mutation at the
Argl58, and Phel57 with substitution mutation at E156G
compared to the B.1.351 variant, which may affect the trans-
missibility [71]. A substitution mutation at P681R, situated
at the furin cleavage site of S1/S2 junction, significantly
increases the replication kinetics of the delta variant via
higher fusogenic activity [72, 73]. The D950N mutation,
which resides in the trimer interface, may regulate the spike
protein dynamics by influencing the refolding of S2, which
increases the efficiency of membrane fusion [74, 75]. The
D614G affects viral protein glycosylation and the cleavage
of S protein by host serine protease to increase membrane
fusion, which can escalate the infectivity of this strain [76].
Molecular dynamic simulation of the RBD has reported that
both L452R and T478K mutations exert reduced binding
ability to the host ACE2 and antibody binding of B.1.617.2
variant compared to B.1.351 and B.1.1.7 variants. Conse-
quently, the infectivity and transmissibility of the B.1.617.2
variant has enhanced [77].

Vaccines against COVID-19

The emergence and escalation of the current pandemic of
SARS-CoV2 has posed an overwhelming burden to our
current vaccine technology. Traditional live-attenuated or
inactivated pathogen-based vaccines have worked wonders
for many pathogens such as hepatitis B, polio, human pap-
illoma virus, and measles [78]. Even though the current
vaccine technology and production strategies have proved
successful, the exigent nature of the SARS-CoV2 pandemic
requires a rapid and mass producibility of vaccines. Nucleic
acid (DNA and mRNA)-based vaccines, recombinant pro-
tein subunit-based vaccines, and viral vector-based vaccines
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such as recombinant adenoviruses (rAds) have been a major
focus for COVID-19 vaccine development as they can be
quickly advanced to phase III clinical trials compared to
the traditional vaccines. Nucleic acid-based vaccines with
their unique advantage of ease in design and synthesis as
well as simplicity in packaging of either DNA or mRNA in
lipid nanoparticle capsules have become the most sought out
vaccine platform [79, 80]. Especially, the immunostimula-
tory effect of RNA upon recognition by pattern recognition
receptors (PRRs) and robust antigenic protein production
is more desired as vaccine candidate over DNA vaccines
[80]. During the 1990s, when mRNA vaccines were first
introduced, it did not garner much interest due to its inherent
instability, unavailability of efficient in vivo delivery system,
and high innate immunogenicity [81]. However, mRNA vac-
cine has become major focus for fight against SARS-CoV2
pandemic because of several advantages such as (i) mRNA
is non-infectious, thus possessing no risk of insertional
mutagenesis, (ii) anti-vector immunity can be avoided using
mRNA vectors as it is a minimal genetic vector, and (iii) it
can be produced rapidly and administered repeatedly due to
its inexpensive and scalable manufacturing methods [80].
Protein subunit vaccines are known to have strong safety as
well as immunogenicity. These vaccines can be made rela-
tively at low cost in large quantities, and can be administered
in large heterozygous population regardless of their genetic
makeup. The recombinant viral vector vaccines stimulate
the host cells to produce pathogenic antigens endogenously
and simulate a partial infectious setting inside the host.
This results in a greater immunogenicity and greater effi-
cacy. For example, recombinant adenovirus rAd26 and rAd5
have been used in clinical practice and are known to induce
both cellular and humoral immunity after single dose of
immunization [82]. A total of 22 vaccines against SARS-
CoV2 have been approved for use in 192 countries of which
8 are inactivated pathogen-based vaccines and 6 are non-
replicating viral vector-based vaccines (https://covid19.track
vaccines.org/). Albeit the ‘doubt’ regarding the effectiveness
of current vaccines, there are more than 400 different vac-
cines which are under clinical trials (https://covid19.track
vaccines.org/). Recent landscape of novel COVID-19 can-
didate vaccines development by WHO (https://www.who.
int/publications/m/item/draft-landscape-of-COVID-19-candi
date-vaccines) shows 114 candidates in clinical assessment
(including 8 at phase IV) and 185 vaccines under pre-clinical
development. The phase IV vaccines consist of a variety
of vaccine platforms: vector vaccines (ChAdOx1-S, Ad26.
COV2.5), inactivated viral vaccines (CoronaVac, BBIBP-
CorV), and mRNA vaccines (mRNA-1273, BNT162b2,
mRNA-1273.351).
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Efficacy of current vaccines against the delta
variant

As a consequence of new mutations, the delta variant
decreases the neutralization antibody titers by four-to-six-
fold, attenuating the effect of monoclonal antibodies like
Bamlanivimab [2]. This new SARS-CoV2 variant also
becomes less sensitive to TMPRSS2 inhibitor, Camostat
[83]. Due to the alteration of the ACE2 binding site, all the
RBD targeting vaccines elicit a threefold lower neutrali-
zation response [2]. Another cohort study has been con-
ducted to evaluate the effect of vaccine-elicited neutralizing
serum between ancestral B1 variant and B.1.1.7, Q.7-Q.8
variant G614S. This study showed that Pfizer/BioNTech
BNT162b2-elicited plasma level was reduced to three-
fold even after two doses. Moderna mRNA-1273-elicited
plasma was reduced twofold after two doses, while Janssen-
induced plasma neutralization was reduced fourfold after a
single dose. The recent study with the Pfizer vaccine and
the AstraZeneca vaccine demonstrated that the level of neu-
tralizing antibody titers was undetectable against D614G in
the delta variant after a single dose [2]. Notably, the level
of vaccine-induced neutralizing antibody increased after
the second dose, which concludes that the single dose of
those vaccines is not much reliable against the new strain.
Another 12-month cohort study of 21 individuals [9 received
AstraZeneca vaccine, 9 Pfizer vaccine, and 3 Moderna vac-
cine] has displayed increased neutralizing antibody titers
against the delta variant compared to the normal conva-
lescent individuals who have not received any vaccine [2].
Another study with collected sera of 12 infected individu-
als of the first wave has expressed 5.7-fold less sensitive to
delta variant [68]. The working vaccines may not be fully
effective against the delta variant, and vaccinated individuals
will have a higher level of neutralizing antibodies in their
blood compared to non-vaccinated individuals. However,
the reduced effectiveness of the working vaccine demands
further research for a more viable vaccine target.

It is of paramount importance to assess the effectiveness
of the currently approved as well as under trials vaccines
against new and emerging variants of concerns. It is also
required to monitor the preventive duration of the current
vaccines against the new delta variant. A recent report has
compared the efficacies of ChAdOx1 nCOV-19 (AZD1222)
and BNT162b2 vaccines in alpha and delta variants [84].
The first dose of AZD1222 was shown to be less effective
in the delta variant (30.7%; 95% confidence interval [CI]
25.2-35.7) as compared to the alpha variant (48.7%; 95%
CI 45.5-51.7). Interestingly, the BNT162b2 vaccine was
more effective compared to AZD1222 in second doses,
but similarly 88.0% effective against the delta variant com-
pared to 93.7% effectiveness of AZD1222 [84]. Recently,

the mRNA-1273 vaccine was shown to be 94.1% effective
against the alpha variant; however, this study failed to pro-
vide any indication regarding its effectiveness against the
delta variant [85]. Another cohort study compared and
reported the efficacies of mRNA-1273 and BNT162b2
vaccines against the alpha and delta variant in the Mayo
clinic health system over a time period from January to July
2021 [86]. Both mRNA-1273 (91.6%, 95% CI 81-97%) and
BNT162b2 (85%, 95% CI 73-93%) vaccines were highly
effective against SARS-CoV?2 infection; however, the effec-
tiveness against infection in the month of July reduced
mRNA-1273 to 76%, 95% CI 58-87% and BNT162b2 to
42%, 95% CI 13-62%. Interestingly, the prevalence of the
delta variant increased over 70%, while the prevalence of
the alpha variant decreased from 85 to 13% in the month of
July [86]. One study measured the effectiveness of vaccines
against the delta variant using data from large-scale outbreak
of COVID-19 in China. They reported that patients with two
doses of inactivated vaccines (fully vaccinated) had an 88%
reduced risk to develop severe stage symptoms, whereas,
this protective effect was missing from the individuals with
just one dose of vaccine [87]. Moreover, the effectiveness of
vaccines BNT162b2 and ChAdOx1 against B.1.617.2 was
notably lower in symptomatic disease cases in UK. Two
doses of BNT162b2 vaccine had reduced effectiveness from
93.4% with B.1.1.7 to 87.9% with B.1.617.2 [84]. Similarly,
two doses of ChAdOx1 vaccine had reduced effectiveness
from 86.8% with B.1.1.7 to 80.6% with B.1.617.2, albeit the
reduction was non-significant [84]. Similar findings were
reported using the real-world data collected from population
in Ontario, Canada [88]. The effectiveness against the delta
variant compared to the alpha was notably lower for partial
vaccinations with mRNA-1273 (72 vs 83%) and BNt162b2
(56 vs 66%), but with ChAdOx1, it was similar to the alpha
(67 vs 64%) [88]. BBV 152 vaccine has been proved quite
effective against B.1.1.7 variant with the seroconversion
rates of neutralizing antibodies being 98.6% in plaque-
reduction neutralizing test (PRNT50)-based assay [89].
However, its effectiveness against the new delta variant is
observed to be 65.2% in another phase 3 clinical trial study
[90]. The recombinant adenovirus rAd26- and rAd5-based
vaccine Gam-COVID-vac has been approved in more than
70 countries while being under clinical trial. The safety and
efficacy of the Gam-COVID-vac is still under debate, but the
interim analysis of phase III trials showed 91.6% efficacy
against COVID-19 and was well tolerated in a large cohort
[91]. However, further study is needed to assess its efficacy
against particular variants of concerns specifically recently
emerging B.1.617.2. These reports indicate that the phase
IV vaccines such as ChAdOx1 nCOV-19, BNT162b2, and
mRNA-1273 have lower efficacy against the delta variants;
however, fully vaccinated individual seems to have more
protective effect against severe illness in spite of increase
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Table 3 Efficacies of phase

4 vaccines against B.1.17 S1. No. Vaccines Country/region Dose Vaccine efficacy Vaccine efficacy  References
B.1.17 (%) B.1.617.2 (%)
(Alpha) and B.1.617.2 (delta)
variant reported in various ChAdOx1 Canada 1 64 67 [88]
demographic regions 5 BNT162b2 1 66 56
BNT162b2 2 89 87
3 mRNA-1273 1 83 72
mRNA-1273 2 92 /
4 ChAdOx1 UK 1 51.1 33.5 [84]
5 BNT162b2 1 51.1 33.5
6 ChAdOx1 2 86.8 80.6
7 BNT162b2 2 93.4 87.9
8 ChAdOx1 Scotland 1 37 18 [143]
9 BNT162b2 1 38 30
10 ChAdOx1 2 73 60
11 BNT162b2 2 92 79
12 BBV152 India 2 98.6 65.2 [89, 90]
INDEX:

BNT162b2: Pfizer-BioNTech COVID-19 vaccine
ChAdOx1: Oxford—AstraZeneca COVID-19 vaccine
mRNA-1273: Moderna COVID-19 vaccine

BBV152: Covaxin

in the delta variant infections. The efficacies of various vac-
cines in individuals either partially or completely vaccinated
are summarized in Table 3. Albeit the availability of multi-
ple vaccines as well as vaccine platforms, we need to keep
in mind few critical features that make a vaccine effective,
successful and desirable against pathogens. First, safety:
the vaccine has to be safe even in immunocompromised
individuals. Second, efficacy: the vaccine has to be highly
efficient and induce optimal ‘sterilizing’ immunity. Vac-
cines should prevent the subsequent challenge from the said
pathogen, which can be achieved by formation of memory
immune cells. Third, the economics: the cost of production
and administration of vaccines must be kept to minimal and
at a level where a mass can be effectively vaccinated.

Discussion

The SARS-CoV?2 is evolving rapidly with time. Presently,
new variants are being monitored and reported regularly by
the scientists. Despite having a fairly stable genome, SARS-
CoV2 has demonstrated a rapid rate of mutations, which
led to the emergence of many new variants. Some of these
variants have displayed altered receptor binding, increased
infectivity, or reduced neutralization by previously generated
antibodies (by vaccination or infection) compared to their
predecessors. These newly acquired properties might have
made the new variants such as B.1.617.2 to be more infec-
tive, lethal, and immune to vaccination. B.1.617.2 was first
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reported in India back in late 2020; it outcompeted pre-exist-
ing variants such as kappa (B.1.617.1) and alpha (B.1.1.7)
variants, via its spread all over the globe. Two key mutations
(L452R and E484Q) in the receptor-binding domain have
helped the delta variant evade neutralizing antibodies, and
reduced effectiveness of vaccination [92]. In vitro, B.1.617.2
is sixfold less sensitive to the acquired serum neutralizing
antibodies, and eightfold less sensitive to vaccine-gener-
ated (ChAdOx-1 or BNT162b2) antibodies compared to
the original variant [93]. Further research suggests that the
effectiveness after one dose of vaccination (both BNT162b2
and ChAdOx1 nCoV-19) is significantly lower in patients
with delta variant compared to patients with alpha variant
(B.1.1.7). Even after complete vaccination (both BNT162b2
and ChAdOx1 nCoV-19), the effectiveness remains lower
in the delta variant [84]. The continuous evolution of the
spike protein of SARS-CoV2 will definitely give the virus
a long-term evolutionary edge over active immunity. How-
ever, developing next-generation multi-epitope vaccine can-
didates against the virus might solve the very problem [94].
Additionally, four mutated epitopes are identified in the delta
variant that significantly reduced CD8 + T-cell responses
[95]. Emerging research suggests, the new variants engage
our immune system differently. Plethora of factors, includ-
ing demographic, nutrition status, comorbidities, age, and
gender, may play important roles in modulating the disease
severity [96].

Diet and nutrition are the essential pillars of a healthy
immune system. However, some micronutrients play
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dominant role in shaping our immunity compared to the
rest. Vitamins such as vitamin A, and D play crucial roles
in immunomodulation. Vitamin D is a group of fat-soluble
seco-steroid hormone, majorly responsible for maintaining
calcium homeostasis in the body. Along with facilitating
calcium, magnesium, and phosphate absorption in intestine,
it also acts as a major player when it comes to the maintain-
ing immune-barrier integrity. Vitamin D has already been
reported to have antiviral roles [97, 98]. Low-serum vitamin
D level is associated with increased risks and severity of sev-
eral respiratory diseases such as asthma and allergic-rhinitis
[99, 100]. Effect of vitamin D has also been investigated in
mitigating influenza with varied effects [101]. Two major
clinical trials are ongoing; one with 2,700 participants,
and another with 6,200 participants to investigate whether
vitamin D supplementation reduces COVID-19 severity
in patients (https://clinicaltrials.gov/). Similarly, there are
multiple small- and large-scale interventional clinical trials
going on under EU Clinical Trials Register on the same.
The completion of these studies will shed much-needed
light on this matter. The efficacy of vitamin D supplemen-
tation to ameliorate virus infection has been extensively
debated. However, it has long been clear that the groups
that exhibit vitamin D deficiency, including elderly adults,
Asians, and minority ethnic groups, are the population that
have also been impacted disproportionately by SARS-CoV2.
The lockdown has kept a huge population indoors, further
decreasing the exposure time to direct sunlight. This reduced
physiological level of calcitriol and triggered concerns that
this might inversely impacted COVID-19 scenario during
the second wave [102]. Similar to vitamin D, vitamin A is
also an important immunomodulator, and is responsible for
normal differentiation of epithelial tissues [103]. Vitamin A
deficiency is a common risk factor for virus induced respira-
tory infections [103]. Along with vitamins, essential trace
elements such as zinc, selenium, and magnesium are also
required to maintain a healthy immunity. Deficiency of these
trace elements is widely associated with increased inflam-
matory disorders, upper respiratory tract infection, and viral
pneumonia [104-106]. Even though any direct correlation
between vitamin or trace-element deficiency and COVID-
19 severity is yet to be drawn; it is evident that malnutrition
can exacerbate the severity of COVID-19, especially in chil-
dren and lactating mothers [107]. Hence, supplementation of
vitamins and minerals may be incorporated in the treatment
regimen of COVID-19 patients, and susceptible individu-
als as a preventive measure, especially in low- and middle-
income countries where a huge percentage of population
suffers from malnutrition.

Reports from early 2020 indicated markedly low sever-
ity of SARS-CoV2 among children [108]. However, with
the spread of the delta variant, the scenario has changed
drastically. Children under 10 are more susceptible to delta

transmission than the people above 30 [109]. The prevalence
of infection in young adults (18—24 years of age) is also sig-
nificantly higher with B.1.617.2. A huge demography, which
was previously exempted from COVID-19, is now at risk.
The hospitalization rate and emergency attendance risk also
increased for the patients with the delta variant compared to
the Alpha variant [110]. We are yet to ascertain whether such
parameters depend upon the ethnicity. During the first wave
of the pandemic, a clear association between comorbidities
and patient mortality was noticed. Elderly patients with dia-
betes, hypertension, chronic obstructive pulmonary disease,
cardiovascular diseases, HIV, and other comorbidities could
develop a life-threatening situation [95]. During the second
wave, the major players were the B.1.617.1 and B.1.617.2
variants [21]. Incidentally, the onset of these variants cor-
related with the beginning of vaccination. With the change
in dominating variant, the target demographic also changed
from elderly population to younger individuals. This shift
will definitely alter the association between comorbidities
and patient mortality. The SARS-CoV2 genome is still
undergoing rapid mutations. The delta plus variant (AY.1
or B.1.617.2.1) has significant number of high-prevalence
mutations (>20%) than in B.1.617.2. AY.1 has three new
spike protein mutations (W258L, K417N, and V70F), along
with five key predominant mutations (T951, A222V, G142D,
R158G, and K417N), already been recognized as a VOC
[22]. Another VOI from South Africa reported in May, 2021
was named C.1.2. C.1.2 got evolved from C.1 lineage; one
of the lineages that dominated the first wave of COVID-
19. C.1.2 contains multiple substitution mutations (R190S,
D215G, N484K, N501Y, H655Y, and T859N), and deletion
mutations (Y 144del and L242-A243del) in the spike protein,
which have also been observed in other VOCs [111]. The
Mu variant (B.1.621), now considered as a VOI, inherited
several key mutations (amino acid changes in T951, Y 144S,
Y 145N, and insertion of 146 N in the N-terminal domain,
R346K, E484K, and N501Y in the RBD and P681H in the
S1/S2 cleavage site of the Spike protein) associated with
lower antibody neutralization (outbreak.info). The N501Y
and K417N mutations on the RBD of the spike protein
increase ACE2 receptor-binding affinity, but diminish anti-
body binding [112]. K417N shows more binding affinity
toward ACE2 receptor compared to its British counterpart
N501Y [113]. One major concern is the accumulation of
additional novel mutations by these new variants, that might
increase their transmissibility, further reducing antibody
neutralization and increasing disease severity [111]. Till
date, information on these new variants is incomplete, but
a mosaic of studies hint that they might have an edge over
the other variants circulating worldwide; and might cause
another surge of cases in the upcoming months. New Zea-
land already went under level-4 lockdown when it witnessed
a spike in COVID-19 cases dominated by the delta variant
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in August, 2021. Now, New Zealand is in a level-3 lock-
down after the number of cases gone relatively low. On the
other hand, South Africa imposed travel restriction during
the third wave. After 10 weeks of decline, the number of
cases is also in rise throughout Europe driven by increased
gatherings, social interactions, travels, and easing social
restrictions. In this era of globalization, it is hard to contain
a variant within its country of origin. Considering highly
contagious nature of these new VOIs and VOCs, it is just
a matter of time before they spread all over the world. The
only hope to fight the pandemic still remains vaccination,
strictly adhering to COVID-19 appropriate behavior, and
keeping a healthy immune system through diet and healthy
habits. With current settings and scientific advancements, it
is next to impossible to stop a pandemic midway. However,
with better understanding of the new variants, and further
rapid development of vaccines, we can fight COVID-19 in
a more-efficient manner by lowering mortality and reduc-
ing severity until the natural cycle of the pandemic meets
its end.
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