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Abstract

COVID-19 pandemic disease has firstly occurred in Wuhan, Hubei, China. Then the infection spread
globally. Many researchers now suggest the strong similarities of COVID-19 with the previous
pathogenic human beta coronaviruses SARS-CoV and MERS-CoV. But there is limited knowledge
about the immune response to COVID-19. So on the basis of the immune response of these viruses, we
will try to predict how the immune system can deal with this infection. In this review, we focus on human
coronavirus types and discuss current knowledge of immune response against SARS-CoV and MERS-
CoV immune response, which may be helpful in offering the perspectives on immune responses against
COVID-19.
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Introduction

Coronaviruses are classified as a genus of the
family coronaviridae, which contains variable
pathogens of mammals and birds causing different
types of diseases
polyserositis, hepatitis, nephritis, and many other

like pneumonia, enteritis,

disorders. Coronavirus and coronavirus-like
infections have been investigated in swine, cattle,
horses, cats, dogs, rats, birds, bats, rabbits, ferrets,
mink, and various wildlife species, although many
coronavirus infections are subclinical or
asymptomatic (Maclachlan and Dubovi, 2010).

I. Human Coronavirus Types

Coronaviruses have their name from the crown-like
proteins on their outer surface (spike proteins). They
are classified into four main subgroups (alpha, beta,
gamma, and delta). Human coronaviruses were firstly
detected in the 1960s from which seven types were
identified for their ability to infect people (229E,
NL63, OC43, HKU1, MERS-CoV, SARS-CoV and
SARS-CoV2 and the newly detected one in 2019
called COVID-19). From these viruses 229E, NL63,
0C43, and HKU1 were

coronaviruses,

registered as human

however recently some animal
coronaviruses proved its ability to infect people and
make them sick these are SARS-CoV, MERS-CoV,
and COVID-19 (Killerby et al., 2018; Xiao et al.,

2020).

1. Immune response against SARS:

In SARS infection, the laboratory manifestations
include lymphopenia, neutrophilia, thrombocytopenia,
and high levels in serum lactate dehydrogenase(LDH),
glutamic pyruvic transaminase (GPT), and creatine
kinase(CK) Cheng et al. (2007). Lymphopenia is
observed in most SARS patients (>98%) in different
studies, and most of them have reduced T-helper

PISSN: 2356-9174, elSSN: 2356-9182 151

(CD4+) and T-cytotoxic/suppressor (CD8+) cell counts
during the 1% period of infection ; these values fall
down to their lowest point from day 5 to 7 from disease
onset (fever) and restore gradually during the recovery
phase (He et al., 2005; Lam et al., 2004) figure (1)
shows Innate immune response regulation is
accompanying with the improvement of adaptive
immunity and disease severity in SARS-CoV infection.
Particularly, SARS has showing indirect strategies to
overwhelm antiviral interferon type | (INF) responses
in infected cells Li and Xu (2010). Infected tissues
showed an upregulation of pro-inflammatory
cytokines/chemokines (IL-6, IP-10, and MCP-1) as an
inflammatory response, also heavy infiltration of
macrophages occurred in these infected cells (Astuti et
al., 2020; Huang et al., 2020b). SARS-CoV infection
is characterized by a significant increase in IFN-y
levels which is a Thl cytokine responsible for cell
mediated-immunity  and  fighting intracellular
pathogens while reduction in IL-4 is well observed
which stimulates the humoral immunity that suppresses
extracellular microbial infections. Schulze et al.
(2008). There is also an up-regulation of pro-
inflammatory cytokines, such as TNF alpha, IL-1R, and
IL-6, which might enhance disease outcome Xie et al.
(2003). SARS-CoV
monocytes/macrophages, dendritic cells, and lung
epithelial cells to produce IL-1b, IL-6, IL8, IP-10, and
MCP-1 Li and Xu (2010). Based on patient’s case
reports during the first two weeks of illness onset,
levels of IL1b, IL-6, IL-12, IFN-g, IL-8, IP-10, and

MCP-1 are markedly upregulated; a subsequent

infection could induce

decrease in the concentration of these cytokines is
accompanying with recovery from SARS pneumonia.
IL-6 has been powerfully related to radiographic score,
patients with a lethal outcome have been increased Th2
cytokines Li et al. (2008).
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Fig. 1: SARS-CoV infected epithelial cells represents the SARS epitope by MHC | to recruit T cytotoxic (CD8+T cell).
Macrophage and dendritic cell (DC) are infected by SARS-CoV and represent SARS epitope by MHC 11 to recruit T helper
cell (CD4+T cell) and further cytokine storm starts in severe cases. Humoral immune response enhances the production of

1gG, 1gM, and IgA, and viral entrance to other cells is prevented. CD8+T cells secrete perforin and granzyme to kill virally

infected cells (Viral clearance). Immune dysregulation in severe SARS patients is marked by continued expression of
inflammatory chemokines and IFN-stimulated genes (ISGs) and deficiencies in MHC and immunoglobulin gene expression,

IL12, IL-2. Immune-mediated pathology worsens in the minority of susceptible SARS patients and unsettled interferon y-

induced protein 10 (IP-10) expression and the viral burden is associated with the deprived result.

I11. Immune response against MERS CoV.:
Dendritic (M®) are
significant to support innate immunity and can elicit

(DCs) and macrophages

release enormous amounts of cytokines and
chemokines. These cells can relocate from peripheral
tissues to the lymphoid tissue to actuate the T cell
Both T & B
lymphocytes are stimulated for a specific immune

response against MERS-CoV Mubarak et al. (2019).

population Crespo et al. (2013).

MERS-CoV has advanced strategies to impact innate
immunity and inhibit IFN releasing pathways
(Balachandran et al., 2000; Mubarak et al., 2019) As
showing in figure (2): Pattern recognition receptors
(PRRs), for examples, Toll-like receptors (TLRs) and
Retinoic Acid-Inducible gene-I-like receptors (RIG-I),
are vital mediators of the innate immune response Kato
et al. (2011). After TLRs recognized to the viral
epitope, one of the two, unlike adaptor molecules, is
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adverse regulators of the TLR signaling pathways. This
stimulation consequently results in the expression of
both peroxisome proliferator-activated receptor-y
(PPAR) and IL-1R-associated kinase (IRAK-M),
which are adverse regulators of IRF7, the transcription
factor that induces the gene expression of IFN-a/p (Al-
Qahtani et al., 2017). Natural killer (NK) cells, T
cytotoxic (CD8+) cells, and macrophages (M®), are
stimulated, and their antiviral toxic cytokines are
produced Welsh and Waggoner (2013). Antiviral
called the
inflammatory cytokine (for example IL-6 and TNF-a

cytokines immune response  pro-
production) against any infection has several problems
in the host, such as tissue injuries Zhou et al. (2014).
The pro-inflammatory cytokine response can control
viral spreading. Normally, Interferons (IFNs) play vital
roles during some viral infections and can be sensitized
by double-stranded RNAs (dsRNAs) Balachandran et
al. (2000). The immunological response may be at first
associated with interfering with the NF-xB signaling
pathway, which is regularly responsible for the
excitation of the immune response pro-inflammatory
cytokine Canton et al. (2018). In a previous study
presented that IFN-f has a strong inhibitory impact on
MERS-CoV in comparison to that of other tested IFNs
Hart et al. (2014). Al-Qahtani et al. (2017) indicated
the vital effect of the MERS spike glycoprotein
(MERS-CoV-S) on the responsiveness of macrophages
and monocytes through Toll-like receptor-4 (TLR-4)
signaling pathways. MERS-CoV infection enhances
the production of IFN-o/f by virally infected cells,
which leads to the release of some chemokines, such as
monocyte chemoattractant Protein-1(MCP-1), IL10,
and Interferon gamma-induced protein-10 (1P-10),
which are responsible for T cell recruitment. CD4+
helper T cells (Th1) and NK cells need signaling by
IL12 and IFN-y for their stimulation (Zhou et al.,
2015). IFN-y contributes to the activation of NK cells
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and CD8+ T cells that help clear viruses Welsh and
Waggoner (2013). T lymphocytes are significant
agents essential for immunity against viral infections;
T helper (CD4+) cells assist virus-specific antibody
production via sensitized B cells. While, T cytotoxic
(CDB8+) cells are cytotoxic and kill virally infected cells
(Xu and Gao, 2004; Zhao et al., 2014). Furthermore,
throughout the highly of MERS-CoV infection, the
virus attacks the immune system and inhibits the
response of T cells. These actions may further damage
the functions of B- lymphocytes Ying et al. (2016). A
new study revealed that T-helper (CD4+) cells were
more affected by MERS-CoV infection. Additionally,
MERS-CoV can instigate T cell the apoptosis by
activating apoptosis process via intrinsic and extrinsic
pathways Ying et al. (2016). Remarkably, there was a
significant upregulation in the level of IL-17 in patients
infected by MERS-CoV Mabhallawi et al. (2018). T
helper subset cells, especially Th17 cells, produce the
pro-inflammatory cytokine 1L-17 via the STAT3 and
NF-«B signaling pathways Manni et al. (2014). These
results advises that MERS-CoV infection stimulates
the production of Thl7 cytokines. These Thl7
cytokines can attract neutrophils and monocytes to the
site of infection and lead to the activation of other
succeeding cytokine and chemokine cascades,
including IL-1, IL-6, IL-8, TNF-a/B, and MCP-1.
Neutralizing antibodies are very potent in neutralizing
viral infectivity through blocking their entry into host
cells. The detection of MERS-CoV- specific antibodies
in human serum is one of the confirmatory diagnostic
tests for MERS-CoV infection Mubarak et al. (2019).
It is essential to determine even if these antibodies are
a strong weapons of the adaptive immune response to
MERS-CoV infection. However, the observation of the
anti-MERS-CoV antibody response arises from 14 to
21 after infection Corman et al. (2016).
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Fig. 2 describes the immune response to MERS-CoV. MERS-CoV phagocytosed by macrophages and then macrophages
present MERS-CoV peptide epitopes to ThO cells. This process leads to T cell activation and production of cytokines related
to the different T cell subsets including Thl, Th2, and Th17; then cytokines released in abundant quantity to enhancing the
immune response and amplification. The release of these cytokines more and more abundant form due to viral persistence
has the opposite effect on CD+4 T cells, CD8+ T cells, and Natural Killer (NK) cell activation by preventing 1L12 and IFN-
v secretion. Nevertheless, CD8+ T cells produce cytotoxic substances include IFN-y and granzyme, to kill MERS-CoV.

IVV. Immune response and cytokine storm in
COVID-19:

In view of that, a full study has not been achieved on
immune response against SARS-CoV 2 (COVID-19),
the only method to debate this objective is mention to
previous data about SARS-CoV and MERS-CoV
(Fig.3). Inthe first after a virus attacks the host, the first
response is recognized via pattern recognition receptors
(PRRs) including C-type lectin-like receptors, Toll-like
receptors (TLR), NOD-like receptors (NLR), and
Retinoic Acid-Inducible gene-I-like receptors (RIG-I)
(Addi et al., 2008; Yi et al.,, 2020). By different
pathways, the antigen (virus) stimulate the production
of inflammatory factors, maturation of dendritic cells,

and synthesis of type I interferons (IFNs) which restrict
the spreading of the virus and enhance macrophage
phagocytosis of viral peptide epitopes (Li et al., 2020;
Tufan et al., 2020). Shortly, the adaptive
immunological response joins the fight against the
The abundant pro-inflammatory cytokines
produced by an innate and adaptive immune response,
play a vital role in the defense by activation of CD4+ T
cells and CD8+ T cells, are controlling the virally
replication and reducing the viral infected cells
(Mathern and Heeger, 2015; Sevajol et al., 2014).
The T helper cells (CD4+T cells) sensitize B-
lymphocytes to proliferate to plasma cells and produce
viral peptide epitopes-specific antibodies, and T

virus.
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cytotoxic cells (CD8+Tcells) release cytotoxic factors
to clearance viral infected cells immediately. Natural
killer (NK) cells releases toxic substances, in a similar
way to cytotoxic T cells, which clearance the virally-
infected cells instantly Yi et al. (2020). CD8+ T
cytotoxic cells are equipped with preformed mediators.
Cytotoxic agents are deposited inside granules, in both
CD8+ T cells and NK cells, until interaction with a
viral-infected cell triggers their release. One of these
substances called perforin that can make pores in cell
membranes; these holes let entry of other factors into a
target cell to facilitate the destruction of the cell.
Enzymes called granzymes are also stored in, and
released from, the granules. Granzymes enter infected
cells via the pores made by perforin Trapani (2001).
CD4+ T cells produce pro-inflammatory to activate the
defending cells. The humoral immunity including
complements such as c3a and c5a and antibodies is also
essential in combating the viral infection (Li et al.,
2020; Risitano et al.,, 2020). However, the
complement stimulation can contribute to the
maladaptive inflammatory response seen in some
patients with severe COVID-19 Risitano et al. (2020).
Nevertheless, COVID-19 can inhibit T-lymphocytes
functions by inducing apoptosis of T cells Tufan et al.
(2020). Inflammatory cytokines produced from Th17
contributing to severe lung diseases and death rates of
lower respiratory tract infections caused by
coronaviruses. This comprises host inflammatory
cytokine responses against COVID-19 Yang et al.
(2020). The severity of COVID-19 is related to the
high level of the pro-inflammatory cytokines and
subsets of immune cells (Huang et al., 2020b; Wang
et al., 2020).

Immunological response to SARS-CoV2 (COVID-19)
like SARS-CoV is being mediated by cytokines.
According to some case reports in Wuhan from SRAS-
CoV2 patients showed an increase in Interleukin-6;
neutrophil count and C-reactive protein (CRP) and
total lymphocytes are decreases Astuti et al. (2020).
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The finding lymphopenia in COVID-19 patients is in
line with SARS-CoV and MERS-CoV patients;
cytokine storm and lymphopenia may have a main role
in the severity of SARS-CoV2 (Nicholls et al., 2003;
Wong et al., 2004). Based on hospitalized patient
reports most patients had lymphopenia and pneumonia
with characteristic pulmonary ground-glass opacity
changes on chest CT. (Diao et al., 2020;
Prompetchara et al., 2020) reported that reduced in T
cell counts and the surviving T cells appear
dysfunctional in COVID-19 patients. Furthermore,
from COVID-19 patients report in severe cases
recorded that pro-inflammatory cytokines are increased
including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1,
MIP-1A, and TNF-o Huang et al. (2020b) found that
increased cytokines levels like IL-6, IL-10, and TNF-
a; also lymphopenia (significantly reduced CD4+ and
CD8+ T cells) increased cytokine levels (e.g. IL-6, IL-
10, and TNFa) associate with severity of COVID-19.
In COVID-19 patients showed an increase in plasma
levels of IL-1, IL-7, IL-8, IL-10, IL-17, IFN-y,MCP-1,
MIP-1A, MIP-1B, G-CSF, TNF-q, inducible interferon
protein (IP)-10 (Huang et al., 2020a; Qin et al., 2020).
Cytokine storm can enhance viral sepsis and lung
inflammation lead to pneumonitis; respiratory failure,
organ failure, and possibly death. COVID-19 mortality
is caused by multi-organ failure particularly in old age
patients and individuals have chronic diseases such as
cardiovascular disease, hypertension, and diabetes
Prompetchara et al. (2020). The dysregulated
immune response in COVID-19 patients can lead to a
cytokine storm, causing increased respiratory disorder
(Channappanavar and Perlman, 2017; Diao et al.,
2020; Zhou et al., 2020) reported that 99 COVID-19
cases in Wuhan were investigated, increased total
neutrophils (38%), reduced total lymphocytes (35%),
increased serum IL-6 (52%) and increased c-reactive
protein (CRP) (84%) were detected. The effective
innate immune response against viral infection relies
heavily on the interferon (IFN) type I responses and its
downstream cascade that culminates in controlling
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viral replication and induction of effective adaptive
immune response Shin et al. (2019). Lymphopenia
appears in COVID -19 patients in severe cases this
indicating immune system dysfunction Qin et al.
(2020). From clinical studies during the COVID -19
crisis, patients with COVID-19 have a low level of
helper T cells, cytotoxic T cells, and regulatory T cells;
while Th cells and T reg. Cells are significantly
decreased in severe patients Zhou et al. (2020). T
regulatory (Treg.) cells are the responsible for
conservation of the immune homeostasis with
regulating the activation and proliferation of most

PISSN: 2356-9174, elSSN: 2356-9182 156

lymphocytes such as T cytotoxic, Natural Killer (NK)
cells, and B-lymphocytes Sakaguchi et al. (2010). In
addition to the reduction of NK cells and B-
lymphocytes are reported in COVID-19 patients. From
the above, these outcomes demonstrate that COVID-19
is responsible for an immune dysfunction with the
induction of abnormal response of cytokine and
chemokine, change in the level of lymphocytes subsets
all of which might result in cytokine storm and tissue
injury Wang et al. (2020). Cytokine storms can cause
severe complications and worsens in COVID-19.
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Conclusion

In conclusion, the occurrence and development of
SARS-CoV-2 depend on the interaction between the
virus and the individual’s immune System. Many
factors correlated together, such as viral factors
include virus type, viral load, mutation, and virus
virulence. Also, the host immune system factors
include human leukocyte antigen (HLA) genes or
(MHC gene), gender,
regulation, and physical status. These elements all
contribute to whether an individual is infected with the
virus, the severity and duration of the illness, and the
reinfection. Enormous inflammatory response with
cytokine storm cause severe immunopathology and
bad the prognosis in COVID-19. Definitely, drugs that
directly target SARS-CoV-2 would be the most
effective treatments for COVID-19. There are many
protocols ongoing to find effective treatments for
COVID-19 both targeting virus and consequent hyper-
inflammation. Treatment with antiviral agents alone
may not be appropriate to stop the upsetting cytokine
storm and pulmonary destruction in these patients. In
early diagnosis stage of infection helps control the
prevalence of the viral infection and treatment Patient
follow up by successive analysis of acute COVID-19
samples to analyze innate and adaptive immunity
would be useful to develop treatment strategies and
prophylactic SARS-Cov-2 vaccines.

age, nutrition, immune
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