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Abstract6

SARS-CoV-2 virus is responsible for the COVID-19 disease in patients. Only 15-207
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1 Introduction11

novel corona virus named ”Severe acute respiratory syndrome coronavirus-2” (SARS-CoV-2) was identified in12
2019-2020 as a causative agent of several acute respiratory illness/infection [1]. This disease is caused by SARS-13
CoV-2, termed as ”Coronavirus Disease 2019” (COVID- 19). Covid-19 is a worldwide pandemic.14

As theSARS-CoV-2 virus infects the cell, it copies itself very quickly. But the pathogenesis of the disease is15
still unclear. Because it produced a varying degree of clinical symptoms and illness in the various patients. In16
some of the patients, it only causes the asymptomatic forms and mild illness, while in some patients causes the17
fatal and life-threatening illness.18

Among all COVID-19 patients, most of the patients are mildly affected and non-symptomatic. Some of the19
patients having mild symptoms like cough, fever, and muscle soreness. These types of patients, which are having20
mild symptoms at the early stage got severe to chronic illness and symptoms in the later stage of the disease21
or during the recovery process. The majority of critically ill patients did not develop severe clinically fatal22
complications in the early diseased stage.23

Approximately 15-20 % of the COVID-19 patients have developed pulmonary symptoms such as breathing24
difficulties and require hospitalization [2,3]. In hospitalized patients, some of the patients show Acute Respiratory25
Distress Syndrome (ARDS) and multi-organ failure within 48-72 hours [4]. During the chronic illness stage, the26
ARDS and multiple organ failure occurs rapidly. These result in the death of the patients in a short time [5].27

2 a) Markers of COVID-1928

There is a reduction in the absolute lymphocyte count as well as a relative increase in neutrophillymphocyte29
ratio (NLR) in COVID-19 patients.30

Elevation in C-reactive protein (CRP) and ferritin is also common.31
Other markers of coagulation and organ damage such as D-dimer, lactate dehydrogenase (LDH), creatinine32

and bilirubin are also observed to be elevated.33

3 b) Hyperimmune Response34

This is the question for the healthcare providers across the world, why only certain COVID-19 patients are having35
a chronic illness and severe symptoms. The answer is the hyper-immune response by the patient’s immune system36
to the SARS-CoV-2 virus [5].37

In many patients, the fatal damage has been occurred by the deranged or hyper immune response to the38
SARS-CoV-2 virus, rather than the virus itself. In many of the COVID-19 patients, their immune response has39
been as/more destructive as the virus that causes the disease.40

It is seen the lung damage, severe respiratory damage and persistent high fevers in some critically ill COVID-1941
patients. These are signs of hyper immune response and over functioning of the immune system.42

Hyper-immune response induces the release of inflammatory proteins and mediators. Clinical studies show43
that a high level of immune system proteins has been found in the blood of the many seriously ill COVID-1944
patients.45
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7 I. MECHANISM

Hence, it is clear that the release of these cytokines by the COVID-19 patient’s immune system is Amount46
and levels of released cytokines in the cytokine storm; are injurious to host cells. This clinical condition is called47
disseminated intravascular coagulation (DIC) and it leads to a multi-organ system dysfunction. Cytokine storm48
is responsible for the ARDS and multiple organ failure in the stage of the chronic illness [7].49

Along with the COVID-19, hyper-immune response and release of immune cytokine proteins have been also50
occurring in some clinical conditions like: In infections like flu, H1N1 influenza, during certain kinds of cancer51
treatments (chemotherapy), and in autoimmune diseases (juvenile arthritis).52

Clinical data evidence that; the amount of the cytokines produced by cells in response to a SARS-CoV-253
infection is about 50 times higher than the number of cytokines produced in response to West Nile virus or Zika54
virus infections.55

Cytokine storm generally observed in the cytomegalovirus, Epstein-Barr virus-associated hemophagocytic56
lymphohistiocytosis, group A streptococcus, influenza virus, variola virus and in the SARS-CoV-2 virus [8].57

4 II.58

5 Cytokines and Cytokine Storm59

Cytokine was first time coined in the context of avian H5N1 influenza virus infection in 2005 [9] The word60
cytokines composed of two words, ”Cyto (cell)” and ”Kines (small proteins)”. Cytokines are an essential part of61
the inflammatory process. Cytokines are a diverse group of the protein which are being secreted by the immune62
cells. Cytokines are produced by certain types of immune cells like macrophages, dendritic cells, natural killer63
cells, T and B lymphocytes. Cytokines have an autocrine, paracrine, and/or endocrine activity. And it can elicit64
a wide range ofresponses (through receptor binding) depending upon the types of cytokine and target cell [10].65

The principal role of the cytokine is intercellular signaling and communication. The main functions of cytokines66
are control of cell proliferation and differentiation, regulation of angiogenesis and immune and inflammatory67
responses. Apart from these, it also performs various functions in the body.68

6 a) Cytokine Storm69

Cytokine storm has defined by hyperactive immune-response to SARS-CoV-2 virus by the host’s immune system.70
It consists of the release of interferons, interleukins, tumor-necrosis factors, chemokines, and several other71
mediators [11].72

These released soluble markers of inflammation are certain kinds of proteins of the immune system, called73
cytokines. These mediators are part of a wellconserved innate immune response, which is necessary for the74
efficient clearance of virus and infectious agents Generally, the anti-viral immune response requires the activation75
of the inflammatory pathways of the immune system. If this immune response remains uncontrolled, the hyper76
immune response can cause severe clinical manifestation [12].77

7 i. Mechanism78

When the immune system (macrophages and some other kinds of immune cells) of the host/patient detects the79
antigen of the SARS-CoV-2virus, they send the messages by releasing various proteins (cytokines). This immune80
response to the SARS-CoV-2 virus initiates the sequence of events results in the recruitment of leukocytes and81
plasma proteins (cytokines) to the site of infection [13].82

These cytokines will produce and release the other immune cells to initiate an inflammatory response. This83
inflammatory immune response which is initiated by the cytokines helps the body to fight against the SARS-84
CoV-2virus [14].85

When the host’s immune system hyper reacts to the SARS-CoV-2 virus, macrophages can also release other86
signaling molecules (catecholamines). These catecholamines trigger the release of more cytokines and intensify87
the inflammatory response. Systemic hyper-inflammation elevates the level of various cytokines such as TNF,88
IL-2, IL-7, IL-6, IP-10, IFN-?, MIP1?, MIP1? and MCP1. Ultimately there is a large amount of the cytokines89
release in the COVID-19 patient. This flux of the cytokines is known as a ”Cytokine storm”.90

Figure ??: Hyperimmune response and Cytokine Storm [15] These clinical conditions and responses are referred91
to as macrophage activation syndrome, cytokine release syndrome or simply cytokine storms.92

Il-1, TNF-a, and IL-6 are the main proinflammatory cytokines in the immune response to the SARS-CoV-293
virus. In turn, an increase in the level of these three cytokines also induces the adhesion of the macrophages,94
neutrophils, and T cells from the circulation into the site of infection. This cascade of mechanisms produces95
destructive effects on human tissue. And causes the destabilization of endothelial cell to cell interactions, damage96
of vascular barrier, capillary damage, diffuse alveolar damage. Cytokine storm induces lung injury [16]. And if97
the cytokine storm is not controlled and left untreated, then patients will have ARDS as a result of acute lung98
damage followed by multi-organ failure and death.99
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8 III.100

9 Role of Interleukins in Cytokine Storm101

Previously, it was thought that Interleukins are the cytokines that are produced by the leukocytes. But now, it102
is clear that interleukins are produced by a wide variety of cell types.103

In contrast to the IFNs, the interleukins are a diverse family of immune system regulators. Their main role is104
in immune cell differentiation and activation. The prime role of the interleukins is in intercellular communication105
[17]. They also control the growth and differentiation of the leukocytes. As of the other cytokines, it elicits the106
wide range of the response [18].107

In the interleukin family, IL-1 and IL-6 are proinflammatory cytokines. It mediates the host’s immune108
response to SARS-CoV-2 virus infection through direct and indirect mechanisms [19]. Receptor signaling of109
IL-1 is responsible for acute lung immunopathology in COVID-19patients [20].110

10 a) Crucial Role of IL-6111

Interleukin-6, a pro-inflammatory cytokine, is a key mediator in the acute inflammatory response and the112
purported cytokine storm. Increased level of IL-6 in the serum have been correlated with respiratory failure,113
ARDS and adverse clinical outcomes [21].114

11 IV. Cytokines Storm and Lung Damage115

Many studies have been carried out to find; whether drugs and treatment of COVID-19 provoke the cytokine116
storm or not.117

Cytokine storm is the situation of the hyper immune response to the antigen, where the body starts attacking118
its own cells and tissues rather than fighting off the antigen (virus) [22].119

Cells kill themselves (suicidal response); when they sense the antigen or virus enters the cells and begin to120
infect them. This type of self-killing response is a protective mechanism, so the virus does not spread to the121
other cells [23].122

When the cells can’t cope up with the antigen/virus they begin to send SOS signals through immune proteins123
and chemical messengers. These immune proteins and chemical messengers are a certain type of cytokines. The124
release of cytokines triggers cell death. A large number of virus-infected cells release the cytokines at the same125
time, so a larger number of tissues can die. In COVID-19 patients, this phenomenon is mostly seen in the lung126
tissues [24].127

This hyper-inflammatory condition consists of the pulmonary infiltration and exudation, organ damage and128
dysfunction of coagulatory pathways, which leads to the worsening of oxygen saturation. [25] Cytokines and129
chemical mediators eat away at the lung and the lung becomes greatly damaged, in a non-reversible manner. As130
the lung’s tissue starts dying and breaks down, the lung’s wall (tiny air sacs) is filled with the fluid and becomes131
leaky. So, this causes pneumonia and stops the transport and supply of Year 2021132
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© 2021 Global Journals oxygen to the blood and body. Hence, the body will be starving of oxygen and respiratory135
distress syndrome follows. Then other organs start to fail.136

This clinical condition plays a central role in the death of a large number of COVID-19 patients.137
V.138

14 Treatment of Cytokine Storm139

Cytokine Storm (CS) is a lethal clinical condition, and it requires intensive care; since it is responsible for the140
high mortality rate in COVID-19 patients [26,27].141

As cytokine storm is a chronic inflammatory condition induced by the hyper immune response of the host, the142
inflammation must be treated and control to cope the condition.143

Basically, anti-inflammatory drugs, a combination of immune-modulators, and some other drugs can be used.144
IL-6 inhibitors and high dose corticosteroids block pathways critical to host immune responses. Many monoclonal145
antibody drugs are being repurposed from treating patients with chronic inflammatory conditions [28,29].146

15 a) Catecholamine inhibitors147

Before the cytokine storm, the circulating level of catecholamines increases rapidly in the COVID-19 patients.148
This catecholamine is responsible for the cycle of inflammation and cytokine storm. If we inhibit the release of149
the catecholamine, we can inhibit the cytokine storm. We can use and test the catecholamine inhibitor drugs to150
treat COVID-19 patients.151
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24 I. TOCILIZUMAB

16 b) Alpha-blockers152

Various studies on mice and other findings show that the alpha-blockers can be used to break the hyper-153
inflammatory chain reaction. So, we can prevent it from converting to cytokine storm. Generally, alphablocker154
drugs are used for the treatment of prostate disease and high blood pressure.155

17 i. Mechanism of action156

Cell signaling and communication have occurred through the cytokines and chemical mediators. Alpha-blocker157
drugs interfere with this cell signaling during the inflammatory immune response and inhibitit. Alpha-blockers158
break the chain of cytokine release and inhibit the cytokine storm.159

Data indicate that, COVID-19 patients taking the regular and gradual dose of an alpha-blocker (prazosin)160
have no sign of the hyper inflammatory immune response or cytokine storm.161

18 c) Anti-rheumatic drugs162

Another approach to control the hyperinflammatory immune response is to use anti-rheumatic drugs.. In a study,163
COVID-19 patients are treated with I.V infusions of ”Actemra (anti-rheumatic)”. In these patients, actemra drug164
blocks the cytokine IL-6 receptor and decreases the circulating level of IL-6. So actemra successfully inhibits the165
cytokine storm in COVID-19 patients. These results encourage the researchers to test another anti-arthritis drug166
names ”auranofin”.167

19 d) Chloroquine and Hydroxy-chloroquine168

Chloroquine and hydroxychloroquine have a variety of biological activity from antimalarial, antiviral to anti-169
inflammatory. Because of the anti-inflammatory property, they are used in the therapy of autoimmune diseases.170

Cytokine storm is a similar condition to the autoimmune disease. So these drugs can be effective in the171
management of the cytokine storm in the COVID-19 patients.172

20 i. Mechanism of action173

Chemically, chloroquine; and hydroxychloroquine are weak bases in nature. So they used to accumulate in acidic174
organelles like lysosomes. And they increase lysosomal/endosomal pH. So, chloroquine and hydroxychloroquine175
can decrease the production of various pro-inflammatory cytokines. Therefore, prevent the cytokine storm [30]176
and inhibit replication of the SARS-CoV-2 virus [31].177

21 e) Corticosteroids178

Corticosteroids can be used as an antiinflammatory drug in COVID-19 patients. Corticosteroids down-regulate179
the hyper-activity of the immune system and inhibit the release of the cytokine and cytokine storm.180

Corticosteroids are most widely used in the treatment of many infectious diseases. But, the use of181
corticosteroids drugs in the treatment of COVID-19 can cause host immune suppression and delay of viral182
clearance.183

22 f) IL-6-IL-6R antagonists184

IL-6 is a potential target in the treatment of cytokine storm because IL-6 plays the central role in the cytokine185
release and hyper-inflammatory cytokine storm. Many studies have been carried out using the IL-6-IL-6R186
antagonist drugs to treat COVID-19 patients. Treatment with IL-6-IL-6R antagonists drugs shows that; drugs187
inhibit the cytokine chain reaction And decreases the level of the pro-inflammatory cytokine IL-6. In turn, a188
fall in the circulating level of the cytokines. Hence, inhibiting the cytokine storm. And shown a good patient189
prognosis.190

23 g) Monoclonal antibody191

Elevated levels of the IL-6 in the blood of COVID-19 patients; have been reported to be predictive of a lethal192
outcome in patients [32].193

Therefore, it needs to be harnessed the increasing level of Il-6 in the COVID-19 patient to prevent the cytokine194
storm and to save a patient’s life. In this situation, a monoclonal antibody can be used to block the IL-6.195

24 i. Tocilizumab196

Tocilizumab is a recombinant humanized monoclonal antibody; and it is an IL-6 receptor antagonist.197
Tocilizumab (specific monoclonal antibody) therapy has been used to treat the cytokine storm and critically198

ill patients with extensive lesions in bilateral lungs and a confirmed elevated level of IL-6.199
Elaborate studies on 20 severe patients of COVID-19 indicate that the tocilizumab drug effectively blocks200

IL-6. And it leads to a reduction in fever and lung lesion opacity; and recovered the percentage of lymphocytes201
in peripheral blood ??33].202
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On the other hand, there is a risk of opportunistic infections like tuberculosis, fungal, and other viral infections203
caused by anti-IL-6 monoclonal antibodies.204

ii. Itolizumab Itolizumab is an immune-modulator drug. Itolizumab is an anti-CD6 humanized IgG1205
monoclonal antibody (mAb). It can potentially inhibit the cytokine storm and is found as a life-saving drug206
in COVID-19patients.207

It is an approved drug for the treatment of psoriasis in India ??34, ??5].208

25 ? Mechanism of action209

It binds with T-effector cells through domain-1 of the CD6 receptor present on it. Domian-1 of T-effector cells210
is responsible for priming, activation, and differentiation of T-Cells [36].211

Itolizumab’s binding blocks the co-stimulation pathway and leads to inhibition of proliferation of T-cells. It212
consequently reduced the level of pro-inflammatory cytokines (IL17A, TNF-?, IL-6, IFN-?, and IL-2). And brings213
down the release of multiple cytokines and cell signaling transduction and inhibits the cytokine storm.214

After the whelming result in a study on COVID-19patients, it is under clinical trials to treat COVID-19.215

26 VI.216

27 Conclusion217

The immune system of some COVID-19 patients gives a suicidal immune response to the SARS-CoV-2 virus.218
Which excessively release inflammatory cytokines and proteins.219

The high circulatory level of cytokines known as a cytokine storm; initiates the chronic inflammatory reaction220
in the body (mostly in the lung). Cytokine storm leads to physiological deterioration of the lung tissue and221
causes ARDS, multiple-organ dysfunction, and death.222

Particular pro-inflammatory cytokine IL-6 is the marker of the cytokine storm. The blood level of the IL-6 is223
correlated with cytokine storm in the body. The normal level of the IL-6 in the blood is <7, an IL-6 level more224
than 7 indicating the cytokine storm.225

So timely control of the cytokine storm in its early stage would be beneficial and can save the patient’s life.226
Corticosteroids, anti-rheumatoid drugs, and many other anti-inflammatory drugs have been repurposed to227

treat the cytokine storm and hyper inflammatory condition inCOVID-19 patients. The use of newer IL-6228
inhibitors/antagonist drugs has also been proved effective in the treatment of the cytokine storm.229

Target-specific monoclonal antibody drugs have been used to decrease the hyper-functioning of the patient’s230
immune system. These humanized monoclonal antibody drug show impressive results in the management of231
severe clinical conditions in the patients.232

Currently there are no approved drugs and therapies available for the treatment of COVID-19 patients. Several233
marketed drugs have been repurposed for the treatment of cytokine storm. And many immunemodulator biologics234
have been used off label for the management of the hyper/suicidal immune response in the COVID-19 patients.235

All the results of these new monoclonal antibody drugs are preliminary. There are no randomized clinical236
trials of the newer monoclonal antibody drugs that have been published to date, so it requires clinical trials and237
confirmatory studies to evaluate its role in COVID-19 therapy. 1238
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