
REVIEW ARTICLE

Cytokine Storm
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Ab s t r ac t
Cytokine storm is said to occur when increased levels of cytokines are disproportionately produced, with systemic effect and collateral damage 
to vital organs. It can be caused by both intrinsic (autoimmune) or extrinsic (COVID-19) diseases. In the absence of pathogens, cytokine storm 
can occur due to immune hyperactivation as a result of inappropriate triggering. Interleukin-6, tumor necrosis factor α, and interleukin-18 are 
cytokines of clinical importance in cytokine storm. Interleukin-18, a biomarker of severity, correlates with hyperferritinemia and disease flare. 
The underlying condition should be detected and treatment should be individualized.
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In t r o d u c t i o n
The term cytokine storm was first used in 1993 to describe graft 
versus host disease after allogeneic hematopoietic stem cell 
transplantation.1 In a number of conditions like various therapies 
[chimeric antigen receptor CAR T cell] therapy, pathogens, 
cancers, autoimmune conditions, and monogenic disorders cause 
hyperimmune response and release of excess cytokines from 
macrophages, which is a devastating condition.

Cytokine storm can be caused by both intrinsic (autoimmune) 
or extrinsic (COVID-19) diseases. So it is difficult to describe it by 
a single definition.2 The cytokines released from macrophages 
and interleukin-1, interleukin-6, tumor necrosis factor α (TNF-α), 
and interleukin-18. T cells and NK cells secrete interferon-γ before 
antigen-specific interferon-γ is produced by T cells.3 Fever, chills, 
headache, dizziness, and fatigue can be caused by interferon-γ. 
Emapalumab, a monoclonal antibody that binds interferon-γ is 
now used to treat cytokine storm with primary hemophagocytic 
lymphohistiocytosis (HLH).

It is very important to distinguish cytokine storm from iatrogenic 
disorder (CAR T cell) or from sepsis because immunosuppression 
which is a treatment for the former will be dangerous for sepsis. 
In CAR T-cell therapy, the level of interferon-γ is very much 
elevated but in sepsis-induced cytokine storm, interleukin-1β and 
procalcitonin are increased.

Cl i n i c a l Fe at u r e s
•	 Fever—almost in all cases may be of high grade.4

•	 Fatigue, myalgia, anorexia, rash, headache, diarrhea, arthralgia 
with neuropsychiatric findings.

The causes of these symptoms are

•	 Cytokine-induced tissue damage
•	 Acute phase physiological changes
•	 Immune cell-medicated response

The patient of cytokine storm frequently suffers from 
hemorrhage due to hyperinflammation, coagulopathy, and low 
platelet counts.

The severe cases of cytokine storm lead to Takotsubo like 
cardiomyopathy and acute liver and kidney injuries.4 Capillary leak 

syndrome can also occur due to renal dysfunction, endothelial cell 
death, and acute phase hypoalbuminemia.

In v e s t i g at i o n s
•	 Increase in CRP (c-reactive protein)—a universal finding
•	 Leukocytosis, high triglyceride levels, thrombocytopenia, high 

serum ferritin is also seen.
•	 Elevation of serum inflammatory cytokines, that is, interferon-γ, 

interleukin-6 and interleukin-10 with soluble interleukin-2 
receptor α (a marker of T-cell activation) is usually present.

Goa l s o f Eva luat i o n
•	 Identification of underlying disorder causing cytokine storm
•	 Establishing the severity of the condition
•	 Excluding the conditions which may mimic cytokines storm like 

anaphylaxis which should be ruled out

In our body, the immune system recognizes foreign invaders 
and by proportionate response neutralizes it. Cytokines produced 
by macrophages are the main player in our defence5 but as 
they have short lives, they cannot produce any effect outside 
the site of inflammation. When increased levels of cytokines are 
disproportionately produced, the systemic effect may occur and 
cause collateral damage to vital organs. In the absence of pathogens, 
cytokine storm can occur due to immune hyperactivation as a result 
of inappropriate triggering.
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lymphopenia is not clear but may be due to the destruction of 
lymphocytes or due to tissue infiltration.

•	 Clotting issues can occur in all cytokines storm but thrombo
embolic events are more common in COVID-19.

Though the total picture is not fully clear, many immuno
modulating drugs, that is, Canakinumab, anti-interleukin-1β 
monoclonal antibody, and Anakinra, are both being studied for 
COVID-19-introduced acute respiratory distress syndrome.

Tr e at m e n t
•	 Supportive care to maintain critical organ function, control the 

underlying disease, and elimination of triggers.
•	 The paradox which needs explanation is that the neutralization 

of cytokines whose level is high by anti-interleukin-6, TNF-α, 
anti-interferon-γ or anti-interleukin-1β will not always be 
effective on the contrast, blocking a key cytokine whose level 
is normal may sometimes be effective.

•	 JAK1 inhibitors are more important investigating drugs 
where multiple cytokines receptor pairs can be targeted 
simultaneously.

•	 Plasma exchange and plasma filtration columns for adsorption 
of cytokines or both under evolution for cytokine disorders.

Co n c lu s i o n
Inflammation is the reaction of the body against injury, injury may 
be due to an external agent (infection) or due to the body’s own 
antigen(autoimmune disease) and cytokines are the mediators 
of inflammation. If the damage caused by these cytokines causes 
the secondary multiple organ dysfunction to such a dangerous 
level so that the host survival is at risk, then it is pathological and 
may be called cytokine storm, when levels of cytokines are high. 
Proper understanding of pathophysiology of such conditions and 
appropriate treatment can only save the host.
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Cytokine storm involves an immune response that causes 
collateral damage which may be greater than the benefit of the 
immune response.

Interleukin-6, TNF-α and interleukin-18 are cytokines of 
clinical importance in cytokine storm. Interleukin-18, a biomarker 
of severity that correlates with hyperferritinemia me near and 
disease flare. Interleukin-18 Binding Protein prevents the binding 
of interleukin-18 to its receptor thus prevents its proinflammatory 
action.

In cytokine storm induced by microbial infection, the collateral 
damage can lead to fever, cell death, coagulopathy, and multiorgan 
dysfunction. The damage caused by immune reactions to clear the 
organisms is more harmful than microbial damage.

Disseminated viral infections can also induce profound 
cytokines storm. Targeted treatment is more challenging in viral 
infections as there are few antiviral drugs.

In patients with primary HLH, various autosomal recessive 
monogenic abnormalities in granule-mediated cytotoxicity lead 
to cytotoxic storm.6

Dr u g s Eff  e c t i v e i n Cy totox i c Sto r m
•	 Glucocorticoids
•	 Cyclosporin
•	 Interleukin-1 antibody
•	 JAK1 and JAK2 inhibitors 
•	 Interleukin-6 inhibitors
•	 Cyclophosphamide and etoposide which are broadly cytotoxic 

but effective in eliminating activated CD 8+ T cells
•	 Sirolimus in moderate cytokine storm

COVID-19 a n d Cy to k i n e Sto r m
COVID-19 is an important cause of cytokine storm, here 
interleukin-1β, interleukin-6, TNF-α, interferon-γ, macrophage 
inflammatory protein, vascular endothelial growth factor are 
increased. Shorter survival is associated with higher IL-6 levels.

Increased levels of CD4+ CD8+ “T” cells are also seen. The most 
interesting fact is inadequate viral clearance and hyperimmune 
response to viral load both may be culprit in different cases. 
Coexisting conditions such as hypertension, diabetes, and obesity 
are associated with severity—probably due to the persistence of 
chronic inflammatory state in this patient.

Certain issues need clarification and discussion in COVID-19-
induced cytokine storm.

•	 Cytokine storm triggered by infection of COVID-19 helps to 
reduce viral load so anticytokine therapy, i.e., Tocilizumab 
against IL-6, is not helpful in COVID-19 infection. So here cytokine 
(IL-6) is helpful for the host as it reduces viral load.

•	 In HHV-8 associated Castleman disease selective elimination 
of  the primary viral load is beneficial but not possible with 
COVID-19.

•	 Lymphopenia is a bad prognostic sign in COVID-19 infection 
but is not often seen in other viral infections. The cause of 
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