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Abstract 

Introduction: Substantial causes of high mortality (30-50%) of people with severe infections treat-
ed in intensive care units (ICUs) are still inadequately known in terms of mechanisms and insufficient 
diagnostic tools for immune responses in sepsis. 

Material and methods: The aim of this study was to establish a practical value of determining the 
concentration of chosen proteins (by ELISA) in peripheral blood as potential in early diagnostics of 
severe infections, paying special attention to their prognostic values. 

Results: In 163 patients treated in ICUs, changes were assessed in the concentration of chosen 
proteins relating to the TLR4 receptor signalling pathway, including its effectors of pro- and anti-in-
flammatory cytokines (IL-1Ra, TNF-α, sTNFR1, IL-6, IL-10, sTLR4, MyD88, TNFAIP3/A20, HSP70, 
and HMGB1). In the analysis of changes in the process of immune response in severely ill patients with 
and without infections, a significantly higher concentration of sTNFR1 was observed in patients with 
infections than those who deceased. In the ROC curves tests, it was noted that an assessment of the 
concentration of sTNFR1 proteins (AUC = 0.686 and cut-off point = 24.841 pg/ml) was a particularly 
efficient tool, with prognostic significance in patients with infections. 

Conclusions: In other patients treated in an ICU, the efficiency of determining IL-6 (AUC = 0.736) 
was confirmed and at the same time, the effectiveness of this cytokine in predicting death in cases with 
infections was excluded. The results of the present study are encouraging, suggesting the benefits of un-
dertaking multi-center clinical trials, which consider monitoring sTNFR1 in different groups of patients 
with infections treated in intensive care units. 
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Introduction 
The latest directives regarding diagnosing and differen-

tiation of severe infections define sepsis as a life-threatening 
organ failure, caused by a dis-regulated response (immuno-
logical and non-immunological) of a host to an infection. 
Septic shock is a variation of sepsis, in which deteriorated 
circulatory, cellular, and metabolic disorders relate to a higher 
risk of death than in the case of sepsis alone. Presently, it is 
considered that sepsis is associated with simultaneous activa-
tion of pro- and anti-inflammatory processes and also, apart 
from modifications in the immune system, changes in the 

cardiovascular, nervous, endocrine, and coagulation systems 
as well as alterations in metabolic pathways [1]. Severe infec-
tions, sepsis, and septic shock are causes of hospitalization in 
approximately 40% of patients in intensive care units (ICUs). 
Mortality, despite constant progress in therapy, remains high 
(with global 30-50% of cases [2-4]) and in Poland, it occurs 
in 46% of patients [5]. Substantial causes of high mortality in 
people with severe infections are still poorly known in terms 
of mechanisms, which regulate immune responses in sepsis. 
In clinical practice, the mortality in severe infections is pre-
dicted using acute physiology and chronic health evaluation 
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II (APACHE II) scale and sequential organ failure assessment 
(SOFA) score, evaluating the condition of a patient based on 
clinical and laboratory parameters. Recently in ICUs, chosen 
cytokines related to early immune response to infections as 
diagnostic and prognostic indicators are used. However, the 
prognostic values of cytokines and the correlation of their 
concentration with the occurrence of severe complications 
and mortality have not been fully established; there is still 
a deficiency in norms. So far, the question concerning the 
quantitative relation between the concentration of cytokines 
and the physiological pathological reaction of the immune 
system to an injury and infection remains [6, 7]. Another 
problem that increases the mortality and requires further re-
search is the early diagnostics of deteriorating immunosup-
pression and malnutrition (catabolism, sarcopenia, and ma-
rasmus) in the process of compensatory anti-inflammatory 
response syndrome (CARS) and persistent inflammation, 
immunosuppression, and catabolism syndrome (PICS) in pa-
tients treated in ICUs [8-10]. 

It should be assumed that early diagnostics of immune 
disorders and better understanding of the increasing dis-
turbance of immune response in some patients with de-
veloping sepsis, would allow therapeutic activities to pre-
dict organ injuries, for example, an excessive activation 
of cells belonging to the immune system. Till now, more 
than 170 biomarkers of sepsis have been examined [4, 11], 
which indicated problems related to complex mechanisms 
of acute infections. Most of the examined markers have 
no use in clinical practice and they do not contribute to 
decreasing mortality, mostly due to insufficient diagnostic 
and prognostic values as well as specificity in the detection 
of severe infections. It is assumed that a higher diagnos-
tic efficiency can result from immune markers connected 
to the innate response of infection, and also from an ex-
planation of relationships between pro-inflammatory re-
action and anti-inflammatory reaction using markers for 
defining the phase of immune reaction [12-14]. Diagnos-
tic and prognostic usefulness of the chosen immunolog-
ical biomarkers of sepsis and also the pro-inflammatory 
cytokines (interleukin [IL]-6 – IL-6, IL-8, tumor necro-
sis factor α – TNF-α) and anti-inflammatory cytokines  
(IL-10) were described in detail by Biron et al., who at the 
same time indicated the necessity to further exploration 
of effective markers of sepsis [15]. In this regard, certain 
potential is seen in the possibility of regulating the path-
way of toll-like receptors 4 (TLR4). It is well-known that 
the TLR4 receptors undergo expression in the cell mem-
brane of leucocytes, on endothelial cells, in the intestinal 
mucous membrane, on dendritic cells, or neoplastic cells. 
The main factors responsible for their development are li-
popolysaccharide (LPS) present in the cell membrane of 
bacteria, high mobility group box 1 protein (HMGB1), and 
heat shock proteins 70 (HSP70). The pathway of receptors 
TLR4 is composed of a few adaptor proteins, such as my-
eloid differentiation primary response 88 (MyD88). There 

is a possibility of natural autoregulation of the pathway 
by activity of inhibitor proteins, including tumor necrosis 
factor α-induced protein 3 (TNFAIP3/A20), also known 
as A20 protein [16]. In order to decrease a high mortality 
in groups of critically ill patients with infections, efforts 
to block the TLR4 receptors (e.g. TLR4 receptor blockade 
by antagonists eritoran-E5564 [17] or resatorvid-TAK242 
[18]) were made. They aimed at limiting the inflamma-
tory response, because the effectors of this pathway are 
pro- and anti-inflammatory cytokines (e.g., TNF-α, IL-6, 
IL-10) [19]. However, the results of clinical tests did not 
confirm the expected therapeutic efficiency. 

In clinical tests, in the context of diagnostic value of 
cytokines, it was concluded that in patients with severe 
infections, the concentration of cytokines was higher than 
in non-septic patients [11]. It was also found that IL-6 and 
IL-8 were effective in early and later diagnostics of sepsis 
in infants [20]. Regarding prognostic values of cytokines, 
it was proven that there was a correlation between con-
centrations of IL-6 and IL-8 and severity and mortality of 
a disease [21]. Concentrations of TNF-α and IL-10 were 
higher in patients who deceased [22, 23]. It is known that 
clinical requirements for modern biomarkers of sepsis 
are constantly being increased. They do not concern only 
early diagnostics of acute infections and anticipating the 
occurrence of clinical symptoms, but also precise assess-
ment of phase and exacerbation of dysfunctions of immune 
response that are associated with an infection. The fun-
damental importance appears in differentiating between 
a physiological response to an injury and infection, and 
a pathological reaction, which would allow for early as-
sessment of the risk of severe organ complications that 
increase mortality. 

The aim of this study was to assess disorders in innate 
immune response (pro-, anti- inflammatory, and antibacte-
rial) in severely ill patients with infections treated in ICUs. 
Furthermore, we attempted to determine the practical value 
of assessing the concentration of chosen proteins in pe-
ripheral blood (IL-1 receptor antagonist – IL-1Ra, TNF-α, 
soluble tumor necrosis factor receptor 1 – sTNFR1, IL-6, 
IL-10, soluble toll-like receptor 4 – sTLR4, MyD88, TN-
FAIP3/A20, HSP70, HMGB1) as potential markers with 
crucial importance in early diagnostics of severe infec-
tions, which increase mortality, paying special attention to 
their prognostic values. 

Material and methods 

Patients and healthy donors 

In total, 163 patients treated in ICUs of the 1st and 2nd 
Clinic of Anesthesiology and Intensive Therapy of War-
saw Medical University (average age, 57 ±18; 116 males, 
47 females) in the years 2014-2018 were qualified for the 
study. Among the 163 patients, 75 (46%) were diagnosed 
with severe infections according to the criteria of Ameri-
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can College of Chest Physicians/Society of Critical Care 
Medicine (ACCP/SCCM), which included those with di-
agnosed sepsis – 51 (31%), and those with diagnosed sep-
tic shock – 24 (15%). The diagnosis of severe infections 
was based on clinical criteria, with additional suspected or 
confirmed infection in the case of sepsis, and other organ 
disfunction in the case of septic shock [24-26]. Microbio-
logical cultures in patients with severe infections revealed 
mainly Gram-negative bacteria (especially Pseudomonas 
aeruginosa, Acinetobacter baumannii, Klebsiella pneu-
moniae, Escherichia coli), rarely Gram-positive bacteria 
(Staphylococcus spp. Enterococcus faecium, and Strepto-
coccus spp.), and in few cases, fungi strains (Candida spp.) 
were found. In 5 patients, the microbiological analysis did 
not confirm an infection. The material for microbiological 
tests was collected according to a routine procedure. Posi-
tive results were most often obtained from respiratory tract 
(50%), then abdominal cavity/gastrointestinal tract, skin, 
blood, or urine. The remaining 88 (54%) patients had no 
coexisting severe infections. Apart from severe infections, 
the main cause of hospitalization in ICU were multi-or-
gan injuries resulting from accidents. In the entire group, 
86 (53%) patients required mechanical ventilation and  
50 (30.7%) deaths were recorded. In 22 cases, death was 
reported in the course of severe infection, and in 28 cases, 
death was registered in the group of patients who were not 
diagnosed with severe infection. The most common cause 
of death in this group was sudden circulatory arrest or in-
juries from traffic accidents. The percentage of surgical 
patients in the analyzed group was insignificant, due to the 
existence of specialized post-surgical ward in the hospitals 
participating in the research. Severity of condition and the 
risk of death was assessed using APACHE II scale (medi-
an for the entire group was 26 points; range, 5-51 points). 
During their stay in an ICU, the entire group was moni-
tored regarding the course of illness and mortality within 
the period of 28 days. 

The research did not include patients above the age of 
80, after chemo- and radiotherapy, with diabetes, chronic 
liver, and kidney diseases, after transplants, under immu-
nosuppressive treatment, and those regularly taking ste-
roids, or non-steroid anti-inflammatory medications. 

The control group were 48 healthy volunteers in sim-
ilar age and sex categories, from whom peripheral blood 
(plasma) was sampled for immunological tests. 

The research was approved by the Bioethical Commis-
sion of the Warsaw Medical University (KB/149/2008). 
Each patient agreed to the tests and allowed the access to 
their medical record. All procedures were in accordance 
with the Helsinki Declaration. 

Determination of protein concentrations 

The peripheral blood for immunological tests was sam-
pled within the first day after the admission to the ICU. 

For examining concentration of chosen proteins (IL-1Ra, 
TNF-α, sTNFR1, IL-6, IL-10, sTLR4, MyD88, TNFAIP3/
A20, HSP70, HMGB1) in the plasma of peripheral blood, 
a commercial set with ELISA (R&D Systems: TNF-α, 
sTNFR1, Il-1Ra, IL-6, IL-10, HSP70, HMGB1; EIAab: 
sTLR4, Myd88, A20) was used, according to the manu-
facturer’s instruction. Plasma was obtained from venous 
blood sampled for heparin. Blood samples were centri-
fuged (2,000 rpm for 30 minutes), plasma was isolated, 
and then frozen/stored in the temperature of -80o C for 
further use. The lower limit of the test sensitivity was  
0.5 pg/ml for TNF-α, 0.70 pg/ml for IL-6, 3.9 pg/ml 
for IL-10, 2.2 pg/ml for IL-1Ra, 0.43 pg/ml for sTN-
FR1, 0.625 pg/ml for sTLR4, 0.156 pg/m for MyD88l,  
0.312 pg/ml for A20, 6.79 ng/ml for HSP70, 18.75 pg/ml 
for HMGB1. Reading of the ELISA test was conducted us-
ing a spectrophotometer DIALAB ELX 808 and software 
Gen51.10, at the wavelength λ = 450 nm. Concentration of 
the examined proteins was assessed by comparing the ob-
tained absorbance values, with a calibration curve prepared 
by determining the absorbance of samples with significant 
concentration. The results are presented as concentration 
medians in pg/ml. 

Statistical analysis 

For the statistical research, the programme Statistica 
13.1. was used. For comparison of the researched group 
and the control group, the group in which a death or sur-
vival occurred, and the groups where the cause of hos-
pitalization were severe infections or other illnesses, the 
U Mann-Whitney test was utilized. The receiver operating 
characteristic curves (ROCs) were applied to determine 
the sensitivities and specificities for cytokine and other 
proteins measurements. To evaluate the ability of each 
protein level to distinguish survivors from non-survivors 
and to predict the evolution of organ dysfunction [27], the 
area under the curve and the optimal cut-off values were 
calculated. The correlation between age and concentration 
of determined proteins was analyzed with the ρ-Spearman 
test; p values < 0.05 were considered as statistically sig-
nificant. 

Results 

Diagnostics of immune disorders 

The majority of parameters analyzed in the entire 
group of patients showed significant deviation from the 
norm. The highest values were observed for concentrations 
of sTNFR1, IL-1Ra, and IL-6 in plasma. In comparison 
with the norm, concentrations of sTNFR1 were almost  
45 times higher, and for IL-6, even 32 times higher. Sig-
nificantly increased concentrations were also recorded in 
testing of TNF-α and sTLR4, whereas concentration val-
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ues of MyD88 and TNFAIP3/A20 strongly decreased in 
comparison with the norm (for all parameters, p < 0.05). 
Concentrations of other proteins (IL-10, HSP70, and 
HMGB1) did not deviate from the norm. Similar chang-
es in concentration of the proteins determined in plasma 
were observed in the sub-group of patients with severe 
infections (with diagnosed sepsis or septic shock). In the 
patients with severe infections as compared to the control 
group, significantly increased concentrations were ob-
served in most cases of the examined proteins (TNF-α, 
IL-1Ra, IL-6, sTLR4, sTNFR1), excluding the proteins 
of antibacterial response signalling pathway (Myd88 and 
A20), which were significantly decreased (for all parame-
ters, p < 0.05). Lack of significant differences between the 
group of patients with severe infections and the control 
group was observed in concentrations of IL-10, HSP70, 
and HMGB1. Analysis of the sub-group of patients with-
out severe infections, who were hospitalized in the ICU for 
other reasons, showed significant increase in concentration 
of TNF-α, IL-6, sTNFR1, IL-1Ra, and sTLR4 (p < 0.05), 
and decreased concentrations of MyD88 and A20 in com-
parison with the norm (p < 0.05). Concentrations of HSP70 

and HMGB1 in the compared groups did not deviate from 
the accurate values. The values of medians and ranges of 
concentrations (pg/ml) of the examined proteins are pre-
sented in Table 1. 

Further analysis of the median (pg/ml) concentration of 
the examined proteins in the subgroup of patients with severe 
infections in comparison with the subgroup of patients treated 
in ICU for other reasons without infections, showed that con-
centration of sTNFR1 in patients with severe infections was 
more than 25 times higher, and concentration of IL-1Ra was 
1.5 times higher in patients with severe infections, whereas con-
centration of the A20 protein was more than 1.6 times lower. 
However, from all studied parameters, significantly higher con-
centrations were recorded only in the cases of sTNFR1 proteins  
(p = 0.0000) (Fig. 1) and IL-10 (p = 0.0081) in patients with se-
vere infections (with diagnosed sepsis or septic shock) in com-
parison with patients without severe infections. In evaluation of 
the same groups, significantly lower concentration of sTLR4 
(p = 0.0002) was observed in the group with infections. For all 
determined proteins, no statistically important differences were 
recorded between the group of patients with sepsis and patients 
with septic shock. 

Table 1. The values of medians and ranges of concentrations (pg/ml) for the studied immunological parameters with 
division to subgroups 

Immunological 
parameters 

Whole group
(n = 163)

Control group
(n = 48)

p-value Severe 
infection
(n = 75)

Without 
infection
 (n = 88)

p-value Survival 
(n = 113)

Decease
 (n = 50)

p-value

IL-6 47.91 range: 
0.04-960.49

1.50 range: 
0.00-613.05

0.0000 47.80 range: 
1.43-423.16

49.37 range: 
0.04-960.49

> 0.05 46.61 range: 
0.04-619.75

53.76 range: 
8.40-960.49

0.0016

sTNFR1 8,992.60 
range: 21.31-

47,921.30

200.32 range: 
27.11-4,864.50

0.0000 20,833.70 
range: 251.78-

47,921.30

815.63 range: 
21.310-

46,794.50

0.0000 10,353.00 
range: 21.31-

45,572.80

25,665.65
range: 

9,651.30-
47,921.30

0.0039

TNF-α 25.41 range: 
1.99-491.85

13.29 range: 
0.36-321.96

0.0000 27.18 range: 
2.62-194.98

24.38 range: 
2.00-491.85

> 0.05 24.69 range: 
2.00-491.85

27.78 range: 
3.54-266.10

> 0.05

MyD88 0.00 range: 
0.00-14,712.00

476.00 range: 
0.00-19,168.00

0.0000 0.00 range: 
0.00-13,536.00

0.00 range: 
0.00-14,712.00

> 0.05 0.00 range: 
0.00-

14,712.00

0.00 range: 
0.00-

11,372.00

> 0.05

TNFAIP3/A20 1.35 range: 
0.14-20.98

5.20 range: 
0.06-20.50

0.0007 1.14 range: 
0.23-15.44

1.92 range: 
0.14-20.98

> 0.05 3.14 range: 
0.00-20.98

5.51 range: 
0.00-16.94

> 0.05

IL-1Ra 616.57 range: 
104.48-
4,200.00

387.42 range: 
9.74-2,665.70

0.0117 900.38 range: 
135.54-
4,200.00

589.24 range: 
104.48-3,999.36

> 0.05 589.24 range: 
104.48-
4,145.01

2,439.78 
range: 135.54-

4,200.00

> 0.05

IL-10 0.00
range: 0.00-

918.69

0.00
range: 0.00-

21.77

> 0.05 0.00 range: 
0.00-918.69

0.00 range: 
0.00-339.41

0.0081 0.00 range: 
0.00-918.69

7.50 range: 
0.00-339.41

0.0217

sTLR4 0.47 range: 
0.45-1.10

0.46 range: 
0.45-0.55

0.0000 0.46 range: 
0.45-1.10

0.48 range: 
0.46-0.55

0.0002 0.47 range: 
0.45-1.10

0.46 range: 
0.45-0.50

> 0.05

HSP70 0.10 range: 
0.00-11.81

0.22 range: 
0.00-2.68

> 0.05 0.09 range: 
0.03-1.29

0.10 range: 
0.00-11.81

> 0.05 0.08 range: 
0.00-2.13

0.25 range: 
0.00-1.81

0.0165

HMGB1 0.00 range: 
0.00-3.65

0.00 range: 
0.00-3.88

> 0.05 0.00 range: 
0.00-0.00

0.00 range: 
0.00-3.65

> 0.05 0.00 range: 
0.00-3.65

0.00 range: 
0.00-0.97

> 0.05
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Prognostic value of chosen proteins 

To assess prognostic value of determined proteins, 
their concentrations were compared between the groups of 
patients who survived and deceased during their treatment 
in ICU. In deceased patients, significantly higher concen-
trations (medians in pg/ml) were observed in following 
proteins: sTNFR1, IL-6, IL-10, and HSP70 in comparison 
with patients who survived (Table 1, Figs. 2 and 3). 

As a result of further analysis, significant differences 
were observed in concentration of proteins sTNFR1 and 
IL-6 in deceased patients due to severe infections when 
compared with deceased patients due to other causes.  
It was observed that the concentration of protein sTNFR1 
in septic patients who deceased was significantly high 
(22,295.85 pg/ml; p = 0.00001), whereas the concentration 
of IL-6 (47.66 pg/ml; p = 0.0216) was significantly lower 

in comparison with deceased patients who were not diag-
nosed with severe infections: 730.11 pg/ml for sTNFR1 
and 75.99 pg/ml for IL-6 (Figs. 4 and 5). 

Moreover, it was observed that in the subgroup of 
deceased patients with severe infections, the level of 
protein sTNFR1 concentrations was significantly higher 
(26,114.80 pg/ml; p = 0.0342) compared with the group 
of septic patients who survived (20,232.00 pg/ml) (Fig. 6). 

Results of ROC curves analysis

To evaluate the risk of severe complications and death 
based on the examined concentrations of proteins, analy-
ses of ROC curves were conducted for all proteins. In the 
entire group of patients treated in ICU, the ROC analysis 
showed AUC = 0.711 (0.91, 0.48) for sTNFR1 with the 
cut-off point of 16,367.6 pg/ml, AUC = 0.680 (0.46, 0.88) 

Fig. 1. The soluble tumor necrosis factor 
receptor 1 (sTNFR1) serum concentrations 
(median, min-max, pg/ml) in ICU patients 
with and without severe infections

Fig. 2. The soluble tumor necrosis factor 
receptor 1 (sTNFR1) serum concentrations 
(median, min-max, pg/ml) in ICU patients 
who survived or deceased during their treat-
ment in ICU

Fig. 3. Interleukin 6 (IL-6) serum con-
centrations (median, min-max, pg/ml) 
in ICU patients who survived or de-
ceased during their treatment in ICU
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Fig. 4. The soluble tumor necrosis factor 
receptor 1 (sTNFR1) serum concentrations 
(median, min-max, pg/ml) in ICU patients 
who deceased due to severe infections, in 
comparison with deceased patients due to 
other causes

Fig. 5. Interleukin 6 (IL-6) serum con-
centrations (median, min-max, pg/ml) 
in ICU patients who deceased in the 
course of severe infections in compar-
ison with patients who deceased from 
other causes

Fig. 6. The soluble tumor necrosis fac-
tor receptor 1 (sTNFR1) serum con-
centrations (median, min-max, pg/ml) 
in ICU patients with severe infections 
who survived or deceased
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for HSP70 with the cut-off point equal to 0.347 pg/ml, 
AUC = 0.664 (0.50, 0.85) for IL-6 with the cut-off point 
of 54.99 pg/ml. For the remaining proteins, the analysis 
of ROC curves did not have significant prognostic impor-
tance. As resulted from additional analysis of ROC curves 
for APACHE II in the examined group of patients, it was 
observed that AUC = 0.726 (0.69, 0.68) and the cut-off 
point was 27 (Fig. 7). 

Analysis of ROC curves was also conducted for the 
group of patients with severe infections and in the group 
without severe infections. Analysis of the ROC curve for 
the group with infections, for protein sTNFR1 was AUC 
= 0.686 (0.63, 0.74) and the cut-off point was 24,841 pg/
ml. In the same group, the AUC for APACHE II was 0.782 
(0.95, 0.51), and the cut-off point was 25 (Fig. 8). 

In the group of patients who were not diagnosed with 
infections, the analysis of ROC curves revealed that AUC 
= 0.736 (0.69, 0.75) for IL-6 with the cut-off point equal 
to 52.53 pg/ml, and AUC = 0.692 (0.48, 0.88) for protein 
HSP70 with the cut-off point equal to 0.35 pg/ml. In the 
same group, the AUC for APACHE II was 0.695 (0.64, 
0.75) and the cut-off point was 28. 

The analysis of correlation between age of patients and 
concentration of determined proteins showed low, vital 
correlation only for MyD88 (r = 0.3084; p = 0.0001). 

Discussion 
Significant heterogeneity of the examined group of 

ICU patients is a common problem, which hinders the 
assessment of efficiency of new diagnostic methods and 
the treatment of acute infections. Patients treated in ICU 
vary considerably regarding recognition, course of an ill-
ness, aggravation of immune and metabolic disorders, and 
reactions to the treatment. Upset immune response based 
on changes in concentration of the chosen cytokines and 
proteins of the TLR4 receptor signalling pathways is an 
important diagnostic marker of a severe condition and in-
fection. Early detection of immune disorders can signifi-
cantly influence the choice of therapy, treatment results, 
and mortality. 

The results of tests conducted in the study clearly in-
dicate important differences in the concentrations of the 
majority of examined proteins, during innate immune re-
sponse in patients treated in an ICU, and vital differences 
in concentrations of only some proteins in patients with 
diagnosed infections. In other studies, it was reported that 
changes in gene expression and concentrations of proteins 
related to innate immune response occur not only in pa-
tients with infections, but also in the process of SIRS reac-
tion (systemic inflammatory response syndrome), reactions 

Fig. 7. ROC curves for chosen parameters (APACHE II, 
sTNFR1, HSP70, IL-6, pg/ml) in the patients treated in 
ICU
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to injuries (caused by various factors, e.g., accident, exten-
sive surgery, etc.) [28], burns [29], or cancers [30-32]. As 
it was concluded, the intensity of those changes, especially 
anti-inflammatory response, correlates with complications 
[21, 33]. 

The results of tests performed in our research suggest 
that an excessive activation of cells of the immune sys-
tem leads to an increase in concentration of effectors of 
the TLR receptor signalling pathway, as it is confirmed 
by other authors [34, 35]. Changes in the concentrations 
of proteins related to pro- and anti-inflammatory reaction 
were observed in the present study. In patients treated in 
the ICU, in comparison with the healthy ones, a signifi-
cant increase in concentration of pro-inflammatory pro-
teins (i.e., IL-6, sTNFR1, TNF-α) was recorded, with 
simultaneous increase in concentration of cytokines with 
anti-inflammatory effect, such as IL-1Ra. Similar differ-
ences were observed in the case of patients with diagnosed 
infections, who constituted 46% of the examined group. 
Further research is required for an explanation of reasons 
and results of the decrease in concentration of adaptor 
protein MyD88 and the inhibitor protein A20 (proteins, 
which are important for TLR2 and TLR4 pathways). Other 
authors in tests on animal models proved that mice de-
prived of MyD88 genes were completely protected from 
organ injuries resulting from sepsis, which was confirmed 
by histological tests. However, a mice with deficiencies of 
TLR2 and TLR4, and the adaptor protein MyD88, react-
ed less efficiently to bacteria, and resulted in less severe 
inflammatory process, decrease of migration of neutro-
phils, increased growth of bacteria and thereby, weaker 
protection of kidney functions in comparison with wild 
mice [36]. The study of Peck-Palmer et al. showed that 
deletion of the MyD88 gene significantly weakened lym-
phocyte apoptosis T and B that was induced by sepsis but 
increased mortality [37]. In another research with mice, 
it was demonstrated that LPS and other ligands caused 
meningococcal sepsis, and it was confirmed that menin-
gococcal LPS activated MyD88-dependent and TRIF-de-
pendent pathways, yet ligands other than LPS activated 
only MyD88-dependent pathways [38]. Xu et al. study 
indicated that the MyD88 protein was regulated/inhibited 
by microRNA-149 [39]. In another study, it was conclud-
ed that MyD88 was the critical protein in the regulation 
of TLR pathway by microRNA. The aim of the greatest 
number of microRNA, with the miR-200 family, was the 
MyD88 protein, not TLR4, IRAK1, or TRAF6 [40, 41]. 
In tests with mice, it was observed that tolerance to endo-
toxins resulted in a limitation of excessive inflammatory 
reaction, re-programed response of macrophages to LPS, 
decreased expression of pro-inflammatory cytokines, and 
simultaneously increased expression of negative regulators 
of TLR4 pathway, including A20 [42]. In another study it 
was assumed that reactive forms of oxygen increase the ex-
pression of A20 in macrophages, which rises the tolerance 

to endotoxins. A new signalling pathway involving A20 
(inhibitor of inflammatory reaction induced by LPS) was 
identified, which could significantly contribute to a new 
therapeutic strategy [43]. 

Comparison of the group with infections with the 
group without infections but treated in an ICU was an at-
tempt to select an efficient marker of infection in intensive 
therapy conditions, which has been a subject of studies 
for decades. Even though in the course of infections, an 
increase (even multiple) in many proteins’ concentration 
is observed, only few passes tests on significance. The 
presented research showed an increase in concentration of 
proteins sTNFR1, IL-1Ra, and IL-10, and a decrease in 
concentration of protein A20 and sTLR4. However, those 
differences were statistically significant only for proteins 
sTNFR1, sTLR4, and IL-10. 

As a result of further analysis, a potential marker was 
selected that was efficient in differentiating an early re-
sponse to an infection from other reasons responsible for 
hospitalization in the ICU. For sTNFR1, a significantly 
higher concentration in the group of patients with infec-
tions was observed in comparison with the rest of the pa-
tients treated in the ICU. Apart from a diagnostic value for 
severe infections, this protein appears to have a prognostic 
value; significantly higher concentrations were determined 
in the group of patients who deceased. Considerably higher 
concentrations of proteins in patients who deceased were 
also recorded for proteins IL-6, IL-10, and HSP70, which 
confirms prior research [21]. 

ROC analysis is a tool that can be used if a given pa-
rameter has a prognostic value and is able to define the cut-
off point, above which the risk of death rises considerably. 
The possibility of conducting a laboratory test within first 
hours of ICU hospitalization and its interpretation based 
on the developed norms, allows us to establish a potential 
threat of severe complications and death. In the conduct-
ed ROC analysis, it was concluded that determining the 
concentration of protein sTNFR1 is an effective tool with 
prognostic significance, especially in patients with infec-
tions, but only one of the studied proteins was statistically 
important. Whereas, in other patients treated in an ICU 
without infections, the effectiveness of determining IL-6 
and HSP70 was confirmed; at the optimum cut-off point 
sensitivity of sTNFR1, capacity for predicting death was 
91%, and in terms of specificity, capacity for detecting 
cases of probable survival was 48%. According to the re-
search of Mikacenic et al. [44], the prognostic value of 
sTNFR1 can increase by binding this protein with IL-8 
(creation of a multi-marker). Cohort studies indicate that 
multi-marker research, which takes into consideration the 
pathomechanism of severe infections, is a promising direc-
tion for development of sepsis diagnostics [45]. 

The effectiveness of determining IL-6 as a prognos-
tic marker was also examined. IL-6 is a cytokine with 
approved diagnostic value. In the present study, it was 
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concluded that the concentration of IL-6 in patients who 
deceased due to infections was significantly lower than in 
patients who survived. On the other hand, in patients who 
deceased due to other causes, the concentration of IL-6 
was higher than in patients who survived. In the research 
of Bloos and Reinhart [46] and Mat-Nor et al. [47] it was 
indicated that IL-6 and PCT tests resulted in similar diag-
nostic values; however, those were higher than CRP test. 
IL-6 has a moderate diagnostic effectiveness in differenti-
ating sepsis from non-infectious SIRS. Due to clinical is-
sues, it is recommended to use IL-6 as a diagnostic support 
in confirming infections, and not for excluding infections 
in patients with SIRS. In this research, the predictive value 
of IL-6 was indicated (AUC = 0.7), especially in combi-
nation with SOFA scale. In our research, IL-6 was proved 
to have a higher predictive value in patients without infec-
tions (AUC = 0.736) than in those with infections (ROC 
analysis was statistically insignificant). 

As presented, in assessing the risk of complications and 
death, an undeniably important role is still played by the 
APACHE II scale (AUC = 0.726, sensitivity 69%, speci-
ficity 68%). However, due to a significant heterogeneity in 
the groups of patients treated in ICU and a high probability 
of the occurrence of severe infections, molecular tests are 
recommended allowing to detect an illness or assess the 
risk of its occurrence before clinical symptoms appear. It is 
well-known that the earlier immunomodulating treatment 
is implemented, the better the outcome. In the conducted 
statistical analysis of APACHE II marker, 27 points were 
considered as the optimal cut-off point, which correlated 
with the risk of death. However, a higher risk of death oc-
currence by other authors was observed at 17 points in the 
APACHE II scale [48]. In the studied group, in 140 (86%) 
patients, the number of points was ≥ 17. 

It is worth emphasizing that examining the concen-
tration of proposed proteins appears to be the optimal, 
earlier, and more sensitive marker than the acute phase 
protein (CRP) or procalcitonin (PCT), since the proteins 
of innate immune response stimulate the synthesis of CRP 
(e.g., IL-6 and TNF-α condition stimulate the synthesis 
of CRP) [49] and PCT (e.g., LPS, IL-1β, IL-2, IL-6, and 
TNF-α induce secretion of PCT) [50]. It is also confirmed 
by our earlier study in a homogeneous group of patients 
with and without infections, who were operated due to col-
orectal cancer [51]. On the other hand, it was shown that 
in septic patients treated in an ICU during the first stage 
of response to an injury and infection, in leucocytes, an 
increasing expression of genes that code the proteins of 
early immune response could be a diagnostic marker [7, 
52-54]. However, genetic tests are still poorly available. 

One of the factors that could affect the interpretation 
of the study results was the patients’ age. In studies with 
healthy donors, it was shown that the concentration of 
HMGB1 and Myd88 decreases with age, whereas only in 
case of MyD88, a negative correlation between the con-

centration of protein and age was indicated, which was 
proven in our research [55]. 

The evaluation of studied markers was hindered by the 
fact that the patients arrived in ICUs within various time 
periods, and in spite of molecular test being performed on 
the biological material extracted within the first 24 hours 
of ICU hospitalization, the obtained results characterized 
early immune response, with various degrees of precision. 
In another study, it was reported that changes in concentra-
tions of cytokines within the first 3-6 hours form the injury 
determine the process of immune response and differenti-
ate its physiological course from the pathological one. In 
a later period, cytokine concentrations equalize between 
both groups of patients with positive and negative progno-
sis and maintain high figures for a few days [56]. 

Conclusions 
Due to analysis, a marker was selected, which was 

most efficient in differentiating early responses to infec-
tions from other reasons for hospitalization in ICUs. For 
sTNFR1, significantly higher concentrations in the group 
of patients with infections were shown, in comparison with 
the rest of the patients treated in the ICU. Apart from diag-
nostic value for severe infections, this protein appears to 
have prognostic value; significantly higher concentrations 
were determined in the group of patients who deceased. In 
the ROC analysis, it was concluded that determining the 
concentration of protein sTNFR1 is a particularly effec-
tive tool, with prognostic value in the case of patients with 
infections, whereas in other patients treated in the ICU, 
efficiency of determining IL-6 was confirmed. In the fu-
ture, multi-center clinical trials should be performed for 
multi-markers of severe infections in different groups of 
patients treated in ICUs, with regards to sTNFR1. 
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