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Abstract

Background: Several prognostic scores and molecular patterns have 
been developed to predict increased in-hospital mortality in septic pa-
tients. This prospective study aimed to evaluate the prognostic value 
of systemic inflammatory response syndrome (SIRS), Sequential Or-
gan Failure Assessment (SOFA), quick SOFA (qSOFA), lactate quick 
SOFA (LqSOFA) and cytokine production levels in emergency de-
partment sepsis patients to predict in-hospital mortality.

Methods: A total of 106 septic patients were enrolled. Baseline SOFA, 
SIRS, qSOFA and LqSOFA scores were calculated, and plasma levels 
of interleukin (IL)-6, IL-10, tumor necrosis factor-α (TNF-α) and in-
terleukin-33 receptor (IL-33R) were measured on admission.

Results: SOFA, qSOFA, LqSOFA scores were significantly lower 
in sepsis survivors. IL-33R levels were significantly higher in non-
survivors (P = 0.021). The best predictive score for sepsis based on 
the area under the receiver operating characteristic (ROC) curve 
was qSOFA (0.764, 95% confidence interval (CI) = 0.663 - 0.866), 
followed by LqSOFA (0.738, 95% CI = 0.63 - 0.845), SOFA (0.713, 
95% CI = 0.604 - 0.822) and SIRS (0.603, 95% CI = 0.478 - 0.729). 
The addition of IL-33R levels (cut-off values > 55,393 pg/mL) to 
qSOFA and SOFA significantly increased the diagnostic accuracy 
of both scores with area under the curve (AUC) of 0.78 (95% CI 
= 0.695 - 0.85) and 0.740 (95% CI = 0.636 - 0.844), respectively. 
When evaluating early (within 72 h) in-hospital mortality, both 
IL-10 and IL-33R were significantly higher in non-survivors (124 
pg/mL vs. 41 pg/mL in survivors, 195,610 pg/mL vs. 62,767 pg/
mL in survivors, respectively). When added to qSOFA and SOFA 
scores (cut-off levels 74.5 pg/mL and 55,393 pg/mL for IL-10 and 
IL-33R, respectively), they significantly increased their diagnostic 
accuracy.

Conclusions: Sepsis prognostic scores were significantly lower in 
sepsis survivors. IL-10 levels had a significant impact in predicting 
early (within 72 h) in-hospital mortality and IL-33R levels in predict-
ing both early and total in-hospital mortality, especially when com-
bined with SOFA and qSOFA scores.
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Introduction

Sepsis is a preventable, life-threatening syndrome caused by an 
infection and is responsible for 11 million deaths worldwide, 
accounting for about 20% of all global deaths [1]. Furthermore, 
mortality rates for hospital-treated sepsis cases and intensive 
care unit (ICU)-treated sepsis cases are 24% and 42%, respec-
tively, with significant disparities between low-, medium- and 
high- income countries [1, 2]. The Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3) has read-
dressed sepsis definition as a life-threatening organ dysfunction 
caused by a dysregulated host response to an infection, abating 
older definitions that focused solely on inflammatory excess [3, 
4]. The balance between pro and anti-inflammatory response is 
crucial for sepsis survival. This balance is influenced by host 
factors such as age, underlying comorbidities, and pathogen 
virulence, with cytokines contributing to the immune response 
[5, 6]. As our understanding of the complex molecular interac-
tions between different pathways in sepsis grows, there is ur-
gent need for earlier detection and targeted therapies based on 
cytokine profile. In the past few years, several clinical scores 
for sepsis identification and risk stratification have been inves-
tigated, with an emphasis on earlier sepsis detection and appro-
priate treatment. Some, such as quick Sequential Organ Failure 
Assessment (qSOFA), rely on clinical parameters aiding early 
detection in the emergency department, while others, such as 
SOFA score, lactate qSOFA (LqSOFA), systemic inflammatory 
response syndrome (SIRS) or National Early Warning Score 
(NEWS), incorporate both clinical and microbiological param-
eters [7-11]. The aim of this study is to evaluate the prognostic 
value of SIRS, SOFA, qSOFA and LqSOFA as prediction scores 
in emergency department sepsis patients and to investigate the 
immune-mediated response by measuring cytokine production 
patterns and their correlation with in-hospital mortality.
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Materials and Methods

Study selection and inclusion criteria

In this prospective cohort study carried out between June 2019 
and April 2020, we evaluated septic patients who presented 
to the emergency department unit of a tertiary hospital in 
Patras, Greece. All patients enrolled in the study fulfilled the 
international criteria for sepsis (Sepsis-3 definitions). Inclu-
sion criteria were adults with radiological, microbiological or 
clinically documented infections and sepsis according to Sep-
sis-3 definition. Patients with missing clinical, microbiologi-
cal data or missing blood samples were excluded. Out of 136 
patients presenting to the emergency room (ER), 30 patients 
were excluded, leaving 106 patients for evaluation. Demo-
graphic characteristics, comorbidities, type of infection, clin-
ical severity scores, and patients’ outcome were documented 
on admission. As for LqSOFA score, we developed binary (0 
for a lactate point-of-care concentration < 2 mmol/L and 1 
for a lactate concentration > 2 mmol/L) lactate scores to be 
added to qSOFA score. The aim of the study was to examine 
the potential role of both pro- and anti-inflammatory bio-
markers in predicting in-hospital mortality and to assess their 
concentrations during the sepsis process. Interleukin (IL)-6, 
tumor necrosis factor-α (TNF-α), known pro-inflammatory 
cytokines, IL-10, an anti-inflammatory cytokine, and inter-
leukin-33 receptor (IL-33R) with mixed actions depending 
on microenvironment, were studied. Furthermore, we com-
bined IL-33R and IL-10 semiquantitative levels (using cutoff 
values derived from the Youden Index) with several scores 
by adding one point in each score if the IL’s level exceeded 
the cutoff. BacTAlert and Vitek 2 (bioMerieux) systems were 
used for performing the cultures, identifying the bacterial 
isolates and testing the antibiotic susceptibility. Plasma sam-
ples were collected upon admission, and cytokine levels were 
measured in pg/mL. Enzyme-linked immunosorbent assay 
(ELISA) kits from Diaclone (France) were used to measure 
IL-6, IL-10, and TNF-α levels, while soluble suppression of 
tumorigenicity 2 (sST2)/sIL-33R levels were measured using 
an ELISA kit from R&D Systems (USA).

Ethical statement

The authors are accountable for all aspects of the work in en-
suring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved. 
The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the In-
stitutional Ethics Board of University Hospital of Patras (ap-
proval code: 457/11-7-2019).

Data analysis

Data analysis was performed using descriptive statistic tools. 
Categorical data were presented as frequencies and group per-

centages whereas continuous data with normal and skewed 
distributions as mean ± standard error (SE) and medians, re-
spectively. Chi-square test was used for comparison of cate-
gorical data whereas Mann-Whitney U test was used for com-
parison of skewed continuous data, and data normality was 
assessed using the Kolmogorov-Smirnov and Shapiro-Wilk 
tests using a P value of 0.05. Furthermore, Spearman’s rank 
correlation coefficient was used to assess monotonic relation-
ships between continuous and discrete ordinal variables, while 
receiver operating characteristic (ROC) analysis was used to 
evaluate the performance of various scoring systems and bio-
markers in discriminating those with largest probability to die 
from sepsis. In order to compare the respective powers of pre-
diction for several scores and biomarkers, the area under the 
curve (AUC) was compared for each ROC curve. The best cut-
off point for each index was determined by the Youden Index, 
which maximizes sensitivity and specificity for a continuous 
variable to create a dichotomous value by taking the sensitivity 
+ the specificity - 1 and choosing the maximum value. All tests 
were two-tailed, and statistical significance was considered for 
P values < 0.05. Analyses were performed by using Statistical 
Package for the Social Sciences software (SPSS for Windows-
version 28.0 SPSS Inc., Chicago, IL, USA) and GraphPad 
Prism 8 software.

Results

A total of 106 patients suffering from sepsis according to Sep-
sis-3 definitions were included in the study. Among them, 46 
patients suffered from lower respiratory tract infection, 24 suf-
fered from urinary tract infection, eight from biliary tract infec-
tion, five from intestinal infection, three from central nervous 
system (CNS) infection while the rest suffered from mixed (18 
patients: urinary/respiratory tract infections etc.). Additionally, 
18 patients had concurrent bacteremia. Of the 106 patients, 
80 patients survived while the rest 26 patients died. The two 
groups (survivors, non-survivors) did not differ in age, comor-
bidities, white blood cell (WBC), lactate, C-reactive protein 
(CRP) values on admission (Table 1). All patients were treated 
according to the newest sepsis guidelines with broad spectrum 
antibiotics, crystalloids and inotropes if needed. No patient un-
derwent parenteral nutrition.

We assessed the prognostic value of several scoring sys-
tems calculated on patients’ admission in predicting hospital 
sepsis mortality. Survivors had significantly lower SOFA, 
qSOFA, and LqSOFA scores than non-survivors, while both 
groups did not differ in SIRS scores. Moreover, there was a 
statistically higher in-hospital mortality in female patients (P 
= 0.023).

We also evaluated systemic inflammatory response in 
sepsis patients by measuring several pro- and anti-inflamma-
tory cytokines and their association with in-hospital mortality. 
Levels of pro-inflammatory cytokines IL-6 and TNF-α, anti-
inflammatory mediator IL-10 and the IL-6/IL-10 ratio did not 
differ significantly between survivors and non-survivors. In 
contrast, IL-33R levels were significantly higher in the group 
of non-survivors (P = 0. 021) (Fig. 1). Moreover, we evalu-
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ated the role of these biomarkers in predicting early (within 72 
h) in-hospital mortality. Both IL-10 and IL-33R levels were 
higher in non-survivors (124 pg/mL vs. 41 pg/mL in survivors, 
195,610 pg/mL vs. 62,767 pg/mL in survivors, respectively), 
whereas IL-6 and TNF-α levels were not statistically different 
(Fig. 2). We also performed correlation assays between prog-
nostic scores and molecular inflammatory patterns on admis-
sion. Although significant positive correlations were observed 
between most prognostic scores and cytokines, only SOFA and 

qSOFA with IL-33R correlation indicated a moderate effect 
size (r = 0.46, (P < 0.001, 95% CI = 0.28 - 0.61), r = 0.4, (P < 
0.001, 95% CI = 0.23 - 0.56), respectively).

Prognostic value of severity scores and molecular media-
tors for in-hospital mortality

To further assess the value of several prognostic scores and 

Table 1.  Study Population Demographics and Baseline Characteristics

Survival
P

No Yes
Number 26 80
Age 83.5(73.3 - 88.3) 79 (66.5 - 85.8) NS (0.09)
Male 7 (27%) 43 (53.8%) 0.023
Female 19 (73%) 37 (46.3%) 0.023
Type of infection
    RTI 12 (46.2%) 34 (42.5%)
    UTI 2 (7.7%) 22 (27.5%)
    Colitis 1 (3.8%) 4 (5%)
    Mixed infections 9 (34.6%) 9 (11.3%)
    BTI 2 (7.7%) 6 (7.5%)
    CNS infections 0 3 (3.8%)
    Other 0 2 (2.5%)
    Bacteremia 5 (19.2%) 13 (16.3%)
Comorbidities
    CVD 19 (73%) 57 (71.3%) NS (0.86)
    Diabetes 6 (23%) 28 (35%) NS (0.26)
    CKD 1 (4%) 8 (10%) NS (0.33)
    COPD 2 (7.7%) 18 (22.5%) NS (0.09)
    Neoplasm 1 (4%) 9 (11.3%) NS (0.26)
    SOFA 4.5 (4 - 7) 3 (2 - 5) 0.001
    SIRS 3 (2 - 3) 2 (2 - 3) NS (0.09)
    qSOFA 2 (2 - 3) 1 (1 - 2) < 0.001
    LqSOFA 3 (2 - 3) 2 (1 - 2) < 0.001
    Lactate (mmol/L) 2.6 (1.6 - 4.8) 2 (1.5 - 3.3) NS (0.17)
    CRP (mg/dL) 14.6 (11.6 - 19) 12.4 (4 - 22.3) NS (0.29)
    WBC (cells/µL) 14,495 (7,440 - 17,490) 13,685 (8,660 - 18,380) NS (0.69)
Cytokines
    IL-6 (pg/mL) 331 (49.5 - 400) 104 (57.3 - 400) NS (0.36)
    IL-10 (pg/mL) 87 (25.8 - 162.8) 40 (25 - 116.8) NS (0.11)
    TNF-α (pg/mL) 50 (50 - 50) 50 (50 - 50) NS (0.89)
    IL-33R (pg/mL) 136,800 (59,932 - 200,000) 59,693 (34,920 - 182,035) 0.021

BTI: biliary tract infections; CKD: khronic kidney disease; CNS: central nervous system; COPD: chronic obstructive pulmonary disease; CRP: C-
reactive protein; CVD: cardiovascular disease; LqSOFA: lactate quick SOFA; NS: not statistically significant; qSOFA: quick SOFA; RTI: respiratory 
tract infections; SIRS: systemic inflammatory response syndrome; SOFA: Sequential Organ Failure Assessment; TNF: tumor necrosis factor; UTI: 
urinary tract infections; WBC: white blood cells; IL: interleukin.
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molecular patterns on admission as predictors for in-hospital 
mortality, ROC were analysed. Figure 3 presents AUCs, sen-
sitivity and specificity in predicting in-hospital mortality for 
various molecular mediators and prognostic scores. The best 
predictive score based on the area under the receiver oper-
ating curve was qSOFA (0.764, 95% CI = 0.663 - 0.866), 
followed by LqSOFA (0.738, 95% CI = 0.63 - 0.845), SOFA 
(0.713, 95% CI = 0.604 - 0.822) and SIRS (0.603, 95% CI = 
0.478 - 0.729). Using the Youden index, the optimal cutoff 
values of SIRS, SOFA, qSOFA, and LqSOFA were > 2, > 3, 
> 1 and > 2, respectively, in which specificity was 63.7%, 
57.5%, 63.7%, and 77.5%, while sensitivity was 57.7%, 
81%, 84.6% and 65.4%, respectively, although for SIRS as a 
prognostic score the P value was not significant (P = 0.1). To 
assess the diagnostic performance of IL-6, IL-10, TNF-α and 
IL-33R levels on admission in identifying mortality risk for 
patients with sepsis, ROC curves were also built. Between 
all mediators studied, only IL-33R had a moderate although 
significant prognostic value for in-hospital mortality with a 
cutoff level of 55,393 pg/mL (sensitivity 84.6%, specific-
ity 46.2%) and an AUC of 0.65 (95% CI = 0.538 - 0.762). 

Furthermore, the addition of IL-33R levels (cutoff values > 
55,393 pg/mL) to qSOFA and SOFA scores (added 1 point 
in each score with IL’s levels above cutoff) significantly in-
creased the diagnostic accuracy of both individual tests with 
AUC of 0.781 (95% CI = 0.679 - 0.88) and 0.740 (95% CI 
= 0.636 - 0.844), respectively (Fig. 3). Moreover, when ad-
justing for early (72 h) in-hospital mortality, only IL-10 and 
IL-33R had a moderate although significant prognostic value 
in predicting early in-hospital mortality with cutoff levels 
of 74.5 pg/mL (sensitivity 77%, specificity 65%) and AUC 
0.67 (95% CI = 0.5 - 0.84) for IL-10 and cutoff levels of 
55,393 pg/mL (sensitivity 92.3%, specificity 43%) and AUC 
0.68 (95% CI = 0.54 - 0.82) for IL-33R. Interestingly, the 
addition of both IL-10 (cutoff levels 74.5 pg/mL) and IL-
33R (cutoff levels 55,393 pg/mL) increased the diagnostic 
accuracy of both SOFA and qSOFA tests in predicting early 
in-hospital mortality. More precisely, the addition of IL-10 
to SOFA and qSOFA increased the models’ AUC from 0.83 
(95% CI = 0.714 - 0.94) to 0.85 (95% CI = 0.73 - 0.96), and 
from 0.79 (95% CI = 0.67 - 0.9) to 0.83 (95% CI = 0.7 - 0.95), 
respectively. Similarly, the addition of IL-33R to SOFA and 

Figure 1. Cytokine differences regarding outcome in study population. TNF: tumor necrosis factor; IL: interleukin; IL-33R: inter-
leukin-33 receptor.
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qSOFA further increased the models’ AUC from 0.83 to 0.85 
(95% CI = 0.75 - 0.94) and from 0.79 to 0.81 (95% CI = 0.7 
- 0.92), respectively (Fig. 4). Furthermore, due to the conflict 
around the poor sensitivity of qSOFA in predicting early sep-
sis mortality, we evaluated the possible role of IL-33R as an 
adjunctive tool, especially in patients having qSOFA scores 
of 0 or 1. In this group of patients, IL-33R levels were simi-
lar between survivors and non-survivors (median values of 
54,124 pg/mL in the former and 51,091 pg/mL in the latter).

Interestingly, we conducted a subgroup analysis examin-
ing the prognostic significance of different biomarkers and 
severity scores in patients with lower respiratory tract infec-
tions. Of the 46 septic patients suffering from lower respira-
tory tract infections, 34 were finally discharged from hospital. 
Of all cytokines studied (IL-6, IL-10, TNF-α, IL-33R), only 
IL-33R correlated significantly with in-hospital mortality in 
this group of patients (median levels of 159,540 pg/mL in 
non-survivors, 100,590.5 pg/mL in survivors, P < 0.01). Sur-
vivors had also significantly lower SOFA, qSOFA, LqSOFA 
scores than non-survivors, while both groups did not differ in 
SIRS score. Moreover, to assess the values of these prognostic 

scores and molecular patterns on admission as predictors for 
in-hospital mortality in this group of patients, we conducted 
ROC analysis. In accordance with the study population, IL-10 
and IL-33R had a significant prognostic value in predicting 
in-hospital mortality with cutoff levels of 68.5 pg/mL (sensi-
tivity 83%, specificity 67%) and AUC 0.74 (95% CI = 0.58 - 
0.89) for IL-10, and cutoff levels of 57,415 pg/mL (sensitivity 
83%, specificity 70%) and AUC 0.82 (95% CI = 0.68 - 0.96) 
for IL-33R. Interestingly, the addition of IL-33R levels (cutoff 
values > 57,415 pg/mL) to qSOFA, LqSOFA and SOFA scores 
significantly increased the diagnostic accuracy of all three in-
dividual tests, with AUC 0.902 (95% CI = 0.81 - 0.99), 0.95 
(95% CI = 0.89 - 1) and 0.905 (95% CI = 0.81 - 1), respec-
tively (Figs. 5-9).

Discussion

Sepsis remains a major global health issue, contributing to 
substantial morbidity and mortality, particularly without early 
detection. Dysregulated immune response is a key factor in 

Figure 2. Cytokine differences regarding early outcome (in 72 h) in study population. TNF: tumor necrosis factor; IL: interleukin; 
IL-33R: interleukin-33 receptor.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com668

Clinical Scores and Cytokines Predict Mortality in Sepsis J Clin Med Res. 2025;17(12):663-675

sepsis pathophysiology and raises the need for accurate diag-
nostic tools to guide management.

Severity scores and mortality prediction

We evaluated the performance of several commonly used se-
verity scores in predicting in-hospital mortality in sepsis pa-
tients. SOFA, qSOFA and LqSOFA were all significant pre-
dictors of in-hospital mortality whereas SIRS failed to predict 
in-hospital mortality, which aligns with previous studies indi-
cating its limited utility in sepsis risk stratification. The best 
predictive score was qSOFA, followed by LqSOFA and SOFA 
using ROC analysis, with qSOFA having greater sensitivity 
(84.6% for qSOFA > 1 in comparison to 81% for SOFA > 3), 

although for qSOFA values > 2 sensitivity drops to about 31% 
underscoring the score’s limited ability to capture all at-risk 
patients, particularly those in early stages of sepsis or with 
non-severe manifestations. This is in accordance with a ret-
rospective validation of the Sepsis-3 definitions, which raises 
concerns about the prognostic value of qSOFA for sepsis pa-
tients outside ICU due to its poor sensitivity [11]. The Third 
International Consensus for Sepsis and Septic Shock added 
qSOFA as a useful tool for early discrimination of patients 
with sepsis requiring more intensive care using only clinical 
criteria, making it an important adjunct for resource low set-
tings [4, 9]. However, many patients, especially young, did 
not meet the threshold of two points in qSOFA scale and failed 
to be classified as septic, wasting an important amount of time 
in sepsis treatment, which led to abandonment of qSOFA in 

Figure 3. The area under the receiver operating characteristic (ROC) curve of SIRS, SOFA, qSOFA, and LqSOFA (a), IL-6, IL-10, 
TNF-α, IL-33R (b), expanded SOFA-IL-33R (SOFA combined with cutoff value of IL-33R) and expanded qSOFA-IL-33R (qSOFA 
combined with cutoff value of IL-33R) scores (c, d), respectively, in predicting in-hospital mortality of sepsis patients. LqSOFA: 
lactate quick SOFA; qSOFA: quick SOFA; SIRS: systemic inflammatory response syndrome; SOFA: Sequential Organ Failure 
Assessment; TNF: tumor necrosis factor; IL: interleukin; IL-33R: interleukin-33 receptor.
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2021 Sepsis Guidelines as a single diagnostic sepsis score 
and favored other scores such as SOFA or NEWS [12]. To 
overcome low sensitivity, there were studies combining lac-
tate point-of-care values with qSOFA to enhance bedside 
mortality prediction. A prospective cohort study in southeast 
Asia concluded that combination identified patients at risk 
for sepsis-related mortality with better accuracy than qSOFA 
alone and with similar accuracy as SOFA score [10]. That has 
been also confirmed by a systematic review, which included 
11 studies - most of which indicated an increase in the area 
under the receiver operating characteristic (AUROC) curve 
for qSOFA with the addition of lactate mainly in the emer-
gency department [13]. In contrast, in our study, combination 
of binary lactate (> 2 mmol) values with qSOFA did not lead 
to better predicting ability than qSOFA alone, although it was 

an adequate predictor of mortality with higher values in non-
survivors.

Cytokines and the immune response

The aim of this study was also to investigate the immune-mediated 
response of sepsis patients who presented to the emergency de-
partment by measuring several cytokine levels and their predicting 
ability of in-hospital mortality. Inflammatory response is guided 
primarily by cytokines such as IL-1b, IL-6, IL-8, TNF-α, and in-
terferon (IFN)-γ, which are produced by monocytes, macrophages, 
endothelial cells, epithelial cells and provoke immune cell activa-
tion through intracellular signalling. Meanwhile, there are some 
other cytokines, such as IL-33 with its soluble receptor IL-33R 

Figure 4. The area under the receiver operating characteristic (ROC) curve of expanded SOFA-IL-33R (SOFA combined with 
cutoff value of IL-33R) (a), expanded qSOFA-IL-33R (qSOFA combined with cutoff value of IL-33R) (b), expanded SOFA-IL-10 
(SOFA combined with cutoff value of IL-10) (c) and expanded qSOFA-IL10 (qSOFA combined with cutoff value of IL-10) (d) in 
predicting early (within 72 h) in-hospital mortality of sepsis patients. qSOFA: quick SOFA; SOFA: Sequential Organ Failure As-
sessment; IL-33R: interleukin-33 receptor.
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(sST) that exert both pro- and anti-inflammatory responses.
Sepsis pathogenesis involves identification of pathogen-

associated molecular patterns (PAMPs) by pattern recognition 
receptors, which drive complex reactions such as cellular mod-
ifications, microcirculation and coagulation cascade dysregu-
lation and disrupted host immune reactions with concomitant 
pro- and anti-inflammatory responses [14]. As Karakike et al 
showed, excessive host pro-inflammatory responses can lead 
to abrupt inflammation syndromes such as macrophage activa-
tion syndrome (MAS) with greater mortality [15]. Meanwhile, 
excessive immunoparalysis through alterations in both innate 
and adapted immune system leads also to endotoxin tolerance 
and higher sepsis mortality [16-18].

Over the past years, there have been a lot of studies on 
molecular patterns of sepsis, with earlier research focusing on 
the pro-inflammatory aspect, whereas more recent ones on the 
disequilibrium between pro- and anti-inflammatory patterns, 
as indicated in the latest sepsis guidelines [12, 19]. Most of 
these studies used pro-inflammatory cytokines such as IL-1, 
IL-6 or TNF-α, anti-inflammatory cytokines such as IL-10 or 
pro- to anti-inflammatory ratios such as IL-10 to TNF-α ra-
tio to assess patient’s immune reaction [20-22]. Furthermore, 
there have been studies examining potential targets for im-
mune intervention interfering with the molecular cascade 

in sepsis such as IL-6 blockade in coronavirus disease 2019 
(COVID-19) patients with hyperinflammatory syndrome or 
anakinra in sepsis patients with macrophage activation-like 
syndrome [23, 24]. In our study, none of the IL-6, IL-10, 
TNF-α or IL-6/IL-10 ratio was significant mortality predictor 
in sepsis patients, which contrasts with other studies. This is 
mainly explained by our small sample size (n = 106) and small 
number of non-survivors (26 patients). Except from these mo-
lecular markers, some studies examined the role of IL-33/sup-
pression of tumorigenicity-2 (ST2) axis. IL-33, a member of 
IL-1 family, is produced by both structural and immune cells 
and acts through its ligation with ST2 receptor or with the re-
ceptor for advanced glycation end products (RAGE), depend-
ing on which IL-33 form circulates in plasma, reduced or oxi-
dized. ΙL-33 interaction with its receptors exerts diverse roles 
depending on microenvironment and type of cells expressed, 
both producing pro-inflammatory response and contributing to 
immunosuppression [5, 6, 25-27]. In contrast, soluble IL-33R 
(sST2) acts as a decoy receptor for IL-33 and functions as an 
inhibitor of the IL-33/ST2 pathway. IL-33 levels rise in many 
inflammatory conditions, such as asthma, chronic obstructive 
pulmonary disease (COPD), autoimmune diseases, acute lung 
injury such as in severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection, with many preclinical studies 

Figure 5. The area under the receiver operating characteristic (ROC) curve of IL-6, IL-10, TNF-α, IL-33R in predicting in-hospital 
mortality of sepsis patients with lower respiratory tract infections. TNF: tumor necrosis factor; IL: interleukin; IL-33R: interleu-
kin-33 receptor.
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suggesting a beneficial effect of IL-33/ST2 blockade in asthma 
or acute lung injury patients [28-31]. To date, there are many 
clinical studies under development testing the efficiency of 
tozorakimab, an anti-IL-33 antibody that inhibits IL-33 sig-
nalling via ST2 and RAGE/EGFR pathways, in reducing in-
flammation and epithelial dysfunction in patients with acute 
respiratory failure (phase 3 - NCT05624450) and in COPD 
patients (phase 3 - NCT05166889 and NCT05158387) [27].

Moreover, there is a lot of evidence highlighting the 
role of IL-33R (sST2) as a useful predictor of sepsis severity 
and mortality, although some studies such as that conducted 
by Parenica et al, failed to indicate similar predicting ability 
[32-34]. In our study, we examined serum IL-33R concentra-
tions alone or in combination with sepsis severity scores on 
admission as in-hospital mortality predictors. We found that 
IL-33R levels on admission were significantly higher in non-
survivors than in sepsis survivors (median 136,800 pg/mL vs. 
59,693 pg/mL) and had a moderate to strong positive correla-
tion with sepsis predicting scores such as SOFA, qSOFA and 
LqSOFA. Furthermore, although IL-33R levels were moderate 
predictors of in-hospital mortality (AUC of 0.65), when used 
adjunctively to sepsis severity scores, it augmented the diag-
nostic accuracy of both qSOFA and SOFA, with AUC of 0.78 
(95% CI = 0.679 - 0.88) and 0.74 (95% CI = 0.636 - 0.844), 
respectively. That would have clinical implications as a new 
score including qSOFA and bedside IL-33R semi quantitative 

measurement (cutoff > 55,393 pg/mL) could identify earlier 
sepsis patients before deteriorating, augmenting qSOFA sen-
sitivity at cutoff values > 1 (0.92 vs. 0.85). Due to the need to 
identify patients at risk of early deterioration, we evaluated the 
possible role of those biomarkers in predicting early (within 
72 h) in-hospital mortality. Except for IL-33R levels, IL-10 
levels were significantly higher in non-survivors, which is 
interesting because IL-10 is an anti-inflammatory biomarker, 
pointing towards an early immunosuppressive phenotype in 
those patients. Similarly, both IL-10 and IL-33R (with cutoff 
levels of 74.5 pg/mL and 55,393 pg/mL, respectively) could 
be combined to qSOFA and SOFA to further augment the di-
agnostic accuracy of those scores to predict early (within 72 h) 
in-hospital mortality. However, when performing a subgroup 
analysis for patients with qSOFA scores of 0 or 1 trying to 
augment qSOFA predictive mortality in low-risk patients, we 
found that IL-33R levels were similar, although this could be 
explained by the small subgroup size (54 patients).

Subgroup analysis and respiratory infections

Furthermore, we conducted a subgroup analysis for patients 
with lower respiratory infections. Hincapie et al evaluated the 
role of several prognostic scores in patients with respiratory 
infections, such as NEWS, Modified Early Warning Score 

Figure 6. The area under the receiver operating characteristic (ROC) curve of SIRS and expanded SIRS (SIRS combined with 
cutoff value of IL-33R) in predicting in-hospital mortality of sepsis patients with lower respiratory tract infections. SIRS: systemic 
inflammatory response syndrome; IL-33R: interleukin-33 receptor.
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(MEWS) and qSOFA in predicting in-hospital mortality. 
NEWS and MEWS were the best prognostic scores with AUC 
of 0.75 and 0.73, respectively [35]. Similarly, Fan et al com-
pared Acute Physiology Score III (APSIII) and Logical Organ 
Dysfunction System (LODS) to SOFA score in sepsis patients 
with acute respiratory failure concluding that the former (AP-
SIII and LODS) had better predicting ability for in-hospital 
mortality [36]. In our study, IL-33R had significantly better 
prognostic ability in patients with lower respiratory infec-
tions than in study population, and it had a significant impact 
when combined to usual scores such as qSOFA, LqSOFA and 
SOFA scores. Notably, qSOFA and LqSOFA were better pre-
dicting scores than SOFA in this subgroup of patients. This 
could be explained by the addition of respiratory rate as a fac-
tor in qSOFA and LqSOFA scores, which is usually elevated 
in such patients. What is more, the SOFA score contains in-
dicators reflecting laboratory parameters such as bilirubin or 
platelet count, which are not often affected, as well as meas-
ures of hemodynamic instability, which is also not commonly 
observed in this subgroup of patients.

Study limitations

Our study has a few limitations. First, the small sample size 
and number of non-survivors did not allow us to have stronger 

results when comparing various cytokine levels. Furthermore, 
it was a single-center study with our study group comprising 
mainly from patients suffering from respiratory infections, 
which limits the generalizability of our findings to broader 
populations or other types of infections. Further large prospec-
tive studies are needed before incorporating novel biomarkers 
such as IL-33R into clinical practice either as mortality predic-
tors or as immune targets for therapeutic reasons.

Conclusions

SOFA, qSOFA, and LqSOFA were all strong predictors of in-
hospital mortality in patients suffering from sepsis with higher 
scores correlating better with higher IL-6, IL-10 and IL-33R lev-
els. Furthermore, both IL-10 and IL-33R levels were adequate 
predictors of early (both) and in-hospital mortality (the latter) 
when used alone or as an adjunct to qSOFA or SOFA. Quick 
bedside assessment of IL33R could aid in earlier discrimination 
of septic patients particularly when combined to qSOFA.
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Figure 9. The area under the receiver operating characteristic (ROC) curve of LqSOFA and expanded LqSOFA (LqSOFA com-
bined with cutoff value of IL-33R) in predicting in-hospital mortality of sepsis patients with lower respiratory tract infections. 
LqSOFA: lactate quick SOFA; SOFA: Sequential Organ Failure Assessment; IL-33R: interleukin-33 receptor.

Figure 8. The area under the receiver operating characteristic (ROC) curve of qSOFA and expanded qSOFA (qSOFA combined 
with cutoff value of IL-33R) in predicting in-hospital mortality of sepsis patients with lower respiratory tract infections. qSOFA: 
quick SOFA; SOFA: Sequential Organ Failure Assessment; IL-33R: interleukin-33 receptor.
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