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ABSTRACT

The extreme acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has reminded us of the crucial
position of an effective host immune reaction and the adverse impact of immune impairment. This complete ten
years because the first describe cytokine storm that evolved after chimeric antigen receptor (car) T-cell remedy
and almost 27 years since the term become first used inside the literature to describe the engraftment syndrome of
acute graft as opposed to-host sickness after allogeneic hematopoietic stem-cellular transplantation. The time
period “cytokine launch syndrome” changed into used to describe a comparable syndrome after infusion of
muromonab-CD3 (OKT3). Cytokine hurricane and cytokine release syndrome is lifestyles-threatening systemic
inflammatory syndromes regarding elevated tiers of circulating cytokines and immune-cellular hyper activation
that may be prompted by diverse cures, pathogens, cancers, autoimmune conditions, and monogenic issues.
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INTRODUCTION
Author for Correspondence: Earlier cytokine storm become referred as an
influenza-like syndrome that happened after
Tapas Mishra, systemic infections which include sepsis and after

immunotherapies including Coley’s pollution'”. A
number of other problems had been defined as
reasons of cytokine Strome and targeted with
immune-directed treatment options, inclusive of
sepsis, number one and secondary Hemophagocytic
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In this review, we advise an Immunopathological
Mechanisms,  scientific  considerations, and
therapeutic techniques of cytokine hurricane in
COVID-19 affected person Cytokine Strome is an
acute hyperinflammatory response that may be
accountable for crucial illness in lots of conditions
including viral infections, most cancers, sepsis, and
multi-organ failure. The phenomenon has been
implicated in seriously ill patients inflamed
withSARS-CoV-2, the novel coronavirus
implicated in COVID-19. Significantly ill COVID-
19 sufferers experiencing cytokine storm are
believed to have a worse diagnosis and improved
fatality rate. In SARS-CoV-2 infected sufferers,
cytokine storm seems crucial to the pathogenesis of
numerous intense manifestations of COVID-19:
Acute breathing misery syndrome, thromboembolic
sicknesses which include acute ischemic strokes
because of huge vessel occlusion and myocardial
infarction, encephalitis, acute kidney injury, and
vasculitis (Kawasaki-like syndrome in kids and
renal vasculitis in person). Expertise the
pathogenesis of cytokine storm will help unravel
not only risk factors for the situation However
additionally healing techniques to modulate the
immune response and  supply advanced
consequences in COVID-19 sufferers at high
chance for extreme sickness.

No single definition of cytokine storm or the
cytokine release syndrome is widely regularly
occurring, and there's war of words approximately
how these disorders fluctuate from the right
inflammatory response. The coronavirus ailment
2019 (COVID-19) pandemic has triggered a public
fitness  crisis  with  profound  long-term
socioeconomic fallout. COVID-19 consequences
from contamination with the extreme acute
respiration syndrome coronavirus 2 (SARS-CoV-2)
virus®. Even though the significant majority of
sufferers enjoy moderate to moderate symptoms,
the disease remains fatal in a significant share of
these infected’™. Plenty of the critical infection
associated with SARS-CoV-2 infection is assumed
to be the result of a hyperinflammatory procedure
referred to as hypercytokinemia or a “cytokine
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storm™. A complete  expertise of the

immunopathogenesis, of cytokine storm in COVID-
19 patients has the potential to manual destiny
strategies to improve early analysis and enforce
healing techniques to mitigate cytokine typhoon-
related morbidity and mortality risks”'’. This article
discusses the implications of hypercytokinemia for
COVID-19 patients, which include the chance
elements for cytokine typhoon, ability healing
strategies, and medical issues, with special
emphasis on sufferers with most cancers,
autoimmune illnesses, and people present process
immunosuppressive remedies'.

PATHOPHYSIOLOGY

Observations from the first cohort of forty one
COVID-19 patients in Wuhan, which led to the
invention of the radical SARS- CoV-2 virus, found
out a cytokine seasonedfile just like that of
secondary Hemophagocytic Lympho Histiocytosis
(sHLH), a hyperinflammatory circumstance induced
by way of viral infection’. patients who were
admitted to intensive care unit (ICU) had higher
ranges of  granulocyte-macrophage  colony-
stimulating issue (GM-CSF), interferon gamma-
precipitated  protein 10  (IP10), monocyte
chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein 1 alpha (MIP1A), and tumor
necrosis element alpha (TNFa) in comparison to
individuals who were now not admitted to ICU (2).
Observations from some other one hundred fifty
sufferers in Wuhan found out that folks who died of
COVID-19 headaches had higher serum ranges of
C-reactive protein (CRP), interleukin (IL)-6 and
ferritin, suggesting an underlying
hyperinflammatory technique. A aggregate of those
markers might also therefore be used as prognostic
markers to determine COVID-19 severity.

Another study showed that patients suffering
COVID-19- associated cardiac harm with the
multiplied levels of troponin T (TnT) additionally
proven significantly better CRP and procalcitonin
degrees (up to 3—four times more) and skilled
improved morbidity and mortality’. Patients who
die from extreme COVID-19 disorder revel in
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endothelial mobile infection and an endotheliitis
alJecting many organs'"'>. The SARS-CoV-2 S
protein binds to angiotensin converting enzyme 2
(ACE2) to go into host cells. Most COVID-19
patients present with respiratory signs and
symptoms because ACE2 receptors are expressed in
vascular endothelial cells of the lower respiratory
tract®. In extreme COVID-19 instances,
hypercytokinemia within the lungs results in dil luse
alveolar harm, hyaline membrane formation,
thrombus formationM, fibrin exudates, and fibrotic
recovery. These pathologic changes result in acute
lung injury and show wup clinically as acute
respiration misery syndrome (ARDS)". Forty
percent of COVID-19 patients revel in proteinuria
and haematuria, suggesting kidneys contamination
and damage'>. COVID-19-associated kidney
damage occurs due to the fact ACE2 receptors are
observed within the kidney within the brush border
of proximal tubular cells'. Even though the kidneys
of COVID-19 patients examined post-mortem
reveal SARS-CoV 2 antigens in the proximal
tubules, the position of cytokine storm in inflicting
kidney injury isn't yet clear'’.

ACE2 receptors are also present in cardiac tissue
and in the gastrointestinal tract, arguably explaining
the cardiac and  gastrointestinal  medical
manifestations in some COVID-19 patients.
Available statistics suggests that those with
underlying cardiovascular disorder, high blood
pressure, severe dyslipidaemia, obesity, and
diabetes are at high threat for excessive COVID-19
disease'®, while other data suggests that SARS-
CoV-2 infects the coronary heart, ensuing in
myocarditis and myocardial infarctions'*!'"'*2!,
Sufferers with underlying cardiovascular disease
are at expanded threat of cytokine storm™ and
negative effects. COVID-19 patients with
underlying cardiovascular sickness are also at
higher chance of myocardial injury, as well as each
atherosclerosis-associated and thromboembolic
events which include stroke, plaque instability,
vasculitis, and myocardial infarction'""***. COVID-
19 has also been presumably linked to principal
anxious system (CNS) signs and symptoms and
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conditions such as acute necrotizing encephalitis,
myalgia, and headache among others even though
the pathogenesis is uncertain® . As a result of the
lower ACE2 expression degrees inside the CNS
tissues, it has been hypothesized that the SARS-
CoV-2 in keeping with se can generate little
inflammation®”. Latest autopsy studies found scarce
evidence of inflammation®>". Whether the switch
of SARS-CoV-2 to CNS tissues potentiate or
exacerbate cytokine hurricane is a subject of
ongoing debate’®. Immunosenescence and
Cytokine typhoon elderly patients, mainly older
males, with comorbidities, demonstrate elevated
susceptibility to negative diagnosis or multiplied
hazard of intense condition or maybe fatality from
COVID-19%. Ageing is associated with a decline in
immune feature or “immunosenescence’™**’. With
age, the immune system can present with a
sequence of adjustments, characterized via
immunosenescence markers® *’. A decrease in the
generation of CD3+T cells, an inversion of the CD4
to CD8 (CD4/CDS8) T cells ratio due to the lack of
CD8+T cells® (accelerated CD4/CDS8 ratio), an
increase in regulatory T cells (Treg) and a decrease
in B lymphocytes®. It's far postulated that COVID-
19 brought about cytokine strom can be
contributing to the negative results in elderly
patients due to immunosenescence. T lymphocytes
can be probably inflamed with the aid of the virus*'.
Lowering their wide variety due to their apoptosis.
Itis currently now not known whether or not the
infection of the lymphocytes themselves potentiate
cytokine strom. In a current look at using
immunomodulatory healing approach, intravenous
transplantation of mesenchymal stem cells (MSCs)
changed into ellective, in particular in seriously
severe instances, in a chain of seven patients with
COVID-19 pneumonia. Immunomodulatory
treatments targeting cytokine hurricane show
capability for such strategies in improving effects
and decreasing mortality due to COVID-19 in aged
sufferers.

Future studies are required to further evaluate the
ellcacy of immunomodulatory therapies in
preventing cytokine storm induced severe illness in
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COVID-19 patients in general, and elderly patients
in particular®'.

Pathophysiological mechanisms associated with
COVID-19 induced cytokine storms are shown in
Figure No.1.

LUNG PATHOLOGY OF COVID-19
Pathological alterations in patients with COVID-19
include pulmonary edema, diffuse alveolar harm
with the formation of hyaline membranes, the
presence of reactive type II pneumocyte
hyperplasia, proteinaceous aggregates, fibrinous
exudates, monocytes and macrophages within
alveolar areas and anti-inflammatory infiltration of
interstitial ~ mononuclear  cells**.  Electron
microscopy has discovered the presence of SARS-
CoV-2 virus particles in bronchial and alveolar type
IT epithelial cells, but no longer in different
tissues™**. Therefore, although a polymerase chain
response take a look at may be poor from blood or
throat swabs, SARS-CoV-2 viral inclusions may be
detected in the lungs. Immunohistochemical
staining indicated that CD68+ macrophages,
CD20+B cells, and CD8+T cells infiltrated the
alveolar cavity and alveoli®*. The ranges of CD8+T
cells may be slightly better than that of CD4+T
cells within the alveolar septa*. Those pathological
features are very just like the ones of SARS-CoV
and MERS-CoV infections***. Indicating that
powerful remedies for SARS and MERS can be
suitable for COVID-19. Excessive neighbourhood
release of cytokines is considered to be the
determinant of pathological alterations and the
clinical manifestation of ARDS". Average, the
primary pathological manifestations inside the lung
tissue are viral cytopathic-like modifications,
infiltration of and anti inflammatory cells, and the
presence of viral debris. Therefore, severe lung
injury in sufferers with COVID-19 is taken into
consideration because the end result of each direct
viral infection and immune over activation.
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MECHANISMS OF THE CYTOKINE STORM
IN COVID-19

Cellular entry of SARS-CoV-2 relies upon on the
binding of S proteins masking the floor of the virion
to the mobile ACE2 receptor and on S protein
priming by TMPRSS2, a number membrane serine
protease™. After getting into respiration epithelial
cells, SARS-CoV-2 provokes an immune response
with and anti inflammatory cytokine production
accompanied through a weak interferon (IFN)
response. The proand anti inflammatory immune
responses of pathogenic Thl cells and intermediate
CDI14+CDI16+monocytes are mediated through
membrane-bound immune receptors and
downstream signaling pathways. That is observed
through the infiltration of macrophages and
neutrophils into the lung tissue, which leads to a
cytokine strom’'.

SARS-CoV-2 can rapidly activate pathogenic Thl
cells to secrete proand anti-inflammatory cytokines,
which includes granulocyte-macrophage colony-
stimulating aspect (GM-CSF) and interleukin-6 (IL-
6). GM-CSF in addition turns on CDI14+CD16+
and anti inflammatory monocytes to provide
massive portions of IL-6, tumor necrosis
component-a (TNF-0), and different cytokines™.
Membrane-certain immune receptors (eg, Fc and
Toll-like receptors) can also make contributions to
an imbalanced and anti inflammatory reaction, and
vulnerable IFN-y induction can be an important
amplifier of cytokine production®™. Neutrophil
extracellular traps, the extracellular nets launched
by means of neutrophils, may contribute to cytokine
release®®. The cytokine storm in COVID-19 is
characterized by a excessive expression of IL-6 and
TNF-o. Hirano and et.al proposed a capability
mechanism of the cytokine storm because of the
angiotensin 2 (Angll) pathway. SARS-CoV-2
activates nuclear issue-kB (NF-xB) via pattern-
popularity receptors. It occupies ACE2 on the
cellular floor, ensuing in a discount in ACE2
expression, followed through an growth in Ang II.
Similarly to activating NF-xB, the Ang II-
angiotensin receptor type 1 axis also can induce
TNF-a and the soluble form of IL-6Ra (sIL-6Ra)
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through disintegrin and metalloprotease 17
(ADAM17)**. IL-6 binds to sIL-6R through gp130
to shape the IL-6-sIL-6R complicated, that could
activate sign transducer and activator of
transcription 3 (STAT3) in nonimmune cells. each
NF-xB and STATS3 are capable of activating the IL-
6 amplifier to result in various proandanti
inflammatory cytokines and chemokines, consisting
of wvascular endothelial boom issue, monocyte
chemo attractant protein 1 (MCP-1), IL-eight, and
IL-6.39 IL-6 now not most effective binds to sIL-
6R to behave in cis-signaling but can also bind to
the membrane-certain IL-6 receptor (mIL-6R) thru
gp130 to behave in trans-signaling. The latter can
result in pleiotropic consequences on obtained and
innate immune cells, ensuing in cytokine
storms®°. Collectively, the impaired received
immune responses and uncontrolled and anti-
inflammatory innate responses to SARS-CoV-2
may also cause cytokine storms’’.

THERAPIES FOR THE CYTOKINE STORM
IN COVID-19

Currently, many therapies are being evaluated in
clinical trials due to the lack of high-quality
evidence.

Corticosteroids

Corticosteroids  inhibit the host and anti-
inflammatory reaction and suppress the immune
reaction and pathogen clearance®. In a
retrospective observe of 401 sufferers infected with
SARS-CoV, the rational use of corticosteroids
shortened clinic remains and decreased the
mortality of severely sick patients without
complications™®'. However, the results of
corticosteroid use in sufferers with MERS, SARS,
and influenza indicated an impaired clearance of
viral RNA and headaches (eg, secondary
contamination, psychosis, diabetes, and avascular
necrosis)® A current meta-analysis of 15 research
determined that corticosteroids have been related to
appreciably better mortality fees in patients with
COVID-19%. Evidence suggests a potential role for
using corticosteroids in patients with extreme
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COVID-19, caution should be exercised given the
possibilities of viral rebound and adverse events.
Hydroxy Chloro Quine and chloroquine

Given their in vitro antiviral effects and anti-
inflammatory properties, chloroquine (CQ) and its
analog Hydroxyl Chloro Quine (HCQ) are
considered to be ability treatments for COVID-19.
Considering the excessive facet outcomes of CQ,
HCQ can be a better therapeutic option. CQ and
HCQ are capable of lessen CD154 expression in T
cells™ and suppress the release of IL-6 and TNF**.
A test of the pharmacological activities of CQ and
HCQ in SARS-CoV-2-inflamed Vero cells
discovered that low doses of HCQ might mitigate
cytokine typhoon in sufferers with intense COVID-
19%. A small French trial showed great reductions
in viral load and the length of viral contamination
for COVID-19 sufferers who received 600mg/day
HCQ for 10 days, and those consequences could be
more advantageous via cotreatment  with
azithromycin®. Meta-evaluation of clinical trials
indicated no clinical advantages of HCQ remedy in
sufferers with COVID-19%". In reality, HCQ would
possibly actually do more damage than proper
given its side consequences, which include
retinopathy, cardiomyopathy, neuromyopathy, and
myopathy™. A few clinical trials have counseled
that taking high doses of HCQ or CQ may reason
arrhythmia®. The function and dangers of HCQ and
CQ in the remedy of COVID-19 nevertheless need
greater statistics to in addition verify.

Tocilizumab

Tocilizumab (TCZ), an IL-6 receptor (IL-6R)
antagonist, can inhibit cytokine storms via blocking
off the IL-6 sign transduction pathway’’. Presently,
a small-sample clinical trial in China has located
TCZ to be effective in critically ill patients with
COVID-19"". Found that out of 21 sufferers with
severe COVID-19, 90% recovered after some days
of remedy with TCZ. A retrospective case-
manipulate observe of COVID-19 patients with
ARDS discovered that TCZ may enhance survival
consequences . The dangers associated with TCZ
(eg, excessive infections, thrombocytopenia,
neutropenia, and liver harm) ought to also be stated.
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Seventy three Siltuximab binds to sIL-6 and inhibits
best cis- and trans-signalling. TCZ binds to both
mlIL-6R and sIL-6R and inhibits both cis- and trans-
signalling and trans-presentation. Of note”>’*, IL-6
inhibitors aren't able to bind to IL-6 produced by
means of viruses which includes HIV and human
herpesvirus-8”. Presently, the utility of TCZ for
COVID-19 remedy is under study. The three drugs
noted above (corticosteroids, HCQ, and TCZ) are
immunosuppressant. Owing to the overall damage
to the immune system caused by autoimmune
illnesses and the iatrogenic consequences of
immunosuppressant, the danger of infection in
patients with autoimmune sicknesses can be
accelerated compared to the overall populace.
currently, rheumatology societies suggest using
immunosuppressive pills (besides glucocorticoids)
to be suspended in sufferers with COVID-197%.
Mesenchymal stem cells

Mesenchymal stem cells (MSCs) have a huge
variety of immune regulatory functions and can
inhibit the abnormal activation of T lymphocytes
and macrophages and the secretion of pro and anti
inflammatory cytokines®'. MSC remedy become
observed to noticeably lessen the mortality of
patients with H7N9-brought on ARDS and had no
harmful facet effects®. A medical trial of MSC
remedy discovered that MSCs were able to
unexpectedly and notably improve the scientific
symptoms of COVID-19 without any determined
destructive results®. Despite the fact that the aspect
consequences of MSC treatment are not often
suggested, the safety and effectiveness of this
treatment require further research.

Other therapies

Anakinra, an IL-1 receptor antagonist that blocks
the activity of proinflammatory cytokines IL-1a and
IL-1B, has been mentioned to improve the breathing
function and increase the survival charge of
sufferers with COVID-19*".  IL-1  receptor
antagonists boom the threat of bacterial infections,
however that is extremely rare for anakinra® Janus
kinase (JAK) inhibitors can inhibit and anti-
inflammatory cytokines and reduce the ability of
viruses to contaminate cells’’. A  small
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nonrandomized have a look at stated that patients
handled with JAK inhibitors exhibited advanced
scientific signs and respiration parameters. JAK
inhibitors can also inhibit IFN-a production, which
facilitates us to combat viruses® ™. Intravenous
immunoglobulin (IVIG) can exert numerous
immunomodulatory consequences by means of
blocking off Fc receptors, which are related to the
severity of the and anti inflammatory state®. IVIG
has been reportedly used to treat sufferers with
COVID-19. Given its uncertain effectiveness and
the chance of excessive lung injury and
thrombosis” IVIG treatment calls for further
investigation. Furthermore, convalescent plasma
remedy containing coronavirus-specific antibodies
from recovered sufferers may be without delay used
to achieve synthetic passive immunity. This method
has tested promising effects inside the remedy of
SARS and influenza’' .

July — September 124



Tapas Mishra. et al. /Asian Journal of Research in Pharmaceutical Sciences and Biotechnology. 9(3), 2021, 119-130.

immune celils

cytokine storm
ARDS J

inflammatory
injury cytokines

mild \
fever, cough,myalgia, ...

J

moderate

pneumonia

severe/critical

l

.L :A'ﬁ:h A
@ (E
> liver heart
ARI LD
L._---‘ -.__-.tla brain kideny

C =

multi-organ faiy

Figure No.1: Mechanisms of SARS-CoV-2 associated cytokine storm and associated damages

CONCLUSION

The cytokine strom leads to deleterious scientific
manifestations or even acute mortality in critically
unwell sufferers with COVD-19. Impaired received
immune responses and out of control and anti
inflammatory innate responses may be associated
with the mechanism of the cytokine hurricane in
COVID-19. Early manage of the cytokine hurricane
via treatments, such as immunomodulators and
cytokine antagonists, is vital to enhance the survival
price of sufferers with COVID-19. Despite the fact
that many research articles are published every
month, most people of the prevailing literature
about COVID-19 comes from descriptive works. In
addition high-quality evidence could be necessary
to understand and deal with the cytokine strom of
COVID-19.
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