™

Immunological and Clinical Aspects of Immune Responses to SARS-CoV-2

*Ali Reza Andalib* @, Maedeh Radandish*

1. Department of Immunology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran.

Use your device to scan
and read the article online

[®ETLTT Andalib AR, Radandish M. Immunological and Clinical Aspects of Immune Responses to SARS-CoV-2. Journal of Inflamma-
tory Diseases. 2021; 24(6):592-613. https://doi.org/10.32598/JQUMS.24.6.10

https://doi.org/10.32598/JQUMS.24.6.10

29 Sep 2020
04 Jan 2021
01 Feb 2021

SARS-CoV-2, Immuno-
pathology, Cytokine,
Coronavirus

The Coronavirus Disease 2019 (COVID-19) caused by a coronavirus named SARS-CoV-2 from the family
Coronaviridae, was first reported in December 2019 in China. The disease have mild or severe symptoms
such as fever, chills, cough, shortness of breath, body aches, and gastrointestinal symptoms, followed
by severe inflammation, cytokine storm, acute respiratory distress syndrome, and dysfunction of other
organs. In this narrative review study, the search was conducted on related studies published during
January- October 2020 in Google Scholar, PubMed, Embase, and Scopus databases using the keywords
Covid-19, Immunology, and Immunopathogenesis. Among abundant and mostly repetitive information,
the immunological aspects were selected. The SARS-CoV-2 can enter the cell by binding to the Angio-
tensin-Converting Enzyme 2 (ACE2) receptor and Trans-Membrane Protease Serine 2 (TMPRSS2) on the
surface of lung epithelial cells. The main pathogenic mechanism of infection with SARS-CoV-2 is the
stimulation of inflammatory response followed by damage to the alveoli of lung tissue. In uncontrolled
immune responses, the infiltration of macrophages, monocytes, neutrophils, and inflammatory T cells
into the alveoli increases which leads to tissue damage in the lungs and other organs by overproduction
of inflammatory cytokines such as Interleukin 6 (IL-6), Tumor Necrosis Factor alpha (TNF-a), Granulocyte-
Macrophage Colony-Stimulating Factor (GM-CSF), Interleukin 6 (IL-8), Interferon gamma (IFNy), etc. The
Natural Killer (NK) and T cell dysfunction, lymphopenia, and infection of immune cells such as monocytes
with ADE mechanism are factors causing the body’s failure in resistance to SARS-CoV-2 virus. Diagnosis
of COVID-19 is based on the clinical symptoms and the results of molecular tests (e.g. Polymerase Chain
Reaction test), or computerized tomography scan followed by serological tests and measuring biochemi-
cal factors in the blood (e.g. lymphocyte count, C-reactive protein, dimerized plasmin fragment D, etc.).
Due to the association of the severity of COVID-19 with the uncontrolled immune response of the host,
targeting any of the immunopathological pathways to inhibit inflammatory responses can be considered
as potential therapeutic goals. The use of immune system regulators such as chloroquine, corticoste-
roids, inflammatory cytokine blockers such as anti-IL-6, anti-IL-1, and cell therapy at the right time have
an enhanced effect on the recovery of the disease or inhibit the disease progression.
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1. Introduction

he Coronavirus Disease 2019 (COVID-19)

caused by a coronavirus named SARS-

CoV-2 from the family Coronaviridae, was

first reported in December 2019 in China

[1]. The disease have mild or severe symp-
toms such as fever, chills, cough, shortness of breath, body
aches, and gastrointestinal symptoms, followed by severe
inflammation, cytokine storm, acute respiratory distress
syndrome, and dysfunction of other organs. Most people
infected with this virus return to normal life, although tis-
sue damage caused by the virus may remain in their body
[4]. In this study, we hypothesize that innate and acquired
immune responses play an important role in resistance to
SARS-CoV-2.

2. Materials and Methods

This is a narrative review study. The search was conducted
on related studies published during January- October 2020
in Google Scholar, PubMed, Embase, and Scopus databases
using the keywords Covid-19, Immunology, and Immuno-
pathogenesis. Among abundant and mostly repetitive infor-
mation, the immunological aspects were selected. Having
knowledge of the immunopathogenesis and progression of
COVID-19 can help the medical staff develop appropriate
interventions for the patients. Therefore, the content is de-
signed by describing clinical cases and immunological as-
pects involved in the disease process and the use of interven-
tion facilities based on immunological findings.

3. Results

The SARS-CoV-2 can enter the cell by binding to the An-
giotensin-Converting Enzyme 2 (ACE2) receptor and Trans-
Membrane Protease Serine 2 (TMPRSS2) on the surface of
lung epithelial cells [18]. The main pathogenic mechanism
of infection with SARS-CoV-2 is the stimulation of inflam-
matory response followed by damage to the alveoli of lung
tissue. In uncontrolled immune responses, the infiltration of
macrophages, monocytes, neutrophils, and inflammatory T
cells into the alveoli increases which leads to tissue dam-
age in the lungs and other organs by overproduction of in-
flammatory cytokines such as Interleukin 6 (IL-6), Tumor
Necrosis Factor alpha (TNF-o)), Granulocyte-Macrophage
Colony-Stimulating Factor (GM-CSF), interleukin 6 (IL-8),
Interferon gamma (IFNy), etc. [7, 17]. Therefore, the sever-
ity of the disease in individuals is correlated to the host’s
uncontrolled inflammatory/immune response.

As shown in Figure 1, SARS-COV-2 stimulates the py-
roptosis of alveolar cells, leads to immune cells infiltration
into the infection site. Then, 7-14 days after infection, the
amount of antibodies in the blood can be detected. The in-
creased IgM, IgG, IgA antibodies can be detected by labora-
tory methods [41]. B cells first make antibodies in response
to N antigen and then against S antigen of SARS-CoV-2
[42]. Specific antibody against S protein Receptor-Binding
Domain (RBD) inhibit the virus from binding to the ACE2
receptor which is called neutralizing antibody [43]. Follow-
ing pyroptosis of the infected cells, the NOD Like Receptor
family Pyrin domain containing 3 (NLRP3) inflammasome
activation can enhance the production of inflammatory cy-
tokines. Damage-Associated Molecular Patterns (DAMPs)
are detected by Pattern Recognition Receptors (PRRs) of
alveolar macrophages which causes the production of cyto-
kines and chemokines [13], and the migration of monocytes,
macrophages, and T cells from the peripheral blood into the
alveoli, leading to disruption in lung function. Lack of con-
trol of this process challenges the patient’s health by causing
damage to the lung tissue [24]. Due to the association of
the severity of COVID-19 with the host’s immune response,
targeting any of the immunopathological pathways to inhib-
it inflammatory responses can cause patient survival. With
an appropriate immune response, alveolar macrophages
can prevent ectopic immune responses by phagocytosis of
apoptotic cells and the viruses neutralized by antibodies
[19]. However, in some cases, following the production of
CXCL9/10/11 chemokines by active monocytes in the lung,
Natural Killer (NK) cells traffic to the site of infection which
leads to lysis of virus-infected cells. When antibodies are
produced, the NK cell is activated in response to antibody-
coated cells, cause Antibody Dependent Cell Cytotoxicity
(ADCC) and Antibody Dependent Enhancement (ADE),
and produces perforin, granzymes, and pro-inflammatory
cytokines and chemokines [29, 30]. The NK and T cell dys-
function, lymphopenia, and infection of immune cells such
as monocytes with ADE mechanism are factors causing the
body’s failure in resistance to SARS-CoV-2 [13].

The increased lymphocyte cytokines of Thl, Th2, and
Th17 cells in COVID-19 patients are involved in activat-
ing Cytotoxic T lymphocytes (CTLs) for the lysis of virus-
infected cells including the cytokines of Thl cell such as
IL-12, IFNy, TNFa and etc. Th2 cells also induce antibody
production by delivering viral antigens to B cells [38].
Although the number of Th17 cells is lower than that of
other cells, their number in COVID-19 patients is higher;
the uncontrolled increase of their IL-17 cytokine can result
in increased inflammation [39]. The increase in GM-CSF-
producing TCD4+ T cells play an essential role in polar-
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Figure 1. Immunological aspects of covid-19

1: Tissues with a clear expression of ACE2 infected by SARS-CoV-2; 2: Pyroptosis of alveolar cells following infection by SARS-

CoV-2 leading to the release of IL-13, DAMPs, and pathogen-associated molecular patterns, which causes the production of pro-

inflammatory cytokines/chemokines and recruitment of immune cells to the site of infection; 3: Recruited immune cells produce a

high amount of inflammatory cytokines, enhancing inflammation in a positive loop; 4: T and NK cells achieve exhausted phenotype;

5: Non-neutralizing antibodies exacerbates the disease through ADE phenomenon; 6: Candidates for immunomodulatory therapy

to manage severe COVID-19.

ization and stimulation of inflammatory macrophages and
increased lung damage [37]. Reduced regulatory T cell
phenotypes observed in severe stages of the disease have
correlation with immunopathogenesis [13].

The COVID-19 diagnosis is based on the clinical symp-
toms and the results of molecular tests (such as Polymerase
Chain Reaction test), or computerized tomography scan
followed by serological tests and measuring biochemical
factors in the blood (e.g. lymphocyte and platelet counts, C-
reactive protein, dimerized plasmin fragment D, lactate de-

hydrogenase, serum amyloid A, procalcitonin, urea, creati-
nine, and direct bilirubin) can also help monitor the disease.
Their abnormal changes have correlation the with disease
progress or severity [51, 67, 69]. Furthermore, intervention
of IFN types I and III can effectively cause the resistance
of healthy cells to the virus and inhibit virus replication
and accumulation in the infected cells. The use of immune
system regulators such as chloroquine, corticosteroids, in-
flammatory cytokine blockers such as anti-IL-6, anti-IL-1,
and immune or stem-cell therapy at the right time can have
an enhanced effect on the recovery of the disease or inhibit
the disease progression [85, 90, 102].
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1. 2019 novel coronavirus
2. Acute Respiratory Distress Syndrome (ARDS)
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7. RNA dependent RNA polymerase (RdRp)
8. ER-Golgi Intermediate Compartment (ERGIC)
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3. Centers for Disease Control and prevention (CDC)
4. Window period

5. Receptor Binding Domain (RBD)

6. Angiotansin_Converting-Enzyme2 (ACE2)
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15. Antibody Dependent Cell Cytotoxicity (ADCC)
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9. Damage Associated Molecular Patterns (DAMP)

10. NOD Like Receptor family Pyrin domain containing 3 (NLRP3)
11. Pattern Recognition Receptors (PRR)

12. Toll Like Receptors

13. NOD Like Receptors (NLR)

14. RIG Like Receptors (RLR)
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19. Drosten

20. Isothermal Amplification assays

21. CRISPER

22. Antigen Rapid Diagnostic Test (Ag-RDT)
23. Ground-glass opacities
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17. Tag Polymerase
18. Reverse transcriptase
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25. Chemiluminescent immunoassay
26. Serum Amyloid Al (SAA)
27. Procalcitonin (PCT)
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24. Antibody Rapid Diagnostic Test (Ab-RDT)
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30. The Duration with Difference (DD)
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36. Nivolumab
37. Baricitinib
38. Mesenchymal Stem Cell (MSC)
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31. Canakinumab
32. Emapalumab
33. Lenzilumab
34, Otilimab

35. Gimsilumab
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