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Biomarkers Improve Diagnostics of Sepsis 
in Adult Patients With Suspected Organ 
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OBJECTIVES: Consensus regarding biomarkers for detection of infection-
related organ dysfunction in the emergency department is lacking. We aimed to 
identify and validate biomarkers that could improve risk prediction for overt or 
incipient organ dysfunction when added to quick Sepsis-related Organ Failure 
Assessment (qSOFA) as a screening tool.

DESIGN: In a large prospective multicenter cohort of adult patients presenting 
to the emergency department with a qSOFA score greater than or equal to 1, 
admission plasma levels of C-reactive protein, procalcitonin, adrenomedullin (ei-
ther bioavailable adrenomedullin or midregional fragment of proadrenomedullin), 
proenkephalin, and dipeptidyl peptidase 3 were assessed. Least absolute shrink-
age and selection operator regression was applied to assess the impact of these 
biomarkers alone or in combination to detect the primary endpoint of prediction of 
sepsis within 96 hours of admission.

SETTING: Three tertiary emergency departments at German University Hospitals 
(Jena University Hospital and two sites of the Charité University Hospital, Berlin).

PATIENTS: One thousand four hundred seventy-seven adult patients presenting 
with suspected organ dysfunction based on qSOFA score greater than or equal 
to 1.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The cohort was of moderate se-
verity with 81% presenting with qSOFA = 1; 29.2% of these patients developed 
sepsis. Procalcitonin outperformed all other biomarkers regarding the primary 
endpoint (area under the curve for receiver operating characteristic [AUC-ROC], 
0.86 [0.79–0.93]). Adding other biomarkers failed to further improve the AUC-
ROC for the primary endpoint; however, they improved the model regarding sev-
eral secondary endpoints, such as mortality, need for vasopressors, or dialysis. 
Addition of procalcitonin with a cutoff level of 0.25 ng/mL improved net (re)clas-
sification by 35.2% compared with qSOFA alone, with positive and negative pre-
dictive values of 60.7% and 88.7%, respectively.

CONCLUSIONS: Biomarkers of infection and organ dysfunction, most notably 
procalcitonin, substantially improve early prediction of sepsis with added value to 
qSOFA alone as a simple screening tool on emergency department admission.

KEYWORDS: adrenomedullin; biomarker; C-reactive protein; procalcitonin; 
proenkephalin; sepsis
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Sepsis is a potential life-threatening complication 
of an infectious disease. Development of acute 
organ dysfunction as a result of an inappropriate 

host response to the underlying infection is the hall-
mark of this syndrome (1). This remains the most fre-
quent driver of death on ICUs worldwide (2). While 
infection is, in general, a commonplace and frequently 
self-limiting event, progression to organ dysfunction 
is relatively rare (3). As such, a broad range of patients 
with suspected or proven infection, most of which are 
benign, present to the emergency department (ED). 
Delayed identification of patients with overt or incip-
ient organ dysfunction is a well-documented problem 
in the ED (4–6) and may have a significant impact on 
morbidity and mortality (7).

In this context, biomarkers providing objective and 
measurable indicators of sepsis could offer consider-
able utility for diagnostic, prognostic, and theranostic 
enrichment. This is particularly relevant in view of 
the large numbers of patients presenting with fever or 
other nonspecific signs of infection to the ED, as well 
as those with a noninfectious mimic that can simu-
late sepsis (8). Many articles have addressed various 
biomarkers reflecting the host response in sepsis (9), 
early recognition of organ dysfunction (10–12), risk 
stratification (13, 14), and patient management (15) 
including biomarker-guided antibiotic stewardship 
(16). However, clear recommendations regarding use 
of biomarkers in guidelines such as the “Surviving 

Sepsis Campaign” are scarce. Only the incorpora-
tion of plasma lactate levels to diagnose septic shock 
(1) and the use of procalcitonin to terminate anti- 
infective therapy in the context of antibiotic steward-
ship are supported by an evidence base and subsequent 
guideline recommendations (17). This paucity reflects 
the absence of adequately powered studies to assess 
any potential patient-centered benefit through meas-
uring biomarkers, such as diagnosing sepsis in unsel-
ected patients presenting to an ED (18).

We thus conducted a prospective multicenter trial 
to prospectively assess the performance of both es-
tablished (procalcitonin, C-reactive protein [CRP]) 
and novel (adrenomedullin—either bioavailable 
adrenomedullin [bio-ADM] or midregional frag-
ment of proadrenomedullin [MR-proADM], proen-
kephalin, dipeptidyl peptidase 3 [DPP3]) biomarkers 
to improve diagnosis of incipient or overt organ dys-
function (sepsis) in patients presenting to the ED 
with clinical signs of suspected life-threatening in-
fection as reflected by a quick Sepsis-related Organ 
Failure Assessment (qSOFA) score greater than or 
equal to 1 with its inherent limitation regarding sen-
sitivity (19).

MATERIALS AND METHODS

Study Design

From December 19, 2016, to June 7, 2019, we con-
ducted a multicenter, prospective, observational study 
recruiting patients presenting with suspected organ 
dysfunction based on a qSOFA score greater than or 
equal to 1 to three large tertiary care EDs in Germany 
with approximately 125,000 inpatients and 740,000 out-
patients for Charité and 54,000 inpatients and 475,000 
outpatients for Jena University Hospital, respectively. 
(More details regarding spectrum and features for 
the recruiting hospitals can be found at https://www.
charite.de/en/charite/about_us/facts_figures/ and 
https://www.uniklinikum-jena.de/Uniklinikum+Jena/
Wir+%C3%BCber+uns/Portrait.html). All locations 
have comparable equipment with 5–10% high depend-
ency beds. No changes in staffing levels, organization, 
or number of beds occurred during the inclusion pe-
riod. Protocols for managing patients with suspected 
sepsis were in place at all sites.

The study conducted in accordance with the 
Helsinki Declaration of 1975, as most recently 
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Question: Can the combined use of biomarkers 
and clinical scores in the emergency department 
(ED) improve the early identification of patients at 
risk for sepsis?

Findings: Biomarkers of infection and organ dys-
function, most notably procalcitonin, substantially 
improved early prediction of sepsis over and above 
quick Sepsis-related Organ Failure Assessment 
(qSOFA) alone.

Meanings: A combination of qSOFA and procal-
citonin provides a simple screening tool to improve 
prediction of sepsis on ED admission. This may po-
tentially impact upon patient management though 
this needs to be tested in prospective studies.
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amended (https://www.wma.net/policies-post/wma-
declaration-of-helsinki-ethical-principles-for-medical 
-research-involving-human-subjects/) and was 
approved by the Ethics Committee of Jena University 
Hospital on September 27, 2016 (approval number 
4912-08/16; study title: Lebensbedrohliche Infektionen 
Früh Erkennen!—Schnelle Differentialdiagnose durch 
multivalentes innovatives Biomarkerpanel auf mobile 
Point-of-Care (POC) Plattform. Biomarker for Early 
Sepsis Diagnosis “BEdSide”). The Ethics Committee 
of Charité University Hospital Berlin agreed with this 
approval. The study was registered in the German 
Registry of Clinical Trials (No: DRKS00011188).

All adult patients (> 18 yr old) who visited the ED 
with a qSOFA score greater than or equal to 1 were el-
igible for potential recruitment. The qSOFA score was 
assessed at triage and confirmed at the time of enroll-
ment by the study personnel. The qSOFA score was cal-
culated based on the following three variables: systolic 
blood pressure less than or equal to 100 mm Hg, res-
piratory rate greater than or equal to 22 breaths/min, 
and altered mental status defined as a Glasgow Coma 
Scale less than 15. Exclusion criteria were pregnancy, 
acute trauma, stroke, myocardial infarction, and lim-
ited life expectancy (< 28 d) due to concomitant di-
sease. In Berlin patients were recruited on alternating 
shifts, whereas in Jena in a daily basis from 09:00 to 
17:00 hours. All participants or their legal representa-
tives gave informed consent to the study.

Biomarker Measurements

After informed consent was obtained either from the 
patient or from a legal representative, 18 mL of whole 
blood was drawn from a peripheral vein catheter or 
by aseptic venipuncture. The blood was collected into 
EDTA, lithium heparin, and serum bottles within 12 
hours of ED arrival. In Berlin, following centrifuga-
tion blood samples were aliquoted and stored initially 
at –20°C and, within 72 hours, at –80°C. Aliquots 
were transported at weekly intervals on dry ice to the 
Integrated Biobank at Jena. In Jena, blood samples 
were immediately transferred to this biobank where 
they were centrifuged, aliquoted, and stored at –80°C.

Procalcitonin and MR-proADM were measured in 
EDTA plasma using commercially available automated 
immunofluorescent assays (procalcitonin sensitive 
KRYPTOR and MR-proADM KRYPTOR [BRAHMS 
GmbH, Hennigsdorf, Germany]). The 95th percentile 

reported in healthy individuals is 0.064 µg/L for pro-
calcitonin, and the 97.5th percentile is 0.55 nmol/L for 
MR-proADM.

Proenkephalin A 119–159 was measured in EDTA 
plasma samples using the immunoluminometric 
Sphingotest assay (SphingoTec GmbH, Hennigsdorf, 
Germany) (20). The 97.5th percentile in healthy adult 
subjects is 89 pmol/L. The upper normal range (89 
pmol/L) is also the clinical cutoff for diagnosis of acute 
kidney injury.

Bio-ADM 1–52 was measured in EDTA plasma 
samples using the immunoluminometric Sphingotest 
assay (SphingoTec GmbH) (21). The 97.5th percentile 
in healthy adult subjects is 29 pg/mL (90% CI, 27–38 
pg/mL) while the clinical cutoff for patients with sepsis 
and septic shock is 70 pg/mL (22, 23).

Circulating DPP3 was measured in EDTA plasma 
samples by 4TEEN4 Pharmaceuticals (Hennigsdorf, 
Germany) using the immunoluminometric Sphingotest 
DPP3 assay (SphingoTec GmbH) (24). The 97.5th per-
centile for Sphingotest DPP3 in healthy adult subjects 
is 22 ng/mL (90% CI, 18–34 ng/mL) while the clinical 
cutoff for critically ill patients is 40 ng/mL (25, 26).

For biomarker measurements, samples were blinded 
regarding clinical and demographic patient data.

Data Collection

For each enrolled patient all relevant secondary data 
were extracted, reviewed, and recorded from the hos-
pital database for 4 calendar days starting from the time 
of ED presentation. These included demographic data, 
comorbidities summarized as Charlson Comorbidity 
Index (27), laboratory findings, diagnostic tests, ven-
tilation settings, administration of sepsis-relevant 
medication (e.g. antibiotics, catecholamines), fluid 
management, dialysis parameters/urine output, and 
time of admission or transfer. Death or survival was 
assessed up to 28 days. In case of earlier hospital dis-
charge, patients received a follow-up call from study 
personnel as agreed on enrollment.

Definitions and Endpoints

The primary endpoint was sepsis onset within 96 
hours. Sepsis was defined as an acute infection-related 
change in the Sepsis-related Organ Failure Assessment 
(SOFA) score greater than or equal to 2 points in ac-
cordance with the Sepsis-3 criteria (1). The SOFA 
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score was calculated daily and compared against the 
baseline SOFA score of the patient. Where no prior 
values were provided, the entry SOFA score of that 
patient was considered “0.” Regarding the respira-
tory SOFA, imputation with oxygen saturation/Fio2 
ratios was performed according to a conversion table 
(eTable 1, http://links.lww.com/CCM/H496). After 
finalizing data input, a diagnosis of sepsis was verified 
by a panel of experts blinded to the laboratory data. 
The panel consisted of four board-certified ED physi-
cians. In case of disagreements, two further experts 
in emergency medicine and intensive care medicine 
were called in. Overall, only few cases needed the 
backup panel, reflecting a team well experienced in 
the conduct of this type of studies.

Secondary objectives were septic shock within 96 
hours, hospital and 28-day all-cause mortality, ICU 
admission and length of stay, length of hospital stay, 
and organ dysfunction, that is, need for vasopressors, 
mechanical ventilation, or acute kidney failure, as re-
flected by increased creatinine, oliguria, and need for 
renal replacement therapy. Septic shock was defined 
as persisting hypotension requiring catecholamines to 
maintain a mean arterial pressure greater than or equal 
to 65 mm Hg plus hyperlactatemia greater than 20 mg/
dL (2.2 mmol/L) despite adequate fluid administration.

Statistical Analysis

We expected to analyze 5–12 biomarkers to discrimi-
nate 10–30% septic patients from nonseptic patients. 
To detect small effects with 80% power a sample size 
of 1500 patients was deemed sufficient (28). Cohen’s d 
effect size varied between 0.21 (five biomarkers, 30% 
septic patients) and 0.34 (12 biomarkers, 10% septic 
patients) depending on the number of biomarkers and 
sepsis prevalence. The significance level was set at 5% 
taking the Bonferroni correction into account.

Receiver operating characteristic (ROC) analysis 
was performed with five different biomarkers to pre-
dict the primary endpoint (sepsis within 96 hours). 
The area under the curve (AUC) was generated for 
each biomarker with 95% CIs. AUC of the biomarkers 
was compared pairwise by the DeLong test; a signifi-
cance level was set at 0.005 for each test to account for 
multiple comparisons (Bonferroni correction).

Least absolute shrinkage and selection operator 
(LASSO) regression for variable selection was used 

to find the combination of biomarkers with the high-
est discrimination of septic and nonseptic patients 
(29) (Methods glossary, http://links.lww.com/CCM/
H496). The LASSO regression model with logit link 
function was fitted for the primary endpoint including 
all biomarkers as independent variables. Logarithmic 
values of the biomarkers were used since the data 
were not normally distributed. Ten-fold cross val-
idation was applied to optimize the shrinkage pa-
rameter λ in the LASSO regression. AUCs with 95% 
CIs are reported for the model after cross-validation. 
Sensitivity, specificity, and positive and negative pre-
dictive values (PPV and NPV) are provided with 95% 
CI for the cutoff corresponding to the highest Youden 
index using the bootstrap method. Model calibration 
was assessed by plotting deciles of the predicted prob-
abilities in comparison to the observed probabilities. 
Goodness-of-fit was evaluated by the Brier score (BS) 
with values ranging between 0 (perfect accuracy) and 
1 (noninformative).

The biomarkers selected by the LASSO regres-
sion were analyzed together with additional predic-
tors (including comorbid conditions reflected in the 
Charlson Comorbidity Index, body temperature, 
respiratory rate, heart rate, arterial blood pressure, 
Pao2/Fio2 ratio, cardiac insufficiency, peripheral ar-
tery disease, cerebrovascular disease, chronic lung 
disease, connective tissue disease, liver disease, 
renal disease, and diabetes mellitus) in a binary lo-
gistic regression model to predict the primary end-
point. The AUC with 95% CIs are reported for the 
model after cross-validation with diagnostic meas-
ures (sensitivity, specificity, PPV, NPV) are provided 
with 95% CIs.

The same analyses (DeLong test, LASSO regression 
with all biomarkers, logistic regression with additional 
predictors) were performed for all binary secondary 
endpoints (e.g., septic shock, 28-d mortality). A linear 
LASSO regression model was applied for the contin-
uous secondary endpoints (length of ICU stay, length 
of hospital stay), with the coefficient of determination 
reported to assess the model fit.

Continuous baseline parameters were summarized 
by median and 25th–75th percentiles. Absolute and 
relative frequencies are provided for categorical base-
line variables. Statistical analysis was performed with 
SAS 9.4 (SAS Institute, Cary, NC) and R 4.1.0 (The R 
Foundation, Vienna, Austria).
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RESULTS

Demographics and Frequency of Organ 
Dysfunctions

A total of 1477 patients were enrolled with a near-
equal split between Jena (n = 736) and Berlin (n = 
741). Sepsis status over 96 hours could be determined 
for 1426 patients. The trial flow chart is summarized 
in Figure 1 and demographics displayed in Table 1. 
Average age was 68 ± 16 years with 56% male. The co-
hort was of overall moderate disease severity with 81% 
presenting with qSOFA 1 and 19% with qSOFA 2–3. 
Hospital admission was required in 83.1% of patients, 
of whom 27.8% were admitted to intensive care.

Of the 1426 patients, 417 (29.2%) developed organ 
dysfunction due to infection, thus fulfilling the crite-
ria for a sepsis diagnosis (the primary endpoint), of 
whom 14.6% progressed to septic shock. Requirement 
for mechanical ventilation (9.2%) and renal replace-
ment therapy (2.9%) was low, thus reflecting a cohort 
with a low pre-test probability as would be expected in 
allcomers presenting to an ED.

Performance of Biomarkers to Predict the 
Primary Endpoint

The area under the curve for receiver operating char-
acteristic (AUC-ROC) for achieving the primary end-
point—sepsis within 96 hours of admission—was best 
for procalcitonin (AUC, 0.86 [95% CI, 0.79–0.93]), fol-
lowed by CRP (Fig. 2A). Discrimination of the model 
with procalcitonin as predictor was also significantly 
higher than the model with qSOFA (AUCqSOFA = 0.60 
[95% CI, 0.57–0.63]; p < 0.001). The AUC-ROC for 
procalcitonin to predict infection without organ dys-
function was comparable (0.843; 95% CI, 0.812–0.874), 
suggesting procalcitonin as a biomarker of infection. 
The low BS of the model (BS = 0.13) indicates that 
the model fitted the data well. eFigure 1 (http://links.
lww.com/CCM/H496) shows only small deviations of 
predicted and observed probabilities, thus confirm-
ing good calibration of the model. Additional analyses 
considering only patients admitted to ICU (AUC, 0.85 
[95% CI, 0.81–0.90]) and patients not admitted to hos-
pital (AUC, 0.95 [95% CI, 0.92–0.99]) confirms the re-
sult of the primary analysis.

The added value of a composite biomarker, com-
bining several of the biomarkers, did not, in general, 

improve the classification compared with procalcito-
nin. Only a slight improvement could be achieved by 
combining procalcitonin with CRP (Fig. 2B).

A procalcitonin value with a cutoff of 0.25 µg/L 
substantially improved net reclassification compared 
with qSOFA alone (Table 2). The Net Reclassification 
Improvement (NRI) describes the improvement in 
model performance by using procalcitonin compared 
with qSOFA as a predictor. The NRI indicates how 
much more frequently appropriate reclassification 
(e.g., 197 cases of sepsis with procalcitonin ≥ 0.25 and 
qSOFA = 1) occurs than inappropriate reclassifica-
tion (e.g., 24 cases of sepsis with procalcitonin < 0.25 
and qSOFA ≥ 2) when using procalcitonin instead of 
qSOFA. This resulted in a sensitivity of 75.3% (95% 
CI, 70.8–79.4%), specificity of 80.0% (95% CI, 77.3–
82.4%), a PPV of 60.7% (95% CI, 56.3–65.0%), and a 
NPV of 88.7% (95% CI, 86.4–90.8%).

Applying a procalcitonin cutoff of 0.5 µg/L gave a 
lower sensitivity (64.2%; 95% CI, 59.3–68.8%) and 
lower NPV (85.9%; 95% CI, 83.6–88.0%), but higher 
specificity (89.6%; 95% CI, 87.6–91.5%) and higher 
PPV (71.8%; 66.9–76.4%).

Regarding the timepoint for development of sepsis, 
45% fulfilled the Sepsis-3 criteria at admission to the 
ED. Only 10% developed organ dysfunction 10–96 
hours after admission (Fig. 2C).

There were 196 patients with infection and no organ 
dysfunction, and procalcitonin discriminated well be-
tween septic and nonseptic patients in the population 
of patients without organ dysfunction (AUC, 0.84; 
95% CI, 0.81–0.88; p < 0.001). On the other hand, there 
were 120 patients with organ dysfunction and without 
infection, and the discrimination with procalcitonin as 
a predictor of organ dysfunction was only moderate in 
the population of nonseptic patients (AUC, 0.66; 95% 
CI, 0.61–0.71; p < 0.001).

Performance of Biomarkers to Predict 
Secondary Endpoints

Regarding the secondary endpoint of septic shock, MR 
pro-ADM and procalcitonin were able to identify cardio-
vascular insufficiency associated with sepsis (Fig. 3). The 
AUC for predicting septic shock using the combination 
of these two biomarkers was 0.86 (95% CI, 0.67–0.93), 
that is, similar to the results obtained for the primary 
endpoint (sepsis within 96 hr of admission). Model 

http://links.lww.com/CCM/H496
http://links.lww.com/CCM/H496


Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Bolanaki et al

892          www.ccmjournal.org	 June 2024 • Volume 52 • Number 6

calibration is shown in eFigure 2 (http://links.lww.com/
CCM/H496); prediction accuracy was high (BS = 0.03). 
Additional analyses confirmed good discrimination 

between septic and nonseptic patients in the subgroup 
of patients admitted to ICU (AUC, 0.77 [95% CI, 0.70–
0.84]) and the subgroup of patients not admitted to 

Figure 1. Patient flow chart.

http://links.lww.com/CCM/H496
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hospital (AUC, 0.95 [95% CI, 0.92–0.98]). An additional 
analysis for immunocompromised patients revealed sim-
ilar results (eFig. 3, http://links.lww.com/CCM/H496). 
The only biomarker remaining in the LASSO regression 
model for hospital mortality was MR pro-ADM with an 
AUC of 0.75 (95% CI, 0.56–0.93) and accurate predic-
tions (BS = 0.05); calibration of the model is shown in 
eFigure 4 (http://links.lww.com/CCM/H496). eFigure 5 
(http://links.lww.com/CCM/H496) illustrates the AUC 

of procalcitonin and/or lactate to qSOFA for the primary 
endpoint of sepsis within 96 hours. Table 3 summarizes 
all analyses of secondary endpoints by LASSO regression 
regarding the various biomarkers.

DISCUSSION

In this prospective, multicenter, observational study 
enrolling 1477 patients, biomarkers of inflammation, 

TABLE 1.
Patient Characteristics at Admission

Patient Characteristics 
Patients With 

Sepsis (n = 417) 
Patients With No 
Sepsis (n = 1009) Total (n = 1426) 

Age (yr) 74 (63–80) 71 (59–80) 72 (61–80)

Female (%) 175 (42.0) 452 (44.8) 627 (44.0)

Quick SOFA    

 � 1 278 (66.7) 876 (86.8) 1154 (80.9)

 � 2 124 (29.7) 129 (12.8) 253 (17.7)

 � 3 points 13 (3.1) 3 (0.3) 16 (1.1)

SOFA 7 (6–8) 5 (4–6) 6 (5–7)

Charlson Comorbidity Index 2 (1–3) 1 (0–2) 1 (0–3)

Body temperature (°C) 37.9 (37.1–38.5) 37.1 (36.7–37.7) 37.3 (36.8–38)

Heart rate (beats/min) 96 (82–110) 89 (76–104) 90 (77–107)

Respiratory rate (breaths/min) 25 (22–28) 23 (22–26) 24 (22–27)

Mean arterial blood pressure (mm Hg) 77 (65–93) 88 (74–103) 86 (71–100)

Pao2/Fio2 ratio 310 (247–409) 376 (307–457) 348 (286–457)

Glasgow Coma Scale 15 (15–15) 15 (15–15) 15 (15–15)

pH 7.4 (7.35–7.45) 7.4 (7.36–7.43) 7.4 (7.36–7.44)

Standard base excess (mmol/L) –0.1 (–3.1 to 2.5) 1.1 (–1.1 to 3.2) 0.8 (–1.7 to 3.0)

Creatinine (mg/dL) 1.3 (1.0–2.1) 0.9 (0.8–1.3) 1.0 (0.8–1.5)

Bilirubin (µmol/L) 0.8 (0.5–1.3) 0.5 (0.4–0.8) 0.6 (0.4–1.1)

Lactate (mmol/L) 2.0 (1.4–2.9) 1.6 (1.2–2.2) 1.7 (1.2–2.4)

C-reactive protein (mg/L) 128.5 (57–237) 15.9 (3.8–57.5) 34.5 (7.2–106.4)

Leukocytes (Gpt/L) 12.5 (8.5–17.2) 9.5 (7.3–13.0) 10.3 (7.5–14.0)

Thrombocytes (Gpt/L) 211 (148–286) 242 (193–309) 231 (182–303)

Biomarker    

 � Mid-regional fragment of  
proadrenomedullin (nmol/L)

2.1 (1.4–3.8) 1.0 (0.7–1.6) 1.2 (0.8–2.1)

 � Procalcitonin (µg/L) 1.2 (0.3–6.0) 0.1 (0.1–0.2) 0.1 (0.1–0.6)

 � Bioavailable adrenomedullin (pg/mL) 75.3 (43.2–131.6) 37.4 (24.9–61.9) 44.0 (28.4–79.4)

 � Proenkephalin (pmol/L) 80.3 (48.7–136.4) 60.9 (42.5–88.4) 64.3 (44.4–99.4)

 � Dipeptidyl peptidase 3 (ng/mL) 20.4 (13.2–38.9) 17.4 (12.1–28.0) 18.3 (12.3–31.2)

SOFA = Sepsis-related Organ Failure Assessment.
For continuous variables, median (25th–75th percentiles) and for categorical variables absolute and relative frequencies are reported.
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most notably procalcitonin, were able to substantially 
improve early identification of incipient organ dysfunc-
tion within the first 96 hours after presentation to the 
ED. These added value to qSOFA as a simple screen-
ing tool for early identification of life-threatening  
complications of infection.

The studied biomarkers were selected as they com-
plementarily reflect injury to typically affected organs, 
that is, kidneys (proenkephalin A) and cardiovascular 
system (adrenomedullin), or pathophysiologic mecha-
nisms such as endothelial dysfunction (adrenomedul-
lin), or cell death (DPP3). While the qSOFA score is no 

longer recommended by the Surviving Sepsis Campaign 
as a screening tool for sepsis (17), our data lend sup-
port to the notion that addition of procalcitonin with 
a cutoff of 0.25 µg/L can substantially improve diag-
nostic accuracy. The combined metric of procalcitonin-
supported qSOFA outperformed the lactate-enhanced 
qSOFA metric proposed by Liu et al (30) (eFig. 5, 
http://links.lww.com/CCM/H496). This combination 
of qSOFA and procalcitonin could potentially support 
decision making in the ED, assuming that delayed iden-
tification of organ dysfunction in infected patients may 
negatively affect outcomes. It should be acknowledged 

Figure 2. Performance of biomarkers to predict the primary endpoint and time of sepsis onset after admission. A, Receiver operating 
characteristic (ROC) analysis—area under the curve (AUC) of biomarkers for the primary endpoint sepsis within 96 hr. B, ROC analysis—
AUC of biomarkers combined with procalcitonin (PCT) for the primary endpoint sepsis within 96 hr. C, Time to onset of sepsis within the 
observation period of 96 hr. bioADM = bioavailable adrenomedullin, CRP = C-reactive protein, DPP3 = dipeptidyl peptidase 3, PCTsen = 
procalcitonin as measured using the sensitive Kryptor method, penKid = proenkephalin, proADM = proadrenomedullin.
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that PPV was moderate 
at 60.7% (95% CI, 56.3–
65.0%) though NPV was 
high at 88.7% (95% CI, 
86.4–90.8%).

Of note, addition 
of other biomarkers to 
procalcitonin-supported 
qSOFA, that were selected 
to reflect complementary 
facets of injury or organ in-
volvement, did not further 
improve sepsis prediction 
using Sepsis-3 criteria as 
the primary endpoint. 
These biomarkers in-
cluded adrenomedul-
lin (either bio-ADM or 
MR-proADM), proen-
kephalin, and DPP3. 
Adding CRP slightly 
improved the classifica-
tion over the use of pro-
calcitonin alone.

Adrenomedullin (a 
protein with 52 amino 
acids) its precursor pre-
proadrenomedullin 
(consisting of 185 amino 
acids), and its cleavage 

TABLE 2.
Net Reclassification Improvement by Adding Procalcitonin

Model Without Procalcitonin 

Model With Procalcitonin at a Cutoff Value of 0.25 µg/L

Sum 
Risk Category 1, 

Procalcitonin < 0.25 
Risk Category 2, 

Procalcitonin ≥ 0.25 

Patients with sepsis    

 � Risk category 1, qSOFA = 1 78 197 275

 � Risk category 2, qSOFA ≥ 2 24 112 136

 � Sum 102 309 411

Patients without sepsis    

 � Risk category 1, qSOFA = 1 708 163 871

 � Risk category 2, qSOFA ≥ 2 94 37 131

 � Sum 802 200 1002

Net reclassification improvement 35.2%

qSOFA = quick Sepsis-related Organ Failure Assessment.

Figure 3. Receiver operating characteristic analysis— area under the curve of biomarkers for 
the secondary endpoint septic shock within 96 hr. bioADM = bioavailable adrenomedullin, CRP = 
C-reactive protein, DPP3 = dipeptidyl peptidase 3, PCTsen = procalcitonin as measured using the 
sensitive Kryptor method, penKid = proenkephalin, proADM = proadrenomedullin.
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products are found in a broad range of tissues (31). 
As adrenomedullin and its variants have vasodilatory 
properties, they have been suggested as biomarkers for 
severity, for example, development of shock and out-
come of sepsis (32–35). Consistent with these findings, 
LASSO regression confirmed an added value for both 
adrenomedullin variants on secondary endpoints as-
sociated with disease severity, that is, length of stay, 
development of shock, and 28-day mortality. Both 
cleavage products performed similarly while simulta-
neous use of both adrenomedullin variants in a com-
bined biomarker was not intended.

Kidney injury has a strong association with mor-
tality in sepsis, with an approximate doubling of mor-
tality rate if dialysis is required (36). Proenkephalin 
reflects levels of the hormone enkephalin, and thus 
glomerular filtration rate, that is, it acts a surrogate for 
kidney dysfunction in the dysregulated host response 
defining sepsis. LASSO regression identified this bi-
omarker alone could predict eventual severe kidney 
dysfunction but not development of sepsis in general.

DPP3 is a member of the S9B family of the serine pro-
teases. On release into the bloodstream it can inactivate 
peptide hormones such as angiotensin II with ensuing 

hemodynamic instability (37). DPP3 levels were only 
associated with mortality but neither with development 
of shock nor sepsis within 96 hours of admission.

These data regarding our secondary endpoints 
might explain why—against the frequently assumed 
superiority of multiplexed biomarker combinations 
over single markers (38)—in our group of ED patients 
with moderate pre-test probability for sepsis, the ROC 
for procalcitonin alone was not improved by adding 
further markers of disease severity (such as adreno-
medullin and DPP3) or specific organ dysfunctions 
(such as proenkephalin). Procalcitonin apparently has 
a favorable profile to indicate (incipient) sepsis out of 
the chosen biomarkers of infection, albeit there is a 
broad range of more than 200 further suggested bio-
markers to indicate the host response to infection (39). 
Noteworthy, a combined metric of qSOFA and procal-
citonin with a cutoff of 0.25 µg/L performed superior 
to the “lactate-enhanced qSOFA” (eFig. 5, http://links.
lww.com/CCM/H496) as a screening tool (30, 40), al-
beit still with a moderate PPV of 60.7% (95% CI, 56.3–
65.0%) and a NPV of 88.7% (95% CI, 86.4–90.8%).

The role of procalcitonin to rule out life-threatening 
infection and either not start or de-escalate antibiotic 

TABLE 3.
Area Under the Curve of Biomarker Combinations Selected by Least Absolute Shrinkage 
and Selection Operator Regression for Primary and Secondary Endpoints

Primary Endpoint Biomarkersa Area Under the Curve (95% CI) 

Sepsis within 96 hr Procalcitonin 0.86 (0.79–0.93)

Secondary Endpoints Biomarkersa Area Under the Curve (95% CI) 

Septic shock within 96 hr Procalcitonin, proADM 0.86 (0.67–0.93)

28-d mortality proADM, bioADM, dipeptidyl peptidase 3 0.74 (0.57–0.91)

Hospital mortality proADM 0.75 (0.56–0.93)

ICU admission proADM, bioADM 0.68 (0.57–0.79)

Vasopressors Procalcitonin, proADM 0.77 (0.62–0.93)

Ventilation Procalcitonin, proADM, bioADM 0.66 (0.50–0.82)

Dialysis penKid 0.82 (0.59–1.00)

Acute kidney failure proADM, penKid 0.88 (0.80–0.95)

Oliguria proADM 0.84 (0.68–1.00)

Length of hospital stay proADM, bioADM 0.02b

Length of ICU stay Procalcitonin, proADM, bioADM 0.07b

bioADM = bioavailable adrenomedullin, penKid = proenkephalin, proADM = proadrenomedullin.
aPredictive biomarkers after variable selection in least absolute shrinkage and selection operator (LASSO) regression.
bCoefficient of determination in the linear LASSO regression model.
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treatment has been explored in several important 
studies and meta-analyses (e.g., [41, 42]). By contrast, 
our current study was designed to address the role of 
various biomarkers to rule in sepsis in allcomers pre-
senting to the ED with suspected infection where clin-
ical symptoms of organ dysfunction, as reflected by 
the qSOFA score, were used to identify a subgroup of 
patients at increased risk of sepsis. Among the chosen 
biomarkers, procalcitonin was the best biomarker in 
enhancing the qSOFA score as a triage tool, albeit 
with relatively low PPV but high NPV. Adding further 
biomarkers in a combined metric, however, failed to 
improve performance further regarding the primary 
endpoint.

Some limitations of our study have to be 
addressed. Our study design failed to address per-
formance of the bedside clinician in their esti-
mation of the primary outcome. As biomarkers 
are increasingly available as point-of-care (POC) 
assays, prospective assessment of the added value of  
procalcitonin-enhanced qSOFA over clinical assess-
ment alone appears warranted in light of the ur-
gency of triage decisions that are often required 
in these patients and before formal laboratory test 
results are obtained. An additional limitation may 
relate to center effects resulting from inclusion of 
patients who presented during the daytime or dur-
ing alternate shifts, as well as the evaluation occur-
ring in two large urban teaching hospitals. Finally, 
new nosocomial infections ± sepsis may have de-
veloped between the time of presentation and the 
96-hour timepoint used for the primary endpoint.

CONCLUSIONS

Biomarkers of inflammation and organ dysfunction 
taken at ED presentation, most notably procalcitonin, 
improve the early prediction of sepsis and provide 
added value over qSOFA alone. Their performance 
to inform triage decision warrants further evaluation, 
preferentially by applying POC testing.
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