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AIM OF THE STUDY An actual problem of the modern approach to the management of patients in the post-traumatic period with the aim of 
predicting, preventing and treating complications of post-traumatic pneumonia is the assessment of the dynamics of the cytokine profile in 
this period. 
MATERIAL AND METHODS Investigations were carried out at the time of hospitalization prior medical interventions. During the research the 
following methods were used: clinical, physical, instrumental, follow-up, radiation (MRI, CT, X-Ray), endoscopic, laboratory.  
Blood was taken from the peripheral vein on the first, third, fifth, seventh and ninth day of hospitalization to determine the interlikin profile. 
The definition of Pro-inflammatory cytokines: IL-1, IL-6 and IL-10 in the blood serum performed by ELISA on the immunofermental analyzer 
Abbott AXSYM using standard kits ProCon (“Protein contour”, St. Petersburg, Russia). Data were processed statistically using Student’s t-test. 
RESULTS  Analysis of the results of determination of IL-1 in the serum of patients DK showed that in all stages of the disease, in addition to IV, 
the contents of this cytokine exceeded the control values in varying degrees of severity. 
While the levels of IL-1 in the serum of patients with the 1ststage of the disease was 4.0 times; stage 2–3.4 times; the third stage is 1.5 times 
higher than normal. And only in patients with very severe stage of pneumonia contents IL-1 did not differ from the norm. 
 A similar picture was observed when determining the serum content of patients with a very severe stage of pneumonia, and only in contrast 
to the level of IL-1 in patients with a very severe stage of pneumonia, the IL-6 content remained significantly higher than normal. So, the 
content of IL-10 in patients with a very severe stage of pneumonia of stage I, II, III and IV of the disease averaged 330.7±24.5, respectively; 
210.5±17.3; 123.4±15.3 and 98.5±12.7 pg/ml (in all cases p<0.05). 
CONCLUSION The results obtained in a comparative study of contents of proinflammatory cytokines (IL-1, IL-6 and TNF-a) in the blood serum 
showed that the determination of the spectrum of cytokines in peripheral blood, in our opinion, is the most perspective and can be a key marker 
for early detection of inflammation. 
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ALV – artificial lung ventilation  
CT – computed tomography 
ELISA – enzyme linked immunosorbent assay 
IL – interleukin 
MRI – magnetic resonance imaging 
TBI – traumatic brain injury 
  
INTRODUCTION 

Injury to the chest is an extensive and rather diverse group, including both a closed chest injury with 
multiple bilateral rib fractures and severe deformity of the chest, and an injury to vital organs (lungs and 
heart) with bilateral open or tension pneumothorax, large hemothorax. 

In the general structure of trauma among the population, the proportion of combined chest trauma is 
8–10%. Closed injury predominates, with multiple and associated injuries most often characterized by a 
severe course, and in some cases are one of the main causes of a large number of deaths [1]. The combined 
trauma of the chest and the musculoskeletal system often leads to severe pulmonary complications, for 
example, the development of pneumonia, which is largely facilitated by massive blood loss, especially with 
extensive fractures of the long bones of the limbs and pelvic bones, leading to the development of anemia, 
hypoxia, and impaired blood coagulation. An aggravating circumstance is the forced prolonged stay of the 
victims in a motionless state, weakness [2, 3]. 

Multiple and combined trauma of the chest is accompanied by respiratory and hemodynamic 
abnormalities, including significant reduction of oxigenic lung function and, consequently, deterioration 
of blood oxygen [4, 5]. Mortality from nosocomial pneumonia, which is the second most frequently detected 
among infectious complications, is almost 50% [6, 7], and therefore the treatment and prevention of 
pneumonia in patients with polytrauma is of particular importance [5, 8–15]. 

With the formation of complications during a traumatic illness in patients with concomitant trauma, T-
suppressors are activated and the production of immunoglobulins decreases. In addition, cytotoxic 
reactions, suppression of proliferative activity, and a decrease in the quantity and quality of cytokines 
accompany different variants of post-traumatic syndrome. An imbalance in cytokine regulation, rather 
than proinflammatory cytokinemia, is of primary importance in the development of impaired 
immunoreactivity [10, 16]. 

Pneumonia is an acute infectious inflammation of the lung tissue with a predominant lesion of the 
alveoli with the presence of previously absent clinical and radiological signs of local lesions that are not 
associated with other known causes [17]. This definition emphasizes the infectious nature of the 
inflammatory process, excluding pulmonary inflammations of another origin (immune, toxic, allergic, 
eosinophilic, etc.), for which, in order to avoid terminological confusion, it is advisable to use the term 
"pneumonitis", traditionally denoting only infectious lesions with "pneumonia" [17]. Infectious pneumonia 
develops on the 3rd day, and the clinic manifests itself more clearly on the 5th day in connection with the 
attachment of a variety of pathogenic microflora and at the same time increasing pronounced 
immunosuppression. 

Aim of study: to study and evaluate the dynamics of cytokine indices in the post-traumatic period in 
patients with multiple and concomitant closed chest trauma to predict and prevent complications. 
MATERIAL AND RESEARCH METHODS 

The study included patients who gave their consent to participate in it and were inpatient treatment in 
the Departments of General Surgical Intensive Care, Traumatology, General Surgery and Neurosurgery of 
Bakhrushins City Clinical Hospital in the period from 2010 to 2019. 

The study included 147 victims (56 female and 81 male) with combined and multisystem chest trauma, 
complicated and not complicated by pneumonia; age-from 16 to 82 years (on average, for women-55.1 ± 
6.5, for men-48.2 ± 3.4 years).   

In this study victims who underwent tracheotomy or other operations on the respiratory tract were not 
included, and the use of the apparatus of artificial ventilation (mechanical ventilation) was short that did 
not result in an additional pathogenetic changes in the development of pneumonia. 

It is known that the severity of traumatic brain injury and the nature of comorbid pathology very often 
determine the ongoing immune changes and determine the outcome of treatment [7, 18–21]. Therefore, 
the study groups included victims only with concussion, which objectively did not affect the development 
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of pneumonia. Exclusion criteria: the presence of the affected diseases affecting the immune status-
endocrine, autoimmune, infectious, infectious-allergic pathology, diseases of the liver, nervous system and 
kidneys. The state of the cardiovascular system at all on-suffering was satisfactory, did not affect the nature 
of the study and the results obtained, the victims had no fundamental differences in the clinical signs, 
making it possible to obtain objective data at the time of the study. The ratio of multiple and concomitant 
chest trauma, as well as the compatibility of similar injuries in men and women in percentage terms, were 
almost the same (Table 1). Multiple and concomitant chest trauma included multiple fractures of the ribs 
(two or more), collarbone, as well as damage to the pleura, lung and diaphragm. In case of combined 
injuries, the presence of damage to the chest with fractures of the bones of the extremities, pelvis, spine 
without compression of the spinal cord, concussion and damage to the abdominal organs was considered. 

  
T a b l e  1  
Distribution of patients with chest trauma 

The nature of the injury 
  

Women Men 
n (%) n (%) 

Multiple chest injury 22 (39.3) 34 (42.0) 
Concomitant injury:  34 (60.7) 47 (58.0) 
-chest and bone fractures of the limbs 3 (5.4) 5 (6.2) 
-chest and pelvic bone damage 2 (3.6) 2 (2.5) 
-chest, spine and abdominal injury  2 (3.6) 2 (2.5) 
-chest and minor traumatic brain injury (concussion) 14 (25)  19 (23.5)  
-chest, bone fractures of the limbs and mild traumatic brain injury (concussion) 10 (17.9)  15 (18.5)  
-chest, spinal injury and mild traumatic brain injury (concussion) 3 (5.4)  4 (4.9)  

  
The severity of the condition in those admitted to the hospital in the first 24 hours after the injury was 

assessed using the ISS scales-combined injury, where the minimum score was 15, and according to 
the AIS scale-multiple trauma – score 3.   

As you can see from the Table 2, most of the victims were taken to the admission department of the 
hospital in the first 6 hours from the moment of injury. Upon admission to a hospital (department of general 
intensive care, general surgery, traumatology and neurosurgery), after a clinical examination, they were 
treated in the required amount. Resuscitation measures were carried out according to indications, including 
the use of artificial lung ventilation (ALV) using a PB-740 apparatus in CMV mode (mainly during the first 
24 hours) or assisted ventilation, anticoagulant and hormonal therapy, infusion of crystalloid and colloid 
solutions. For antibiotic therapy, III generation cephalosporins were used. The medical complex also 
included funds aimed at improving microcirculation, vitamins, systemic medications, symptomatic 
therapy. 

  
T a b l e  2  
Time of admission of victims to the emergency room of the hospital from the moment of injury 

Time watch 
  

Women (n = 56) Men (n = 81) R 
  

n % n % 
until 6 42 75.0 61 75.3 > 0.05 
6-11 12 21.4 17 21.0 > 0.05 
12-23 1 1.8 2 2.5 > 0.05 
24 and more 1 1.8 1 1,2 > 0.05 

  
  
The most typical but important methods were used to examine the victims. In addition to follow-up and 

clinical studies, instrumental studies were carried out. According to the indications, the patients underwent 
radiography, MRI and CT, fibrobronchoscopy. We carefully studied the clinical and biochemical blood tests. 
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For the analysis of cytokine profiles, 32 patients with practically the same clinical symptoms, nature 
and extent of injury were selected, some of whom later developed post-traumatic pneumonia, but there 
were no other complications. It was from them that blood was taken from a peripheral vein in an amount 
of 20 ml and centrifuged for 5 minutes at a speed of 1500 / min to separate the plasma. Then the plasma in 
cryocontainers manufactured by Nunc (Denmark) with a block of 1.8 ml containers was frozen at a 
temperature of-196° С immediately after separation. 

In the blood serum enzyme immunoassay analyzer Abbott "AXSYM tm " detected proinflammatory and 
anti-inflammatory cytokines: IL-1, IL-6 and IL-10. To do this, on the 1st, 3rd, 5th, 7th and 9th days after 
the injury (the days most likely for the development of the first radiological and clinical signs of 
pneumonia), special test kits were used, separately for each patient. 

Statistical analysis of the data obtained was carried out using Microsoft Excel XP and Statistika 6. 
Statistical processing of the study data included the creation of tables and diagrams, as well as the analysis 
of the most important indicators: mean value, standard deviation, standard deviation of the mean, 
confidence interval and relative error. The statistical significance of the differences between the signs in 
individual groups was compared using the Student's test (t ); the differences were considered statistically 
significant at a 5% significance level according to the Student's table, p <0.05. There was no statistical 
significance of differences at p > 0.05.   

Analysis of the literature data on the cytokines IL-1, IL-6, and IL-10 [18, 22-28] made it possible to 
formulate the grounds for the selection of specific cytokines with the properties required for the study. 

Rapid response and induction of the synthesis of interleukins IL-1, IL-6 and IL-10 causes the following 
reactions. 

I. Strengthening the expression of interleukins for the formation of a rapid acute phase response. 
II. Early response mediators cause the body to react quickly. 
For the compilation and analysis of cytokinograms, 4 groups were formed. The criteria for inclusion in 

a particular group: a) the presence or absence of signs of pneumonia; b) the severity of pneumonia. 
I-there are no clinical signs of pneumonia; 
II-pneumonia of mild or moderate severity; 
III-severe pneumonia;  
IV-extremely severe pneumonia. 
As you can see from the Table 3, the content of IL-1, IL-6, IL-10 in the studied victims in the first 24 

hours of hospital stay practically did not depend on the characteristics and nature of the injuries. 
  

T a b l e  3  
The content of IL-1, IL-6, IL-10 (pg / ml) in blood plasma, depending on the severity of the general condition 
of the victim, taking into account the classification of K.G. Nikulin, L.I. Dvoretsky [19]  

Group, severity of pneumonia n IL-1 IL-6 IL-10 Points (SOFA) 

Group I, no pneumonia 10 106.5 3 (99.5; 111.8) 165.2 2, 3 (160.5; 171.7) 110.2 2, 3 (107.5; 115.7) 0 1, 2, 3 (0; 1.0) 

Group II, mild to moderate pneumonia 14 105.8 3 (98.4; 110.4) 167.6 2, 3 (160.4; 171.3) 110.6 2, 3 (102.5; 115.5) 2.0 2, 3 (1.0; 3.0) 

Group III, severe pneumonia 5 97.8 3 (96.9; 103.8) 177.8 (177.3; 183.7) 84.2 (79.8; 84.6) 4.0 (3.0; 5.0) 

Group IV, very severe pneumonia 3 91.7 (90.9; 94.9) 187.3 (182.8; 193.7) 79.7 (77.7; 84.1) 5.0 (4.0; 5.0) 

 Notes: 1-рu≤ 0.05 compared to the same indicator in group II; 2-рu≤0.05 compared to the same indicator in group III; 3-рu≤0.05 compared to the same 
indicator in group IV  

  
In order to assess the results obtained using correlation analysis, the dependence of the interleukin 

content on the general condition of the victims was determined. The following data were obtained: 
-the content of IL-1 in blood plasma did not affect the general condition and did not determine its 

severity; the correlation coefficient (r) between them was observed at a fairly low level and amounted to 
only-0.19; 

-the number of IL-6 and the general condition of patients were in direct relationship; r was +0.57; 
-the ratio of the IL-10 content and the nature of the general condition of the victims looked different 

and had an inverse relationship, with r being-0.67. 
RESEARCH RESULTS 

The content of IL-1 in the studied patients by groups. In the I group as a first observed at day 9-
sedate gradual decrease of its level, while at the affected groups II-IV to 7th days marked "splash" the 
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content of this indicator. Later, after 2 days, the picture changed somewhat. In groups II and III, a decrease 
in the level of IL-1 was observed, while in group IV, the trend towards an increase in the level of IL-1 
continued. 

The content of IL-6 in the studied patients by groups. The first 7 days of the levels of this cytokine 
substantially similar indices correspond to IL-1 in all four groups. Further, the level of IL-6 in the patients 
of group IV increased sharply, while IL-1 remained approximately at the same values. 

The content of IL-10 in the studied patients by groups. Changes in the level of this indicator were 
similar to those obtained when evaluating IL-1 and IL-6. The patients of group I showed a gradual decrease 
in its content in the blood plasma from the moment of admission to the hospital and up to the 9th day. In 
the affected groups II – III, an increase in the content of IL-10 was revealed by the 7th day, and on the next 
2 days, on the contrary, a decrease. In the patients of the most severe group (IV), all the first 9 days, there 
was a tendency for an increase in the content of IL-10. 

Thus, in the patients of group I, all 9 days, starting from admission, there was a gradual decrease in the 
content of both IL-1 and IL-6, and IL-10. The dynamics of the studied parameters in the affected groups II 
– IV showed a significant increase in them on the 7th day, followed by a decrease within two days (except 
for the IV group, in which the process of increase continued).  

When processing and analyzing the information received, we came to the following conclusion: in the 
affected groups, the level of interleukins differs not only in absolute quantity, but also in the relationship 
between them. We would like to draw your attention to the fact that after the admission of patients to the 
emergency department and during the first 24 hours in groups I and II, the ratio of the content in blood 
plasma IL-I / IL-10, IL-6 / IL-10 and IL-1 / IL-10 turned out to be less than 1.5 and 1.0, respectively, that is, 
it was at a lower level than in groups III – IV, in which this ratio was higher than the reference values. The 
data obtained indicate that with the progression of pathological processes and the aggravation of the 
general condition of the victims, the values of the IL-1 / IL-10, IL-6 / IL-10 indicators become higher. This 
fact is explained by an objective increase in the content of IL-1 and IL-6 and is shown on cytokinograms 1-
4. Interleukins activate macrophages, fibroblasts and endothelial cells, forming homeostasis. During 
injury IL-1 promotes occurrence fibroblast and platelet growth factor, IL-6 and tumor necrosis factor alpha 
(TNF-α) [7, 20, 29]. The latter, together with the transforming factor of the rostrum, promote an increase 
in the local content and, accordingly, the proliferation of endothelial cells and fibroblasts in the damaged 
area [30]. Interleukin, in turn, is involved in the synthesis and appearance of other representatives of the 
cytokine series. Thus, a series of interdependent biochemical responses to a traumatic state is observed in 
the body, with an increase in the number of other cytokines and cells [31].  

  

 

Cytokine panel 1. Patients without pneumonia 
 

 

Cytokine panel 2. Patients with mild and moderate pneumonia 
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Cytokine panel 3. Patients with severe pneumonia 
 

 

Cytokine panel 4. Patients with extremely severe form of pneumonia 

  
T a b l e  4  
The content of IL-1 (pg / ml) in the observed victims at different time periods after admission to the hospital 
[Me (25%; 75%)] with mean values of 30.0 pg / ml as normal 

Severity of 
pneumonia 

  
Type of injury 

  
24 hours from the moment of injury 

1st  3rd  5th  7th  9th  
No pneumonia 
  

Combined, n = 5 111.8 * (108.3; 
112.0) 

104.6 (103.5; 
107.7) 

81.8 (78.2; 87.5) 67.5 (66.2; 69.4) 58.7 (58.0; 60.2) 

Plural, n = 5 99.5 (97.3; 
105.7) 

100.2 (98.2; 
102.8) 

84.1 (82.7; 84.3) 72.1 (71.1; 72.4) 61.4 (59.7; 65.9) 

Mild to moderate 
pneumonia 
  

Combined, n = 8 109.6 * (105.8; 
112.6) 

102.6 (99.8; 
108.8) 

82.7 (75.4; 88.7) 148.5 (140.4; 151.9) 69.2 (65.2; 73.4) 

Plural, n = 6 100.5 (96.7; 
103.7) 

100.6 (99.2; 
107.1) 

82.8 (78.6; 89.1) 146.0 (137.9; 157.7) 71.4 (69.9; 77.7) 

Severe pneumonia 
  

Combined, n = 3 103.8 (96.6; 
108.9) 

98.5 (92.8; 
105.7) 

99.8 (90.7; 
100.1) 

140.7 (139.4; 143.4) 87.6 (80.9; 91.5) 

Plural, n = 2 96.8 (95.8; 97.8) 94.2 (90.7; 97.8) 93.7 (92.6; 94.6) 144.4 (137.5; 151.2) 80.7 (79.7; 81.7) 
Very heavy  
degree of 
pneumonia 

Combined, n = 2 92.9 (90.9; 94.9) 88.2 (81.1; 95.2) 91.1 (83.9; 
138.0) 

138.0 (134.5; 141.5) 153.1 (150.7; 155.5) 

Plural, n = 1 91.7 86.9 90.7 130.3 151.2 
 Notes: *-рu≤0.05 compared with the indicator in the same follow-up period in patients with multiple trauma 

  
  



7 
 

T a b l e  5  
The content of IL-6 (pg / ml) in the observed victims at different time periods after admission to the hospital 
[Me (25%; 75%)] with mean values of 50.0 pg / ml as normal 

Severity of 
pneumonia 

  
Type of injury 

  
24 hours from the moment of injury 

1st  3rd  5th  7th  9th  

No pneumonia 
  

Combined, n = 5 171.7 (166.8; 
174.1) 

165.6 (158.8; 
67.6) 

150.9 (147.1; 
153.7) 

138.8 (136.7; 
139) 

124.5 (112.8; 125.0) 

Plural, n = 5 162.5 (160.5; 
163.5) 

158.3 (157.8; 
159,) 

145.5 (142.0; 
147.7) 

133.5 (132.5; 
138.1) 

117.5 (114.7; 126.1) 

Mild to moderate 
pneumonia 
  

Combined, n = 8 168.6 (157.4; 
171.5) 

161.4 (148.6; 
167.3) 

147.8 (141.2; 
156.2) 

188.6 (180.8; 
190.2) 

176.0 (166.9; 181.0) 

Plural, n = 6 166.1 (161.2; 
171.3) 

160.5 (152.5; 
166.8) 

152.9 (149.1; 
154.3) 

182.0 (180.8; 
190.5) 

170.3 (168.2; 173.4) 

Severe pneumonia 
  

Combined, n = 3 177.3 (172.6; 
183.7) 

174.2 (148.6; 
178.5) 

167.7 (160.7; 
172.1) 

184.8 (179.3; 
191.7) 

179.7 (171.9; 185.7) 

Plural, n = 2 183.4 (177.8; 
189.0) 

177.5 (172.4; 
182.6) 

199.1 (165.1; 
174.3) 

187.3 (185.7; 
188.9) 

181.2 (177.7; 184.7) 

Very severe 
pneumonia 
  

Combined, n = 2 185.0 (182.8; 
187.3) 

183.4 (181.2; 
185.6) 

191.6 (189.4; 
193.8) 

204.9 (204.7; 
205.1) 

208.0 (207.5; 208.6) 

Plural, n = 1 193.7 192.6 199.1 201.7 210.2 
  

T a b l e  6  
The content of IL-10 (pg / ml) in the observed patients at different time periods after admission to the hospital 
[Me (25%; 75%)] with mean values of 18.0 pg / ml as normal 

Severity of 
pneumonia 

  
Type of injury 

  
24 hours from the moment of injury 

1st  3rd  5th  7th  9th  
No pneumonia 
  

Combined, n = 5 112.8 (110.7; 
115.7) 

98.8 (96.7; 
100.7) 

92.8 (88.7; 94.6) 88.3 (80.9; 88.9) 80.2 (75.7; 82.9) 

Plural, n = 5 107.7 (107.5; 
109.7) 

101.5 (91.7; 
102.2) 

94.7 (87.7; 95.6) 86.7 (82.3; 87.1) 81.1 (79.5; 81.8) 

Mild to moderate 
pneumonia 
  

Combined, n = 8 112.6 (109.3; 
117.8) 

98.4 (95.0; 
105.4) 

90.1 (89.2; 
108.1) 

107.9 (98.0; 
113.1) 

89.8 (87.2; 94.5) 

Plural, n = 6 105.7 (99.6; 
110.1) 

95.3 (89.7; 99.7) 89.6 (84.5; 93.8) 103.4 (98.7; 
112.8) 

90.2 (85.9; 92.7) 

Severe 
pneumonia 
  

Combined, n = 3 84.6 (79.8; 87.0) 80.8 (71.2; 81.4) 104.6 (93.4; 
108.1) 

105.5 (98.0; 
109.8) 

88.7 (87.6; 97.7) 

Plural, n = 2 81.7 (79.2; 84.2) 78.8 (78.7; 78.8) 100.1 (99.7; 
100.5) 

109.4 (108.2; 
110.7) 

90.4 (90.2; 90.6) 

Very heavy  
degree of 
pneumonia 

Combined, n = 2 80.9 (77.7; 84.1) 74.2 (71.4; 76.9) 65.7 (63.7; 67.7) 83.6 (81.4; 85.7) 98.4 (95.9; 100.9) 
Plural, n = 1 79.7 76.8 59.0 86.5 98.7 

  
DISCUSSION 

Pathological conditions are manifested, among other things, by an inflammatory response, in which an 
excess of the production of future neurotoxic mediators, a hyper-amount of IL-1 and other pro-
inflammatory cytokines is detected. The latter are directly involved in systemic and local changes. During 
this process, a decrease in the number of anti-inflammatory cytokines (IL-10, etc.) and neurotrophic factors 
responsible for the nature and manifestation of inflammation, a decrease in the production of pro-
inflammatory cytokines are also formed. In this way, the severity of tissue damage is controlled. One of the 
main qualities of IL-1 is the ability to positively influence the growth of antigen-sensitive T-
lymphocytes. At the same time, IL-1 is not considered a growth factor for T-lymphocytes. It induces the 
synthesis of IL-2 and IL-4, which are growth factors secreted by T-helper (Th) [25-28, 32, 33]. 
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At the same time, IL-1 increases the contrast of receptors for IL-2 and IL-4, forming the prerequisites 
for autocrine correction of the proliferation of T-helper. The latter, secreting IL-4, maximally dynamically 
activate the production of IL-1. 

IL-1, in addition to belonging to a special immune response, is also one of the main factors that is 
responsible for the formation of two nonspecific defense models-local inflammation and acute phase 
reaction of the body as a whole when it is affected by an infection [23-28, 33-37]...  

IL-6 is one of the most potent cytokines that shape and mediate the inflammatory process and immune 
response. This is due to the fact that it has a greater number of biotechnological targets and cellular sources 
of production. 

The latter can be several types of cells: keratinocytes, fibroblasts, monocytes-macrophages, T-
helper lymphocytes and endothelial cells [23, 38]. 

Various factors, viruses, bacteria, influencing cells, create conditions for the rapid synthesis of IL-6. The 
active and characteristic response to all these internal and external agents suggests that IL-6 is a member 
of the group of early mediators. This feature plays an important role in the active response of the body as a 
whole to the appearance of pathological agents or after tissue damage. 

The set of medico-biological effects of IL-6 is quite diverse and manifests itself not in the excessive 
proliferation of cells for the intended purposes, but in the possibility of their differentiation at the last 
stages of development. As such a factor, IL-6 is involved in the transformation of antisuppressors of 
antigen-specific cytotoxic leukocytes into complete effectors of cell lysis. The differentiating capabilities 
of IL-6 have something to do with B cells. At the same time, the absence of stimulating properties for 
growth does not prevent it from actively participating in the preparation for the synthesis and 
transformation of cell antibodies into their energetic producers [22, 24–30, 35, 39]. 

The characteristic features of IL-6 allow this cytokine to be included in the category of the main internal 
controllers of inflammatory responses and immune responses in the body. 

IL-10 carries vivid anti-inflammatory characteristics, including in the fight against fever, it is 
reproduced by T-cells and is practically a direct antagonist of pro-inflammatory cytokines (in our study, IL-
1 and IL-6). It destroys their derivatives, there is a reactive proliferation of T-cells for antigens. Also, one 
of its main properties is the ability to suppress the release of TNF-(leukocyte interferon) and IL-1 b and IL-
6 by activated monocytes. Moreover, at the same time, IL-10 has the ability to improve the synthesis of 
immunoglobulin IgE. In total, all these possibilities stimulate the formation of an immune response 
according to the humoral type [22, 40]. 

When analyzing the data obtained, we came to the conclusion that the content of IL-6 and IL-10 
depends on the severity of the disease in the victims and has an important diagnostic value, while the 
content of IL-1 has very insignificant variability and practically does not differ from constants. This 
confirms the relevance of a comparative enzyme-linked immunosorbent assay according to various other 
sources [7, 15-17, 20-31, 33, 35-37, 41-44], which undoubtedly shows interest in the search for new 
approaches to predicting complications, the possibility of prevention and timely adequate therapy 
(immunocorrection) of post-traumatic complications and confirms the semantic load of interleukins for 
clinical research. 
CONCLUSION 

The study and assessment of the body's immune capabilities in combination with the implementation 
of previously adopted and positively recommended clinical, laboratory and instrumental research methods 
in patients with multiple and concomitant trauma suggest that the appearance of the first signs of 
pneumonia coincides with a change in the content of interleukins in the blood (see cytokinograms) by 3-
and-5th day, which is comparable to the shock state of the victim and is accompanied by the formation of 
a cytokine cascade, and this, despite the relatively small number of observations, can still contribute to the 
diagnosis of pneumonia in the early stages and the appropriate therapy. 

The body's immune response begins in the first hours after injury. However, changes in interleukin 
parameters appear by the 3-5th day. 

With a positive dynamics of traumatic illness on the first day, the levels of IL-1 and IL-10 significantly 
increase in the victims, while the IL-6 indicators increase more slowly. The following relationships were 
identified: IL-1 / IL-10 <1.0; IL-6 / IL-10 <1.5. When the negative dynamics of pathological changes in the 
same time period there was an inverse pattern: enough marked increase in the level of IL-6 and minor-IL-
1 and IL-10. The ratios were as follows: IL-1 / IL-10> 1.0; IL-6 / IL-10> 1.5.  
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Thus, the results obtained in a comparative study, the content of pro-and anti-inflammatory cytokines 
(IL-1, I L-6 and IL-10) in blood serum showed that the determination of the spectrum of cytokines in the 
peripheral blood, in our opinion, is promising and may be a key marker for early detection of inflammation; 
it is necessary and highly informative for the immunoassay monitoring of the post-traumatic period at 
different time intervals. We would also like to note that the timely compilation and analysis of 
cytokinograms makes it possible to improve the diagnosis and prediction of the development of post-
traumatic pneumonia in patients with multiple and concomitant chest injuries, to optimize and carry out 
adequate therapeutic measures. The data obtained make it possible to develop in more detail a program of 
immunocorrection in this category of patients for the prevention of post-traumatic complications. 
CONCLUSION 

1. In the early post-traumatic period in patients with chest trauma, there is a dramatic increase in the 
production of pro-and anti-inflammatory cytokines, which is a nonspecific response of the body to injury.  

2. Production of pro-and anti-inflammatory cytokines in the uncomplicated course of the post-
traumatic period by the 9th day tends to normalize. When pneumonia occurs, the content of all cytokines 
increases again by 5-7 days and tends to normalize after 9 days in all patients, except for patients with 
extremely severe pneumonia. In patients with extremely severe pneumonia, the content of all cytokines 
continues to increase. 

3. The production of pro-and anti-inflammatory cytokines in the first day of the post-traumatic period 
predetermines the severity of subsequent purulent-septic complications. As the subsequent pneumonia 
aggravated, the production of the anti-inflammatory cytokine IL-10 becomes statistically significantly 
lower, accounting for 72.3% (p <0.05) of the IL-10 level in patients without further development of 
pneumonia. The production of pro-inflammatory interleukin IL-1 is 86.1% (p <0.05, statistically 
significant), and the production of pro-inflammatory interleukin IL-6 increases, amounting to 113.4% 
(p <0.05) on the 1st day. 
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