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ABSTRACT

Currently major challenge for scientists is to cope with Coronavirus infection that alters host immune
response in different ways. There is variability in immune response in diverse populations against this
infection and particularly immunity of a certain population against SARS-CoV-2is not clear. Many factors
such as viral and host genetics that play crucial in this infection but immunological aspects are more
important in infection and disease progression. Its different patterns of spread and severity needs timely
focus to design strategies against this disease. This review sums up the concepts related to host immune
response to SARS-CoV-2, cellular and humoral immunity, cytokines storm and immunization against
COVID-19.
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INTRODUCTION disease in diverse population is different. The
immunological changes, antibodies level, HLA
variants, cytokines levels, functions of B cells and T
cells are key players in immunity against SARS-
CoV-2 and these immune modulators may play
important role to combat COVID-19.

Human beings commonly have not specific
immunity against this virus and so human
population is at risk of infection with this novel
virus. SARS-CoV-2 initiates host innate immune
system when recognized by Pattern Recognition
Receptors (PRRs) including Toll-like receptor
(TLR).3 The virus induces inflammatory cytokines
and production of interferons that restrict the virus
propagation.4The adaptive immune response plays
its role against SARS-CoV-2, B cells are induced by
CD4+ T cells to produce specific antibodies, and
CD8+ T cells kill cells infected with virus.

Start of 2020 has become an exceptional and
unforgettable memory due to novel virus infection
that abolished health and economic system of the
world. This virus is very similar to the coronavirus
that was cause of Severe Acute Respiratory
Syndrome in 2003; thus, it was given name of
SARS-CoV-2 by the World Health Organization
(WHO), and disease caused by this virus is known
as COVID-19.! In December 2019, the epidemic
originated from Wuhan, China, and transmitted to
all over the world. WHO announced COVID-19 as
global pandemic that is potentially more hazardous
than terrorism.2 Due to difference in host immune
response, the variability in infection the severity of
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including TNFa, IL-6 and IFNs. These cytokines
provoke immune cells to produce free radicals
leads severe damages to the lungs, multi-organ
failure and even death.6-8 Immuno-suppression is
vital forthe treatment: corticosteroids and anti-IL6
monoclonal antibody are used for this purpose with
some limitations.8-10

Antibodies recognize and neutralize unique
molecules of the pathogens against which they are
formed. Therefore, passive immunization is the
treatment of patients with the plasma of patients
who have recovered from the same infectious
diseases.!! Besides therapeutic effects, antibodies
can stimulate the immunity and may lead to lethal
cytokine syndrome.!2 Thus, better option is to get B
cells from COVID-19 patients who recovered from
disease and categorize effective antibodies against
proteins of the virus that are crucial for virus
assembly or replication. Hence by monitoring
antibodies level and immune responses in patients,
use of antibodies and B cells for therapeutic
purpose can be suggested.

Host Immune Response against SARS-CoV-2 and
T Cell Depletion

Coronaviruses use their surface protein (spike
protein) to enter a cell by binding to the ACE2
receptor on the host cell membrane. Antigen-
Presenting Cells (APCs) engulf the viral particles
and present the viral antigenic peptides complexed
with the Major Histocompatibility Complex (MHC)
class I and class II proteins to CD8+ and CD4+ T cells
respectively (13). Conventional Dendritic cells
(DCs) scan the body for dangerous invaders. When
there is an inflammation triggered by SARS-CoV-2,
a new type of DC emerges. This newly discovered
DC called the inflammatory type 2 conventional DC,
or inf-cDC2 has some of the finest characteristics of
the monocytes, macrophages, and conventional
DCs, to induce the best form of immunity. In
respiratory viral infection by SARS, they optimally
prime CD4+ and CD8* T cell immunity.14

T cells help B cells in their differentiation to
plasma cells, which produces antibodies specific to
viral substances (peptides). To limit the infection,
an antibody fully blocks the virus from infecting the
host cell and thus provide defense at the later
stages of the disease and also prevents re-infection
in the future.l3 CD4+* T cell directs the overall

adaptive immunity while CD8* T cells (cytotoxic T
cells) clear and destroy the viral infected cells.
Since an efficient defense against the viral infection
depends on the activation of CD8+ T cells, hence
enhancing the numbers and function of T cells in
COVID-19 patients is important for recovery.
However, in the SARS-CoV-2 infection, different
studies show that there is a significant decrease in
the cytotoxic and helper T cell counts, which may
result in decreased propagation and persistence of
T memory cells in the COVID19 survivors.15
Excessive inflammatory reaction characterized by
the rapid production of cytokines (IL-6, IL-10, and
TNF-a) in large amounts is a hallmark of SARS-CoV-
2 infection.”8 This may contribute to a decrease in
the number of T cells as it has been reported that
the numbers of total T cells, T helper, and cytotoxic
T cells are negatively correlated to the level of, IL-6,
TNF-a, and IL-10, respectively. These cytokines are
not produced by T cells; however, they may
enhance apoptosis and necrosis of T cells leading to
T cell exhaustion.15

TNF-a is a pro-inflammatory cytokine that may
enhance T cells apoptosis by binding TNFR1
receptor, whose expression is enhanced in the
matured T cells. TNF-a may be at once involved
within the reduction of T cells in COVID-19
patients. IL-6, when directly and transiently
produced in reaction to infections and tissue
injuries, contributes to host defense through the
stimulation  of  acute-segment responses.l5
Dysregulated and chronic synthesis of IL-6 had
been shown to play a pathological role inside the
continual inflammation and infections thus it may
also be a contributing factor in the reduction of T
cells in COVID-19 patients.8? [L-10 an anti-
inflammatory cytokine, not only prevents T cell
propagation but can also contribute to T cell
exhaustion. COVID-19 patients are stated to have a
high level of IL-10, while also exhibiting high
expression of PD-1 and Tim-3 exhaustion markers
on the surface of T cells.15 This shows that IL-10
might be directly involved in the reduction of T
cells. The use of effective antiviral remedies to stop
the development of T cell exhaustion in COVID-19
patients may thus be vital to their recovery.

Cytokine storm and COVID-19
The SARS-CoV-2 is recognized by ACE-2 receptors,
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then after internalization it starts replicating inside
the cell.’6 When newly assembled virus particles
are released from the infected cell, it also resultsin
release of damage associated molecular patterns
(DAMPs) such as ATP, viral RNA, HMGP-1, and host
DNA into the extracellular matrix. DAMPs are
recognized by neighboring epithelial cells and
alveolar macrophages. These cells secrete
inflammatory cytokines such as IL-6, IP-10, MIPa,
MIPB, MCP1 and results in subsequent recruitment
of T cells, monocytes and macrophages at the site of
infection. T cells secrete IFN-y to clear viral
infection. Accumulated T cells, monocytes and
macrophages also give a positive feedback to
enhance the production of proinflammatory
cytokines.1617 Infected cells and viruses are cleared
rapidly in individuals having a healthy immune
system. Neutralizing antibodies inactivate viral S
protein and alveolar macrophages phagocytose the
neutralized virus.181917 CD4+ and CD8+ T cells
orchestrate cell mediated immunity and kill viral
infected cells. Main cytokines that mediate cellular
immunity and viral clearance are IL-15, IFNa, IFNf3,
IFN-y, IL-12 and IL-21. Minimal inflammation and
lung damage happen during healthy immune
response.6.21.25

However, in some patients an aberrant immune
response occurs that results in hyperinflammation
of lungs. Several host factors such as age (>60
years), hypertension, smoking, diabetes, coronary
heart disease have been implicated in
immunopathogenesis of COVID-19.202125 Due to
unrestrained infiltration of monocytes,
macrophages and T cells, several cytokines such as
IL-6, IP-10, IFN-y, IL-10 IL-17A, IL-2, G-CSF, GM-
CSF, MIP1a, and TNFa are secreted in secreted in
high quantities and constitute the cytokine
storm.67 Cytokine storm cause multi organ
pathologies including heart, liver, and kidney.17.26
Specifically, increased levels of TNFa can cause
septic shock and multi-organ failure.30 It has been
observed that level of IL-6 continues to increase in
these patients, and it is more elevated in non-
survivors than survivors.25 About 28% fatalities in
COVID-19 patients are due to the consequences of
cytokine storm and sepsis.2? Reduced peripheral
lymphocytes, increased levels of IL-6 and abnormal
coagulation parameters are hallmark of critical
cases.”29 Cytokine storm is evident at third week of
COVID-19 infection. Immunosuppression by

targeting IL-6 or IL-6R using blocking antibodies or
antagonists can have benefits. Recent evidence has
suggested that blood purification therapy can also
have potential therapeutic benefits in removing
pathogenic antibodies and cytokines.17.3031

Vaccines as a Therapeutic Modality
for COVID-19

A vaccine provides adaptive immunity against a
certain pathogen or a disease. Vaccines are
classified on many criteria; on the basis of intended
use, and it can be preventive or therapeutic.
Preventive or prophylactic vaccines are meant for
prevention of future infection and these are usually
available in the form of either live attenuated/
killed whole virus or a component of that
pathogen.32 Therapeutic are meant to treat a
particular disease or infection. Both types of
vaccines are dire need of time to combat SARS-CoV-
2 infection, for this a complete understanding of
protective immune response against SARS-CoV-2 is
required but currently we know very little about
it33  Therapeutic vaccines wusually contain
preformed antibodies against that particular
pathogen. These antibodies can be produced in
vitro by monoclonal technique or from the serum of
immunized animals or infected persons. The
former requires extensive knowledge of antigenic
structures of that pathogen whereas both the
above-mentioned techniques require isolation and
inoculation of virus. Data of immunizations
vectored vaccines as well as injection of antisera
from immunized animals or infected persons have
suggested protection in animal models of
infections.34 In some countries passive transfer of
antibodies from recovered COVID-19 patients has
shown promising results but these studies are very
few in number and theyare limited by small sample
size.3s

Gene based (nucleic acid) and protein-based
(Recombinant) vaccines are assembled as particles
that are manufactured in vitro. These vaccines can
be developed rapidly and easily adapted for large
scale manufacturing.3¢ It is absolutely necessary to
develop a vaccine rapidly to prevent COVID -19 and
it is critical to define the stakes and potential
hurdles for this so that regulatory and medical
decisions can be made for benefit after risk
calculations. There is another key question that
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protection against SARS-COV-2 will occur through
effective vaccine or by virus persistence so that
most of the people develop immunity (herd
immunity). This herd immunity can diminish
pandemic spread of virus butthese repeated waves
of infection will lead to high mortality due to SARS-
CoV-2.37 Therefore, the benefit of developing an
effective vaccine is very high, and even greater if it
can be deployed in time to prevent repeated or
continuous epidemics.

CONCLUSION

This review elaborates pathways and mechanism of
SARS-CoV-2 infection and immuno-pathogenesis of
COVID-19. At large, SARS-CoV-2 infection involves
both innate and acquired types of immunity. During
the initial phases of infection, innate immune
system reacts against viral infection by producing
type-1 interferons and other cytokines. In a
number of patients, cytokines storm occurs, which
lead to uncontrolled inflammation and irreversible
tissue necrosis especially in lungs tissue. It causes
irreversible damage to the alveolar tissues leading
to death due to severe acute respiratory syndrome
type-2. To combat SARS-CoV-2 infection effectively,
production of specific neutralizing antibodies by
adaptive immune system is necessary. Hence
research should be focused to boost up adaptive
immune response which is needed to develop
preventive and therapeutic vaccines.

CONFLICT OF INTEREST

None to declare.

FINANCIAL DISCLOSURE

None to disclose.

REFERENCES

1. Velavan TP, Meyer CG. The COVID-19 epidemic. Trop
Med Int Heal. 2020; 25 (3): 278-80.

2. NEWS A: WHO warns coronavirus, now dubbed
COVID-19, is 'public enemy number 1' and
potentially more powerful than terrorism. Available
online at: https://www.abc.net.au/news/2020-02-
12 /coronavirus-public-enemy-number-one-
vaccine/11956446.

[Last accessed on May 18, 2020].

3.

10.

11.

12.

13.

14.

15.

16.

Ben Addi A, Lefort A, Hua X, Libert F, Communi D,
Ledent C, et al. Modulation of murine dendritic cell
function by adenine nucleotides and adenosine:
involvement of the A (2B) receptor. Eur ] Immunol.
2008; 38 (2): 1610-20.

Lu X, Pan ], Tao ], Guo D. SARS-CoV nucleocapsid
protein antagonizes IFN-beta response by targeting
initial step of IFN-beta induction pathway, and its C-
terminal region is critical for the antagonism. Virus
Genes. 2011; 42 (1): 37-45.

Niu P, Zhang S, Zhou P, Huang B, Deng Y, Qin K, et al.
Ultrapotent ~ human neutralizing antibody
repertoires against middle east respiratory
syndrome Coronavirus from a recovered patient. ]
Infect Dis. 2018; 218 (2): 1249-60.

Schett G, Sticherling M, Neurath MF. COVID-19: risk
for cytokine targeting in chronic inflammatory
diseases? Nat Rev Immunol. 2020; 20 (5): 1-2.
Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al.
Clinical features of patients infected with 2019 novel
Coronavirus in Wuhan, China. Lancet. 2020; 395
(10223): 497-506.

Clark D, Russell JEM, Kenneth B. Clinical evidence
does not support corticosteroid treatment for 2019-
nCoV lung injury. Lancet. 2020; 20 (4): 30317-2.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LF. The
trinity of COVID-19: immunity, inflammation and
intervention. Nat Rev Immunol. 2020; 28 (4): 1-2.
Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N,
Jensen M, et al. Current concepts in the diagnosis
and management of cytokine release syndrome.
Blood. 2014; 12 (5): 188-95.

Kreil TR, Farcet MR. Immunoglobulins and virus
antibody titers: of past needs, current requirements,
and future options. Transfusion. 2018; 58 (3): 3090-
5.

Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N,
Jensen M, et al. Current concepts in the diagnosis
and management of cytokine release syndrome.
Blood. 2014; 124 (2): 188-95.

Bosteels C, Neyt K, Vanheerswynghels M, van Helden
M]J, Sichien D, Debeuf N, et al. Inflammatory type 2
cDCsacquire features of cDC1s and macrophages to
orchestrate immunity to respiratory virus infection.
Immunity. 2020; S (4): 1-18.

Culp WC. Coronavirus Disease 2019. Vol. 14, A & A
Practice. 2020. e01218 p.

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al.
Reduction and functional exhaustion of t cells in
patients with Coronavirus Disease 2019 (COVID-19).
MedRxiv. 2020; 11: 18.20024364. [Epub ahead of
print].

Jia HP, Look DC, Shi L, Hickey M, Pewe L, Netland ],
et al. ACE2 receptor expression and severe acute
respiratory syndrome coronavirus infection depend

Biomedica — Vol. 36, COVID19-S2, 2020


https://www.abc.net.au/news/2020-02-12/coronavirus-public-enemy-number-one-vaccine/11956446
https://www.abc.net.au/news/2020-02-12/coronavirus-public-enemy-number-one-vaccine/11956446
https://www.abc.net.au/news/2020-02-12/coronavirus-public-enemy-number-one-vaccine/11956446

Immunological Basis of COVID-19

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

on differentiation of human airway epithelia. ] Virol.
2005; 79 (23): 14614-21.

Andersson U, Ottestad W, Tracey K]. Extracellular
HMGB1: a therapeutic target in severe pulmonary
inflammation including COVID-19. Mol Med 2020;
26 (1): 1-3.

Yuchun N, Guangwen W, Xuanling S, Hong Z, Yan Q,
Zhongping H, et al. Neutralizing antibodies in
patients with severe acute respiratory syndrome-
associated coronavirus infection. | Infect Dis. 2004;
190 (6): 1119-24.

Temperton NJ, Chan PK, Simmons G, Zambon MC,
Tedder RS, Takeuchi Y, et al. Longitudinally profiling
neutralizing antibody response to SARS coronavirus
with pseudotypes. Emerg Infect Dis. 2005; 11 (3):
411-6.

Liao M, Liu Y, Yuan J, Wen Y, Xu G, Zhao ], et al. The
landscape of lung bronchoalveolar immune cells in
COVID-19 revealed by single-cell RNA sequencing.
medRxiv. 2020. [Epub ahead of print].

Janice Oh HL, Ken-EnGan S, Bertoletti A, Tan Y].
Understanding the T cell immune response in SARS
coronavirus infection. Emerg Microbes Infect. 2012;
1(1): 1-6.

Shin HS, Kim Y, Kim G, Lee JY, Jeong I, Joh JS, et al.
Immune responses to Middle East respiratory
syndrome coronavirus during the acute and
convalescent phases of human infection. Clin Infect
Dis. 2019; 68 (6): 984-92.

Rothan HA, Byrareddy SN. The epidemiology and
pathogenesis of coronavirus disease (COVID-19)
outbreak. ] Autoimmun. 2020; 26 (2): 102433.

Lake MA. What we know so far: COVID-19 current
clinical knowledge and research. Clin Med. 2020; 20
(2): 124-9.

Guan W], Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al.
Clinical characteristics of Coronavirus disease 2019
in China. N Engl ] Med. 2020; 382 (18): 1708-20.

Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KF,
et al. Acute renal impairment in Coronavirus-
associated severe acute respiratory syndrome.
Kidney Int. 2005; 67 (2): 698-705.

Ruan Q, Yang K, Wang W, Jiang L, Song ]. Clinical
predictors of mortality due to COVID-19 based on an
analysis of data of 150 patients from Wuhan, China
Intensive Care Med. 2020; 3 (4): 1-3.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical
course and risk factors for mortality of adult

29.

30.

31

32.

33.

34.

35.

36.

37.

SJ:

inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020. [Epub
ahead of print].

Zhang B, Zhou X, Qiu Y, Feng F, Feng |, Jia Y, et al.
Clinical characteristics of 82 death cases with
COVID-19. medRxiv. 2020. [Epub ahead of print].
Mehta P, McAuley DF, Brown M, Sanchez E,
Tattersall RS, Manson ]JJ. COVID-19: consider
cytokine storm syndromes and immunosuppression.
Lancet. 2020; 395 (10229): 1033-4.

Ma ], Xia P, Zhou Y, Liu Z, Zhou X, Wang ], et al.
Potential effect of blood purification therapy in
reducing cytokine storm as a late complication of
severe COVID-19. Clin Immunol. 2020. [Epub ahead
of print].

Corey L, Mascola JR, Fauci AS, Collins FS. A strategic
approach to COVID-19 vaccine R&D. Science. 2020.
[Epub ahead of print].

Lurie N, Saville M, Hatchett R, Halton ]J. Developing
Covid-19 vaccines at pandemic speed. N Eng ] Med.
2020; 30. [Epub ahead of print].

Iwasaki A, Yang Y. The potential danger of
suboptimal antibody responses in COVID-19. Nat
Rev Immunol. 2020; 21 (3): 1-3.

Muralidharan A, Li C, Wang X.
Immunopathogenesis associated with
formaldehyde-inactivated RSV vaccine in preclinical
and clinical studies. Expert Rev Vaccines. 2017; 16
(4): 351-60.

Ruckwardt TJ], Morabito KM, Graham BS.
Immunological lessons from respiratory syncytial
virus vaccine development. Immunity. 2019; 51 (3):
429-42.

Graham BS. Rapid COVID-19 vaccine development.
Science. 2020. [Epub ahead of print].

L, Li

Author’s Contribution

Conception and design of work, revising

manuscript critically for important intellectual
content
RT, FS, K], MK: Acquisition of data, drafting of

manuscript,

revising manuscript critically for

important intellectual content
NA: Conception and design of work, Final approval
of the manuscript.

129

Biomedica — Vol. 36, COVID19-S2, 2020



