Pre prints.org

Review Not peer-reviewed version

Comparative Analysis of Immune-
response in Humans Infected by
Alpha, Delta and Omicron Strains
of SARS-CoV-2

Mihieka Bose and Chayan Munshi -
Posted Date: 4 October 2023
doi: 10.20944/preprints202310.0217v1

Keywords: SARS-CoV-2, Immune response, Pandemic

E . E Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently

= available and citable. Preprints posted at Preprints.org appear in Web of

E Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1757284

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2023 do0i:10.20944/preprints202310.0217.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Comparative Analysis of Inmune-Response in
Humans Infected by Alpha, Delta and Omicron
Strains of SARS-CoV-2

Mihieka Bose 12 and Chayan Munshi >*

! Department of Zoology, Visva Bharati University, Santiniketan, India
2 Ethophilia (An Autonomous Research Group), Santiniketan, India
* Correspondence: Chayan Munshi (chayanbio@gmail.com)

Abstract: COVID-19 pandemic outbreak challenged the global public health in last couple of years. Throughout
the pandemic period, numbers of mutant strains of SARS- CoV-2 created challenges for the infected patients
with diverse pathophysiology and immune response. Variant of Concern (VOC) alpha (B.1.1.7), delta
(B.1.617.2) and omicron (B.1.1.529) grew most notable for causing the epidemiological manifestations, which
eventually caused elevated infectivity resulting in significant mortality. This review indicates the comparative
analysis of the immune-pathophysiological mechanisms in respect to the aforementioned strains of SARS-CoV-
2.
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Introduction

Human immunity has been challenged by SARS-CoV-2 pandemic worldwide, for last three
years. Diverse bouts of viral attack took numerous lives and taken toll on the public health. Through
several virologically varied waves, mutative strategies of SARS-CoV-2 transformed the pathways of
encountering the host body. Correspondingly, human immune response has also been altered as the
viral strains evolved. The variants of concerns (VOC) in COVID-19 pandemic acknowledged by
World Health Organisation (WHO) are namely alpha, beta, gamma, delta, omicron [Tan et al., 2022].
Although the evolution of these strains includes branching of several other subtypes, yet here we
concentrate chiefly on the alpha, delta and omicron variant due to their heavy impact. Throughout
the period of pandemic, these three strains exhibited significantly higher degrees of pathogenicity
and transmissibility in comparison to other existing strains, affecting a huge population around the
globe.

The characteristic or the biomarking route of invasion remains same in all of these strains. SARS-
CoV-2 being a member of the coronavirus family, spreads through air and gets a chance to intrude
into human respirational tract. Later onwards it gains access to various cell types by utilizing its viral
spike protein and instigating severe respiratory distress and other clinical symptoms. This particular
virus had much higher impact on public health than its ancestors Middle East Respiratory Syndrome
(MERS) and Severe Acute Respiratory Syndrome-1 (SARS-CoV-1) due to its high disease spreading
as well as pathogenicity, which is strictly regulated by tissue tropism in host. Angiotensin-converting
enzyme 2 (ACE-2) receptor present on enterocytic, epithelial and goblet cell surfaces has been the
primary gateway for coronavirus to enter the host body in SARS-CoV-2 infection [Hou et al., 2020].
As spike protein plays a key role in host evasion, hence, mutations in those areas can effectively alter
the mechanism of evasion, which thus will affect the pathogen’s location and nature of infection and
the degree of escape from host’s defence [Bakhshandeh et al., 2021]. As a consequence, the spreading
of disease including its clinical severity modifies its pattern in the population. In this review we aim
to elucidate a comparative scenario of the infection pathways in alpha, delta and omicron strain,
accompanied by the epidemiological aspects of pathogenicity and transmissibility and its
corresponding human immune response.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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COVID-19 Infection and Pathogenicity

As mentioned earlier, COVID-19 enters human respirational tract by air and enters the host cell
using the key gateway ACE-2 receptor. Figure 1 explains a systematic route of COVID-19 infection.
The Receptor Binding Domain (RBD) of S1 subunit of spike protein binds to the Angiotensin
Converting Enzyme-2 (ACE-2) receptor, characterizes a trimeric conformation and triggers the
formation of endosome having a low pH level. ACE-2-51 binding follows the cleavage of S1 and S2
subunits to promote viral fusion through endosome. Multiple furin cleavage sites on the spike
proteins are cleaved off by host’s proteases like Transmembrane protease, serine 2 (TMPRSS2).
Endosomal fusion is further facilitated by the extensive protein folding modifications of spike HR1
and HR2 domains of 52 by forming six helical structure which is responsible for physically reducing
the host-virus distance and allows fusion of both the membranes. Endosomal fusion leads to access
to the host’s cellular machineries and allows the virus to undergo proliferation and budding off of
newly synthesized and packaged virions from the infected cell [Huang et al., 2020].
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Figure 1. COVID-19 infection begins with the binding of ACE-2 receptor on host cell surface with
viral spike protein. This systematic diagram represents a primary pathway of SARS CoV-2 infection
in humans. Figure has been modified from [Huang et al., 2020].

Immune Response against COVID-19 Variants

Immune Response in Alpha Wave

The variant of concern “alpha” or the B.1.1.7 initially got recorded in Kent (UK) in September
2020, after the invasion of the original Wuhan strain worldwide, in March 2020 [Williams et al., 2021].
This particular strain follows the general pathway of invasion as discussed earlier [Huang et al., 2020;
Acharya et al., 2020]. Infection of the B.1.1.7 strain severely undermines the translational machinery
of host by a non-structural protein, NSP14 [Hsu et al., 2021]. Hijacking of this process disrupts host’s
cellular translation, while the virus amplifies its own genome in the host body. Inhibition of host’s
translation in turn switches off the synthesis of antiviral compounds by host. The first line of defence,
innate immunity is severely interrupted by this phenomenon. Interferon-1 (INF-1) has been
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established as a key factor in producing effective reaction against viral attack, which induces certain
subsets of Interferon-stimulated Gene (ISG) to stop viral replication [Schoggins and Rice, 2011].
Upregulation of ISG potentiates the functionality of the immune effector cells like B and T cells,
macrophages and dendritic cells [Murira and Lamarre, 2016]. NSP14 targets and abolishes antiviral
response forming NSP14-NSP10 complex as a translation inhibitor. This leads to the failure innate
immunity function against SARS CoV-2 [Hsu et al., 2021]. Undermining of innate immunity also
affects the adaptive immune response.

Adaptive defence against viral attack is taken into action by immune cell mediated and humoral
immunity, namely antibodies. But the contagion exhibits a carefully designed the pathway of escape
from antibody mediated neutralization especially using mutations of the spike protein. Neutralizing
antibodies are highly specific towards the viral epitope of the spike’s RBD. Mutations in this area
notably modifies the affinity of antibodies towards its viral epitope and reduction in epitope-binding
affinity helps the virus to escape from antibody mediated neutralization. N501Y mutation in the
alpha strain has been detected to be culprit behind moderately increased neutralizing antibody
escape in comparison to the ancestral strain [Supasa et al., 2021; Torbati et al., 2021].

Humoral immunity is extensively intertwined with cell-mediated immunity. After 3-6 days of
pathogen incursion, heavy production of immunoglobulin IgM and IgG occurs from B cells in
response to antigen presentation. IgM is recognised as the primary antibody response against viral
invasion whereas high affinity IgG is entitled as the secondary response crucial for long term
immunological memory [Low et al., 2021]. Release of these immunoglobulins eventually upsurges
release of inflammatory cytokine levels to ward off the pathogen. Secretion of inflammatory
cytokines like TNF-a, Interleukin (IL) 1 and 6 trigger T cells. Thus, cell mediated immunity controlled
by helper (CD4*) and killer T (CD8*) cells comes into act. Cascade of stimulations by the helper T cells
further activate and synchronize the function of other immune effector cells like macrophages,
including B cells too [Low et al., 2021; Kim et al., 2017]. However, release of pro-inflammatory
cytokines can on the contrary be accountable for T cell exhaustion. Interaction of Tumour Necrosis
Factor-a (ITNF-a) with Tumour Necrosis Factor receptorl (INFR1) receptor on T cells can direct T
cells to undergo apoptosis. While dysregulated secretion of IL 10 and 6 can also be responsible for
significant reduction of T cells [Diao et al., 2020]. A study reveals that over secretion of TNF-a is also
associated with the substantial inhibition of Bcl-*Tr (follicular helper T lymphocytes) differentiation.
This phenomenon can make the outcomes of T cell mediated B cell activation largely ineffective, due
to huge loss of germinal centre B cell formation. However, non-germinal B cells can thrive in this
condition, yet those are not efficient in providing long term immunological memory as well as high-
affinity B cells [Kaneko et al., 2020]. Thus, COVID-19 potentially crumples down cell mediated
immunity, along with the humoral immunity which also unsurprisingly dilapidates competent IgG
production [Low et al., 2021].

Immune Response in Delta Wave

The VOC B.1.617.2, which got discovered for the first time in India around the ending of year
2020, was named “Delta” variant. Delta claimed a huge number of lives by 2021 [Kumar et al., 2022].
This strain was far more contagious than its predecessor strain (around 40-60%) and risked the lives
of population having partial or no vaccination [Bian et al., 2021]. Statistics revealed the number of
cases to be around 400,000 and 4000 mortalities within the first weeks of May 2021 in India, which
later onwards invaded more than 40 countries throughout different continents [Biswas et al., 2022].

The major mutation in the spike protein playing behind higher transmissibility than prevalent
strains and successful dodging of antibody-neutralization was D614G. In contrast to Delta, alpha and
beta strains had a N501Y substitution [Lee et al., 2022].

In previous variants mutations gathered in the NTD (N-terminal domain) were a quite sensitive
target for the human monoclonal antibodies (mAbs). These mAbs were considered ultrapotent in
neutralizing virus, inhibiting the cell-cell fusion method of infection and igniting the effector
functions of the host, therefore, becoming a target for therapeutic approaches [McCallum et al., 2021].
However, a critical study elucidates the incompetence of monoclonal antibodies against delta strain.


https://doi.org/10.20944/preprints202310.0217.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2023 doi:10.20944/preprints202310.0217.v1

Classes of Anti-NTD and Anti-RBD mAbs failed to bind to the delta spike protein capably and were
proven unsuccessful in neutralizing this variant of concern. Serum antibodies from convalescent
individuals (recovered from previous COVID-19 infection) were also found futile and four-fold less
effective against delta than the alpha variant. Along with the D614G and D950N mutation regulating
S protein dynamics, L452R mutation on RBD also plays a vital part in antibody escape. The precise
location of this mutation being on the peripheral surface of ACE-2 binding area, favours the contagion
to escape from antibodies in bonus being strongly attached to the ACE-2 receptor. This strategy of
accumulating mutations at peripheral region has made this variant much avoidant towards host’s
immunity [Planas et al., 2021].

The mayhem of host immunity was caused due to multiple factors. Translational shutdown of
antiviral proteins is accomplished by viral Nsp1l and Nsp14 (Non-Structural Protein). Sec61 regulated
pathway to enter the endoplasmic reticulum gets distracted by NSP8 and 9 and barriers the whole
process of host’s translation for survival [Biswas et al., 2021]. Virus associated proteins also impede
IFN-I and IFN-III secretion. M protein, ORE3b, ORF6, NSP13 by withdraws the RIG-I/MDA-5-MAVS
pathway of cytosolic ds-RNA sensing, which directly antagonizes interferon secretion [Zheng et al.,
2020].

One of the key attributes of COVID-19 infection evolved to be the cytokine storm, which is
described by severe malfunctioning of cytokine response. It has been associated with elevated degree
of pathogenicity in patients and grew as a serious challenge for the clinicians and researchers to
combat. Release of proinflammatory cytokines like IL-1(3, IL-2, -6, -10, TNF-a, IFN-y and Granulocyte
Macrophage-Colony Stimulating Factor (GM-CSF) are generally factors observed in this scenario.

According to studies, discord in the time of adequate immune action roots cytokine storm in a
patient. In the early phases of infection, host body loses its power of producing potent interferons (I
and III) to fight back the pathogen and simultaneously keeps secreting IL-6 and other chemokines.
This leaves a cue for pro-inflammatory response [Blanco-Melo et al., 2020]. Role of IL-6 becomes
relevant in delta wave too, as reports describe elevated amount of IL-6 marks disease severity [Hong
et al., 2022]. This phenomenon facilitates viral replication and growth of infection. In later stages, by
the time body regains its power to defend, load of infection heightens and to counteract it body starts
mounting exaggerated and uncontrolled immune response [Zanza et al., 2022].

A balanced response of the Thl and Th2 cytokines is desirable. Immune exaggeration is a
consequence of Th2 activity upliftment, while polarization towards Th1 activity can tactfully perform
viral clearance [Gil-Etayo et al., 2021; Neidleman et al., 2020; Roncati et al., 2020]. Th2 cytokine IL10
potentially impedes the functionality of Thl subset and results in poor convalescence of patients
[Biswas et al., 2022; Gil-Etayo et al., 2021]. However, some studies found that being an anti-
inflammatory cytokine, deficiency of IL10 led to increased disease severity in patients. Thus, the role
of IL10 in the orchestration of cytokine storm remains fuzzy due to contradictory reports and
comprehensive quantification of other cytokines involved could help clinicians to map the disease
better [Elbadawy et al., 2023]. Both the IL10 and IL4 allows degranulation and aggregation of
eosinophils and basophils in the lungs causing severe impairment of alveoli [Biswas et al., 2022;
Huang et al., 2020; Weiskopf et al., 2020; Roncati et al., 2020]. The final outcome of alveolar
congestion and capillary haemorrhage becomes consolidation of lungs [Geng et al., 2021].

Focusing on the damage of cell mediated immunity it is crucial to throw light on antigen
presentation and immune surveillance. Viral infection is signalled or presented to cytotoxic T cell
(CD8*) by MHC-I molecules. In recognition of the antigenic peptides the infected host cell is killed
using perforins, granzymes, Fas Ligand (FasL), which are released by the cytotoxic T lymphocytes
[Berke., 1995]. As this pathway is vital for precise viral eradication, downregulation of antigen
presentation remains a lucrative catch for SARS-CoV-2. Studies discovered that fighting against
COVID-19 became even tougher in dampened MHC-I regulation which occurs under the effect of
Open Reading Frame 8 (ORF8) viral protein by means of autophagic pathways. Cell which were
exposed to ORF8 became more resistant to cytotoxic lysis and similarly ORF8 knocked down cells
were sensitive to cytotoxicity. ORFS8 selectively targets Major Histocompatibility Complex-I (MHC-I)
for lysosomal degradation in an autophagy-mediated pathway where ORF8 gets rightly attached to


https://doi.org/10.20944/preprints202310.0217.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2023 doi:10.20944/preprints202310.0217.v1

MHC-I molecule and allows it to get channelised towards autophagosome or lysosome [Zhang et al.,
2021]. However, a report has been published stating the failure of ORF8 in downregulating MHC-I
in case of delta variant. It shows that deletion mutations like Asp119 and Phe120 in delta variant had
impaired ORF8 dimer formation and structural unsteadiness led to poor affinity towards MHC-I
molecules, thus, indicating better host adaptation in case of presenting the SARS-CoV-2 antigen
[Chaudhari et al., 2022]. In silico studies also support this phenomenon by surmising the impact of
delta on allele specific of HLA-peptide-binding affinity which has occurred in quite diminished
manner due to heavy load of mutation [Augusto and Hollenbach, 2022].

Immune Response in Omicron Wave

Omicron variant (B.1.1.529) became a reason for global concern at a later stage of the pandemic.
Though having five sub-lineages (BA.1, BA.2, BA.3, BA.4, BA.5) circulating in the population, in
general omicron variant is associated with highest degree of neutralizing antibody escape due to
heavy load of mutation on its spike protein [Dhawan et al., 2022 (A); Tan et al., 2022]. Omicron was
first recorded in Botswana, South Africa and showed 32 amino acid mutation in the spike protein.
Reports observed that BA.1 and BA.2 had highest escape from neutralization of host antibodies in
comparison to any other sarbecovirus and mutations which contributed to this attribute are found to
be G339D, S371L/F, S373P, S375F, R408S, D406N [Tan et al., 2022].

The immunological scenario of the pandemic takes a turn in emergence of this variant. Changes
in the genome of this variant are deeply related to an evolutionary circumstance and manifestation
of those alterations became accountable for the outcome of significant host-virus paradigm. Taking
note on the evolutionary point, bats act as the reservoir host for many sarbecovirus. Being a reservoir,
bats develop appropriate interferon rich environment to defend themselves against sarbecovirus
infection. This makes sarbecovirus already prepared for interferon attack. As human beings do not
possess such constitutive immune environment, upon infection of bat sarbecovirus, human host IFN
response gets overawed [Schountz et al., 2017]. Such environment in human host aided in evolution
of omicron in different manner under immune selection than its ancestral sarbecovirus, acquiring a
great degree of nAb escape [Tan et al., 2022].

Along with master skills in escaping immune action omicron variant has a very high
transmissibility which is also being considered as manifestation of a vital evolutionary event during
the pandemic [Dhawan et al., 2022 (B)]. The evasion pathway of omicron significantly differs from
delta and alpha, which hints a possibility of host jumping occurred amidst the pandemic. At first it
was hypothesized that omicron either spread cryptically in human population or might have evolved
in patients with immune-compromised environment. However, a study by Wei et al rules out other
hypotheses and reveals that the nature of mutations gathered in the omicron’s progenitor has been
much likely to be taken place in a cell of a mouse rather than humans. This phenomenon suggests a
trail of infection by omicron progenitor into mouse body which acquired significant mutations and
jumped back to human hosts, evolving as omicron variant. Thus, the interspecific course of evolution
has affected the mode of human host cell invasion route [Wei et al., 2021]. In prevalent strains, the
virus targeted the ACE-2 receptor as a key to access host cell, while omicron made it to an endosomal
manner of entry, neglecting the function of TMPRSS2 protease. The pathway of endosomal fusion
most probably gets facilitated by a geometric re-structuring of the S1-S2 protein cleavage site of the
viral spike protein. In addition to the infective nature of the omicron strain, modification of this route
of infection further reduced the pathogenicity of the contagion [Fantini et al., 2022].

Briefing all the evolutionary changes it is of no qualm that antibody mediated immune response
under omicron variant infection is rendered ineffective [Mukherjee et al., 2022]. However, cell
mediated immune response responsibly fights omicron infection and T cells are considered as the
prime warriors of this wing of immunity. Disease severity is detected to be notably reduced when T
cells are activated as most of the mutations are in the spike, which are expected to be unable of
disrupting cell-mediated immunity [May et al., 2021]. In exposure to prior infection of coronavirus,
70-80% T cells were found to be highly cross-reactive to omicron, in spite of having a great escape
from antibody neutralization. SARS-CoV-2 specific T cell epitopes are distributed throughout the
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spike region which hints its response to be extensively directed towards the conserved regions, which
may limit viral evasion from T cell [Keeton et al., 2022]. Though, it must not be overlooked that there
are additional 20 mutations in other proteins associated with omicron variant which can surpass T
cell immunity [Grifoni et al., 2021]. Nevertheless, the role of CD8* is quite promising yet, Naranbhai
et al exposes the abolishment of CD8* recognition under omicron infection in 15% of the test
population, which may also indicate elevated clinical severity in some patients [Naranbhai et al.,
2022]. HLA binding and antigen presentation has been predicted to be altered by omicron’s 29 protein
mutations, in which affinity of 143 peptide-HLA class I along with 85 peptide-HLA of class II pairs
gets changed. Strikingly, in comparison to delta, omicron has much higher brunt on this HLA-peptide
binding [Augusto and Hollenbach, 2022]. Other supporting reports also provide data that elucidates
significant reduction of both CD4* and CD8- cell responses, in which former has shown a reduction
of 14-30%, whereas similarly latter showed 17-25% median reduction [Keeton et al., 2022].

Omicron is a variant of B cell immunity escape [Barros-Martins et al., 2023]. However, some
roles of B cells are yet to be exposed, which are capable of obstructing the contagion. Far before the
pandemic occurred, sequential seasonal attacks of coronavirus were quite frequent in human
population. Exposure of seasonal coronavirus infection gave rise to two sets of compartments of
cross-reactive, resting switched memory B cells (CD27- and CD27+) which pre-existed even before
omicron infection. These memory B cells were cross reactive to non-RBD regions of both the omicron
and wild type SARS-CoV-2 (Wuhan strain). As greater homology lies in spike of seasonal coronavirus
with the non-RBD region of omicron and Wuhan strain, these compartments get abundant anti-spike
B cells due to a pre-pandemic involvement [Perugino et al., 2022].

Comparison of Invasion Mechanisms and Corresponding Pathological Outcomes in Variants

The trends of immune response have changed over the course of the pandemic in harmony with
the rapid evolutionary waves of new variants. Critical parameters of utmost concern for global health
were pathogenicity and transmissibility of the virus. As, pathogenicity correlates to rate of
hospitalization, the trend of clinical severity was epidemiologically monitored by keeping track on
the rate of hospitalization and increase in pathogenicity exhibits higher rates of hospitalization in a
population. As discussed, mutations on the spike protein effectively manipulates the state of the
pathogenicity and the transmissibility of a variant and correspondingly amino acid substitutions on
the S protein have caused highest degree of pathogenicity in the delta strain and lowest in the
omicron variant.

Epidemiological studies evidently illustrate (a study conducted in Spain) a detailed comparative
statistical scenario of COVID-19 waves. As delta peaked in clinical severity due to mutations like
L452R, T478K, K417N, alpha showed a 43% decrease in the probability of hospitalization, whereas
Omicron exhibited a 72% decrease, when compared to delta. [Varea-Jiménez et al, 2022; Dhawan et
al, 2022 [C]].


https://doi.org/10.20944/preprints202310.0217.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2023 do0i:10.20944/preprints202310.0217.v1

High Viral Load
in Lungs

High Viral Load
in Nasal Passage
|
Higher
Infectivity

Omicron SARS-CoV-2
Strain entrance by
respiratory tract

® G a and & SARS-CoV-2
ﬁ e Strain entrance by
. respiratory tract

Cleavage of 51and
S2 subunits by
TMPRSS2 serine
protease

Higher
Pathogenicity

; Lowering of pH in
1 Fusion of Late Early Endosome
¢ ( ) Endosome and
ytokine Storm and N\ Cell-Cell Fusionand | Release of Viral Core
* Organ D'amage : Release of Viral Core |

IFNs

ORFs_rJ B
NSPs Release of Pro-

. : Activation of
—» inflammatory Cytokines

Cathepsin
e Recognition of Viral R.elease = n X __Viral Release [Endesomal cysteine
: viral proteins s . o ¥ 5
Downstream Kinases cytoso\ﬁ)c sensors -06. .'{ Viral Transcrlptlon y Lo protease]
NF-kp signalling \&_~ """ o @ and Replication D S!!ia
.

Figure 3. A comparison between the two pathways of infection by different strains of SARS-CoV-2 is
shown in this diagram; (1) The entrance of alpha and delta occurs through the respiratory tract. (2)
As soon as the virus arrives at lung parenchyma the TMPRSS2 mediated entry begins. Spike protein
of virus has S1 and S2 subunits, which are responsible for binding to the ACE-2 receptor present on
the host cell surface. As soon as 52 binds to ACE-2, Furin facilitates the cleavage of S1 and S2 subunit
by cellular serine protease TMPRSS2 activity. By means of this pathway, COVID-19 virus makes its
way to the cytosol of lung parenchyma cells. It must be noted that, TMPRSS2 is temperature sensitive
protease and thus incapable of working in tissues that have high temperature environment, for
example, the nasal passageway. Which is why TMPRSS2-mediated entrance in alpha and delta Viral
strains of SARS-CoV-2 gets higher efficiency in lung parenchyma compared to a high temperature
zone like nasal passage. (3) TMPRSS2-mediated entrance clears the way to cell-cell fusion, syncytium
formation and (A) viral propagation. (B) When viral propagates are released, (C) cytosolic Toll Like
Receptors (TLR7/8) sense the Viral-RNA and activate the (D) NF-kf3 signalling of downstream kinases
to alarm the release of (E) pro-inflammatory cytokines for fighting viral outbreak. But COVID-19
designs a tactful strategy to hinder release of pro-inflammatory cytokines by means of viral ORFs and
NSPs. (F) Blockage in release of inflammatory cytokines leads to elevated levels of IFNs in tissues and
calls for the devastating cytokine storm which leads to heavy organ damage. Whereas in the (1)
omicron strain nasal passage gets affected by COVID-19 entrance. (2) Whenever the virus enters the
nasal passage cells, it forms an endosome. (3) In early endosome, pH becomes highly acidic and it
contributes in (4) activation of the Cathepsins, which are endosomal lysosomal cysteine proteases. (5)
Cathepsins in late endosome leads to the release of viral core in the cell and similarly (A) leads to viral
propagation. (B) Propagating virus are released from the cell which thereafter cause SARS-CoV-2
infection. Figure has been created from [Biswas et al., 2022; AbdelMassih et al., 2022; Willette et al.,
2022; Pislar et al., 2020; Kubo et al., 2012; Gomes et al., 2020; Hui et al., 2022].

As per the virological perspectives are concerned, comparison among the structures of spike
protein of each variant requires greater focus for better understanding of pathological outcomes. Both
the spike proteins of alpha and delta variants are shown in ribbon diagram in RBD-up conformation
[Meng et al., 2021; Zhang et al., 2021]. Figure [2] also represents a structural map of mutations of the
ectodomain of the omicron variant [Ye et al., 2022]. In the alpha strain 23 mutations were noted in
the viral genome, among which seven mutations were considered crucial for the variant [Sanches et
al, 2021; Lubinski et al, 2022]. Delta strain had around 13 mutations in the spike genes [Gupta et al.,
2020]. While the omicron variant possessed unusually high amount of mutational load
(approximately 32 mutations) on its spike protein [Vitiello et al., 2022; Tan et al., 2022]. These
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alterations are also responsible for impacting the transmissibility of the variants. Reports elucidate
that, mutations such as D614G, H655Y, N679K, P681H, G339D, S371L, S373P, S375F, E484A, T951,
G142D has caused heightened transmissibility in the omicron variant, by cumulatively altering its
route of evasion and enhancing the ability to escape antibody neutralization much more efficiently
than its ancestors [Dhawan et al., 2022[B]; Dhawan et al., 2022 [C]].

The mechanistic pathway of evasion of omicron is described in the Figure 3 and has been
compared with the pathway followed by its prevalent strains. A shift from ACE-2-TMPRSS2
mediated pathway to endosomal entrance pathway has significantly affected the pathogen’s nature
of infection.

In case of the former strains, the virus could access the lung parenchyma by means of ACE-2
receptor which is also widely present in different vital human organs [Li et al., 2020]. Severe SARS-
CoV-2 infection is often associated with syncytial pneumocyte formation. Whenever a COVID-
affected cell presents spike protein on its surface, which starts interacting with the ACE-2 of adjacent
cells, it gives rise to cellular syncytia. Formation of these lets the virus to start a new life cycle and
reproduce more, which directly indicate heavier pathogenicity. The alpha variant led to larger sized
syncytia formation in greater number than the ancestral strain and delta showed augmented
fusogenicity, causing severe COVID-19 infection [Rajah et al., 2021]. However, in case of omicron,
S1-S2 cleavage by TMPRSS2 is heavily impaired and entrance occurs majorly through cellular
endosomal pathway, depending more upon cathepsins [Meng et al., 2022; Hui et al., 2022].
Furthermore, formation of cellular syncytia gets compromised in inactivity of TMPRSS2 and
pathogenicity of the virion is therefore lessened to a great extent [Meng et al., 2022].

The location of infection also plays an interesting role in changing the course of COVID-19’s
pathogenicity. Research indicates that omicron replicates more effectively in bronchi than lung
parenchyma tissue. Nasal epithelium cultures from humans have also been reported to have surged
omicron replication than prevalent strains [Hui et al., 2022]. The upper respiratory tract has lower
temperature, which is quite essential to maintain optimal acidic endolysosomal pH. This
phenomenon makes the endosomal entry of omicron a temperature sensitive pathway which
functions efficiently in upper respiratory tract than lung parenchyma, unlike TMPRSS2 pathway
which is not sensitive to temperature [AbdelMassih et al., 2022]. Thus, omicron infection localization
focuses primarily on the upper respiratory tract, allowing less viral passage into other vital organs,
decreasing the pathogenicity of SARS-CoV-2 at this stage of the pandemic.

Nonetheless, omicron has diminished virulence, yet it has been detected as highly transmissible
[Willette et al., 2022]. According to Hui et al, a 70-fold increase has been observed in omicron
replication competence in bronchi in comparison to delta. It is suspected that higher load of viral
replication in conducting airways may lead to higher amount of viral release through nasal and oral
passageway while speaking or breathing. This contributes significantly in transmission through the
airborne path of SARS-CoV-2 infection [Hui et al., 2022].

Conclusion

Evolutionary interplay of viral variants extensively modified the development of corresponding
immune response of the human beings since the pandemic. Accumulating mutation and
hypervariability at spike proteins during initial waves were being associated with increased virulence
and infectivity. However, in later stages increased mutations rather aided in decreasing the
pathogenicity, yet compensating with significantly high transmissibility. This has enabled the human
population to cope up with severe clinical manifestations due to SARS-CoV-2 in great extent along
with normalization of social protocols throughout the globe, which was disrupted by pandemic.
Hence, a deep-rooted understanding of evolutionary paradigms of both the systems of host and
parasite is much appreciable in order to design effective clinical measures, that takes a good care of
global health perspectives.
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