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A b s t r a c t

Introduction: Sensitivities and specificities of clinical signs and biochemical 
tests in sepsis diagnosis are not satisfactory. The aim of the study was to 
assess the diagnostic usefulness of soluble triggering receptor expressed on 
myeloid cells-1 (sTREM-1) in sepsis, severe sepsis and septic shock against 
interleukin-6 (IL-6), C-reactive protein (CRP) and procalcitonin (PCT).
Material and methods: A prospective, observational study was conducted 
in 85 adults with sepsis, severe sepsis or septic shock and 22 with non-in-
fective systemic inflammatory response syndrome (NI-SIRS). Serum levels of 
sTREM-1, CRP, PCT and IL-6 were measured on admission.
Results: Median serum sTREM-1 concentrations were higher in severe sep-
sis (540 pg/ml) and septic shock (536 pg/ml) in comparison with NI-SIRS 
patients (p < 0.05). There were no differences in sTREM-1 levels between 
NI-SIRS and sepsis. Similarly, CRP, PCT and IL-6 were significantly elevated 
in patients with severe sepsis and septic shock in comparison with NI-SIRS. 
The receiver operating characteristic curve analysis for diagnosis of severe 
sepsis showed higher discriminative value for CRP and IL-6 (AUC = 0.909, 
95% CI: 0.829–0.99 and AUC = 0.854, 95% CI: 0.728–0.980, respectively) 
than sTREM-1 (AUC = 0.733, 95% CI: 0.596–0.870). In septic shock the high-
est AUC was found for CRP (AUC = 0.938, 95% CI: 0.872–1.0), lower for IL-6 
(AUC = 0.869, 95% CI: 0.751–0.987), PCT (AUC = 0.828, 95% CI: 0.71–0.945) 
and sTREM-1 (AUC = 0.705, 95% CI: 0.553–0.856).
Conclusions: Serum level of sTREM-1 has lower effectiveness as a diagnostic 
biomarker in severe sepsis and septic shock, in comparison with CRP and IL-6. 

Key words: diagnosis, infection, mediators, inflammation.

Introduction

Despite the huge improvement in clinical management of sepsis, its 
severe forms are the leading cause of mortality in intensive care units 
(ICU) [1, 2]. The introduction of proper treatment requires early differ-
entiation between infective and non-infective systemic inflammatory 
response syndrome (SIRS) and the localization of the injury or infection. 
Because there is a common inflammatory pathway for infection and in-
jury, it is very difficult to find a biomarker specific for an infection. Many 
scientific studies are being conducted in order to find a mediator with 
high diagnostic accuracy in the early stages of sepsis.
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One promising biomarker is triggering receptor 
expressed on myeloid cells-1 (TREM-1), an approx-
imately 30 kDa glycoprotein which belongs to the 
immunoglobulin superfamily. This transmembrane 
molecule is expressed in the late stages of my-
eloid cell maturation, on neutrophils, monocytes 
and macrophages. In response to infection, patho-
gens and their components such as lipopolysac-
charide are recognized by toll-like receptor 2 or 4 
and enhanced TREM-1 expression. This results in 
release of inflammatory cytokines and increased 
expression of other receptors on the surface of 
inflammatory cells [3]. Activated macrophages 
and monocytes secrete high-mobility group box 1 
protein, which is responsible for maintaining prop-
er structure of the cell nucleus and for gene tran-
scription processes [4]. Extracellular domain of 
TREM-1 was identified in human body fluids of in-
fected patients as the soluble form (sTREM-1) and 
it was demonstrated to inhibit its cellular form [5]. 
The expression of TREM-1 increased in bacterial 
and fungal infections and an elevated level of the 
soluble form was proposed to be indicative of an 
infection in sepsis [6, 7], pneumonia and menin-
gitis [8, 9]. 

Sensitivities and specificities of clinical signs 
of sepsis and commonly used laboratory tests are 
not satisfactory in sepsis diagnosis and do not 
allow us to use them individually. Procalcitonin 
(PCT), C-reactive protein (CRP) and interleukin-6 
(IL-6) were found to be very helpful in diagnosis of 
sepsis in its severe forms and they are common-
ly used in clinical practice [10, 11]. Although they 
facilitate differentiation between sepsis and NI-
SIRS, their accuracies are not sufficient. In recent 
clinical studies, serum concentrations of sTREM-1 
were found to be promising in diagnosis of sepsis. 
However, detailed results of different researchers 
are inconsistent. 

The aim of the present study was to evaluate 
the diagnostic usefulness of serum sTREM-1 level 
in sepsis, severe sepsis and septic shock against 
other commonly used biomarkers such as IL-6, 
CRP and PCT.

Material and methods

This prospective observational study was per-
formed from March 2010 to February 2013 in  
a ten-bed mixed adults ICU at the Department 
of Anesthesiology and Intensive Therapy, Medi-
cal University Hospital. Patients admitted to the 
ICU were evaluated within 12 h for SIRS and then 
divided into sepsis, severe sepsis, septic shock or 
NI-SIRS, according to the present guidelines [12, 
13]. For some analyses patients with sepsis, se-
vere sepsis and septic shock were combined into 
a systemic infection (SI) group. The healthy con-
trol (HC) group comprised healthy volunteers from 

medical staff and students, who were asked to 
participate. The Medical University of Bialystok 
Ethical Committee on research on humans and 
animals approved this study. Written informed 
consent was obtained from patients or relatives. 
Exclusion criteria included age below 18 years old, 
disseminated malignant disease, pregnancy, AIDS 
or immunosuppressive treatment and life expec-
tancy shorter than 24 h. The observation was con-
tinued until death or discharge from the hospital. 

Data recorded age, gender, principal diagnosis, 
admission category, mortality, the length of me-
chanical ventilation and ICU stay, acute physiology 
and chronic health evaluation II (APACHE II) score, 
simplified acute physiology score II (SAPS II), se-
quential organ failure assessment (SOFA) score, 
routine blood tests and microbiological culture re-
sults. Arterial blood was drawn at the time of ini-
tial laboratory evaluation for sepsis, centrifuged, 
and sera were stored at –70°C until analysis. Se-
rum sTREM-1 and IL-6 were measured twice in 
each sample with enzyme-linked immunosorbent 
assays with a lower detection limit of 3.88 pg/ml 
and 0.7 pg/ml, respectively (Human TREM-1 Quan-
tikine ELISA Kit, Human IL-6 Quantikine ELISA Kit; 
R&D Systems, Minneapolis, USA), according to 
the manufacturer’s instructions. The intra-assay 
CV for sTREM-1 is claimed by the manufacturer 
of assay kits to be 4.2% at a mean sTREM-1 con-
centration of 1212 pg/ml. The intra-assay CV for 
IL-6 is claimed by the manufacturer of assay kits 
to 1.6% at a mean IL-6 concentration of 97.7 pg/
ml. The PCT was analyzed by an enzyme-linked 
fluorescent immunoassay (ELFA) for the quanti-
tative measurement with measuring range from 
0.05 ng/ml to 200 ng/ml (VIDAS B·R·A·H·M·S PCT 
bioMérieux, France). The intra-assay CV for PCT is 
claimed by the manufacturer of the assay kits to 
be 2.08% at a mean PCT concentration of 1.91 ng/
ml. The level of CRP in serum was determined by 
the latex immunoassay Multigent CRP Vario Stan-
dard Method (Abbott Laboratories Inc. USA and 
ABBOTT, Wiesbaden, Germany). The reportable 
range for CRP Vario is 0.2 mg/l to 320 mg/l. The 
intra-assay CV for CRP is claimed by the manufac-
turer of assay kits to be 0.72% at a mean CRP con-
centration of 4.92 mg/l.

Statistical analysis 

Since the data were not normally distributed, 
the results are presented as medians and inter-
quartile ranges. For comparison between the two 
groups, the non-parametric Mann-Whitney U test 
was used and ANOVA rank Kruskal-Wallis one-
way analysis of variance by ranks with post-hoc 
analysis for more than two groups. Results for 
qualitative variables were denoted as percentag-
es and compared across groups by means of the 
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c2 test. Receiver operating characteristic (ROC) 
curves were constructed considering NI-SIRS ver-
sus SI and versus sepsis, severe sepsis and sep-
tic shock independently. The diagnostic ability of 
sTREM-1, CRP, PCT and IL-6 was expressed as the 
area under the ROC curve (AUC). Youden’s index 
was used to choose the best cut-off points for as-
sessment of sensitivity, specificity and predictive 
values. P < 0.05 was considered statistically sig-
nificant. Statistical analysis was performed using 
Statistica 10.0 for Windows.

Results

Patients’ characteristics

A total of 107 adult ICU patients meeting cri-
teria for SIRS were prospectively included in the 
study. Eighty-five patients with SI were divided 
into three groups: 29 with sepsis, 32 with severe 
sepsis and 24 with septic shock. The remaining  
22 cases were diagnosed as NI-SIRS: 12 with 
trauma injury, 6 with hypovolemic shock, 2 with 
cardiogenic shock and 2 with postoperative SIRS. 
Thirty healthy volunteers comprised the HC group, 
including 11 (37%) men and 19 (64%) women with 
median age of 22, ranging from 20 to 31. Contrary 
to NI-SIRS, sepsis and severe sepsis, there were 
more women than men in the septic shock group 
(p < 0.01). The frequency of medical admission did 
not differ significantly between groups. Forty-five 
(53%) and 25 (29%) patients had pulmonary and 
abdominal infection, respectively. The most fre-
quent cause of systemic infection was Gram-neg-
ative bacteria (48%). The 28-day mortality rates, 

SAPS II and APACHE II scores did not differ be-
tween groups. Patients with SI had longer time 
of artificial ventilation and time of ICU treatment, 
higher SOFA score and rate of four or more organs 
failure than NI-SIRS cases (p < 0.001) (Table I). 

sTREM-1, CRP, PCT and IL-6 in SI and NI-SIRS 

On admission, median serum levels of sTREM-1 
(503 pg/ml), CRP (145 mg/l), PCT (2.2 ng/ml) and 
IL-6 (247.5 pg/ml) were significantly elevated 
in SI patients in comparison with the HC group  
(120 pg/ml, p < 0.001; 0.55 mg/l, p < 0.01; 0.05 ng/
ml, p < 0.001; 0.79 pg/ml, p < 0.01; respectively). 
Similarly, NI-SIRS patients presented higher lev-
els of sTREM-1 (350 pg/ml), CRP (46.6 mg/l), PCT 
(1.47 ng/ml) and IL-6 (25.5 pg/ml) than healthy 
controls (p < 0.01 for all). 

There were no significant differences in the 
concentrations of sTREM-1 between patients 
with SI and NI-SIRS (p = 0.06). Contrary to this, 
serum CRP, PCT and IL-6 levels were significantly 
elevated in SI patients in comparison with NI-SIRS  
(145 mg/l vs. 46.6 mg/l, p < 0.001; 2.2 ng/ml vs. 
1.47 ng/ml, p < 0.05; 247.5 pg/ml vs. 25.5 pg/ml, 
p < 0.001, respectively). 

sTREM-1, CRP, PCT and IL-6 in sepsis, 
severe sepsis and septic shock

The analysis of patients with sepsis, severe 
sepsis and septic shock separately showed that 
median sTREM-1 level in sepsis (350 pg/ml) and 
NI-SIRS (367 pg/ml) did not differ, but it increased 
significantly in severe sepsis to 540 pg/ml  

Table I. Patient characteristics and demographic data

Characteristic NI-SIRS
(n = 22)

Sepsis
(n = 29)

Severe sepsis
(n = 32)

Septic shock
(n = 24)

SI 
(n = 85)

Age [years] 60 (37–75) 68 (39–75) 72 (61.5–65.5) 62 (53.5–74.5) 68 (55–75)

Male/female 20/2 21/8 23/9 10/14 54/31**

Days of ICU stay 8.5 (6–15) 18 (8–23) 14 (7–26) 16 (10.5–55) 16** (8–27)

Days of ventilation 6.5 (2–11) 12 (5–21) 11 (5.5–26) 11 (8–50.5) 11** (7–25)

SAPS II score 36 (26–56) 36 (31–45) 41 (36–47.5) 48 (36–60) 40 (34–53)

APACHE II score 13 (9–20) 14 (11–17) 17 (13.5–21) 19 (15–24) 16 (13–21)

SOFA score 7.5 (6–9) 7 (5–9) 9 (6.5–10) 10 (8–12) 9* (6–11)

Failure of 4 or more 
organs

9 (41%) 16 (55%) 21 (66%) 17 (71%) 54* (63.5%)

28-day MR  5 (22.7%) 3 (10.3%) 6 (18.8%) 5 (20.8%) 14 (16.5%)

3-month MR 6 (27%) 12 (41.4%) 14 (44%) 9 (37.5%) 35 (41%)

Medical admission 10 (45.5%) 20 (69%) 20 (62.5%) 15 (62.5%) 55 (65%)

Quantitative data of non-normal distribution are presented as median and interquartile range. Qualitative data are presented as number 
(percentage). NI-SIRS – non-infective systemic inflammatory response syndrome, SI – systemic infection, ICU – intensive care unit,  
SAPS II – Simplified Acute Physiology II, APACHE II – Acute Physiology and Chronic Health Evaluation II, SOFA – The Sequential Organ 
Failure Assessment, MR – mortality rate. *p < 0.05, **p < 0.01, ***p < 0.01 versus NI-SIRS.
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(p = 0.04) and in septic shock to 536 pg/ml  
(p < 0.05) in comparison with NI-SIRS. (Figure 1). 
Similarly, the difference in serum CRP level be-
tween NI-SIRS (46.6 mg/l) and sepsis (84  mg/l) 
was not statistically significant (p = 0.68). How-
ever, in NI-SIRS and sepsis median CRP levels 
were significantly lower than in severe sepsis 
(163 mg/l) and septic shock (180 mg/l) patients 
(Figure 2). 

The PCT achieved a median concentration of 
1.47 ng/ml in NI-SIRS, 0.98 ng/ml in sepsis and 
2.11 ng/ml in severe sepsis, but the differences 
were not statistically significant (p = 0.36, p = 0.19, 
respectively). An increased median level of PCT of 
7.8 ng/ml was found in septic shock and it was sig-
nificantly higher than observed in NI-SIRS, sepsis 
and severe sepsis (Figure 3). The level of IL-6 did 
not differ between NI-SIRS (25.6 pg/ml) and sepsis  
(97 pg/ml, p = 0.68), but was elevated in severe 
sepsis (298 pg/ml) and in septic shock (319 pg/
ml) in comparison to NI-SIRS and sepsis (Figure 4).

sTREM-1, CRP, PCT and IL-6 in diagnosis  
of systemic infection.

The highest discriminative value in diagnosis of SI 
was observed for CRP with a ROC AUC of 0.839 (95% 
CI: 0.753–0.924), followed by IL-6, sTREM-1 and PCT 
(Figure 5). The cut-off points which represented the 
best discrimination, calculated sensitivity, specificity 
and predictive values are presented in Table II.

sTREM-1, CRP, PCT and IL-6 in diagnosis  
of sepsis, severe sepsis or septic shock

We observed no statistically significant differenc-
es for AUCs of sTREM-1, CRP, PCT or IL-6 in the diag-
nosis of sepsis against NI-SIRS. In severe sepsis CRP 
had the highest discriminative value with an AUC of 
0.909 (95% CI: 0.829–0.99), followed by IL-6 (AUC = 
0.854, 95% CI: 0.728–0.980), sTREM-1 (AUC = 0.733, 
95% CI: 0.596–0.870) and PCT (AUC = 0.651, 95% CI:  
0.502–0.804) (Figure 6). The best cut-off values, sen-
sitivities and specificities are shown in Table III. 

	 NI-SIRS	 Sepsis	 Severe sepsis	 Septic shock

Figure 1. Soluble triggering receptor expressed on 
myeloid cells-1 (sTREM-1) serum levels on admis-
sion day in non-infective SIRS (NI-SIRS), sepsis, se-
vere sepsis and septic shock

The medians, interquartile ranges, min.–max. and p-values 
are shown.

	 NI-SIRS	 Sepsis	 Severe sepsis	 Septic shock

Figure 2. C-reactive protein (CRP) serum levels on 
admission day in non-infective SIRS (NI-SIRS), sepsis, 
severe sepsis and septic shock

The medians, interquartile ranges, min.–max. and p-values 
are shown.
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	 NI-SIRS	 Sepsis	 Severe sepsis	 Septic shock

Figure 3. Procalcitonin (PCT) serum levels on ad-
mission day in non-infective SIRS (NI-SIRS), sepsis, 
severe sepsis and septic shock

The medians, interquartile ranges, min.–max. and p-values 
are shown.

	 NI-SIRS	 Sepsis	 Severe sepsis	 Septic shock

Figure 4. Interleukin-6 (IL-6) serum levels on ad-
mission day in non-infective SIRS (NI-SIRS), sepsis, 
severe sepsis and septic shock

The medians, interquartile ranges, min.–max. and p-values 
are shown
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Figure 5. Receiver operating characteristic curves 
for soluble triggering receptor expressed on my-
eloid cells-1 (sTREM-1), C-reactive protein (CRP), 
procalcitonin (PCT) and interleukin-6 (IL-6) levels 
in differentiating between systemic infection and 
non-infected SIRS

	 0	 0.2	 0.4	 0.6	 0.8	 1.0

1-Specificity
 sTREM-1       CRP       IL-6      

 PCT       Reference line

Figure 6. Receiver operating characteristic curves 
for soluble triggering receptor expressed on myeloid 
cells-1 (sTREM-1), C-reactive protein (CRP), procalci-
tonin (PCT) and interleukin-6 (IL-6) levels in differen-
tiating between severe sepsis and non-infective SIRS
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Table II. Inflammatory markers in the diagnosis of systemic infection versus non-infective SIRS

Parameter sTREM-1
[pg/ml]

C-reactive protein 
[mg/l]

Procalcitonin
[ng/ml]

Interleukin-6
[pg/ml]

Cut-off value 229 103 0.58 81.4

Sensitivity (%) 94 72 89 84

Specificity (%) 32 86 46 77

PPV (%) 84 95 86 93

NPV (%) 58 44 53 55

AUC (95% CI) 0.681
(0.560–0.806)

0.839
(0.753–0.924)

0.659
(0.522–0.796)

0.820
(0.695–0.946)

Accuracy (%) 81 75 80 82

SIRS – systemic inflammatory response syndrome, sTREM-1 – soluble triggering receptor expressed on myeloid cells-1, PPV – positive 
predictive value, NPV – negative predictive value, AUC – area under curve, CI – confidence interval.

Table III. Inflammatory markers in the diagnosis of severe sepsis and septic shock versus non-infective SIRS

Parameter sTREM-1
[pg/ml]

C-reactive protein 
[mg/l]

Procalcitonin
[ng/ml]

Interleukin-6
[pg/ml]

Severe 
sepsis

Septic 
shock

Severe 
sepsis

Septic 
shock

Severe 
sepsis

Septic 
shock

Severe 
sepsis

Septic 
shock

Cut-off value 495 363.1 103 103 0.58 1.87 133.4 164

Sensitivity (%) 63 71 88 88 88 88 91 88

Specificity (%) 82 59 86 86 46 64 82 86

PPV (%) 83 65 90 88 70 72 88 86

NPV (%) 60 65 83 86 71 82 86 86

AUC (95% CI) 0.733
(0.596– 
0.870)

0.705
(0.553–
0.856)

0.909
(0.829–

0.99)

0.938
(0.872–

1.0)

0.651
(0.502–
0.804)

0.828
(0.71–
0.945)

0.854
(0.728–
0.980)

0.869
(0.751–
0.987)

Accuracy (%) 70 65 87 87 70 76 87 87

SIRS – systemic inflammatory response syndrome, sTREM-1 – soluble triggering receptor expressed on myeloid cells-1, PPV – positive 
predictive value, NPV – negative predictive value, AUC – area under curve, CI – confidence interval.
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ROCs were also used to calculate serum 
s-TREM-1, CRP, PCT and IL-6 performance in differ-
entiation between septic shock and NI-SIRS (Fig- 
ure 7). The highest AUC value was 0.94 (95% CI: 
0.872–1.0) for CRP with the same cut-off point, 
sensitivity and specificity as in severe sepsis. Low-
er AUC values were observed for other mediators 
(Table III). IL-6, with a cut-off point of 164 pg/ml, 
achieved sensitivity of 88% and specificity of 86%, 
which is identical as for CRP. High sensitivity of 
88% with lower specificity of 64% was found for 
PCT, but with a higher cut-off point of 1.87 ng/ml 
in comparison with severe sepsis. The lowest sensi-
tivity and specificity with accuracy of 65% in diag-
nosis of septic shock were observed for sTREM-1. 

Combining severe sepsis and septic shock pa-
tients into one group, we found similar ROCs for 
IL-6 and CRP with AUC of 0.86 (95% CI: 0.741–
0.98) and 0.92 (95% CI: 0.856–0.986), respectively, 
and similar ROCs for PCT and sTREM-1, with low-
er AUC of 0.726 (95% CI: 0.599–0.854) and 0.721 
(95% CI: 0.594–0.847) (p < 0.05), respectively, for 
discriminating against NI-SIRS (Figure 8). 

Looking for an artificial scoring system for sep-
sis diagnosis, we found the highest effectiveness 
of the combination of CRP and sTREM-1, but only 
for patients with severe sepsis and septic shock 
(Table IV). Multivariate logistic regression analysis 
of the group including sepsis, severe sepsis and 
septic shock patients showed no improvement in 
diagnosis using two or more of the studied medi-
ators in comparison to the single one.

Discussion

In the present study, we observed an early in-
flammatory response in the course of infective 
and non-infective SIRS with similar intensity in 
NI-SIRS and septic patients, but with significantly 
more intensive inflammation in patients with se-
vere sepsis and septic shock. Detailed analysis has 
shown that sTREM-1, CRP, PCT and IL-6 cannot dis-
criminate between sepsis and non-infective SIRS 
in the early stage, but they can be helpful in the 
diagnosis of severe sepsis and septic shock.

Usefulness of sTREM-1 in diagnosis of sepsis 
has been reported frequently over recent years 
[14–16]. Gibot et al. [14] observed 96% sensitiv-
ity and 89% specificity for sTREM-1 in ICU pa-
tients with infective SIRS. Likewise, Su et al. [10] 
analyzed 30 NI-SIRS cases and 100 patients with 
sepsis, severe sepsis and septic shock (together 
referred to as “sepsis”). They found sTREM-1 as an 
early and strong indicator of sepsis with an AUC 
of 0.978 (95% CI: 0.958–0.997), 91% sensitivity 
and 89.6% specificity for 64.4 pg/ml as the cut-
off point. In the present study we observed AUC 

Table IV. Multivariate logistic regression model for 
patients with severe sepsis and septic shock versus 
non-infective SIRS

Parameter Odds ratio 95% CI P-value

sTREM-1 1.003 1.000–1.005 < 0.05

CRP 1.037 1.018–1.057 < 0.001

sTREM-1 – soluble triggering receptor expressed on myeloid cells-1, 
CRP – C-reactive protein, CI – confidence interval.
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 PCT       Reference line

Figure 7. Receiver operating characteristic curves 
for soluble triggering receptor expressed on my-
eloid cells-1 (sTREM-1), C-reactive protein (CRP), 
procalcitonin (PCT) and interleukin-6 (IL-6) levels in 
differentiating between septic shock and non-infec-
tive SIRS

	 0	 0.2	 0.4	 0.6	 0.8	 1.0

1-Specificity
 sTREM-1       CRP       IL-6      

 PCT       Reference line

Figure 8. Receiver operating characteristic curves 
for soluble triggering receptor expressed on my-
eloid cells-1 (sTREM-1), C-reactive protein (CRP), 
procalcitonin (PCT) and interleukin-6 (IL-6) levels in 
differentiating between severe sepsis/septic shock 
and non-infective SIRS
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for sTREM-1 of 0.681 (95% CI: 0.560–0.806), 94% 
sensitivity and 32% specificity with the cut-off 
point set at 229 pg/ml in the SI group. The dis-
crepancy in characteristics of NI-SIRS groups may 
be the reason for observed differences, since Su  
et al. [10] included patients with median APACHE II  
of 11, SOFA of 0 and a mortality rate of 5%, and 
our NI-SIRS patients’ median APACHE II was 13, 
SOFA was 7.5, SAPS II was 36 points and the mor-
tality rate was 22.7%. In Barati et al.’ [17] analy-
sis of 52 septic and 43 NI-SIRS patients, sTREM-1 
yielded an AUC of 0.65 (95% CI: 0.53–0.76) with 
70% sensitivity and 60% specificity. The authors 
confirmed our results, finding better predictive 
value of CRP than sTREM-1 for discrimination be-
tween SI and NI-SIRS. Likewise, Kofoed et al. [18] 
found limited value of sTREM-1 as single marker, 
whereas PCT and CRP exhibited acceptable diag-
nostic characteristics. In the present study lower 
AUCs and specificities of sTREM-1 in comparison 
with CRP were also observed in severe sepsis and 
septic shock in comparison with CRP. Although 
some authors suggested the high diagnostic val-
ue of sTREM-1 in sepsis, increased levels of this 
biomarker were also documented in non-infec-
tive severe clinical conditions [19, 20]. Based on 
the present data, sTREM-1 was found to be more  
a mediator of inflammation than of infection, as 
there was no difference in biomarker level be-
tween NI-SIRS and sepsis. This was explained by 
Murakami et al. [21], who demonstrated that PGE

2 
can induce TREM-1 expression by monocytes and 
macrophages. Concomitantly, the severity of bac-
terial infection was shown to be reflected by the 
mRNA expression levels of TREM-1 in circulating 
PMNs, and this expression was downregulated 
during severe sepsis and septic shock [22]. 

The CRP, PCT and IL-6 are useful as markers of 
inflammatory and infectious diseases worldwide. 
Looking for the best mediator for discrimination 
between NI-SIRS and SI, we found CRP with an 
AUC of 0.839 (95% CI: 0.753–0.924), 72% sensi-
tivity and 86% specificity. Likewise, IL-6 was also 
a good discriminating mediator with similar AUC, 
84% sensitivity and 77% specificity (Table II). Al-
though we found the lowest AUC for PCT in SI diag-
nosis, the sensitivity of 89% was even higher than 
that for IL-6. Lower discriminative values for CRP 
and IL-6 were presented by Harbarth et al. [11]. 
They found an AUC of 0.76 (95% CI: 0.58–0.93) for 
CRP with 68% sensitivity and 73% specificity at  
a cut-off point set at 150 mg/l and an AUC of 0.75 
(95% CI: 0.63–0.87) for IL-6 with 67% sensitivity 
and 72% specificity at a cut-off point set at 200 ng/ 
ml. Contrary to our results they found good dis-
criminative value for PCT, with an AUC of 0.92 
(95% CI: 0.85–1.0) and 97% sensitivity and 78% 
specificity. Patients’ characteristics in Harbarth’s 
study were similar to ours, since the SAPS II score 

and mortality had similar ranges, but there were 
18 NI-SIRS cases and 60 patients with infection, 
including 14 sepsis cases only. Similarly, Su et al. 
[10] found high discriminative value of PCT with 
AUC of 0.806 (95% CI: 0.7–0.913), 82% sensitivity 
and 75% specificity with 0.83 ng/ml as a cut-off 
point. However, the difference in the characteris-
tics of the NI-SIRS group between our and their 
study should be noted. 

Good diagnostic accuracies of CRP and IL-6 in 
detecting systemic infection were confirmed by 
several studies [10, 17, 18]. However, elevated IL-6 
concentrations were also associated with poor 
outcome in other diseases such as cardiogenic or 
hemorrhagic shock [23, 24]. GaÏni et al. [25] com-
pared NI-SIRS patients with sepsis or severe sep-
sis/septic shock and found that CRP and IL-6 are 
superior to PCT in the diagnosis of infection. Sim-
ilarly to our results, AUCs for CRP and IL-6 were 
over 0.82, while the AUC for PCT was 0.75 (95% CI:  
0.63–0.87).

To find some explanations for the present re-
sults we analyzed separately sepsis, severe sepsis 
and septic shock. Although levels of sTREM-1, CRP, 
PCT and IL-6 were significantly higher in severe 
sepsis and septic shock than in NI-SIRS, there were 
no significant differences in these mediators’ lev-
els between NI-SIRS and sepsis. For severe sepsis 
no significant elevation of PCT and sTREM-1 was 
found in comparison with sepsis, but CRP and IL-6 
increased significantly, suggesting a more intense 
inflammatory response probably due to an organ 
origin. IL-6, sTREM-1 and CRP concentrations re-
mained high in septic shock and did not differ 
between severe sepsis and septic shock. In con-
trast, PCT level was significantly higher in septic 
shock in comparison with severe sepsis. Diagnos-
tic accuracies of sTREM-1, CRP, PCT and IL-6 were 
higher when they were analyzed in severe sepsis 
or septic shock patients separately in comparison 
to the results for the SI group (Tables II, III). For 
sTREM-1, CRP and IL-6, AUC values were similar 
in severe sepsis and septic shock. PCT behaved in  
a different way, as AUC increased from 0.65  
(95% CI: 0.502–0.804) in severe sepsis to 0.83 
(95% CI: 0.71–0.945) in septic shock.

Several limitations of this study merit consider-
ation. First, clinical criteria and microbiological re-
sults were used to establish the diagnosis. Thus it 
was difficult to define precisely the exact cause of 
SIRS in all patients. This may result in some mis-
classification regardless of the fact that investiga-
tors were blinded to sTREM-1 results. Second, our 
sample size limits the usefulness of the results in 
making decisions in clinical settings. Third, clinical 
care before admission to the ICU can influence the 
internal environment and mediators’ levels. Simi-
larly, different origins of infection in studied cases 
may be associated with poor outcome of sTREM-1. 
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However, making any conclusion needs a separate 
and detailed analysis with a larger sample size.

In conclusion, according to our observations, 
infective and non-infective SIRS results in sys-
temic elevation of sTREM-1, CRP, PCT and IL-6 
levels. Although the provisional analysis sug-
gested stronger intensity of inflammation in pa-
tients with infection in comparison with NI-SIRS, 
detailed scrutiny showed that the difference 
concerned severe sepsis and septic shock, and 
not sepsis without complications. Serum level of 
sTREM-1 allows for the differentiation between 
severe sepsis or septic shock and NI-SIRS, but 
CRP and IL-6 showed higher diagnostic accuracy 
in these conditions. The effectiveness of sTREM-1 
in the diagnosis of severe sepsis is similar to that 
seen in septic shock. We confirmed that diagnos-
tic mediators should be used in close relation to 
the disease severity.

Thus, we suggest that sTREM-1 is a mediator of 
inflammation and not infection per se. The influ-
ence of additional factors such as organ dysfunc-
tion and shock on the circulatory level of sTREM-1 
needs further evaluation. 
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