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A b s t r ac t
Aim: To review pathogenesis of cytokine storm in COVID-19 cases.
Background: Human coronaviruses (hCoV) mainly infect upper airways and cause seasonal mild to moderate cold-like respiratory symptoms or
severe pneumonia leading to fatal acute lung injury (ALI) and acute respiratory distress syndrome (ARDS). Recent clinical investigation reveals
that mild COVID-19 patients had high level of IL1B, IFN-γ, CXCL10/IP-10, and CCL2/MCP-1, while patients requiring ICU admission had higher
level of GCSF, CXCL10/IP-10, CCL2/MCP-1, and CCL3/MIP-1A, indicating inflammatory cytokine release is critical in COVID-19 progression. IL-1
and IL‐6 are responsible for elevation of acute-phase reactants, such as C‐reactive protein, serum amyloid A, fibrinogen, hepcidin, and inhibition
of albumin synthesis which all together causes a procoagulant environment. In a meta-analysis including nine studies (total 1426 patients),
mean IL-6 levels were more than 3 times higher in patients with complicated COVID-19 compared to those with uncomplicated disease, and
high IL-6 levels were associated with mortality risk. IL‐6 is an important marker of inflammation and can guide the clinicians in recognizing
patients with severe COVID‐19 early in the disease course. Delay in the interferon release and presence of LPS by secondary bacterial infections
increases the severity of cytokine storm. Thus, commencement of early broad-spectrum antibiotic course is advisable. Cytokine storm appears
after first week of symptoms when viral load starts decreasing, and this indicates the immunopathogenesis of the ARDS.
Conclusion: The aberrant release of multiple cytokines in COVID‐19 produces immunopathogenic damage to tissues and organs, even while
the immune response tries to overcome the evading mechanisms of virus. Delay in the interferon release and presence of lipopolysaccharide
by secondary bacterial infections increase the severity of cytokine storm. IL-6 could be used as a potential marker for severity of the ARDS.
However, anti-IL6 antibody Tocilizumab failed to prove effective in clinical trials. Corticosteroid therapy is being given for moderate and severe
cases of ARDS, but it needs a very fine balance to outweigh immunosuppressive effects.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes COVID 19, became a major threat to public health
and has now emerged as a pandemic. Coronaviruses belong to
the Coronaviridae family which are enveloped, positive-strand
RNA viruses. Human coronaviruses (hCoV) mainly infect upper
airways and cause seasonal mild to moderate cold-like respiratory
symptoms or severe pneumonia leading to fatal acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS).1,2 Severity of
the disease is influenced by interplay between several factors such
as host immune response, virus natural history and transmission
(viral shedding in different stages of clinical illness), age and
comorbid conditions such as diabetes, obesity, heart failure, and
renal failure of the infected person, etc. Highly pathogenic hCoVs
have been responsible for various epidemics in the past and pose
a substantial threat to public health.
In context of an outbreak or pandemic, it is extremely important
to know the clinical course of the disease along with the common
and uncommon presentations. A rapid and well-coordinated innate
immune response is the first line of defense against viral infections,
but dysregulated excessive immune responses may cause
immunopathology. Cytokines and chemokines have important
roles in immunity and immunopathology during viral infections.
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SARS - CoV-2 makes its entr y through a zinc- containing
metalloenzyme ACE2, which is reportedly present on type I and
type II pneumocytes, enterocytes of all parts of the small intestine,
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the brush border of the proximal tubular cells of the kidney,
and the endothelial cells of small and large arteries and arterial
smooth muscle cells, suggesting that in SARS, there is widespread
extrapulmonary dissemination of virus, resulting in viral shedding
in respiratory secretions, stools, urine, and possibly even in sweat.3
It has been postulated that a preceding infection by another
pathogen may facilitate SARS-CoV infection by damaging the
upper respiratory tract before spreading to involve the lung. This
may partly explain the longer incubation period of SARS-CoV when
compared to influenza.4

C y to k i n e S to r m
The inflammatory response in viral pneumonia can be a doubleedged sword. Although beneficial inflammation is necessary for
the local tissues to fight infection, exacerbated inflammatory
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Cytokine Storm, COVID-19
responses in pneumonia patients result in excessive release of
proinflammatory cytokines known as “cytokine storm”, leading to
detrimental outcomes such as diffuse alveolar damage and fibrosis,
progressive respiratory failure, and multiple organ dysfunction.5–7
Cytokine storm is a severe immune condition characterized by rapid
proliferation and hyperactivation of T cells, macrophages, natural
killer cells, and overproduction of more than 150 inflammatory
cytokines and chemical mediators by immune or non-immune
cells.5,8,9
Cytokine storms can be caused by a number of infectious and
non-infectious etiologies, especially viral respiratory infections such
as H5N1 influenza, SARS-CoV-1, and SARS-CoV-2. Other causative
agents include the Epstein-Barr virus, cytomegalovirus, and group
A streptococcus and non-infectious conditions such as graft-vs-host
disease. We further study the fundamental aspects of cytokine
release after SARS-CoV-2 infection and its interaction with host
innate immunity.

SARS-C o V-2
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I n n at e I m m u n e S ys t e m

Viral RNAs are recognized by the innate immune system through
three major classes of cytoplasmic pattern recognition receptors
(PRRs): Toll-like receptors (TLRs), RIG-I-like receptors(RLRs), and
NOD-like receptors (NLRs), which trigger the expression of
interferon (IFN) and activation of antiviral effectors such as Natural
Killer cells, T CD8+ cells, and macrophages.10
TLR7 and TLR9, which are located in the endosomes, recognize
ssRNA of SARS-CoV 2 and signal the activation of the transcription
factor IRF7, which increases the expression of both type I and
type II interferons. Similar to interferons, transcription factor
NF-kB, which regulates genes responsible for both the innate
and adaptive immune response, is upregulated by TLR-activated
pathways. It is an important transcription factor for the production
of pro-inflammatory cytokines, including interleukin-1 (IL-1), IL-6,
and tumor necrosis factor-alpha (TNF-α), and of chemokines, such
as IL-8, C–C motif chemokine ligand 2 (CCL2), and C–X–C motif
chemokine 10 (CXCL10).11
Coronaviruses, like all other successful viruses, have developed
strategies to counter the innate immune response. Expression of IFN
is a crucial component of initial immune response. The nucleocapsid
protein (N protein) which is important for the encapsidation of
SARS-CoV 2 viral RNA, acts as an interferon (IFN) antagonist.
Viruses appear to be invisible to intracellular viral sensors (such
as RIG-I, MDA5, and TLR3, 7, 9) because double-stranded RNA, which
is synthesized during viral replication and is a potent stimulator
of the innate immune system, is buried in double-membrane
vesicles (DMV).12 Additionally, viral proteins, in particular nsp1,
nsp3, N protein, and the SARS-CoV accessory proteins ORF6 and
ORF3b, also prevent IFN induction.13–17 SARS-CoV and MHV (Murine
Hepatitis Virus) nsp1 function, at least in part, by degrading host cell
mRNA and inhibiting translation.18 Overexpression of 7a, a protein
specifically encoded by SARS-CoV, has been shown to induce
apoptosis via a caspase-dependent pathway in cell lines derived
from different organs, including lung, liver, and kidney.19 Increase in
the apoptosis explains the lymphopenia seen in COVID-19 patients.

C y to k i n e S to r m C au s e d
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SARS-C o V-2

At the early stages of SARS-CoV infection, release of cytokines and
chemokines occurs from respiratory epithelial cells, dendritic cells
(DCs), and macrophages. These cytokines are responsible for the
60

development of clinical symptoms such as fever, chills, headaches,
dizziness, and fatigue. TNF-α can cause flu-like symptoms like
fever, general malaise, and fatigue along with vascular leakage,
cardiomyopathy, lung injury and acute-phase protein synthesis.5
Recent clinical investigation reveals that mild COVID-19
patients had high level of IL1B, IFNγ, CXCL10/IP-10, and CCL2/
MCP-1, while patients requiring ICU admission had higher level
of GCSF, CXCL10/IP-10, CCL2/MCP-1, and CCL3/MIP-1A, indicating
inflammatory cytokine release is critical in COVID-19 progression.5
Channappanavar et al. showed that robust virus replication and
delayed IFN-I signaling promote severe disease. IFN-I promotes the
accumulation of monocyte macrophages, resulting in lung damage,
vascular leakage, and suboptimal T cell responses.20
However, cytokines and chemokines measurement in the
plasma from SARS patients are difficult to interpret partly because
of the many confounding factors during the disease course.
Administration of the anti-IL-6-Rα antibody tocilizumab has been
proposed as a treatment for COVID-19 patients. However, very
recently, Hoffmann-La Roche has announced disappointing results
from its much-anticipated phase 3 COVACTA trial of tocilizumab,
raising questions about the efficacy of interleukin (IL)-6 blockade
in patients with severe COVID-19 pneumonia.21
IL-1 is a key cytokine that is responsible for proinflammatory
activity. Along with IL-1, TNF and chemotactic cytokines IL-8 and
MCP-1 also appear in the early hours after infection and stimulate
the production of IL-6. IL-8 can be secreted by any cells with toll-like
receptors that are involved in the innate immune response. Usually,
it is the macrophages that encounter an antigen first and thus are
the first cells to release IL-8 to recruit other cells.
Steroids are also known to inhibit the gene expression of IL-6,
IFN-γ (Th1 response), and IL-4 (Th2 response). Steroid therapy
has demonstrated good efficacy in stabilizing hemodynamics,
shortening intensive care unit (ICU) stay and duration of
mechanical ventilation, although without a clear beneficial effect
on mortality,22 while the Infectious Diseases Society of America
(IDSA) recommended against the use of corticosteroids in COVID19 based on data from previous coronaviruses in which no benefit
was demonstrated.23
Both IL-1 and IL-6 are responsible for elevation in acute-phase
reactants, such as C-reactive protein, serum amyloid A, fibrinogen,
and hepcidin, and inhibition of albumin synthesis which all together
causes a pro-coagulant environment. In a meta-analysis including
nine studies (total 1,426 patients), mean IL-6 levels were more
than three times higher in patients with complicated COVID-19
compared to those with uncomplicated disease, and high IL-6 levels
were associated with mortality risk.24 IL-6 is an important marker of
inflammation and can guide the clinicians in recognizing patients
with severe COVID-19 early in the disease course.
However uncontrolled production of pro-inflammatory factors
like IL-6, IL-8, IL-12, IL-1β, IFN-γ, TGF β, and GM-CSF and chemokines
like CCL2, CCL3, CCL5, CXCL9, CXCL10, and IL-10 together with
reactive oxygen species leads to lung epithelial and endothelial cell
apoptosis which damages lung microvascular and alveolar epithelial
cell barrier, leading to vascular leakage, alveolar oedema, and
hypoxia despite decreasing viral load after first week of illness.4,24

C o n c lu s i o n
The aberrant release of multiple cytokines in COVID‐19 produces
immunopathogenic damage to tissues and organs, even while
the immune response tries to overcome the evading mechanisms
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of virus. Delay in the interferon release and presence of LPS by
secondary bacterial infections increases the severity of cytokine
storm. IL-6 could be used as a potential marker for severity of the
ARDS. However, anti-IL6 antibody Tocilizumab failed to prove
effective in clinical trials. Corticosteroid therapy is being given for
moderate and severe cases of ARDS, but it needs a very fine balance
to outweigh immunosuppressive effects.
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