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Abstract
Coronavirus disease 2019 (COVID-19) is a highly contagious disease caused by a newly identified coronavirus called the 
severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) which was initially emerged in Wuhan, China in late 
December 2019 and then rapidly extended to other countries worldwide. COVID-19 is now known as a pandemic threat to 
global public health. It possesses a wide spectrum of clinical manifestations, ranging from asymptomatic infection to mild, 
moderate, and ultimately severe pneumonia accompanied by multi-organ system dysfunction that can cause the death of the 
afflicted patients. The host immune system plays a critical role in defending against potentially pathogenic microorganisms 
such as coronaviruses, and it eliminates and eradicates these invading agents by triggering effective immune responses. 
However, there exists evidence indicating that in critically ill cases of the COVID-19, dysregulated immune responses and 
hyper-inflammation lead to acute respiratory distress syndrome (ARDS) and multi-organ failure. Achieving a profound 
understanding of the pathological immune responses involved in the pathogenesis of COVID-19 will boost our comprehend-
ing of disease pathogenesis and its progression toward severe form, contributing to the identification and rational design of 
effective therapies. In this review, we have tried to summarize the current knowledge regarding the role of immune responses 
against SARS-CoV-2 and also give a glimpse of the immune evasion strategies of this virus.
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Introduction

Coronaviruses (CoVs), which belong to the virus family of 
Coronaviridae, are large enveloped viruses having nonseg-
mented, single-stranded, and positive-sense RNA genomes 
(26–32 kb). Generally, these viruses cause respiratory, gas-
trointestinal, hepatic, and neurologic disorders in birds and 
mammals, including humans [1]. So far, two life-threatening 
pandemic outbreaks of CoVs have occurred in the past two 

decades, including the severe acute respiratory syndrome-
CoV (SARS-CoV) in 2002–2003 and the Middle East 
respiratory syndrome-CoV (MERS-CoV) in 2011 [2]. In 
late December 2019, a new and highly pathogenic virus, 
which was initially named novel CoV 2019-nCoV and later 
renamed to SARS-CoV-2, causing a clinical syndrome with 
pneumonia-like symptoms termed coronavirus disease 2019 
(COVID-19) emerged in Wuhan, a city in the Hubei Prov-
ince of China [3]. Through person-to-person transmission, 
COVID-19 has quickly spread to other regions of China and 
other countries all over the world [4]. Importantly, COVID-
19 has become a very great threat to global public health 
as it has led to more than 143 million confirmed cases and 
over 3 million deaths until April 21, 2021. More impor-
tantly, these numbers are rising increasingly [5]. The clini-
cal manifestations of COVID-19 illness were found to be 
widely varied, ranging from asymptomatic infection to mild, 
moderate, and ultimately severe pneumonia accompanied 
by multi-organ system dysfunction that can cause the death 
of the afflicted patients [2]. Studies have reported that the 
early most prevalent symptoms of COVID-19 disease are 
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fever, dry cough, and myalgia, or fatigue, whereas addi-
tional symptoms, including headache, hemoptysis, sputum 
generation, lymphopenia, normal or reduced leukocyte 
count, radiographic evidence of pneumonia, diarrhea, and 
dyspnea, are also observed in some cases [2, 6–8]. Thus, 
these findings increasingly indicate that the symptoms of 
COVID-19 disease are similar to those of SARS-CoV and 
MERS-CoV infections [9]. Genomic analysis indicated that 
SARS-CoV-2 has more than 95% homology with the bat 
CoV and approximately 79% similarity with the SARS-CoV 
[10]. The invasion, attachment, and entry of SARS-CoV-2 
into the human host cells are mediated by its surface spike 
(S) glycoproteins, which are located on the envelope of the 
virus. As the most immunogenic part of the virus, S glyco-
proteins contain two domains of S1 and S2 [11, 12]. Molecu-
lar modeling investigations have revealed a high similarity 
of the receptor-binding domain (RBD) of S glycoproteins in 
SARS-CoV and SARS-CoV-2 [11]. Interestingly, the RBD 
in the S1 domain of S glycoproteins binds to transmembrane 
angiotensin-converting enzyme 2 (ACE2) receptors, which 
are not only expressed on the alveolar epithelial type II cells 
at very high levels (representing 83% of target cells express-
ing ACE2), but also found on the gut, vascular endothe-
lium, kidney, and heart cells [13]. On the other hand, the 
S2 domain fulfills the membrane fusion of virus-cell and 
viral entry with higher affinity [12]. In addition to ACE2, 
a host cellular protease termed type 2 transmembrane ser-
ine protease (TMPRSS2) also contributes to cell entry of 
SARS-CoV-2 through the S glycoproteins (Fig. 1) [14]. Fur-
thermore, heparan sulfate proteoglycans (HSPGs) have been 
reported to act as the nonspecific receptors for beginning the 
infectivity of CoVs and a variety of viruses. Noteworthy, 

a wide range of the host membrane proteases, including 
TMPRSS4 besides TMPRSS2 and likely furin, extracellu-
lar proteases like trypsin, elastin, plasmin, and factor Xa 
protease, as well as cathepsins, may also be implicated in 
the binding and subsequent cell entry of SARS-CoV-2. It is 
worth considering that the replication and maturation of the 
virus inside the host cells markedly depend on two viral pro-
teases, namely, the main protease (Mpro) and the papain-like 
protease (PLpro) [15]. Recent evidence indicates above ten-
fold higher binding affinity of SARS-CoV-2 for ACE2 than 
SARS-CoV; however, this affinity is higher compared to the 
threshold needed for virus infectivity [16]. Given the rapidly 
increasing outbreak of COVID-19, this review intends to 
summarize the current knowledge concerning the role of the 
immune system in the pathogenesis of this ominous disease 
and also gives a side glance at immune evasion strategies of 
its causative virus, SARS-CoV-2.

Immune responses against SARS‑CoV‑2

Since SARS-CoV-2 is a new member of the Coronaviridae 
family, its pathogenesis is poorly understood. However, as 
explained above, both SARS-CoV-2 and SARS-CoV have 
the same cell entry mechanism. Furthermore, SARS-CoV-2 
has a high similarity with both the SARS-CoV and MERS-
CoV. Accordingly, knowing the pathogenic mechanisms of 
these two viruses can give us a large amount of useful infor-
mation concerning the pathogenesis of SARS-CoV-2 [17]. 
Continuing this article, we have tried to explain responses of 
the immune system, including innate and adaptive immunity, 
against SARS-CoV-2.

Fig. 1   The viral entry mechanism of SARS-CoV-2 into the host cell (the figure was made with BioRender)
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The role of innate immunity against SARS‑CoV‑2

Although innate immunity as the first line of defense against 
invading pathogens plays a critical role in combating the 
SARS-CoV-2 and restraining the dissemination of its infec-
tion in the host body, only limited information is currently 
available concerning the responses of the host innate 
immune system in patients with COVID-19. Following the 
binding of the superficial S glycoproteins of the virus to 
the ACE2 receptor and subsequently membrane fusion of 
the virus into host cells leading to the viral entry, the RNA 
genome of the virus is exported from the envelope into the 
cytoplasm and the translation process of the viral proteins 
initiates. Afterward, the replication of the viral RNA genome 
is completed, and by combining part of the host cell mem-
brane in the new envelope of the virus, finally, the new viral 
particles are built up and then bud from the infected cells 
without directly lysing them [17]. Pulmonary epithelial cells 
are one of the first innate immune cells infected with SARS-
CoV-2, and after being infected, they produce interleukin 
(IL)-8, which functions as a chemoattractant cytokine for 
neutrophils and T cells. In essence, alveolar macrophages 
and neutrophils besides pulmonary epithelial cells initially 
trigger the innate immune responses to the virus [18]. The 
immune cells identify the invading viruses through virus-
derived pathogen-associated molecular patterns (PAMPs), 
which bind to and activate pattern recognition receptors 
(PRRs) in/on immune cells, thereby causing the initiation 
of the antiviral responses. The PAMPs of CoVs are in the 
form of viral genomic RNA or the intermediates during 
viral replication like double-stranded RNA (dsRNA), which 
are sensed by PRRs such as endosomal toll-like receptors 
(TLRs), including TLR7 and TLR3, or the cytosolic RNA 
sensors like retinoic acid-inducible gene I (RIG-I) and 
melanoma differentiation-associated gene 5 (MDA5) [19]. 
Endosomal TLR7, which is expressed in monocytes, mac-
rophages, and dendritic cells (DCs), recognizes viral single-
stranded RNA (ssRNA) and, thereby, can lead to the activa-
tion of several signaling pathways and transcription factors 
(TFs). These include Janus kinase/signal transducer and acti-
vator of transcription (JAK/STAT), nuclear factor kappa B 
(NF-κB), activator protein 1 (AP-1), interferon response fac-
tor 3 (IRF3), and IRF7 [20]. The resultant signaling cascade 
from these pathways in the infected cells leads to enhancing 
the production of pro-inflammatory cytokines, including 
IL-1, IL-6, monocyte chemoattractant protein-1 (MCP-1), 
tumor necrosis factor (TNF)-α, macrophage inflammatory 
protein (MIP)-1A, and type 1 interferons (IFNs) [21, 22]. 
Moreover, IL-8 produced by pulmonary epithelial cells 
causes the neutrophils to be instantly recruited toward the 
areas of infection, where neutrophils kill the viruses by sev-
eral mechanisms, including neutrophil extracellular traps 
(NETs), oxidative burst, and production of antimicrobial 

peptides like defensins [23]. Recent studies in COVID-
19-infected patients of Wuhan City have illustrated enhanced 
total neutrophils, serum IL-6, C-reactive protein (CRP), and 
decreased total lymphocytes [24–26]. Besides that, enhanced 
neutrophils and reduced lymphocytes were intimately asso-
ciated with illness severity and death [25]. Also, increased 
plasma levels of several innate cytokines, including MCP-1, 
TNF-α, interferon (IFN)-γ inducible protein-10 (IP-10), and 
MIP-1A, have been reported in COVID-19 patients requir-
ing the intensive care unit (ICU) [2]. Similar to COVID-
19 infection, the early increment of serum levels for pro-
inflammatory cytokines was also observed in SARS-CoV 
and MERS-CoV infections, suggestive of potential similar 
cytokine storm-induced illness severity [27, 28]. In addi-
tion to cytokine storm, dysregulated or excessive immune 
responses and macrophage activation syndrome play a major 
role in the pathogenesis and exacerbation of COVID-19 [26, 
29–31]. It was also found that more lung tissue damage and 
severe pneumonia in patients with severe forms of COVID-
19 are mainly owing to hyper-inflammation, not a direct 
detrimental effect of the virus itself [30]. These clinical 
characteristics generally propose the probable involvement 
of highly pro-inflammatory conditions in the intensification 
and progression of COVID-19 illness.

Effective responses of the innate immunity against viral 
infections strongly depend on the production of type 1 
IFNs and their downstream signaling pathways, which are 
increasingly imperative for controlling viral replication 
and subsequently inducing effective responses of the adap-
tive immunity. SARS-CoV-2, similar to SARS-CoV, seems 
to use ACE2 as a specific receptor for entry into the host 
cells, whereas MERS-CoV utilizes transmembrane dipep-
tidyl peptidase (DPP)-4 as an entry receptor [24]. Notably, 
an important feature of SARS-CoV-mediated pathogen-
esis is that SARS-CoV directly infects macrophages and T 
cells [31]. However, it is still uncertain that SARS-CoV-2 
infects which immune cells. Indeed, it has been reported 
that only limited numbers of monocytes/macrophages in 
the lung express ACE2 [3]. These findings raise the pos-
sibility of the existence of additional receptors or addi-
tional cellular entry mechanisms like antibody-dependent 
enhancement (ADE) leading to the increment of SARS-
CoV-2 entry into host immune cells (Fig. 2).

Both SARS-CoV and MERS-CoV apply multiple strate-
gies to interfere with the signaling pathways leading to the 
production of type 1 IFNs and/or the signaling pathways 
downstream of IFN receptors (IFNRs), thereby inhibiting the 
response of type 1 IFNs to these viral infections. Of note, the 
mentioned strategy is closely associated with illness severity 
[32]. By ubiquitinating and subsequent proteasomal degra-
dation of RNA sensor adaptor molecules like mitochondrial 
antiviral signaling protein (MAVS) and TNF-receptor-asso-
ciated factor 3/6 (TRAF3/6) and suppressing the nuclear 
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translocation of IRF3, SARS-CoV interferes with the sign-
aling cascades downstream of RNA sensors inducing the 
type 1 IFN production [33]. In addition to some of these 
strategies, MERS-CoV also reduces IFN-stimulated gene 
(ISG) expression via activating repressive histone modifi-
cations [33]. Moreover, these two viruses reduce STAT1 
phosphorylation, consequently causing the inhibition of 
IFN signaling upon the production of type 1 IFNs [34]. 
Both structural (like M and N) and non-structural proteins 
(ORF; open reading frame) of these viruses are implicated 
in modulating the host type 1 IFN response [20]. Accord-
ing to the overall genomic similarity of SARS-CoV-2 with 
SARS-CoV or MERS-CoV (~ 79% and 50%, respectively), 
it is partly speculated that SARS-CoV-2 uses similar strate-
gies to modulate the host innate immune response, particu-
larly in dampening the type 1 IFN response. Nevertheless, 
additional novel mechanisms may perhaps also be involved 
[20]. Previous studies have shown that in the severe or fatal 
cases of SARS-CoV or MERS-CoV infection, enhanced 
infiltration of neutrophils and monocyte-macrophages are 
consistently seen [31, 35]. Also, using a murine SARS-CoV 
model, it has been found that dysregulated response of type 1 

IFN and inflammatory monocyte-macrophages are the lead-
ing cause of fatal pneumonia [32]. Alveolar macrophages 
expressing supplant fatty acid binding protein-4 (FABP4) 
and the ficolin-1 expressing monocyte-derived macrophages 
have been indicated to be the predominant macrophage 
subset in the lungs of patients suffering acute respiratory 
distress syndrome (ARDS) [36]. The mentioned cells are 
potentially involved in developing uncontrollable inflam-
matory responses and generating a wide range of cytokines 
and chemokines [37]. These findings verify the motion of 
inflammatory monocyte-macrophages into the lung tissue 
and other organs that are infected with the SARS-CoV-2. 
The main events implicated in the immunopathogenesis of 
COVID-19 were summarized in Fig. 2.

The role of adaptive immunity against SARS‑CoV‑2

The adaptive immune system, also known as the acquired 
or specific immune system, responds to pathogens in an 
antigen-specific fashion to beget protective immunity. This 
system has two major arms, including cellular immunity, 
which is mediated by T cells, and humoral immunity, which 

Fig. 2   The immunopathogenesis of COVID-19. The major events 
implicated in the immunopathogenesis of COVID-19 and the dysreg-
ulation of immune response in these patients encompass lymphope-
nia, increased neutrophil-to-lymphocyte ratio (NLR), cytokine release 
syndrome (CRS), lymphocyte exhaustion and dysfunction, antibody-
dependent enhancement (ADE), and abnormalities of monocytes and 

granulocytes. It is worth considering that lymphopenia is a key find-
ing in the majority of patients with COVID-19, particularly in those 
patients with a severe phenotype. PD1, programmed cell death-1; 
TIM3, T cell immunoglobulin and mucin domain-containing pro-
tein-3; NK cell, natural killer cell (the figure was made with BioRen-
der)
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is mediated by B cells (antibody-generating cells) [38]. Dur-
ing viral infections, the effective response of the adaptive 
immunity, entailing both cellular and humoral immunity, is 
crucial to eliminate the viral particles from the host body, 
preclude the illness progression to severe stages, and ulti-
mately recover the affected patients [39]. In general terms, 
helper T lymphocytes (Th; also known as CD4+ T cells) 
function as the pivotal players participating in the adaptive 
immune response triggered following viral infections [40]. 
After the virus identification, processing, and representation 
of the viral antigens by APCs to CD4+ and CD8+ T cells, 
APCs generate the cytokine microenvironment dictating the 
direction of T cell responses [41]. Indeed, Th cells are vital 
for producing different cytokines leading to inducing the 
recruitment of immune cells, as well as priming both CD8+ 
T cells and B cells, whereas cytotoxic T lymphocytes (CTLs; 
also known as CD8+ T cells) are indispensable for directly 
assailing and killing the virus-infected cells through per-
forin and granzyme cytotoxic proteins-containing granules 
[42]. It is worth noting that the aforementioned cells exert 
critical roles in defending against viral infections [42]. Nota-
bly, Th and T follicular helper (Tfh) cells activate B cells to 
produce virus-specific neutralizing antibodies, which exert 
a protective role by limiting the COVID-19 infection at a 
later phase and restraining reinfection in the future [43]. It 
seems that high-affinity neutralizing antibodies can recog-
nize the particular domains on the viral S glycoprotein by 
using their fragment antigen-binding (Fab) regions, thereby 
blocking virus attachment and entry to host cells express-
ing ACE2 receptor [44]. Also, these antibodies can inter-
act with other immune cells like phagocytes, NK cells, and 
complement systems, thus begetting a bridge between innate 
and adaptive immune systems [45]. Evidence shows that 
producing antibodies and seroconversion takes place in the 
first 2 weeks after the onset of COVID-19 symptoms [46]. 
Similar to other viral infections, specific immunoglobu-
lin M (IgM) is the first defense to emerge and fades after 
a short time, whereas specific IgG functions as an effec-
tive and long-standing defense against SARS-CoV-2. As a 
result, neutralizing IgG antibodies exert a significant role in 
the recovery of patients and controlling the infection [47, 
48]. According to a recent study on antibody responses in 
COVID-19 patients, the majority of the afflicted patients 
produce virus-specific IgM and/or IgG antibodies in the 
days following infection [49]. Moreover, the study of Wen 
et al. has shown that in the peripheral blood mononuclear 
cells (PBMCs) of COVID-19 patients during their recovery 
period, the count of naïve B cells is remarkably reduced, 
while the count of plasma cells is markedly increased [50]. 
Several lines of evidence have depicted that high levels of 
SARS-CoV-2 virus-specific antibodies are associated with 
more viral neutralization in vitro and are inversely associated 
with viral load in infected patients [51–53]. Nevertheless, 

these higher levels of virus-specific antibodies are also cor-
related with more severe clinical phenotypes in patients, 
suggestive of being insufficient a potent antibody response 
alone to prevent severe illness [51, 53–55]. Similarly, in the 
prior SARS-CoV epidemic, higher levels of virus-specific 
neutralizing antibodies were also reported in dead patients 
compared to the meliorated patients [56]. The mechanism 
by which antibody responses to CoVs cause organ damage 
and disease progression may be explained by the phenom-
enon of antibody-dependent enhancement (ADE), in which 
non-neutralizing antibodies generated by plasma cells can 
boost virus entry into the Fc-receptor (FCR) expressing cells 
(especially monocytes and macrophages), thereby leading 
to the activation of inflammatory responses in these cells 
(Fig. 2) [57]. Based on the recent investigations, the ADE 
phenomenon has been reported in the case of SARS-CoV 
and MERS-CoV infections [58–60]. Thus, these findings 
along with those recently published indicate the association 
between increased antibody response and poor outcome of 
patients suffering COVID-19 [53, 61]. Noteworthy, long-
lived plasma cells and memory B cells, which are formed 
during the primary infection, constitute two main arms of 
B cell memory. They cause extended immunity against 
reinfection. Through generating new high-affinity plasma 
cells, memory B cells can rapidly respond to reinfections, 
leading to begetting long-lasting protection. Therefore, long-
lasting protection is the result of inducing long-lived plasma 
cells and memory B cells [62]. A recent study in conva-
lescent COVID-19 patients indicated that the serum levels 
of anti-SARS-CoV-2 IgG antibodies are markedly reduced 
6 months following infection. Besides, in the majority of 
these patients, SARS-CoV-2-specific T and/or memory B 
cell responses were developed with time and retained at a 
relatively high level 6–8 months after the initiation of the 
symptoms, suggesting that protective adaptive immunity 
after natural SARS-CoV-2 infection may persist for at least 
6–8 months, irrespective of illness severity [63].

Amongst the subsets of Th cells, Th1 cells secreting 
pro-inflammatory cytokines, including IL-2, TNF-α, and 
IFN-γ, are the most main cells involved in the adaptive 
immune responses to viral infections [20]. Generated pro-
inflammatory cytokines by Th cells are regulated through the 
nuclear factor-κB (NF-κB) signaling pathway [41]. Similar 
to SARS-CoV [64] and MERS-CoV [65] infections, SARS-
CoV-2 is thought to induce a Th1-type immune response 
[66]. The results of the first survey conducted on COVID-19 
patients displayed that low expressions of IFN-γ and TNF-α 
in CD4+ T lymphocytes, as well as high levels of granzyme 
B and perforin in CD8+ T cells, are associated with disease 
severity. Additionally, the frequency of the exhausted sub-
set (PD1+CTLA4+TIGIT+) of CD8+ T cells was strikingly 
higher in the severe COVID-19 cases, in comparison with 
mild COVID-19 cases and healthy people [67]. In line with 
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this study, another research revealed lower frequencies of 
CD4+ T cells generating IFN-γ in severe cases of COVID-
19 infection [68, 69]. These findings indicate that functional 
defects of CD4+ T cells and exhaustion of CD8+ T cells are 
associated with the severe outcome of COVID-19 illness.

Previously, it has been shown that infecting T cells with 
SARS-CoV is directly contributed to developing lymphope-
nia, as well as atrophy of the lymphoid tissue and spleen in 
patients with SARS-CoV infection [70]. Compatible with 
this finding, lymphopenia is also seen in MERS-CoV cases, 
although its degree is lesser relative to SARS-CoV patients 
[71]. In addition, the study of Chu et al. in 2016 indicated 
that MERS-CoV possesses an unusual capacity to assault 
T cells of peripheral blood and some lymphoid organs, as 
well as induce the activation of both intrinsic and extrinsic 
apoptosis pathways, which might partially be contributed 
to developing lymphopenia in afflicted patients and also 
high pathogenicity of the virus [72]. Recent investigations 
have indicated a striking lymphopenia in patients suffering 
COVID-19, but this issue that which factors influence the 
lymphopenia has yet to be identified. Some studies propose 
that SARS-CoV-2 may perhaps destruct T cells, thereby 
suppressing the cellular arm of adaptive immunity [2, 40, 
73, 74]. Overall, several suggested mechanisms for lympho-
penia in COVID-19 cases are as follows: (a) Direct infect-
ing of lymphocytes by the virus may perhaps lead to the 
death of these cells; (b) the virus can harm the several target 
organs, like the thymus and bone marrow, leading to long-
term abnormal function of these organs; (c) vast generation 
of pro-inflammatory cytokines may perhaps result in lym-
phocyte apoptosis; (d) infiltrated lymphocytes are snared in 
virus-infected tissues [75].

The number of CD8+ T cells was found to be diminished 
during COVID-19 infection. Besides, the count of memory 
CD4+ T cell and regulatory T cell (Treg cell) was consid-
erably decreased in severe COVID-19 cases. Also, these 
observations were coupled with the reduced CD4+ and 
CD8+ T cell count in lymph nodes. Spleen and lymph nodes 
have been described as atrophic in COVID-19-suffering 
patients, highlighting the role of SARS-CoV-2 in promot-
ing cell destruction [76]. Consistent with these findings, the 
recent study of Wang et al. revealed a meaningful reduction 
of count for both CD4+ and CD8+ T cells in severe COVID-
19 cases. Although the count of CD8+ T cells reduced, the 
ratio of HLA-DR expression on these cells was over 35% 
in severe COVID-19 cases compared to those with moder-
ate illness [74]. According to evidence, HLA-DR expres-
sion on T cells is recognized as an activation marker, and 
CD8+ T cells expressing HLA-DR are regarded as Treg cell 
subset, which use the CTLA-4 signaling pathway to exert 
their inhibitory action on neighboring T cells [77]. Thus, a 
decreased number of CD8+ Treg cells might be implicated 
in deteriorating the condition of severe COVID-19 cases 

compared to those with moderate illness. Moreover, the 
study evaluating the association of lymphocyte count with 
the outcome of COVID-19 cases has proposed that enhanced 
T cell count to normal levels has a potential effect on the 
virus’s clearance, and it may also be considered an indicator 
of the recovery for COVID-19-suffering patients [78].

Analysis of lung autopsy for deceased patients from 
COVID-19 illness revealed that the occurrence of acute res-
piratory failure (ARF) is resulting from the over-activation 
of infiltrated immune cells, as evidenced by the formation of 
edema and hyaline membrane coupled with the inflamma-
tory influx of immune cells [79]. Besides that, higher plasma 
concentrations of TNF-α, IL-2, IL-7, IL-10, G-CSF, IP-10, 
MIP-1α, and MCP-1 in severe COVID-19 cases relative to 
those with moderate disease suggest that an excessive gen-
eration of inflammatory cytokines and chemokines could 
impair the pulmonary function [80]. In a murine model of 
SARS-CoV infection, evacuation of CD8+ T cells has been 
found to not affect the viral replication or clearance. None-
theless, CD4+ T cell evacuation is associated with dimin-
ished recruitment of lymphocytes into the lung, as well as 
reduced generation of cytokines and antibodies, events that 
cause immune system-mediated severe pneumonitis and 
delayed clearance of SARS-CoV from the lungs [81].

Recent reports have shown that the ARDS, the common 
immunopathological event between the three known coro-
navirus diseases, including SARS-CoV, MERS-CoV, and 
SARS-CoV-2 infections, leads to low oxygen saturation 
levels and hence is one of the leading causes of mortality 
in COVID-19-suffering patients [2, 79]. One of the major 
mechanisms responsible for developing ARDS is cytokine 
release syndrome (CRS: also known as cytokine storm syn-
drome (CSS)) [17, 82]. CRS is a fatal uncontrolled systemic 
inflammatory response to infections, leading to over-acti-
vation of immune effector cells and consequently, produc-
ing immense amounts of pro-inflammatory cytokines and 
chemokines in SARS-CoV infection [17, 83]. Clinically, 
CRS is characterized by hyperferritinemia, hyper-inflam-
mation, hemodynamic instability, overwhelming systemic 
inflammation, and multi-organ failure, and it results in death 
if remained untreated [84]. Furthermore, several lines of evi-
dence analyzing cytokine profiles in patients with COVID-
19 proposed that the CRS is directly associated with multi-
organ failure, lung damage, and unfavorable prognosis of 
severe cases of COVID-19 [2, 69, 85–88]. Studies have also 
shown that the SARS-CoV-2 virus selectively induces the 
production of high amounts of IL-6 and leads to lympho-
cyte exhaustion [82, 89]. Considering that IL-6 is the most 
abundant reported cytokine to be increased in patients with 
COVID-19 and that heightened levels of IL-6 are associ-
ated with higher mortalities, hence, tocilizumab (TCZ), a 
recombinant humanized monoclonal antibody against the 
IL-6 receptor that inhibits the intercellular signaling in 
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cells expressing GP130, is a candidate drug to be utilized 
for managing and also mitigating the cytokine storm accom-
panying COVID-19 infection [90]. Altogether, the adaptive 
immune system which is affected by the SARS-CoV-2 virus 
is attempting to eliminate the virus through cytokine storm 
and hyperinflammatory responses, which these events them-
selves result in ARDS, multi-organ failure, and even death. 
On the other hand, SARS-CoV-2 is a cytopathic virus, caus-
ing the induction of death and damage of virus-infected cells 
and tissues as a portion of the replicative cycle for the virus 
[91].

Immune evasion strategies of SARS‑CoV‑2

The onset of the COVID-19 illness usually accompanies a 
2–14-day incubation period, indicating the potential ability 
of the virus to escape the immune system and to multiply 
in infected host cells [92, 93]. Investigations have shown 
that members of the CoVs family shrewdly suppress the 
humoral immune responses by acquiring genetic mutations 
that lead to escaping host identification [93, 94]. The results 
of RNA sequencing revealed a high genetic similarity of 
SARS-CoV-2 with other members of the betacoronavirus 
family, so almost all of them show a similar immune eva-
sion strategy [10, 95]. Due to the above and the novelty of 
the SARS-CoV-2, focusing on other CoVs may help us bet-
ter understand the mechanisms by which the SARS-CoV-2 
escapes the immune system [20]. In this part, we are going 
to review the mechanisms and ways in which the SARS-
CoV-2 escapes the host’s immune system and causes damage 
to the host tissues.

The first line of defense against the viruses entering the 
body is the innate immune system and its cells, which play 
an important role in identifying and controlling viral infec-
tions (such as CoVs) and subsequently activate the acquired 
immunity [96]. IFNs are regarded as the key factors involved 
in regulating the antiviral innate response to CoVs infec-
tion. SARS-CoV and MERS-CoV can cleverly inhibit this 
defense mechanism in various ways. These viruses suppress 
the type I IFN response at various stages, including IFN 
production and signaling [97, 98]. By ceasing the phospho-
rylation of STAT1 and restraining the host gene expression 
through inactivating the translational function of ribosomes, 
non-structural protein 1 (Nsp1) restrains the IFN signaling 
in cells being infected with the SARS-CoV [99]. In addi-
tion, recent evidence shows that the induction of type I IFNs 
production acts as a beneficial response in the SARS-CoV-2 
infection [100]. Indeed, CoVs can hide from host cytoplas-
mic (e.g., RIG-1 and MDA-5) and endosomal (e.g., TLR 
3/7) sensors-dependent identification. As a result, the IRF3 
gene is not stimulated, and this, in turn, causes inhibiting the 
expression and production of the type 1 IFNs [20, 24, 101, 

102]. It has also been reported that SARS-CoV and MERS-
CoV have a special ability to produce double-membrane 
vesicles empty of PRR, which allows the virus to multiply 
in these vesicles away from being detected by the immune 
system [103]. Additionally, the nucleocapsid (N) protein 
of SARS-CoV and MERS-CoV has been shown to play a 
significant role in the life cycle of these viruses and also 
host-viral interactions. The SARS-CoV N protein interferes 
with TRIM25-based RIG-1 ubiquitination, thereby leading 
to the inhibition of IFN production. Besides, the interaction 
of the MERS-CoV N protein with the TRIM25 restrains 
the signaling of RIG-1 and thus leading to the blockade of 
IFN production [104]. Another pathway that SARS-CoV and 
MERS-CoV can block IFN production in infected cells is 
by targeting the IFNAR signaling. It has been found that 
some molecules of these viruses, including Nsp1, ORF6, and 
ORF3b, suppress IFNAR signaling by inhibiting the STAT1 
[99, 105, 106]. Besides, the M, ORF4a, ORF4b, and ORF5 
proteins of MERS-CoV, as well as Nsp13, Nsp14, Nsp15, 
and ORF6 of SARS-CoV-2, have been reported to be potent 
antagonists for IFNs [107, 108]. The SARS-CoV ORF9b 
also restrains the innate immune responses via affecting 
the mitochondrial activity and the MAVS/TRAF3/TRAF6 
signalosome [109]. CoVs can also inhibit TLR signaling. 
For instance, the papain-like protease (PLpro) of SARS-
CoV acts as an antagonist to the TLR7 signaling pathway, 
thereby inhibiting the production of type I IFNs [110, 111]. 
Furthermore, MERS-CoV spike (S) glycoprotein can acti-
vate the DPP4 receptor expressed on macrophages, thereby 
suppressing their responses via boosting the expression of 
the negative regulator of TLR signaling, namely IRAK-M, 
and production of IL-10, as well as decreasing TNF-α and 
IL-6 cytokine generation [112].

Moreover, studies have shown the functional defects in 
NK cells during SARS-CoV-2 infection [113]. The validity 
of this finding is strengthened by reducing the expression of 
the killer immunoglobulin-like receptor (KIR) and CD16 
in peripheral blood cells [114]. Research has also shown 
that CoVs can disrupt the acquired immunity by acting 
on the cells of the innate immunity. It has been indicated 
that macrophages or DCs infected by MERS-CoV have the 
diminished expression of major histocompatibility complex 
class I (MHC-I) and MHC-II molecules, and this, in turn, 
causes decreased activation of T cells [115]. Besides that, 
SARS-CoV2-infected DCs show functional impairment in 
the differentiation and maturation, which leads to the inhi-
bition of T cell-mediated responses, thereby facilitating the 
viral evasion of the adaptive immune response [116]. Also, 
infection with SARS-CoV-2 can downregulate the expres-
sion of MHC-II on B cells, thereby reducing the activation 
of acquired immunity [117].

The emerging of new variant strains of SARS-CoV-2 
has more recently been reported in different regions of the 
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globe: B.1.1.7 in the UK (October 2020), B.1.351 in South 
Africa (October 2020), and P.1 in Brazil (December 2020). 
These variants have acquired mutations in the ACE2 inter-
action surface of the RBD [118]. It is important to mention 
that a successful antibody response against SARS-CoV-2 
largely depends on the targeting of one specific epitope; for 
instance, the spike or the RBD of the spike. Mutations in 
these epitopes cause antibodies to be unable to efficiently 
recognize the virus and, thus, these new variants escape the 
antibody responses and can infect other individuals, regard-
less of their immunity to the initial strain [119]. Recent evi-
dence indicates that several mutations in the RBD of the 
spike, including E484K, K417N, and N501Y in B.1.351 
variant, cause firmer connecting to ACE2 and widespread 
escape from neutralization by monoclonal antibodies. 
Although antibody responses to the new variants may not 
be capable of preventing infection, they may dampen disease 
severity. Moreover, mutational changes may not disrupt the 
response of T cells to the spike, and these cells may be able 
to limit the spread of the viral infection to the lower respira-
tory system and preclude severe disease [118].

Conclusions

In conclusion, the ongoing pandemic of the COVID-19 has 
killed more than 3 million people around the world until 
now and has become a very serious threat to the health of the 
global people. Besides, it has strikingly impaired the normal 
lives of most people worldwide. Thus, it is of highly great 
importance to understand the role of the immune responses 
in the pathogenesis of this deadly infectious disease and how 
SARS-CoV-2 escapes the immune responses. Although the 
immune system is crucial to fighting and defending against 
viral infections, including the SARS-CoV-2 virus, triggering 
dysregulated and hyperinflammatory immune responses can 
be potentially detrimental and lead to begetting severely crit-
ical conditions. According to all achieved findings from the 
performed studies, it can be said that high levels of inflam-
matory cytokines, lymphopenia, and CD8+ T cell exhaustion 
in critically ill patients with COVID-19 cause their immune 
system to be severely damaged and become incompetent. 
The damaged immune system is then tried to compensate 
for its disabilities by releasing massive amounts of inflam-
matory cytokines and chemokines, which could potentially 
result in developing ARDS and multi-organ dysfunction. On 
the other hand, SARS-CoV-2 evades the immune system by 
applying multiple strategies. Notably, through the disrup-
tion of the normal immune responses, SARS-CoV-2 causes 
an impaired immune system and developing uncontrolla-
ble inflammatory responses in severe and critical cases of 
COVID-19. Altogether, it seems that the immune system 
acts as a double-edged sword in fighting SARS-CoV-2.
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