
Introduction
OVID-19 is a global pandemic with 61, 149,391 Cconfirmed cases and 370,478 deaths till May 29, 

2020. COVID-19 outbreak started in Wuhan, China 
and then spread to different countries of the world 
with an exponential increase in confirmed cases and 

1number of deaths.  Data analysis indicated that mild 
cases of COVID-19 deteriorate rapidly causing 
sudden deaths. According to different studies there 
are clinical and laboratory evidences of cytokine 

2storming in these patients.  As COVID-19 is a global 
pandemic with still 53036 critically ill patients, 
timely detection of cytokine storming can save many 

1
lives.  India and Pakistan are home to 1378million 

3and 220 million people respectively.  According to 
World Health Organization (WHO) these counties are 
suspected to reach their COVID-19 outbreak peak by 

1
end of June2020.  These developing countries have 
poor health care facilities with insufficient number of 
hospitals, doctors and paramedical staff. Their fragile 
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Abstract   

Background: COVID-19 is a global pandemic with 12% mortality rate. This pandemic has shattered health 
care sector of many developed countries across the globe. According to World Health Organization (WHO) 
India and Pakistan will be badly hit by the pandemic till end of June 2020. Both countries are densely 
populated and the fragile health sector of these countries is incapable to facilitate of large number of critically 
ill patients. Data analysis from different studies revealed that Cytokine Storming (CS) is main cause of 
COVID-19 related respiratory, renal, cardiac and neural complications in critically ill patients. 

Objectives: The aim of this review is to highlight the significance of CS in management of COVID-19 
infection. 

Methods: Literature from previous studies was collected to suggest the possible diagnostic testing as well as 
strategies to manage these patients. Mesh terms such as Corona, Covid-19, Cytokine storming, Wuhan, 
Pandemic were applied on PUBMED as well as google to search for the latest published articles. Reports and 
newpapers were also considered as this is an ongoing pandemic and there is scarcity of knowledge and 
information in this regard. 

Results: IL6 and TNFα blockers are helpful in regulating the uncontrolled immune response due to CS. 
Levels of different substances like ferritin, Cytokine Reactive Proteins and D-dimer can be helpful in early 
detection of these complications. 

Conclusions: The early detection of CS can be used for selection of appropriate treatment, reduction in 
burden on Intensive Care Units (ICU) and ultimately saving many lives.  
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health care sector cannot cater large number of criti-
cally ill patients which could lead to high mortality 

4rates.  Cytokine storming can be used as an early 
indicator of deterioration of patients and can help in 
timely selection of appropriate treatment of COVID-
19 patients. Neutralization of pro-inflammatory cyto-

2kine can play key role in severe cases.
Cytokines 
Cytokines are small soluble molecules mainly com-
posed of protein and glycoprotein. They mainly serve 
as messenger for our immune system. They are 
produced by many types of white blood cells like 
neutrophils, basophils, eosinophil, dendritic cells, 
monocytes, macrophages, B-cells and T-cells. Cyto-
kines act as inter-molecular mediators that bind with 
specific cytokines receptors on cells and trigger 
immune response Figure 1. They change the function 
of cell either by altering protein functions inside the 

5
cell or by changing the gene expression.  Moreover, 
cytokines have effect on growth, development, matu-
ration and life span of immune cells. Cytokines have 
high affinity for cytokines receptors (CR) so they are 
effective in stimulating response even in low concen-
trations. High levels of cytokines are detected in 

6
critically ill COVID-19 patients.  There are four main 
groups of cytokines and each group has its own role in 
immune response during COVID-19 infection.
I. Inter-leukins (IL): This group includes 35 

different types of cytokines ranging from IL1 to 
IL35. Among these IL6 is main pro-inflamma-
tory cytokine and IL 10 is responsible for 
immune-paralysis. Studies showed that IL 6 and 
IL 10 expression is related to cytokine storming 

7
in COVID-19 patients.

ii. Tumor Necrosis Factor (TNFs): Though mainly 
involved in mast cells and macrophage activa-
tion but are also responsible for immune cell 
activation, their growth, differentiation and 
death. TNFα is involved in potent activation of T-
cells and has a prominent role in cytokine stor-

2ming in Covid-19 patients.
iii. Interferons (IFN): There are type I and type II 

interferons that are main antiviral protein produ-
ced by our body. As Covid-19 is a viral infection 
their role is very important in recovery of patient. 
As Retinoic acid-inducible gene I (RIG - I) 
showed an antiviral role against viral infections 
and was essential for activation of type I IFN 

8signaling during infection.
iv. Colony Stimulating Factor (CSF): They 

mainly act on stem cells in bone marrow and 
stimulate growth and differentiation of mono-
cytes, dendrite cells and neutrophils. Hence, play 

2a vital role in immune response.

Cytokine Storm
Our immune system is our natural defense mecha-
nisms against various infections. In normal circum-
stances infections stimulate our immune response 
and there is an increase in cytokine production which 
triggers pro-inflammatory response with production 
of large number of different types of white blood 

6
cells.  Clinical and laboratory evidence has indicated 
that in some COVID-19 patients this immune 
response is dis-regulated and kept on getting sever 
with production of large number of cytokines resul-

9
ting cytokine storming in body.  This cytokine 
storming causes many adverse effects and causes 

10
multiple disorders  ranging from pneumonia, liver 
cirrhosis, kidney failure, cardiac arrest and neural 
dysfunction (Figure 1).
Progression  
 On contraction of COVID19, it travels down the 
respiratory tract and settles in alveoli and kept on 
multiplying in cells. This damage of cells release 
cytokines and when cell bursts it will release viral 
DNA which is received by antigen presenting (APCs) 

11,12
dendritic cells.  As a result IgM and IgG antibodies 
are produce. Our humoral and cellular immune 
response become active and release inflammatory 

6,13cytokines.  Though it is a normal immune response 
by our body but in some COVID-19 patients it leads 
to a power full immune attack on body that begins in 
lungs and then spread to rest of the body. These 
immune responses cause production of large number 
of pro-inflammatory cytokines (IL6, TNFα and CSF) 
resulting in lung edema, acute respiratory distress 
syndrome and secondary bacterial infections. T-cells 
and natural killer cells are main contributors in 

14cytokine storming.  It can result in many compli-
cation Figure 1.  High levels of TNFα and IL6 will 
gradually cause multiple organ failure these cyto-

15
kines are detected in blood of COVID-19 patients.
Diagnosis 
There are no specific tests for the prediction of 
cytokine storming but some of the following tests 
might be help full and can save many lives Table1.
Treatment 
At present various drugs are being used in Rando-
mized Clinical Trials (RCT) but results vary in 
different studies. One study revealed that treatment 
with lopinavir/ritonavir antivirals during early prog-
ression of disease can reduce risk of severity of 

24disease.  chloroquine and hydroxychloroquine were 
also giving to patients during RCT as there effect as 
suppressor of TNFα and IL6 is well established but 

25
later studies did not support these early findings  
Tocilizumab, is an already approved recombinant 
humanized anti-human IL6 receptors monoclonal 
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Table 1:  Diagnostic tests as predictors of COVID-19 infection

Sr. no Test Level normal (ng/ml) Level In CS (ng/ml) Cause Reference

1. Ferritin 10-300 male

10-150 female

1000s Pro-inflammatory

signals

Early marker

16,17,18

2. Cytokine 

Reactive 

Proteins

3 10 Response to IL6

by liver

19,20,21

3. D-Dimer ≤250 3-4 times Pro-inflammatory

Signals

22,23

antibody for treatment of rheumatoid arthritis. In 
RCT tocilizumab has shown positive results in supp-

24,26ressing pro-inflammatory response of body.  In 
another study human IgG monoclonal antibodies are 
also used as it effectively binds with soluble and 

27
membrane bound IL6.  All these treatments mainly 
work as immune suppressors. In countries like India 
and Pakistan hospital environment is not germ free 
and patients with low immunity will be highly vulner-
able to catch other diseases.

Mortality
There are 6,047,501 confirmed cases of COVID-19 
have been reported so far. Out of these cases, there are 
30, 39,072 closed cases with a mortality rate of 12% 

28with 367,149 deaths.  In India there are 169,114 
confirmed cases out these 86422 are active cases and 
82,692 are cured so far. 4971 patients had lost their 

29lives in battle against COVID-19.  Similarly in 
Pakistan there are 66457 confirmed cases out of 
which 24131 have recovered and 1395 have lost their 

3,30
lives.  In both countries India and Pakistan a similar 
pattern is observed with low mortality rate of 6% and 
5% respectively as compared to overall mortality rate 

3of 12%.  This rate can be further lowered by using 
early biomarkers of cytokine storming and using 
appropriate treatment.
Conclusions 
Fragile health care system of developing countries 
like India and Pakistan cannot bear the burden of 
critically ill patients. All studies across the globe 
indicated a link between COVID-19 related compli-
cations and CS. Government should invest to equip 
health sector for detection of early bio markers for 
CS. This early evaluation can reduce burden on 
Intensive Care Units in hospitals and save many lives. 

Figure 1: Progression of Cytokine Storming in COVID-19 Patients and Medical Complications Associated with it
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