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Abstract 

Background: The COVID-19 outbreak began in December 2019 in China and quickly spread to other 
countries. Although most infected individuals experienced mild or moderate symptoms, 17% of 
patients were reported to have severe cases. Analysis of the available literature confirms the link 
between severe forms of COVID-19 and cytokine storm syndrome. Methods: A total of 57 patients 
participated in the study, divided into a non-COVID group (24 people) and a COVID group (33 
people). Each patient completed a questionnaire designed by the authors, followed by 
anthropometric measurements and venous blood sampling to determine cytokines, and pro- and 
anti-inflammatory chemokines using the Bio-Plex 200 system. Results: Showed statistically 
significant higher values of IL-6, IL-13, TNF-α and the chemokines IP-10, MCP-1 (MCAF), MIP-1α, 
MIP-1β in the COVID-19 group. Conclusions: The results of our study support for the occurrence of 
elevated levels of IL-6, IL-13, TNF-α and selected chemokines in COVID-19 patients, which are 
associated with a worse course and prognosis of COVID-19. An in-depth understanding of the 
pathophysiology and immune dysfunction accompanying cyto-kine storm is crucial for identifying 
patients at increased risk, as well as for developing effective therapies and vaccines. 

Keywords: COVID–19; cytokines; chemokines; SARS–CoV–2 virus 
 

1. Introduction 

The Coronavirus Disease Outbreak 2019 (COVID-19), caused by infection with Severe Acute 
Respiratory Syndrome 2 (SARS-CoV-2) virus, emerged in December 2019 in China and quickly 
spread to additional countries around the world [1]. Most of those infected experienced mild to 
moderate respiratory symptoms in the form of cough, runny nose, subfebrile state or sinusitis, 
without the need for specific treatment. However, it was reported that in 17% of patients, the course 
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of COVID-19 was severe in the form of acute respiratory distress syndrome (ARDS), which was 
associated with organ damage and the development of acute renal failure, liver failure and septic 
shock [2,3]. SARS-CoV-2 infection has also been shown to be associated with an increased risk of 
thromboembolic incidents, which has been confirmed in numerous published scientific studies [4–6]. 
Various mechanisms underlying the development of atherosclerosis in patients after COVID-19 are 
considered, one of which is dysregulation of the immune system, leading to massive production of 
pro-inflammatory cytokines. Increasing evidence suggests that patients who have undergone 
COVID-19 have a cytokine release syndrome, responsible for a more severe course of infection. 
Increased pro-inflammatory cytokines contribute to increased clotting and the development of 
thromboembolic disease (thrombosis, pulmonary embolism), which is associated with a poor 
prognosis and increased patient mortality [2,7]. 

Due to the active involvement of pro-inflammatory cytokines in COVID-19 progression, they 
have been proposed as part of the molecular targets in the diagnosis, prognosis and treatment of 
COVID-19. The aim of the present study was to evaluate the role of pro-inflammatory cytokines, viz. 
interleukin-6 (IL-6), interleukin-13 (IL-13), tumour necrosis factor-alpha (TNF-α) and chemokines: 
inducible protein-10 (IP-10/CXCL10), monocyte chemoattractant protein-1 (MCP-1/MCAF/CCL2), 
macrophage inflammatory protein-1 alpha (MIP-1α/CCL3), macrophage inflammatory protein-1 beta 
(MIP-1β/CCL4), in the course and development of COVID-19 complications. Understanding the 
mechanisms of cytokine release syndrome is crucial for the development of effective therapeutic 
approaches in COVID-19. Knowledge of the pathomechanisms underlying this complex infection 
will allow the identification of risk factors for the development of atherosclerosis in COVID-19 
patients. This will allow the selection of at-risk patients in whom early prophylaxis can be 
implemented, preventing the development of complications during future pandemics, thus relieving 
the burden on the health care system. 

2. Results 

The final study population consisted of 57 patients, divided into the non-COVID group (13 
women and 11 men) and the COVID group (15 women and 18 men). Patients’ anthropometric data 
are shown in Table 1. 

Table 1. Basic anthropometric data of the participants from particular groups (* - U Mann-Whitney test; **- Chi-
squared test). 

Variable NON–COVID GROUP (n=24) COVID GROUP (n=33) p-

Value Mea

n 

SD Medi

an 

Min Max Mea

n 

SD Medi

an 

Min Max 

Age [years] 52.2

1 

9.38 48.5 41.0 75.0 50.9

7 

9.83 49.0 35.0 86.0 0.6247* 

BMI [kg/m2] 26.8

5 

4.99 26.03 21.1

9 

39.8

4 

26.3

1 

3.63 26.09 19.9

4 

34.0

9 

0.9170* 

Waist 

circumferen

ce [cm] 

91.4

5 

10.4

9 

94.0 76.0 111.

0 

90.7

7 

10.0

6 

92.0 71.0 107.

0 

0.9428* 

Gender 

n (%) 

F = 13 (45.8) 

M = 11 (54.2) 

F = 15 (45.5) 

M = 18 (55.5) 

0.5160*

* 

Smoking 

n (%) 

NO = 19 (79.2) 

YES =  5 (20.8) 

NO = 30 (90.9) 

YES = 3 (9.1) 

0.2076*

* 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 September 2025 doi:10.20944/preprints202509.0071.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0071.v1
http://creativecommons.org/licenses/by/4.0/


 3 of 16 

 

Alcohol 

consumptio

n 

n (%) 

 

YES = 6 (25.0) 

NO = 18 (75.0) 

 

YES = 5 (15.1) 

NO = 28 (84.9) 

0.3523*

* 

Physical 

activity 

n (%) 

Low = 4 (16.7) 

Moderate =14 (58.3) 

High = 6 (25.0) 

Low = 8 (24.2) 

Moderate = 22 (66.7) 

High = 3 (9.1) 

0.2536*

* 

In the non-COVID group, the median age was 48.5 years (range: 41.0–75.0), while in the COVID 
group it was 49.0 years (range: 35.0–86.0). The median BMI was 26.03 kg/m² in the non-COVID group 
and 26.09 kg/m² in the COVID group (Table 1). The groups were homogeneous in terms of sample 
size, gender, smoking status, obesity, physical activity, age, height, and body weight. 

Table 2. Cytokine levels in the blood serum of patients in the study groups. 

Variable NON–COVID GROUP (n=24) COVID GROUP (n=33) p-

Value Mean SD Median Min Max Mean SD Median Min Max 

IL-6 0.02 0.00 0.02 0.02 0.03 0.6 0.53 0.45 0.14 3.03 <0.0001 

IL-13 2.1 0.97 2.07 0.26 4.28 3.25 1.49 3.04 1.21 6.63 0.0016 

Cytokine levels in the non-COVID and COVID groups are detailed in Table 2 and figures 1 and 
2. In the COVID group, the median IL-6 was 0.45 (range: 0.14 - 3.03), while in the non-COVID group 
the median was 0.02 (range: 0.02 - 0.03 ), IL-6 cytokine levels were significantly higher in the COVID 
group compared to the non-COVID group (p < 0.05).  In the COVID group, the median IL-13 level 
was 3.04 (range: 1.21 - 6.63), while in the non-COVID group the median was 2.07 (range: 0.26 - 4.28), 
the IL-13 cytokine level was also significantly higher in the COVID group compared to the non-
COVID group (p < 0.05).   

 Median
 25% – 75% 
 Min – Max 

non-COVID COVID
GROUP

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

IL
-6

 
Figure 1. Serum IL-6 levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 
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Figure 2. Serum IL-13 levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 

Table 3. Chemokine levels determined in serum of patients’ blood in the studied groups. 

Variabl

e 

NON–COVID GROUP (n=24) COVID GROUP (n=33) p-

Value Mea

n 

SD Media

n 

Min Max Mea

n 

SD Media

n 

Min Max 

IP-10 260.8

8 

145.3

3 

228.81 62.2

2 

771.6

6 

335.4

6 

203.5

3 

316.22 47.4

7 

1213.

3 
0.0419 

MCP-1 

(MCAF

) 

16.67 10.39 13.53 2.09 35.57 27.53 14.17 23.74 7.45 64.65 

0.0024 

MIP-

1α 

3.49 2.42 2.75 1.71 12.67 6.77 8.04 3.85 1.13 41.11 
0.0155 

MIP-1β 92.28 21.21 88.71 64.5 149.8

4 

118.0

3 

34.08 115.21 67.1

7 

210.4

5 
0.0007 

TNF-α 43.52 10.89 45.37 19.1

9 

57.71 66.05 15.13 62.86 37.7

9 

106.5

6 

<0.000

1 

Table 3 and figures 3-7 show the levels of all chemokines assessed in this study (IP-10, MCP-1 
(MCAF), MIP-1α, MIP-1β and TNF-α). Mean levels of the tested chemokines IP-10, MCP-1 (MCAF), 
MIP-1α, MIP-1β and TNF-α in the COVID group were significantly higher than in the non-COVID 
group. (p = 0.041, 0.002, 0.015, 0.0007, <0.0001, respectively - Table 2). 
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Figure 3. Serum IP-10 levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 
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Figure 4. Serum MCP-1 levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 
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Figure 5. Serum MIP-1α levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 
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Figure 6. Serum MIP-1β levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 
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Figure 7. Serum TNF-α levels in the study groups. Box represents 1st and 3rd quartile range, whiskers represent 
minimum and maximum values. Differences between groups are statistically significant at p < 0.05. 

3. Discussion 

In the present study, the expression levels of IL-6, IL-13, TNF-α and the chemokines IP-10, MCP-
1 (MCAF), MIP-1α, MIP-1β in the blood of COVID-19 patients were quantified and compared with a 
group of patients without SARS-CoV-2 infection. Statistically significant higher values of the 
determined parameters were found in the COVID-19 group. These results are also confirmed by other 
scientific reports.  

On the basis of an analysis of COVID-19 cases, the Chinese Centre for Disease Control and 
Prevention published conclusions on the COVID-19 pandemic. The most common course of the 
disease was mild - 81 per cent of cases. The proportion of patients with severe and critical course was 
14% and 5% of cases, respectively [8]. Cytokines are thought to play a key role in the pathogenesis of 
the severe course of COVID-19. During infection, the body’s immune response is dysregulated, 
leading in subsequent stages to excessive cytokine production and thus autoinflammatory 
respiratory disease [9,10]. Individual cytokines and chemokines are differentially expressed 
depending on the severity and severity of the disease course and the time elapsed since infection. 
Consequently, cytokines can be useful as biomarkers, used to predict disease evolution, and are direct 
therapeutic targets [11]. 

Not only did our study confirm the significant role of IL-6 in the storm of COVID-19-associated 
cytokine release, Liu et al. showed that IL-6, interleukin-1β (IL-1β), IP-10 and MCP-1 were 
significantly elevated in patients with COVID-19, and some of these cytokines were more frequently 
observed in patients with severe disease than in patients without severe infection [12]. 

In a study by Liao et al. it was observed that in bronchoalveolar lavage fluid from patients with 
COVID-19, IL-6 levels gradually increased with disease severity, reaching a peak in critical patients 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 September 2025 doi:10.20944/preprints202509.0071.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0071.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 16 

 

[13]. A correlation of elevated IL-6 levels with higher viral titer, lymphopenia, neutrophilia, 
hypoxaemia and worse prognosis has been demonstrated in severe SARS-CoV-2 infection [14–16]. In 
addition, certain polymorphisms in the IL-6 receptor gene (IL-6R), leading to impaired IL-6 
signalling, have been shown to result in a milder course of infection and a lower risk of hospitalisation 
and mortality. It follows that IL-6R blockade may be an effective treatment option [17]. 

IL-6 can act via three signalling pathways: cis, trans-signalling and transposition. In cis 
signalling, IL-6 binds to its receptor (IL-6R) on macrophages, hepatocytes, intestinal cells and 
megakaryocytes, mediating protection against intracellular pathogens. Trans-signalling stimulates 
pro-inflammatory activation of pneumocytes, adipose tissue-associated macrophages, neutrophils, 
intestinal epithelial cells and endothelial cells, while trans-signalling induces differentiation of 
regulatory T cells into pathogenic T helper 17 (TH17) cells [9,18]. Through trans-signalling, IL-6 can 
further increase the production of chemokines, adhesion molecules and coagulation factors, leading 
to increased endothelial permeability, neutrophil and monocyte migration into inflamed tissues, 
neutrophil-endothelial interaction and hypercoagulability. It is the trans-signalling and transposition 
that are likely to be the cause of the diffuse inflammatory process at multiple levels, such as 
pulmonary, vascular, intestinal inflammation, which is associated with the severe course of COVID-
19 in the form of shock, microthrombosis and multi-organ dysfunction [9,19,20]. 

There are a huge number of studies in which elevated IL-6 levels have been observed, as in our 
case, in patients with COVID-19 [21–24]. Among the available literature, we were unable to find 
reports of reduced serum IL-6 levels in patients after SARS-CoV-2 infection. Although patients with 
COVID-19 present with elevated IL-6 levels, these have been found to be significantly lower than in 
other severe respiratory diseases [25]. Analysis of COVID-19 patients in Shanghai showed IL-6 levels 
in the range of 100-200 pg/ml 20-30 days after symptom onset [26]. Comparing to the results of a 
study on patients with acute respiratory distress syndrome (ARDS), mean IL-6 levels were found to 
be 712 pg/ml, and 834 pg/ml in patients with severe bacterial pneumonia [27]. Similarly, the SAILS 
study on patients with ARDS confirmed higher IL-6 levels [28]. Consequently, Hendrick et al. 
questioned the use of IL-6 antagonists as an effective treatment option for COVID-19. IL-6 is known 
to be a pleiotropic cytokine with both pro-inflammatory and anti-inflammatory effects. Therefore, it 
is uncertain whether elevated IL-6 levels in viral infections are an adverse effect or part of an adaptive 
immune response [25,29]. It has been reported that patients with a severe course of COVID-19 had a 
higher incidence of adverse effects in the form of secondary infections after the inclusion of anti-IL-6 
therapy [30,31]. Although IL-6 determination appears to be an important biomarker of the course of 
COVID-19, the different biology of SARS-CoV-2 and other viral infections suggests not using a single 
cut-off value for all diseases. Furthermore, therapy based on IL-6 inhibition should be approached 
with caution.  

Another biomarker of inflammation we investigated was IL-13, which appeared to be elevated 
in COVID-19 patients, consistent with previous reports [1,32,33]. 

A study by Vaz de Paul examined the expression of interleukin-4 (IL-4), IL-13, transforming 
growth factor-beta (TGF-β) and the number of M2 macrophages (sphingosine-1) in patients with lung 
injury who died from COVID-19, compared with those who died from H1N1pdm09 infection (a 
subtype of the H1N1 influenza A virus) and a control group without lung injury. Significantly higher 
levels of IL-4 and lower levels of IL-13 and M2 macrophages were observed in the COVID-19 group, 
compared to the H1N1 group. Compared to the control group, COVID-19 patients showed higher 
expression of IL-4 and sphingosine-1 in M2 macrophages. There were no statistically significant 
differences in IL-13 and TGF-β levels, between the COVID-19 group and the control group. These 
data are indicative of different immune response mechanisms among SARS-CoV-2 patients [34]. 

Also, a study by Donlan et al. confirmed the significant role of IL-13 in the pathogenesis of SARS-
CoV-2 infection. They found elevated IL-13 levels in patients with severe COVID-19 who required 
mechanical ventilation. Dupilumab is a monoclonal antibody that blocks IL-13 and IL-4 signalling. 
The use of the anti-IL-13 drug, dupilumab, in COVID-19 patients contributed to a milder course of 
the disease. In an experiment on mice infected with SARS-CoV-2, it was observed that neutralisation 
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of IL-13 reduced mortality and disease severity without affecting viral load [35,36]. These data and 
the fact that the use of dupilumab results in better outcomes in patients with COVID-19 demonstrate 
the pathogenic role of IL-13 in COVID-19. 

Analysis of the available literature confirms the association of severe forms of COVID-19 with 
cytokine storm syndrome, caused by overproduction of pro-inflammatory cytokines and 
uncontrolled systemic inflammation [37]. As an example, a study by Chen et al. showed that patients 
who died from COVID-19 had higher levels of IL-2, IL-6, IL-8, IL-10 and TNF-α, compared to 
survivors of this infection [38]. A similar observation was made by Udomsinprasert et al, who 
showed elevated levels of IL-6, IL-10 and TNF-α in patients who died from COVID-19 [39]. In a study 
by Majeed et al. eight pro-inflammatory cytokines (IL-1α, IL-1β, IL-12, IL-17A, IL-17E, IL-31, IFN-γ 
and TNF-α), three anti-inflammatory cytokines (IL-1Ra, IL-10 and IL-13) and two chemokines 
(CXCL9 and CXCL10) were examined among COVID-19 patients and healthy controls. It was 
observed that COVID-19 patients had significantly higher levels of IL-1α, IL-1β, IL-10, IL-12, IL-13, 
IL-17A, IL-31, IFN-γ, TNF-α and CXCL10, and lower levels of IL-1Ra compared to controls. In 
contrast, IL-17E and CXCL9 showed no significant differences between groups. Hence, their potential 
as biomarkers for the diagnosis and prognosis of COVID-19 is indicated [40]. 

Another study that assessed the levels of selected cytokines and chemokines in patients with 
COVID-19 was conducted by Lu et al. It showed elevated levels of IL-1β, IL-6, IL-10, MCP-1, TNF-α, 
IL-4 in patients with COVID-19 compared to those without COVID-19. Levels of IP-10 were highest 
in the first two weeks of the disease, and therefore may be a biomarker of the early stage of infection. 
Levels of all cytokines were significantly positively correlated with age, which may indicate a worse 
course and prognosis in older people [41]. 

TNF-α is one of the early pro-inflammatory cytokines and is produced by innate immune cells 
to combat viral infections. However, excessive production of TNF-α over a prolonged period of time 
can sustain inflammation and thus negatively affect the body [42]. In addition to mediating a pro-
inflammatory response, during SARS-CoV-2 infection, TNF-α may also cause harmful tissue damage 
and progressively promote lung fibrosis, which then leads to inflammation, pulmonary oedema and 
acute respiratory distress syndrome (ARDS). TNF-α antagonists have therefore been suggested as 
potential therapies in COVID-19 [43]. 

TNF-α levels were also assessed among patients with a severe course of COVID-19 to compare 
to a mild/moderate course. In a study by Mortaz et al. significantly higher TNF-α receptor levels were 
observed in COVID-19 patients in the ICU and outside the ICU than in healthy subjects. The findings 
also suggest the possibility of using TNF-α as a promising biomarker for predicting the severity of 
COVID-19 and related complications and as a target for anti-TNF-α therapy [43,44]. 

In addition, TNF-α leads to bronchial hyperresponsiveness in patients with COVID-19, 
indicating excessive airway inflammation. As a result, the airway epithelium is exposed to increased 
neutrophilia and adverse inflammatory responses via cytokines such as granulocyte-macrophage 
colony-stimulating factor (GM-CSF), IL-8 and intercellular adhesion molecules (ICAM) [45]. Aiming 
to limit the replication and spread of SARS-CoV-2 virus, TNF-α promotes neutrophil migration into 
the airways. The incoming neutrophils secrete matrix metalloproteinase (MMP)-9, which is strongly 
associated with irreversible pulmonary fibrosis in patients with COVID-19 [46]. 

They also reported that TNF-α overexpression causes more complications in COVID-19 patients 
with comorbidities such as obesity, hypertension and cardiovascular disease [47]. Wu et al. showed 
that those with pre-existing cardiovascular complications had a five times higher mortality rate than 
those without [8]. Patients with comorbidities presented higher levels of TNF-α, which promotes 
inflammation, endothelial dysfunction and the development of atherosclerosis. Chronic 
inflammation leads to destabilisation of atherosclerotic plaques and increases the risk of myocardial 
infarction [48]. Furthermore, activated leukocytes migrate to the lung tissue, causing local 
inflammation and thus vasodilation and pulmonary oedema [43,49]. Also Schultheiß et al. in their 
study found high levels of IL-1β, IL-6 and TNF-α in patients with long-lasting symptoms and 
complications of COVID-19 [50]. 
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A study by Chi et al. assessed a wide range of cytokines and chemokines among symptomatic 
and asymptomatic individuals with COVID-19, compared to healthy controls. Symptomatic cases 
showed elevated levels of 27 cytokines or chemokines (IL-1β, IL-1ra, IL-2, IL-2Rα, IL-6, IL-7, IL-8, IL-
9, IL-10, IL-13, IL-15, IL-17, IL-18, G-CSF, M-CSF, IFN-α2, IFN-γ, TNF-α, TRAIL, basic FGF, HGF, 
PDGF-BB, VEGF, GRO-α, IP-10, MCP-1 and MIG), increased levels of IP-10, IL-10 and IL-7 in the 
asymptomatic group, compared with healthy controls. These data indicate that these 3 molecules (IP-
10, IL-10 and IL-7) can be used to identify asymptomatic patients among suspected individuals. 
Comparing groups of symptomatic and asymptomatic patients, significantly lower levels of IL-1ra, 
IL-1β, IL-6 and the chemokine IP-10 were found among asymptomatic individuals, indicating that 
they may be predictors of clinical symptoms. Levels of cytokines and chemokines were also examined 
in patients categorised into degrees of infection severity. It was observed that those with severe 
COVID-19 presented higher levels of IL-6, IL-7, IL-10, G-CSF, M-CSF, IP-10, MCP-1, MCP-3, MIG and 
MIP-1α compared to mild cases and higher levels of MCP-3, MIG and MIP-1α compared to moderate 
cases [51]. Other studies have also confirmed that induction of IL-6, IL-7, IL-10, G-CSF, IP-10, MCP-1 
and MIP-1α is associated with COVID-19 severity [1,52]. In contrast, Huang et al. showed that 
patients with COVID-19 had higher levels of the following cytokines: IL-6, IL-10 and TNF-α and 
chemokines: CXCL10 / IP-10, CCL2 / MCP-1 and CCL3 / MIP-1α [1]. However, these studies, like 
ours, have limitations related to the lack of follow-up of patients over a time interval and the lack of 
analysis of these factors with disease progression. 

It is noteworthy that chemokine levels in patients with COVID-19 vary according to health 
status, disease severity and time since infection. In addition, different levels are found in symptomatic 
and asymptomatic patients. Similar levels of CCL3, CCL4 and CCL5 have been observed in 
symptomatic and asymptomatic patients, and in recovering patients [51]. Another study found 
increased levels of CCL2, CCL7 and CCL8 at the onset of SARS-CoV-2 infection, while as the disease 
progressed, patients showed high levels of CXCL10 and CCL3 [53]. In addition, symptomatic patients 
presented higher levels of CXCL10, CCL2 and CXCL9 compared with recovered patients. It is 
important to note that CXCL10 is absent in healthy individuals, while it increases with disease 
severity, so it may be helpful in early diagnosis and can be used as a predictive marker of disease 
[51,54]. Furthermore, CXCL10 is a marker for detecting infection in asymptomatic patients [55]. 

Similar results were obtained in a study showing elevated levels of CXCL10, CCL2, CCL3 and 
CCL7 in COVID-19 patients in severe condition requiring ICU stay, compared to those with mild 
infection [33]. It was also observed that CXCL8, CCL2 and CCL3 were at similar levels in mild and 
severe cases of SARS-CoV-2 infection, in the early stages of infection, and were increased in the late 
stages of the disease only in fatal cases. In patients with a mild course, they remained stable [56]. The 
results of the above studies confirm the importance of the chemokine profile in stratifying the severity 
of patients and identifying those at higher risk of complications. 

The above findings highlight the association between COVID-19 and IL-6, IL-13 and TNF-α, 
suggesting that these cytokines can be used as diagnostic markers and that their inhibitors can be 
used as potential therapeutic agents for affected individuals. 

Despite the pivotal role of IL-6, IL-13, TNF-α and other antiviral molecules in controlling SARS-
CoV-2 infection, they often induce systemic inflammation that is highly likely to lead to severe 
disease outcomes. The results of the cited studies suggest that pro-inflammatory cytokines are among 
the main contributors to severe forms of COVID-19, which are often associated with failure of vital 
organs and high mortality. 

Most studies assessing the role of cytokines and chemokines in the pathogenesis of COVID-19 
have revealed a wide range of elevated inflammatory mediators during the cytokine storm, without 
identifying the precise time points of their increase during infection. Therefore, it is important to 
analyse changes in the levels of selected cytokines and chemokines over time, during the course of 
the disease, which is lacking in our study.  

Cytokine release syndrome leads to life-threatening multiorgan dysfunction and may therefore 
represent a potential therapeutic target. Understanding the mechanisms underlying the cytokine 
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storm allows the design of novel immunotherapies. Targeting key inflammatory cytokines such as 
IL-6, IL-13 is a novel strategy for the treatment of SARS-CoV-2 infection, which requires further 
research. 

4. Materials and Methods 

4.1. Patients 

The study was carried out in the Department of Biochemistry in Zabrze and the Medical 
Laboratory of Dr Teresa Fryda in Zabrze between 2021 and 2024. A total of 117 patients participated 
in the study, from which a group of 94 patients was selected after taking into account the exclusion 
criteria. Due to the need for homogeneity of the group and the small number of unvaccinated persons 
(8), statistics were compiled only within vaccinated patients (86). Vaccinated patients were divided 
into two groups: 

1. Patients with a confirmed history of SARS-CoV-2 infection (COVID, n=33). 
2. Control group - patients who declared that they had not experienced COVID-19 (non-COVID, 

n=24). 
Those who ticked the “don’t know” option (n=29) in response to the question about a history of 

SARS-CoV-2 infection were not included in the statistical analysis, due to the impossibility of clearly 
classifying these patients. 

Figure 8 below illustrates the distribution of vaccinated individuals within the study cohort.  

 

Figure 8. Distribution of vaccinated individuals within the study cohort. 

4.2. Procedure 

The study included patients who presented themselves for blood sampling at the Diagnostyka 
medical laboratory (Dr n. med. Teresa Fryda) in Zabrze. Prior to blood sampling, patients were 
provided with a consent form to be signed and a questionnaire of their own authorship, concerning 
current medical conditions, medications taken, stimulants, family history, and information on past 
SARS-CoV-2 infection and COVID-19 vaccination. Each patient underwent anthropometric 
measurements and an additional 10 ml of venous blood was collected for testing. The collected blood 
was then centrifuged to obtain serum, which was stored at -80 degrees Celsius until biochemical 
determinations were made.  
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Inclusion criteria were age >18 years, informed consent to participate in the study, and no 
therapy with drugs affecting lipid metabolism and coagulation. Exclusion criteria included patients 
with a history of coronary artery disease, atherosclerosis of the arteries of the lower extremities or 
carotid arteries, severe liver failure, renal failure, severe respiratory failure, circulatory failure, 
BMI>40, on-going cancer, psychiatric illness, impaired consciousness, alcohol and substance abuse 
and pregnancy. 

4.3. Data Analysis  

The Bio-Plex Pro Human Cytokine 27-Plex Panel system (M500KCAF0Y), developed by Bio-Rad, 
was used for biochemical analyses. The assay parameters were as follows: analyte cross-reactivity 
was less than 10%, intra-assay precision (%CV) did not exceed 15%, and accuracy and percentage 
recovery ranged from 70-130%. The Bio-Plex Suspension Array system used was based on 
fluorescently labelled microspheres and technology licensed from Luminex Corporation (Austin, TX, 
USA) by Bio-Rad Laboratories, Inc. Calibration curves were used to determine the concentrations of 
individual analytes, which were generated from reference standards included with the kits. 

4.4. Statistical Analysis 

The statistical analysis was carried out using STATISTICA software (TIBCO Software Inc., Palo 
Alto, CA, USA, 2017). The Shapiro–Wilk test was employed to assess the normality of data 
distribution. For variables not following a normal distribution, the non-parametric Mann–Whitney 
U test was used. Differences between groups in categorical variables were evaluated using the chi-
square test. A p-value of less than 0.05 was considered statistically significant. 
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The following abbreviations are used in this manuscript: 

COVID-19  Coronavirus Disease 2019 
SARS-CoV-2  Severe Acute Respiratory Syndrome 2 Virus 
IL-1α   Interleukin-1α 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 September 2025 doi:10.20944/preprints202509.0071.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0071.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 16 

 

IL-1β   Interleukin-1β 
IL-1Ra  Interleukin 1 receptor antagonist 
IL-2   Interleukin-2 
IL-2Rα  Interleukin 2 receptor alpha 
IL-4   Interleukin-4 
IL-6   Interleukin-6 
IL-7   Interleukin-7 
IL-8   Interleukin-8 
IL-9   Interleukin-9 
IL-10   Interleukin-10 
IL-12   Interleukin-12  
IL-13   Interleukin-13 
IL-15   Interleukin-15 
IL-17   Interleukin-17 
IL-18   Interleukin-18 
IL-31   Interleukin-31 
TNF-α  Tumour necrosis factor-alpha 
IFN-γ   Interferon-gamma 
IL-6R   IL-6 receptor 
IP-10/CXCL10 Inducible protein-10 
MCP-1/MCAF/CCL2 Monocyte chemoattractant pro-tein-1 
MIP-1α/CCL3 Macrophage inflammatory protein-1 alpha 
MIP-1β/CCL4 Macrophage inflammatory protein-1 beta 
CCL7   Chemokine ligand 7 
CCL8   Chemokine ligand 8 
CCL9   Chemokine ligand 9 
ARDS   Acute Respiratory Distress Syndrom 
F   Female 
M   Male 
BMI   Body mass index 
TH17   T helper 17 cells 
TGF-β  Transforming growth factor-beta 
G-CSF  Granulocyte colony stimulating factor 
M-CSF  Macrophage colony stimulating factor 
GM-CS  Granulocyte-macrophage colony stimulating factor 
ICAM   Intercellular adhesion molecules 
FGF   Fibroblast growth factor 
HGF   Hepatocyte growth factor 
PDGF-BB  Platelet-derived growth factor-BB 
VEGF   Vascular endothelial growth factor 
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