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ABSTRACT—Background: Early sepsis identification at the emergency department (ED) triage is essential for timely 
treatment and improved outcomes. This study evaluated the diagnostic performance of pancreatic stone protein (PSP) 
in combination with the quick Sequential Organ Failure Assessment (qSOFA) and the National Early Warning Score 
(NEWS2) for early sepsis detection. Methods: As part of the PROMPT study—a noninterventional, multicenter trial 
across six Greek hospitals—blood samples were collected within the first hour of admission in the emergency depart-
ment. PSP levels were retrospectively assessed using a nanofluidic near-patient immunoassay device (abioSCOPE, 
Abionic SA, Switzerland) in 362 adult patients with suspected infections and evaluated their qSOFA and NEWS2 scores. 
Objectives included evaluating qSOFA’s performance, assessing the performance of PSP to identify high-risk patients 
with qSOFA ≤1, and determining the added value of combining PSP with qSOFA or NEWS2 (cutoff ≥7), using standard 
performance metrics. Results: Among 156 sepsis cases, 128 (82.1%) had qSOFA scores ≤1. A qSOFA score ≥2 demon-
strated sensitivity 17.9% and specificity 97.1% for sepsis diagnosis. In comparison, a qSOFA score of 1 showed a sen-
sitivity of 44.2% and a specificity of 63.6%, while a score of 0 yielded a sensitivity of 37.8% and a specificity of 39.3%. 
The addition of PSP (cutoff: 300 ng/mL) to qSOFA ≤1 improved specificity to 94.0%, with a sensitivity of 14.8%—closely 
mirroring the performance of qSOFA ≥2. Similarly, combining PSP with NEWS2 <7 increased true positive cases from 
34 to 52, enhancing sensitivity while maintaining high specificity. Conclusions: This study highlights the utility of com-
bining PSP levels in the patient’s blood with existing scoring systems to enhance early sepsis detection in high-risk ED 
patients. Future research will explore near-patient PSP measurements at ED triage to further refine and expedite sepsis 
management. 
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INTRODUCTION

Sepsis is a life-threatening condition characterized by organ 
dysfunction resulting from a dysregulated host response to 
infection, posing a significant public healthcare challenge (1). 
According to data published in 2020, there were 48.9 million 

cases of sepsis and 11 million sepsis-related deaths globally, 
accounting for 19.7% of all deaths worldwide (2). Early detec-
tion of high-risk patients to guide timely treatment is crucial 
for preventing unfavorable outcomes in sepsis, emphasizing 
the need for diagnostic tools that enable early identification. 
Administering antimicrobial treatment within the first hour 
yields a 79.9% survival rate, with each additional hour of delay 
increasing mortality by approximately 8% (3).

Pancreatic stone protein (PSP) is an early sepsis biomarker 
used in clinical practice, with evidence supporting its use for 
screening nosocomial sepsis in high-risk patients and aiding in 
sepsis diagnosis within hospital settings (4). Since 2020, PSP 
levels can be rapidly and reliably measured within 10 minutes 
using a CE-marked and FDA-cleared near-patient immunoas-
say (abioSCOPE, Abionic SA, Epalinges, Switzerland). This 
PSP assay has been evaluated across various clinical settings, 
including intensive care units, emergency departments (EDs), 
and pediatric high dependency care units, demonstrating diag-
nostic accuracy for identifying sepsis comparable to that of tra-
ditional biomarkers such as C-reactive protein, procalcitonin, 
and white blood cell count (5–7).

The Sepsis-3 definitions introduced the quick Sequential 
Organ Failure Assessment (qSOFA) as a bedside clinical tool to 
aid in early sepsis detection, though it has been associated with 
low sensitivity and is not recommended as a standalone screen-
ing tool according to the 2021 Surviving Sepsis Campaign guide-
lines (1,8–10). The qSOFA is a simple tool that combines mental 
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confusion, increased respiratory rate, and hypotension. Patients 
with suspected infection and at least two of these signs face a 
nearly 3-fold higher risk of 28-day mortality (1). Early resus-
citation is advised for those with 2–3 qSOFA points, but there 
is uncertainty regarding the management of patients with 0–1 
qSOFA points (9–12). Combining biomarkers with the Sepsis-3 
criteria has been proposed as a strategy to improve the perfor-
mance of the current criteria for more accurate diagnoses (13).

The National Early Warning Score (NEWS) was introduced 
in 2012 and revised in 2017 as NEWS2. Developed and imple-
mented by the National Health Service in the United Kingdom, 
NEWS2 supports clinicians in assessing illness severity, detect-
ing clinical deterioration, and facilitating timely interventions 
(14). Current evidence suggests that NEWS2 may be a superior 
screening tool for identifying sepsis and predicting mortality in 
the ED (15,16).

In this retrospective study, we utilized blood samples col-
lected during the PROMPT study—a prospective, noninterven-
tional, multicenter clinical study aiming to assess the clinical 
validity of heparin-binding protein for the diagnosis of sepsis 
and the prediction of outcome over the first 72 hours after ED 
admission (17)—to evaluate PSP as a predictor of sepsis. As a 
next step, we asked if in the study population with a qSOFA 
score of 0 or 1, PSP can detect at the ED those who suffer from 
sepsis. Finally, we assessed the performance of NEWS2 (using 
a predefined cutoff of ≥7, corresponding to the high-risk cate-
gory for clinical deterioration) and its combination with PSP.

PATIENTS AND METHODS

The PROMPT study was conducted between September 
2017 and September 2018, in the EDs of six hospitals in 
Greece within the Hellenic Sepsis Study Group network 
(ClinicalTrials.gov registration NCT03295825). The study pro-
tocol was approved by the Ethics Committees of the partici-
pating hospitals. Patients were enrolled after written informed 
consent was provided by themselves or by first-degree relatives 
for those unable to consent.

Enrolled patients were adult patients of both sexes with sus-
pected infection who met at least one of the following criteria: 
core temperature >38°C or <36°C, heart rate ≥90 beats per min-
ute, respiratory rate >20 breaths per minute, or self-reported 
fever or chills. There were no exclusion criteria. Patients were 
classified as no-sepsis or sepsis based on the Sepsis-3 crite-
ria within the first 72 hours (1,9). More precisely, sepsis was 
classified as the presence of acute infection aggravated by at 
least a 2-point increase in baseline total SOFA; patients with 
unknown baseline SOFA score were classified into sepsis when 
acute infection was accompanied by a total SOFA score ≥2. For 
full details of the methodology of the PROMPT study, refer to 
previously published papers (17,18).

Clinical criteria that constitute the qSOFA include a respi-
ratory rate of 22/min or greater, altered mentation, or systolic 
blood pressure of 100 mmHg or less (1). Each criterion is 
assigned 1 point, resulting in a total score ranging from 0 to 3. 
NEWS2 incorporates seven physiological parameters, including 
respiratory rate, oxygen saturation, requirement for supplemen-
tal oxygen, heart rate, blood pressure, level of consciousness 

or new confusion, and temperature (14,19). NEWS2 stratifies 
patients into risk categories based on total score: low risk (0–4), 
medium risk (5–6), and high risk (≥7).

Blood was drawn after venipuncture of one forearm vein 
under aseptic conditions. Five milliliters of whole blood were 
collected in the ED within the first hour of admission into a 
tube containing ethylenediaminetetraacetic acid. The blood 
was centrifuged at 5,000 rpm for 10 minutes to separate the 
plasma, which was then stored at −80°C until further analy-
sis. For the PSP analyses, we were able to utilize the blood 
samples collected during the PROMPT study. PSP levels were 
determined from 50 mL of K

2
-ethylenediaminetetraacetic acid 

anticoagulated venous plasma samples using the in vitro diag-
nostic IVD CAPSULE PSP capsule, which is a single-use, rapid 
immunofluorescence assay used together with the near-patient 
abioSCOPE reading platform. The PSP cutoff of 300 ng/mL 
specified in the manufacturer’s instructions for use was used.

ANALYSIS

Parameters were summarized using descriptive statis-
tics. For each diagnostic criterion analyzed (i.e., qSOFA ≥ 2, 
NEWS2 ≥ 7, PSP, or combinations with PSP) and each 
cutoff (i.e., qSOFA = 0, qSOFA = 1, qSOFA ≤ 1, and 
qSOFA ≥ 2,300 ng/mL for PSP, NEWS2 ≥ 7), the number of 
patients diagnosed as either positive or negative for sepsis was 
counted. Patients with a result within the specific score/thresh-
old range were classified as “true positive” (TP) if they were 
actually sepsis positive by meeting the Sepsis-3 definitions, 
or as “false positive” (FP) if they were sepsis negative. If the 
result was outside of the specific score/threshold range, they 
were classified as “true negative” (TN) if they were actually 
sepsis negative or as “false negative” (FN) if they were sep-
sis positive. The following metrics and their 95% confidence 
intervals were then derived: sensitivity or TP rate calculated 
as TP/(TP + FN); specificity or TN rate calculated as TN/
(TN + FP); positive and negative predictive values, calculated 
as positives/(TP + FP) and negatives/(TN + FN), respectively; 
and positive and negative likelihood ratios (LR+ and LR−) cal-
culated as (Sensitivity)/(1 − Specificity) and (1 − Sensitivity)/
(Specificity). The accuracy was calculated as (TP + TN)/
(TP + TN + FP + FN). A cutoff of 300 ng/mL was chosen based 
on a previous study by Pugin et al., (7) which identified an opti-
mal PSP threshold of 292 ng/mL in intensive care unit patients. 
This cutoff aligns with the established intended use of the PSP 
test, and the available clinical performance data of the assay 
where PSP levels ≥300 ng/mL indicate a high-risk of sepsis and 
ensure a specificity of ≥95%, comparable to qSOFA scores ≥2 
and NEWS2 ≥7. This diagnostic test is used in conjunction with 
other clinical assessments and laboratory findings to aid in the 
early detection of sepsis. Comparisons of PSP across different 
types of infections were done by the Kruskal–Wallis test with 
Bonferroni corrections for multiple comparisons.

RESULTS

For detailed demographics of the PROMPT study par-
ticipants, please refer to the previously published paper of 
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Katsaros et al. (17). The analysis in this study included 362 (out 
of 371) patients for whom PSP, qSOFA, and NEWS2 outcomes 
were available. Of 156 sepsis cases in this study, 128 (82.1%) 
were represented by qSOFA scores of 0 and 1 (Table 1). The 
qSOFA and NEWS2 results in the PROMPT study for speci-
ficity (qSOFA ≥ 2: 97.1%, NEWS2 ≥ 7: 91.3%) and sensitivity 
(qSOFA ≥ 2: 17.9%, NEWS2 ≥ 7: 30.1%) confirm its estab-
lished performance for ruling-in patients at high-risk of sepsis 
at qSOFA score ≥2 and NEWS2 score ≥7 (Table 1). At a PSP 
threshold of 300 ng/mL, the accuracy for diagnosing sepsis was 
60.8%, the sensitivity was 16.7%, the specificity was 94.2%, 
the positive predictive value was 68.4%, the negative predic-
tive value was 59.9%, and the LR+ and LR− ratios were 2.86 
and 0.88, respectively (Table 1). In the patients’ subpopulation 
with qSOFA scores 0 and 1, PSP ≥300 ng/mL showed specific-
ity 94.0% and sensitivity 14.8% for sepsis diagnosis (Table 2).

This generates the question of what the diagnostic per-
formance for sepsis would be if clinicians use both PSP and 
qSOFA to early track sepsis patients. Indeed, in that case, the 
diagnosis sensitivity would increase to 30.1% (nearly double 
the sensitivity observed with qSOFA ≥2 alone); specificity 
remains high at 92.2% (Table 3).

Following a similar rationale, the diagnostic performance 
of both NEWS2 and PSP is summarized in Table 3. Using the 
combined criterion (NEWS2 ≥ 7 or PSP ≥ 300 ng/mL), 52 septic 
patients were correctly identified, compared to 34 with NEWS2 
alone, representing an increase of 18 additional TP cases.

The diagnostic performance of PSP, qSOFA, NEWS2, 
and their combinations was also evaluated using area under 
the receiver operator curve (AUROC) analysis (Fig. 1, A and 
B). All measures performed significantly better than random 
chance (AUROC = 50%; P < 0.0001, tested with 10,000 per-
mutations). The AUROC values were as follows: PSP alone 
(69.2%), qSOFA alone (63.7%), and PSP or qSOFA combined 
(71.7%). NEWS2 alone showed an AUROC of 66.6%, while 
PSP or NEWS2 combined achieved 77.3%.

The distribution of values of PSP per type of infection is 
shown in Figure 2. Following corrections by Bonferroni for 
multiple comparisons, the only differences found were for 
intra-abdominal infections having PSP higher than both upper 
respiratory tract infections (P = 0.026), and lower urinary tract 
infections (P = 0.049).

Table 1.   Diagnostic performance of PSP positivity (≥300 ng/mL) versus positive clinical scores (qSOFA ≥2 or NEWS2 ≥7)

Parameter PSP ≥ 300 ng/mL qSOFA ≥ 2 NEWS2 ≥ 7

Accuracy 60.8% (56.6%–65.0%) 63.0% (58.8%–67.2%) 64.9% (60.8%–69.0%)
NPV 59.9% (55.4%–64.4%) 61.0% (56.5%–65.4%) 62.2% (57.8%–66.7%)
PPV 68.4% (56.0%–80.8%) 82.4% (71.6%–93.1%) 87.2% (78.4%–96.0%)
Sensitivity 16.7% (11.8%–21.6%) 17.9% (12.9%–23.0%) 21.8% (16.4%–27.2%)
Specificity 94.2% (91.5%–96.9%) 97.1% (95.2%–99.0%) 97.6% (95.8%–99.3%)
LR+ 2.86 (1.66–4.94) 6.16 (3.00–12.65) 8.98 (4.16–19.36)
LR− 0.88 (0.83–0.94) 0.85 (0.79–0.90) 0.80 (0.75–0.86)
TP 26 28 34
FP 12 6 5
FN 130 128 122
TN 194 200 201
Total number 362 362 362

FN, false negative; FP, false positive; NEWS2, National Early Warning Score; NPV, negative predictive value; PPV, positive predictive value; PSP, 
pancreatic stone protein; qSOFA, quick Sequential Organ Failure Assessment; TN, true negative; TP, true positive.

Table 2.   Diagnostic performance of positive PSP (≥300 ng/mL) in 
patients with negative clinical scores (qSOFA <2 and NEWS2 <7)

Parameter qSOFA ≤ 1 NEWS2 < 7

Cutoff PSP ≥ 300 ng/mL PSP ≥ 300 ng/mL
Accuracy 63.1% (58.7%–67.5%) 64.1% (58.7%–69.1%)
NPV 63.3% (58.7%–67.9%) 64.5% (58.9%–69.8%)
PPV 61.3% (46.9%–75.7%) 60.0% (43.2%–74.6%)
Sensitivity 14.8% (9.7%–20.0%) 14.8% (9.2%–22.3%)
Specificity 94.0% (91.2%–96.8%) 94.0% (89.9%–96.7%)
LR+ 2.47 (1.39–4.41) 2.47 (1.32–4.63)
LR− 0.91 (0.85–0.97) 0.91 (0.83–0.99)
TP 19 18
FP 12 12
FN 109 104
TN 188 189
Total number 328 323

FN, false negative; FP, false positive; LR, likelihood ratio; NEWS2, 
National Early Warning Score; NPV, negative predictive value; PPV, 
positive predictive value; PSP, pancreatic stone protein; qSOFA, quick 
Sequential Organ Failure Assessment; TN, true negative; TP, true 
positive.

Table 3.   Diagnostic performance of combined qSOFA-PSP and 
NEWS2-PSP algorithms

Parameter qSOFA + PSP NEWS2 + PSP

Cutoff qSOFA ≥ 2 or 
PSP ≥ 300 ng/mL

NEWS2 ≥ 7 or PSP ≥ 300 ng/
mL

Accuracy 64.9% (60.8%–69.0%) 66.6% (62.5%–70.7%)
NPV 63.3% (58.7%–67.9%) 64.5% (59.9%–69.1%)
PPV 72.3% (63.2%–81.4%) 75.4% (66.8%–83.9%)
Sensitivity 30.1% (24.1%–36.2%) 33.3% (27.1%–39.5%)
Specificity 91.3% (88.0%–94.5%) 91.7% (88.6%–94.9%)
LR+ 3.45 (2.26–5.25) 4.04 (2.64–6.18)
LR− 0.77 (0.70–0.84) 0.73 (0.66–0.80)
TP 47 52
FP 18 17
FN 109 104
TN 188 189
Total 
number

362 362

FN, false negative; FP, false positive; LR, likelihood ratio; NEWS2, 
National Early Warning Score; NPV, negative predictive value; PPV, 
positive predictive value; PSP, pancreatic stone protein; qSOFA, quick 
Sequential Organ Failure Assessment; TN, true negative; TP, true 
positive.
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DISCUSSION

In this retrospective analysis, we analyzed plasma blood 
samples from the prospective PROMPT study to evaluate the 
diagnostic performance of the PSP assay for sepsis detection in 
ED patients, alongside an assessment of qSOFA and NEWS2 
≥7 scores. When patients present at the ED, triage serves as the 
initial step to prioritize care based on the urgency of their medi-
cal needs, as determined by scales like the Emergency Severity 
Index (20). Patients with seemingly less severe conditions may 
face extended waiting times, often several hours, which poses a 
significant concern for sepsis patients, who may initially show 
minimal clinical symptoms.

In our study, a considerable proportion of sepsis patients pre-
sented limited initial clinical signs, with 82.1% of cases scoring 
0 or 1 on the qSOFA scale. This lack of observable symptoms 
often leads to misclassification of patients as nonurgent, delay-
ing diagnosis and treatment. The qSOFA score in this study 
reaffirmed its high specificity (97.1% at qSOFA ≥2) but low sen-
sitivity (17.9% at qSOFA ≥2), aligning with previous findings 
that also reported low sensitivities for qSOFA scores in early risk 
assessments in emergency settings (9,10). This underscores the 
need for complementary tools to enhance sepsis detection in the 

ED. In our analysis, the PSP assay proved advantageous in iden-
tifying high-risk sepsis patients even with qSOFA scores of 0 or 
1. For instance, at PSP thresholds of 300 ng/mL for qSOFA ≤1, 
the specificity was 94.0%, making it a suitable tool for “ruling 
in,” similar to the qSOFA. Combining PSP and qSOFA further 
improved diagnostic performance, resulting in a sensitivity of 
30.1% (almost doubled compared with qSOFA ≥2 alone) and 
a specificity of 92.2%. This specificity was comparable to that 
observed for qSOFA score ≥2 (97.1%).

In addition, we assessed the performance of NEWS2 using 
a predefined cutoff of ≥7, corresponding to the high-risk cate-
gory for clinical deterioration. When used alone, NEWS2 ≥7 
correctly identified 34 septic patients. However, combining 
NEWS2 with PSP (NEWS2 ≥ 7 or PSP ≥ 300 ng/mL) increased 
the number of TPs to 52, identifying 18 additional sepsis cases. 
This combined approach improved sensitivity (from 21.5% to 
33.3%), while maintaining high specificity (91.7% instead of 
97.6%). These findings demonstrate the value of using PSP to 
enhance the diagnostic accuracy of existing scoring systems for 
early sepsis detection, paralleling findings from other studies 
that have shown improvements in sepsis detection in emer-
gency settings through the incorporation of newer biomarkers 
(11,17,21).

Fig. 1.  Diagnostic performance of PSP, qSOFA, NEWS2, and their combinations by receiver operating characteristic (ROC) analysis. A, Displays 
ROC curves comparing PSP, qSOFA, and their combined use. B, Illustrates the comparative performance of PSP, NEWS2, and their respective combinations. 
NEWS2, New Early Warning Score 2; PSP, pancreatic stone protein; qSOFA, quick sequential organ failure assessment.

Fig. 2.  Concentrations of PSP across types of infection. Lines represent medians. ABSSI, acute bacterial skin and skin structure infection; BSI, primary 
bacteremia; CAP, community-acquired pneumonia; IAI, intra-abdominal infection; PSP, pancreatic stone protein; URTI, upper respiratory tract infection; UTI, 
urinary tract infection.
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The performance of PSP, qSOFA, NEWS2, and their com-
binations was evaluated using AUROC curves. The AUROC 
analysis confirms that integrating PSP with clinical scores 
(qSOFA or NEWS2) enhances diagnostic accuracy for sep-
sis detection. While qSOFA and NEWS2 alone showed 
moderate discrimination (AUROC 63.7%–66.6%), their 
combination with PSP significantly improved performance 
(71.7%–77.3%). This aligns with prior studies demonstrat-
ing that biomarkers complement clinical scores by mitigat-
ing their sensitivity limitations, particularly in early sepsis, 
where clinical signs may be subtle. The superior AUROC 
of the PSP-NEWS2 combination (77.3%) suggests utility 
in ED settings, where rapid risk stratification is critical. 
However, we note that AUROC values <80% indicate room 
for further optimization, possibly through multimarker pan-
els or dynamic monitoring.

Current triage practices typically involve simple mea-
surements, like vital signs or finger-prick, with minimal time 
allotted per patient. A PSP-based point-of-care solution could 
address these constraints by providing rapid and reliable bio-
marker measurements to complement traditional triage assess-
ments. Findings suggest that patient evaluation should first rely 
on qSOFA and NEWS2, which are purely clinical scores. In 
case these scores do not aid in sepsis diagnosis, further evalua-
tion using PSP should be considered.
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