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Abstract: Cytokine storm is a main complication in the hospitalized patients, who are infected with the novel coro-
navirus (COVID-19). The pro-inflammatory cytokines are the main causes of the cytokine storm, however, the roles 
played by IL-17A, IL-23 and CCL3 are yet to be clarified completely. This prospective study was aimed to explore 
serum levels of these cytokines in the hospitalized patients infected by COVID-19. Serum levels of IL-17A, IL-23 and 
CCL3 were measured in 30 COVID-19 infected patients in parallel with 30 healthy controls using ELISA technique. 
Although serum levels of IL-17A, IL-23 and CCL3 did not alter in the patients in comparison to healthy controls, male 
patients had higher serum levels of IL-23 than women. Hypertension, type 2 diabetes, lung involvement and age did 
not affect serum levels of IL-17A, IL-23 and CCL3 in the patients. It appears that IL-17A, IL-23 and CCL3 do not par-
ticipate in the pro-inflammatory responses in Iranian hospitalized COVID-19 infected patients. However, the gender 
can be considered as a risk factor for production of more IL-23, which needs to be explored further. 
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Introduction

The recent pandemic coronavirus (COVID-19) is 
associated with increased morbidity and mor-
tality [1]. The infection can induce wide ranges 
of symptoms and can affect several tissues, 
including the lungs, liver, kidney and cardiovas-
cular system [1]. Lethal inflammation is a main 
mechanism used by the virus to induce the 
complications, which are triggered by cytokine 
storm [2]. The resoles played by some well-
known innate immunity cytokines, such as  
IL-6 and tumor necrosis factor-alpha (TNF-α),  
in the pathogenesis of COVID-19 have been 
documented by several investigations [3, 4]. 
However, the roles of adaptive immunity in  
the pathogenesis of COVID-19 are yet to be 
clarified. 

IL-17A is a main adaptive immune cytokine that 
is produced by T helper-17 (Th17) and plays key 

roles against bacteria and fungi infections. The 
cytokine is a main responsible molecule partici-
pates in the pathogenesis of pro-inflammatory-
related disorders, including autoimmunity and 
type 4 hypersensitivity [5]. Therefore, the cyto-
kine and other cytokine related to production  
of IL-17A can be considered as the risk factors 
for development of some COVID-19-related  
pro-inflammatory complications. This cytokine 
categorized as a pro-inflammatory molecule, 
because of its roles in the development of Th17 
and activations of memory T cells, natural killer 
T cells, monocytes, and dendritic cells (DCs) [6]. 
Therefore, IL-17A and its related cytokine, IL-23, 
can be risk factors for the hospitalized patients, 
who are infected by COVID-19. 

Additionally, CCL3, which is known also as mac-
rophage inflammatory protein 1-alpha (MIP-1-
alpha), is categorized as a chemokine; the cyto-
kines participate in chemotaxis and activation 
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of immune cells. The chemokine is a main 
responsible molecule in the proinflammatory 
responses against viral infections [7, 8]. 

Due to the inflammatory-based functions of 
IL-17A, IL-23 and CCL3 during viral infections, 
this project was designed to explore the serum 
levels of the cytokines in the hospitalized 
COVID-19 infected patients. In this project the 
effects of gender, lung involvement and age on 
the serum levels of IL-17A, IL-23 and CCL3 have 
also been evaluated. 

Material and methods

Subjects

This prospective study was performed on 30 
hospitalized COVID-19 infected patients (12 
males and 18 females) and 30 healthy controls 
(14 males and 16 females), which were mat- 
ched regarding age (P = 0.939) and sex (P = 
0.195) with the patients. Accordingly, the mean 
age of COVID-19 infected patients and healthy 
controls were 62.40 ± 3.733 and 57.50 ±  
3.61 years old, respectively. The patients were 
selected from the Ali-Ibn Abi-Talib Hospital, 
Rafsanjan, Iran, with a positive quantitative 
PCR test for COVID-19. The patients with sev- 
ere COVID-19 were entered to the study, who 
have the following symptoms: 1. Respiratory 
distress; over 20 breaths per minute, 2. Blood 
oxygen level less than 90%, 3. Need for intuba-
tion, and 4. More than 50% lung involvement) 
[9]. The patients with allergy, infectivity with 
other viruses and bacteria, autoimmunity, 
smoking, opium consuming and receiving 
immune suppressor drugs were excluded from 
the study. The blood samples were collected in 
pre-coated anti-coagulant agents (Ethylene- 
diaminetetraacetic acid (EDTA)) tubes at the 
start of hospitalization and before starting the 
drug administration. The informed consent 
form was signed by the participants prior enter 
into the project and the project protocol was 
approved by the local ethical committee (IR.
RUMS.REC.1399.015).

Evaluation of IL-17A, IL-23 and CCL3 serum 
levels

Serum levels of IL-17A, IL-23 and CCL3 were 
measured using commercial kits from Karmania 
Pars gene Company, Kerman, Iran. Briefly, 100 
mL serum in parallel with the standards was 
added to the pre-coated plates and after 1 

hour incubation, the vials were washed and 
then detection antibodies were added. After 1 
hour incubation, the plates were washed and 
then HRP-avidin were added and incubated for 
30 minutes. After 5 times washing, the sub-
strate was added and after 15 minutes the 
reactions were stopped using stopping solu-
tion. The optical densities (ODs) of the vials 
were measured using a BMP ELISA reader.  

COVID-19 RNA extraction and real-time PCR 
condition

COVID-19 RNA was purified using a commercial 
kit (Symbiolab Co., Mashhad, Iran). The extract-
ed viral-RNA was evaluated using a one- 
step COVID-19 detection kit (Pishtaz Teb Co., 
Tehran, Iran). The kit has evaluated 3 genes of 
COVID-19, including nucleocapsid (N), RNA-
dependent RNA polymerase (RdRp) and enve-
lope (E) genes, simultaneously. 

Evaluation of blood oxygen, blood urea nitro-
gen, creatinine and white blood cell counts

Blood oxygen (BO) saturation was evaluated 
with a portable pulse-oximeter (BCI 3301@, 
Rockwood Drive, Waukesha, WI, USA). Blood 
urea nitrogen (BUN) and creatinine (Cr) were 
measured using the commercial kits from Man 
Company (Tehran, Iran) in the BS-400 Mindray 
instrument and also white blood cell (WBC) 
counts were determined employing a BS-5800 
Mindray Coulter Counter (Shenzhen, China).

Statistical analysis

Using SPSS software version 16 (Kolmogorov 
Smirnov test) showed normal distribution of 
data. So, the parametric tests were used for 
data analysis. Thus, the differences between 
healthy controls and COVID-19 infected 
patients, men and women, the patients with 
and without patchy consolidations and ground 
glass opacities and the patients with and with-
out type 2 diabetes were explored using inde-
pendent student t test. The Pearson correlation 
test was used to calculate correlations among 
serum levels of IL-17A, IL-23 and CCL3 with BO, 
BUN, Cr, WBC counts and age were explored in 
the patients suffering from COVID-19.

Results

The results showed that serum levels of IL-17A 
(P = 0.650), IL-23 (P = 0.414) and CCL3 (P = 
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0.931) were not different between the COVID-
19 infected patients and healthy controls. 
Accordingly, Figure 1 illustrates the raw con-
centrations of the cytokines (Figure 1). 

Serum levels of IL-23 (P = 0.050) were higher in 
the COVID-19 infected men patients when com-
pared to women. However, serum levels of 

revealed that there were no significant correla-
tions between serum levels of IL-17A, IL-23 and 
CCL3 with BO, BUN, Cr, age and WBC counts.

Discussion

COVID-19 is a virus containing RNA can be rec-
ognized by several innate immune cell recep-

Figure 1. Serum levels of IL-17A, 
IL-23 and CCL3 in the COVID-19 
infected patients and healthy con-
trols. The figure shows that serum 
levels of IL-17A (P = 0.650), IL-23 
(P = 0.414) and CCL3 (P = 0.931) 
were not different between the 
COVID-19 infected patients and 
healthy controls. 

Table 1. Serum levels of IL-17A, IL-23 and CCL3 in the men versus 
women patients infected with COVID-19 and various statuses of 
hypertension and type 2 diabetes
Variables Mean ± SE P value
Gender IL-17A Men 775.68 ± 152.45 0.523

Women 901.26 ± 119.48
IL-23 Men 314.21 ± 32.47 0.050

Women 253.69 ± 13.16
CCL3 Men 29.11 ± 3.44 0.242

Women 24.48 ± 2.18
Hypertension IL-17A Yes 850.00 ± 183.94 0.990

No 846.48 ± 104.35
IL-23 Yes 235.08 ± 14.70 0.168

No 290.34 ± 17.99
CCL3 Yes 25.50 ± 2.11 0.889

No 26.18 ± 2.21
Type 2 diabetes IL-17A Yes 491.55 ± 149.52 0.147

No 894.50 ± 98.10
IL-23 Yes 286.75 ± 53.62 0.879

No 279.41 ± 16.23
CCL3 Yes 22.06 ± 5.00 0.428

No 26.61 ± 1.98

IL-17A (P = 0.523) and CCL3  
(P = 0.242) were not signifi-
cantly different in the men 
and women COVID-19 infect-
ed patients. Table 1 illustrates 
the data in details. 

Statistical analysis showed 
that hypertension and type 2 
diabetes did not change the 
serum levels of IL-17A (P = 
0.523), IL-23 (P = 0.523) and 
CCL3 (P = 0.242) in the COV- 
ID-19 infected patients (Table 
1).

The statistical analysis sh- 
owed that serum levels of 
IL-23 were significantly higher 
in the men when compared  
to women patients. However, 
hypertension and type 2 dia-
betes did not change serum 
levels of IL-17A, IL-23 and 
CCL3 in the patients. Serum 
levels of IL-17A (P = 0.645), 
IL-23 (P = 0.357) and CCL3 (P 
= 0.472) were not different 
between men when compared 
to women in the healthy 
controls.

Serum levels of IL-17A (P = 
0.229), IL-23 (P = 0.877) and 
CCL3 (P = 0.920) in the 
patients with and without 
patchy consolidations and 
ground glass opacities, by 
using CT scan technique, we- 
re not different significantly 
(Figure 2).

Table 2 illustrates the correla-
tions among serum levels of 
IL-17A, IL-23 and CCL3 with 
BO, BUN, Cr, age and WBC 
counts in the COVID-19 infect-
ed patients. Data analysis 
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tors, which are the main source of IL-23 [10]. 
The results demonstrated that, although IL-23 
serum levels were not changed between 
patients and healthy controls, it was significant-
ly higher in men when compared to women 
COVID-19 infected patients. Previous studies 
demonstrated that male patients had higher 
inflammatory molecules and higher rates of 
hospitalization when compared to females  
[11]. Due to the results that revealed that men 
and women were not different regarding the 
serum levels of IL-23, it may be concluded that 
male patients may show more inflammatory 
responses in dependent of IL-23 in the COVID-
19 infected patients. Accordingly, it appears 
that gender may be a potential risk factor for 

and colleagues [15]. IL-23 plays several roles in 
immune responses, including activation and 
maintenance of T helper 17 (Th17) cells, activa-
tion of natural killer cells (NK cells) and prolif-
eration of memory T cells [16, 17]. Due to our 
results, IL-17A were not different between men 
and women patients. It appears that increased 
IL-23 in the men did not affect Th17 functions 
and it may induce some pro-inflammatory 
responses independent of IL-17A. Although 
some investigations proved the potential roles 
played by IL-17A in the pathogenesis of COVID-
19 [18, 19], our results demonstrated that the 
cytokine serum levels were not increased in  
the COVID-19 infected patients. Additionally, 
age and severity of lung involvement have not 
also affected serum levels of IL-17A in our 
patients, and it may be related to different eth-
nic population. However, due to our results, it 
may be hypothesized that IL-23/IL-17A axis do 
not play key roles in the pathogenesis of COVID-
19 in the Iranian patients.

CCL3 serum levels did not change also between 
the groups and also did not change between 
men and women and the patients with and 
without patchy consolidations and ground glass 
opacities. Therefore, it appears that CCL3 does 
not involve in immune responses against 
COVID-19. 

Due to the fact that serum levels of IL-17A, IL-23 
and CCL3 did not change between COVID-19 
infected patients with and without type 2 diabe-
tes, it may be concluded that type 2 diabetes 

Figure 2. Serum levels of IL-17A, IL-
23 and CCL3 in the patients with 
and without patchy consolidations 
and ground glass opacities using 
CT scan. The figure illustrates that 
the differences regarding serum 
levels of IL-17A (P = 0.229), IL-23 
(P = 0.877) and CCL3 (P = 0.920) 
were not significant. 

Table 2. Correlation between serum levels of 
IL-17A, IL-23 and CCL3 with blood oxygen (BO), 
blood urea nitrogen (BUN), creatinine (Cr), 
white blood cell (WBC) counts and age
Variables IL-17 IL-23 CC-L3
BO Pearson Correlation -0.104 0.343 0.090

P value 0.702 0.193 0.740
BUN Pearson Correlation 0.105 -0.029 0.065

P value 0.699 0.914 0.812
Cr Pearson Correlation 0.195 0.053 0.398

P value 0.454 0.840 0.113
WBC Pearson Correlation 0.037 0.074 0.119

P value 0.862 0.730 0.580
Age Pearson Correlation -0.408 -0.215 -0.322

P value 0.074 0.362 0.167

COVID-19 pathogenesis. In- 
creased expression of innate 
immunity receptors on the 
immune cells of women in 
comparison to men COVID-19 
infected patients have been 
reported by Conti and col-
leagues [12]. Butchi et al., 
also showed that myeloid dif-
ferentiation primary respon- 
se 88 (MYD88) pathway, whi- 
ch is an important pathway for 
the expression of IL-23 [13], is 
a critical pathway to induce 
early innate immune respons-
es during Coronavirus ence- 
phalomyelitis [14]. The roles 
played by IL-23 in the patho-
genesis of COVID-19 have also 
been demonstrated by Schön 
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has no effects on the serum levels of the cyto-
kines and this project has evaluated the effect 
of infection with COVID-19 on the cytokine 
serum levels only.

Previous studies served age as a risk factor for 
COVID-19 mortality [20], and our results 
revealed that age had no significant correlation 
with serum levels of IL-17A, IL-23 and CCL3. 
Thus, it seems that age-related mortality is 
independent of IL-17A, IL-23 and CCL3 serum 
levels.

Conclusion

It appears that IL-17A, IL-23 and CCL3 do not 
participate in the pro-inflammatory responses 
in Iranian hospitalized COVID-19 infected 
patients. However, the gender can be consid-
ered as a risk factor for production of more 
IL-23, which needs to be explored further.

Acknowledgements

The authors would like to thank the COVID-19 
patients, healthy volunteers, the physicians 
and the clinical research development unit in 
Ali-Ibn Abi-Talib Hospital of Rafsanjan University 
of Medical Sciences for its support and 
collaboration.

Disclosure of conflict of interest

None.

Address correspondence to: Zahra Kamiab, Clini- 
cal Research Development Unit, Ali-Ibn Abi-Talib 
Hospital, Rafsanjan University of Medical Sciences, 
Rafsanjan, Iran. Tel: 00989133911009; Fax: 00- 
983434280185; E-mail: dr.kamiab89@gmail.com

References

[1]	 Jin Y, Yang H, Ji W, Wu W, Chen S, Zhang W and 
Duan G. Virology, epidemiology, pathogenesis, 
and control of COVID-19. Viruses 2020; 12: 
372.

[2]	 Birra D, Benucci M, Landolfi L, Merchionda A, 
Loi G, Amato P, Licata G, Quartuccio L, Triggiani 
M and Moscato P. COVID 19: a clue from in-
nate immunity. Immunol Res 2020; 68: 161-
168.

[3]	 Liu B, Li M, Zhou Z, Guan X and Xiang Y. Can we 
use interleukin-6 (IL-6) blockade for coronavi-
rus disease 2019 (COVID-19)-induced cytokine 
release syndrome (CRS)? J Autoimmun 2020; 
111: 102452. 

[4]	 McGonagle D, Sharif K, O’Regan A and Bridge-
wood C. The role of cytokines including inter-
leukin-6 in COVID-19 induced pneumonia and 
macrophage activation syndrome-like disease. 
Autoimmun Rev 2020; 19: 102537.

[5]	 Arababadi MK, Bidaki MZ and Kennedy D. IL-
17A in hepatitis B infection: friend or foe? Arch 
Virol 2014; 159: 1883-1888.

[6]	 Di Cesare A, Di Meglio P and Nestle FO. The 
IL-23/Th17 axis in the immunopathogenesis of 
psoriasis. J Invest Dermatol 2009; 129: 1339-
1350.

[7]	 Van de Walle GR, Sakamoto K and Osterrieder 
N. CCL3 and viral chemokine-binding protein 
gg modulate pulmonary inflammation and vi-
rus replication during equine herpesvirus 1 in-
fection. J Virol 2008; 82: 1714-1722.

[8]	 Law HK, Cheung CY, Ng HY, Sia SF, Chan YO, 
Luk W, Nicholls JM, Peiris JS and Lau YL. Che-
mokine up-regulation in SARS-coronavirus-in-
fected, monocyte-derived human dendritic 
cells. Blood 2005; 106: 2366-2374.

[9]	 Global T and Alert O. Coronavirus disease 
2019 (COVID-19). Geneva: World Health Orga-
nization 2020. 

[10]	 Cascella M, Rajnik M, Cuomo A, Dulebohn SC 
and Di Napoli R. Features, evaluation, and 
treatment of coronavirus. In: StatPearls, editor. 
Treasure Island (FL): StatPearls Publishing; 
2022. 

[11]	 Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, 
Huang TB, Zhang HY, Sun W and Wang Y. COV-
ID-19 patients’ clinical characteristics, dis-
charge rate, and fatality rate of meta-analysis. 
J Med Virol 2020; 92: 577-583.

[12]	 Conti P and Younes A. Coronavirus COV-19/
SARS-CoV-2 affects women less than men: 
clinical response to viral infection. J Biol Regul 
Homeost Agents 2020; 34: 339-343.

[13]	 Kang Y, Su G, Sun J and Zhang Y. Activation of 
the TLR4/MyD88 signaling pathway contrib-
utes to the development of human hepatocel-
lular carcinoma via upregulation of IL-23 and 
IL-17A. Oncol Lett 2018; 15: 9647-9654.

[14]	 Butchi N, Kapil P, Puntambekar S, Stohlman 
SA, Hinton DR and Bergmann CC. Myd88 initi-
ates early innate immune responses and pro-
motes CD4 T Cells during coronavirus enceph-
alomyelitis. J Virol 2015; 89: 9299-9312.

[15]	 Schön MP, Berking C, Biedermann T, Buhl T, 
Erpenbeck L, Eyerich K, Eyerich S, Ghoreschi 
K, Goebeler M, Ludwig RJ, Schäkel K, Schilling 
B, Schlapbach C, Stary G, von Stebut E and 
Steinbrink K. COVID-19 and immunological 
regulations - from basic and translational as-
pects to clinical implications. J Dtsch Dermatol 
Ges 2020; 18: 795-807.

[16]	 Langowski JL, Zhang X, Wu L, Mattson JD, 
Chen T, Smith K, Basham B, McClanahan T, 

mailto:dr.kamiab89@gmail.com


Cytokines and COVID-19

33	 Am J Clin Exp Immunol 2022;11(2):28-33

Kastelein RA and Oft M. IL-23 promotes tu-
mour incidence and growth. Nature 2006; 
442: 461-465.

[17]	 Li Y, Wang H, Lu H and Hua S. Regulation of 
memory T cells by interleukin-23. Int Arch Al-
lergy Immunol 2016; 169: 157-162.

[18]	 Bulat V, Situm M, Azdajic MD and Likic R. Po-
tential role of IL-17 blocking agents in the treat-
ment of severe COVID-19? Br J Clin Pharmacol 
2021; 87: 1578-1581.

[19]	 Megna M, Napolitano M and Fabbrocini G. May 
IL-17 have a role in COVID-19 infection? Med 
Hypotheses 2020; 140: 109749.

[20]	 Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li 
Q, Jiang C, Zhou Y, Liu S, Ye C, Zhang P, Xing Y, 
Guo H and Tang W. Risk factors of critical & 
mortal COVID-19 cases: a systematic literature 
review and meta-analysis. J Infect 2020; 81: 
e16-e25.


