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Abstract
Background: To protect the global population from the ongoing COVID-19 pandemic caused by the severe acute
respiratory β-coronavirus 2 (SARS-CoV-2), a number of vaccines are currently being used in three dosages (i.e., along
with the booster dose) to induce the immunity required to combat the SARS-CoV-2 and its variants. So far, several
antivirals and the commercial vaccines have been found to evoke the required humoral and cellular immunity within
a huge population around world. However, an important aspect to consider is the avoidance mechanism of the host
protective immunity by SARS-CoV-2 variants.
Main body of the abstract: Indeed, such an immune escape strategy has been noticed previously in case of SARSCoV-1 and the Middle East Respiratory Syndrome coronavirus (MERS-CoV). Regarding the SARS-CoV-2 variants, the
most important aspect on vaccine development is to determine whether the vaccine is actually capable to elicit the
immune response or not, especially the viral spike (S) protein.
Short conclusion: Present review thus focused on such elicitation of immunity as well as pondered to the avoidance
of host immunity by the SARS-CoV-2 Wuhan strain and its variants.
Keywords: COVID-19 pandemic, Severe acute respiratory syndrome β coronavirus 2 (SARS-CoV-2), SARS-CoV-2
variants, Host protective immunity, Avoidance of host innate immunity, Vaccines
Background
Since the middle of March 2020, the serious health threat
of this century so far has been caused by the severe acute
respiratory syndrome γ coronavirus 2 (SARS-CoV-2),
a ~ 30 kb RNA virus, which is also known as the 2019nCoV coronavirus, a member of Nidovirales order of
the family Flaviviridae, resulting in COVID-19 pandemic with 6,325,785 deaths out of 540,923,532 confirmed cases of COVID-19 so far (WHO 2022; Noor
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2021a). As of 20 June 2022, a total of 11,912,594,538 vaccine doses have been administered (WHO 2022). SARSCoV-2 originated from Wuhan, Hubei province of China
in the last of December in 2019, and then spread around
the world within three months as a consequence of the
travel-related infection together with the concomitant
second wave of infection currently especially in Europe
(Cacciapaglia et al. 2020; Haider et al. 2020). Prior to this
COVID-19 pandemic, the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) disease outbreak in
Saudi Arabia in 2012; and the acute respiratory syndrome
(SARS) epidemic in 2003 was significant (Zhang et al.
2020).

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Noor Bulletin of the National Research Centre

(2022) 46:255

Historical similarity with the present COVID-19 pandemic lies with the Hong Kong influenza in 1968, Asian
influenza in 1957–1958, Spanish influenza in 1918–1920,
and the Russian influenza in 1889–1892 (Cacciapaglia
et al. 2020; Haider et al. 2020; Zhang et al. 2020; Noor
and Maniha 2020). The drastic transmission of SARSCoV-2 during the second wave starting from March 2021,
the mutation dynamics of the virus extensively being
analyzed which projected a hotspot mutation at the position of D614m generating the G614 variant, achieving the
replacement of glycine in its receptor binding domain
(RBD) of the viral spike (S) protein, causing the trouble
in the vaccine-mediated induction of the host immune
response (Noor 2022a, 2022b; Korber 2020; Zhang et al.
2020). Eventually, the genomic variations arose from the
wild-type strain of SARS-CoV-2 strains; and several variants of concern (VOCs) and the variants of interest (VOI)
emerged (Noor 2022a; Otto et al. 2021). The SARS-CoV-2
variants, i.e., Alpha (B.1.1.7), Beta (B.1.351), Gamma
(P.1) and Delta (B.1.617.2) evolved in late 2020; while the
Omicron variant (B.1.1.529) emerged in November 2021
(Boehm et al. 2021; Noor 2022a, 2022b). The constant
mutations within the S protein raised questions about the
efficacy vaccine efficiency which was further resolved by
the use of the booster dose of vaccines (Chenchula et al.
2022; Noor 2022a, 2022b).
Scientists around the world tried their best to resolve
the genetic- and the immunological issues related to the
COVID-19 pathogenesis as well as for the development
of the therapeutic strategies including the development
of antiviral drugs (like remdesivir, ribavirin, favipiravir,
hydroxychloroquine, lopinavir, ritonavir, arbidol, bamlanivimab and ostalmovir); the soluble angiotensin-converting enzyme 2 (ACE2) or the serine protease inhibitor
camostat; and vaccines including ChAdOx1 nCoV-19
(Oxford/ AstraZeneca), Pfizer-BioNTech (BNT162b1),
Moderna (mRNA 1273), BBIBP-CorV (Sinopharm),
Sputnik V/ Gam-Covid-Vac (Gamaleya) vaccines against
SARS-CoV-2 and its variants (Noor 2020, 2021b, 2022b;
Samantaray et al. 2021).
However, the escape of the host protective immunity
by these strains with the concomitant production of
the mutant/ variants, i.e., mutations in the viral spike
(S) protein have made the virus incrementally lethal to
mass public (Mattoo et al. 2022; Noor et al. 2022; Awadasseid et al. 2021; Dos 2021; Hoffmann et al. 2021;
Kikkert 2020; Wrapp et al. 2020). For example, the
dreadfulness of the variants can be interpreted by the
B.1.617 lineage variant in India which may get entry
into lung and intestine cells, exhibited the neutralizing antibody evasion strategy; stimulating a sharp rise
in the viral count; and couldn’t be hindered by applying
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the antiviral drug bamlanivimab neither with the PfizerBioNTech BNT162b2 vaccine; resulting in the rapid
spread of this variant (Hoffmann et al. 2021). In contrast to the wild-type SARS-CoV-2 Wuhan strain, the
variants showed higher transmissibility with potent virulence and antigenicity as discussed by several groups
(Table 1). Present review therefore highlighted the possible impact of the viral variants on the instigation of
the appropriate immunity provoked by the vaccines.

Main text
General scheme of SARS‑CoV‑2 pathogenesis

SARS-CoV-2 enters the nasopharyngeal tract from the
respiratory droplets following its movement across
the bronchial tubes to the lungs, which in turn makes
the mucous membrane of the lungs inflamed and hard
which results in difficulty in supplying oxygen to the
blood and hence the shortness of breath in combination with the acute cardiac injury, and severe pneumonia (Fig. 1) (Noor 2021a; Kikkert 2020). Indeed, the
viral entry is facilitated by the receptor binding domain
(RBD) within the viral spike (S) protein and the host
angiotensin-converting enzyme 2 (ACE 2) receptor
which in turn triggers both the host innate and adaptive
immunity (Jackson et al. 2022; Noor 2021a, 2021b). The
orchestrated protective network between the host airway epithelial cells, neutrophils, alveolar macrophages,
dendritic cells (DCs), lymphocytes, toll-like receptors
(TLRs), and the pathogen-associated molecular patterns (PAMPs) instigated by the pattern recognition
receptors (PRRs) generate an anti-viral state within
the lungs (Madden and Diamond 2022). However, the
viral entry provokes the rush of the pro-inflammatory cytokines and chemokines; and such condition is
already well known as the cytokine storm as shown in
Fig. 1. Such impulsive response of the innate immune
system may attack the host (self ) protective system
which in turn provokes the commencement of the acute
respiratory distress syndrome (ARDS) together with
major organ (most commonly kidney and liver) malfunction (Birhanu et al. 2022; Noor 2021a). Moreover,
as a countermeasure against the innate defense machineries, i.e., the alveolar macrophages, airway epithelial
cells, innate lymphoid cells, and DCs as stated above,
the invading viruses may evolve activities suppressing
such mechanisms which enhances the viral replication
(V’kovski et al. 2021; Noor 2021a; Kikkert 2020). The
equilibrium between the effectiveness of the innate and
adaptive responses of the host and the capacity of virus
to escape the host’s immune responses thus dictates the
disease syndrome (Gu et al. 2022; Kikkert 2020).

Binding of receptor binding domain
(RBD) of the spike (S) protein to
the human angiotensin converting
enzyme 2 (hACE2), mediating the
viral entry

Virulence

Originated in the UK. Transmissibility
The emerging variants of the Wuhan
increased by 29% (160 countries) as of strain of SARS‐CoV‐2 possess the key
June 2021
mutations, especially in the RBD of
Beta variant (B.1.351 lineage)
Originated in South Africa. Transmissi- the spike (S) protein that interacts
bility increased by 25% (113 countries) with (hACE2 may instigate significant
alterations in the interaction between
as of June 2021
SARS-CoV-2 and the host. Such mutaGamma variant (of P.1 lineage)
Originated in Brazil. Transmissibility
tions may accelerate the mechanism
increased by 38% (64 countries) as of of RBD binding to the hACE-2 of the
June 2021
S protein, enhances glycosylation
of this S protein at the antigenic
Delta variant (B.1.617.2 lineage)
Originated in India. Transmissibility
increased by 97% (62 countries) as of sites, which in turn, results in the
proteolytic cleavage of the S protein
June 2021
with concomitant entry into the host
Omicron variant (B.1.1.529 lineage).
Originated in South Africa. This variant cells. New VOCs may take their entry
even more easily imparting increased
The Omicron variant has mutated into of concern (VOC) had spread across
viral replication frequency/ viral shedthree lineages: BA.1, BA.2, and BA.3, as 105 countries as of January 10, 2021
ding, resulting in more lethality with
of February 2022
serious tissue impairment as well as
hyper inflammation. Enhancement
of viral replication and evasion of the
neutralizing antibodies are another
strategies of SARS-CoV-2 pathogenesis

First originated in Wuhan, China

Wild-type SARS-CoV-2

Alpha variant (of B.1.1.7 lineage)

Transmissibility

SARS-CoV-2 and its variants

Noor et al. (2022) Campbell et al. (2021),
Kumar et al. (2022)

Noor et al. (2022)

References

Noor et al. (2022), Campbell et al.
(2021), Kumar et al. (2022)

Key mutations: E484Q, L452R, P681R,
conferring viral entry. L452R also
facilitates viral entry and antibody
evasion.

More than 50 mutations (Thirty muta- Noor et al. (2022), Campbell et al.
tions in spike (S) protein, alteration
(2021), Sanyaolu et al. (2022)
of 9 amino acids), conferring viral
entry; and the evasion of neutralizing
antibody

Noor et al. (2022), Campbell et al.
(2021), Kumar et al. (2022)

Total 17 mutations, conferring viral
entry

Key mutation: N501Y within the RBD Noor et al. (2022), Campbell et al.
domain of S protein, conferring n RBD (2021), Kumar et al. (2022)
high affinity to bind hACE-2

Total 23 mutations, Key mutations:
H69-V70del, N501Y, and P681H,
conferring viral entry

None

Key mutations influencing
antigenicity

Table 1 Comparison regarding the change in transmissibility, virulence and antigenicity in the wild-type SARS-CoV-2 and its emerging variants
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Fig. 1 The RNA genome organization of SARS-CoV-2 is shown to decipher the entry and pathogenesis of the virus. SARS-CoV-2 enters the
nasopharyngeal tract through the respiratory droplets ejected from coughing or sneezing by another person(s) in close contact. As shown,
the hemagglutinin-esterase (HE) (1) acts as a hemagglutinin (HA), (2) it binds sialic acids (SA) on the surface glycoproteins, and (3) contains
acetyl-esterase activity triggering the viral spike (S) protein-mediated host cell entry and subsequent proliferation across the mucosa. The
nucleocapsid (N) protein works on two specific RNA substrates: (1) the transcriptional regulatory sequences (TRSs) and (2) the genomic packaging
signal. Once inside the host membrane, the virus travels down bronchial tubes to the lungs; and as a result, the lining of the respiratory tree
becomes injured which in turn irritates the nerves of the lining of the airway; and the resultant impact is the inflammation and hardening of the
mucus membrane of the lungs making difficult to supply oxygen to the blood instigating the increased shortness of breath. The significant increase
in the pro-inflammatory cytokines and chemokines (including IL2, IL7, IL10, GCSF, IP10, MCP1, MIP1α, and TNFα), i.e., the cytokine storm has been
shown to induce the local inflammation generating the severe onset of the disease

SARS‑CoV‑2 genome in relation to its life cycle
and pathogenesis

SARS-CoV-2, the SARS-CoV-1 (causing the epidemic
in 2002) and the Middle East respiratory syndrome
coronavirus (MERS-CoV) that generated in 2012, possess highly conserved genomic organization, with a
large replicase gene which encodes the non-structural
proteins (Nsps) (Abdelghany et al. 2021; Noor 2021a).

The SARS-CoV-2 genomic RNA consists of 14 open
reading frames (ORFs) of which the first two ORFs
(pp1a/ab) encode polyprotein which are involved in
the viral replication; and 16 non-structural proteins
which are needed for the viral RNA transcription and
replication of the virus trailed by the structural proteins (Noor 2020). Indeed, four major genes encoding
ACE2 (the corresponding gene is located at Xp22.2 in
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host chromosome), IL-2, 7 and 10 (chromosomal locations: 4q27, 8q21.13 and 1q32.1, consecutively), TNF
(gene location at 6p21.33), and VEGF (chromosomal
location: 6p21.1) are associated with the development
of the respiratory problems including the aspirin-sensitive respiratory disease (ASRD) (Veerabathiran et al.
2021).
As shown in Fig. 1, the SARS-CoV-2 RNA consists of
a 5′ leader sequence followed by the untranslated region
(UTR, containing the multiple stem loop structures
needed for RNA replication and transcription) with the
downstream genes encoding the hemagglutinin (HA)esterase (HE), the replicase–transcriptase polyprotein,
the spike protein (S, mediating attachment to the host
receptor), envelope (E), facilitating the assembly and
release of the virus), membrane (M, which is thought
to give the virion its shape), nucleocapsid (N, triggering a structural change enhancing the affinity for viral
versus nonviral RNA), and the 3′ UTR region (required
for replication and synthesis of viral RNA) ending with
poly adenine (A) tail (Bhat et al. 2021; Noor 2021a). N
protein also binds to the nsp3 (encoding the papain-like
proteases, PLpro) of the replicase complex and to the
M protein, which in turn facilitates tethering the viral
genome to the replicase–transcriptase complex (RTC)
followed by the packaging of the encapsidated genome
into new viral particles. The accessory genes (some of
the products are essential for the viral pathogenesis)
remain interspersed within the structural genes at
the 3′ end flanking ORFs (Noor 2021a; Redondo et al.
2021).
Thus, the replicase is located at the upstream region
of the (1) structural genes encoding spike protein, envelope membrane, nucleocapsid, and (2) the accessory
genes (located with flanking ORFs at the 3ʹ terminus)
which have been noticed to be essential for viral pathogenesis by inhibiting the host immune response (Beyer
and Forero 2022; Noor 2021a, 2021b; Kikkert 2020).
Based on such genome organization with their successive expression, the viral life cycle that is actually associated with the viral pathogenesis, involves the events
of (1) the attachment and entry into the host followed
by replicase protein expression, (2) the replication
of the viral particles, and (3) viral RNA transcription
trailed by the assembly of the viral components; and
(4) ultimately the release of the mature viruses which
reign pathogenic regime (Noor 2021a; Kikkert 2020).
The replication of SARS-CoV-2 genome, involving viral
and host proteins (for example, the DDX helicases) to
accomplish RNA polymerization, proofreading and
final capping within the infected cells appears as the
central basis of the viral life cycle (Trougakos et al.
2021; Noor 2020; Kikkert 2020).
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Viral attachment and entry

The spike (S) glycoprotein on the surface of the SARSCoV-2 is recognized principally by the host ACE2
receptors (in some cases by CD147 as well); and after
attachment of the viral particle to the host cell, the S protein is cleaved by the human transmembrane protease
serine 2 (TMPRSS2) so that the virus may enter the host
cells by endocytosis or by direct fusion of its envelope
with the host cell membrane (Noor 2021a, 2020; Kikkert
2020; Romano et al. 2020). Indeed, the attachment of the
virus particle to the host cell is mediated by the interaction between the S1 region of the S protein (at the sites of
RBD) and its receptor. After binding to the receptor, the
virus enters the host cell cytosol by the acid-dependent
proteolytic cleavage of the S protein usually by a cathepsin, followed by the fusion of the viral and cellular membranes mostly within acidified endosomes, and to some
extent at the plasma membrane (Noor 2021a, b; Noor
2020; Kikkert 2020).
Next the translation of the replicase gene occurs into
two co-terminal polyproteins, pp1a and pp1ab which are
known to facilitate the viral RNA replication as stated
previously (Romano et al. 2020; Wang et al. 2020). Specifically, the largest polyprotein PP1ab embeds all the
non-structural proteins (Nsp1-16) and thereby form the
complex replicase machinery which includes enzyme
activities required for viral RNA transcription and translation (Romano et al. 2020). This is also to be noted that
the hemagglutinin-esterase (HE) possesses the acetylesterase activity, acting as a hemagglutinin, has been
reported to bind sialic acids on surface glycoproteins
which in turn may facilitate the S protein-mediated viral
entry and spread along the lung mucosa and hence triggers the viral pathogenesis (Wang et al. 2020).
Viral RNA synthesis: replication and transcription

After the virus gets entry into the host cell, the infecting RNA serves as the messenger RNA (mRNA) which
undergoes translation by host ribosomes to synthesize the viral replicative enzymes to produce fresh RNA
genomes together with the mRNAs for the synthesis of
the viral assembly machineries (Romano et al. 2020).
Indeed, the SARS-CoV-2 RNA replication machinery is
associated in a replication transcription enzyme complex anchored to host membranes generated from the
endoplasmic reticulum (ER), and constitutes a range
of functional proteins specifically the PP1ab, comprising the essential RNA-dependent RNA polymerase
(RdRp, Nsp12), the zinc-binding helicase (HEL, Nsp13),
enzymes required for mRNA capping (Nsp14, Nsp16),
RNA proofreading (Nsp14), and the regulators of these
proteins (Nsps 7–10) (Romano et al. 2020; Wang et al.
2020). In the replicase complex there are several other
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non-structural proteins (Nsps 3, 4 and 6) within the coronavirus which assemble into the replicase–transcriptase
complex (RTC), consisting of spatially distributed and
convoluted membranes (CVs) and double-membrane
vesicles (DMVs) evolving from the endoplasmic reticulum (ER), for RNA synthesis and the transcription of the
sub-genomic RNAs (Noor 2021a; Romano et al. 2020;
Wang et al. 2020). A cis-regulatory element encoded
within the SARS-CoV-2 RNA known as the packaging
signal (PS), instigates the packaging of the viral genome
into the ribonucleocapsid (Romano et al. 2020; Wang
et al. 2020; Artika et al. 2020).
This is noteworthy that the CVs (where viral replication
machineries anchor) and DMVs (the main site of viral
RNA replication and transcription) are well protective
environment for the viral genome so that SARS-CoV-2
becomes able (possibly by the uridylate-specific endoribonuclease activity imparted by Nsp15) to circumvent
the detection of the dsRNA by the host innate immunity
sensors, and thus the viral RNA is protected from degradation (Romano et al. 2020). The nsps also contain
other enzyme domains and functions, including those
important for the viral RNA replication (Noor 2021a; Raj
2020). Viral RNA synthesis produces both genomic and
sub-genomic RNAs; and the later ones serve as mRNAs
for the structural and accessory genes which may hinder the host immunity as stated earlier. Moreover, this
is worth to note that the N protein may instigate the
SARS-CoV-2 replication cycle as well as this protein is
essentially involved in viral assembly and provoking the
host response toward the viral infection (Noor 2021a, b;
Romano et al. 2020; Wang et al. 2020; Artika et al. 2020).
Protein synthesis, viral assembly and release of mature
particles

Following replication and sub-genomic RNA synthesis,
the viral structural proteins, S, E, M and N are translated; and with the aid of the intracellular trafficking signals (principally by the M and E proteins; and in some
cases, the S proteins), these proteins are targeted and
inserted into the ER–Golgi intermediate compartment
(ERGIC) where the final assembly of virion components
takes place (Kaushal and Noor 2022; Noor 2021a). The M
proteins have been reported to direct most protein–protein interactions required for assembly of coronaviruses
(Romano et al. 2020; Wang et al. 2020; Artika et al. 2020).
Besides, the nucleocapsid (N) phosphoprotein has also
been demonstrated to play an imperative role during viral
self-assembly as well as in the formation of the ribonucleoprotein (RNP); and the interaction between two
N proteins are also necessary for the viral components’
assembly (Artika et al. 2020). Interestingly, the combined
expression of both the M protein and E protein triggers
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the formation of virus like particles (VLPs). Eventually,
the ability of the S protein to traffic to the ERGIC and
interact with the M protein is critical for its incorporation into the virus particles. Finally, the M protein, the
most plentiful structural protein, binds to the nucleocapsid as well as the PS (probably with the help the structural
protein E) which completes the assembly process; and
the virus particles are transported to the cell surface in
vesicles following their subsequent release by exocytosis
(Noor 2021a; Romano et al. 2020; Wang et al. 2020).
SARS‑CoV‑2 variants and their increased transmissibility
along with the capacity to hinder the host immune system
induction by vaccines

The spike (S) protein has already been known to conduct
the receptor binding and fusion of the viral and cellular
membrane during the viral entry into the host cell; and
the S1 domain within the RBD of the spike facilitates the
ACE2 receptor binding whereas the S2 subunit remains
engaged in the membrane fusion (Han et al. 2022; Noor
2021a, 2020). The study of several sequences of SARSCoV-2 isolates unraveled the events of genetic variations
within some genomic regions of the virus; especially, with
the aspartic acid (SD614) and glycine (SG614) at residue 614
in the S protein (Zhang et al. 2020; Korber 2020). This is
to be noted that the S1/S2 junction is further processed
by a furin-like proprotein convertase; and both of these
subunits are processed in the host within the S2 domain
that is needed for the viral propagation (Korber 2020).
Indeed, as shown in Table 1, the events of antigenic
draft producing the accumulations of mutations within
the influenza viruses have been reported earlier (especially in the common cold coronaviruses OC43 and 229E
as well as in SARS-CoV whereby a single amino acid
change, the spike D480A/G in the RBD was noticed)
and point mutations within the MERS-CoV; and it is to
be noted that such drafting and reassortment confer the
viruses the ability to resist the host protective immunity
(including the antibodies which are supposed to neutralize the virus) and hence accelerating the viral transmissibility (Zhang et al. 2020; Noor and Maniha 2020;
Korber 2020). Analyzing the SARS-CoV-2 spike protein
evolution (i.e., identifying the spike amino acid variants)
within a broad range of geographical locations using the
bioinformatic tools and the Global Initiative for Sharing All Influenza Data (GISAID) SARS-CoV-2 sequence
database during the ongoing COVID-19 pandemic facilitates the study of the possible mutations which in turn
may bring innovations in the development of the current vaccination strategies (Noor et al. 2022; Khare et al.
2021; Korber 2020). Indeed, after the commencement of
COVID-19 pandemic in the last of December, 2019, a
new variant was noticed with a single D614G mutation in
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the spike (S) protein of SARS-CoV-2, spreading in Europe
in early February; and surprisingly, the G614 was the
dominant variant accompanied with dreadful infectivity (Noor et al. 2022; Korber 2020). However, according
to the report of Zhang et al. (2020), the G614 genotype
(mutation in the glycine residue) was noticed at low frequency (26%) in March 2020, which had a high accelerated transmissibility (up to 70%) by May 2020 (Zhang
et al. 2020). This was comparable with the D614 variant
having the mutation within aspartic acid residue since
the SARS-CoV-2 with SG614 was noticed to be stabler
and to infect the ACE2-expressing cells more proficiently
than those with SD614 (Zhang et al. 2020).
This is to be noted that B.1.1.7 lineage that emerged in
the UK, is now spreading across many geographic locations with a tremendously increased transmissibility
compared with previously circulating strains (Hoffmann
et al. 2021). Such an increased transmissibility may be
associated to the N501Y mutation in the RBD of the S
protein (Hoffmann et al. 2021; Tian et al. 2021). As stated
earlier, the RBD in subunit 1 binds to the host ACE2
receptor, followed by activation of the spike by the transmembrane protease serine 2 (TMPRSS2) so that the subunit 2 (S2) may facilitate the fusion of the virus and the
host cell membrane, facilitating the delivery of the viral
RNA into the host.
Such a mechanism is important for the viral infection; and on the contrary, this is also important for the
efficient vaccination as the spike protein serves as the
primary target of monoclonal antibody therapies and
the neutralizing antibodies generated through the administrations of vaccines. Like the B.1.1.7 variant, the B.1.351
(in South Africa) and the P.1 variant (in Brazil) have been
noticed to harbor the spike RBD mutation E484K, which
also reduced the neutralization capacity by the vaccine
induced antibodies (i.e., the antibody evasion strategy),
and thus those variants spread out with morbid effects
(Hoffmann et al. 2021). This is to note the steep escalation of the COVID-19 cases in India within the last one
month has been instigated by the B.1.617 variant harboring eight mutations within the S protein among which the
RBD mutations L452R and E484Q modulate antibodymediated neutralization (Hoffmann et al. 2021). Hence,
any mutation in the spike protein may render the vaccine
non-functional due to the target conformational change
or displacement; and may alter the significant properties such as the efficiency of host cell entry as well as the
susceptibility of the variants to the prescribed COVID-19
drugs (Noor et al. 2022b; Hoffmann et al. 2021).
Immunopathology caused by SARS‑CoV‑2 and its variants

Upon entry of the virus into the respiratory tract, a prearranged cellular innate immune sensor recognizes it

Page 7 of 14

(Fig. 1), and a set of protective immune cells including
the airway epithelial cells, the alveolar macrophages, the
innate lymphocytes, DCs, TLRs-3, 7 and 8 are triggered
to launch the typical anti-viral status along the lungs
(Kaushal and Noor 2022; Kikkert 2020). Additionally,
as stated earlier, the innate immune cells of the host are
induced following the detection of PAMPs by the PRRs
(Kikkert 2020). Indeed, the onset of COVID-19 results
in the elevated leukocytes and the pro-inflammatory
cytokines (these inflammatory indicators refer to the socalled cytokine storm in the patients with severe infection) including interleukins (ILs): IL2, IL7-10, IL1-β,
interleukin-1 receptor antagonist (IL1RA); granulocyte
colony-stimulating factor (G-CSF), Granulocyte–macrophage colony-stimulating factor (GMCSF), interferon
(IFN)-γ, IFNγ-induced protein 10 (IP10), monocyte
chemotactic protein-1 (MCP1), macrophage inflammatory protein 1 α (MIP1α), MIP1β, platelet derived growth
factor(PDGF), vascular endothelial growth factor A
(VEGFA), and the tumor necrosis factor (TNFα), all of
which actually account for the severity of the disease syndrome (Bonnet et al. 2021; Noor 2021a, 2021b; Kikkert
2020; Noor 2020).
The connection of declining clinical state with the
lessening viral counts and the commencement of a high
immunological response (i.e., the elevated leukocytes),
plus the presence of markedly elevated pro-inflammatory
cytokines may intimate that the stern lung impairment is
on the whole immunopathological event (Bonnet et al.
2021; Hembram 2021; Kikkert 2020). Indeed, besides
such immune-mediated mechanisms, SARS-CoV-2 has
also been noticed to influence the host cells by its cytocidal activity as observed through the cytopathic effects
in the kidney cells as well as the formation of syncytia in
lung tissues during viral replication. Moreover, the SARSCoV-2 pathogenesis may involve the adaptive immune
system whereby (1) T cells and the cytokines impart the
disease progression potential; and (2) the humoral antibodies like IgG and IgM also play significant roles as can
be seen from the event the antibody-dependent entry
(ADE) of the SARS-CoV-2 into the host (Noor 2021a,
2020; Kikkert 2020; Li et al. 2020; Naqvi et al. 2020).
Avoidance of the host protective immunity by SARS‑CoV‑2
and its variants

SARS-CoV-2 has been reported to act as interferon
antagonists (the IFN-stimulated genes, ISGs may impart
protective effects to host), to interfere with the PRR signaling such as TLRs, and to generate the non-productive
inflammation, which in turn results in the cytokine storm
as well as the viral shedding along the major organs
because of the viral potential to avoid the host anti-viral
interferon response (type I/III IFNs for the host defense)
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(Hembram 2021; Taefehshokr et al. 2020; Vabret et al.
2020). Especially, the increased levels of the pro-inflammatory IL-2, IL-7, G-CSF, MCP-1, MIP-1α, IP-10, and
TNF-α has been shown to trigger the influx of neutrophils and other myeloid cells along the lung tissue, evoking the severe local inflammatory response (Kikkert 2020;
Taefehshokr et al. 2020; Vabret et al. 2020).
Indeed, as shown in Table 2, the COVID-19 pandemic
may be seriously escalated when the host immunity is
significantly impaired, i.e., avoidance of the host immune
sensors by SARS-CoV-2 during the viral life cycle, induction of cytokine storm in the infected individual, damage
of the host interferon responses, suppression of the antigen presentation both by the major histocompatibility
complex (MHC) class I and II, etc. (Noor 2021a, 2021b;
Vabret et al. 2020). Hence the events within both the host
immune responses against SARS-CoV-2 and the viral
strategies to escape the host immunity are important to
study which in turn may improve the existing knowledge
on the viral pathogenesis as well as to determine the drug
targets (Kikkert 2020; Taefehshokr et al. 2020; Vabret
et al. 2020; Wan et al. 2020).
Circumvention of innate immunity during viral entry

The nature of unusually large RNA genome of SARSCoV-2 is of significance to the cellular innate immune
sensors of the host that recognize these viruses upon
their entry across the respiratory tract along with the
successive downstream signaling cascades (like the
IFN induced protective mechanisms) as expected to be
induced (Zhao et al. 2022; Kikkert 2020). The ISGs as
well as the IFN-induced transmembrane family (IFITM)
proteins together with the lymphocyte antigen 6 complex locus E (LY6E) may interfere with the fusion across
the host membrane (Kikkert 2020; Snijder et al. 2020).
SARS-CoV-2 may employ several mechanisms which
inhibit such IFN-I induction and signaling for the protection of the host (Kikkert 2020; Snijder et al. 2020; Klein
et al. 2020). Patients with severe COVID-19 have been
found with significantly impaired IFN-I signatures which
unravels the IFN-mediated antiviral state evasion by the
viral factors which are IFN antagonists as well as hinders
the PRR sensing pathway used for protection of the host
(Wan et al. 2020). Also, it has been already stated earlier that the spike (S) protein of SARS-CoV-2 mediates
the viral entry into cells by binding to host cell surface
receptor following fusion into the host membranes (Noor
2021a; Wan et al. 2020).
An interesting finding on this aspect is about the ADEmediated viral entry whereby the neutralizing monoclonal antibody (MAb) targets the RBD of the spike protein;
and allows it to undergo conformational changes making it prone to proteolytic activation (Fig. 1); and thus,
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mediates the viral entry into the IgG Fc receptor-expressing cells through the so-called canonical viral-receptordependent pathways (Kikkert 2020; Noor 2020; Wan
et al. 2020). Surprisingly, while IFN seems to be the protective the early stage of the disease; however, along with
the disease progression, the interferon-induced upregulation of ACE2 within the airway epithelia may contribute to the failure of IFN-1 induced antiviral state with a
concomitant induction of other inflammatory pathways
resulting in viral pathogenesis (Wan et al. 2020; Snijder
et al. 2020).
Modification of intracellular membranes for the ease
of viral RNA replication

Viruses with unusually long positive RNA genome have
been noticed to replicate exclusively in the cytosol by
modifying intracellular membranes to form the so-called
replication organelles (RO) or double membrane vesicles (DMVs) which may subsidize the evasion of the host
innate immunity against the virus (Kikkert 2020; Snijder
et al. 2020). Such specialized structure may have a rationale to spatially keep the viral RNA transcription and replication which would else be identified by the PRRs of
the host innate immune protective sensors (Artika et al.
2020; Wang et al. 2020). Compared to the evidence-based
data from the MERS-CoV and SARS-CoV-1, studies on
such specialized structure for SARS-CoV-2 RNA replication are still insufficient. However, Klein and colleagues
(in 2020) structurally characterized such curved membrane vesicles serving as the viral RNA replication compartment (or the budding site), and visualized the viral
RNAs inside them (Klein et al. 2020).
Safeguarding the viral RNA

It’s interesting to note that in order to make viral proteins, most viruses have been reported to hijack the host
translational machineries, i.e., the host capping enzymes
and utilizing the capped host mRNAs as substrates (Dai
et al. 2020). The short, 5′-capped transcripts produced
by the cellular DNA-dependent RNA polymerase II from
the host mRNAs is the process that is known as the capsnatching mechanism (Mandilara et al. 2021; Kikkert
2020). Such cap-snatching process has been observed in
several positive stranded RNA viruses and in the Influenza virus which possess the viral mRNAs comprising
both the host capped small RNA (addition of a 7-methyl
guanosine; and lacking of the 2′-O-methylation) and the
virus-encoded RNA (Dai et al. 2020; Drappier et al. 2015).
SARS-CoV-2 RNA may employ several mechanisms to
avoid the host immune response for its undisturbed transcription and translation. The viral RNAs may dodge recognition by the innate immune RNA sensors by adding
a cap-structure to its 5′-end and hence the viral mRNAs

The host capping enzymes may be employed by SARS-CoV-2,
resulting in viral mRNAs consisting of both the host capped
small RNA (addition of a 7-methyl guanosine; and lacking of the
2′-O-methylation) and the virus-encoded RNA. Thus, the SARSCoV-2 RNAs may escape recognition by the host innate immune
RNA sensors
Avoid recognition by the MDA5 sensor which controls the innate
immune response to SARS-CoV-2 in the lung epithelial cells. Viral
endoribonuclease activity encoded in one of the non-structural
genes may also hinder the recognition by MDA5 sensor

Cap-snatching process

Avoidance of recognition by the melanoma differentiationassociated protein (MDA5) sensor

Defective recognition or the inability of recognition of the receptor Noor et al. (2022), Lazarevic et al. (2021), Korber et al. (2020), Zhang
binding domain (RBD) of the viral spike (S) protein by the host
et al. (2020)
angiotensin-converting enzyme 2 (ACE 2) receptor

Kikkert (2020), Drappier et al. (2015), Kindler et al. (2017)

Yin et al. (2021), Kikkert (2020)

Beyer and Forero (2022), Mandilara et al. (2021), Kikkert (2020), Dai
et al. (2020)

Klein et al. (2020)

Martin-Sancho et al. (2021), V’kovski et al. (2021)

(2022) 46:255

Genetic mutations within SARS-CoV-2 spike (S) protein

Avoidance of the protein kinase R (PKR), and the 2’-5’ Oligoadenylate Synthetase (the OAS/RNAse L system, which triggers the
IFN effector pathways for creating the anti-viral state in host. PKR
and the OAS)/RNAse L system is involved in the recognition and
destruction of foreign RNA. Thus, avoidance of this system hinders
the elicitation of viral RNA sensing as well as the virus-eliminating
mechanisms by innate immunity

Evading host innate immunity by the viral endoribonuclease Avoidance of the MDA5 recognition (as stated above)

Such modification of intracellular membranes makes the SARSCoV-2 RNA replication easier

Lack of production of the cluster of endoplasmic reticulum (ER)/
Golgi-resident anti-viral ISGs which are dedicated to suppress the
genes required for viral assembly

Loss of expression of the required RNA binding proteins which are
supposed to hinder the viral RNA synthesis

Curved membrane vesicles

Loss of control to inhibit SARS-CoV-2 replication

Defective endosomal factors which are actually directed to inhibit
the entry of SARS-CoV-2

Suppression of IFN-1 induced anti-viral state triggers hyper-inflam- Wan et al. (2020), Snijder et al. (2020)
mation and COVID-19 severity

Downregulation of several ISGs which specifically interferes the
entry of SARS-CoV-2 spike (S) protein

A defective interferon (IFN) response to SARS-CoV-2 by host that is Martin-Sancho et al. (2021), Kikkert (2020), Snijder et al. (2020)
resulted due to the impairment of expression of the IFN-stimulated
genes (ISGs) encoding mainly LY6E, whose product stops the viral
replication onward

Avoidance of innate immunity during viral entry

Martin-Sancho et al. (2021), van der Made et al. (2020), Wan et al.
(2020)

Loss-of-function mutations in the immune sensor, the toll like
receptor gene TLR7, encoding TLR7 which acts as the pattern
recognition receptor (PRR) to recognize the pathogen-associated
molecular pattern (PAMP). Thus the initial PAMP-PRR interaction

Defective recognition of SARS-CoV-2 by the host

References

Mechanisms of viral escape of host immunity

Immune evasion strategies

Table 2 A summary of host protective immune evasion strategies by SARS-CoV-2 and its variants
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can be appropriately recognized by the host translational
machineries for the further translation (Kikkert 2020).
However, the cap structure is not required for translation
since these viral RNAs use a cap-independent internal
ribosomal entry site-mediated translation rather it protects the viral RNA from the recognition by the innate
RNA sensors (Kikkert 2020). Addition of 2’-O methylation to their cap-structures using nsp16 has been shown
to be significant to avoid recognition by the MDA5 (melanoma differentiation-associated protein 5) sensor and
consequent induction of the cells of innate immunity
(Beyer and Forero 2022; Kikkert 2020).
Another mechanism of evasion of host innate immunity
relies on the viral endoribonuclease activity encoded in
one of the non-structural genes of the SARS-CoV-2 RNA
(Kikkert 2020). This activity is essential for the avoidance of the MDA5, the protein kinase R (PKR), and the
2’-5’ Oligoadenylate Synthetase (the OAS/RNAse L system: one of the first characterized IFN effector pathways)
machineries (Kikkert 2020; Drappier et al. 2015). PKR and
the OAS)/RNAse L system recognize and destroy foreign
RNA in the cytosol independently; and interestingly the
virus seemingly razes its own RNA during certain stages
of the infection to avoid eliciting the RNA sensing and
virus-destroying immune system (Drappier et al. 2015;
Kindler et al., 2017). This is also known that the cytosolic coronaviral mRNAs may be targeted by the cellular
nonsense-mediated degradation pathway, resulting in
the decay of these mRNAs (Kikkert 2020). However, the
viral N protein has been reported to counteract such viral
mRNA destruction possibly by packaging the viral RNAs
(Kikkert 2020; Wada et al. 2018).
Effectiveness of some vaccines against the SARS‑CoV‑2
variants: an emergency need

The Ad26.COV2.S (hAd26) vaccine (Janssen Vaccines &
Prevention B.V.), also known as JNJ-78436735 has been
found to be the most divergent vaccine against all sorts
of S-mutations so far achieved as evaluated through the
clinical trial NCT04505722 (Heinz and Stiasny 2021;
Mercado et al. 2020; Coughlan 2020). The Ad26 vector
encodes the prefusion stabilized S immunogen (S.PP)
which consists of (1) the wild-type leader sequence,
(2) the full-length membrane-bound spike protein, (3)
mutant region of the furin cleavage site, and (4) two proline stabilizing mutation (Heinz and Stiasny 2021). The
vaccine was found to elicit the production of the neutralizing antibodies which provided a complete protection
against the viral challenge in animal model (Heinz and
Stiasny 2021). Among the other vaccines, 86% record
of vaccine efficiency was noted for the Sinovac Biotech
(Sinovac, Beijing, China) vaccine; and the Sinopharm
(Sinopharm, Beijing, China) whole-virus vaccines (Heinz
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and Stiasny 2021; Mercado et al. 2020; Forni et al. 2021;
Wadman and Cohen 2021). Among the subunit vaccines,
NVX-CoV2373 (Novavax, Gaithersburg, MD, USA) vaccine (a recombinant full-length S protein served as antigen with stabilizing mutations) was ended up with 90%
efficiency in the Phase III clinical trials with an outcome
of approximately 90% success in a trial in the UK; and
60% in South Africa (Wada et al. 2018, Wadman and
Cohen 2021). The COVID-19 mRNA vaccines (from
Biontech/Pfizer and Moderna) have already been being
used in many countries after successful clinical trials
with more than 94% efficiency which actually represents
a massive dive forward for the COVID-19 mitigation
worldwide (Noor 2021b; Heinz and Stiasny 2021).
This is to be noted that the UK mutant was found to be
neutralized both by the Biontech/Pfizer- and the Moderna mRNA vaccine although a reduced neutralization
of the South African variant by the Moderna vaccine was
observed (Heinz and Stiasny 2021; Wu 2021). Likewise,
the widely used Oxford/Astra Zeneca vaccine has also
been found to be protective against the B.1.1.7 mutant;
however, with a nine-fold lower efficiency which drives
the scientists to think for the improvement of the vaccines
against the SARS-CoV-2 variants (Emary et al. 2021; Heinz
and Stiasny 2021). Such an incidence clearly urges the
need for the improvement of the current vaccines in terms
of their components, dosage forms, etc., or directs toward
the need for multi-component/ combined vaccine or the
seasonal vaccines as stated before (Noor 2021b). Based
on a huge amount of literature recently published, Table 3
simply outlines the major COVID-19 vaccines which are
currently in use around the world. One important is to
ponder that since the SARS-CoV-2 and its variants may
escape the host immunity, substantial non-pharmaceutical
interventions are required to limit the rate of SARS-CoV-2
transmission within a community or in a country (Bhuiyan
et al. 2022; Noor 2022b; Noor et al. 2022; Perra 2021).

Conclusions
The endurance of the ongoing wave of the COVID19 pandemic is quite likely to generate the immunologically pertinent mutations within the SARS-CoV-2
which may be resistant against the currently used
vaccines. The strategy of escaping the host protective immunity by SARS-CoV-2 with the concomitant
production of the mutant/ variants, i.e., mutations in
the viral spike (S) protein have made the virus incrementally lethal to mass public. Therefore, the possible
impact of the viral variants on the instigation of the
appropriate immunity provoked by the vaccines which
are currently being used needs to be carefully assessed.
Besides, rigorous surveillance of the emerging variants

Activates S-specific and RBD-specific neutralizing antibody production; (2) triggers cellmediated immunity. Ad26 vector encodes the
prefusion stabilized S immunogen (wild-type
leader sequence, full-length membrane-bound
S, mutation of the furin cleavage site, and two
proline stabilizing mutation)
Production of S protein neutralizing antibodies;
elicitation of cell-mediated immunity

Mixture of the recombinant replication-defective adenovirus serotype 26 (Ad 26) plus Ad5
Vero cell grown vaccine, inactivated by
β-propiolactone (BPL) and the vaccine immunogenicity is increased by the addition of
adjuvants

Gam-COVID-Vac/ Sputnik V two vector COVID19 vaccine

Sinovac and Sinopharm BBIBP-CorV vaccine

Target: Spike (S) protein. High doses of vector
particles are administered followed by recognition by the host immune sensors; resulting in
the induction of pro-inflammatory cytokines
and chemokines

Target: Spike (S) protein with two stabilizing
proline mutations within the S2 subunit Possible target: Spike (S) protein

Mode of action against SARS-CoV-2 and its
variants

Johnson & Johnson Ad26 vector-based vaccine: Adenovirus-type 26 non-replicating viral vector
Ad26.COV2.S
which expresses the S protein. Seven (7) variants
of the SARS-CoV-2 spike (S) protein sequences
are codon optimized and artificially synthesized.
So far the most divergent vaccine with S protein
variants as target

AstraZeneca/ University of Oxford ChAdOx1
nCoV-19/AZD1222 replicating vector vaccine

Attenuated version of a common cold virus
(adenovirus): the genetic material has been
added to the ChAdOx1 construct

Lipid nano-particle (LNP)-encapsulated mRNA
vaccine encoding spike (S) protein

BioNTech/ Pfizer mRNA vaccine BNT162: a1, b1,
b2, c2

Moderna mRNA-1273 vaccine

Composition of vaccine

Major vaccines

Table 3 Available major COVID-19 vaccines (Phase III) against SARS-CoV-2 and its variants

Noor et al. (2022), Heinz and Stiasny (2021), Gao
et al. (2020)

Noor (2021a, b b, 2021c), Ura et al. (2021), Mercado et al. (2020)

Noor (2021a, b b, 2021c), Ura et al. (2021), Mercado et al. (2020)

Noor (2021a, b b, 2021c), Ura et al. (2021)
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through genome sequencing based on the geographical locations, study of the transmission dynamics, and
both the pharmaceutical and non-pharmaceutical
interventions (like isolation/ quarantine/ lockdown)
are required. Indeed, at present the COVID-19 vaccine
booster doses are highly suggested as the VOCs may
possess the capacity of escaping as well as counteracting the neutralizing antibodies together with the cellmediated protections host immune system.
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