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Abstract: Currently, a novel coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 has
emerged worldwide. This chronic viral infection causes an acute respiratory distress syndrome (ARDS)
which its pathophysiology is not yet well elucidated. However, ARDS has shown that ARDS causes
diffuse alveolar damages induced by an excessive inflammatory response and a lack of anti-
inflammatory response to the virus. Furthermore, these pathophysiological characteristics are associated
with multiorgan failure and can increase the mortality rate. The difference in immune system response
against COVID-19 is not well known. However, variability in innate immune system receptors between
patients infected with SARS-CoV-2 as a function of aging and sex can explain this difference. Thus,
innate immune memory or trained immunity mediated by epigenetic mechanisms is also involved in the
variability response against COVID-19. The action of an adaptative immune response, in particular,
antigen presentation via HLA is also a key element in this variability. Finally, each viral strain's capacity
in evading the action of the immune response has also been suggested as an important mechanism by
which certain patients infected with SARS-CoV-2 develop severity and others did not develop any
clinical symptoms.
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1. Introduction

In December 2019, a new viral infection attracted extensive attention from the
worldwide community. This pathogenic virus is a novel p-coronavirus called Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [1]. In February, this chronic infection
was declared the World Health Organization (WHO) as a pandemic that caused about five
million confirmed cases with a mortality rate of about 300.000-500.000 cases [2].

Why the immune system does not effectively attack SARS-CoV-2 remains a largely
unknown issue. However, certain elements are in favor of several hypotheses. Indeed, cells of
the immune system are among the major preferential targets (tropism) of SARS-CoV-2, which
implies dysfunction of the cellular and humoral pathway and the persistence of prolonged
inflammation [3]. Also, the pathophysiology of COVID-19 on other organs, notably the
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respiratory system, creates a state of hypoxia and indirectly affects the functioning of the
immune system via less energetic metabolic reprogramming [4, 5].

The immune response against SARS-CoV-2 remains largely unknown. However,
recent investigations show that the immune pathways directed against viral antigens are
multiple. In fact, the virus's antigens are recognized by receptors of the innate immune system
called pattern recognition receptors (PRR) at the intracellular level. Almost coronavirus is
recognized by PRRs such as Toll-like receptors (TLRs) and RIG-I-like receptors (RLRS),
recognizing the viral RNA. Other PRRs like endosomal TLR7 and TLR8 recognize the viral
sSRNA [6]. This recognition stimulates the secretion of different pro-inflammatory factors via
the activation of the transcription factor NF-kB pathways [7]. In this step, there is important
variability in PRRs between humans. This variability can be genetically established through
polymorphism and/or via the differential expression of these receptors through epigenetic
dysregulation. On the other hand, the adaptative immune system's intervention involves
antigens' presentation through human leukocyte antigen (HLA). Several studies have shown
that the variability in HLA between individual predisposes to different adaptative responses.

Immune evading is another mechanism by which some viruses, and probably SARS-
CoV-2 escape the immune system's action. Indeed, it has been shown that the M protein of
coronavirus suppresses interferon production in a virus-specific manner [8]. It seems that
inhibition is also mediated by SARS-CoV-2 and therefore inhibit immune system action.
Therefore, the evading action depends on the individual and can be considered a criterium by
which there are important differences between patients infected by SARS-CoV-2.

2. Immunopathological Events Mediated by SARS-CoV-2

The pathogenesis of COVID-19 caused by SARS-CoV-2 is related to its high
contagiousness and its high ability to infect the lower airways resembling SARS-CoV and
MERS-CoV cause fatal pneumonia [9, 10]. The immunopathological effects of SARS-CoV-2
in several hospitalized cases represent one of the important factors leading to health
complications and may be the cause of death [3]. Generally, the immune response plays a key
tool in fighting SARS-CoV-2 either in asymptomatic patients or in mild symptomatic ones.
Once SARS-CoV-2 affects the body, it could be recognized firstly by alveolar macrophages.
A primary cytokine storm triggering by pro-inflammatory cytokines and chemokines produced
mainly by alveolar macrophages, epithelial cells, and endothelial cells is important to attract
virus-specific T cells to the site of infection. The immune cells could eliminate the infected
cells effectively and prevent the spread of the virus. This local immune intervention leads to
clearance of the virus with minimal lung damage in most patients [3].

However, this process is not the case in severely symptomatic patients where disorder
immune response could represent a source of health damage, which increases the fatality rate
in severely ill patients [11]. In this regard, and the absence of specific vaccines recommended
for COVID-19 infection, understanding the impact of the dysfunctional immune response on
health complication in the case of SARS-CoV-2 is very important for appropriate therapeutic
intervention. Suppose the local immune response fails to resolve the infection. In that case,
SARS- CoV-2 will continue to infect more lung cells and destroy them. In addition to the virus's
damage, the cytokine storm caused by the uncontrolled release of pro-inflammatory cytokines
and the massive inflammatory cell infiltration leads to a systemic inflammation that developed
in acute lung injury acute respiratory distress syndrome (ARDS). The rate fluctuation of
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various immune cell types, as well as cytokines in COVID-19 severe patients, is characterized
by lymphopenia, where total T cell number, CD4+ T helper cells and CD8+ cytotoxic T cells,
B cells, and NK cells were significantly decreased [12,11]. However, neutrophils, IL-2, pro-
inflammatory cytokines IL-6, IL-10, IFN-a, IFN-y, and TNF-a were significantly increased
compared to mild symptomatic patients [13,12]. The cytokine storm due to uncontrolled
systemic inflammatory response is considered one of the main factors causing ARDS in
COVID-19 patients. Furthermore, the pro-inflammatory cytokines invade all over the body
through circulation resulting in multiple organ failure in severely ill patients, especially of the
cardiac, renal, and hepatic systems [14], as they might cause thrombocytopenia [15].

Moreover, the antibody-dependent enhancement (ADE) phenomenon might represent
another source of the immunopathological issue in the case of SARS-CoV-2, where antibodies
could correlate with disease severity in patients instead of being a means of protection. This
phenomenon was observed in various viral infections like SARS-CoV, in which virus diluted
antibodies mediated ADE against envelope spike proteins [16]. The study of ADE phenomenon
in SARS-CoV-2 is important within the context of the development of safe vaccines knowing
that SARS-CoV-2 and SARS-CoV share 79.6% sequence identity, both use (ACE2) as entry
receptor, and cause severe acute respiratory syndromes. In addition, SARS-CoV-2 infection is
characterized by detecting high levels of total antibodies, notably 1gG and IgM, in severe
patients [17].

The adoption of immunomodulatory treatment in combination with antiviral drugs in
the Treatment Protocol of COVID-19 is indispensable to reduce the cytokine storm in severely
ill patients. Chloroquine and hydroxychloroquine, known for their anti-inflammatory and
immunomodulatory effects in the case of rheumatic diseases, are used efficiently to treat
COVID-19. In fact, chloroquine and hydroxychloroquine could reduce the production of a
range of pro-inflammatory cytokines involved in the cytokine storm, such as IL-1, IL-6, IFN-
a, and TNF-a [18]. In addition to their immunomodulatory effect, these molecules are also
characterized by their antiviral activity that interrupts the viral cycle [19], [20].
Hydroxychloroquine used to treat malaria and autoimmune diseases showed great results in
reducing and disappearing viral load in COVID-19 when associated with azithromycin [21]. In
addition, Tocilizumab is a recombinant humanized anti-human IL-6 receptor monoclonal
antibody, which is used efficiently in treating COVID-19 patients due to its high affinity to
bind to the IL-6 receptor, which allows alleviating the cytokine storm and severe inflammatory
responses in lungs and other organs [22, 23]. On the other hand, the use of glucocorticoids as
an immunomodulator in the treatment of coronavirus 2 pneumonia does not reach a consensus
[24, 14]. Zhou et al. [25] reported, according to their clinical experience, that the implication
of corticosteroids treatment in a lower dose and short duration only for COVID-19 severe
patients should alleviate the anti-inflammatory response, which could help to gain time for
treating infection and preventing multiple organ failure.

3. Innate Immune Responses to SARS-CoV-2

Through evolution, human cells have developed several receptors called pattern
recognition receptors (PRRs) to identify pathogen-associated molecular patterns (PAMPSs) and
damage-associated (endogenous molecules) molecular patterns (DAMPS). These PRRs include
numerous receptors, which the most well-known are cytoplasmic Toll-like receptors (TLRS),
retinoic acid-inducible gene-1 receptor (RIG-I), RIG-I-like receptor (RLR), nucleotide-binding
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oligomerization domain-like receptor (NLR) [26]. It has been shown that TLRs, in particular
TLRY7, are involved mainly in the recognition of single-stranded RNA viruses, and therefore
stimulate interferons (IFNs) type I and 111 and pro-inflammatory cytokines, which regulate the
production of these INFs [27]. Indeed, INFs can act at the first step and limit viral entry and/or
viral replication [28]. Moreover, IFNs can also inhibit viral assembly at the early step of the
viral cycle. On the other hand, released cytokines can also stimulate the immune system by
promoting its major cells such as macrophage, B cell, NK, and T [29].

Until now, the innate responses of the human immune system to SARS-CoV-2 is not
well understood. however, based on the data from the ancient coronaviruses, SARS-CoV and
MERS-CoV, the immune response mechanism can be predicted due to their high similarity.
The recent data show that COVID-19 patients exhibited an elevated expression of pro-
inflammatory genes, especially chemokines, compared with controls. These patients also
showed overactivation of IFN-inducible genes (ISGs), which cause immunopathologic effects
as a result of due to high inflammation [25]. Also, a decrease in innate immune cells, especially
activated dendritic cells and neutrophils [25].

3.1. Viral recognition by PRRs.

The innate response constitutes the first line of defense of the human body after the
viral infection. The innate responses are mediated by the recognition of viral particles, known
as pathogen-associated molecular patterns (PAMPSs), by their receptors called pattern
recognition receptors (PRRs) [30-31]. The most important PRRs in viral infection are Toll-like
receptors (TLRs) and RIG-I-like receptors (RLRs), which recognize the viral RNA [6]. Upon
the viral infection, the endosomal TLR7 and TLR8 recognize the viral ssSRNA. This recognition
leads to the activation of the adapter protein MyD88, which activates the transcription factor
NF-kB. NF-kB stimulates pro-inflammatory cytokine production, such as IL-6 and TNF-a [6].
On the other hand, the cytosolic RIG-I/MDA-5 recognizes the viral dsRNA, which provokes
the adapter protein MAVS recruitment. MAVS stimulates the transcription factors IRF3 and
IRF7, and ultimately initiates the production of type I interferons such as IFN-o. and IFN-B [7].
The viral protein, such as protein E and protein 3a, can activate the inflammasome sensor
NLRP3. The activation of inflammasome results in the secretion of IL-13 (a highly
inflammatory cytokine) and pyroptosis induction (an inflammatory form of cell death).

3.2. Type | interferon response.

Type | interferon response is essential during the early phase of the infection. Its role is
to limit the virus propagation, efficiently and rapidly, into the host cells. Type I interferons
block the viral replication directly and modulate the innate and adaptative immune responses
[32]. Type I interferon receptors are expressed on the surface of several immune cells, including
macrophages. The binding of type I IFNs to their receptors induces the activation of JAK/STAT
signaling pathway. This pathway leads to the formation of STAT1/STAT2/IRF9 complex (a
transcriptional factor) that induces the IFN-stimulated genes (ISGs), such as RNAse L
(antiviral enzyme) and pro-inflammatory chemokine such as CXCL10 [32].

The timing of IFN-I production was reported to determine the infection development
in the mouse. In MERS-CoV, Channappanavar et al. [33] showed that the early production of
type | IFN protects the patient. However, delayed production of IFN-I leads to an inability to

https://nanobioletters.com/ 2405


https://doi.org/10.33263/LIANBS103.24022413
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS103.24022413

control the viral replication. This loss of control leads to increasing viral loads and host cell
damage as well as a cytokine storm, which aggravates the disease.

Mitochondria play a capital role in human life cells. It assures adenosine triphosphate
production (ATP) via the electron transport chain generated by the oxidation of tricarboxylic
acid and the beta-oxidation of fatty acids. It has been shown that mitochondrial phosphorylation
activity decreases with aging. Therefore, the energy level decreases, which induces a reduction
in immune system functions [34].

Moreover, during molecular oxygen reduction reaction, mitochondria can generate
reactive oxygen species (ROS) [35], and an excessive rate of these ROS causes several
damages [36]. Therefore, an increase in ROS production is known as an important criterium of
aging. Moreover, the human body's natural antioxidant capacity decreases with aging by
reducing natural detoxifying enzymes such as catalase, superoxide dismutase, glutathione
peroxidase, and glutathione reductase [37]. It has been shown that mitochondria regulate innate
and adaptive immunity via the stimulation of NF-«xB, NLRP3 pathways, interferon-regulatory
factors, and mediate cytotoxic responses [34], [38]. The decrease of ATP, the increase of ROS,
and the reduction of natural antioxidant capacity seem to be efficient in dysregulating the
immune system capacity and, therefore, increasing the inflammatory response and the severity
of COVID-19.

4. Adaptive Immune Response to SARS-CoV-2: HLA Variability Involved in
SARS-CoV-2 Antigen Presentation

The adaptive immunity to SARS-CoV-2 includes humoral and cellular components.
Humoral immunity is mediated principally by antibodies released from B lymphocytes, while
T lymphocytes mediate cellular immunity.

4.1. Humoral immunity to SARS-CoV-2 infection.

Humoral immunity, mediated principally by antibodies released from B lymphocytes,
plays a key role in protecting against future virus infection by producing neutralizing antibodies
[39]. In fact, infection with SARS-CoV-2 induces the production of IgG antibodies against
protein N, which can be detected in the serum of patients after 4 days of infection [40]. In
addition to the antibodies, the humoral immune response also includes supplements such as
C3aand Cbha [41].

Clinical data on the role of complement activation in the development of acute
respiratory distress syndrome (ARDS) associated with SARS-CoV-2 are scarce. Indeed, a
recent study on SARS-CoV, which is closely linked to SARS-CoV-2, revealed that activation
of the complement component C3 exacerbates the disease in SARS-CoV-2 associated with
ARDS [42]. This study in mice suggested that inhibition of C3 might alleviate the pulmonary
inflammatory complications of SARS-CoV-2 infection. In addition, C3 inhibition could
simultaneously block the generation of C3a and C5a, as well as intrapulmonary activation of
C3 and release of IL-6 from alveolar macrophages or other cells that express C3a receptors
(C3aRs) and/or C5a receptors (C5aRs), thereby improving lung injury [43].
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4.2. Cellular immunity to SARS-CoV-2 infection.

Besides humoral immunity, the adaptive immune response joins the fight against the
virus. T cells' specific responses in the adaptive immune system (including CD4 + and CD8 +
T cells) against SARS-CoV-2 play an essential role in the recognition and destruction of
infected cells [44]. T helper cells coordinate the overall adaptive response, while cytotoxic T
cells are essential for Kkilling infected viral cells. In general, CD4 + T cells stimulate B cells to
produce antibodies specific to the virus, and CD8 + T cells directly kill infected cells [45]. As
soon as SARS-CoV-2 enters respiratory epithelial cells, viral peptides are presented via class |
major histocompatibility complex (MHC) proteins to CD8 + cytotoxic T lymphocytes. These
cells activate, divide, and cause lysis of tissue cells infected by the virus. In addition, these
cytotoxic CD8 + T cells begin to develop effector and memory T cells specific to SARS-CoV-
2. Subsequently, the virus and its viral particles will be recognized via professional cells to
present antigens (dendritic cells and macrophages), which present the viral peptides to CD4 +
T cells via the MHC class Il complex [46].

The predominance between these two types of T lymphocytes in SARS-CoV has been
reported in several studies showing that CD4 + T cell responses were less frequent with a lower
amplitude than CD8 + T cells. In addition, unlike T lymphocytes from mild-moderate group
viruses, those from severe group viruses tended to be a central memory phenotype with a higher
frequency of polyfunctional CD4 + T lymphocytes (IFNy, TNFa, and IL-2) and CD8 + T
lymphocytes (IFNy, TNFa, and degranulated state) [44].

4.3. HLA variability involved in SARS-CoV-2 antigen presentation.

In several viral pathologies, including SARS-CoV-2, mutations in the HLA genes
influence the immune system's response and influence the severity of the disease. In fact, the
HLA genes are the most polymorphic in humans (there are many alleles for each of them).
They are codominant (they are expressed in the phenotype as soon as they are present in the
genotype). The classic HLA loci are class | (HLA-A, B, C, E, F, and G) and class Il (HLA-DR,
DQ, DM, and DP) molecules, which provide an antigen presentation to CD4 and CD8 T-cells
[47].

HLA molecules’ primary role is to present peptides derived from pathogens to T cells,
thereby enabling an adaptive immune cell response. Generally, the HLA class | and Il genes
encode protein receptors that orchestrate the immune response by presenting foreign or
modified auto-antigens to T lymphocytes. However, genetic variations influence the ability of
the immune system to recognize a given pathogen.

During SARS-CoV-2 infection, the genetic variability between the three genes of the
major histocompatibility complex (MHC) class I (human leukocyte antigen (HLA) A, B and
C) can affect the sensitivity and severity of illness. These individual genetic variations may
explain the difference in immune responses between patients with COVID-19 disease, some
with stronger responses than others may. Indeed, a weak recognition of the virus could lead a
patient to be more vulnerable to it.

Based on an in silico analysis, a recent study evaluated the binding affinity between the
immunogenic peptides derived from the SARS-CoV-2 virus and HLA class | molecules,
encoded by 145 HLA -A, -B, and -VS. The results showed that the HLA-B * 15: 03 allele had
the greatest capacity to present highly conserved peptides predicted for SARS-CoV-2, which
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are shared between human coronaviruses, suggesting that it could allow T cell-based cross-
immunity. However, the HLA-B * 46: 01 allele had the least number of binding peptides
predicted for SARS-CoV-2, suggesting that individuals with this allele might be particularly
vulnerable to COVID- 19 [48]. This allele's presence had already been associated with severe
forms of SARS-CoV, the coronavirus strain responsible for Severe Acute Respiratory
Syndrome (SARS) [49].

Another study was carried out in order to define immunodominant epitopes from
SARS-CoV-2 proteins. 25 epitopes were mapped containing 9 to 28 amino acid residues; the
length of most epitopes was 16 to 18 residues. The results obtained from the structural and
molecular docking analysis showed that the epitopes 9 to 11 residues in length were mainly
recognized by the HLA MHC class | proteins. However, the longer epitopes tended to bind to
the MHC class Il proteins with higher affinities. Thus, a more in-depth analysis of the treatment
of MHC class | revealed that the epitopes of longer sequences can undergo proteasomal
treatment and that the central part of the region for the recognition of MHC class | within the
epitope can be presented to the cell surface for monitoring by CD8 T cells [50]. This
identification of epitopes could be of great importance in the development of an effective
SARS-CoV-2 vaccine.

In summary, the genetic differences of these alleles could play on two planes: their
propensity to be infected by SARS-CoV-2 and, on the other hand, on the severity of the disease.
According to published data, approximately 80% of those infected have mild symptoms [48].
Understanding how variations in the HLA system could interfere with the development of
COVID-19 would help identify people at higher risk for the disease.

5. Immune Evasion Mechanisms

Several viruses, including coronaviruses, are known for their capacity to develop
different strategies to evade host immune responses. Many strategies for SARS-CoV-2 can be
predicted based on the previous coronaviruses, SARS-CoV, and MERS-CoV. In COVID-19
patients, high SARS-CoV-2 loads were observed very early after the symptoms' apparition
[51]. This increase in virus loads suggests that the virus can evade the innate host immune
system, especially interferon responses.

5.1. Avoidance.

The virus evades itself or its by-products from host immune system recognition. It was
reported that SARS-CoV and MERS-CoV cover their viral products into a double membrane
vesicle during the replication phase [52], [53], [54]. This strategy allows the virus to replicate
into the host cell without immune recognition by PRRs.

5.2. Suppression of IFN induction/ Suppression of IFN signaling.

Studies on SARS-CoV show that some viral structural and non-structural proteins
antagonize IFN responses. This antagonism takes place at different stages of IFN signaling
pathway. The most important mechanisms include prevention of viral RNA recognition by
PRRs [55], inhibition of PRR signaling through TBK1 (inhibitor of NF-kB), TRAF3, and IRF3
[56], suppression of IFN signaling through STATL, as well as the promotion of host mMRNA
degradation and host protein translation. Due to the high similarity of SARS-CoV-2 and SARS-
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CoV, there is a high probability that some of these mechanisms are the some in SARS-CoV-2.
In addition, the M protein of SARS coronavirus suppresses IFN production in a virus-specific
manner, which targets TRAF3. It prevents it from interacting with TANK, TBK1, and IKKe

[8].
5.3. Epigenetic modulation.

It has been suggested that SARS-CoV-2 viral miRNAs target several immune signaling
pathways such as IFN-1, autophagy, and apoptosis and can therefore escape from immune
response mechanisms and prolong their latency cycle inside some hosts without any symptoms
of COVID-19 [57].

6. Involvement of Epigenetic Variability Regulation in Immune System
Anti-SARS-CoV-2 Response

Genetic changes without physical modification of genetic material are currently
explained by epigenetic processes. Epigenetic changes include DNA methylation, histone
changes, and chromatin remodeling, among others. All of these modifications have the ability
to express the expression of a gene [58] highly. It has been shown that epigenetic regulation is
involved mainly in immune system functioning. Indeed, the expression of different innate and
adaptative immune system receptors is under epigenetic control [59]. Specific epigenetic
modifications like DNA methylation and chromatin accessibility through histone
acetylation/methylation are important in response to viral infection. In fact, patients with
infectious diseases epi-genetically respond to pathogens differently. This is mainly explained
by the different expressions of innate receptors but also of antibodies directed against viruses.
In addition, negative regulation would occur if the pathogen succeeds in thwarting these
epigenetic mechanisms [60].

It has been suggested that epigenomic patterns in the immune system are in decrease
with age, and therefore make a variability in the severity of infectious diseases. With COVID-
19, the morbidity and mortality rate were importantly explained by this suggestion [26].
Moreover, the difference between men and women was also attributed to epigenetic variability.
Indeed, COVID-19 alterations are more significant in men than in women. This remark was
explained by the presence of higher loci-specific methylation decline in the B cells [61].

It has also been suggested that epigenetic modifications in CpG-islands, particularly in
sub-telomeric regions that regulate innate immunity, can mediate inflammatory responses to
COVID-19 and explain variability responses between individuals infected by SARS-CoV-2.
Indeed, it was demonstrated that chronic viral infections accelerate aging by their pression on
epigenetic fluctuations as measured by the epigenetic clock [62]. This suggestion is observed
in patients with COVID-19, which aging increases, importantly, the rate of mortality and
morbidity [26]. Remarkably, it seems that epigenetic clocks can be used as an important
criterium to predict the severity of COVID-19 and subsequent exacerbation of chronic diseases
in COVID-19 survivors [62,63].

Khan and collaborators investigated the effects of both host and SARS-CoV-2 miRNAs
on balancing the pathogenicity and immune response. Indeed, the results showed that the
cellular host miRNAs could induce inhibitor effects on virus mechanics epigenetically.
Interestingly, the virus also encodes miRNAs and induces epigenetic regulation of cellular host
genes transcription [57]. Moreover, the same study revealed that SARS-CoV-2 modulates other
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cellular signaling pathways via epigenetic modulator, leading to increased anomalies in
patients with comorbidities, such as those who have diabetes and cardiovascular complications.
This might suggest that miRNAs can be a key epigenetic modulator behind the
overcomplications amongst the COVID-19 patients [57].

Another important mechanism that differentiates between patients is innate immune
memory or trained immunity. Indeed, it has been shown that some cells and molecules of the
immune system such as natural killer (NK) cells, innate lymphoid cells, cytokines, and pattern
recognition proteins, can keep the memory against pathogens that have infected these host cells
in a previous period [64,65]. Interestingly, this second innate immune response under innate
cell memory becomes stronger and non-specific (against several pathogens) due to
transcriptional epigenetic reprogramming [64,66].

Recently, it has been shown that Bacille Calmette—Guerin (BCG) vaccine used against
tuberculosis can protect from SARS-CoV-2. Indeed, the decrease of morbidity and mortality
in BCG vaccinated individuals was [67,65]. It has been shown that BCG vaccinated individuals
protected from other pathogenic infections through the rapid expansion of NK cells and their
activation to produce cytokines providing T-cell independent protection [68].

7. Conclusion

The COVID-19 epidemic continues to cause real health, economic, psychological, and
social damage to humanity. The mechanistic understanding of the pathophysiology of this
disease is still unknown. This understanding is still difficult to decipher since some people
infected with SARS-CoV-2 develop clinical signs or even serious complications that can lead
to death. In contrast, some others do not develop clinical signs. This variability is certainly, as
we demonstrated in this review, largely dependent on the relationship between the immune
system and COVID-19 infection. Several elements of response are addressed to explain this
difference between individuals developing an infection or not: variability in PRRs, variability
in the HLA system, variability in innate immune memory, and variability in the epigenome of
individuals. The virus can also trigger escape mechanisms by inhibiting certain pathways of
the innate and adaptive immune system. It can also cause epigenetic deregulation, essentially
affecting the expression of surface receptors. The virus enters the cytoplasm of host cells.
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