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I n t r o d u c t i o n
The term “cytokine storm” was first used in 1993 by Ferrara et al.
to describe graft vs host disease in the setting of transplantation.1
Subsequently, cytokine storm has been implicated in the causation
of severe viral infections, autoimmune and hematologic diseases,
and adverse reaction to few drugs. With the current coronavirus
disease-2019 (COVID-19) pandemic, there has been a renewed
interest not only among the medical fraternity but in the lay public
regarding this entity. Though several papers are being published on
cytokine storm and its relevance to the current pandemic, it must
be noted that there exists no clear definition as to what constitutes
a “cytokine storm” and despite our growing understanding of this
entity, targeting the storm with immunomodulation has not always
yielded the desired outcomes. This article will provide an overview
of “cytokine storm” and describe this entity in a simplified manner.

W h at

a r e  C y to k i n e s ?

Molecules that communicate among cells of the immune system
are referred to as cytokines. Chemokines are low molecular weight
proteins with powerful chemoattractant activity which play a role
in the immune cell recruitment during inflammation.

W h at

i s  C y to k i n e  S to r m ?

“Excessive or uncontrolled release of inflammatory cytokines in
the context of infectious and noninfectious diseases, and the
accompanying immunopathology and the clinical consequences.”
“An uncontrolled overproduction of soluble markers of
inflammation which, in turn, sustain an aberrant systemic
inflammatory response.”

M a j o r  C at e g o r i e s
•

•

Infection associated:
• Secondary hemophagocytic lymphohistiocytosis (HLH)
associated with viral infections such as Epstein-Barr virus
(EBV), cytomegalovirus (CMV), etc.
• Acute respiratory distress syndrome (ARDS) associated with
COVID-19.
• Toxic shock syndrome: associated with staphylococcal or
streptococcal infection.
Autoimmune/autoinflammatory diseases: systemic onset
juvenile idiopathic arthritis (SoJIA), Kawasaki disease, systemic
lupus erythematosus. Note the macrophage activation
syndrome (MAS) is the term used to describe the cytokine storm
in rheumatic diseases.
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•
•

Malignancy: Associated HLH
Iatrogenic: Car-T cell therapy in patients with leukemia and
lymphoma.

W h at a r e t h e  C y to k i n e s  I m p l i c at e d
S yn d r o m e ?

i n t h i s

IL-1, IL-6, TNF-α, INF-γ.
It must be noted that the predominant cytokine responsible
for causing the systemic inflammation and multiorgan dysfunction
may be different based on the underlying condition. This may in
turn guide the targeted anticytokine therapy in a given patient.
For example, IL-6 is believed to be a key mediator for the cytokine
storm in COVID-19 and, hence, the role of tocilizumab, an anti-IL-6R
monoclonal antibody. Emapalumab, an anti-INF-γ monoclonal
antibody, has been approved for the treatment of refractory HLH,
because INF-γ is the key cytokine driving the storm in the primary
and secondary HLH.2

P at h o p hys i o lo g y
Several models and hypotheses exist that explain the pathogenesis
of cytokine storm:

Super-antigen Theory
T-cells get activated only when a specific antigen bound to MHC
class II binds to the T-cell receptor (TCR), resulting in the activation of
a specific clone of T-cells, that proliferate and handle the particular
antigen. However, certain bacteria produce super-antigens
(staphylococcal toxins) that bind to TCR Vβ region. This binding
is nonspecific and results in the activation of massive number of
T-cells (up to 20% of total T cells in the body!) resulting in massive
outpouring of cytokines, which in turn causes the cytokine storm
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syndrome (CSS). Toxic shock syndrome secondary to staphylococcal
or streptococcal infections is a classical example.

guide a clinician in such a scenario. A score >120 predicts HLH in
children with sensitivity of 100% and specificity of 80%.6

Defects in the Cytolytic Pathway

R e l e va n c e  to C o r o n av i r u s D i s e a s e -2019

CD8 T-cells (cytotoxic T-cells) and natural killer (NK) cells play an
important role in clearing intracellular infections in our body,
e.g., viral infections. This process involves killing of infected cells
by releasing perforin and granzymes (the cytolytic pathway). A
defect in this pathway results in a massive production of cytokines
(predominant player being INF-γ), often triggered by viral infections,
causing HLH.

Defects in the Innate Immune Pathways
Toll-like receptors (TLRs) are the pattern-recognition receptors of
the innate immune system and play a pivotal role in identification
and clearance of pathogens. Defects in TLR signaling pathways
can result in aberrant activation of the immune system causing
CSS. 3–5

Immune Deficiency
Patients with primary immune deficiencies fail to clear pathogens.
Persistent infections trigger cytokine release and cause HLH. For
example, patients with X-linked lymphoproliferative syndrome
(XLP) develop HLH on exposure to EBV infection.

W hy  C y to k i n e  S to r m

i n a  F e w ?

It is interesting to note, though several individuals develop
infections with viruses, only a few of them develop the cytokine
storm, implying host factors play an important role. Defects in the
TLR signaling pathways and cytolytic pathways (host factors) are
important determinants of the risk of cytokine storm in a given
patient.

C l i n i c a l  F e at u r e s
High-grade fever is a consistent feature. This may be associated
with features of systemic inflammatory response syndrome (SIRS):
tachycardia, tachypnea, poor peripheral perfusion, and hypotension.
In certain situations (e.g., COVID-19-associated cytokine storm),
ARDS may be the prominent feature. In severe forms, multiorgan
dysfunction including hepatic and renal failure may ensue, causing
mortality, if not intervened in time. Differentiating a cytokine storm/
HLH and sepsis is challenging as many of the clinical features overlap.
In this context, the role of H-score is being discussed in the next
section of this review.

L a b o r ato ry  M a r k e r s
There is no single diagnostic test for the cytokine storm or HLH.
Bicytopenia or pancytopenia is often a finding (characteristic of
HLH). Liver dysfunction (elevated liver enzymes and coagulopathy)
may be seen. C-reactive protein (CRP) is markedly elevated and
reflects IL-6-mediated inflammation. Ferritin >10,000 ng/mL is often
a diagnostic of HLH, while the degree of hyperferritinemia may vary
in other forms of cytokine storm syndromes.

Sepsis

o r  C y to k i n e  S to r m ?

As previously discussed, it is often challenging to differentiate sepsis
and cytokine storm in a given clinical scenario. Use of “H-score” may
80
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A proportion of patients with COVID-19 develop severe respiratory
illness warranting oxygen therapy and artificial ventilation in
the most severe forms. Though several hypotheses have been
proposed to explain the respiratory illness, ARDS seems to be the
most plausible explanation. Patients with severe COVID-19 illness
and ARDS have been shown to have markedly elevated IL-6 levels
compared to those with a milder disease, suggesting cytokine
storm to be operative in this setting.7 In a recently published metaanalysis, a comparison of mean serum IL-6 for severe COVID-19 and
nonsevere COVID‐19 was performed in seven studies. The mean
serum IL-6 was 56.8 (41.4–72.3 pg/mL) and 17.3 pg/mL (13.5–21.1 pg/
mL) for severe and nonsevere COVID-19 group, respectively. This
was statistically significant (p < 0.001), and authors suggest a
cut-off of more than 55 pg/mL for identifying patients at high risk
of severe COVID-19.8
In line with these findings, several trials of tocilizumab, an IL-6
receptor-blocking monoclonal antibody, are underway. While
uncontrolled studies involving a few patients seem to show some
benefits in severe COVID-19 patients,9 results from controlled trials
may offer definitive answers.

D i ag n o s i s
One must suspect a cytokine storm/HLH in a patient in the presence
of ongoing fever, features of SIRS, evolving or worsening cytopenia,
rising CRP, and ferritin levels. The measurement of IL-6 levels has
been used to guide therapy in few studies. Clinical features and
laboratory parameters along with a sensible application of H-score
would help in arriving at a timely diagnosis of CSS.

T h e r a py
Treat the Underlying Disease
In patients with infection-associated HLH, treating the underlying
infection remains the cornerstone of the management. For example,
EBV-associated HLH, injection Rituximab (anti-CD20 monoclonal
antibody), is the treatment of choice to clear EBV infection along
with immunomodulation for HLH.
In patients with genetic forms of HLH (primary HLH), bone
marrow transplantation would be curative.

Immunomodulation
Immune dysregulation is the cause of cytokine storm, and hence,
immunomodulation plays a key role in the treatment of CSS.
•

•
•
•

Steroids: intravenous pulse methylprednisolone (10–30 mg/kg/
day) for 3–5 days followed by oral steroids remains the treatment
of choice in MAS noted in rheumatic diseases (e.g., SoJIA
complicated with MAS). In case of severe/refractory disease,
cyclosporine is added.
Chemotherapy (dexamethasone + cyclosporine + etoposide)
in severe forms of HLH (primary > secondary).
Intravenous immunoglobulin (IVIg) is useful in cases of infectionassociated HLH.
Cytokine-targeted therapy:
• Tocilizumab (anti-IL-6R antibody): If IL-6 is the key pathogenic
cytokine. For example, cytokine release syndrome due to
Car-T-cell therapy in leukemia and ARDS in COVID-19.
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•
•

Emapalumab (anti-INF-γ antibody): Refractory HLH.
Anakinra (anti-IL-1R antibody): MAS in SoJIA.

C o n c lu s i o n
Cytokine storm syndrome is not a single disease but a group of
disorders characterized by a massive production of cytokines
that cause aberrant inflammation. A wide variety of clinical
conditions may present with CSS, and better understanding of
the pathophysiology has opened up newer avenues of cytokinetargeted therapies in these conditions. Further research in this
direction will not only help us treat severe COVID-19 patients, which
is the need of the hour, but would go a long way in treating many
diseases where CSS seems to play a pivotal role.
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