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Erik E. Christensen,*,† Christina Binde,‡ Marianne Leegaard,§ Kristian Tonby,*,†

Anne-Ma Dyrhol-Riise,*,† Dag Kvale,*,†

Erik K. Amundsen,‡,∥ and Aleksander R. Holten*,¶

*Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, Norway; †Department of Infectious
Diseases, Oslo University Hospital, Oslo, Norway; ‡Department of Medical Biochemistry, Oslo University

Hospital, Oslo, Norway; §Division of Emergencies and Critical Care, Emergency Department, Oslo University
Hospital, Oslo, Norway; ∥Department of Life Sciences and Health, Oslo Metropolitan University, Oslo, Norway;

and ¶Department of Acute Medicine, Oslo University Hospital, Oslo, Norway
Received 3 Jun 2022; first review completed 24 Jun 2022; accepted in final form 9 Aug 2022
ABSTRACT—Background: Biomarkers for early recognition of infection are warranted. The hypothesis of this study was that
calprotectin, C-reactive protein (CRP), IL-6 and procalcitonin (PCT), alone or in combination, provide clinically useful information
to the clinicians for early identification of infection in patients with possible sepsis in the emergency department (ED). Biomarker
dynamics in the first week of hospitalization were explored.Methods: Adult patients in rapid response teams in the ED were in-
cluded in a prospective observational study (n = 391). Patients who received antibiotics after biomarker availability were ex-
cluded. The ED clinician (EDC) decision whether to start antibiotics was registered. Calprotectin, CRP, IL-6, and PCT were an-
alyzed in blood samples drawn within 15 min after ED arrival and in a subgroup for 1 week. Infection likelihood was evaluated
post hoc. Results: In identifying patients with infection, CRP (area under the receiver operating characteristic curve [AUC],
0.913) and IL-6 (AUC, 0.895) were superior to calprotectin (AUC, 0.777) and PCT (AUC, 0.838). The best regression model
predicting infections included EDC, CRP, and IL-6. Using optimal cutoff values, CRP and IL-6 in combination reached 95% pos-
itive and 90% negative predictive values for infection. The EDC undertreated or overtreated 65 of 391 patients (17%), and CRP
and IL-6 optimal cutoff values could correct this in 32 of 65 patients (49%). Longitudinal samples revealed that IL-6 peaked in the
ED, whereas CRP and PCT peaked later. Conclusion: C-reactive protein and IL-6 were superior to calprotectin and PCT for
recognizing infection in patients with possible sepsis in the ED. Combining these two biomarkers with different dynamics im-
proved recognition of infection and could aid clinical management in rapid response teams in the ED.
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INTRODUCTION

Rapid administration of antibiotics is the most important inter-
vention in sepsis (1) and requires early recognition of infection in
the emergency department (ED). However, previous studies have
found low accuracy of infection biomarkers in severely ill pa-
tients (2). Validated biomarkers for clinical guidance of early an-
tibiotic treatment are therefore highly warranted, especially in ED
patients with possible sepsis (3).

Hitherto, no biomarkers are recommended for identification of
infection in patients with suspected sepsis (2). The established
biomarkers C-reactive protein (CRP) and procalcitonin (PCT)
have been well characterized in many patient populations (3,4).
However, less is known about their ability to diagnose early infec-
tions in severely ill patients in the ED. IL-6, a cytokine with an
important role in early inflammation cascades in infection (5),
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has shown great variation in diagnostic accuracy as a biomarker
in ED patients (5,6). Its clinical utility in the ED is therefore still
unclear. Calprotectin, a protein complex stored in abundance in
neutrophils (7), is released upon activation (8) and could there-
fore serve as an early marker for acute inflammation as shown
in in vitro (9), in vivo (10), and clinical studies (11–13). Biomark-
ers aid clinical decision-making in combination with clinical find-
ings. However, few studies have so far assessed the added value
of biomarkers when combined with clinical findings or judgment
by ED physicians in the diagnosis of infections (14–16).

Our hypothesis was that relevant inflammatory biomarkers,
alone or in combination, could improve early infection recognition
in patients with possible sepsis in the ED, thus improving antibiotics
prescription. The primary aims of this study were to compare the
diagnostic accuracy of the four infection biomarkers calprotectin,
CRP, IL-6, and PCT and to investigate whether these biomarkers
could provide added diagnostic value to the clinician treating pa-
tients with possible sepsis in the ED. A secondary aim of this study
was to investigate the biomarkers' ability to discriminate between
different types of infections, as well as their ability to predict sepsis
and overall mortality. The tertiary aim was to investigate the dy-
namics of the biomarkers during the first 7 days of hospitalization.

MATERIALS AND METHODS

Study design and setting
This prospective observational study recruited patients from all admissions

assessed by medical or sepsis rapid response teams (RRTs) throughout 2020 in
the ED at Oslo University Hospital, a large tertiary hospital (Fig. 1A). Both RRTs
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assess patients with possible sepsis. Patients assessed in specific RRTs devoted to
trauma, surgical emergencies, ST-elevation myocardial infarction, cardiac arrest,
and cerebral stroke were not included.

Patient selection
All included patients had objective signs of organ dysfunction or otherwise

suspected severe disease (criterion details in Supplementary Table 1, http://links.
lww.com/SHK/B502). Study participants were consecutively included, and clini-
cal data were registered in a local database (MedInsight, Oslo, Norway). As the
aim of the study was to investigate the diagnostic accuracy of the various biomark-
ers as well as ED clinician's (EDC's) assessment of infection (defined by the pre-
scription of antibiotics), patients with any biomarker result available to the clini-
cian before administration of antibiotics were excluded from further analysis.

Patients admitted to the intensive care unit (ICU) from April 24 to December
14 and a random selection of hospital ward patients were also included in a cohort
with daily sampling during 7 days or until death or discharge (Fig. 1B). Patients
discharged at less than 48 h after admission or with more than twomissing samples
were excluded.

Ethical approval
Informed consent was obtained from all patients or next of kin if the patient

was unable to consent. The study was approved by the Regional Committee
for Medical and Health Research Ethics in Southeastern Norway (2019/306)
and registered at ClinicalTrials.gov (NCT03956043). The study is reported ac-
cording to the STARD (Standards for Reporting Diagnostic Accuracy Studies)
guidelines (17).

Study variables
Cultures were collected from blood and/or tissues on clinical indication. Sys-

temic inflammatory response syndrome criteria, National EarlyWarning Score, Se-
quential Organ Failure Assessment (SOFA) and quick SOFA (qSOFA) in the ED,
as well as the highest SOFA during the hospitalization, were calculated. Sepsis was
defined according to Sepsis-3 as an acute increase in SOFA≥2 from habitual state
with infection likelihood assessed as “probable” or “definite” infection (18).
Charlson Comorbidity Index was calculated (19).

The EDCs' decision to use antibiotics was registered. According to the stan-
dard operating procedures at the time of inclusion, antibiotics should be adminis-
tered within 60 min after arrival of patient with suspected sepsis (20), which is be-
fore biomarker analysis is completed.

Diagnostic test methods: biomarker measurements
Venous or arterial blood was collected within 15 min of arrival in the ED and

centrifuged at 1980g for 10 min. C-reactive protein and calprotectin were with
some exceptions (<10 samples) analyzed within 2 h. Plasma was transferred to a
FIG. 1. Inclusion, sampling, and post hoc infection likelihood assessment flo
for 1 week of follow-up (B) and post hoc evaluation of infection likelihood (C). Bioma
refrigerator (4°C) within 2 h and transferred to cryotubes the next working day
for storage at −80°C. Procalcitonin (except for 41 samples that were analyzed
real-time) and IL-6 were analyzed in thawed plasma according to the manufactur-
er's instructions. Instruments, reagents, calibrators, and reference intervals are de-
scribed in Supplementary Table 2, http://links.lww.com/SHK/B502. Creatinine,
lactate, platelets, and bilirubin were analyzed as previously described (21).

Outcomes: infection likelihood and mortality
Infection likelihood was retrospectively assessed by an infectious disease spe-

cialist after discharge or death and classified as “not likely,” “probable,” or “defi-
nite” (Fig. 1C) (22,23). The following criteria were used: “not likely”: no sign of
infection and a noninfectious diagnosis established; “probable”: infection was con-
sidered to be likely, but without microbiological confirmation; and “definite”: mi-
crobiologically confirmed either by detection of strict pathogens (pathogen not part
of normal flora) or detection of pathogens in otherwise sterile body fluids or tis-
sues. Date of death was collected from the Norwegian National Population
Register.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics version 26

(IBM, Armonk, NY) if not otherwise stated. Patients missing biomarker results
were excluded. Comparing the three infection likelihood groups, dichotomous var-
iables were analyzed by Pearson chi-square tests, whereas continuous variables
were analyzed by one-way ANOVA (normally distributed) and Kruskal-Wallis
(non–normally distributed) tests. The groups “probable” and “definite” infection
were merged into the group “infection” for most analyses. The area under the re-
ceiver operating characteristic (ROC) curve (AUC) was estimated for patients with
and without infection. Youden index was used to determine the optimal biomarker
cutoff in our cohort. Sensitivity, specificity, negative (NPV) and positive (PPV)
predictive values, and positive (LR+) and negative (LR−) likelihood ratios were
calculated using MedCalc Statistical Software version 20.023 (Ostend, Belgium)
for the reference and optimal cutoff values and the lowest value reaching PPVof
95% or greater, if possible. Biomarker levels were log10-transformed for regression
analyses. Normality was visually assessed. Univariate and multivariate binary lo-
gistic regressionwas applied to assess the combined ability of EDC and biomarkers
to differentiate infected and noninfected patients. Model fit was evaluated using the
Hosmer-Lemeshow test; models with P > 0.05 were accepted. To identify the best
regression model, all four biomarkers and the EDC were included and then back-
ward eliminated using the LR method. The regression models' probability predic-
tions were used to create ROC curves and AUC calculations, whereas predicted
group membership (“infection” or “not likely” infection) was used as basis for cal-
culations of sensitivity, specificity, NPV, PPV, LR+, and LR−. Associations be-
tween biomarkers in the ED were determined by linear regression. Decision curve
analysis was performed in R version 4.1.1 (R Core Team, 2021, Vienna, Austria)
(24,25). Longitudinal biomarker level variations were examined using Wilcoxon
wchart. Flowchart depicting inclusion and sampling of patients in the ED (A) and
rker values were not available for the EDC at antibiotic therapy initiation.
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signed-rank test. Spearman rank correlation coefficient was computed for IL-6 and
CRP in the longitudinal samples. Based on AUC from other studies (4,11), a sam-
ple size of 418 was needed to differentiate AUCs of PCT and calprotectin
(δ = 0.07) with a confidence level of 95% and 80% power (26).
RESULTS

Characteristics of study subjects

A total of 391 admissions to the ED were included in the anal-
ysis (Fig. 1A). Based on the infection likelihood assessment, 154
patients were classified as “not likely” (diagnoses listed in Sup-
plementary Table 3, http://links.lww.com/SHK/B502), 135 as
“probable,” and 102 as “definite” infection (Fig. 1C). Mortality
and sex distribution was comparable across the groups (Supple-
mentary Table 4, http://links.lww.com/SHK/B502). However,
the “definite” and “probable” groups were older and had higher
Charlson Comorbidity Index, qSOFA, and systemic inflamma-
tory response syndrome criteria and longer hospital stays, and
fewer were admitted to the ICU. Sepsis was present in 177 admis-
sions (45%) (Supplementary Table 4, http://links.lww.com/
SHK/B502).

None of the biomarkers were associated with 30-day mortality
in this cohort (Supplementary Table 5, http://links.lww.com/
SHK/B502). Calprotectin, CRP, IL-6, and PCT were all signifi-
cantly increased in the two infection groups compared with the
“not likely” infection group (Fig. 2). In further analyses, the cat-
egories “definite” and “probable” infection were merged into
the group “infection” (n = 237). In this composite group, 216
cases (91%) were correctly assessed by the EDC to have an as-
sumed infection as defined by the prescription of antibiotics
(Table 1, A). However, 43 of the 154 patients (28%) with “not
likely” infection were also treated with antibiotics.
FIG. 2. Biomarker distribution in the ED across infection likelihood grou
(whiskers) of the biomarkers PCT, IL-6, CRP, and calprotectin in the infection likelih
infection. Asterisks indicate significance; **P < 0.01, ****P < 0.0001 using Kruskal-W
IL-6 and CRP are best at discriminating patients with and
without infection

The biomarkers' ability to discriminate between patients with
and without infection was assessed using ROC curves (Fig. 3).
IL-6 and CRP had a significantly higher AUC than PCT and
Calprotectin (P < 0.001). (Table 1, A) displays each biomarker's
optimal cutoff value and diagnostic abilities as biomarkers for in-
fections at different cutoff values. At their optimal cutoff value,
the specificities were higher than the EDC for all biomarkers ex-
cept calprotectin. C-reactive protein (NPV, 93%) and IL-6 (NPV,
97%) could exclude infections with high probability at reference
value (CRP <4 mg/L and IL-6 <7 pg/mL), whereas calprotectin
and PCT did not reach NPV greater than 75% at any cutoff value.
In contrast, PCT (≥0.4 μg/L), IL-6 (≥194 pg/mL), and CRP
(≥50 mg/L) could all predict infections (95% PPV). At these
high levels, CRP demonstrated higher sensitivity for infection
compared with PCT and IL-6. Furthermore, IL-6 and CRP were
superior as biomarkers for infection both in patients with qSOFA
of 2 or greater (n = 163) and less than 2 (n = 228) in the ED (Sup-
plementary Table 6a, http://links.lww.com/SHK/B502).
Biomarkers improve the clinical diagnostic specificity for
infection in the ED

Logistic regression was used to investigate whether single bio-
markers could add clinical value to the EDC to treat suspected in-
fection with antibiotics. Univariate logistic regression was ap-
plied to compute the ROC curve for the EDC alone, whereas
bivariate logistic regression was used for the EDC and each bio-
marker combined (Fig. 3). Comparing AUCs, each biomarker
improved the EDC in discriminating patients with and without in-
fection (P < 0.001 for all biomarkers). However, the specificities
and sensitivities were modestly improved (Table 1, B).
ps. Logarithmic distribution and median (dashed line) and interquartile range
ood groups “not likely” (n = 154), “probable” (n = 135), and “definite” (n = 102)
allis post hoc multiple comparisons tests.
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TABLE 1. Emergency department clinician and biomarker test abilities

Test and cutoff values AUC (95% CI) n (%) Sensitivity % (95% CI) Specificity % (95% CI) LR+ LR− PPV, % NPV, %

A
EDC 0.816 (0.769–0.863)* 259 (66) 91 (87–94) 72 (64–79) 3.26 0.12 83 84
Calprotectin 0.777 (0.729–0.824)
>1.69 mg/LRef 267 (68) 84 (79–89) 56 (48–64) 1.94 0.28 75 70
≥1.96 mg/LO 246 (63) 81 (76–86) 66 (57–73) 2.37 0.28 78 70

CRP 0.913 (0.884–0.942)
≥4 mg/LRef 318 (81) 98 (95–99) 45 (39–53) 1.78 0.04 73 93
≥31 mg/LO 207 (53) 79 (74–85) 88 (82–93) 6.82 0.23 91 74
≥50 mg/LPPV 167 (43) 67 (60–73) 94 (89–97) 11.41 0.35 95 65

IL-6 0.895 (0.862–0.928)
≥7 pg/mLRef 355 (91) 100 (97–100) 23 (17–30) 1.29 0.02 66 97
≥52 pg/mLO 237 (61) 87 (82–91) 80 (72–86) 4.32 0.16 87 80
≥194 pg/mLPPV 141 (36) 56 (49–62) 94 (89–97) 9.53 0.47 97 58

PCT 0.838 (0.800–0.876)
≥0.1 μg/LRef 248 (46) 84 (78–88) 68 (60–75) 2.63 0.23 80 73
≥0.22 μg/LO 180 (46) 68 (61–73) 87 (80–92) 5.20 0.37 89 64
≥0.4 μg/LPPV 134 (34) 54 (47–60) 95 (90–98) 11.79 0.48 95 57

B
EDC + calprotectin† 0.869 (0.831–0.907) 91 (87–94) 71 (64–78) 3.19 0.12 83 84
EDC + CRP† 0.936 (0.912–0.960) 92 (87–95) 77 (70–83) 4.03 0.11 86 86
EDC + IL-6† 0.918 (0.889–0.947) 90 (86–93) 75 (68–82) 3.66 0.19 85 83
EDC + PCT† 0.898 (0.867–0.928) 92 (88–95) 71 (63–78) 3.15 0.11 83 85
EDC + CRP + IL-6† 0.952 (0.932–0.972) 93 (89–96) 82 (75–88) 5.32 0.08 89 89

Area under the ROC curve, sensitivity, specificity, NPV, PPV, and LR−, and LR+ for the EDC's decision to treat with antibiotics and at different cutoff values
for the biomarkers calprotectin, CRP, IL-6, and PCT (A). Emergency department clinician in combination with single biomarkers and the best combination of
biomarkers (CRP and IL-6) (B).
*Performed using univariate logistic regression; all values here except AUC are computed from the regression models' predictions.
†Multiple logistic regression; all values here except AUC are computed from the regression models' predictions.
Ref, reference value; O, optimal cutoff value in our cohort as defined by the Youden J index; PPV, lowest cutoff value to reach a PPV of ≥95% (calprotectin
could not reach PPV ≥95%).
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Combination of CRP, IL-6, and EDC best identified patients
with infections

To identify the best model for predicting the presence of infec-
tion, we performedmultivariate logistic regressionwith backward
elimination including all four biomarkers and the EDC. The best
performing model included the EDC, IL-6, and CRP (Fig. 3 and
Table 1, B). The performance of the model was largely unchanged
when stratified by qSOFA of less than 2 and 2 or greater (Supple-
mentary Table 7, http://links.lww.com/SHK/B502).

Clinical value of this regression model was further illustrated
by decision curve analysis (Fig. 4) (25), a visual analysis of the
net benefit of diagnostic approaches against decision thresholds.
In this case, the decision was whether to start empirical antibiotic
therapy. For example, 0.05 as the decision threshold indicates a
willingness to withhold antibiotics if the estimated risk of infec-
tion is less than 5%. The biomarkers added net benefit mostly
to patients with qSOFA of less than 2 (Fig. 4).With increasing de-
cision thresholds, the net benefit of adding biomarkers to the EDC
compared with treating all patients improved, while still being su-
perior to treating based on the EDC alone.
CRP and IL-6 identify undertreated and overtreated patients

As CRP and IL-6 emerged as the best-performing biomarkers,
we assessed if their optimal cutoff values could be applied in
combination to recognize infection. In fact, CRP and IL-6 was
the only pair of biomarkers that did not correlate in the initial
ED samples (Supplementary Fig. 1, http://links.lww.com/SHK/
B502). If both IL-6 and CRP were greater than the optimal cutoff
value (≥52 and ≥31, respectively), infection was almost certain
(PPV, 95%). On the other hand, if CRP and IL-6 were less than
the optimal cutoff value, the NPV was 90% for all patients and
98% for those with qSOFA of 2 or greater (Supplementary Table
6b, http://links.lww.com/SHK/B502).

According to our hypothesis, we next examined whether the
combination of CRP and IL-6 optimal cutoff values could provide
added value to the EDC. Based on the post hoc infection likeli-
hood assessment, the EDC undertreated infections in 21 of 391
cases (5%) (Fig. 5). Among these, CRP and IL-6 levels greater
than the optimal cutoff values were found in 13, of which 10
(77%) had a “definite” or “probable” infection. Inversely, among
the patients who received antibiotics in the ED, 29 patients had
CRP and IL-6 values of less than the optimal cutoff values.
Among these, infection was “not likely” in 22 (76%) (Fig. 5).
In conclusion, CRP and IL-6 identified 32 of 65 patients (49%)
who were undertreated or overtreated, implying that these two
biomarkers could aid the clinical decision-making process.
Higher levels of calprotectin in gram-positive versus
gram-negative bacterial infections

We next compared biomarkers levels in viral, gram-positive
and gram-negative bacterial infections (Supplementary Fig. 2,
http://links.lww.com/SHK/B502). Interestingly, calprotectin was
higher in gram-positive compared with gram-negative bacterial
infections (P < 0.001). IL-6 (P = 0.002) and PCT (P = 0.010),
but not CRP (P = 0.830) or calprotectin (P = 0.237), were
higher in bacterial compared with viral infections. A list of
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FIG. 3. Receiver operating characteristic curves. Receiver operating characteristic curves for the biomarkers (dashed) and clinician (dotted) alone and
combined (solid line) illustrating ability to discriminate patients with (“probable” and “definite” infection likelihood groups merged) and without infection among all
included admissions (n = 391). The combined ROC curves are modeled using multiple logistic regression. Gray-shaded area indicates improved performance from
clinician alone to biomarker(s) and clinician.
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all pathogens is provided in Supplementary Table 8, http://
links.lww.com/SHK/B502.

Plasma IL-6 levels peak at admission to ED

We explored biomarker dynamics during the first 7 days of
hospitalization in a subgroup of ED patients (n = 52), predomi-
nantly admitted to the ICU (Supplementary Fig. 3, http://links.
lww.com/SHK/B502). The characteristics of this patient sub-
group are available in Supplementary Table 9, http://links.lww.
com/SHK/B502. All patients with infection received antibiotics
within 24 h of hospitalization. In these patients, IL-6 decreased
from the ED (day 1) to day 2 (P = 0.004) and further to day 3
(P < 0.001) (Fig. 6). In contrast, CRP and PCT increased nonsig-
nificantly after ED admission, peaking at day 2. Whereas PCT
and calprotectin levels significantly decreased from day 2 (P =
0.006 and P = 0.016, respectively), CRP decreased first from
day 3 (P < 0.001) (Fig. 6). There was a positive correlation be-
tween IL-6 and CRP from day 2, but not initially in the ED (Sup-
plementary Fig. 4, http://links.lww.com/SHK/B502).
DISCUSSION

In this study, we hypothesized that relevant inflammatory bio-
markers might improve the clinical assessment of infection in pa-
tients with possible sepsis in the ED.We investigated the diagnos-
tic performance of biomarkers to identify infections. We also
evaluated the precision of the ED clinician to diagnose infections,
defined by the prescription of antibiotics (EDC) before biomark-
ers were analyzed, and finally the add-on effect of the biomarkers
to the EDC. The likelihood of infection was assessed by a detailed
post hoc evaluation of all patient data. C-reactive protein and
IL-6 were the overall best-performing biomarkers in the ED
for identifying patients with infection. Whereas PCT, IL-6, and
CRP all provided high PPV, IL-6 and CRP also reached high
NPVs, able to virtually rule out infection, especially when com-
bined. Longitudinal samples showed that IL-6 and calprotectin
peaked at admission to the ED, whereas PCT and CRP peaked
the following days. Notably, IL-6 and CRP did not correlate at
admission among patients with infection but correlated strongly
during subsequent days. The different dynamics of biomarkers
in the early phases of infection implies that the use of biomarker
combinations may be more appropriate compared with a single
biomarker approach, possibly because of symptom course and
duration disparities.

According to recent Surviving Sepsis Campaign (SSC) guide-
lines, patients with septic shock (18) or a high likelihood of sepsis
should be treated with antibiotics immediately and at the latest
within 1 h of recognition. Thus, for patients in this sepsis cate-
gory, EDCs should normally not wait until results of biomarkers
(2). However, in patients with possible sepsis without shock,
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FIG. 4. Decision curve analysis. Decision curve analysis for the best regression model including IL6, CRP, and EDC clinical decision (solid line), the EDC alone
(dashed line) compared with treating all (dash-dotted line) in all patients and patients with qSOFA <2 and ≥2. A larger area under the decision curve suggests better
clinical utility. The gray-shaded area indicates improved performance from clinician alone to the regression model. At lower threshold probabilities, the increased net
benefit of using the regression model is low compared with treating all, especially in patients with qSOFA ≥2.
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the SSC guidelines recommend a time-limited investigation and
administration of antibiotics within 3 h if infection is still sus-
pected. Consequently, for patients in this sepsis category, bio-
markers may support the ED Clinician's decision-making. Although
the SSC recommends against the use of qSOFA as a single screening
tool for sepsis (2), it is a well-established predictor of severity and
mortality (27). Appreciating that these results must be validated
FIG. 5. Identifying undertreated and overtreated patients using CRP and
antibiotics, CRP, and IL-6 using optimal cutoff values (≥31 mg/L and ≥52 pg/mL, res
infection (based on the post hoc infection likelihood assessment) in the red-shaded
not receive antibiotics in the ED but had both CRP and IL-6 values greater than the
24 patients (24%) who received antibiotics in the ED, but had CRP and IL-6 values l
in independent cohorts, our data could nevertheless support a
treatment algorithm as illustrated in Figure 7. For patients with
qSOFA of 2 or greater, only a very low probability of under-
treatment can be accepted, and a diagnostic model would have
to perform extremely well to outperform a strategy of treating
all patients. Decision curve analysis revealed that treating all pa-
tients gave similar net benefit as EDC alone and with biomarkers.
IL-6. Flowchart stratifying cases according to the EDC's decision to treat with
pectively). †The number and percentage of patients with “probable” or “definite”
boxes. Infection was “probable” or “definite” in 10 of 13 patients (77%) who did
optimal cutoff values. Inversely, infection was “probable” or “definite” only in 7 of
ess than the optimal cutoff values.



FIG. 6. Longitudinal biomarker dynamics. Levels of biomarkers (mean with SD) during first week of hospitalization in patients with infection (n = 30) or infection
“not likely” (n = 15). Dotted lines indicate optimal cutoff values in same colors as corresponding biomarkers.
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However, if both CRP and IL-6 were less than the optimal cutoff
value in our cohort, an NPVof 98% might therefore safely argue
for discontinuation of antibiotics. Conversely, for patients with
FIG. 7. Suggested treatment algorithm in RRTs in the ED. The algorithm depe
For patientswith qSOFA <2, if both CRP and IL-6 values are above cutoff, PPV is 97%
same group, NPV is 86%.
qSOFA of less than 2, a higher risk of undertreatment may be ac-
ceptable. Using a diagnostic model with CRP and IL-6 together
with clinical judgment could be useful both to secure treatment
nds on qSOFA, CRP (≥31 mg/L), and/or IL-6 (≥52 pg/mL) optimal cutoff values.
. If either CRP or IL-6 are above cutoff, PPV is 88%. If both are below cutoff in the
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in patients with infections and prevent overtreatment in patients
without.

The optimal cutoff value and AUC, sensitivity, and specificity
of calprotectin were similar as in previous reports (11,12,28).
However, in contrast to these studies, the performance of
calprotectin was inferior to the other biomarkers in our data
(11,12,28). Calprotectin is known to peak before CRP and PCT
but after IL-6 (9,28,29), and thus, a preadmission peak in
calprotectin seems unlikely. Nevertheless, it may be used as a bio-
marker to identify gram-positive infections, possibly guiding an-
tibiotic therapy. We also confirm prior findings that PCT predicts
the presence of infections but performs poorly in excluding infec-
tions. Our optimal cutoff value is in accordance with the estab-
lished cutoff value of 0.25 μg/L (30). In most settings, PCT is
considered a better diagnostic biomarker for infection than CRP
(31,32). However, in this ED cohort, CRP performed better than
PCT. This was mostly due to superior sensitivity, as previously
shown by de Kruif et al. (14). Sampling in most of the studies in-
cluded inmeta-analyses has been done in the ICU (32,33), clearly
at a later stage of disease than in our ED study. Notably, the few
patients with confirmed viral infections were not excluded be-
cause bacterial coinfection could not be excluded. This could
have contributed to CRP's better performance relative to PCT,
as PCT was lower in viral compared with bacterial infections in
our cohort, and CRP was not.

This study has some limitations. First, the criterion standard of
infections is difficult to define.We have based this study on a post
hoc clinical evaluation. An alternative approach could be to use a
strict definition of microbiological confirmed infection. However,
we find this insufficient, as blood cultures have been shown to
have a sensitivity as low as 32% in sepsis (34). We therefore ar-
gue that our definition of infection is more clinically relevant.
Second, we did not decipher the single components, such as clin-
ical examinations and radiology of the clinician's assessment,
which also includes clinical gestalt (35). Third, our results have
not been verified in a validation cohort. Moreover, only 58% of
the patients with infection “not likely” had blood culture drawn
in the ED, probably because other diagnosis was evident, but this
can also be a source of bias. Lastly, the choice to treat severely ill
patients with antibiotics might reflect caution rather than convic-
tion of infection as underlying cause, as discussed by Prescott and
Iwashyna (36).
CONCLUSIONS

We have shown that the combination of CRP and IL-6 obtained
at admission to the ED can aid the clinical decision when assessing
infection in patients with possible sepsis. IL-6 and CRP were su-
perior as biomarkers for infection regardless of qSOFA score (op-
timal cutoff values ≥31 mg/L and ≥52 pg/mL, respectively).
These results need to be verified in an independent cohort.
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