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Cytokine Storm and Immunomodulation in COVID-19
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Ab s t r ac t
COVID-19 has become a major pandemic in recent times. The exact pathophysiology and understanding of cytokine storm and immunomodulation 
are evolving. Various cytokines have been implicated in the pathophysiology of COVID-19. Immunosuppressant immunomodulators like steroids, 
canakinumab, anakinra, tocilizumab, sarilumab, baricitinib, ruxolitinib, bevacizumab, and itolizumab have been tried. Immunostimulant 
immunomodulators like interferons (IFNs) and Mycobacterium w (Mw) have also been repurposed. Considering the role of multiple cytokines 
implicated in COVID-19, molecules working on the majority of the targets, may hold a promising future prospect.
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In t r o d u c t i o n
Novel coronavirus, also known as severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) which is the primary cause 
of COVID-19, has posed an enormous burden on healthcare and 
economics worldwide.1

The disease pattern of COVID-19 is highly variable which can 
range from asymptomatic infection to mild upper respiratory tract 
infection in the majority of the patients. However, some patients 
have severe symptoms in the form of pneumonia and other 
extrapulmonary complications that require admission in intensive 
care unit (ICU). Before symptom onset, viral shedding appears 
to begin 2–3  days earlier. From symptom onset, the infectivity 
diminishes drastically after 10 days. However, among survivors, the 
virus can be detected for an average of up to 37 days.2

Despite more than 300 active clinical trials underway, the 
search continues for a potential treatment option.3 However, 
recently, the Indian regulatory agency has approved remdesivir 
and itolizumab in hospitalized COVID-19 patients for emergency 
use. Despite that, there is an ongoing search for an effective 
immunomodulator against COVID-19. 

Various theories on immune evasion that is the process by 
which viruses avoid and antagonize the immune response of 
their host have been discussed. Favorable immune evasion of 
SARS-CoV-2 is possible in individuals with compromised ability to 
produce efficient immune responses that include elderly people 
and patients with immunodeficiency. Other factors like a high viral 
load may overcome the barriers of the immune responses. Both 
innate and adaptive immunity can be involved in the later stage 
of the disease if viruses escape control and inhibit IFN-1 resulting 
in a cytopathic effect.4

Pat h o p hys i o lo g y
Though not properly defined, but cytokine storm involves an 
exaggerated immune response characterized by the release of 
multiple mediators in the form of proinflammatory and anti-
inflammatory cytokines. These mediators play an important role 
to impart an efficient innate immune response that can lead to the 
clearance of infectious agents. However, recent literature calls out 
for relooking of terminology of cytokine storm and its relevance 
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to COVID-19. The plasma levels of IL-6 which were reported in the 
patients with cytokine release syndrome in pre-COVID-19 era were 
significantly higher.5

World is learning every day about COVID-19 and recent literature 
has warranted more studies before we conclude anything on 
cytokine storm in COVID-19. Usually, the levels of cytokines are lower 
in COVID-19 in comparison with other causes of acute respiratory 
distress syndrome (ARDS). Hence, clarity of both innate and adaptive 
immune responses would be required before jumping to further 
concrete conclusions. Early interventions for modulating both 
innate and adaptive immune responses during COVID-19 infection 
may help to prevent a severe form of the disease. This may give a 
hint at developing therapeutic strategies, which will act on multiple 
pathways of immune response to prevent any severe impact due 
to COVID-19.6

•	 Role of spike S protein in cytokine storm: Cytokine storm is 
responsible for suffering and deaths seen in COVID-19. It is due 
to the induction of innate immune response by spike S protein 
of SARS-COV-2 virus. It follows the contact of spike S protein 
with a receptor on immune cells called Toll-like receptor 4 
(TLR4). Cytokine storm is uncontrolled hyperimmune response. 
It indicates that controlling immune response through TLR4 
modulation can be of use.7

•	 Toll-like receptors in innate immune response and cytokine 
storm: The TLRs are key components of innate immune system 
that can detect the infection to trigger an efficient immune 
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response. TLR family comprise 10 different members that play 
a crucial role in clearing infections.8 Literature suggests that 
TLR4, TLR7, and TLR8 are recognized by enveloped proteins 
and ssRNA viruses.9

•	 Role of p38 MAPK pathway in cytokine storm: p38 mitogen-
activated protein kinase (MAPK) pathway is a key for release 
of IL-6. This is responsible for damaging the organs like lung 
and myocardium. Direct activation of p38 can be induced by  
SARS-CoV-2. This suggests that targeting of p38 may therefore 
be a good therapeutic strategy against COVID-19.10

Upregulation of P53 signaling pathway and different genes 
involved in apoptosis has been observed in peripheral blood 
cells that in turn can lead to lymphopenia which is seen 
commonly in COVID-19 patients.11,12 Hence, MAPK modulator 
and hence p38 downregulator may hold a promising therapeutic 
option in the future.

Me c h a n i s m s o f Ac t i o n o f 
Imm  u n o m o d u l ato ry Ag e n ts Cu r r e n t ly 
Un d e r g o i n g Cl i n i c a l De v e lo pm e n t

Overview of Immunomodulatory Agents
They may be broadly categorized into immunosuppressant 
immunomodulators and immunostimulant immunomodulators.

Immunosuppressant Immunomodulators
Steroids
Recently, RECOVERY trial results have revealed that the 
administration of dexamethasone in patients with COVID-19 who 
required a respiratory support, resulted in the greater mortality 
benefit. It exerts its effect via mineralocorticoid receptor binding 
in the context of SARS-CoV-2-induced dysregulation of the renin–
angiotensin system.13 However, we cannot apply the same benefit 
to other viral respiratory diseases that usually have a different 
clinical course as compared to COVID-19.13

Canakinumab
COVID-19 has been found to trigger the inflammasome and the 
release of interleukin-1β. Canakinumab works by neutralization 
of 1β signaling, resulting in suppression of inflammation. A study 
done in 10 hospitalized adult patients with COVID-19 and bilateral 
pneumonia found that it was well tolerated and effective in 
terms of clinical improvement.14 However, sample size and the 
nonrandomized nature of the study were the main limitations 
of the study.14

Anakinra
It has been postulated that COVID-19 can induce the production 
of proinflammatory and anti-inflammatory cytokines including 
interleukin-1. With this background anakinra, which is a 
recombinant IL-1 receptor antagonist was evaluated in 52 patients 
with severe forms of COVID-19. The dosage regimen included 
100 mg via subcutaneously route twice daily for 3 days, followed 
by 100  mg daily for 7  days.15 It was well tolerated and found 
effective in terms of clinical improvement, mortality reduction, 
and oxygen requirement. The main limitations of the study were 
use of historical controls and differences among historical group 
in terms of sample size and confounding variables.15

Tocilizumab and Sarilumab
It is known so far that COVID-19 infection results in a production 
of IL-6 from respiratory epithelial cells. Tocilizumab is an IL-6 
inhibitor, has been evaluated in multiple randomized, double-
blind, placebo-controlled clinical trials to evaluate the safety 
and efficacy along with a standard of care against placebo 
plus standard of care in hospitalized adult patients with severe 
COVID-19 pneumonia. Another IL-6 inhibitor, sarilumab, is 
also undergoing a large randomized multicenter, phase 2/3 
trial which is going to enroll up to 400 patients.16,17 Due to the 
correlation of increased IL-6 levels in SARS-CoV-2, there is a great 
interest in repurposing of anti-IL-6 agents for the management 
of COVID-19 patients, particularly in the advanced disease stage. 
A recent observational study of 154 patients with critically ill 
COVID-19 illness requiring mechanical ventilation found that 
tocilizumab was associated with a 45% reduction in the mortality. 
However, the frequency of superinfection was almost double in 
tocilizumab arm (54 vs 26%). This suggests that close monitoring 
for superinfection is required.18 Recently, largest randomized 
clinical trial of tocilizumab, COVACTA trial failed to show benefits 
in terms of clinical improvement and mortality benefits in critically 
ill COVID-19 patients.19

Baricitinib and Ruxolitinib
Inhibition of IL-6 via intracellular transduction pathway is another 
way of blocking action of IL-6. Both baricitinib and ruxolitinib are 
acting via inhibiting the JAK 1/2 pathway. Baricitinib, a selective 
and powerful JAK-STAT signaling inhibitor, has been found to be 
effective against COVID-19 by artificial intelligence algorithm.20 It 
is currently being evaluated in a large phase 3 trial (BARI-COVID) 
with a dose of 4  mg/day orally in mild-to-moderate COVID-19 
infection.21 

Bevacizumab
Vascular endothelial growth factor (VEGF) is a known inducer of 
vascular permeability which can lead to severe consequences in 
the lung ranging from edema to progressive lung disease. There 
are reports indicating the increased levels of VEGF in COVID-19. 
With this background, bevacizumab is currently under evaluation 
in an open label clinical trial in COVID-19 patients with pleural 
effusion.21 

Itolizumab
It is a humanized recombinant anti-CD6 monoclonal antibody 
(MAb) which is already approved for psoriasis in India. Recently, 
the Indian regulator has granted its approval for emergency use 
in critically ill COVID-19 patients.22

Immunostimulants Immunomodulators
Interferons
During viral infection, type 1 IFNs are among the first cytokines 
produced which promote both innate and adaptive immunity. 
IFNs are key regulators for enhancing the immune system due 
to their antiviral, antiproliferative, and immunomodulatory 
activities. Early success has been detected with IFN treatment in 
different viral infections like the Middle East respiratory syndrome 
(MERS), SARS, human coronavirus 229E, and avian infectious 
bronchitis virus (IBV). The combination of IFN-α2a or IFN-α2b 
plus ritonavir resulted in significantly improved survival after 
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of multiple cytokines implicated in COVID-19, holistic approach in 
the management of COVID-19, molecules working on the majority 
of the targets, which are implicated in immune pathophysiology 
of COVID-19, may hold a promising future prospect.

Or c i d
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