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Abstract
The immune system protects the host organism from exogenous and endogenouspathogens. A finely tuned and
balanced array of cytokines, coagulation factors, andcomplement together with immunocompetent cells protect the
body from a wide variety ofknown and unknown invaders. Usually, pro- and anti-inflammation are tightly regulatedto
adequately counter the infectious event. A pro-inflammatory milieu typically dominatesthe initial phase; however,
anti-inflammation is initiated early to reach a new equilibriumand to start tissue repair processes. Various pathogens
and malignant and autoimmune diseases as well as genetic changes, but also iatrogenic interventions, can disturb this
equilibrium so that an excessive release of cytokines can occur. In its severe (albeit rare) form, this is referred to as
cytokine storm. As a result, positive feedback mechanisms and self-sustained activation of immune cells occur. The
resulting hyperinflammation can lead to a life-threatening condition.

Keywords: cytokine storm, Covid-19, immunity, hyper-inflammation, immunocompetent

Introduction

Cytokinesare a broad and loose category of small
proteins important in cell signaling.cytokines are
peptides and cannot cross the lipid bilayer of cells
to enter the cytoplasm. Cytokine have  been
shown to be involved in autocrine, paracrine and
endocrine signaling as immunomodulating agent
(Wenjun et al., 2020).

Various pathogens, autoimmune and malignant
diseases, but also genetic disordersand certain

therapeutic interventions, can lead to life-
threatening systemic inflammatory syndromes in
the human body (Breslin, 2007).

Coronavirus Disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) rapidly spread worldwide and was
declared a pandemic in early 2020. COVID-19
destroyed people’s mental and physical health and
staggered global economic growth. As of May 18,
2021, 163 million infections, including 3.38
million deaths, have been recorded. SARS-CoV-2
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invades the host by virtue of angiotensin-
converting enzyme 2 (ACE2) receptors broadly
distributed on various tissues and immune cells
(Ni et al., 2020).

The virus can cause a wide range of clinical
manifestations from mild forms such as fever,
cough, and myalgia to moderate forms requiring
hospitalization (pneumonia and localized
inflammation) to severe/critical forms with fatal
outcomes(Shen et al., 2021).

Severe or critical infection often manifests as
pneumonia,disseminated intravascular
coagulation (DIC), acute respiratory distress
syndrome (ARDS), low blood pressure, and
multiorgan failure(Obeagu et al., 2021; Asogwa
et al., 2021; Hassan et al., 2022; Obeagu et al.,
2021; Obeagu, 2022; Nnodim et al.,
2022).Several lines of evidence have shown that
immunopathological damage may be responsible
for the deterioration of COVID-19 (Anka et al.,
2021).

Particularly, multiple studies have reported that
highly elevated levels of pro-inflammatory
cytokines are produced during the crosstalk
between epithelial cells and immune cells in
COVID-19(Okorie et al., 2022; Obeagu and
Babar, 2021; Obeagu et al., 2023; Obeagu et al.,
2023), which has linked the cytokine storm (CS)
with the severe complications and poor outcomes
in this infection(Rabaan et al., 2021).

CS is a fast-developing, life-threatening, clinical
condition in which the overproduction of
inflammatory cytokines and excessive activation
of immune cells lead to complicated medical
syndromes from a persistent fever, nonspecific
muscle pain, and hypotension, to capillary leak
syndrome, DIC, ARDS,
hemophagocyticlymphohistiocytosis (HLH),
multi-organ failure, and death if treatment is not
adequate (Buicu et al., 2021).

Therefore, the timing of diagnosis and treatment
of CS could be life-saving. The term CS was first
used in 1993 in graft-versus-host disease,and
later, in many inflammatory diseases such as

autoimmune conditions, organ transplantation,
cancer chimeric antigen receptor (CAR) T cell
therapy, and, most recently, in COVID-19.
However, the profile and causative effect of CS in
different conditions can greatly vary. Thus far,
precise diagnosis and treatment guidelines for CS
in most of the conditions are lacking.
Understanding the definite alterations and
pathogenic roles of individual cytokines involved
in the COVID-19-related CS (COVID-CS) is
hence extremely important for the development of
precise diagnosis and effective treatment (Zhang
et al., 2020).

A cytokine storm in COVID-19

Also called hypercytokinemia,is a physiological
reaction in humans and other animals in which
the innate immune system causes an uncontrolled
and excessive release of pro
inflammatory signaling molecules
called cytokines. Normally, cytokines are part of
the body's immune response to infection, but their
sudden release in large quantities can
cause multisystem organ failure and death
(Fajgenbaum and June, 2020).Cytokine storms
can be caused by a number of infectious and non-
infectious etiologies, especially viral respiratory
infections such as H1N1 influenza, H5N1
influenza, SARS-CoV-1, and SARS-CoV-2,
Influenza B, Parainfluenza virus. Other causative
agents include the Epstein-Barr
virus, cytomegalovirus, group A streptococcus,
and non-infectious conditions such as graft-
versus-host disease.The viruses can invade lung
epithelial cells and alveolar macrophages to
produce viral nucleic acid, which stimulates the
infected cells to release cytokines and
chemokines, activating macrophages, dendritic
cells, and others (Thepmankorn et al., 2021).

Cytokine storm syndrome is a diverse set of
conditions that can result in a cytokine storm.
Cytokine storm syndromes include
familial hemophagocyticlymphohistiocytosis,
Epstein-Barr virus–associated hemophagocytic,
lymphohistiocytosis, systemic or non-systemic
juvenile idiopathic arthritis–associated
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macrophage activation syndrome, NLRC4
macrophageactivation syndrome, cytokine release
syndrome and sepsis(Hafezi et al., 2021).The
cytokine storm evolved from the earliest forms as
intracellular molecules before the appearance of
receptor and signaling cascades. Cytokine like
activities has been demonstrated in invertebrates
such as star fish and Drosophilia, where they
played as essential role in host defense and repair
(Jahandideh et al., 2020).In COVID-19 can
trigger a cytokine storm in pulmonary tissue
through hyperactivation of the immune system
and the uncontrolled release of cytokine
(Heydarian et al., 2022) .The trigger cytokines
storm is an uncontrolled immune response
resulting in continuous activation and expansion
of immune cells,lymphocyte and macrophages
which produce immense amount of cytokine
which result into cytokine storm.

Cytokine storm is cause by the colossal release of
proinflammatory cytokines example
IL(interleukin)-2,IL-6,IL-8  TNF(tumor necrotic
factor)-α,) causing dysregulated, hyperimmune
response. This immune pathogenesis lead to acute
lung injury and acute respiratory distress
syndrome(ARDS) (Xiao et al., 2020).Targeting
cytokine storm with the therapies that are already
available in India with the support of published
guidelines and consensus can assist in achieving a
better outcome in Covid-19.

Cytokine storm

The first reference to the term cytokine storm in
the published medical literature appears to be by
James Ferrara in 1993 during a discussion of graft
vs. host disease, a condition in which the role of
excessive and self-perpetuating cytokine release
had already been under discussion for many years
(Ferrara, 1993).It is believed that cytokine storms
were responsible for the disproportionate number
of healthy young adult deaths during the 1918
influenza pandemic, which killed an estimated 50
million people worldwide. In this case, a healthy
immune system may have been a liability rather
than an asset(Taubenberger and Morens,
2020).Preliminary research results
from Taiwan also indicated this as the probable
reason for many deaths during
the SARS epidemic in 2003. Human deaths from
the bird flu H5N1 usually involve cytokine storms
as well(Shrestha et al., 2021).Cytokine storm has
also been implicated in hantavirus pulmonary
syndrome(Vadell et al., 2019).

In 2006, a study at Northwick Park Hospital in
England resulted in all 6 of the volunteers given
the drug theralizumab becoming critically ill, with
multiple organ failure, high fever, and a
systemic inflammatory response. Parexel, a
company conducting trials for pharmaceutical
companies claimed that theralizumab could cause
a cytokine storm—the dangerous reaction the men
experienced.

Common biomarkers affected during cytokine storm in COVID-19

Mediator
(Abbreviation)

Cytokines

Main Source Major Function

IL-1 macrophages, pyroptotic cells,
epithelial cells

Proinflammatory; pyrogenic function;
activation of macrophage and TH17

cells
IL-2 T cells Immune response; Teff and Tregcell

growth factor; T-cell differentiation
IL-4 TH2 cells, basophils,

eosinophils, mast cells,
NK cells.

Anti-inflammatory; TH2
differentiation;adhesion; chemotaxis.

IL-6 T cells, macrophages, Proinflammatory; pleiotropic;
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endothelial cells pyrogenic function; acute phase
response; lymphoid differentiation;
increased antibodyproduction.

IL-9 TH9 cells Pleiotropic; stimulation of B, T, and
NK cells; protection from
helminthesinfections; activation of
mast cells; association with type I
interferon in COVID-19.

IL-10 regulatory T cells, TH9 cells. Anti-inflammatory; inhibition of
macrophage activation; inhibition of
TH1 cells and cytokine release.

IL-12 dendritic cells, macrophages Stimulation of T and NK cells;
activation of TH1 pathway; induction
of interferon- from TH1 cells; cytotoxic
T cells and NK cells; acting in synergy
with interleukin-18

IL-13 TH2 cells Anti-inflammatory; differentiation of B
cells; mediator of humoral immunity

(Fanelli et al., 2020).

Pathophysiology of cytokine storm in Covid-19
patients

Inflammation is the mechanism that multicellular
organisms have evolved to defeatinvasive
pathogens and initiate healing of injured tissue. A
balanced, “protective” inflammatoryresponse
consists of diverse mechanisms and involves
activation of both pro- and anti-inflammatory
pathways within the innate and the acquired
immune systems. The immune system can
recognize and counteract previously unknown
pathogens by initiating different defensive
pathways. After successful defense and initiation
of healing, the immune system returns to a state
of homeostasis and assumes a wait-and-see role.
All of this is achieved by complex mechanisms
that are controlled and balanced by multiple
activating and inhibitory feedback loops.
Cytokines play a pivotal role in these control

mechanisms by regulating the immune response,
which they can, thus, amplify but also dissolve.
By default, their comparatively short biological
half-lives prevent remote effects outside the
inflammatory foci. In thecase of disseminated
infections, increased levels of circulating
cytokines may also occur although this is
generally considered pathological. However, it is
precisely this systemic effect that can lead to
collateral damage to various vital organ systems.
Numerous proandanti-inflammatory factors are
involved in the context of a dysregulated
inflammatory response, as occurs in CS. In
addition to cytokines and factors of the
complement and coagulation systems, cellular
responses—mediated by, e.g., monocytes,
macrophages, neutrophils, NK cells, and
endothelial cells—also play a role(Aslani et al.,
2021).
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Example of signal pathway of cytokine storm for COVID -19

Fig. 1 A systemic clinical manifestations of COVID-19. SARS-CoV-2 infects airway epithelial cells or
immune cells via binding to ACE2 receptors, causing tissue damage and release of DAMPs, as well as
production of inflammatory cytokines by epithelial cells and immune cells. Then, the crosstalk between
epithelial cells and immune cells leads to a wide range of clinical manifestations, from mild forms (e.g.,
fever, cough, and myalgia); to moderate forms requiring hospitalization (pneumonia and localized
inflammation); to severe/critical forms with a fatal outcome that are manifested as pneumonia, ARDS, DIC,
CS, and multiorgan failure. DAMP danger associated molecular pattern, ARDS acute respiratory distress
syndrome, DIC disseminated intravascular coagulation (Yang etal., 2021).

Viral and Parasitic Infections

Infection with certain viral pathogens is
frequently accompanied by an excessive release
of cytokines. These include MERS-CoV,
influenza virus, and haemorrhagic fevers.
Different viruses are associated with diverse
patterns of cytokine release, but so far, this hasnot
been operationalized in terms of a comprehensive

and universally effective therapeutic approach
(Vecchié et al., 2021).

Parasitic infections are also associated with the
development of CS; there are corresponding
reports for infection with plasmodium falciparum
and visceral leishmaniasis, among others. In
research on Malawian children with different
manifestations of malaria, it could be shown that
the simultaneous occurrence of
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high levels of pro- and anti-inflammatory
cytokines could contribute to the pathogenesis of
cerebral malaria (Mandalaetal., 2017).

Viral- vs. Non-Viral-Induced Cytokine Storm

The clinical picture of infective systemic
inflammation is uniform, regardless of whether
there is an underlying bacterial or viral cause.
Even non-specific, non-infectious inflammation
such as trauma or allergic reactions present with
symptoms such as fever, increased respiratory
rate, and tachycardia. he endogenous processes of
host defense in bacterial and viral infections differ
in several aspects (Madeddu, 2020). The immune
response to infection by bacteria is initially
fundamentally different from that to viruses: In
simple terms, the innate immune system
recognizes and destroys bacteria, which are
mostly extracellular, with the help of the classical
and alternative complement pathway and
phagocytosis, among other mechanisms. Viruses,
on the other hand, replicate intracellularly and
infected cells are recognized and destroyed
largely by the adaptive immune system. In this
process, cytotoxic T cells, which recognize viral
epitopes presented by MHC-I molecules,
antibodies, and interferons play key roles. The
development of CS from the various underlying
basic mechanisms is a multifactorial process with
numerous variables, some of which will be
discussed here as examples.

Clinical symptom of cytokine storm in Covid -
19 patients

The cytokine storm symptoms are varied and
might include

 Fevers and chills
 Fatigue
 Swelling of extremities
 Nausea and vomiting
 Muscle and joint aches
 Headache
 Rashes
 Cough
 Shortness of breath

 Rapid breath
 Seizures
 Difficult coordinating movement
 Confusion and hallucination
 Lethargy and poor responsiveness (Sun et
al., 2020)

Cytokine storm   diagnosis in Covid-19 patients

The underlying medical condition when
diagnosing cytokine storm, a person might need
to be diagnosed with

 A genetic disorder
 An autoimmune condition
 An infectious disease, like Covid-19,

Depending on the situation, this might require
various kinds of medical tests, medical history
and a physical examination provide diagnostic
points. This is important because cytokine storm
can affect so many different systems of the body.
Also Laboratory abnormalities, may be seen in
basic blood tests, can provide clues. People with
cytokine storm might have abnormalities

 Decrease number of immune cells?
 Elevation in markers of kidney or liver
damage like (ALT &AST)
 Elevation in inflammatory marker like c-
reactive protein (CRP)
 Abnormalities in markers of blood
clotting(Marin Oyarzún and Heller, 2019)
 Elevated ferritin(involved in infection
response)(Para et al., 2022)

Cytokine storm treatment in Covid-19 patients

Supportive care is a critical part of the treatment
for cytokine storm. Sometimes an individual is
experiencing severe symptoms like difficulty in
breathing. They may need care in an intensive
care unit. This might include support as follows

 Intensive monitoring of vital signs
 Ventilation support
 Fluid given intravenously
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 Management of electrolyte
 Hemodialysis

In some situations, it may be possible to treat the
underlying source of the cytokine storm. Example
if cytokine storm is caused by bacteria infections
the antibiotics may be helpful(Yang et al., 2021).

Conclusion

The cytokine storm in Covid -19 leads to
deleterious clinical manifestations or even acute
mortality in critically ill patients with Covid D-
19. Likewise may cause a damage of organs and
also Impaired acquired immune responses and
uncontrolled inflammatory innate responses may
be associated with the mechanism of the cytokine
storm. Early control of the cytokine storm through
therapies, such as immunomodulators and
cytokine antagonists, is essential to improve the
survival rate of the patients.
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