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ABSTRACT 
 

The COVID-19 disease caused by the SARS-CoV-2 virus became an international health 

emergency in recent years. Cytokine storm part of host immunological response is 

etiology of various manifestations in COVID-19 patients. Cytokine storm is an 

inflammatory response that initiates a series of immunological processes leading to 

worsening the condition of COVID-19 patients. Acute respiratory distress syndrome, 

ischemic stroke, myocardial infarction, acute kidney injury, myocarditis, multiple 

sclerosis etc. There are different mechanisms suggesting the action of cytokine, like 

action on ACE2 receptors, and ROS Stimulation. Inflammatory response leads to the 

production of reactive oxygen species (ROS) which cause cell death. There are certain 

therapies preferred for treating cytokine storm in COVID-19 individuals. These are 

corticosteroids, Tocilizumab, hydroxychloroquine and chloroquine etc. 
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INTRODUCTION: 

 

The SARS-COV-2 pandemic outbreak was 1st reported in Wuhan, China in the year December 

2019. Due to an uncontrolled host immunological response to several stimuli, a “cytokine 

storm” occurs, which is an activation cascade of auto amplifying cytokine synthesis. Infectious, 

cancer, rheumatic illness and other factors are usually causing the triggering effect. [1]  

The World Health Organization proclaimed an international health emergency on 30th January 

2020 due to the fast-rising number of cases of COVID-19 and the severity of the disease. [2] 

WHO has recommended letters from the Greek alphabet namely Alpha, Beta, Gamma, Delta 

and Omicron. The term ‘index virus’ should be used when adopting this naming scheme and 

referring to the genomic sequence of SARS COV-2 determined from the initial patients. [3] 
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PATHOPHYSIOLOGY: 
  

SARS-CoV-2 spike glycoprotein binding to angiotensin-converting enzyme 2 (ACE2), the 

virus’s cellular receptor, causes a cascade of molecular processes that result in hyper 

inflammation. Virus-induced down-regulation leads to storm of inflammatory cytokine release 

through dysregulation of the renin-angiotensin-aldosterone system (ACE/angiotensin II /AT1R 

axis), attenuation of the Mas receptor (ACE2/MasR axis), increased activation of [des-ARG9]-

bradykinin (ACE2/bradykinin B1R/DABK axis), and activation of the complement system C5a 

and C5b components. The molecular characterization of these axes will clarify a variety of 

treatment methods to combat the cytokine storm. This excessive cytokine release may be 

followed by increased immune cell activation, including the development of T helper 17 cells 

(Th17) from CD4+ lymphocytes. MERS-CoV, SARS-CoV, and SARS-CoV-2 have all been 

linked to enhanced Th17 responses. [4] 

Infection with SARS-CoV-2 can stimulate a super-inflammatory immune response in which 

epithelial cells produce cell-mediated reactive oxygen species (ROS) that can induce cell death. 

ROS can also stimulate the synthesis of NLRP3 and NFκB which contributes to increased 

cytokine levels and thus to cytokine storm. This essentially induces immune infiltration that can 

lead to clinical conditions such as ARDS, sepsis, MODS, and potentially even death. The lower 

gastrointestinal tract (GI) is rich in ACE2 receptors and is therefore at a higher risk of infection 

from COVID-19[5]  

 

 

 

 

                                                     

                                                  figure 1. pathogenesis of coagulation complications in covid-19[6] 
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Complications: 
 

A cytokine storm is an acute super-inflammatory response that can be the cause of serious 

illness in a variety of conditions, including viral infections, cancer, sepsis, and multiple organ 

failure. Severely ill COVID-19 patients experiencing a cytokine storm are thought to have a 

poorer prognosis and increased mortality. In patients infected with SRAS-CoV-2, cytokine 

storm appears to be important for the pathogenesis of some severe manifestations of COVID-

19: acute respiratory distress syndrome, thromboembolic diseases such as ischemic stroke acute 

localization due to large vessel occlusion and myocardial infarction, encephalitis, acute renal 

failure and vasculitis (Kawasaki-like in children and nephritic vasculitis in 

adults). Hypercytokineemia is an uncontrolled inflammatory response that results from the 

systemic spread of a focal inflammatory response to a viral or bacterial infection. Elevated 

cytokine levels lead to endothelial dysfunction, vascular injury, and endocrine/metabolic 

dysregulation, thereby damaging multiple organ systems. Levels of acute-responsive cytokines 

(TNF and IL1β) and chemotactic cytokines (IL8 and MCP1) are elevated early in 

hypercytokinemia, facilitating a sustained increase in IL6. 

Some of the serious complications associated with COVID19 are Acute Respiratory Distress 

Syndrome (ARDS) (prevalence 17-29%), Acute heart injury including myocarditis, myocardial 

infarction, and cardiac arrest. Sepsis, failure, ischemic stroke, Kawasaki like syndrome in 

children, acute pulmonary embolism, sHLH, and secondary infections such as bacterial 

pneumonia. Patients with systemic autoimmune diseases including systemic lupus 

erythematosus (SLE), vasculitis, multiple sclerosis, progressive systemic sclerosis, or rheumatic 

diseases affecting the lungs are at increased risk for secondary complications. by respiratory 

viruses. This increased susceptibility to lung disease may be the result of the underlying disease 

or immunosuppressive treatments. 

The number of white blood cells, neutrophils and levels of procalcitonin, C-reactive protein, 

and other inflammatory indices, were shown to be higher in the intensive care unit (ICU) cases 

than in non-ICU cases. [7] 

 

 

THERAPIES FOR THE CYTOKINE STORM IN COVID-19 
 

CORTICOSTEROID 

 

Corticosteroids limit the immune response and pathogen clearance by inhibiting the host's 

inflammatory response. The sensible use of corticosteroids shortened hospital stays and 

lowered the death of critically sick patients without complications in those who were infected 

with SARS-CoV. Corticosteroid usage in individuals with MERS, SARS, and influenza 

resulted in reduced viral RNA clearance and morbidity. Corticosteroids were linked to 

considerably increased death rates in patients with COVID-19. Data suggests that 

corticosteroids may have a function in individuals with severe COVID-19, caution should be 

maintained due to the risk of viral rebound and side effects. 
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HYDROXY CHLOROQUINE AND CHLROQUINE 

 

HCQ may be a preferable treatment alternative when compared with CQ's negative effect. CQ 

and HCQ decrease the production of IL-6 and TNF and diminish CD154 expression in T cells. 

Low dosages of HCQ may attenuate cytokine storm in patients with severe COVID-19, 

according to a study on the pharmacological effects of CQ and HCQ in SARS-CoV-2-infected 

Vero cells. COVID-19 patients who received 600 mg/day HCQ for 10 days had significant 

decreases in viral load and duration of viral infection and these benefits might be boosted by 

cotreatment with azithromycin. A meta-analysis of clinical studies, however, found no 

therapeutic advantages of HCQ therapy in COVID-19 patients. In fact, given its adverse effects, 

which include retinopathy, cardiomyopathy, neuromyopathy, and myopathy, HCQ may do 

more damage than benefit. High dosages of HCQ or CQ may produce arrhythmia, according to 

several clinical research.   

 

 

 

TOCILIZUMAB 

 

By inhibiting the IL-6 signal transduction pathway, Tocilizumab (TCZ), an IL-6 receptor (IL-

6R) antagonist, can prevent cytokine storms. TCZ has been proven to be beneficial in critically 

sick patients with COVID-19.TCZ may enhance survival outcomes in COVID-19 patients with 

ARDS. However, the hazards of TCZ should be considered (e.g., severe infections, 

thrombocytopenia, neutropenia, and liver damage). TCZ suppresses both cis- and trans-

signaling and trans-presentation by binding to both mIL-6R and sIL-6R. It's worth noting that 

IL-6 inhibitors can't bind to IL-6 generated by viruses like HIV and HSV-8. There is high risk 

for infection in autoimmune illnesses than compared to the general population. 

Immunosuppressive medicines (excluding glucocorticoids) should be avoided in patients with 

COVID-19. 

 

MESENCHYMAL STEM CELLS 

 

MSCs may block the aberrant activation of T lymphocytes and macrophages, as well as the 

release of pro-inflammatory cytokines, and have a wide spectrum of immune regulatory roles. 

70 MSC treatment was observed to improve mortality in individuals with H7N9-induced ARDS 

while also having no negative side effects. 71 MSCs were found to be capable of swiftly and 

dramatically improving COVID-19 clinical symptoms without causing any side effects in a 

clinical experiment. 72 Although MSC therapy side effects are uncommon, the medication's 

safety and efficacy need additional research. 

 

 OTHER OPTIONS 

 

Anakinra, an IL-1 receptor antagonist that inhibits the action of pro-inflammatory cytokines IL-

1 and IL-1, has been shown to enhance respiratory function and prolong survival in COVID-19 

patients. IL-1 receptor antagonists raise the incidence of bacterial infections. Inhibitors of Janus 

kinase (JAK) can diminish the capacity of viruses to infect cells and suppress inflammatory 

cytokines.  
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Patients treated with JAK inhibitors had better clinical symptoms and respiratory metrics. JAK 

inhibitors, on the other hand, can block the production of IFN-, which aids in the fight against 

infections. By inhibiting Fc receptors, intravenous immunoglobulin (IVIG) can have a variety 

of immunomodulatory effects that are related to the severity of the inflammatory state. Further 

research on IVIG therapy is required. Furthermore, artificial passive immunity can be obtained 

directly using convalescent plasma treatment containing corona virus-specific antibodies from 

recovered patients. This method has shown to be effective in the treatment of SARS and 

influenza. After receiving convalescent plasma, some people had a mild fever or anaphylactic 

shock. Many beneficial therapies, such as interferons (IFNs), TNF blockers (TNF blockers), 

S1P1 receptor agonists (S1P1 receptor agonists), and continuous renal replacement therapy 

(CRRT), are still being researched. [8] 

 

Conclusion 
 

A strong inflammatory response to COVID-19 infection is followed by the production of a high 

number of pro-inflammatory cytokines, a phenomenon known as a “cytokine storm “. The 

SARS-CoV-2 VIRUS triggers a hyperactive immunological response in the host, resulting in an 

exaggerated inflammatory response. In SARS-CoV-2 patients, cytokines storm appears to play 

a role in the pathophysiology of several serious COVID-19 complications, including acute 

respiratory distress syndrome, thrombo-embolic disorders like acute ischemic stroke and 

myocardial infarction, vasculitis, acute kidney injury, and encephalitis. There are certain drugs 

used for resolving cytokine storm in COVID-19 patients. E.g. corticosteroid, chloroquine and 

hydroxyl chloroquine, Tocilizumab, Mesenchymal stem cells etc. 
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