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Abstract

Introduction: Fecal calprotectin is a validated biomarker
for assessing disease activity in patients with inflammatory
bowel disease (IBD). Blood calprotectin concentrations are
correlated with disease activity in numerous immune-
mediated inflammatory diseases. The aim of this study
was to prospectively assess the diagnostic accuracy of
plasma calprotectin as a potential biomarker of
remission in IBD patients. Methods: This prospective ob-
servational study enrolled 131 patients at the time of
infliximab administration alongside clinical assessment
and blood analyses on the same day. The primary endpoint
was to assess the diagnostic accuracy of plasma calpro-
tectin for predicting remission in patients with IBD.
Results: Plasma calprotectin concentration <10.5 ng/mL

had a sensitivity of 98.6%, specificity of 100%, positive
predictive value of 100%, negative predictive value of
96.3%, and an area under the receiver operating charac-
teristic (AUROC) curve of 0.999 for diagnosing remission in
patients with ulcerative colitis (UC). Plasma calprotectin
had poor diagnostic accuracy for diagnosing remission in
Crohn’s disease. In UC, plasma calprotectin had signifi-
cantly greater diagnostic accuracy than C-reactive protein
for diagnosing remission (absolute difference between
AUROCs, 0.06; 95% Cl: 0.008 to 0.113; p = 0.03). Plasma
calprotectin concentrations were not correlated with
those measured in serum samples. The median serum-
to-plasma calprotectin concentration ratio was 12-fold.
Conclusion: Plasma calprotectin is a promising bio-
marker for predicting remission in UC patients treated with

infliximab. © 2025 The Author(s).
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Introduction

Biomarkers are important for measuring the inflam-
matory burden of the gastrointestinal tract. Inflammatory
bowel disease (IBD) is a chronic, immune-mediated
disease, and the two most widely adopted biomarkers
for measuring disease activity are fecal calprotectin and
C-reactive protein (CRP).

Fecal calprotectin has been evaluated in numerous
diagnostic studies in both adult and pediatric populations
over the past 20 years. Fecal calprotectin has a high
sensitivity for detecting gut inflammation and is reliably
used to monitor disease activity in patients with IBD, in
which levels are strongly correlated with the degree of
clinical and endoscopic activity [1, 2]. However, there are
several disadvantages, including low specificity for dis-
criminating between different intestinal inflammatory
etiologies and marked intraindividual variation [3]. Pa-
tient compliance has been shown to be poor, with only
one-third of patients performing the test for reasons that
include difficulty collecting stool samples, refusal to
handle feces, and forgetfulness [4]. Other stool-based
tests, such as those used for colorectal cancer screen-
ing, have also shown low compliance rates [5-7].

CRP is a validated and established clinical biomarker
that is commonly used to distinguish IBD from irritable
bowel syndrome and other functional gut disorders that
have significant symptom overlap [3, 8]. CRP has a role in
disease monitoring and assessing treatment response, but
it is less sensitive and specific than fecal calprotectin at
discerning mucosal disease activity in both ulcerative
colitis (UC) and Crohn’s disease (CD) patients [3].

There is an unmet need for a reliable, novel blood-based
biomarker for IBD to allow disease monitoring with in-
creased patient acceptability. High extracellular concen-
trations of calprotectin have been found in the blood and at
inflammatory sites across a range of immune-mediated
inflammatory conditions. There is a growing body of ev-
idence indicating that for rheumatic diseases, such as
rheumatoid arthritis and spondyloarthritis, blood calpro-
tectin is significantly correlated with inflammatory markers
and disease activity scores, and it acts as a biomarker of
treatment response [9]. Regarding IBD, the evidence for
calprotectin is less clear; only a few studies have been
conducted, and the data are conflicting. Regarding serum
calprotectin, some promising studies have shown that it can
discriminate between active and inactive IBD and predict
outcomes, but these findings have not been replicated in
other studies [10, 11]. For plasma calprotectin, data re-
garding its utility as a biomarker in IBD are scarce; only one
study showing superiority over serum calprotectin as a
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biomarker of disease activity has been published, but this
study included patients with UC only and was limited by its
small sample size [12]. Thus, the aim of the present study
was to prospectively assess the diagnostic accuracy of serum
and plasma calprotectin in a comparatively large cohort of
patients with both CD and UC. This study assessed the
utility of using blood calprotectin as a potential biomarker
of remission in patients with IBD.

Materials and Methods

Study Design

This was a prospective observational study that en-
rolled patients from the Nancy IBD cohort between
December 1, 2010, and March 1, 2012, in the ambulatory
care facility of the Department of Gastroenterology of the
University Hospital of Nancy at the time of their in-
fliximab schedule. Patients were not included in the study
if they presented with signs of infection. The diagnosis of
infection was based on clinical evaluation performed at
the discretion of the investigator. This assessment could
include patient-reported symptoms, physical examina-
tion findings suggestive of infection, and biological pa-
rameters such as leukocytosis (white blood cell
count >12,000/mm?), elevated CRP (CRP >20 mg/L), or
elevated procalcitonin levels (>0.5 ng/mL).

Primary and Secondary Objectives

The primary objective of this study was to assess the
diagnostic accuracy of plasma calprotectin for predicting
remission in patients with IBD. The secondary objectives
were as follows: (1) to compare the diagnostic accuracy of
calprotectin and high-sensitivity C-reactive protein (hs-
CRP) for predicting clinical remission in patients with
IBD; (2) to assess the correlation between plasma cal-
protectin and hs-CRP among UC and CD patients and to
compare correlation coefficients between IBD subtypes;
(3) to compare the blood concentration of calprotectin in
paired serum and plasma samples; and (4) to compare
two calprotectin assays to assess the equality of mea-
surements from two different analytical methods as part
of quantitative bioanalytical method validation.

Measured Outcomes

Clinical and biological disease activity markers were
measured at the time of the patient visit. The simple
clinical colitis activity index (SCCAI) [13] and the
Crohn’s disease activity index (CDAI) [14] were used for
assessing clinical activity in patients with UC and CD,
respectively. In patients with UC, clinical remission was
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defined as an SCCAI <2 [15]. In patients with CD, clinical
remission was defined as a CDAI <150 [16]. For each
patient, biological data were collected prospectively in an
electronic database and extracted for the purposes of the
study using the General Laboratory Information Man-
agement System (GLIMS, version 8.11.6, MIPS France
S.a.rl, Paris, France). The following data were available
in the electronic database: patient identification number;
patient age at the time of blood collection; date and time
of blood sampling; hemoglobin (g/dL); hematocrit (%);
mean corpuscular volume (fL); mean corpuscular he-
moglobin concentration (g/dL); red blood cells (x10°/L);
leukocytes (x10°/L); neutrophils (x10°/L); lymphocytes
(x10°/L); monocytes (x10°/L); eosinophils (x10°/L);
basophils (x10°/L); platelets (x10°/L); albumin (g/L); hs-
CRP (mg/L); and procalcitonin (ng/mL).

Plasma Calprotectin Assays

Plasma calprotectin was measured using the following
two methods according to the manufacturer’s recom-
mendations: (1) Calprest”" and Eurospital ELISA kits for
calprotectin quantification (Mast Diagnostic, Amiens,
France), which is a manual technique, and (2) Calpro-
tectin  Fluorenzyme-Immunoassay (ELA"™, Thermo
Fisher Scientific, Saint-Quentin-en-Yvelines, France),
which is an automated technique. Blood samples for the
calprotectin assay were collected on the same day as the
patient’s clinical evaluation. Blood samples were collected
in EDTA tubes and stored at —20°C until use in the
Laboratory of Biochemistry Molecular Biology and Nu-
trition of the University Hospital of Nancy. The readers of
the calprotectin assay were blinded to the clinical diag-
nosis and the inflammatory activity of the patients. The
data are expressed in ng/mL.

Statistical Analyses

All quantitative variables are described as medians and
percentiles (interquartile ranges [IQRs], 25th-75th per-
centiles). All proportions are expressed as percentages with
95% confidence intervals (95% Cls). The diagnostic accuracy
of plasma calprotectin was evaluated using receiver oper-
ating characteristic (ROC) analysis according to DeLong
et al. [17]. In each ROC analysis, patients with the classi-
fication criterion were opposed to patients without the
classification criterion. For each ROC analysis, the diagnostic
accuracy results were as follows: sensitivity, specificity,
positive predictive value (PPV), negative predictive value,
and area under the receiver operating characteristic (AU-
ROC) curve with the associated p value. For each ROC
analysis, the optimal calprotectin threshold was defined
using the Youden index (J). The bias-corrected and
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accelerated bootstrap interval after 10,000 iterations for the
Youden index and its associated criterion value was cal-
culated [18]. The comparison of AUROC values was per-
formed using the procedure proposed by DeLong et al. [17].
Correlations were studied using Spearman’s nonparametric
correlation coefficients. The comparison of serum calpro-
tectin concentrations according to disease activity subgroup
was performed using the Kruskal-Wallis test. The com-
parison of the calprotectin concentration between paired
plasma and serum samples was performed using the Wil-
coxon test. Quantitative bioanalytical method validation for
assessing the agreement between the two calprotectin assays
was performed using Passing and Bablok regression [19].
Systematic differences, proportional differences, and ran-
dom differences between the two methods were calculated.
All the statistical analyses were conducted with MedCalc®
(version 22.021, MedCalc Software Ltd., Ostend, Belgium)
based on a two-sided type I error with an alpha level of 0.05.

Results

Description of the Studied Population

Between December 1, 2010, and March 1, 2012, 308
visits (UC =99 and CD = 209) were recorded for 131 IBD
patients (UC = 32 and CD = 99) and were included in the
study. The median age of patients at inclusion was
35 years (IQR, 28 to 49), and males represented 55% (72/
131) of the total cohort. Among UC patients, the median
SCCALI was 0, and clinical remission was noted in 74%
(73/99) of patients. Among patients with CD, the median
CDALI was 46, and remission was noted in 86% (179/209)
of patients (Table 1). The hematological and biochemical
parameters of the UC and CD groups were comparable,
except for hs-CRP, which was significantly higher in the
CD group (10.4 mg/L vs. 1.2 mg/L; p < 0.0001) (Table 1).

Primary Objective

Ulcerative Colitis

Among the UC patients, the median plasma calpro-
tectin concentrations were 6.3 ng/mL and 5.4 ng/mL
according to the EliA™ and Calprest'™ assays, respectively
(Table 2). Plasma calprotectin had good diagnostic ac-
curacy for diagnosing remission among the UC patients.
Using the EliA™ assay, a calprotectin concentration of
10.5 ng/mL had a sensitivity of 98.6%, a specificity of
100%, a PPV of 100%, a negative predictive value of
96.3%, and an AUROC of 0.999 for diagnosing remission
(Table 3). In patients in clinical remission, the median
plasma calprotectin concentration was 4.7 ng/mL (IQR,
3.6 to 6.8) compared to 11.1 ng/mL (IQR, 13.9 to 28.3) in
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Table 1. Biochemical and hematological findings of UC and CD patients included in the study

All patients (n = 131)

CD patient visits (n = 209)

UC patient visits (n = 99)

n median IQR (25-75) n median IQR (25-75) n median  IQR (25-75)
Biochemical findings
hs-CRP (mg/L) 131 79 1.3-15.9 209 104 6.4-19.3 929 1.2 0.6-7.2
Albumin (g/L) 131 406 37.3-436 209 40.2 37.0-43.0 99 4138 38.7-44.4
Procalcitonin (ng/mL) 131 0.09 0.07-0.12 209 0.09 0.07-0.12 98 0.09 0.08-0.12
Hematological findings
Hemoglobin (g/dL) 131 13.9 13.0-14.9 178 137 13.0-14.8 84 142 13.3-15.0
Hematocrit (%) 131 423 39.6-45.0 178 420 39.5-45.0 84 427 40.0-45.1
MCV (fL) 131 88 85-92 159 88 84-92 71 89 87-92
MCHC (g/dL) 131 329 32.1-333 159 328 32.1-33.2 71 330 32.1-33.8
Red blood cells (x10°/L) 131  4.83 443-5.16 159 485 4.41-5.16 71 479 4.49-5.17
Leukocytes (x10°/L) 131 7.64 6.47-9.66 159 7.96 6.42-10.04 71 7.51 6.74-8.85
Neutrophils (x10%/L) 131  5.08 3.96-6.75 159 5.28 4.06-6.98 71 450 3.21-5.61
Lymphocytes (x10°/L) 131 1.99 1.55-2.47 159 1.99 1.48-2.44 71 2.00 1.74-2.78
Monocytes (x10°/L) 131 049 0.38-0.61 159 049 0.38-0.60 71 0.51 0.36-0.65
Eosinophils (x10%/L) 131 0.16 0.09-0.23 159 0.15 0.09-0.22 71 0.16 0.10-0.29
Basophils (x10%/L) 131 0.04 0.03-0.06 159  0.040 0.03-0.06 71 0.04 0.03-0.06
Platelets (x10°/L) 131 279 242-348 159 287 247-366 71 262 218-322

CD, Crohn’s disease; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; SCCAI, simple clinical colitis activity index; MCV,
mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; IQR, interquartile range; UC, ulcerative colitis.

Table 2. Plasma calprotectin values in patients with UC and CD

Median Range (min-max) IQR (25-75)

Plasma calprotectin, Calprest™ (manual method), ng/mL

IBD 9.1 0.0-199.3 3.9-164

ucC 54 0.0-48.1 1.4-10.6

D 10.8 0.0-199.3 5.6-17.1
Plasma calprotectin, EiIA™ (automated method), ng/mL

IBD 9.9 1.7-231.1 5.1-17.6

ucC 6.3 2.2-73.2 3.8-11.1

D 11.7 1.7-231.1 6.3-20.2

Min, minimum; Max, maximum; IQR, interquartile range.

patients without clinical remission (p < 0.0001) (Fig. 1a;
online suppl. Table 1; for all online suppl. material, see
https://doi.org/10.1159/000545722). There was no over-
lap in the plasma calprotectin concentration between
these 2 patient subgroups (Fig. 1a).

Crohn’s Disease

Among the CD patients, the median plasma calprotectin
concentrations were 11.7 ng/mL and 10.8 ng/mL according
to the EiA™ and Calprest " assays, respectively (Table 2).
Plasma calprotectin had poor diagnostic accuracy for di-
agnosing remission among the CD patients (Table 3).

Plasma Calprotectin in IBD

Secondary Objectives

Comparison of the Diagnostic Accuracy of Plasma

Calprotectin and hs-CRP

The ROC-defined optimal thresholds were used for
calprotectin and hs-CRP. In the UC patients, plasma
calprotectin (automated method EliA™) (AUROC =
0.993, standard error = 0.01, 95% CI: 0.951 to 1.000)
had a significantly higher diagnostic accuracy than hs-
CRP (AUROC = 0.933, standard error = 0.03, 95% CI:
0.864 to 0.973) for diagnosing remission, with an
absolute difference between the AUROC values of 0.06
(95% CI: 0.008 to 0.113; p = 0.03 for AUROC com-
parison) (Fig. 1b and online suppl. Table 2). In the CD
visits, the diagnostic accuracy of plasma calprotectin
using both techniques did not differ significantly from
that of hs-CRP for diagnosing remission (online suppl.
Table 3).

Analysis of Correlation Coefficients between hs-CRP

and Plasma Calprotectin and Comparisons between

UC Patients and CD Patients

In the IBD patients, plasma calprotectin was sig-
nificantly correlated with hs-CRP (online suppl. Ta-
ble 5). According to both calprotectin assay methods,
the correlation between plasma calprotectin and hs-
CRP was significantly higher in UC patients (rho
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Table 3. Diagnostic accuracy of plasma calprotectin and CRP for diagnosing remission in IBD patients

UC (n = 99)

CD (n = 209)

plasma calprotectin, plasma calprotectin, hs-CRP
EliA™ (automated) Calprest™ (manual)

plasma calprotectin,
EliIA™ (automated)

plasma calprotectin, hs-CRP
Calprest™ (manual)

AUROC? 0.999P 0.986P 0.960 0.675¢ 0.662°¢ 0.716

SE 0.001 0.01 0.02 0.05 0.05 0.05

95% Cl  0.962-1.000 0.939-0.999 0.900-0.989 0.607-0.738 0.594-0.726 0.649-0.776
Optimal <105 <8.1 <5.9 <10.2 <133 <11.8
threshold
Sensitivity ~ 98.63 87.67 90.41 4804 67.6 62.01

95% Cl  92.6-100.0 77.9-94.2 81.2-96.1  40.5-55.6 60.2-74.4 54.5-69.1
Specificity 100 100 96.15 83.33 63.33 76.67

95% Cl  86.8-100.0 86.8-100.0 80.4-99.9  65.3-94.4 43.9-80.1 57.7-90.1
PPV 100 100 98.5 94.5 91.7 94.1

95% Cl  95.0-100.0 94.4-100.0 92.0-100.0 87.6-98.2 85.6-95.8 88.2-97.6
NPV 96.3 743 78.1 212 247 253

95% Cl  81.0-99.9 56.7-87.5 60.0-90.7  14.2-29.7 15.6-35.8 16.7-35.5
p value? <0.0001 <0.0001 <0.0001 0.0003 0.001 <0.0001

CRP, C-reactive protein; 95% Cl, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value; SE,
standard error. 2Diagnostic accuracy calculated via ROC analysis according to DeLong et al. [17]. PComparison of AUROC values for
calprotectin accuracy between the two assays (EliIA™ vs. Calprest™, p = 0.10). “Comparison of the accuracy of the AUROC values for
calprotectin between the two assays (EliIA™ vs. Calprest™, p = 0.3).

0.763) than in CD patients (rtho = 0.414; p < 0.0001 for
correlation coefficient comparisons) (online suppl.
Table 5; Fig. 2).

Comparison of Blood Concentrations of Calprotectin

in Plasma and Serum

Plasma and serum calprotectin levels were measured in
19 patients with both UC and CD who had concomitant
blood samples collected in dry tubes and EDTA tubes for
serum and plasma preparation, respectively. These pa-
tients had a hs-CRP concentration less than 10 mg/L. The
median concentration of calprotectin in the plasma
samples was 7.0 ng/mL (IQR, 4.9 to 10.2; range: 2.3 to
24.8 ng/mL), whereas the median concentration of cal-
protectin in the serum samples was 72.5 ng/mL (IQR, 62.5
to 98.1; range: 12.2 to 254.9 ng/mL) (p < 0.0001, Wilcoxon
test for paired samples). The Hodges-Lehmann median
difference between serum and plasma calprotectin levels
was 70.2 ng/mL (95% CI: 51.7-126.6; p < 0.0001).
Moreover, the plasma calprotectin concentrations were
not correlated with those measured in serum samples
(rho = 0.181, 95% CI: —0.298 to 0.587; p = 0.46). The
median serum-to-plasma calprotectin concentration ratio
was 12-fold, ranging from 2- to 36-fold (Fig. 3).
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Assessment of the Equality of Measurements from

the Two Different Analytical Methods for

Calprotectin Assays in Plasma Samples

Passing and Bablok regression was used to compare
the two previously reported calprotectin quantification
methods (Calprest™ and ElA™). The systematic dif-
ference between the two methods was 1.7 ng/mL (95% CI:
1.0 to 2.0), and the proportional difference had a slope of
1.05 (95% CI: 1.01 to 1.10). Regarding random differ-
ences, the residual standard deviation was 3.16 (+1.96
residual standard deviation interval: —-6.19 to 6.19)
(online suppl. Table 4; Fig. 1A).

Discussion

There is an unmet need for novel blood-based bio-
markers, as compliance with stool-based testing is poor
[4]. Patient compliance with IBD monitoring is essential
for timely detection of disease relapse and for monitoring
treatment effectiveness to prevent disease progression
and maximize patient quality of life. Given the strong
associations seen with remission, this study showed that
plasma calprotectin may represent a promising

Honap et al.
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biomarker for predicting remission in patients with UC
with a high diagnostic yield.

The utility of plasma and serum calprotectin in dis-
criminating patients with active IBD from those with
inactive IBD has previously been shown in a small
number of studies. Only one study has reported the utility
of plasma calprotectin. In a prospective study of 84 pa-
tients, Malham et al. [12] reported that plasma calpro-
tectin levels distinguish patients with active UC from
those in remission and that these levels are positively
correlated with UC disease extent (rho = 0.53, p < 0.0001),
symptoms (rho = 0.54, p = 0.002), endoscopy (rho = 0.39,
p = 0.0003), and histological outcomes (rho = 0.28, p =
0.01). The present study showed that plasma calprotectin
concentrations were not correlated with those measured
in serum samples. However, Malham et al. [12] reported
that plasma calprotectin is more strongly correlated with
all outcome variables compared to serum calprotectin.

Data regarding the role of serum calprotectin as a
biomarker are more conflicting, but several studies have
shown promising results. Kalla et al. [20] prospectively
derived a multi-biomarker model with both diagnostic
and prognostic utility in a cohort of 177 patients. These
researchers reported that serum calprotectin is strongly
correlated with fecal calprotectin, and it is the strongest
individual predictor of IBD compared to other blood
parameters [20]. A prognostic model that combines CRP
and albumin can predict treatment escalation in 65% of
IBD patients (95% CI: 43-79%) and 80% of CD patients
(95% CI: 31-94%) [20]. In the context of acute severe UC
in a small prospective study, Hare et al. [21] showed that
serum calprotectin significantly correlates with CRP
(R2 = 046, p < 0.0001) and albumin (R2 = 0.12, p =
0.023), and serum calprotectin is comparable to CRP
when predicting outcome. Similarly, Meuwis et al. [22]
reported that serum calprotectin is significantly corre-
lated with serum hs-CRP, and both are correlated sim-
ilarly to the CDAI and significantly decreased after IFX
treatment in patients with active disease. The correlation
between serum and fecal calprotectin levels is weak but
significant; however, while fecal calprotectin levels are
correlated with endoscopic severity, serum calprotectin
levels are not. Of note, other studies have not replicated
these findings with serum calprotectin [10, 11].

In contrast to CD, intestinal inflammation in UC is
characteristically restricted to the mucosal layer, and
inflammatory infiltrates consist primarily of granulocytes
during acute flare-ups and accumulate in crypt abscesses
[1]. The movement of neutrophils into the colonic
mucosa in UC is induced by chemokines, including IL-8
and leukotriene B4 [23]. In UC, neutrophil accumulation
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within epithelial crypts and in the intestinal mucosa
directly correlates with clinical disease activity and epi-
thelial injury [24]. In the present study, the correlation
between hs-CRP and plasma calprotectin was signifi-
cantly greater in UC patients than in CD patients, which
may explain granulocytes being primarily involved in the
pathogenesis of UC but not in that of CD [1]. Consis-
tently, a recent meta-analysis of 13 studies has shown that
fecal calprotectin is a reliable marker for assessing IBD
activity and has a greater ability to evaluate disease ac-
tivity in UC patients than in CD patients [25]. Fur-
thermore, a previous study of 79 IBD patients followed
for 12 months has shown that fecal calprotectin is an even
stronger predictor of clinical relapse in UC patients than
in CD patients [26].

During blood coagulation, neutrophils are activated and
release the contents of their granules, including calpro-
tectin, elastase, and lactoferrin [27]. In the present study,
the median serum-to-plasma calprotectin concentration
ratio was approximately 12-fold (range 2- to 36-fold).
These differences were observed in paired samples collected
simultaneously from the same patients, thereby minimizing
the influence of clinical confounders such as medication
use, disease duration, or sampling variability. We interpret
this consistent discrepancy as primarily attributable to a
pre-analytical artifact related to the biological processes
involved in serum preparation. Specifically, neutrophil
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degranulation during clotting has been shown to release
intracellular calprotectin into the serum, leading to artificial
elevation of its measured concentration. Recent studies
have demonstrated that plasma calprotectin more accu-
rately reflects in vivo levels of inflammation and avoids this
clotting-induced bias. For example, in patients with UC,
plasma calprotectin has been shown to better correlate with
intestinal inflammation than serum calprotectin, high-
lighting its superior analytical validity [12]. Additional data
further support that plasma calprotectin reflects true cir-
culating levels, as intracellular stores within leukocytes are
released into the serum during coagulation, significantly
inflating serum concentrations [28, 29].

The measurement of plasma calprotectin may represent a
potential biomarker for therapeutic monitoring of patients
with UC. Plasma, rather than serum, should be used for
calprotectin quantification to avoid underestimation due to
neutrophil degranulation during clot formation. Plasma
calprotectin offers several potential advantages in the routine
monitoring of patients with IBD, including simplified
sample handling, improved standardization, and better
patient adherence compared to fecal calprotectin. Addi-
tionally, unlike fecal sampling, plasma collection is less
invasive, more acceptable to patients, and more compatible
with centralized testing workflows. IBD monitoring, par-
ticularly during drug development, requires an accurate,
reproducible, and valid biomarker. In IBD, disease activity
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tectin concentrations between plasma and
serum samples collected concomitantly
from patients with IBD.

Plasma Serum

biomarkers consist of a wide variety of substances found in
blood, stool, or urine [3]. These biomarkers correlate with
intestinal inflammation and act as surrogates for clinical
endpoints. The main advantages of using biomarkers are
reproducibility, ease of statistical handling as a continuous
variable, and consistent measurement of treatment response.

There are other biomarkers in IBD that appear
promising for monitoring therapeutic response. In-
creased levels of leucine-rich alpha-2 glycoprotein (LRG),
which is predominantly derived from leucocytes, intes-
tinal epithelial cells, and hepatocytes, have been found in

Plasma Calprotectin in IBD

IBD patients with clinically and endoscopically active
disease [3, 30-32]. While for UC, LRG was not able to
outperform fecal calprotectin, there are some data
showing superiority over CRP in CD [3, 30-33]. Simi-
larly, anti-integrin avf6 autoantibodies may also serve as
novel blood-based biomarkers for the diagnosis and
monitoring of disease activity in IBD and could play a role
in future decision-making [34-37].

The present study had several limitations. First, the re-
sults were obtained from a single center, indicating the need
for verification in independent cohorts. Second, the absence
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of direct correlation data with endoscopic activity or fecal
calprotectin - both recognized as validated surrogates for
mucosal healing — represents a key limitation of our study.
Although objective evaluation was performed, endoscopy
was not performed in patients at the time of their inclusion.
In patients with UC, however, the SCCAI does have a
specificity of 96% and a PPV of 94% for detecting endo-
scopically active disease [38]. The lack of fecal calprotectin
also hindered comparison to serum and plasma calpro-
tectin. Third, this study only recruited IBD patients re-
ceiving anti-TNF therapy; however, the primary aim of this
study was to assess the diagnostic accuracy of plasma
calprotectin as a potential biomarker of remission, a highly
desirable goal in patients treated with biologics. Fourth,
clinical remission was used as a gold standard in this study,
which arguably should be definable without biomarker
assistance for face-to-face assessments. Biomarkers aimed at
identifying clinical remission may have limited utility
outside remote monitoring by healthcare professionals,
which is not feasible solely through blood tests. Finally, as
we did not systematically capture the Montreal classification
(for UC and CD) at enrolment, we were unable to perform a
sensitivity analysis stratified by disease location, which is
important as disease distribution may influence biomarker
performance.

Conclusion

Plasma calprotectin may represent a simple and
noninvasive biomarker for monitoring disease activity in
UC patients receiving infliximab. The data derived from
this study are promising and warrant further detailed
exploration and validation in large multicenter cohorts.

Acknowledgments

The authors thank the patients and institutions involved in this
study and Mrs. Catherine Gurgul for providing logistical support.

Statement of Ethics

The Nancy IBD cohort has been reported to the French Na-
tional Commission for Data Protection and Liberties (CNIL No.
1404720), which supervises the protection of individuals regarding
the processing of personal data. The present study was approved
by the University Hospital of Nancy Ethics Committee (protocol
ID, Version No. 1 of 08/02/2010). Written informed consent was
provided for study enrolment, and the research was conducted
ethically in accordance with the World Medical Association
Declaration of Helsinki.

Inflamm Intest Dis 2025;10:104-114
DOI: 10.1159/000545722

112

Conflict of Interest Statement

S.H. has served as a speaker, a consultant, and/or an advisory
board member for Pfizer, Janssen, AbbVie, Lilly, Banook, and
Takeda, and has received travel grants from Ferring and Phar-
macosmos. L.P.-B. reports consulting fees from AbbVie, Abivax,
Adacyte, Alimentiv, Amgen, Applied Molecular Transport, Arena,
Banook, Biogen, BMS, Celltrion, Connect Biopharma, Cytoki
Pharma, Enthera, Ferring, Fresenius Kabi, Galapagos, Genentech,
Gilead, Gossamer Bio, GSK, IAC Image Analysis, Index Phar-
maceuticals, Inotrem, Janssen, Lilly, Medac, Mopac, Morphic,
MSD, Nordic Pharma, Novartis, Oncodesign Precision Medicine,
ONO Pharma, OSE Immunotherapeutics, Pandion Therapeutics,
Pfizer, Prometheus, Protagonist, Roche, Samsung, Sandoz, Sanofi,
Takeda, Telavant, Theravance, Thermo Fisher, TiGenix, Tillotts,
Viatris, VectivBio, Ventyx, and YSOPIA; grant support from
Celltrion, Fresenius Kabi, Medac, MSD, and Takeda; lecture fees
from AbbVie, Amgen, Arena, Biogen, Celltrion, Ferring, Gal-
apagos, Genentech, Gilead, Janssen, Lilly, Medac, MSD, Nordic
Pharma, Pfizer, Sandoz, Takeda, Tillotts, and Viatris; and travel
support from AbbVie, Amgen, Celltrion, Connect Biopharma,
Ferring, Galapagos, Genentech, Gilead, Gossamer Bio, Janssen,
Lilly, Medac, Morphic, MSD, Pfizer, Sandoz, Takeda, Thermo
Fisher, and Tillotts. All other authors declare no competing
interests.

Funding Sources

This work received a grant from the University Hospital of
Nancy as part of a Contract Clinical Research Program (protocol ID,
Version No. 1 of 08/02/2010). Mast Diagnostic (Amiens, France)
kindly provided Calprest™ and Eurospital ELISA kits for calpro-
tectin quantification. Thermo Fisher Scientific (Saint-Quentin-en-
Yvelines, France) kindly provided the EHA™ Calprotectin
Fluorenzyme-Immunoassay for calprotectin determination.

Author Contributions

S.H. interpreted the data and drafted the manuscript; A.O.,,
LA.-G,, and L.P.-B. developed the study concept and design, acquired
the data, interpreted the data, drafted the manuscript, critically revised
the manuscript for important intellectual content, and approved the
final draft; A.O. performed the statistical analyses; S.S.: acquired the
data, critically revised the manuscript for important intellectual
content, and approved the final draft; J.F. and J.P. performed the
biochemical assays, critically revised the manuscript for important
intellectual content, and approved the final draft; L.P.-B.: critically
revised the manuscript for important intellectual content and ap-
proved the final draft; L.P.-B. and A.O. enrolled patients in the study.

Data Availability Statement

Data are available on reasonable request. The data that support
the findings of this study are not publicly available due to in-
formation that could compromise the privacy of research par-
ticipants but are available from the corresponding author S.H.
upon reasonable request (sailish.honap@kcl.ac.uk).

Honap et al.


mailto:sailish.honap@kcl.ac.uk
https://doi.org/10.1159/000545722

—_

\S}

w

w

=)

~

(e}

O

—_

References

Le Berre C, Honap S, Peyrin-Biroulet L.
Ulcerative colitis. Lancet. 2023;402(10401):
571-84. https://doi.org/10.1016/s0140-
6736(23)00966-2

Dolinger M, Torres ], Vermeire S. Crohn’s
disease. Lancet. 2024;403(10432):1177-91.
https://doi.org/10.1016/s0140-6736(23)
02586-2

Clough J, Colwill MJ, Poullis A, Pollok R, Patel
K, Honap S. Biomarkers in inflammatory
bowel disease: a practical guide. Therap Adv
Gastroenterol.  2024;17:17562848241251600.
https://doi.org/10.1177/17562848241251600
Maréchal C, Aimone-Gastin I, Baumann C,
Dirrenberger B, Guéant ], Peyrin-Biroulet L.
Compliance with the faecal calprotectin test
in patients with inflammatory bowel disease.
United European Gastroenterol J. 2017;5(5):
702-7. https://doi.org/10.1177/
2050640616686517

Viguier ], Calazel-Benque A, Eisinger F, Pivot
X. Organized colorectal cancer screening
programmes: how to optimize efficiency
among general practitioners. Eur ] Cancer
Prev. 2011;20(Suppl 1):526-32. https://doi.
0rg/10.1097/01.cej.0000391567.49006.af
Gellad ZF, Stechuchak KM, Fisher DA, Olsen
MK, McDuffie JR, Ostbye T, et al. Longitu-
dinal adherence to fecal occult blood testing
impacts colorectal cancer screening quality.
Am ] Gastroenterol. 2011;106(6):1125-34.
https://doi.org/10.1038/ajg.2011.11

Fisher DA, Princic N, Miller-Wilson LA, Wil-
son K, DeYoung K, Ozbay AB, et al. Adherence
to fecal immunochemical test screening among
adults at average risk for colorectal cancer. Int J
Colorectal Dis. 2022;37(3):719-21. https://doi.
0rg/10.1007/s00384-021-04055-w

Dajti E, Frazzoni L, Iascone V, Secco M,
Vestito A, Fuccio L, et al. Systematic review
with meta-analysis: diagnostic performance of
faecal calprotectin in distinguishing inflam-
matory bowel disease from irritable bowel
syndrome in adults. Aliment Pharmacol Ther.
2023;58(11-12):1120-31. https://doi.org/10.
1111/apt.17754

Romand X, Bernardy C, Nguyen MVC,
Courtier A, Trocme C, Clapasson M, et al.
Systemic calprotectin and chronic inflam-
matory rheumatic diseases. Joint Bone Spine.
2019;86(6):691-8. https://doi.org/10.1016/j.
jbspin.2019.01.003

Fukunaga S, Kuwaki K, Mitsuyama K,
Takedatsu H, Yoshioka S, Yamasaki H, et al.
Detection of calprotectin in inflammatory
bowel disease: fecal and serum levels and
immunohistochemical localization. Int ] Mol
Med. 2018;41(1):107-18. https://doi.org/10.
3892/ijmm.2017.3244

McCann RK, Smith K, Gaya DR. A pro-
spective single centre pilot evaluation of a
serum calprotectin assay in unselected GI
patients. Clin Biochem. 2017;50(9):533-6.

Plasma Calprotectin in IBD

12

13

14

15

16

17

18

19

20

21

https://doi.org/10.1016/j.clinbiochem.2017.
01.006

Malham M, Carlsen K, Riis L, Paerregaard A,
Vind I, Fenger M, et al. Plasma calprotectin is
superior to serum calprotectin as a biomarker
of intestinal inflammation in ulcerative Co-
litis. Scand ] Gastroenterol. 2019;54(10):
1214-9. https://doi.org/10.1080/00365521.
2019.1665097

Walmsley RS, Ayres RC, Pounder RE, Allan
RN. A simple clinical colitis activity index.
Gut. 1998;43(1):29-32. https://doi.org/10.
1136/gut.43.1.29

Best WR, Becktel JM, Singleton JW. Re-
derived values of the eight coefficients of the
Crohn’s Disease Activity Index (CDAI).
Gastroenterology. 1979;77(4):843-6. https://
doi.org/10.1016/0016-5085(79)90384-6
Pedersen N, Thielsen P, Martinsen L, Ben-
nedsen M, Haaber A, Langholz E, et al.
eHealth: individualization of mesalazine
treatment through a self-managed web-based
solution in mild-to-moderate ulcerative co-
litis. Inflamm Bowel Dis. 2014;20(12):
2276-85. https://doi.org/10.1097/MIB.
0000000000000199

Levesque BG, Sandborn WJ, Ruel J, Feagan
BG, Sands BE, Colombel JF. Converging goals
of treatment of inflammatory bowel disease
from clinical trials and practice. Gastroen-
terology. 2015;148(1):37-51.el. https://doi.
org/10.1053/j.gastro.2014.08.003

DeLong ER, DeLong DM, Clarke-Pearson
DL. Comparing the areas under two or more
correlated receiver operating characteristic
curves: a nonparametric approach. Biomet-
rics. 1988;44(3):837-45. https://doi.org/10.
2307/2531595

Efron B, Tibshirani R]. An introduction to
the bootstrap. New York: Chapman and Hall/
CRG; 1994; p. 456.

Passing H, Bablok. A new biometrical pro-
cedure for testing the equality of measure-
ments from two different analytical methods.
Application of linear regression procedures
for method comparison studies in clinical
chemistry, Part I. J Clin Chem Clin Biochem.
1983;21(11):709-20. https://doi.org/10.1515/
cclm.1983.21.11.709

Kalla R, Kennedy NA, Ventham NT, Boya-
pati RK, Adams AT, Nimmo ER, et al. Serum
calprotectin: a novel diagnostic and prog-
nostic marker in inflammatory bowel dis-
eases. Am ] Gastroenterol. 2016;111(12):
1796-805. https://doi.org/10.1038/ajg.
2016.342

Hare NC, Kennedy NA, Kingstone K, Arnott
ID, Shand AG, Palmer KR, et al. PTH-082
serum calprotectin: a novel biomarker to
predict outcome in acute severe ulcerative
colitis? Gut. 2013;62(Suppl 1):A244.2-5.
https://doi.org/10.1136/gutjnl-2013-
304907.569

22

23

24

25

26

29

32

Meuwis MA, Vernier-Massouille G, Grimaud
JC, Bouhnik Y, Laharie D, Piver E, et al.
Serum calprotectin as a biomarker for
Crohn’s disease. ] Crohns Colitis. 2013;7(12):
€678-683. https://doi.org/10.1016/j.crohns.
2013.06.008

Cole AT, Pilkington BJ, McLaughlan J, Smith
C, Balsitis M, Hawkey CJ. Mucosal factors
inducing neutrophil movement in ulcerative
colitis: the role of interleukin 8 and leuko-
triene B4. Gut. 1996;39(2):248-54. https://
doi.org/10.1136/gut.39.2.248

Naito Y, Takagi T, Yoshikawa T. Neutrophil-
dependent oxidative stress in ulcerative co-
litis. J Clin Biochem Nutr. 2007;41(1):18-26.
https://doi.org/10.3164/jcbn.2007003

Lin JF, Chen JM, Zuo JH, Yu A, Xiao Z], Deng
FH, et al. Meta-analysis: fecal calprotectin for
assessment of inflammatory bowel disease
activity. Inflamm Bowel Dis. 2014;20(8):
1407-15. https://doi.org/10.1097/MIB.
0000000000000057

Costa F, Mumolo MG, Ceccarelli L, Bellini M,
Romano MR, Sterpi C, et al. Calprotectin is a
stronger predictive marker of relapse in ul-
cerative colitis than in Crohn’s disease. Gut.
2005;54(3):364-8. https://doi.org/10.1136/
gut.2004.043406

Adeyemi EO, Hodgson HJ. Augmented re-
lease of human leucocyte lactoferrin (and
elastase) during coagulation. J Clin Lab Im-
munol. 1988;27(1):1-4.

Asberg A, Lofblad L, Felic A, Hov GG. Mea-
suring calprotectin in plasma and blood with a
fully automated turbidimetric assay. Scand |
Clin Lab Invest. 2019;79(1-2):50-7. https://doi.
0rg/10.1080/00365513.2018.1550810

Nordal HH, Fagerhol MK, Halse AK,
Hammer HB. Calprotectin (S100A8/A9)
should preferably be measured in EDTA-
plasma; results from a longitudinal study of
patients with rheumatoid arthritis. Scand J
Clin Lab Invest. 2018;78(1-2):102-8. https://
doi.org/10.1080/00365513.2017.1419371
Horiuchi I, Horiuchi A, Umemura T. Serum
leucine-rich a2 glycoprotein: a biomarker for
predicting the presence of ulcerative colitis
but not ulcerative proctitis. J Clin Med. 2022;
11(21):6366. https://doi.org/10.3390/
jem11216366

Shimoyama T, Yamamoto T, Yoshiyama S,
Nishikawa R, Umegae S. Leucine-rich alpha-
2 glycoprotein is a reliable serum biomarker
for evaluating clinical and endoscopic disease
activity in inflammatory bowel disease. In-
flamm Bowel Dis. 2023;29(9):1399-408.
https://doi.org/10.1093/ibd/izac230
Yasutomi E, Inokuchi T, Hiraoka S, Takei K,
Igawa S, Yamamoto S, et al. Leucine-rich
alpha-2 glycoprotein as a marker of muco-
sal healing in inflammatory bowel disease. Sci
Rep. 2021;11(1):11086. https://doi.org/10.
1038/541598-021-90441-x

Inflamm Intest Dis 2025;10:104-114
DOI: 10.1159/000545722

113


https://doi.org/10.1016/s0140-6736(23)00966-2
https://doi.org/10.1016/s0140-6736(23)00966-2
https://doi.org/10.1016/s0140-6736(23)02586-2
https://doi.org/10.1016/s0140-6736(23)02586-2
https://doi.org/10.1177/17562848241251600
https://doi.org/10.1177/2050640616686517
https://doi.org/10.1177/2050640616686517
https://doi.org/10.1097/01.cej.0000391567.49006.af
https://doi.org/10.1097/01.cej.0000391567.49006.af
https://doi.org/10.1038/ajg.2011.11
https://doi.org/10.1007/s00384-021-04055-w
https://doi.org/10.1007/s00384-021-04055-w
https://doi.org/10.1111/apt.17754
https://doi.org/10.1111/apt.17754
https://doi.org/10.1016/j.jbspin.2019.01.003
https://doi.org/10.1016/j.jbspin.2019.01.003
https://doi.org/10.3892/ijmm.2017.3244
https://doi.org/10.3892/ijmm.2017.3244
https://doi.org/10.1016/j.clinbiochem.2017.01.006
https://doi.org/10.1016/j.clinbiochem.2017.01.006
https://doi.org/10.1080/00365521.2019.1665097
https://doi.org/10.1080/00365521.2019.1665097
https://doi.org/10.1136/gut.43.1.29
https://doi.org/10.1136/gut.43.1.29
https://doi.org/10.1016/0016-5085(79)90384-6
https://doi.org/10.1016/0016-5085(79)90384-6
https://doi.org/10.1097/MIB.0000000000000199
https://doi.org/10.1097/MIB.0000000000000199
https://doi.org/10.1053/j.gastro.2014.08.003
https://doi.org/10.1053/j.gastro.2014.08.003
https://doi.org/10.2307/2531595
https://doi.org/10.2307/2531595
https://doi.org/10.1515/cclm.1983.21.11.709
https://doi.org/10.1515/cclm.1983.21.11.709
https://doi.org/10.1038/ajg.2016.342
https://doi.org/10.1038/ajg.2016.342
https://doi.org/10.1136/gutjnl-2013-304907.569
https://doi.org/10.1136/gutjnl-2013-304907.569
https://doi.org/10.1016/j.crohns.2013.06.008
https://doi.org/10.1016/j.crohns.2013.06.008
https://doi.org/10.1136/gut.39.2.248
https://doi.org/10.1136/gut.39.2.248
https://doi.org/10.3164/jcbn.2007003
https://doi.org/10.1097/MIB.0000000000000057
https://doi.org/10.1097/MIB.0000000000000057
https://doi.org/10.1136/gut.2004.043406
https://doi.org/10.1136/gut.2004.043406
https://doi.org/10.1080/00365513.2018.1550810
https://doi.org/10.1080/00365513.2018.1550810
https://doi.org/10.1080/00365513.2017.1419371
https://doi.org/10.1080/00365513.2017.1419371
https://doi.org/10.3390/jcm11216366
https://doi.org/10.3390/jcm11216366
https://doi.org/10.1093/ibd/izac230
https://doi.org/10.1038/s41598-021-90441-x
https://doi.org/10.1038/s41598-021-90441-x
https://doi.org/10.1159/000545722

33

34

Serada S, Fujimoto M, Terabe F, lijima H,
Shinzaki S, Matsuzaki S, et al. Serum leucine-
rich alpha-2 glycoprotein is a disease activity
biomarker in ulcerative colitis. Inflamm
Bowel Dis. 2012;18(11):2169-79. https://doi.
0rg/10.1002/ibd.22936

Livanos AE, Dunn A, Fischer J, Ungaro RC,
Turpin W, Lee SH, et al. Anti-integrin avﬁG
autoantibodies are a novel biomarker that
antedate ulcerative colitis. Gastroenterology.
2023;164(4):619-29. https://doi.org/10.1053/
j.gastro.2022.12.042

35

36

Marafini I, Laudisi F, Salvatori S, Lavigna D,
Venuto C, Giannarelli D, et al. Diagnostic value
of anti-integrin avf6 antibodies in ulcerative
colitis. Dig Liver Dis. 2024;56(1):55-60. https://
doi.org/10.1016/j.d1d.2023.06.024

Yokode M, Shiokawa M, Kawakami H, Ku-
wada T, Nishikawa Y, Muramoto Y, et al.
Anti-integrin avB6 autoantibodies are a po-
tential biomarker for ulcerative colitis-like
immune checkpoint inhibitor-induced coli-
tis. Br ] Cancer. 2024;130(9):1552-60. https://
doi.org/10.1038/s41416-024-02647-1

114

Inflamm Intest Dis 2025;10:104-114
DOI: 10.1159/000545722

37

38

Kuwada T, Shiokawa M, Kodama Y, Ota S,
Kakiuchi N, Nannya Y, et al. Identification of
an anti-integrin avp6 autoantibody in pa-
tients with ulcerative colitis. Gastroenterol-
ogy. 2021;160(7):2383-94.e21. https://doi.
org/10.1053/j.gastro.2021.02.019

Falvey D, Hoskin T, Meijer B, Ashcroft A,
Walmsley R, Day AS, et al. Disease activity
assessment in IBD: clinical indices and bio-
markers fail to predict endoscopic remission.
Inflamm Bowel Dis. 2015;21(4):824-31. https://
doi.org/10.1097/MIB.0000000000000341

Honap et al.


https://doi.org/10.1002/ibd.22936
https://doi.org/10.1002/ibd.22936
https://doi.org/10.1053/j.gastro.2022.12.042
https://doi.org/10.1053/j.gastro.2022.12.042
https://doi.org/10.1016/j.dld.2023.06.024
https://doi.org/10.1016/j.dld.2023.06.024
https://doi.org/10.1038/s41416-024-02647-1
https://doi.org/10.1038/s41416-024-02647-1
https://doi.org/10.1053/j.gastro.2021.02.019
https://doi.org/10.1053/j.gastro.2021.02.019
https://doi.org/10.1097/MIB.0000000000000341
https://doi.org/10.1097/MIB.0000000000000341
https://doi.org/10.1159/000545722

	Plasma Concentration of Calprotectin, but Not Serum Concentration, Is a Predictive Biomarker for Clinical Remission in Ulce ...
	Introduction
	Materials and Methods
	Study Design
	Primary and Secondary Objectives
	Measured Outcomes
	Plasma Calprotectin Assays
	Statistical Analyses

	Results
	Description of the Studied Population
	Primary Objective
	Ulcerative Colitis
	Crohn’s Disease

	Secondary Objectives
	Comparison of the Diagnostic Accuracy of Plasma Calprotectin and hs-CRP
	Analysis of Correlation Coefficients between hs-CRP and Plasma Calprotectin and Comparisons between UC Patients and CD Patients
	Comparison of Blood Concentrations of Calprotectin in Plasma and Serum
	Assessment of the Equality of Measurements from the Two Different Analytical Methods for Calprotectin Assays in Plasma Samples


	Discussion
	Conclusion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


