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Key points  

➢ Corona virus targets human cells through ACE2 receptors. 

➢ Cytokine storm theory explains the pathogenesis of covid infection. 

➢ Treatment options aim to reduce viral load and diminish the influence of key cytokine mediators 

 

Introduction: 

In the early days of December 2019, healthcare 

centers in Wuhan, China saw a significant rise in the 

number of patients presenting with pneumonia of 

unknown etiology. The causative agent was 

eventually recognized as a novel enveloped RNA β 

coronavirus that was then given the name severe 

acute respiratory syndrome coronavirus 2 (SARS-

CoV-2)1 that caused coronavirus disease (COVID-

19). By March 2020,COVID-19 had spread rapidly 

across the globe which was why the World Health 

Organization (WHO) raised its status to a global 

pandemic. As of July 11th, 2020, the number of 

confirmed cases is more than 12.7 million with over 

560,000 deaths worldwide.2 This virus belongs to a 

family of human corona viruses whose members have 

been implicated in several outbreaks in the recent 

past. Particularly worth mentioning is the SARS-CoV 

and MERS-CoV viruses which were responsible for 

the 2002-20043 and 20124 epidemics respectively. 

These viruses mainly target the lower respiratory tract 

leading to pneumonia. However, in some cases this 

may develop into life threatening complications like 

acute respiratory distress syndrome (ARDS) and 

acute lung injury (ALI)￼. The virus spreads through 

respiratory droplets which are produced when an 

infected person coughs or sneezes.5 Patients usually 

take two to fourteen days to develop symptoms which 

include, fever, cough, dyspnea, tiredness, sore throat 

among others.  

Pathogenesis: 

Upon entering the host, the virus begins the process 

of entry into the cell. For this purpose, two critical 

steps are involved. Firstly, the attachment to the host 

cell surface via the Angiotensin Converting Enzyme-2 

(ACE2) receptor and secondly, the integration of viral 

envelope with host plasma membrane thereby, 

permitting the viral RNA to enter the host cytoplasm 

and initiate the process of viral replication. The ACE2 

receptor is distributed abundantly on various cells of 

the body including alveolar epithelial type 2 cells, 

renal, intestinal and endothelial cells.6 

The first step is mediated by the  help of bulbous 

spike glycoproteins which are present all over the 

surface and give the virus a corona or crown-like 

appearance, hence the name, corona virus.7 Two 

functional subunits of these spike proteins(S1, with its 

binding ability and S2,with its fusion functionality)aid 

in the entry of viral genome into the host cell.8 

Meanwhile, viral antigens are recognized and 

presented to CD8-positive T cells and natural killer 

(NK) cells. This causes release of large amounts of 

pro-inflammatory signaling molecules called cytokines 

and chemokines. In most patients, this process is 

kept regulated and under control however in a small 



subset of individuals, this activation becomes so 

colossal that cytokine storm develops, resulting in 

ARDS, multi-organ failure, and eventually leading to 

death. 

Cytokine Storm 

Cytokine storm refers to the uncontrolled release of 

pro-inflammatory cytokines. In patients with severe 

COVID-19 infection, features of cytokine storm are 

frequently observed.9 Secondly, a dysregulated 

immune response has also been observed in the form 

of a notable decline in the levels of circulating 

lymphocytes and natural killer cells along with a rise 

in monocyte and macrophage count.10 The high levels 

of monocyte and macrophages might explain the 

increased circulating levels of pro-inflammatory 

cytokines which are responsible for cytokine storm as 

discussed later. Furthermore, regulatory and memory 

T lymphocytes are also reduced in severe cases11.  

There are two possible explanations for this 

uncoordinated response; lymphocytes being directly 

attacked by the virus or indirectly damaged by 

cytokine storm. Since SARS-CoV-2 enters target cells 

through ACE2 receptors and there is no ACE2 

expression on lymphocytes,11 it is theorized that 

lymphocytes are probably destroyed by cytokine 

storm. This cytokine storm, in COVID-19 patients, is 

positively correlated to the evolution of acute 

respiratory distress syndrome. Raised amounts of 

circulating cytokines in such individuals have been 

noted along with the observation that the extent of 

this rise is directly associated with higher death 

rates.12 Pulmonary as well as interstitial tissue are 

damaged as a result of infiltration by inflammatory 

cells, which is a typical feature of this syndrome.13 

The critical step leading to this pathology is the 

uncontrolled and dysregulated release of cytokines. 

Extrapulmonary multiple organ failure can also be 

attributed to cytokine storm.14 This may explain the 

reason behind certain findingswhich have been 

observed in several COVID-19 cases for example, 

raised hepatic enzymes and creatinine, in the 

absence of respiratory failure, hence proposing that 

extrapulmonary damage is due to cytokine storm. 

Cytokines associated with cytokine storm: 

Here we make mention of some of the key pro-

inflammatory cytokines that are involved in brewing 

the cytokine storm. 

Interferons:  In a study conducted on mice it was 

observed that the rapid replication of SARS-CoV 

caused the slow release of IFN-α/β, following which, 

there was recruitment of inflammatory 

macrophages.15 These macrophages released 

several proinflammatory cytokines (TNF, IL-6, IL1-β) 

which aggravated the severity of the disease. 

Furthermore, these cytokines caused the death of T 

lymphocytes, which disrupted viral clearance and also 

lead to the death of airway and alveolar epithelial 

cells.16 The disrupted pulmonary vessels and alveolar 

epithelial cell barriers lead to leakage through the 

microvasculature and alveolar edema ensued, 

thereby developing a state of hypoxia. In this way it 

can be seen that IFNs are involved in the pathological 

processes of ARDS. These clinical features have also 

been observed among COVID-19 patients suggesting 

a critical role of IFN-α/β in COVID-19 associated 

ARDS.17  

 

Tumor Necrosis Factor: TNFs are vital cytokines 

implicated in the activation of cytokine storm. A 

substantial number of immune cells release TNFs, 

and their receptor, TNFR1, is present on many cell 

types including muscle,18 kidney,19 neutrophils20 etc 

which explain the widespread effects of these 

cytokines. Tumor necrosis factor increases IL-6 

expression21 which is an important cytokine itself in 

the development of cytokine storm.22 A study showed 

anti TNF therapy to be quite useful in improving the 

survival rates of patients with sepsis.23 Studies on 

mice have shown TNFs to play a considerable rolein 

acute lung injury along with blunting the reaction of T 

lymphocytes to SARS-CoV.24 In these studies, 

obstruction of TNF function or that of its receptor 

safeguards against SARS-CoV-related morbidity and 

mortality25.Nevertheless, the usefulness of TNF 



antagonists in treating COVID-19 still requires further 

investigations. 

 

Interleukin-6: IL-6 is considered to be a key cytokine 

in COVID-19.Raised IL-6 levels in SARS patients 

correlate with the intensity of the disease.25 

Immoderate IL-6 signaling leads to injury to organs in 

various ways like, maturation of naïve T lymphocytes, 

high vascular endothelial growth factor (VEGF) 

expression in cells which increases vascular 

permeability26 and reduction in myocardial 

contractility.27 IL-6 increases the response to C5a by 

endothelial cells further augmenting permeability of 

the vessels. It also triggers the clotting cascade by 

enhancing tissue factor expression on monocytes 

causing thrombin activation and fibrin clot formation. 

Furthermore, interleukin-6 increases monocytic and 

neutrophilic migration to cells of the endothelium by 

releasing MCP-1 and IL-8. IL-6 also reduces the 

cytotoxic effect of NK cells by decreasing perforin as 

well as granzyme B. Elevated level of interleukin-6has 

also been reported in another study28 and is being 

used as a marker to monitor disease progression.29 

Moreover, a retrospective study has recently revealed 

that serum levels of IL-6 exhibit a strong correlation 

with mortality among COVID-19 patient.30 

 

Chemokines and Colony Stimulating Factors 

(CSFs): Are factors that regulate the migration of 

immune cells.31 They are released by several virus-

infected cells and most of them are considered to 

promote inflammation.32 This leads to the recruitment 

of white blood cells to the primary infection site 

leading to inflammation. Monocyte chemoattractant 

protein 1 (MCP-1) and eotaxin are two such factors 

that affect monocytic and eosinophilic migrations 

respectively. Similarly, CXCR3 ligands modulate the 

function of T-cells.33 CSFs are also involved in the 

process of inflammation alongside IL-1 and tumor 

necrosis factor (TNF).34 It is theorized that CSFs 

support immune responses by increasing 

macrophage levels at sites of inflammation21. 

 

 

Treatment Strategies against cytokine storm: 

In light of what has been discussed so far, in order to 

reverse the deleterious effects of the cytokine storm, 

treatment options that aim to reduce viral load and 

diminish the influence of key cytokine mediators 

seems to be a practical approach to improve 

prognosis of SARS-CoV-2 infection. Some treatment 

strategies include the following: 

 

IL-6 antagonists: Tocilizumab represses the immune 

response and has a beneficial effect on cytokine 

storm, particularly which is caused by 

infections27.Patients with raised IL-6 levels have 

shown an encouraging response to treatment with 

tocilizumab in China28. Bazedoxifene is another 

therapeutic agent that works by blocking the 

interaction of IL-6 with its receptor.35 It is also a cost 

effective and easily available alternative to 

tocilizumab for treatment of COVID-19 patients 

associated with pulmonary complications32. Similarly, 

chloroquine and hydroxychloroquine are anti-malarial 

drugs that also work by down regulating the 

production of IL-636 and, coupled with their ease of 

availability, prove to be a relevant choice for 

treatment of cytokine storm37 however further 

investigations are still warranted in this respect. 

 

Anti-TNFs: It is known that TNF production is 

markedly raised in inflammatory processes, 

particularly in their acute phases and that TNF is 

important in the coordination of an immune 

response.38 For example, in the pathogenesis of 

rheumatoid arthritis, a “TNF dependent cytokine 

cascade” has been observed and if TNF is blocked, 

there is a sharp decline in interleukin-6 and 

interleukin-1 levels in these patients,39 along with a 

reduction in circulating adhesion molecules40 and 

VEGF.41 Moreover, white blood cell migration into 

inflamed joints is also decreased.42 For these reasons 

it is likely that anti-TNF treatment might also lessen 

some of the inflammatory events that are seen in 

COVID-19 infection. 

 



IFN-αβ inhibitors: IFN-αβ antagonists are to be 

given in the late stages of severe disease in order to 

inhibit exaggerated immune responses.43 IFN-λ has 

several effects such as activating epithelial cells and 

decreasing the pro inflammatory effects of IFN-αβ.44 

Furthermore, it prevents the migration of neutrophils 

to the sites of infection.45 The antiviral response of 

alveolar epithelial cells (which are the primary targets 

of infection by SARS-CoV-2) is also controlled by 

IFN-λ while at the same time preventing the hyper 

stimulation of the rest of the body’s defense 

mechanisms. Hence, IFN-λ may be a wise choice for 

treatment. However, its usefulness has only been 

seen if it is administered early.46 

 

IL-1 antagonists: Anakinra is an IL-1β antagonist 

which can also be considered as a choice to treat 

infection-induced cytokine storm as it improves the 

survival rates of patients suffering from severe 

sepsis.47  However, the use of specific interleukin-1 

antagonists in the treatment of COVID-19 is not 

supported by clinical studies so far. Therefore, in 

order to fully understand their effects, further research 

is necessary. 

 

Corticosteroids: The rationale for the administration 

of glucocorticoids to treatCOVID-19 infection warrants 

further investigation. As of now they are only used in 

the presence of other conditions for example, adrenal 

insufficiency.48 For patients who are critically ill and 

have an exaggerated immune response, a short 

course of glucocorticoids (3–5 days) is sufficient.49 

Note that heavy doses of glucocorticoids can 

suppress the immune system and therefore delay 

viral clearance. 

 

Conclusion 

SARS-CoV-2 induced cytokine storm is characterized 

by elevated levels of pro-inflammatory cytokines 

among critically ill patients infected with COVID-19. 

This cytokine storm causes ARDS or multiple-organ 

dysfunction among COVID-19 infected patients which 

progresses to physiological collapse and. death. 

While the whole medical fraternity awaits an effective 

therapeutic agent against COVID-19, timely 

management of cytokine storm in its early stages by 

using cytokine antagonists and immune-modulators 

appears to be an effective therapeutic measure 
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