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Abstract—Mortality in COVID-19 patients is related to the 

presence of a “cytokine storm” induced by the virus. Most 
patients developed mild symptoms, whereas some patients 
develop severe disease. Predicting the course of disease is 
necessary to mitigate or prevent COVID-19 disease severity. 
Carefully monitoring specific cytokines during the 
management of COVID-19 patients might improve patients’ 
survival rates and reduce mortality from COVID-19. For 
example, IL-6 levels in patients with COVID-19 had been 
considered a relevant parameter in predicting the most severe 
course of the disease.  

   The purpose of this study is to investigate whether a 
patient’s cytokine levels would predict the course of disease, 
and to describe the characteristic differences in cytokine levels 
between patients with no symptoms and those with severe 
disease. 

   We applied a probabilistic method, naive Bayes classifier, 
to RNA-sequencing data extracted from GEO with the 
accession number GSE178967. We predicted a patient’s disease 
course, i.e. either deterioration or improvement, and calculated 
the comprehensive accuracy of our prediction. 

   There were characteristic cytokine level patterns 
preceding a severe state of disease. Some important cytokines 
were identified other than IL-6 and IL-17, which are already 
known as key cytokines associated with a cytokine storm.  

   Our methodology shows that the systematic observation of 
cytokine levels in patients with COVID-19 can yield important 
information in predicting the most severe course of disease and 
thus the need for appropriate and intensive care. 
 

Index Terms—COVID-19, SARS-CoV-2, cytokine storms, 
IL-6, IL-17, IL-16.  

I. INTRODUCTION 
COVID-19 continuously causes a serious threat to public 
health, thus there is an urgent need to identify biomarkers 
for disease severity. Excessive production of inflammatory 
cytokines might aggravate ARDS (acute respiratory distress 
syndrome), resulting in widespread tissue damage and 
multi-organ failure. If we can predict the course of disease 
among patients with COVID-19, appropriate intensive care 
may improve survival rates. 

  Network of cytokines of COVID-19 patients is complex 
[1], but could be a relevant parameter in predicting most 
severe course of disease. For example, the increasing IL-6 
levels in patients with COVID-19 was considered as a 
parameter in predicting most severe course of disease [2]. 
More systematic observation of cytokine levels during the 
management of COVID-19 patients may contribute to 
improve survival rates and reduce mortality. 

  We executed a Naive Bayes classification method to the 
RNA-sequencing data extracted from GEO with the 
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accession number GSE178967. In the data of GSE178967, 
most patients with SARS-CoV-2 infection developed mild 
symptoms, whereas some patients later developed severe 
disease symptoms. We performed a comprehensive use of 
Naive Bayes classification method to these data. Since the 
number of samples from patients with severe disease was 
limited, our method was executed through the random and 
comprehensive use of samples. The method selected enabled 
us to predict whether a patient would deteriorate or improve. 
We calculated the accuracy of prediction of the severe 
course of disease.  

  We then described characteristic features of cytokine 
production levels for each severity level, and found some 
patterns of cytokine levels led to a severe state of disease. 
Although IL-6 and IL-17 had been linked to cytokine storm, 
we identified other cytokines as key factors that could 
distinguish the difference of disease severity states. 

  Therefore, our method could predict whether a patient 
would get severe disease or not. The systematic observation 
of cytokine levels in patients with COVID-19 may yield 
important information in predicting the most severe course 
of disease, and thus facilitate availing the most appropriate 
care. 

II. METHODS 
The RNA-sequencing data was extracted from GEO under 
the accession number GSE178967. The data was supplied 
by [3]. They performed a randomized clinical trial of 
Pegylated PegIinterferon Lambda for the treatment of 
SARS-CoV-2 infected patients conducted in the Stanford 
COVID-19 CTRU. They recruited a total of 108 patients 
between the ages of 18 to 75 years who tested PCR positive 
for SARS-CoV-2. The patients were treated and nursed at 
their first visit (called “day 0”). The study team conducted 
follow-up visits on Day 1, 3, 5, 7, 10, 14, 21, and 28, where 
they also collected oropharyngeal swabs for SARS-CoV-2 
testing. RNA-sequencing assays were done using blood 
samples collected on day 0 and day 5 following enrollment. 
The day 0 and day 5 RNA expression data was listed in 
CEO. 
  We applied a naive Bayes classifier to predict whether a 
patient infected with COVID-19 will take a course to a 
severe state or not. A naive Bayes classifier is originally a 
method for classifying or distinguishing several categories. 
It is a simple probabilistic method based on the application 
of Bayes’ theorem with an independence assumption of 
variables [4, 5, 1,6].  
  Let X=(X1, . . . , Xn) be an array of random variables 
denoting observed attribute values (e.g. levels of expression 
of cytokines) and C be a random variable denoting the class 
of an instance (e.g. severe, moderate, asymptomatic). Thus 
C is a particular class label and X = (X1,...,Xn) is a particular 
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observed attribute value. To simplify the calculation 
problem, the following independence condition is normally 
assumed: the attributes X1, . . . , Xn are all conditionally 
independent of each other given C. This assumption 
dramatically simplifies the representation of the conditional 
probability P(X | C) and the problem of estimating it from 
the training data. 
   Given a vector of observed values for the predictive 
attributes X=(X1, . . . , Xn), the probability P(C | X) of a class 
C can be calculated using the Bayes' theorem: 

𝑃 𝐶|𝑋 =
𝑃 𝐶 𝑃 𝑋|𝐶

𝑃 𝑋
 

   As the attributes are assumed conditionally independent, 
the following equation holds: 

𝑃 𝑋|𝐶 = 𝑃(𝑋!|𝐶)
!

 

Therefore, we obtain the following: 

𝑃 𝐶|𝑋!,⋯ ,𝑋! =
𝑃 𝐶 𝑃 𝑋!|𝐶 ⋯𝑃 𝑋!|𝐶

𝑃 𝑋!,⋯ ,𝑋!
 

  In this work, we set X as an array of the expression levels 
of cytokines. The variable C is defined as one of three 
classes of “severe”, “moderate”, and “asymptomatic”. 
The above equation means that if we are given the array of 
observed values of expressions of cytokines, then the 
probability of having severe (or moderate, asymptomatic) 
disease can be predicted by the above equation. 
 

III. RESULTS 
 
 We attempted to predict the course of SARS-CoV-2 
infection, using a stochastic method, i.e., Bayes 
Classification Method. We first calculated the probability 
that a patients might later develop symptoms among one of 
three states of severity, i.e., “Severe”, “Moderate” and 
“Asymptomatic”. Secondly, we described the profiles of 
levels of cytokines, that could predict the course of disease. 
  We extracted data regarding patients’ symptoms from the 
file "GSE178967_series_matrix.txt" with GEO accession 
number GSE178967 described using the three states, 
“Asymtomatic”, “Moderate” and “Severe”. The RNA 
expression data was extracted from the file 
“GSE178967_RNAseq_counts.csv” with the same GEO 
accession number. 
  The expression data consisted of RNA-sequencing assays 
using blood samples collected on day 0 and day 5 following 
enrollment.  We used data named by L_***_00 or 
L_***_05 , which were deduced from blood samples 
collected on day 0 or day 5 respectively. 
  Data at day 0 was a set of 105 samples of 35587 
expressions of RNA, forming a matrix of 105 rows and 
35587 columns. The severities were grouped into 7 
asymptomatic, 90 moderate, 8 severe. Each of the samples 
were named “L_***_00. We restricted the columns (i.e., 
expression data) to interleukins and chemokines, excluding 
those with very low expression. 
 
  For the Bayes classification method, it is necessary to 
select two groups from samples, the train data and the test 
data. The train data is used to make a prediction model, and 
the test data is to calculate the precision of prediction. To 
proceed with this method, we attempted three scenarios 
namely (a), (b) and (c):  

(a) We took all the data as train data and we considered all 
the states of severity (asymptomatic, moderate and severe). 
This means that we used all samples and all classes of 
symptoms. 
(b) We took all the data as train data, and restricted the 
severity to two classes, asymptomatic and severe.  
(c) We randomly and comprehensively identified train data 
and test data, and calculated the mean of all the precision 
numbers. 
  The scenario in (c) was the most relevant because the 
majority of samples belonged to patients with moderate 
disease with a limited number of patients with either severe 
disease states. Therefore, we used a comprehensive method 
that randomly selected patients with both severe and 
asymptomatic states. We randomly selected 2 samples from 
7 patients with severe disease and 2 samples from 8 patients 
with asymptomatic states for the test data. All the remaining 
samples were used for the train data. 
  The predictive probability was calculated for all these 
scenarios, and the following results was obtained:  

(a)0.62,  (b)0.87,  (c)0.71. 
The result from the scenario (c) represented that our 
preferred prediction method would be useful in predicting 
the course of disease. 
  We then extracted the cytokine profiles to evaluate the 
course to disease. For this purpose, we compared expression 
levels on day 0 (files L_***_00,) to that on day 5 (files 
L_***_05) for different interleukins and chemokines, using 
the method of Log2FC. From this method, we observed an 
increase and a decrease in expression with time as shown in 
Fig.1.  
 
Figure 1.  Changes of logFC of cytokines between 00 (the 
first day) and 05 (after five days) calculated for each group 
of severe and moderate severity. 
 

 
 
   Fig.1 shows that the cytokines, CXCL5, CXCL1, CXCR2, 
IL13, IL6, IL16, IL17 were highly expressed in patients 
with severe disease than in patients with moderate disease. 
Here, IL6 and IL17 are well-known cytokines that play a 
key role in cytokine storms [7,8]. CXCL1, CXCL5, IL17, 
CXCR2 are related to each other. CXCL1, CXCL5 are 
ligands that combine with receptors CXCR2 in neutrophils 
and macrophage. CXCL5 is related to IL17 in a therapy to 
decrease joint vascularization [9]. 
  We then investigated the difference in RNA expression 
between patients with severe disease and asymptomatic 
patients on day 0 to describe the features of severe disease 
state. Fig.2 shows the result of our investigation 
 

-1
.0

-0
.5

0.
0

0.
5

1.
0

ge
ne
_e
x

Severe
Moderate

logFC for　Severe and Moderate

IL
1
IL
2
IL
4
IL
6
IL
7

IL
10
IL
12
IL
13
IL
15
IL
16
IL
17
IL
18
IL
21
IL
27
IL
32

CX
CR
6

CC
R3

CC
R1

CC
R2

CC
R5

CC
L5

CC
L2
8

CX
CL
16

CC
R4

CX
CL
5

CC
R7

CX
CR
4

CX
CL
8

CX
CL
1

CX
CL
10

CX
CR
5

CC
R6

CX
CR
2

CX
CR
1

CX
CR
2P
1



International Journal of Engineering and Applied Sciences (IJEAS) 
ISSN: 2394-3661, Volume-10, Issue-2, February 2023                                                

                                                              www.ijeas.org 

 

9 

 Figure 2.  Comparison of cytokines between severe and 
asymptomatic at day 0 (the first day). 
 

 
 
To visualize the profiles of cytokines more clearly we 
examined the differences in basic cytokines on day 0 
between patients with severe disease and asymptomatic 
patients. We then illustrated our results using a “radar 
graph” as shown in Fig.3.  
 
Figure 3.  Profiles of cytokines on day 0 (the first day) for 
each group of severe and asymptomatic severity. 
 

                 
 
   In Fig.3, we observed that the prominent cytokines, 
CXCR2, CXCR1, CCR1 were higher among patients with 
severe disease when compared to asymptomatic patients. 
Remarkably, IL16 is decreasing among patients with severe 
disease, as subsequently presented in the discussion section. 
Since IL-7 expression changes intermittently [10], IL-7 may 
not be a useful parameter to monitor disease progression. 

IV. DISCUSSION 
If we are given a list of a patient’s DNA (or RNA) 
expression levels of cytokines of a patient, can we tell 
whether the disease will proceed to a severe state or remain 
in an asymptomatic state? In other words, is it possible to 
predict a patient’s severity? We answered this question by 
applying Bayes classification method to patients’ cytokine 
expressions in the results’ section. 
  We then described the characteristic features of cytokine 
levels associated with varying levels of severity, and 
identified some cytokines that played an important role in 
disease severity. Patients with severe disease had higher 
IL-6 expression than those with moderate disease (Fig.1). 

IL-17 was the most prominently expressed cytokine in Fig.1 
and Fig.2. Both IL-6 and IL-17 were key cytokines in 
cytokine storms [7,8]. IL-6 is mainly involved in acute 
inflammation due to its role in regulating the acute phase 
response [11]. IL-6 could possibly be involved in the disease 
exacerbation and potential therapeutic approaches could be 
based on anti-IL-6 biologics [12]. IL-17 inhibitor has been 
used as a specific treatment for patients with severe 
COVID-19 pneumonia to control Th17 cell activation [13]. 
High Levels of IL-17 have also been observed in patients 
with Rheumatoid Arthritis [8]. IL17 generally enhances the 
expression of IL-1、IL-6、IL-8、IL-21、TNF-β、and 
MCP-1, and plays a key role in inducing cytokine storms. 
  CXCL1, CXCL5, CXCR2, were also highly expressed in 
patients with severe disease as shown in Fig.1 and Fig.2. 
These cytokines also played an important role in 
recognizing the deterioration of Covid-19 in Fig.3. CXCL1, 
CXCL5 are ligands that combine with the receptors CXCR2 
in neutrophils and macrophages. The release of 
proinflammatory chemokines CXCL5 was elicited by the 
attenuation of ACE2, and lung inflammation-induced injury 
was exaggerated in the mouse lung [14]. Anti-CXCL5 
therapy improved IL-17-induced arthritis by decreasing joint 
vascularization [9]. 
  CCR1 and CXCR1 are highly expressed in Fig1 and Fig.2, 
and were also prominent in Fig.3. The ligands of theses 
receptors include CCL3, CCL5, CCL7, and CCL23. They 
are critical in the recruitment of effector immune cells 
(monocytes or neutrophils) to the exact sites of 
inflammation. It is also known that the chemokine receptor 
CCR1 is a potential target for the treatment of rheumatoid 
arthritis [15]. CCR1 plays a key role in changing the 
structure of the cytokine network [15]. CXCL1, CXCL5 are 
ligands that are combined with receptors CXCR2 in 
neutrophils and macrophage.  
  A distinct difference in cytokine profiles was noted 
between patients with severe disease and asymptomatic 
patients at day 0 in Fig.3. CXCR2, CXCR1, CCR1 were 
highly expressed in patients with severe disease, whereas 
IL-16 was less expressed in patients with severe disease.  
   IL-16 is an eminent cytokine in Fig.3 and has a very 
interesting role in HIV disease. Fig.3 shows that the 
production of IL-16 drops in the group of patients with 
severe disease. Since IL-16 enhances the IL-17 cascade, this 
observation appears very contradictory. On the other hand, 
IL-16 inhibits HIV replication [16,17]. They reported that 
IL-16 inhibited human immunodeficiency virus replication 
in cells from infected subjects and serum IL-16 levels 
decreased with disease progression [16]. Our observation of 
decreased IL-16 levels is like that seen during the 
progression of HIV disease [16,17]. 

V. CONCLUSION 
Features of cytokine production could be a relevant 
parameters in predicting most severe course of disease and 
the need for intensive care. Predicting the course of disease 
is stochastically possible from the information regarding a 
profile of DNA(or RNA) expression levels of cytokines. The 
described pattern could serve as an effective profile in 
predicting a severe course of disease. The present study 
suggests that CXCR2, CXCR1, CCR1, IL-16 may also play 
a role in changing the cytokine network, and further 

-1
00
0
0

10
00

30
00

di
ffs

Diffs : Severe  - Asymptomatic 

IL
2
IL
4
IL
6
IL
7

IL
10
IL
16
IL
17
IL
18
IL
21
IL
32

CC
R1

CC
L5

CC
R7

CX
CL
10

CX
CR
2

CX
CR
1

CX
CR
2P
1

0 
5000 

10000 
15000 

IL1 
IL2 

IL4 
IL6 
IL7 
IL10 

IL16 
IL17 

IL18 
IL21 

IL32 
CCR1 

CCL5 
CCR7 

CXCL1
CXCR2 

CXCR1 
CXCR2



Cytokine production profiles can predict COVID-19 severity 

                                                                                                                                                                            www.ijeas.org 10 

intensive investigation of cytokine levels is necessary for the 
management of patients with COVID-19. 
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