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Abstract
The pandemic caused by severe acute respiratory syndrome coronavirus 2 and the related disorder i.e. “coronavirus disease 2019” 
(COVID-19) has encouraged researchers to unravel the molecular mechanism of disease severity. Several lines of evidence sup-
port the impact of “cytokine storm” in the pathogenesis of severe forms of the disorder. We aimed to assess expression levels of 
nine cytokine coding genes in COVID-19 patients admitted in a hospital. We collected clinical data of patients from their medical 
reports. Then, we assessed expression of genes using real-time PCR. Expression levels of IFN-G, IL-2, IL-4, IL-6, IL-17, TGF-B, 
IL-8, and IL-1B were significantly higher in COVID-19 patients compared with healthy controls and in both female and male 
patients compared with sex-matched controls. However, expression level of TNF-A was not different between COVID-19 patients 
and healthy controls. Expression of none of these cytokines was different between ICU-admitted patients and other patients except 
for IL-6 whose expression was lower in the former group compared with the latter (ratio of means = 0.33, P value = 4.82E-02). 
Then, we assessed diagnostic power of cytokine coding genes in differentiating between COVID-19 patients and controls. The 
area under curve (AUC​) values ranged from 0.94 for IFN-G to 1.0 for IL-2 and IL-1B. After combining the transcript levels of 
all cytokines, AUC​, sensitivity, and specificity values reached 100%, 100%, and 99%, respectively. For differentiation between 
ICU-admitted patients and other patients, IL-4 with AUC​ value of 0.68 had the best diagnostic power among cytokine coding 
genes. Expression of none of cytokine coding genes was correlated with the available clinical/demographic data including age, 
gender, ICU admission, or erythrocyte sedimentation rate (ESR)/C-reactive protein (CRP) levels. This study provides further 
evidence for contribution of “cytokine storm” in the pathobiology of moderate/severe forms of COVID-19.
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Introduction

“Severe acute respiratory syndrome coronavirus 2” 
(SARS-CoV-2) has been shown to cause “coronavirus 
disease 2019” (COVID-19) (Ghafouri-Fard et al. 2020a, 

b). This disorder has led to catastrophic events all over 
the world. Several lines of evidence support the role of 
“cytokine storm” in the pathogenesis of severe forms of 
the disorder (Tang et al. 2020; Ghafouri-Fard et al. 2020a). 
This term is described as induction of a cascade of 
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auto-augmenting cytokine secretion resulting from uncon-
trolled host immune reaction to certain immune stimula-
tors (Tang et al. 2020). A number of recent investigations 
have demonstrated elevated levels of pro-inflammatory 
cytokines in the critically ill COVID-19 patients com-
pared with moderately ill ones (Tang et al.  2020; Qin 
et al. 2020). Induction of immune responses during the 
course of COVID-19 has been shown to result in the over-
production of enormous quantities of inflammatory pro-
teins, eventually leading to organ damage (Yarmohammadi 
et al. 2020). Upregulation of pro-inflammatory cytokines 
such as IL-6, IL-1β, IL-18, and TNF-α in addition to 
their downstream molecules has been reported in these 
patients (Qin et al. 2020; Perricone et al. 2020). More-
over, dysregulation of a number of other inflammatory 
molecules such as IL-2, IL-7, IL-10, and IFN-γ has been 
associated with COVID-19 (Ky and Mann 2020). Totally, 
many studies have shown the important impact of IL-6, 
IFN-γ, and TNF-α in the pathobiology of this condition 
and related organ damage (Yarmohammadi et al. 2020). 
Thus, identification of these inflammatory reactions has 
significance in the treatment of patients with COVID-
19 infection (Rana 2020). Based on the diversity of the 
regulatory mechanisms of immune reactions in different 
ethnic groups (Quach et al. 2016), evaluation of cytokine 
production in the context of COVID-19 infection in each 
population would help in the design of appropriated 
therapeutic options. Therefore, in the present study, we 
analyzed expression levels of some cytokines including 
those participating in adaptive immune responses (IL-2 
and IL-4) and pro-inflammatory cytokines (IFN-G, IL-1, 
IL-6, IL-17, and TNF-α) in a population of Iranian patients 
with COVID-19 in comparison with sex-matched healthy 
controls to unravel the importance of cytokine dysregula-
tion in the pathogenesis of this disorder.

Methods

Study Design and Participants

This is a sex-matched case–control study involving 91 
COVID-19 patients (cases) and 96 healthy controls. 
Female/male ratios were 38/53 and 39/57 in cases and 
controls, respectively. The present investigation was 
performed on patients admitted to Nikan Hospital, Teh-
ran, during March 2020 until April 2020. Patients with 
clinical symptoms of COVID-19 were further assessed 
through RT-PCR assay on the obtained nasopharyngeal 
samples. Only those with confirmed molecular diagnosis 
were enrolled in the study. This patient cohort included 

patients with moderate, severe, and very severe disease 
courses (Son et al. 2021). Control samples were obtained 
from healthy individuals without no clinical symptom or 
exposure to the affected individuals. The study protocol 
was approved by ethics committee of Shahid Beheshti 
University of Medical Sciences (IR.SBMU.RETECH.
REC.1399.046). Informed consent was obtained from all 
patients. A complete paraclinical investigation and chest 
CT scans were done for all patients. Hematological tests 
and C-reactive protein (CRP) levels were assessed using 
Beckman Coulter MAXM AL Hematology Flow Cytom-
etry System and latex-enhanced nephelometry systems, 
respectively.

Expression Assays

As the initial step, 3–5 mL of peripheral blood was gath-
ered from all patients and controls. Then, total RNA was 
recovered from these specimens using the GeneAll RNA 
extraction Kit (Seoul, South Korea). Subsequently, total 
RNA was converted to cDNA using the OneStep RT-PCR 
Series Kit (BioFact™, Seoul, South Korea). Expression 
levels of cytokine coding genes were quantified in samples 
obtained from COVID-19 patients and controls using the 
RealQ Plus 2 × Master Mix (Amplicon, Denmark) using the 
transcript levels of HPRT1 gene as normalizer. Reactions 
were performed in duplicate. PCR program consisted of 
10 min initial denaturation at 95 °C, 32 cycles of dena-
turation at 95 °C for 5 s and annealing at 60 °C for 20 s. 
Table 1 displays the features of primers, probes, and ampli-
fied segments.

Statistical Methods

Statistical comparisons were performed using R pro-
gramming language. Transcript quantities of nine 
cytokine coding genes were measured from threshold 
cycle (Ct) and PCR efficiency (amp) values, considering 
HPRT1 as the reference gene. The following formula was 
used: amp

−CTg
g

amp
−CTHPRT1
HPRT1

  where g indicates any of the cytokine 

coding genes. Then, the calculated values were log2 
transformed and used for succeeding analyses. Two com-
parisons were done and the significance of difference in 
mean values between two subgroups was computed using 
the t-test. Expression levels of genes were compared 
between total patients and healthy controls as well as 
between patients who required admission in intensive 
care unit (ICU) and who did not. Receiver operating char-
acteristic (ROC) curves were plotted using Bayesian gen-
eralized linear model, generalized linear model, and lin-
ear discriminant analysis with tenfold cross validation. 

28 Journal of Molecular Neuroscience (2022) 72:27–36



1 3

The linear discriminant analysis (LDA) provided the 
most efficient estimates and in the best setting, the area 
under curve (AUC​) value was 1. Youden’s J statistic was 
employed to find the optimum threshold. LDA was then 
chosen according to the former steps to investigate effi-
ciency of each gene for separating groups. Spearman cor-
relation coefficients were employed to assess the associa-
tion between patients’ information and transcript levels. 
To compute correlation between categorical and continu-
ous variables, point biserial correlation coefficient was 
used. For all statistical tests, the level of significance was 
set at P value < 0.05.

Results

The mean age (standard deviation) of the patients was 
57.17 (16.90) years. Controls were matched with cases 
in their age (mean ± standard deviation = 56.25 ± 15.86). 
Among the admitted patients, 37 patients (40.6%) were 

admitted in the ICU. Table 2 shows the paraclinical param-
eters of the COVID-19 group.

Table 1   Information of 
primers, probes, and amplicons 
(Eftekharian et al. 2018)

Amplicon length Primer/probe Gene

88 F: AGC​CTA​AGA​TGA​GAG​TTC​ HPRT1
R: CAC​AGA​ACT​AGA​ACA​TTG​ATA​
FAM -CAT​CTG​GAG​TCC​TAT​TGA​CAT​CGC​- TAMRA

163 F: ATA​GCC​TGG​ACT​TTC​CTG​TTGTC​ IL-1B
R: GTG​AGT​AGG​AGA​GGT​GAG​AGAGG​
FAM- ACA​CCA​ATG​CCC​AAC​TGC​CTG​CCT​- TAMRA

109 F: GGG​ATC​TGA​AAC​AAC​ATT​CAT​GTG​ IL-2
R: AGT​CAG​TGT​TGA​GAT​GAT​GCT​TTG​
FAM -TGA​TGA​GAC​AGC​AACCA -TAMRA

88 F: TGC​TGC​CTC​CAA​GAA​CAC​AAC​ IL-4
R: GTC​CTT​CTC​ATG​GTG​GCT​GTAG​
FAM- CCG​GAG​CAC​AGT​CGC​AGC​CCT- TAMRA

160 F: ATG​CAA​TAA​CCA​CCC​CTG​ACC​ IL-6
R: CCA​TGC​TAC​ATT​TGC​CGA​AGAG​
FAM- ACC​ACA​AAT​GCC​AGC​CTG​CTG​ACG​- TAMRA

77 F: CGG​AAG​GAA​CCA​TCT​CAC​TGTG​ IL-8
R: AGA​AAT​CAG​GAA​GGC​TGC​CAAG​
FAM- TGA​CTT​CCA​AGC​TGG​CCG​TGG​CTC​- TAMRA

176 F: CAG​CAA​GAG​ATC​CTG​GTC​CTG​ IL-17
R: GGT​CGG​CTC​TCC​ATA​GTC​TAAC​
FAM-AGC​CTC​CAC​ACT​GCC​CCA​ACT​CCT​-TAMRA

96 F: GGC​AAG​GCT​ATG​TGA​TTA​CAAGG​ IFN-G
R: CAT​CAA​GTG​AAA​TAA​ACA​CAC​AAC​CC
FAM- AGG​GGC​CAA​CTA​GGC​AGC​CAA​CCT​ -TAMRA

101 F: GCT​CCA​CGG​AGA​AGA​ACT​GC TGF-B
R: GTT​GGC​ATG​GTA​GCC​CTT​GG
FAM- CCA​CTT​CCA​GCC​GAG​GTC​CTT​GCG​ -TAMRA

97 F: TCC​ACC​CAT​GTG​CTC​CTC​AC TNF-A
R: TCT​GGC​AGG​GGC​TCT​TGA​TG
FAM- CTA​CCG​AGT​CCG​TGT​CTA​CCA -TAMRA

Table 2   Paraclinical parameters of the COVID-19 group

Parameters Mean Standard deviation

WBC (109/L) 8.119 8.482
RBC (1012/L) 4.681 0.768
HB (g/dL) 12.70451 2.182114
HCT (%) 39.26703 6.595187
MCV (fl) 83.98593 5.702471
MCH (pg) 27.15484 2.330278
MCHC (g/dL) 32.34879 1.372015
PLT (109/L) 210.354 95.216
LYM (%) 21.043 11.323
NEUT (%) 69.098 13.087
ESR (mm/h) 44.131 32.701
CRP (mg/dL) 73.256 69.540
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Expression Assays

Expression levels of IFN-G, IL-2, IL-4, IL-6, IL-17, TGF-
B, IL-8, and IL-1B were significantly higher in COVID-
19 patients compared with controls and in both female 
and male patients compared with sex-matched controls. 
However, expression of none of these cytokines was dif-
ferent between ICU-admitted patients and other patients 
except for IL-6 whose expression was lower in the former 
group compared with the latter (ratio of means = 0.33, 
P value = 4.82E-02). Expression of TNF-A was not dif-
ferent between COVID-19 patients and healthy subjects 
(Table 3).

Figure 1 A graphical representation of relative amounts of 
cytokine coding genes in COVID-19 patients and controls. 
Minimum, maximum, median, first and third quartiles are 
shown.

Expression of none of cytokine coding genes was corre-
lated with the assessed clinical/demographic data including 
age, gender, ICU admission, or CRP/ESR levels (Fig. 2).

Then, we assessed diagnostic power of cytokine coding 
genes in diagnosing between COVID-19 patients and healthy 
controls. AUC​ values ranged from 0.94 for IFN-G to 1.0 for 
IL-2 and IL-1B. After combining the transcript levels of all 
cytokines, AUC​, sensitivity, and specificity values reached 
1.0, 1.0, and 0.99, respectively. For differentiation between 
ICU-admitted patients and other patients, IL-4 with AUC​ value 
of 0.68 had the best diagnostic power among cytokine cod-
ing genes (Table 4). Figures 3 and 4 show the ROC curves 
depicted by three machine learning models and the best fitted 
one, respectively.

Lastly, we measured the correlation between the transcript 
levels of cytokine coding genes among ICU-admitted COVID-
19 patients, non-ICU-admitted COVID-19 patients and healthy 
controls (Fig. 5). In the first group, the most significant cor-
relation was found between TNF-A and TGF-B (r = 0.91, P 
value = 9.37E-15). In non-ICU admitted patients and healthy 
controls, the most significant correlations were demonstrated 
between TNF-A and IFN-G (r = 0.91, P value = 1.30E-21 and 
r = 0.92, P value = 7.90E-41, respectively).

Fig. 1   depicts the relative expression levels of cytokine coding genes in COVID-19 patients and healthy subjects using box plot

31Journal of Molecular Neuroscience (2022) 72:27–36
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Discussion

An essential and continuing mission in COVID-19 inves-
tigations is to find why and how SARS-CoV-2 provokes 
heterogeneous reactions in terms of severity and immu-
nopathology (Buszko et al. 2021). Cytokines have impor-
tant roles in the pathoetiology of COVID-19, resolution 
of the illness, and the effectiveness of antiviral and immu-
nomodulatory agents (Buszko et al. 2021). Meanwhile, 
ethnic factors have been shown to affect susceptibility to 
COVID-19 and outcome of the disorder (Sze et al. 2020). 
Such roles of ethnic-based factors have in determination 
of adverse COVID-19 outcomes have been prominent even 
after adjustment of the sociodemographic and clinical 
parameters (Mathur et al. 2021). We examined expression 
levels of nine cytokine-coding genes among ICU-admitted 
COVID-19 patients, non-ICU-admitted ones, and healthy 
subjects. We detected over-expression of IFN-G, IL-2, 
IL-4, IL-6, IL-17, TGF-B, IL-8, and IL-1B in COVID-
19 patients compared with healthy subjects and in both 
female and male patients compared with sex-matched 
controls. However, expression of none of these cytokines 
was different between ICU-admitted patients and other 
patients except for IL-6 whose expression was lower in 
the former group compared with the latter. Expression of 
TNF-A was not different between COVID-19 patients and 
healthy subjects.

Levels of several cytokines have been assessed in different 
subgroups of COVID-19 patients. For instance, Chen et al. 
have reported remarkable over-expression of IL-2R and IL-6 
in the critically ill COVID-19 patients compared with severe 
and mild groups (Chen et al. 2020b). However, we detected 
a trend toward under-expression of IL-6 in the ICU-admitted 
patients compared with the other group of patients. This find-
ing is not reliable as sex-based comparisons did not verify the 
difference in the expression of this cytokine between ICU-
admitted and non-ICU admitted subjects. Moreover, this find-
ing is in contrast with our previous study which demonstrated 
higher median levels of IL-6 protein in the serum of ICU-
admitted patients (Samsami et al. 2020). However, it is worth 
mentioning that the current study varies with our previous 
study in the terms of applied technique and source of expres-
sion assessment. We recommend assessment of expression 
of IL-6 in larger cohorts of Iranian patients to unravel the 
possible difference in its expression between Iranian patients 
and patients from other populations. In accordance with our 
finding regarding similar levels of TNF-α, IL-1, and IL-8 
cytokines between ICU-admitted and non-ICU-admitted 
COVID-19 patients, Chen et al. did not detect difference in 
the serum levels of among the critical, severe, and moderate 
groups COVID-19 patients (Chen et al. 2020b).

A recent study in Erbil city of Iraq has revealed no signifi-
cant difference in levels of IL-1 and TNF-α between normal 
controls, moderately affected COVID-19 patients, severely 

Fig. 2   Heatmap showing the correlation between expression amounts of cytokine coding genes and clinical/ demographic information among 
COVID-19 patients (red and blue colors indicate positive and negative correlations, respectively with dark colors showing stronger correlations)
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affected COVID-19 patients, and those who recovered from 
this disorder. Nevertheless, authors have detected higher 
concentrations of IL-6 in moderately or severely affected 
COVID-19 cases compared to controls and recovered 
patients. Moreover, recovered patients had lower levels of 
IFN-γ and IL-4 while higher levels of IL-10 compared with 
severely affected cases (Merza et al. 2021).

The observed over-expression of IFN-G in COVID-19 
patients in the current study is in line with the recently 
reported augmented nucleoprotein-induced IFN-γ release 
in these patients (Thijsen et al. 2020). Hu et al. have dem-
onstrated lower probability of lung fibrosis at discharge 
in patients who had higher baseline levels of IFN-γ (Hu 
et al. 2020). Although we did not assess the presence of 
lung fibrosis in the admitted patients, we demonstrated 
similar levels of IFN-G between ICU-admitted and non-
ICU-admitted patients. On the other hand, in a small cohort 
of Chinese patients, severely affected COVID-19 cases 
exhibited lower levels of IFN-γ expression by CD4 + T 
cells compared with moderately affected cases (Chen 
et al. 2020a).

Over-expression of IL-17 in COVID-19 patients has also 
been reported in other populations (Huang et al. 2020). In 
addition, MERS-CoV has been shown to stimulate expres-
sion of this cytokine in humans (Faure et al. 2014). Con-
sistently, Th17 cells have been reported to participate in 
the cytokine storm stimulated by SARS-CoV-2 (Huang 
et al. 2020). Upregulation of IL-17, IL-2, and IL-4 levels has 
also been reported in COVID-19 patients with lung lesions 
(Huang et al. 2020).

Similar levels of TNF-A between three study subgroups 
in the current investigation raise the possibility of ethnic-
based differences in the immunological responses in the 
context of COVID-19 infection, since this cytokine has 
been repeatedly reported to be increased in these patients 
and has been suggested as a target of immune-modulatory 
options (Costela-Ruiz et al. 2020). SARS-CoV-2 has also 
been suggested to activate of IL-1β, which consecutively 
induces other pro-inflammatory cytokines, such as IL-6 
and TNF-α (Costela-Ruiz et al. 2020). However, while we 
detected over-expression of IL-1B and IL-6 in COVID-19 
patients, we could not demonstrate any significant difference 
in the expression of TNF-A.

Then, we measured diagnostic power of cytokine tran-
scripts in diagnosing COVID-19 patients from healthy 
controls. The AUC​ value was the highest for IL-2 and IL-
1B. After combining the transcript levels of all cytokines, 
AUC​, sensitivity, and specificity values reached 100%, 
100%, and 99%, respectively. Therefore, cytokine levels 
can be used for distinguishing disease status of COVID-19 
patients. In spite of suitable diagnostic power of cytokine 
levels for differentiation between total COVID-19 patients 
and healthy subjects, these molecules cannot differentiate Ta
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ICU-admitted patients from non-ICU-admitted patients. 
Besides, expression of none of cytokine coding genes 
was correlated with the assessed clinical/demographic 
data including age, gender, ICU admission, or CRP/ESR 
levels. Lastly, we evaluated the correlation between the 
transcript levels of cytokine coding genes among three 
study subgroups. Patterns of correlation between expres-
sion levels of genes were more similar between non-ICU 
admitted patients and healthy controls, implying the 

altered regulatory mechanisms of cytokines expression in 
severely affected patients.

In summary, we demonstrated altered levels of several 
cytokine coding genes in Iranian patients with COVID-19 
infection. This study provides further evidence for contribu-
tion of “cytokine storm” in the pathogenesis of moderate/
severe forms of COVID-19. We suggest conduction of fur-
ther studies to measure protein levels of these cytokines in 
the serum samples to confirm the results of current study.

Fig. 3   ROC curves depicted by three machine learning models showing the power of cytokine coding genes in in distinguishing between 
COVID-19 patients and healthy controls (A) and between ICU-admitted patients and other patients (B)

Fig. 4   ROC curves depicted by the linear discriminant analysis (LDA), showing the power of cytokine coding genes in in distinguishing between 
COVID-19 patients and healthy controls (A) and between ICU-admitted patients and other patients (B)
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