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Abstract
Aim. To develop a method for predicting the development of complications in rhinosinusitis patients based on the 
cytokine profile study.
Methods. We examined 110 patients with rhinosinusitis and 30 healthy donors (control group). The patients 
were divided into the group without a complicated course of rhinosinusitis (first group, n=65) and the group with 
a complicated course of rhinosinusitis (second group, n=45). The blood serum levels of interleukin (IL)-1β, IL-4, 
IL-8, IL-10, IL-17, IL-18, interferon (IFN)-γ were determined by enzyme immunoassay. Statistical analysis of 
the results was performed by using Microsoft Excel 2013 and Statistica 12.0 software. Statistically significant 
differences between the compared groups were determined by using the Mann–Whitney U-test, and p <0.05 was 
considered significant. Multivariate analysis included correlation analysis and stepwise regression analysis. The 
mathematical model consistency was determined by using Fisher's F-test, and p <0.05 was considered significant.
Results. Changes in cytokine profile manifested by a decrease in the level of interleukin-1β (p=0.00001), 
interleukin-4 (p=0.045) and an increase in the level of interleukin-18 (p=0.00001) were revealed in patients with 
uncomplicated course of rhinosinusitis. The complicated course of rhinosinusitis was characterized by a decrease 
in the level of interleukin-1β (p=0.00002), interleukin-4 (p=0.049) and an increase in the level of interleukin-8 
(p=0.023), interleukin-17 (p=0.00015) and interleukin-18 (p=0.0002). Comparative analysis of the first and the 
second groups of patients showed an increased level of interleukin-8 (p=0.00001), interleukin-17 (p=0.0001) and 
reduced levels of interleukin-18 (p=0.00045) in the group of patients with complicated course of rhinosinusitis. 
Based on interleukin-17, interleukin-8 and interleukin-18 levels, the mathematical model for predicting the 
development of complications in patients with rhinosinusitis was developed.
Conclusion. The complicated course of rhinosinusitis was characterized by decreased levels of interleukin-
1β, interleukin-4 and increased levels of interleukin-17, interleukin-8 and interleukin-18, indicating a more 
pronounced inflammatory process; for personalized therapy, an approach based on interleukin-17, interleukin-8 and 
interleukin-18 levels was developed on which the development of a complicated course in patients with rhinosinusitis 
can be predicted.
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Background. The prevalence of rhinosinusitis (RS) 
in Russia and the world is increasing annually from 
5% to 15% of the population [1, 2]. Altered immu-
nological reactivity plays a major role in the patho-
genesis of RS [3]. As a result, not only the clinical 
course but also the duration of the disease, as well 
as the possibility of a complicated course of RS, in 
particular development of otitis media (OM), de-
pends on the nature of immune disorders.

In the structure of otorhinolaryngological pa-
thology, acute inflammatory diseases of the middle 
ear accounts for up to 20% of cases [4]. The patho-
genesis of OM is based on the classical response of 
the immune system to damage by foreign agents 
(such as bacteria and viruses), which upon entry 
to the mucous membrane of the nasal cavity, pha-
rynx, and auditory tube orifice trigger a cascade of 
sequential reactions [5].
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Clinical experiences

Recently, studies have confirmed the main 
role of cytokines in determining the course of the 
pathological process and the development of immu-
nological defense reactions in response to the intro-
duction of pathogens and their participation in the 
inflammatory process in RS and OM [6, 7].

In RS with a prolonged sluggish course, other 
paranasal sinuses are involved in the inflammatory 
process. Thus, in 15%–25% of cases, patients with 
RS had various complications, including acute OM 
and tubootitis. In the acute inflammatory process 
and frequent exacerbations of a chronic disease, 
a rapid generalization of the process occurs follo-
wing a decrease in the barrier function of tissues 
and impairment of the immune system [8].

However, despite the existing contemporary 
methods of examination and treatment, various 
modern antibacterial drugs, incidence of RS and 
OM, and frequency of associated complications not 
only decrease, but steadily grow [9].

This work aimed to develop a method for pre-
dicting the development of complications in pa-
tients with RS based on their cytokine profile.

Materials and methods of research. The study 
included 110 patients with RS, who were distribu-
ted into two groups. The first group consisted of 
65 patients with uncomplicated RS, and the  second 
group included 45 patients with complicated RS. 
The uncomplicated group included patients aged 
30–65 years, 43 women, and 22 men. The  average 
age of the patients was 42.75 ± 2.25 years. The 
complicated group included patients aged 29–62 
years, 27 women and 18 men. The average age of 
the patients was 39.7 ± 2.3 years. The control group 
which included 30 healthy people (19 women and 
11 men) aged 27–65 years (mean age, 40.7 ± 1.3 
years), comparable in gender and age with the pa-
tient groups, were examined.

To confirm and validate the results, 75 patients 
with RS were additionally examined.

The study was conducted in the Otorhinolaryn-
gology Department of the G.A. Zakharyin Clinical 
Hospital No. 6 (Penza) in the period from 2019 to 
2020. Immunological studies were performed in the 
central research laboratory of the Penza Institute for 
Advanced Medical Education. RS was diagnosed in 
all patients in accordance with the new European 
EPOS 2020 guidelines. In patients with complicated 
RS, OM developed which was diagnosed based on 
the All-Russian Clinical Recommendations of 2016. 
Informed consent was obtained from the patients, 
and the study was approved by the local ethics com-
mittee of the Penza Institute for Advanced Medi-
cal Education (Protocol No. 85 dated 02/20/2013).

In this study, 5 ml of blood was sampled from the 
cubital vein of patients and healthy individuals; the 

sample was placed into Vacuette vacuum tubes with 
a blood coagulation activator. In the patient groups 
and control group, the levels of interleu kins (IL), 
namely, IL-1β, IL-8, IL-17, IL-18, IL-4, and IL-10, 
as well as interferon γ (Vector-Best, Novosibirsk), 
were determined in the blood serum by the enzyme 
immunoassay method. An enzyme immunoassay 
analyzer Stat Fax 3200 was used to measure the 
concentration of cytokines, and the values obtained 
were expressed in picograms per 1 ml (pg/ml).

Statistical analysis was performed using the 
Statistica 12.0 and Microsoft Excel 2013 software 
(USA). Values were expressed as a median and in-
terquartile range (Q0.25–Q0.75). Statistical differences 
between the groups were assessed using the Mann–
Whitney U-test, and their significance was set at 
p < 0.05. Multivariate analysis included correla-
tion analysis and stepwise regression analysis. The 
significance of the mathematical model was estab-
lished using Fisher’s F-test and was set at p < 0.05.

Results and discussion. Table 1 presents the 
data obtained on the indicators of the cytokine pro-
file of patients with complicated and uncomplica ted 
RS and of healthy individuals.

The analysis of indicators of cytokines in the 
studied groups revealed significant differences. The 
uncomplicated and complicated groups presented 
a decrease in the IL-1β level compared with the 
control group (p = 0.00001 and p = 0.00002, re-
spectively; Mann–Whitney U-test). The immuno-
logical role of IL-1β consists in triggering the first 
stages of the immune response, with the involve-
ment of immunocompetent cells in the process. 
However, low concentrations of IL-1β disrupt the 
processes of antigen presentation and do not trigger 
an immune response. As a result, insufficient syn-
thesis of IL-1β contributes to the formation of a pro-
tracted and recurrent course of purulent RS [10, 11].

In addition, both patient groups showed a lower 
level of IL-4 than the control group (p = 0.045 and 
p = 0.049, respectively; Mann–Whitney U-test). The 
most important function of IL-4 is stimulation of 
differentiation of antigen-activated T- helper lympho-
cytes CD4+ toward Th2 [12]. In addition, IL-4 has 
the ability to suppress Th1 activation and the syn-
thesis of tumor necrosis factor and interfe ron γ and 
thereby reduce their immunostimula ting  effect [13].

The level of IL-8 was increased in the compli-
cated group in comparison with the control group 
(p = 0.023; Mann–Whitney U-test) and uncompli-
cated group (p = 0.00001; Mann–Whitney U-test). 
IL-8 regulates the migration of neutrophilic gra-
nulocytes into the tissue, which are the first to 
eliminate pathogenic microorganisms [13]. There is 
evidence of an increased level of IL-8 in the focus 
of inflammation in OM [14]. In addition,  increased 
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synthesis of IL-8 leads to the formation of a chro-
nic focus of aseptic inflammation in RS [15].

The level of IL-17 was significantly increased 
in the complicated group in comparison with the 
control group (p = 0.00015; Mann–Whitney U-test) 
and complicated group (p = 0.0001; Mann–Whit-
ney U-test). IL-17 is a product of a subpopulation 
of T-helpers-17 (Th17), having a pro-inflammato-
ry activity, and its increased level indicates and 
inflammatory activity in patients with otorhinola-
ryngological pathology [12, 16].

The level of IL-18 significantly increased in the 
uncomplicated group (p = 0.00001; Mann–Whitney 
U-test) and complicated group (p = 0.0002; Mann–
Whitney U-test) in comparison with the control 
group. Moreover, the level of IL-18 significantly in-
creased in the uncomplicated group (p = 0.00045; 
Mann–Whitney U-test). IL-18 functions as one of 
the key pro-inflammatory cytokines in the forma-
tion of an innate and adaptive immune response. 
As IL-18 stimulates the synthesis of interferon γ, 
this cytokine is significant in purulent otorhinola-
ryngological pathology [17, 18].

Thus, a comparative analysis of the uncompli-
cated and complicated groups showed increased 
levels of IL-8 and IL-17 and a reduced level of 
IL-18 in the complicated group, which indicates 
a more severe and pronounced inflammatory pro-
cess in these patients.

In addition, the correlation analysis revealed 
a strong direct significant relationship between 
the complicated and uncomplicated groups in 
terms of IL-17 (R = 0.7231, p = 0.0000) and IL-8 
(R = 0.7947, p = 0.0000) levels, as well as the pre-
sence of medium-strength feedback with the IL-18 
index (R = –0.6070, p = 0.0002). Therefore,  levels 
of IL-8, IL-17, and IL-18 were taken as immunolo-
gical criteria for a complicated course of RS, which 
were used in this study to predict the development 
of a complicated course of RS.

For accurate and convenient prediction using 
stepwise regression analysis, the following mathe-
matical model was created, which included the im-
munological criteria identified:

y=0,000391×х1+0,389649×x2+0,000827×
×x3+0,358001,

where y is the development of a complicated course 
in patients with RS, 0 without development, and 
1 with development and x1, x2, and x3 represents 
IL-8, IL-17, and IL-18, respectively.

The quality of the obtained mathematical mo-
del for predicting the development of a compli-
cated course of RS was assessed according to the 
coefficient of determination, which revealed its in-
formational significance, value of the F-criterion, 
and level of the model significance. As a result, the 
model has a high informational significance (deter-
mination coefficient R2 = 0.71800228) and statisti-
cal value [F (3.26) = 22.0664; p < 0.0000].

By substituting the values of IL-8, IL-17, and 
IL-18 into the indicated mathematical equation, 
the criteria for referring patients with RS to having 
a complicated course or to having an uncomplica-
ted course were obtained. Thus, y value of 0–0.49 
indicates absence of complicated course of RS and 
y value of 0.5 and higher indicates the development 
of a complicated course of RS.

To confirm and test the obtained mathematical 
equation for predicting complications in the form 
of OM in patients with RS, we analyzed IL-8, 
IL-17, and IL-18 indicators in 75 patients with 
RS who visited the Otorhinolaryngology Depart-
ment. The mathematical calculation predic ted the 
deve lopment of OM in 16 of 75 patients with RS. 
Further monitoring of these patients revealed that 
15 of them developed a complication in the form 
of OM, despite the standard therapy received. 
Thus, a correct prognosis was confirmed in 96% 
of  cases.

Table 1. Analysis of cytokine values in groups of patients with complicated and uncomplicated rhinosinusitis and in healthy 
individuals

Values Uncomplicated group
(n = 65), Me [Q0.25–Q0.75]

Complicated group (n = 45), 
Me [Q0.25–Q0.75]

Healthy individuals (n = 30), 
Me [Q0.25–Q0.75]

IL-1β, pg/ml 2.4 [0–3.2]* 2.6 [0–3.2]* 5.9 [3.1–8.3]

IL-4, pg/ml 0.73 [0.2–1.7]* 1.2[0–1.8]* 2.5 [1.5–3.7]

IL-8, pg/ml 2.6 [0.7–5.9]** 7.6 [7.0–8.2]* 4.5 [3.0–5.9]

IL-10, pg/ml 1.4 [0–4.5] 2.7 [1.0–3.8] 2.2 [1.5–2.8]

IL-17, pg/ml 0 [0–0.8]** 2.1 [1.8–2.3]* 0.6 [0–1.0]

IL-18, pg/ml 309.2 [219.0–399.8]*.** 143.6 [121.0–171.2]* 98.1 [75.0–112.8]

Interferon γ, pg/ml 0 [0–6.1] 2.3 [0–7.3] 4.3 [2.7–5.8]

Note: *statistically significant differences between the patient groups and the control group (p ˂ 0.05); **statistically signifi-
cant differences between the uncomplicated and complicated groups (p ˂ 0.05); IL, interleukin.
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This mathematical model can be recommen-
ded as an additional laboratory method for predic-
ting the development of complications in the form 
of OM in patients with RS, which provides a per-
sonalized approach to patient therapy. Prescribing 
immunotherapy to patients in addition to the stan-
dard therapy based on the levels of IL-17, IL-8, and 
IL-18 will increase the efficiency of treatment, as 
well as minimize the risk of complications in pa-
tients with RS.

CONCLUSIONS
1. Compared with the control group, the com-

plicated group had decreased levels of IL-1β and 
IL-4 and an increased level of IL-8, IL-17, and 
IL-18, which indicates a shift in the balance of cy-
tokines toward pro-inflammatory cytokines and 
pronounced inflammatory process.

2. A complicated course of RS is determined 
using levels of IL-8, IL-17, and IL-18.

3. For personalized therapy, an approach was 
developed that used IL-8, IL-17, and IL-18, which 
can be used to predict the development of compli-
cations in patients with RS.
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