
This Provisional PDF corresponds to the article as it appeared upon acceptance. Copyedited and
fully formatted PDF and full text (HTML) versions will be made available soon.

Presepsin (soluble CD14 subtype) and procalcitonin levels for mortality
prediction in sepsis: data from the Albumin Italian Outcome Sepsis trial

Critical Care 2014, 18:R6 doi:10.1186/cc13183

Serge Masson (serge.masson@marionegri.it)
Pietro Caironi (pietro.caironi@unimi.it)

Eberhard Spanuth (eberhard.spanuth@dianeering.com)
Ralf Thomae (r.thomae@mc-e.de)

Mauro Panigada (panigadm@gmail.com)
Gabriela Sangiorgi (gabriela.sangiorgi@aosp.bo.it)

Roberto Fumagalli (Roberto.Fumagalli@OspedaleNiguarda.it)
Tommaso Mauri (tommymauri@gmail.com)
Stefano Isgrò (stefano.isgro@gmail.com)
Caterina Fanizza (fanizza@negrisud.it)
Marilena Romero (romero@negrisud.it)
Gianni Tognoni (tognoni@negrisud.it)

Roberto Latini (roberto.latini@marionegri.it)
Luciano Gattinoni (gattinon@policlinico.mi.it)

ISSN 1364-8535

Article type Research

Submission date 2 July 2013

Acceptance date 14 November 2013

Publication date 7 January 2014

Article URL http://ccforum.com/content/18/1/R6

This peer-reviewed article can be downloaded, printed and distributed freely for any purposes (see
copyright notice below).

Articles in Critical Care are listed in PubMed and archived at PubMed Central.

For information about publishing your research in Critical Care go to

http://ccforum.com/authors/instructions/

Critical Care

© 2014 Masson et al.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:serge.masson@marionegri.it
mailto:pietro.caironi@unimi.it
mailto:eberhard.spanuth@dianeering.com
mailto:r.thomae@mc-e.de
mailto:panigadm@gmail.com
mailto:gabriela.sangiorgi@aosp.bo.it
mailto:Roberto.Fumagalli@OspedaleNiguarda.it
mailto:tommymauri@gmail.com
mailto:stefano.isgro@gmail.com
mailto:fanizza@negrisud.it
mailto:romero@negrisud.it
mailto:tognoni@negrisud.it
mailto:roberto.latini@marionegri.it
mailto:gattinon@policlinico.mi.it
http://ccforum.com/content/18/1/R6
http://ccforum.com/authors/instructions/
http://creativecommons.org/licenses/by/2.0


Presepsin (soluble CD14 subtype) and procalcitonin 

levels for mortality prediction in sepsis: data from 

the Albumin Italian Outcome Sepsis trial 

Serge Masson
1*,†

 
*
 Corresponding author 

Email: serge.masson@marionegri.it 

Pietro Caironi
2,3,†

 

Email: pietro.caironi@unimi.it 

Eberhard Spanuth
4
 

Email: eberhard.spanuth@dianeering.com 

Ralf Thomae
5
 

Email: r.thomae@mc-e.de 

Mauro Panigada
3
 

Email: panigadm@gmail.com 

Gabriela Sangiorgi
6
 

Email: gabriela.sangiorgi@aosp.bo.it 

Roberto Fumagalli
7
 

Email: Roberto.Fumagalli@OspedaleNiguarda.it 

Tommaso Mauri
8
 

Email: tommymauri@gmail.com 

Stefano Isgrò
7
 

Email: stefano.isgro@gmail.com 

Caterina Fanizza
9
 

Email: fanizza@negrisud.it 

Marilena Romero
9
 

Email: romero@negrisud.it 

Gianni Tognoni
9
 

Email: tognoni@negrisud.it 

Roberto Latini
1
 

Email: roberto.latini@marionegri.it 

Luciano Gattinoni
2,3

 

Email: gattinon@policlinico.mi.it 

On behalf of the ALBIOS Study Investigators 



1
 IRCCS - Istituto di Ricerche Farmacologiche “Mario Negri”, via Privata 

Giuseppe La Masa 19, Milan 20156, Italy 

2
 Dipartimento di Fisiopatologia Medico-Chirurgica e dei Trapianti, Fondazione 

IRCCS Ca’ Granda - Ospedale Maggiore Policlinico, Università degli Studi di 

Milano, Milan, Italy 

3
 Dipartimento di Anestesia, Rianimazione, e Terapia del Dolore, Fondazione 

IRCCS Ca’ Granda – Ospedale Maggiore Policlinico, Milan, Italy 

4
 Diagnostics Engineering & Research GmbH, Heidelberg, Germany 

5
 Mitsubishi Chemical Europe GmbH, Duesseldorf, Germany 

6
 Anestesiologia e Rianimazione, Dipartimento Emergenza/Urgenza, Chirurgia 

Generale e dei Trapianti, Policlinico Universitario S. Orsola Malpighi, Bologna, 

Italy 

7
 UO Anestesia e Rianimazione, AO San Gerardo, Monza, Italy 

8
 Dipartimento di Emergenza, Ospedale San Gerardo and Milano-Bicocca 

University, Monza, Italy 

9
 Consorzio Mario Negri Sud, Santa Maria Imbaro, Chieti, Italy 

†
 Equal contributors. 

Abstract 

Introduction 

Sepsis, a leading cause of death in critically ill patients, is the result of complex interactions 

between the infecting microorganisms and the host responses that influence clinical 

outcomes. We evaluated the prognostic value of presepsin (sCD14-ST), a novel biomarker of 

bacterial infection, and compared it with procalcitonin. 

Methods 

This is a retrospective, case–control study of a multicenter, randomized clinical trial enrolling 

patients with severe sepsis or septic shock in ICUs in Italy. We selected 50 survivors and 50 

non-survivors at ICU discharge, matched for age, sex, and time from sepsis diagnosis to 

enrolment. Plasma samples were collected 1, 2 and 7 days after enrolment to assay presepsin 

and procalcitonin (PCT). Outcome was assessed 28 and 90 days after enrollment. 

Results 

Early presepsin (day 1) was higher in decedents (2269 (1171–4300) pg/mL, median (Q1-Q3)) 

than in survivors (1184 (875–2113) pg/mL, P = 0.002) while PCT was not different (18.5 

(3.4-45.2) and 10.8 (2.7-41.9) μg/L, P = 0.31). The evolution of presepsin levels over time 



was significantly different in survivors compared to decedents (P for time-survival 

interaction = 0.03) while PCT decreased similarly in the two groups (P = 0.13). Presepsin 

was the only variable independently associated with ICU and 28-day mortality in Cox models 

adjusted for clinical characteristics. It showed prognostic accuracy in the range of the 

sequential organ failure assessment (SOFA) score (area under the curve (AUC) from 0.64 to 

0.75) but better than PCT (AUC 0.53 to 0.65). 

Conclusions 

This is the first evidence in a multicenter clinical trial that presepsin measurements may 

provide useful prognostic information in patients with severe sepsis or septic shock. These 

preliminary findings suggest that presepsin may be of clinical importance for early risk 

stratification. 

Introduction 

Sepsis is the leading cause of death in critically ill patients and requires early goal-directed 

management to reduce its high burden of mortality and morbidity [1]. During sepsis, the 

combination of severe infection and the subsequent non-localized inflammatory and immune-

mediated systemic responses may result in a clinical condition with lethality as high as 40% 

[2]. Despite efforts to improve early recognition and clinical treatment, sepsis often evolves 

to septic shock (reduced tissue perfusion despite fluid therapy and vasoactive drugs) and 

multiorgan failure, which are the most frequent causes of death in the septic patient. The 

host’s innate and adaptive immune responses are fundamental in defense against the infecting 

microorganism(s), but also contribute to the amplification of pro-inflammatory mechanisms, 

coagulation imbalance and endothelial dysfunction, that participate in organ injury [3]. 

Since optimal management requires early goal-oriented therapies, in principle it could benefit 

from individualized circulating biomarkers for early risk stratification. Circulating 

biomarkers may help in the diagnosis and guidance for antimicrobial therapy of sepsis [4,5], 

but few have proved to be useful for individual prognostic stratification. Presepsin (sCD14-

ST) is a soluble N-terminal fragment of the cluster-of-differentiation (CD) marker protein 

CD14 that is released into the circulation during monocyte activation on the recognition of 

lipopolysaccharide (LPS) from infectious agents [6]; it shows promise for diagnostic 

purposes [7] and powerful prognostic information in septic patients already at admission [8]. 

To date, no multicenter study has ever evaluated the prognostic value of presepsin during 

severe sepsis. We therefore set out to examine the relations between early plasma presepsin 

concentrations and mortality in patients with severe sepsis and septic shock, comparing its 

prognostic performance with that of procalcitonin. 

Material and methods 

Study design 

This is a retrospective case–control study for the multicenter, randomized Albumin Italian 

Outcome Sepsis (ALBIOS) trial that enrolled patients with severe sepsis or septic shock from 

100 intensive care units (ICU) in Italy (Clinicaltrials.gov #NCT00707122). The primary aim 

was to verify whether volume replacement with albumin and the maintenance of serum 



albumin levels within the physiologic range during the first 28 days (or until ICU discharge, 

whichever came first) improved 28-day and 90-day survival, compared to crystalloids; both 

arms of the study were treated according to the early-goal directed therapy and the surviving 

sepsis campaign guidelines for the treatment of severe sepsis [1,9]. 

We selected 50 survivors and 50 non-survivors at ICU discharge (21 ± 18 days) matched for 

age, sex, source center and time of enrolment after confirmation of the inclusion criteria 

(within 6 h, between 6 and 24 h) which were at least one focus of infection (known or 

suspected), two or more signs of systemic inflammatory reaction syndrome (core temperature 

>38°C or <36°C, heart rate >90 beats/min, respiratory rate >20 breaths/min or arterial partial 

pressure of carbon dioxide <32 mmHg or requirement for mechanical ventilation for an acute 

pathological process, white blood cell count >12,000/μL or <4,000/μL or more than 10% 

immature neutrophils), and at least one severe, acute sepsis-related organ dysfunction, 

assessed using the Sequential Organ Failure Assessment (SOFA) score [10]. Exclusion 

criteria were age lower than 18 years, terminal state, a known adverse reaction to albumin, a 

proved or suspected and clinically active brain injury, congestive heart failure (NYHA class 

III or IV), a pathological condition in which albumin could be clinically indicated (such as 

cirrhosis with ascites, intestinal malabsorption syndrome, nephrosic syndrome, burns), more 

than 24 hours elapsed since the presence of inclusion criteria, religious objection to the 

administration of human blood products, and inclusion in other experimental studies. 

Assignment to the randomization arm was not known when patients were selected and the 

study was performed. 

Clinical data on hemodynamic parameters, vasoactive drug administration, blood gas 

analysis, ventilatory status, fluid balance, antibiotic therapy and standard laboratory exams 

were obtained daily, from study enrolment to day 28 (or ICU discharge, whichever came 

first). The Simplified Acute Physiology Score (SAPS II) was recorded within the first 24 

hours after enrollment, and the SOFA score was calculated daily. For consistency between 

the indications provided by the current guidelines for the management of severe sepsis and 

septic shock [1] and the calculation of the SOFA score [10], cardiovascular SOFA sub-score 

was modified lowering to 65 mmHg the mean arterial pressure limit for point 1. Moreover, 

the aggregate SOFA score did not include neurological function, as cerebral failure was not 

assessed during the study [11-13]. Data on the initial site of infection and on infecting 

microorganisms (site and blood culture) were collected periodically. Septic shock at the time 

of randomization was defined as a cardiovascular component of the SOFA score of 1, 3 or 4 

[11]. 

A complete list of centers and investigators participating to the ALBIOS substudy on 

biomarkers is presented in Additional file 1. The study was compliant with the 1975 

Declaration of Helsinki as revised in 2008, and approved first by the Institutional Review 

Board of the Fondazione IRCCS Ca’ Granda - Ospedale Maggiore Policlinico, Milan, Italy 

(coordinating center), and subsequently by the appropriate Institutional Review Boards of all 

the other participating centers [see Additional file 2]. Written informed consent was obtained 

for all participants. 

Sample collection and circulating biomarkers measurement 

EDTA-plasma samples were serially collected 1, 2 and 7 days after enrolment (or at ICU 

discharge, whichever came first), shipped on dry ice to a central repository and stored at 

−70°C until assayed. A central laboratory, blind to patients’ characteristics, measured 



presepsin (chemiluminescent enzyme immunoassay, PATHFAST Presepsin, Mitsubishi 

Chemical) [14], and procalcitonin (Elecsys BRAHMS Cobas® PCT, Roche Diagnostics). For 

imprecision determination, 4 plasma samples were assayed in duplicate at 20 non-consecutive 

days. The PATHFAST presepsin assay revealed an intra-assay and inter-assay coefficient of 

variation (CV) of 4.4% at 445 pg/mL. At 4901 pg/mL intra- and inter-assay CVs of 3.2% and 

3.9% were obtained, respectively. The limit of detection was 20 pg/mL. The Elecsys 

BRAHMS Cobas® PCT assay yielded a limit of detection of 0.02 μg/L. The intra-assay and 

inter-assay CVs were 9.9% and 16.3% at a procalcitonin concentration of 0.06 μg/L and 2.1% 

and 4.2% at 41.2 μg/L, respectively. Reference values (95th percentile) measured in a control 

group of 110 healthy volunteers, were 320 pg/mL for presepsin (upper limit of normality, 

ULN) and 0.046 μg/L for procalcitonin. 

Outcome and statistical analysis 

The primary outcome of the ALBIOS trial was death, as assessed 28 and 90 days after 

enrolment; we also evaluated the association between circulating biomarkers and survival at 

ICU discharge. Categorical variables are presented as proportions and continuous variables as 

mean (standard deviation) or median (Q1-Q3). Differences in clinical characteristics 

according to survival status were analyzed with the Chi-square test or Fishers’ exact test for 

categorical variables; continuous variables were compared by two-sample t-test or by the 

non-parametric Mann–Whitney U test for non-normally distributed data. Changes over time 

of biomarker concentrations in survivors and decedents were compared with two-way 

analysis of variance for repeated measurements on log-transformed data, when appropriate. 

The comparison of presepsin and procalcitonin concentration at 1, 2, and 7 days between 

decedents and survivors at ICU discharge was performed by the Mann–Whitney U test in 

both the overall study population and in the subgroup of patients with septic shock. 

The relation between circulating biomarker concentrations, entered as log-transformed 

continuous variables, and mortality was first assessed with univariate Cox proportional 

hazards models and data are presented as hazard ratio and 95% confidence interval for a one-

unit increase on a log scale. Cumulative sums of martingale-based residuals plot and testing 

was used to evaluate whether an independent continuous covariate could be entered directly 

into the model or if a transformation was necessary as well as the absence of the time 

dependence of the ability to predict outcomes was confirmed by the numerical method 

proposed by Lin and colleagues [15] derived from the same analysis of cumulative sums of 

martingale residuals. 

Cox multivariable models were used to establish the independent prognostic value of 

circulating biomarkers, after adjustment for a set of clinically relevant variables set a priori: 

SAPS II; SOFA score and serum lactate concentration, both measured on day 1; mean arterial 

pressure and central venous oxygen saturation, both measured at 6 hours after enrolment and 

randomized treatment (Albumin vs. Crystalloids). All these covariates have been directly 

included into the model. The prognostic discrimination of each biomarker and of two clinical 

risk scores (SOFA score and SAPS II) was established from the area under the receiver 

operating characteristic (ROC) curve (AUC) which is equivalent to the c-index. The optimal 

cut-off was chosen as the highest product of sensitivity and specificity. Statistical analysis 

was done using SAS software, version 9.2 (SAS Institute). A two-sided p value of <0.05 was 

deemed to be statistically significant. 



Results 

Presepsin concentration and baseline clinical characteristics 

Selected clinical characteristics of patients at the time of study enrollment according to 

median levels of presepsin as assessed on day 1 (1494 pg/mL) are shown in Additional file 3. 

Higher levels of presepsin were significantly associated with worse SOFA score and reduced 

diuresis. 

Time-course of presepsin levels during study period 

Baseline clinical characteristics and circulating biomarker concentrations as measured at day 

1 in survivors and non-survivors at ICU discharge are presented in Table 1. The only 

significant difference between the two groups was a higher concentration of presepsin in 

decedents (p = 0.0015). The main clinical characteristics, risk scores (SOFA at enrollment 

and SAPS II) as well as procalcitonin levels were not statistically different. 

Table 1 Baseline clinical characteristics and biomarkers in survivors and in decedents at 

ICU discharge 

Characteristics Survivors (n = 50) Decedents (n = 50) P 

Age (years) 71.6 ± 10.8 71.3 ± 13.6 0.63 

Females (no. (%)) 23 (46) 23 (46) 1.00 

BMI (kg/m
2
) 25.5 ± 4.9 28.4 ± 7.6 0.09 

Randomized allocation to albumin (no. (%)) 27 (54) 27 (54) 1.00 

Source of severe sepsis (no. (%))    

Lungs 19 (38) 19 (38) 1.00 

Abdomen 26 (52) 20 (40) 0.23 

Urinary tract 8 (16) 10 (20) 0.60 

Other 7 (14) 10 (20) 0.42 

SAPS II 50 ±14 51 ±12 0.75 

SOFA score 8 [6-10] 9 [7-11] 0.10 

Reason for ICU admission (no. (%))    

Medical 25 (50) 28 (56) 0.55 

Emergency surgery 23 (46) 17 (34) 0.22 

Elective surgery 2 (4) 5 (10) 0.44 

Shock (no. (%)) 40 (80) 34 (68) 0.17 

Mechanical ventilation (no. (%)) 44 (88) 45 (90) 0.75 

Vasoactive drugs (no. (%)) 37 (74) 36 (72) 0.82 

Heart rate (beats/min) 102 ±27 103 ±21 0.91 

Mean arterial pressure (mmHg) 73 ±16 73 ±14 0.78 

Central venous pressure (mmHg) 8.0 [6.0-13.7] 9.9 [7.3-12.5] 0.54 

Central venous oxygen saturation (%) 75 [66–81] 73 [66–80] 0.53 

Urine output (mL/hr) 40 [16–100] 50 [20–90] 0.94 

Serum lactate (mmol/L) 2.6 [1.6-4.2] 2.5 [1.8-4.2] 0.67 

Plasma presepsin on day 1 (pg/mL) 1184 [875–2113] 2269 [1171–4300] 0.0015 

Plasma procalcitonin on day 1 (μg/L) 10.8 [2.7-41.9] 18.5 [3.4-45.2] 0.31 

Continuous variables are presented as mean ± SD or median and interquartile range when not normally 

distributed; categorical variables as number (%). Abbreviations: ICU, intensive care unit, SAPS II, simplified 

acute physiology score II; SOFA, sequential organ failure assessment score. 



The evolution of presepsin levels over time was significantly different in survivors compared 

to decedents (Figure 1; p for time-survival interaction = 0.03). At all the three 3 time-points, 

presepsin levels were significantly higher in the decedents than survivors (p < 0.005). There 

was no statistical difference in presepsin concentrations measured on days 2 or 7 compared to 

that of the first day, both in decedent and survivors. Conversely, PCT levels fell rapidly and 

similarly in survivors and non-survivors (Figure 1), and concentrations were significantly 

different between the two groups only on day 7 (p = 0.01). PCT levels measured on days 2 or 

7 were significantly lower than that of the first day (p < 0.0001 for survivors, p < 0.001 for 

decedents). The interaction between seven-day time course and survival was significant for 

the SOFA score (p = 0.008), but not for serum lactate concentration (p = 0.08) or mixed 

venous oxygen saturation (SvO2, p = 0.49). 

Figure 1 Time course of plasma concentrations of presepsin and procalcitonin during 

ICU stay by survival status. Plasma concentrations of presepsin and procalcitonin 1, 2 or 7 

days after enrollment in decedents (n = 50, black) and survivors (n = 50, grey) at ICU 

discharge. Data are shown as median and interquartile range. Two-way ANOVA for repeated 

measurements on log-transformed biomarker concentrations. ** p < 0.005, *p = 0.01 for 

Mann–Whitney U test. 

Plasma concentrations of presepsin were similar between patients with severe sepsis and 

those with septic shock at the time of study enrollment, both on day 1 (1571 [793–2440], n = 

26, vs.1485 [960–3501] pg/mL, n = 74, p = 0.51, respectively) and at subsequent times (data 

not shown). The same was true for SOFA score and procalcitonin (data not shown). 

In the 74 patients with septic shock, presepsin was significantly higher in decedents than 

survivors, both at baseline (2590 [1631–4310] vs. 1170 [890–1799] pg/mL, p = 0.0007, 

Figure 2) and the next days (p < 0.001). In contrast, early procalcitonin levels (days 1 and 2) 

were not different between the two groups with septic shock. 

Figure 2 Time course of plasma concentrations of presepsin and procalcitonin in 

patients with septic shock during ICU stay by survival status. Plasma concentrations of 

presepsin and procalcitonin 1, 2 or 7 days after enrollment in decedents (n = 34, black) and 

survivors (n = 40, grey) with septic shock at ICU discharge. Data are shown as median and 

interquartile range. Two-way ANOVA for repeated measurements on log-transformed 

biomarker concentrations. ** p <0.001, *p = 0.007 for Mann–Whitney U test. 

Presepsin levels did not significantly differ in relation to the type of infection, determined by 

either site or blood cultures (bacterial, fungal, mixed or undetermined), or the type of 

bacterial infection (purely gram negative, purely gram positive, mixed or undetermined – data 

not shown). 

By study protocol, patients were stratified according to the time from fulfillment of inclusion 

criteria and study enrolment (within 6, or between 6 and 24 hours). In patients with early 

enrolment (within 6 hours), plasma concentrations of presepsin on day 1 were not 

significantly different in decedents (2138 [1062–3101] pg/mL, n = 24) and survivors at ICU 

discharge (1335 [879–2856] pg/mL, n = 25, p = 0.17). The same was true for procalcitonin 

(23.2 [3.3-64.1] vs. 10.9 [2.8-30.8] μg/L, p = 0.20). However, the plasma concentration of 

presepsin on day 1 was significantly higher in decedents randomized between 6 and 24 hours 

after the onset of inclusion criteria (2621 [1223–4959] pg/mL, n = 26) than in the survivors at 



ICU discharge (1044 [875–1331] pg/mL, n = 25, p = 0.003), while procalcitonin did not 

differ (16.2 [3.4-40.6] vs. 7.1 [2.7-41.8] μg/L, p = 0.88). 

Plasma presepsin concentration in relation to mortality 

The prognostic value of presepsin was evaluated at ICU discharge and during follow-up 

period on days 28 and 90 after study enrollment, according to pre-specified study endpoints. 

In univariate Cox proportional hazard models (Table 2), presepsin on day 1 was associated 

with mortality at ICU discharge ([HR [95%CI] = 1.65 [1.22-2.24] for one unit increase of 

log-transformed concentration, p = 0.0012), at 28 days (1.73 [1.32-2.27], p < 0.001) and at 90 

days (1.50 [1.18-1.91], p = 0.001). The corresponding HR for procalcitonin were 1.01 [0.87-

1.18] (p = 0.88), 1.07 [0.92-1.25] (p = 0.40), and 1.03 [0.91-1.18] (p = 0.63). After 

adjustment for clinically relevant variables including SAPS II, SvO2 and mean arterial 

pressure 6 hours after study enrollment, and SOFA score and serum lactate on day 1, 

presepsin on day 1 remained independently related to outcome at ICU discharge, and after 28 

days (1.48 [1.04-2.11] (p = 0.03), and 1.54 [1.12-2.12] (p = 0.01), Table 2), but not after 90 

days (1.29 [0.96-1.72], p = 0.09). 



Table 2 Univariate and multivariable Cox models for mortality 

Time Biomarker ICU mortality 28-day mortality 90-day mortality 

  Univariate Multivariable Univariate Multivariable Univariate Multivariable 

Day 1 Presepsin 1.65 [1.22-2.24] 0.001 1.51 [1.05-2.17] 0.03 1.73 [1.32-2.27] <0.0001 1.55 [1.12-2.13] 0.008 1.50 [1.18-1.92] 0.001 1.28 [0.96-1.71] 0.09 

Procalcitonin 1.01 [0.87-1.18] 0.88 0.89 [0.75-1.05] 0.15 1.07 [0.92-1.25] 0.40 0.97 [0.84-1.12] 0.68 1.03 [0.91-1.18] 0.63 0.94 [0.83-1.06] 0.32 

Day 2 Presepsin 1.84 [1.33-2.54] 0.0002 1.83 [1.19-2.81] 0.006 2.02 [1.49-2.75] <0.0001 1.93 [1.27-2.92] 0.002 1.73 [1.31-2.28] 0.0001 1.47 [1.02-2.12] 0.04 

Procalcitonin 1.00 [0.86-1.16] 0.97 0.82 [0.68-0.98] 0.03 1.05 [0.90-1.23] 0.54 0.85 [0.70-1.02] 0.08 1.06 [0.92-1.21] 0.43 0.86 [0.73-1.02] 0.08 

Day 7 Presepsin 1.77 [1.30-2.41] 0.0003 1.83 [1.22-2.74] 0.004 2.11 [1.55-2.89] <0.0001 2.13 [1.41-3.21] 0.0003 1.84 [1.41-2.41] <0.0001 1.75 [1.23-2.48] 0.002 

Procalcitonin 1.12 [0.93-1.33] 0.23 0.97 [0.78-1.21] 0.78 1.29 [1.06-1.57] 0.01 1.11 [0.87-1.42] 0.39 1.25 [1.05-1.47] 0.01 1.08 [0.88-1.33] 0.46 

Risk presented as hazard ratio and 95% CI with an increment of 1 unit after logarithmic transformation of the biomarker concentration. The 

following covariates, deemed as important clinical variables, were considered in the multivariable models: SAPS II score, SOFA score, serum 

lactate concentration, mean arterial pressure, central venous oxygen saturation and randomized treatment (albumin vs. crystalloids). 



Presepsin concentrations on days 2 and 7, but not procalcitonin, were independently related 

to mortality in ICU, and on days 28 and 90 (Table 2). The SOFA score was the only clinical 

variables independently associated with mortality in the multivariable models including 

procalcitonin; when presepsin was included in place of procalcitonin in these models, the 

SOFA score was no longer significantly associated with mortality (data not shown). 

Prognostic accuracy of presepsin 

Finally, the prognostic accuracy of presepsin was evaluated with ROC curves, yielding area-

under the curves for ICU survival of 0.69, 0.70 and 0.74 on days 1, 2 and 7 (Table 3). The 

SOFA score had similar accuracy. Corresponding values for procalcitonin were 0.56, 0.55 

and 0.64. 



Table 3 Prognostic accuracy of presepsin, procalcitonin and clinical risk scores 
ICU survival 28-day survival 90-day survival 

 AUC [95%CI] Optimal 

cut-off 

Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

LR+ LR- AUC [95%CI] Optima

l cut-off 

Sensiti

vity 

(%) 

Specifici

ty (%) 

PPV 

(%) 

NPV 

(%) 

LR+ LR- AUC 

[95%CI] 

Optimal 

cut-off 

Sensitivi

ty (%) 

Specifici

ty (%) 

PPV 

(%) 

NPV 

(%) 

LR+ LR- 

Presepsin                         

Day 1 0.69 [0.58-0.79] 1631 66.7 74.0 71 70 2.56 0.45 0.72 [0.61-0.82] 1631 67.4 70.9 64 74 2.32 0.46 0.66 [0.55-

0.77] 

1631 62.5 71.4 76 58 2.19 0.53 

Day 2 0.70 [0.59-0.87] 1718 69.4 73.5 72 71 2.62 0.42 0.74 [0.64-0.85] 1718 74.4 72.7 68 78 2.73 0.35 0.68 [0.57-

0.79] 

1407 77.2 61.0 73 66 1.98 0.37 

Day 7 0.74 [0.64-0.84] 1606 72.0 70.0 71 71 2.40 0.40 0.74 [0.64-0.84] 2028 63.6 76.8 68 73 2.74 0.47 0.70 [0.60-
0.81] 

1453 70.7 64.3 73 61 1.98 0.46 

Procalcito

nin 

                        

Day 1 0.56 [0.44-0.68] 14.27 60.4 58.0 58 60 1.44 0.68 0.55 [0.44-0.67] 14.27 60.5 56.4 52 65 1.39 0.70 0.53 [0.41-

0.65] 

14.27 57.1 57.1 64 50 1.33 0.75 

Day 2 0.55 [0.44-0.67] 8.88 60.4 55.1 57 59 1.35 0.72 0.53 [0.41-0.65] 8.88 59.5 52.7 49 63 1.26 0.77 0.55 [0.43-

0.67] 

8.88 60.7 58.5 67 52 1.46 0.67 

Day 7 0.64 [0.54-0.75] 1.51 56.0 74.0 68 63 2.15 0.59 0.65 [0.54-0.76] 1.47 61.4 73.2 64 71 2.29 0.53 0.63 [0.52-
0.74] 

1.47 55.2 76.2 76 55 2.32 0.59 

SOFA 

score 

                        

Day 1 0.69 [0.59-0.80] 9 65.3 68.8 68 66 2.09 0.50 0.68 [0.58-0.79] 9 67.4 66.7 62 72 2.02 0.49 0.68 [0.57-

0.79] 

9 61.4 70.0 74 57 2.05 0.55 

Day 2 0.67 [0.56-0.78] 8 73.9 54.2 61 68 1.61 0.48 0.72 [0.61-0.82] 9 70.0 64.8 60 74 1.99 0.46 0.64 [0.53-

0.76] 

8 70.4 55.0 68 58 1.56 0.54 

Day 7 0.75 [0.65-0.85] 7 59.6 83.0 78 67 3.50 0.49 0.75 [0.65-0.85] 7 61.0 79.2 69 72 2.94 0.49 0.71 [0.60-

0.81] 

6 66.7 65.0 72 59 1.91 0.51 

SAPS II                         

Day 1 0.51 [0.39-0.62] 49 56.0 48.0 52 52 1.08 0.92 0.63 [0.52-0.74] 51 61.4 60.7 55 67 1.56 0.64 0.58 [0.47-

0.70] 

49 60.3 54.8 65 50 1.33 0.72 

The areas under the receiver-operating characteristics curves (AUC) are shown as mean [95% confidence interval]. NPV, negative predictive 

value; PPV, positive predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio. 



Discussion 

Severe sepsis is still a major challenge for critical care medicine. Over the past ten years, 

many efforts have improved several aspects of its treatment and prognosis, such as earlier 

identification of the potential infection, early etiologic therapy, and early implementation of 

adequate supportive therapy, avoiding potential harmful effects [1,16]. Nonetheless, the early 

stratification of its severity and prognosis, and accurate monitoring of the effects of clinical 

treatment, is still an unsolved issue. Several clinical scores have been introduced in clinical 

practice to partially satisfy this task, the SOFA score [10] or the APACHE score [17], but the 

state of the art in diagnosing and monitoring severe sepsis with circulating biomarkers relies 

on procalcitonin at the onset and in the course of the disease [18]. However, despite all the 

data available and the widespread clinical implementation, procalcitonin has shown limited 

value for risk stratification and prognostication. 

The 55 kDa glycoprotein CD14 is expressed on the membrane of monocytes/macrophages 

and facilitates the toll-like receptor (TLR) 4-specific inflammatory reaction, whereby soluble 

CD14 (sCD14) is released into the circulation and serves as a mediator of the response to 

lipopolysaccharide (LPS) from infectious agents. Simultaneously, a 13 kDa fragment of 

sCD14 is formed, named sCD14-ST or presepsin [19]. Although its biological function 

remains unclear, it appears to be released in the plasma as a consequence of cellular 

phagocytosis after bacterial infection, and is therefore an indirect marker of sepsis [20]. It has 

been identified less than a decade ago in patients with sepsis, appearing superior to other 

biomarkers (IL-6 and procalcitonin), as well as to site and blood culture for the diagnosis of 

severe sepsis of bacterial origin [7,20]. 

In this case-controlled study, we investigated in a multicenter setting the potential prognostic 

power of presepsin during ICU stay in patients with severe sepsis. A recent study carried out 

in106 patients presenting at the ED of two hospital centers with suspected sepsis or septic 

shock showed that presepsin measured at first medical evaluation (but not successively) was 

associated with 60-day mortality at univariate analysis [21]. In our study, presepsin levels on 

day 1 remained independently associated with mortality at early stages (at ICU discharge and 

after 28 days) even after correction for the individual clinical variables considered the most 

important parameters of the resuscitation phase (mean arterial pressure, serum lactate levels, 

central venous oxygen saturation) [1,11]. The models were also adjusted for widely used 

clinical scores of overall severity (such as the SAPS II) [22], or multi-organ failure (such as 

the SOFA score) [10]. No independent association was observed between any of these 

variables and mortality when presepsin was included in the models. Taken together, these 

findings suggest that presepsin is a robust circulating biomarker for early stratification of the 

severity of sepsis, as well as for prognosis. Though there are contrasting evidences on the 

independent prognostic value of procalcitonin in septic patients [23,24], there is a consensus 

that its main clinical use is for helping in the monitoring of antibiotic therapy. Sepsis is a 

complex syndrome, with an initial phase (usually the first 48 hours), in which appropriate 

etiological therapy and adequate supportive treatment must be established, followed by a 

second phase when multiple organ failures may occur. Presepsin, being superior as an early 

prognostic factor to clinical parameters in both phases, may have unique characteristics 

encompassing the complexity of the whole syndrome. 

When looking at the time-course of presepsin, we observed a significant difference between 

survivors and decedents. In contrast, procalcitonin decreased in both groups, as already 

observed by others [25]. This suggests that presepsin may be also used for monitoring the 



efficacy of the therapy adopted, either etiologic, supportive or both, as previously suggested 

[6,20]. Although the study design meant we could not demonstrate any direct association 

between the treatment applied and late levels of presepsin, one may speculate that the drop in 

presepsin levels in patients who survived indicates a beneficial effect of the treatment, 

reducing the “activity” of the bacterial infection, or controlling its systemic reactivity. Since 

presepsin has previously been identified as a promising biomarker for the diagnosis of sepsis, 

even superior to conventional markers and blood culture [6,7], it is conceivable that early 

assessment of circulating presepsin will help in early, correct diagnosis, as well as in 

monitoring the appropriateness of the therapy implemented. 

When we compared presepsin levels to clinical scores, its prognostic accuracy appeared to be 

similar to that of the SOFA score, both for early (ICU discharge and after 28 days) and late 

outcomes (90-day mortality). This seems reasonable since the SOFA score, the most 

commonly used clinical score to assess the development of organ failures, relies on the 

concept that the higher the severity and the number of organ failures during the course of 

sepsis, the greater is the likelihood of death [10]. It is tempting to speculate too, that the 

greater the host’s biological response to the microorganism (either due to its virulence or to 

the immune reaction), and therefore, indirectly, the higher the levels of plasma presepsin, the 

greater the severity of sepsis, the risk of multiple organ dysfunction, and ultimately the risk of 

death. 

Some limitations of the present study deserve consideration. First, the relatively small sample 

size did not allow in-depth analysis of the relations between presepsin levels and disease 

characteristics (infecting organism, source of sepsis) or severity (physiological score, multi-

organ failure), as well as the therapy applied. Second, this was a retrospective, case–control 

study with inherent selection bias, and possibly overlooked some confounding factors. 

Although we cannot exclude that selecting the study population according to early ICU 

survival might have partially affected our findings, the evaluation of outcome even after 28 

and 90 days likely have further supported the plausibility of our observations, which await for 

further validation. Third, although extensive daily monitoring of circulating biomarkers is 

important during the early management of sepsis [26], only 3 measurements (on days 1, 2 and 

7) were available. 

Conclusion 

In conclusion, we show here for the first time that presepsin is an early marker of mortality, 

with better prognostic performance than procalcitonin, and may be proposed as a aid in risk 

stratification strategies in the septic patient. These preliminary findings provide solid bases 

for future, more extensive evaluation of presepsin as a biomarker for severe sepsis. We need 

to gain more insights on the pathophysiological conditions associated with presepsin release, 

both in experimental models of sepsis and in well-characterized patients. We should also 

delineate the added value of this biomarker for clinical decision making, in terms of 

diagnosis, risk stratification, or therapy monitoring. Finally, the clinical indications of 

presepsin should be confirmed and validated in large-scale, independent cohorts of unselected 

patients with severe sepsis or septic shock. 



Key messages 

• Circulating presepsin (sCD14-ST) levels have a significantly different trajectory over the 

ICU stay in decedents with severe sepsis and septic shock compared to survivors. 

• Presepsin is an early marker of mortality, independent of clinical risk factors, with better 

prognostic performance than procalcitonin. 

Abbreviations 

ALBIOS, Albumin Italian Outcome Sepsis; APACHE, Acute physiology and chronic health 

evaluation; AUC, Area under the curve; EDTA, Ethylenediaminetetraacetic acid; ICU, 

Intensive care unit; LPS, Lipopolysaccharide; NYHA, New York heart association; PCT, 

Procalcitonin; ROC, Receiver operating characteristic; SAPS II, Simplified acute physiology 

score II; sCD14-ST, Soluble N-terminal fragment of cluster-of-differentiation marker protein 

14; SOFA, Sequential organ failure assessment score; SvO2, Mixed venous oxygen 

saturation 

Competing interests 

SM, PC, RL and LG received a limited research support from Mitsubishi Chemical Europe 

GmbH, the manufacturer of the presepsin assay. RT is an employee at Mitsubishi Chemical 

Europe GmbH. DIAneering GmbH performed the laboratory measurements and consulted to 

Mitsubishi Chemical Europe GmbH. 

Authors’ contributions 

SM and PC were involved in the acquisition of data, data processing, study design, statistical 

analysis, writing and manuscript drafting. ES, RT, MP, GS, RF, TM, and SI participated in 

the acquisition and interpretation of data and in the final revision of the manuscript. CF was 

involved in the data processing, performed the statistical analysis, and participated in the 

writing and drafting of the manuscript. RL was involved in the acquisition of data, study 

design and in the final revision of the manuscript. MR, GT and LG were involved in the 

study design and in the final revision of the manuscript. All authors read and approved the 

final manuscript. 

Acknowledgements 

The ALBIOS trial was funded by a grant from the Italian Medicines Agency (AIFA, grant 

FARM6JS3R5, 2006). Reagents for measuring presepsin and procalcitonin were provided by 

Mitsubishi Chemical Europe GmbH. 

References 

1. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky JE, 

Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, Reinhart K, 

Kleinpell RM, Angus DC, Deutschman CS, Machado FR, Rubenfeld GD, Webb SA, Beale 

RJ, Vincent JL, Moreno R: Surviving sepsis campaign guidelines committee including the 



pediatric subgroup. Surviving sepsis campaign: international guidelines for 

management of severe sepsis and septic shock: 2012. Crit Care Med 2013, 41:580–637. 

2. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R, Lipman J, 

Gomersall C, Sakr Y, Reinhart K, EPIC II: Group of Investigators: International study of 

the prevalence and outcomes of infection in intensive care units. JAMA 2009, 302:2323–

2329. 

3. Russell JA: Management of sepsis. N Engl J Med 2006, 355:1699–1713. 

4. Faix JD: Established and novel biomarkers of sepsis. Biomark Med 2011, 5:117–130. 

5. Kibe S, Adams K, Barlow G: Diagnostic and prognostic biomarkers of sepsis in critical 

care. J Antimicrob Chemother 2011, 66:ii33–ii40. 

6. Shozushima T, Takahashi G, Matsumoto N, Kojika M, Okamura Y, Endo S: Usefulness of 

presepsin (sCD14-ST) measurements as a marker for the diagnosis and severity of 

sepsis that satisfied diagnostic criteria of systemic inflammatory response syndrome. J 

Infect Chemother 2011, 17:764–769. 

7. Endo S, Suzuki Y, Takahashi G, Shozushima T, Ishikura H, Murai A, Nishida T, Irie Y, 

Miura M, Iguchi H, Fukui Y, Tanaka K, Nojima T, Okamura Y: Usefulness of presepsin in 

the diagnosis of sepsis in a multicenter prospective study. J Infect Chemother 2012, 

18:891–897. 

8. Spanuth E, Ebelt H, Ivandic B, Werdan K: Diagnostic and prognostic value of presepsin 

(soluble CD 14 subtype) in emergency patients with early sepsis using the new assay 

PATHFAST presepsin. In Advances in Clinical Chemistry and Laboratory Medicine. Edited 

by Renz H, Tauber R. Berlin/Boston: Proceedings of the IFCC WorldLab/EuroMedLab 

Congress Berlin 2011; 2012:129–133. 

9. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K, Angus 

DC, Brun-Buisson C, Beale R, Calandra T, Dhainaut JF, Gerlach H, Harvey M, Marini JJ, 

Marshall J, Ranieri M, Ramsay G, Sevransky J, Thompson BT, Townsend S, Vender JS, 

Zimmerman JL, Vincent JL, International Surviving Sepsis Campaign Guidelines 

Committee; American Association of Critical-Care Nurses; American College of Chest 

Physicians; American College of Emergency Physicians; Canadian Critical Care Society; 

European Society of Clinical Microbiology and Infectious Diseases; European Society of 

Intensive Care Medicine; European Respiratory Society; International Sepsis Forum; 

Japanese Association for Acute Medicine; Japanese Society of Intensive Care Medicine; 

Society of Critical Care Medicine; Society of Hospital Medicine; Surgical Infection Society; 

World Federation of Societies of Intensive and Critical Care Medicine: Surviving Sepsis 

Campaign: international guidelines for management of severe sepsis and septic shock: 

2008. Crit Care Med 2008, 36:296–327. 

10. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, Reinhart CK, 

Suter PM, Thijs LG: The SOFA (sepsis-related organ failure assessment) score to 

describe organ dysfunction/failure. On behalf of the working group on sepsis-related 

problems of the European society of intensive care medicine. Intensive Care Med 1996, 

22:707–710. 



11. Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R: SAFE Study 

Investigators: A comparison of albumin and saline for fluid resuscitation in the 

intensive care unit. N Engl J Med 2004, 350:2247–2256. 

12. Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas D, Glass P, Lipman J, Liu B, 

McArthur C, McGuinness S, Rajbhandari D, Taylor CB, Webb SA: CHEST Investigators; 

Australian and New Zealand Intensive Care Society Clinical Trials Group: 

Hydroxyethyl starch or saline for fluid resuscitation in intensive care. N Engl J Med 

2012, 367:1901–1911. 

13. Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Åneman A, Madsen 

KR, Møller MH, Elkjær JM, Poulsen LM, Bendtsen A, Winding R, Steensen M, Berezowicz 

P, Søe-Jensen P, Bestle M, Strand K, Wiis J, White JO, Thornberg KJ, Quist L, Nielsen J, 

Andersen LH, Holst LB, Thormar K, Kjældgaard AL, Fabritius ML, Mondrup F, Pott FC, 

Møller TP, Winkel P, Wetterslev J: 6S Trial Group; Scandinavian Critical Care Trials 

Group: Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in severe sepsis. N Engl J 

Med 2012, 367:124–134. 

14. Okamura Y, Yokoi H: Development of a point-of-care assay system for measurement 

of presepsin (sCD14-ST). Clin Chim Acta 2011, 412:2157–2161. 

15. Lin D, Wei LJ, Ying Z: Checking the Cox model with cumulative sums of martingale-

based residual. Biometrika 1993, 80:557–572. 

16. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E, 

Tomlanovich M: Early Goal-Directed Therapy Collaborative Group: Early goal-directed 

therapy in the treatment of severe sepsis and septic shock. N Engl J Med 2001, 345:1368–

1377. 

17. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of disease 

classification system. Crit Care Med 1985, 13:818–829. 

18. Riedel S: Procalcitonin and the role of biomarkers in the diagnosis and management 

of sepsis. Diagn Microbiol Infect Dis 2012, 73:221–227. 

19. Wright SD, Ramos RA, Tobias PS, Ulevitch RJ, Mathison JC: CD14, a receptor for 

complex of lipopolysaccharide (LPS) and LPS binding protein. Science 1990, 249:1431–

1433. 

20. Yaegashi Y, Shirakawa K, Sato N, Suzuki Y, Kojika M, Imai S, Takahashi G, Miyata M, 

Furusako S, Endo S: Evaluation of a newly identified soluble CD14 subtype as a marker 

for sepsis. J Infect Chemother 2005, 11:234–238. 

21. Ulla M, Pizzolato E, Lucchiari M, Loiacono M, Soardo F, Forno D, Morello F, Lupia E, 

Moiraghi C, Mengozzi G, Battista S: Diagnostic and prognostic value of Presepsin in the 

management of sepsis in the emergency department: a multicentre prospective study. 
Crit Care 2013, 17:R168. 

22. Le Gall JR, Lemeshow S, Saulnier F: A new simplified acute physiology score (SAPS 

II) based on a European/north American multicenter study. JAMA 1993, 270:2957–2963. 



23. Clec’h C, Ferriere F, Karoubi P, Fosse JP, Cupa M, Hoang P, Cohen Y: Diagnostic and 

prognostic value of procalcitonin in patients with septic shock. Crit Care Med 2004, 

32:1166–1169. 

24. Jensen JU, Heslet L, Jensen TH, Espersen K, Steffensen P, Tvede M: Procalcitonin 

increase in early identification of critically ill patients at high risk of mortality. Crit Care 

Med 2006, 34:2596–2602. 

25. Gibot S, Cravoisy A, Kolopp-Sarda MN, Béné MC, Faure G, Bollaert PE, Levy B: Time-

course of sTREM (soluble triggering receptor expressed on myeloid cells)-1, 

procalcitonin, and C-reactive protein plasma concentrations during sepsis. Crit Care 

Med 2005, 33:792–796. 

26. Charles PE, Tinel C, Barbar S, Aho S, Prin S, Doise JM, Olsson NO, Blettery B, Quenot 

JP: Procalcitonin kinetics within the first days of sepsis: relationship with the 

appropriateness of antibiotic therapy and the outcome. Crit Care 2009, 13:R38. 

Additional files 

Additional_file_1 as DOCX 

Additional file 1 ALBIOS Biomarkers Substudy - Participating centers. List of participating 

centers. 

Additional_file_2 as DOCX 

Additional file 2 ALBIOS Biomarkers Substudy - Participating centers and ethical bodies. 

List of participating centers and their ethical bodies. 

Additional_file_3 as DOCX 

Additional file 3 Baseline clinical characteristics according to median presepsin 

concentration at study entry. Clinical characteristics at baseline are compared in patients with 

plasma presepsin concentration < or ≥ 1494 pg/mL. 



Figure 1



Figure 2



Additional files provided with this submission:

Additional file 1: 1529367824102830_add1.docx, 13K
http://ccforum.com/imedia/2088709736113714/supp1.docx
Additional file 2: 1529367824102830_add2.docx, 14K
http://ccforum.com/imedia/7788183651137142/supp2.docx
Additional file 3: 1529367824102830_add3.docx, 13K
http://ccforum.com/imedia/1363037992113714/supp3.docx

http://ccforum.com/imedia/2088709736113714/supp1.docx
http://ccforum.com/imedia/7788183651137142/supp2.docx
http://ccforum.com/imedia/1363037992113714/supp3.docx

	Start of article
	Figure 1
	Figure 2
	Additional files

