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There is still no information on the dynamics of pro- and anti-inflammatory cytokines and mark-ers of the septic process before the clinical
manifestation of sepsis.
was to analyze the dynamics of inflammation and sepsis markers concentration in early periods in patients with urgent pathology,
depending on the subsequently developed sepsis.

The concentration of procalcitonin, C-reactive protein, LBP, IL-6, IL-10, IL-2R in 61 patients with a high risk of sepsis was
investigated starting from the first day after admission to the hospital and then with intervals of 3-5 days. The Group 1 included 29 patients with verified
sepsis. All patients of this group survived. The Group 2 included 8 patients who died. The Group 3 included 24 patients who had no clinical signs of sepsis.
All the patients in this group recovered.

We revealed significant differences in concentrations of systemic inflammatory response markers and its dynamics in the period preceding
clinical manifestations of sepsis. It was found that it was possible to predict the development of sepsis and its unfavorable outcome with a high statistical
probability in the study of paired samples of blood serum of patients received on day 1-3 and 4-6 from the onset of the disease or severe trauma. The
predictors were multidirectional changes of IL-6, IL-10, LBP concentrations and more than three-fold IL-2R increase on the background of high
concentrations of procalcitonin and C-reactive protein.

The highest concentrations of procalcitonin, C-reactive protein, IL-10 and IL-2R were revealed within the first three days in patients who
died of sepsis. High concentrations of IL-6 and IL-10 within first three days and different directions of their concentrations during the next 4-6 days
indicate the development of sepsis with an unfavorable outcome. Reduction of IL-2R and IL-6 and an increase in IL-10 within the first week after the onset
of the disease or trau-ma are predictors of lethal outcome.
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CRP — C-reactive protein

IL — interleukin

IL-2R — interleukin-2

LPSBP — lipopolysaccharide-binding peptide
PCT — procalcitonin

TNF-alpha — tumor necrosis factor alpha

INTRODUCTION

Despite numerous studies devoted to determining the diagnostic and prognostic significance of biomarkers
associated with the development of sepsis, there is still no consensus on interpreting their results. The main
difficulty is tha concentrations of many marker molecules significantly increase not only with the development of
sepsis, but also in the first 2 days from the onset of acute inflammatory disease or immediately after a mechanical
trauma, burn injury or extensive surgical intervention even in patients who did not have septic complications in
later terms. The increase in reference values of procalcitonin (PCT), C-reactive protein (CRP), interleukin-6 (IL-6)
and interleukin-10 (IL-10), lipopolysaccharide-binding peptide (LPSBP) and soluble interleukin-2 receptor (IL-2R) in
the early period is described in a number of works. Moreover, a favorable course of the disease is accompanied by a
fall in their level to normal values within 2-3 days, and a multiple increase in later periods is noted only in case of
infection and the development of sepsis [1-4].

As a rule, the concentration of mediators in the peripheral blood varies with the activity of the inflammatory
process, but an excessively high level of cytokines can promote the development of severe multi-organ dysfunction
and sepsis. According to the authors, the determination of the level of some cytokines, for example, interleukins,
can be used to predict multi-organ failure in patients with multiple trauma [5].

The results of our studies also showed an increase in the concentration of some biomarkers in the blood of
patients with surgical diseases and severe multisystem trauma already on day 1-2. In patients with developed sepsis,
concentrations of LPSBP, CRP, IL-2R and IL-6 in blood were significantly higher and differed with high statistical
significance from levels in patients who hadn't had septic complications [6].

Features of the dynamics of some pro- and anti-inflammatory cytokines in the course of developed sepsis are
described in a number of scientific articles. The variants of concentration of IL-6, IL-10, tumor necrosis factor alpha
(TNF-alpha,) PCT, reflecting the type of the response in the course of the developed septic process and directly
associated with its outcomes were determined [7, 8]. However, there is no information on the dynamics of pro- and
anti-inflammatory cytokines, as well as markers of the septic process before the clinical manifestation of sepsis.



The purpose of this article was to study the dynamics of concentrations of inflammatory and septic markers in
early periods in patients with urgent confition, depending on the subsequently developed sepsis.

MATERIAL AND METHODS

Starting with the first day after the onset of the disease, multisystem trauma or surgical intervention, and further
with an interval of 3-5 days, the concentration of PCT, CRP, LPSBP, IL-6, IL-10 and IL-2R in patients with a high risk
of sepsis was investigated. We studied blood samples of 61 patients who were treated at the Institute for severe
multisystem injury with damage to three or more anatomical areas (ISS>25), destructive pancreatitis, purulent
mediastinitis and diffuse purulent peritonitis.

Depending on the development of sepsis and its outcomes, patients were divided into three groups. The 15t group
included 29 patients with verified sepsis, which complicated mediastinitis in 6 patients, common purulent
peritonitis in 8 patients, severe destructive pancreatitis in 3 patients, and severe multisystem injury in 12 patients
(ISS>25). In 4 patients of the 1st group, a septic shock developed. All patients of this group survived.

Deaths from sepsis and septic shock patients occurred the 2" group, which included 8 patients: 2 patients with
mediastinitis, 4 cases of pancreatonecrosis and 2 cases of severe multisystem trauma.

The 3 group included 24 patients who did not have a clinical picture of sepsis: 2 — mediastinitis, 2 —
peritonitis, 2 — acute destructive pancreatitis and 18 — severe multisystem trauma (ISS>25). All the patients in this
group recovered.

The age group and the gender composition of the group are comparable: there were 7 women and 22 men in the
first group, 2 women and 6 men in the second group , and 7 women and 17 men in the third group . The mean age of
the patients was 45.9+8.5, 49.9+6.7 and 44.0%4.1 years, respectively.

All patients who needed urgent surgical treatment were operated. In the conditions of resuscitation departments
all patients received complex treatment, including infusion, transfusion, antibacterial and detoxification therapy.

The concentration of PCT, IL-6 and IL-10 was determined by an enzyme immunoassay using a set of Vector-Best
reagents on a microtiter plate of Synergy NT (Bio-Tek Instruments, USA). CRP was examined on an automatic
analyzer BN "ProSpec” (Dade Behring, Germany). LBP and IL-2R were determined on an IMMULITE 2000 automatic
immunochemiluminescent analyzer (DPC, USA).

Statistical processing of the data was carried out using application packages MS Excel, STATISTICA and SPSS.
Estimates of central trends and their variations are represented by mean values (M) and standard deviations (c), as
well as medians (Me) with a quarter scale (1st and 3rd quartiles), because half of the distributions did not meet the
criterion of normality. The comparison of quantitative data in the groups was carried out using the nonparametric
Mann-Whitney test. The level of statistical significance was p<0.05.

RESULTS AND DESCUSSION

The analysis of studied parameters and their dynamics during the observation period revealed differences both in
concentration and direction of changes in patients of the compared groups (Fig. 1). Despite the fact that the levels of
biomarkers in the compared groups were determined in a wide range of values, in the patients with sepsis the
average concentrations and medians of CRP, LPSBP, IL-2R during the first week of observation were significantly
higher than the values corresponding to the upper limits of the norms, and higher than in patients without sepsis
(Table 1). In the group of deceased patients, concentrations of PCT, CRP, LPSBP and IL-2R also statistically
significantly exceeded the levels in patients of the 15t and 3™ group (Table 2).
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Fig. 1. The dynamics of inflammation markers, in relation to the development of sepsis and its outcome. Dotted lines are the upper limits of the norm
(according to medians).
Notes: CRP — C-reactive protein; IL — interleukin; IL-2R — interleukin 2R; LPSBP — lipopolysaccharide-binding peptide; PC — procalcitonin



Table 1

The dynamics of systemic inflammatory response markers in relation to the development of sepsis

1.43[0.33; 14.5]

121 [48.1; 150]

131.5[80.35; 220.8]

17.57 [7.27; 47.05]

1,173.5 [650; 1,697]

Day Groups Studied parameters (M*c; Med [1, 3 quartiles])
PCT CRP IL-6 IL-10 IL-2R LPSBP
1-3 1 (sepsis) 6.61+9.18 195.15%91.03 472.94%1,026.66 41.36%46.26 2,100.8%1,711.32 56.91+30.37
3.45[1.78;7.32] 192.5[97.1; 251] 98.4 [54.2; 391] 23.82 [12.62; 46.8] [1,491.5 [1,104; 2,415] | 51.6 [36,65; 80,75]
2 (died of sepsis) 23.76+37.72 201.48%62,31 89.35%69.06 123.22+136.74 3,316.6%1,955.52 44.03£17.76
6.46 [5.75; 14] 185.5[167;272] | 63.23 [44.15;108.73] | 57.61[32.69; 161] | 2,847 [2,374;4,171] | 35.05[32.1; 60.3]
3 (without sepsis) 5.53%7.96 57.33+54.06 212.42%352.54 54.8+48.64 830.77%511.42 19.51+9.98
2.64[1.08; 5.55] 49.6 [23.5; 92.5] 133.6 [57.15;174.3] |29.11[17.72; 92.56] 690 [549; 1,057] 21[15.7; 28.2]
4-6 1 (sepsis) 2.13%1.82 162.78+58.72 76.94+82.78 20.12#21.82 13.01 1,594.19%966.88 37.89+20.69 30.9
1.65 [0.58; 2.94] 147 [135; 167] 55.6 [27.3;76.7] [6.43;20.82] 1,308 [931; 1,825.5] [24.1; 44.3]
2 (died of sepsis) 2.02%19 144.98+88.01 58.6+75.81 124.43+148.04 2,392.82%2,110.97 39.98+23.03
0.91 [0.84; 3.41] 134[69.75; 208.5] | 33.15[15.92;61.85] | 72.4 [7.16; 234.49] |2,073 [1,294; 2,636.5] | 38.95 [21.35; 58.1]
3 (without sepsis) 1.99+2.55 95.6%48.5 76.67%71.97 18.36+18.09 1,061,88+1,076.79 23.13%14.25
0.87 [0.45; 1.96] 106 [90.7; 121] 59.1[18.25;126.9] | 14.64 [5.67;20.03] 736 [463; 1,026] 19.25[10.75; 37.35]
7-10 1 (sepsis) 1.65%2.36 90.44£70.13 77.5 75.12%94.28 9.41£7.63 1,161£460,76 29.33%15.84
0.58 [0.31; 3.45] [57.5; 89.4] 60.85 [26; 79.4] 5.36 [4.17; 13.43] 1,161 [902; 1,670] 28.85 [18; 36.8]
2 (died of sepsis) 4.83%8.86 129.51%102.37 98.34+101.19 111.73%212.37 2,457.56%2,071.75 31.39+17.64
1.440.82; 2.22] 111 [65.6; 134] 71.6 [25.85;108.73] | 52.5[14.19; 77.34] | 1,200 [1,094; 3,487] 32.1[19.9; 38.8]
3 (without sepsis) 0.56%0.53 101.23%50.91 72.37+88.87 37.35%96.97 793.11%425.92 31.53+10.2
0.37[0.28; 0.62] 94.3 [63.4; 123] 38.4[15.7; 81.4] 8.6 [6.5; 15.44] 642 [490; 935] 27.4[25.7;40.4]
11-15 1 (sepsis) 6.27%7.72 106.37£52.5 150.58+107.98 43.95+57.38 1,173.5¥740.34 26.25%8.56

26.25 [20.2; 32.3]

3 (without sepsis)

0.7+0.63
0.45 [0.26; 1.04]

73.27+61.89
53.3[17.3;112]

62.65%62.46
41.25 [14.7; 117]

10.28%5.15
9.93 [5; 14.4]

1,141.11£579.87
1,027 [772; 1,441]

27.57%14.79
30.6 [16.2; 33.7]

Notes: CRP — C-reactive protein; IL — interleukin; IL-2R — interleukin 2R; LPSBP — lipopolysaccharide-binding peptide; PC — procalcitonin

Table 2

P-values of the Mann-Whitney test for the parameters studied in the compared groups in dynamics

Parameters Terms of study (days from the onset of the disease or trauma)
1-3 4-6 | 7-10 | 11-15
Group 1 and 2
PCT 0.07 1 0.29
CRP 0.82 0.34 0.29
IL-6 0.1 0.31 0.47
IL-10 0.08 0.1 0.06
LPSBP 0.37 0.71 0.78
IL-2R 0.09 0.21 0.27
Group 1 and 3
PCT 0.52 0.45 0.22 0.42
CRP 0.00005 0.02 0.43 0.36
IL-6 0.64 0.96 0.69 0.14
IL-10 0.29 0.91 0.32 0.16




LPSBP 0.0003 0.05 0.54 091
IL-2R 0.001 0.03 0.11 0.91
Group 2 and 3
PCT 0.02 0.46 0.04
CRP 0.0004 0.42 0.72
IL-6 0.12 0.52 0.32
IL-10 0.19 0.11 0.12
LPSBP 0.0006 0.15 0.86
IL-2R 0.0003 0.08 0.01

Notes: CRP — C-reactive protein; IL — interleukin; IL-2R — interleukin 2R; LPSBP — lipopolysaccharide-binding peptide; PC — procalcitonin

Attention is drawn to differences in both concentrations of detectable marker molecules in patients of the
compared groups in the early periods, and the direction of their changes during the observation period.

The increase in the level of a number of cytokines and markers of sepsis in blood within first 2 days after trauma,
surgery or the onset of acute surgical disease is noted in scientific publications and reflects activation of
immunological mechanisms which provoke the inflammatory response and individual characteristics of each
patient's immune response to damaging and stimulating effects, accompanied by the development of inflammation.
The systemic reaction of the body to damage, regardless of the cause (acute blood loss, ischemia, reperfusion,
fractures, mechanical, thermal or chemical trauma) reflects an attempt to restore homeostasis and includes
coordination of the immune, cardiovascular, endocrine and nervous systems. Often the systemic response is
accompanied by serious immunological disorders that threaten the survival of such patients. Concentrations of
blood mediators change, as a rule, parallel to the activity of the inflammatory process and their excessively high
level, as well as a violation of the balance of pro- and anti-inflammatory cytokines, can trigger the development of
severe organ dysfunction and sepsis [5, 9].

The findings show that in patients of the 1st group with developed sepsis, clinically manifested after 7 days from
the onset of the disease, there was a significant imbalance of IL-6, providing pro-inflammatory responses, and IL-10,
which has an anti-inflammatory potential (Fig. 2). Excessive production of IL-6 during the whole period of
observation and a slight increase in the concentration in the blood of IL-10 for 1-6 days created prerequisites for the
development of sepsis. The same was facilitated by a decrease in the concentration of LPSBP (Fig. 3).
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Fig. 2. The dynamics of proinflammatory IL-6 and anti-inflammatory IL-10 cytokines, in relation to the development of sepsis and its outcomes (according to
medians).
Notes: IL — interleukin
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Fig. 3. The dynamics of IL-6 and lipopolysaccharide-binding protein, depending on the development of sepsis and its outcomes (according to
medians). Dotted lines are the upper limits of normal values
Notes: IL — interleukin; LPSBP — lipopolysaccharide-binding peptide



In patients of the 2" group who died from septicemia by day 4-6, the dynamics of these interleukins had a
multidirectional character with hyperproduction of IL-10 and a sharp decrease in IL-6 production. Such changes
reflect the suppression of the inflammatory response which is required at these times to provide an adequate anti-
infective response. In later periods, a sharp increase in the concentration of IL-6 and IL-10 reduction created the
prerequisites for the development of an uncontrolled systemic inflammatory response and sepsis that led to the
death of patients (Fig. 2). IL-6 is the main pro-inflammatory cytokine, and a significant increase in its concentration
is a sign of multi-organ failure and death [10]. Such multidirectional changes such as an increase in the
concentration of IL-6 with a simultaneous decrease in IL-10 concentration within 4-6 days can be considered
prognostically significant in the development of a hyperactive systemic inflammatory response and sepsis.

This position is consistent with the literature in the notion of sepsis as a heterogeneous syndrome, characterized
by a disbalance between immune hyperactivity and relative immune suppression. Moreover, it has been shown that
the biomarkers used to evaluate the activity of these processes have sufficient potential for both recognizing sepsis
and evaluating the effectiveness of its treatment, and for stratifying patients based on their basic biological response
[11, 12].

Significant differences, both in concentration and dynamics of the soluble receptor for IL-2 in the compared
groups, were also revealed. The highest level of this marker was observed throughout the term in patients of the 2"
group. On the day 4-6, which are the determining factors for the further course of the disease, the concentration of
IL-2R in the 1%t group was 1,594.19£966.88 U/ml (Med 1308 [931, 1,825.5]), 2,392.82%+2,110.97 (Med 2,073 [1,294;
2,636.5]) in the 2" group, and only 1,061.88+1,076.79 (Med 736 [463; 1,026]) in the 3" group.

The biological role of the soluble receptor for IL-2 (IL-2R) is reduced to the need to intense anti-infective
protection by enhancing the binding of IL-2 to IL-2 receptors. As a result, only lymphoid cells that are active against
microorganisms are triggered. Soluble receptors bind excessive IL-2 in the bloodstream, thereby limiting the
development of a systemic inflammatory response and inhibiting the progression of sepsis [13]. An increase in the
concentration of IL-2R is found in the development of uncontrolled systemic inflammation, septic shock [14].

The results of our study demonstrate that the concentration of IL-2R in patients of group 1 and 2 up to 7-10 days
of observation was characterized not only by statistically significant differences, but by more than three-fold
decrease in group 1 and by minor variations in group 2. In later periods, multidirectional changes were observed: a
decrease to the level of the norm in the development of sepsis and a two-fold increase in it in case of a favorable
course of the disease (see Fig. 1). Thus, an extremely unfavorable prognostic sign of the development of sepsis is a
decrease in the concentration of IL-2R during within a week after the onset of the disease.

The change in the concentration of LPSBP in groups of patients with sepsis within 2 weeks was unidirectional
and progressively decreased. On the contrary, in patients of the 3rd group, LBP increased 3-5 days later. Reducing
the level of LBP in patients at high risk of developing sepsis should be considered as a prognostically unfavorable
factor, as LBP in plasma serves as a "security system" that reacts to the micro-quantity of endotoxin and mobilizes
mechanisms for neutralizing and eliminating the pathogen, and promotes inflammation, facilitating interaction of
endotoxin with CD14 surface of monocytes. Simultaneously, the same protein together with free CD14 molecules
ensures incorporation of endotoxin into lipoproteins, thereby neutralizing endotoxin and preventing
hyperproduction of pro-inflammatory cytokines. Since LPSBP is of key importance in the early stages of the immune
response, its level is usually elevated at the very beginning of the disease, which we also noted earlier [1]. Thus, a
decrease in the plasma concentration of LBP in the clinical picture of the development of a purulent-septic
complication indicates a lack of mechanisms that ensure neutralization of endotoxins, which is confirmed in a
number of scientific publications [15].

Based on the results obtained by us and taking into account the scientific literature evidence that blood levels of
LBP and other marker proteins are increasing both in non-infectious and infectious inflammatory responses, which
complicate their use in seriously ill patients, it is advisable to carry out a comprehensive analysis that includes
definition of IL-6 and LBP. This allows differentiating infectious and noninfectious inflammation, local or systemic
infection, as well as predicting the severity of the course of sepsis and its outcomes [16].

The study of PCT should also be performed in dynamics during the first week after the onset of the disease or
trauma, taking into account both our data and scientific literature indicating that high concentration of PCT starting
with the first day after the onset of the disease or severe trauma and its secondary rise are precursors of the
development of sepsis and/or multi-organ failure [17, 18].

The informative value of IL-10 is also significantly increased when it is simultaneously determined together with
IL-6, since the significant differences in their concentration in the blood and the multidirectional dynamics of these
interleukins suggest the development of sepsis and fatal outcome [2, 12].

The study of CRP showed that within the first 7-10 days the concentration of this protein in the blood of patients
of the 1%t and 2™ group with developed sepsis practically did not differ among themselves, but many times exceeded
its level in patients of the 3™ group. At a later date, there were no differences between the groups. Based on this, it
can be concluded that CRP has the prognostic significance for the development of sepsis only in the early period of
the disease. In the scientific literature, there are indications that concentration of CRP correlates not only with the
development of sepsis, but also with its outcomes [19]. Probably, because of the small number of the 2" group of our



study, and also because most of them died early, we were unable to reveal significant differences in the
concentration of CRP in the deceased and those who survived.

CONCLUSION

The results obtained by us allowed to reveal significant differences in concentrations of the systemic
inflammatory response markers and the dynamics of their changes in the period preceding the clinical
manifestations of sepsis. It was found that it is possible to predict the development of sepsis and its unfavorable
outcome with a large statistical probability in the study of paired samples of blood serum of patients received in the
1-3 and 4-6 days from the onset of the disease or severe trauma. In this respect, such results as the multidirectional
changes in the concentrations in the blood of IL-6 and IL-10, LBR and more than three-fold increase in the level of
IL-2R together with high concentrations of PCT and CRP are prognostically significant

FINDINGS

1. The highest concentrations in the blood of procalcitonin, C-reactive protein, IL-10 and IL-2R were revealed in
the first 3 days in patients who died of sepsis.

2. High blood concentrations of IL-6 and IL-10 in the first 3 days and different directions of their concentrations
during the next 4-6 days indicate the development of sepsis with an unfavorable outcome.

3. More than three-fold decrease in IL-2R and two-fold IL-6 concentration and more than two-fold increase in
IL-10 in comparison with baseline during the first week after the onset of the disease or injury are predictors of a
fatal outcome.
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