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Abstract

Background: The appropriate clinical use of fecal calpro-
tectin (fCal) might be compromised by incomplete harmo-
nization between assays and within- and between-sub-
jects variability. Our aim was to investigate the analytical
and biological variability of fCal in order to provide tools
for interpreting fCal in the clinical setting.

Methods: Experiments were conducted to investigate the
effects of temperature and storage time on fCal. Thirty-nine
controls were enrolled to verify biological variability, and
a case-control study was conducted on 134 controls and
110 IBD patients to compare the clinical effectiveness of
three different fCal assays: ELISA, CLIA and turbidimetry.
Results: A 12% decline in fCal levels was observed within
24 h following stool collection irrespective of storage tem-
perature. Samples were unstable following a longer storage
time interval at room temperature. Within- and between-
subjects fCal biological variability, at 31% and 72% respec-
tively, resulted in a reference change value (RCV) in the
region of 100%. fCal sensitivity in distinguishing between
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controls and IBD patients is satisfactory (68%), and the
specificity high (93%) among young (<65 years), but not
among older (=65 years) subjects (ROC area: 0.584; 95%
CI: 0.399-0.769). Among the young, assays have different
optimal thresholds (120 pg/g for ELISA, 50 pg/g for CLIA
and 100 ug/g for turbidimetry).

Conclusions: We recommend a standardized preanalytical
protocol for fCal, avoiding storage at room temperature for
more than 24 h. Different cutoffs are recommended for dif-
ferent fCal assays. In monitoring, the difference between
two consecutive measurements appears clinically signifi-
cant when higher than 100%, the fCal biological variabil-
ity-derived RCV.

Keywords: biological variability; calprotectin; Crohn’s
disease; inflammatory bowel diseases; ulcerative colitis.

Introduction

The widespread use of fecal calprotectin (fCal) determina-
tion in clinical practice has been challenged in the last few
decades by a more effective diagnostic workup for patients
with inflammatory bowel diseases (IBD), which comprise
Crohn’s disease (CD), ulcerative colitis (UC) and a subset
of conditions with clinical, endoscopic, radiological and
pathological phenotypes at the crossroads between CD
and UC, the so-called “IBD, type unclassified” [1]. Intes-
tinal inflammation is the common determinant of IBD,
UC being characterized by diffuse mucosal inflamma-
tion of the colon-rectum, whereas CD can affect any part
of the gastrointestinal tract, transmural inflammation
potentially causing stenosis, perforation and fistulae.
The administration of aminosalicylates, corticosteroids,
thiopurines, methotrexate and anti-TNF can be effective in
treating IBD, which typically occur in young subjects and
tend to become chronic, with alternating flare-ups and
remissions. Laboratory medicine can help clinicians to (1)
differentiate between IBD and irritable bowel syndrome
and make a diagnosis, (2) define the type of IBD (UC or
CD) and (3) monitor IBD to promptly detect flare-ups and
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predict response to therapy [2, 3]. Although not specific for
IBD, blood inflammatory biomarkers, such as C-reactive
protein, can be of value in the assessment of acute phases.
The sensitivity of markers in defining the IBD type, such as
UC-associated pANCA and CD-associated ASCA, is consid-
ered satisfactory but does not exceed 60% [2].

The two most extensively studied fecal biomarkers of
IBD, fCal (an S100A8/S100A9 calcium binding heterodi-
mer) and lactoferrin (an iron binding protein), have anti-
microbial properties, are released by inflammatory cells
infiltrating the gastrointestinal mucosa and are resistant
to proteolysis, which renders their measurement in stool a
reliable tracer of intestinal inflammation, although fCal is
reported to be more sensitive and specific than lactoferrin
[4, 5]. However, qualitative fCal assays are not clinically
useful, with the decision making being based on a quan-
titative result (ug/g). Different thresholds allow different
clinical questions to be addressed in different settings:
values below 50 pg/g in adults and 100 pg/g in children
rule out intestinal inflammation with a high negative pre-
dictive value (81% in primary and 98% in secondary care),
whereas values above 150 pug/g in adults and 300 ug/g in
children may be highly sensitive in predicting IBD (>90%)
[6-8]. In patients with a confirmed diagnosis of IBD,
values above 250 pug/g in adults and 500 pg/g in children
are useful in predicting disease activity, risk of relapse and
response to therapy [6, 9-12].

From a clinical laboratory perspective, both the pre-
analytical (stool storage, weighting and sampling with
dedicated devices) and the analytical (ELISA, chemilu-
minescence [CLIA] or turbidimetric assays) phases must
be verified. This appears more relevant now than ever
because UK NEQAS, the well-known organizer of exter-
nal quality assessment (EQA) schemes that started fCal
EQA after a pilot study in 2013 [13], discontinued its use
outside the British Isles in April 2016 in response to the
evidence that specimens deteriorated rapidly during
prolonged transport, a finding that contradicted previ-
ous claims that fCal was stable at room temperature (RT)
for at least 1 week, thus reigniting the debate regarding
optimal sample storage conditions for reliable results [14,
15]. Moreover, the reproducibility of sampling and weight-
ing has yet to be addressed because only a few non-sys-
tematic studies are available on this topic [13, 14, 16]. The
total variability of a given laboratory test depends not only
on preanalytical and analytical but also on biological vari-
ability. However, few authors have reported on fCal bio-
logical variability by evaluating minimal case series sets
[14, 16-18]. A reliable definition of biological variability
appears to be extremely relevant for fCal, in view of its role
in monitoring IBD patients, and is of crucial importance in
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establishing the reference change value (RCV), and ascer-
taining whether the difference between two consecutive
fCal results is of clinical significance [19].

Currently marketed fCal assays are based on three main
technologies, ELISA, CLIA and turbidimetry, but it has yet
to be established whether the different assays have compa-
rable clinical sensitivities and specificities and share the
same reference intervals and decision limits. If this is not
the case, it is important to establish whether the necessary
performances can be attained and, if so, how [6, 13, 20, 21].

The aim of the present study was to investigate the
preanalytical, analytical and clinical factors with a poten-
tial effect on fCal. We identified the best preanalytical
sample processing step, defined fCal biological variabil-
ity, and verified whether there are differences between
the clinical utility of fCal results obtained with different
assays (ELISA, CLIA and turbidimetry) in diagnosing IBD.

Materials and methods
Preanalytical stability

To assess the preanalytical stability of fCal, 7 subjects (1 M, 6 F, age
range 25-75 years) without and 14 subjects (6 M, 8 F, age range 18—
70 years) with IBD were enrolled. A fresh stool sample was obtained
from each subject. Within 2 h of collection, each stool was sampled
for fCal assay using the stool sample application system (Immundi-
agnostik AG, Bensheim, Germany) and immediately frozen at 20 °C
as recommended by the manufacturer (reference, time 0). Each of
the remaining stool samples were split into 16 aliquots, 6 of which
were kept at RT (n=3 aliquots) or refrigerated (Cold, n=3 aliquots)
for 1, 4 and 7 days (short-term storage), respectively. Of the remaining
10 aliquots, five were immediately frozen at —20 °C and five at -80 °C
and stored at their respective temperatures for 1, 2, 4, 8 and 12 weeks
before analysis (long-term storage). At the end of the established stor-
age times (i.e. after 1, 4 and 7 days at RT or at Cold, and after 1, 2, 4, 8
and 12 weeks at 20 °C and -80 °C), fecal aliquots were treated as the
reference. All extracts were stored at —20 °C for no more than 9 days
before analysis (IDK Calprotectin ELISA, Immundiagnostik AG, Ben-
sheim, Germany). Short-term storage extracts from the same subject
were analyzed in the same analytical batch. For long-term storage,
aliquots from the same subject stored at 20 °C and -80 °C were ana-
lyzed in the same analytical batch.

Analytical fCal precision and methods comparison

A comparative study was made of three fCal assays: ELISA (IDK Cal-
protectin ELISA, Immundiagnostik AG, Bensheim, Germany) auto-
mated on DSX® (Dynex Technology, Denkendorf, Germany), CLIA
(QUANTA Flash®, INOVA Diagnostics, San Diego, CA, USA) automated
on Bio-Flash (INOVA Diagnostics, San Diego, CA, USA) and turbidim-
etry (Bithlmann fCAL® turbo, Schénenbuch, Switzerland) automated
on c8000 Abbott Architect (Abbott S.r.l., Roma, Italy). Following the
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standardized protocol CLSI EP15-A3 [22], to estimate precision, three
fecal samples with low, intermediate and high fCal values were iden-
tified. From each stool sample, simultaneously, 25 extracts were pre-
pared using the Stool sample application system (Immundiagnostik
AG, Bensheim, Germany) for the ELISA assay, 25 using the Fecal col-
lection device (INOVA Diagnostics, San Diego, CA, USA) for CLIA and
25 using the CALEX Cap Device (Biihlmann, Schénenbuch, Switzer-
land) for the turbidimetric assay, for a total of 75 extracts/sample. All
extracts, which had been immediately frozen at —20°C for no more
than 10 days, were analyzed in batches of five replicates in a single
run for a total of five runs performed on different days. The extracts
were analyzed in parallel using the three methods. In order to compare
methods, fCal was assayed in all collected stool samples from patients
and controls (n=244) simultaneously with the three different assays.

Patients and controls

Patients (cases) from the Gastroenterological Unit of the University-
Hospital of Padova with histologically confirmed IBD were enrolled
for the present case-control study; the control group comprised out-
patients registered with local General Practitioners and employees at
the University-Hospital of Padova already included in the standard
occupational program, who had neither intestinal symptoms or a
history of intestinal disease. These subjects were continually moni-
tored for their health status by medical staff and underwent regular
objective clinical examinations. From September 2016 to July 2017,
we enrolled a series of 110 consecutive IBD patients (65 M, 45 F, age
range 17-83 years), including 73 patients with Crohn’s disease (CD)
and 37 patients with ulcerative colitis (UC), and 134 controls (85 M,
49 F, age range 20-86 years), including 80 employees and 54 out-
patients. Fecal samples from the first bowel movement of the day,
obtained from all cases and controls at enrolment, were refrigerated
up to 4 h before being delivered to the laboratory, where they were
immediately frozen to —20°C and maintained at that temperature
for no more than 3 months, until fCal analysis. A series of samples
was obtained from 39/134 controls in order to estimate fCal biological
variability. At least two stool samples were collected from two inde-
pendent bowel movements; the time interval between collections
was 1-2 weeks. Seven subjects provided two samples from one of the
two bowel movements, whereas 20 subjects provided two replicated
samples from both bowel movements.

Ethical considerations

Approval for the study was obtained from the local Ethics Committee
(Prot. 3756/A0/16), and fully informed consent was obtained in writ-
ing from all cases and controls.

Statistical analysis

The statistical analysis of data (Kruskal-Wallis test, mixed model
longitudinal analysis, ROC curve analysis, Youden index) was made
using Stata v 13.1 (StataCorp, College Station, TX, USA), MedCalc v
18 (Ostend, Belgium) and SAS 9.2 (SAS Institute Inc., Cary, NC, USA).
Intra- and interindividual biological variations were assessed using
Nested ANOVA according to Fraser et al. [23]. Methods were compared
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using Passing-Bablok regression. Repeatability and within-labora-
tory precision were calculated with ANOVA.

Results

Preanalytical fCal stability

Subjects with (n=14/21) or without (n=7/21) a diagnosis
of IBD were enrolled to verify the effect of stool storage
on fCal results. The reference fCal values (TO, stool
extracts within 2 h from collection) of patients with IBD
(median =325 ug/g, IQR =123-545 ug/g) were significantly
higher than those observed in subjects without a diagno-
sis of IBD (Controls; median =59 ug/g; IQR=40-97 ug/g;
Kruskal-Wallis test: x>=56.6, p<0.0001). The percentage
variations of fCal with respect to the reference value after
short- and long-term storage of stools at different tempera-
tures were calculated; mean values with standard errors
in the whole population studied are shown in Figure 1. To
verify the effects of multiple conditions (different storage
temperatures) on repeated measurements (time results),
statistical analysis of data was made by mixed model lon-
gitudinal analysis (Supplementary Table 1). This analysis
showed that a fCal reduction occurred in stool stored at
both RT and at 4 °C for up to 4 and 7 days with respect
to day 0, being the regression coefficients statistically sig-
nificant. However, RT with respect to 4 °C caused a more
pronounced fCal reduction, being the difference between
day 7 and day 1 significant for RT (p=0.004) not for 4 °C
(p=0.549). This pattern was similar for stool samples
obtained from controls and IBD (Supplementary Table 1).
Stool freezing did not preserve the initial fCal reduction,
which was maintained at 20% after 1 week at both -20 °C
and —-80 °C. This decrease was similar that observed in the
same samples stored for the same period of time at 4 °C
(Kruskal-Wallis test: y¥2=0.615, p=0.893). Intriguingly,
the fCal results after long-term storage at —20°C were
comparable to those found at —80 °C (Kruskal-Wallis test:
¥*=0.001, p=0.969 at 1 month; ¥*>=0.008, p=0.928 for
2 months; ¥2=0.228, p=0.633 for 3 months). Supplemen-
tary Table 2 reports the results obtained with mixed model
longitudinal analysis.

Analytical fCal precision and methods
comparison

The analytical performances of standard ELISA were com-
pared with those of one emerging CLIA and one emerging
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Figure 1: Preanalytical fecal calprotectin (fCal) time and tempera-
ture-dependent variability.

fCal was assayed in stools from 14 IBD patients and 7 healthy con-
trols within 2 h from collection (reference value, ref). The percent-
age variations of fCal with respect to ref. after short-term (1, 4 and
7 days) and long-term (1, 2, 4, 8 and 12 weeks) storage at different
temperatures were calculated for each sample. Columns repre-
sent mean values and bars standard errors from the whole (n=21)
studied samples. RT, room temperature; cold =4 °C.

turbidimetric fCal assay. The ELISA assay is based on a
two-site sandwich technique with two specific anti-cal-
protectin monoclonal antibodies. The CLIA is a sandwich
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immunoassay based on calprotectin capture by a specific
antibody coated to paramagnetic beads followed, after
washing, by the addition of the isoluminol-conjugated
second anti-calprotectin antibody. The light produced
from the luminescent reaction, measured as relative light
units (RLU), is proportional to the amount of calprotec-
tin. The turbidimetric assay is a particle enhanced tur-
bidimetric immunoassay (PETIA) that uses polystyrene
nanoparticles coated with anti-calprotectin antibodies.
Calprotectin mediates immunoparticles agglutination,
which enhances sample turbidity that can be meas-
ured by light absorbance. Absorbance is correlated with
calprotectin-immunoparticle complex formation that is
proportional to calprotectin concentration. Differently
from the ELISA assay, CLIA and PETIA systems utilize
predefined lot specific master curves for instrumental
calibration.

Three fecal samples with concentrations in the low,
intermediate and high range were selected from the large
set of samples used for methods comparisons (see below).
Table 1 reports the results for repeatability and within-
laboratory precision.

In a total of 244 stool samples obtained from
134 healthy controls and 110 IBD patients, fCal was
assayed as described in the Clinical evaluation section.
The same thawed stool samples were used to measure fCal
with three different assays, ELISA, CLIA and turbidimetry,
performed simultaneously. The results were compared
using Passing-Bablok regression (Supplementary Figure 1
and Table 2), which clearly demonstrated that CLIA assay
underestimated fCal with respect to ELISA and turbidimet-
ric assays, and that the latter provided a higher dynamic
range of values.

Biological fCal variability

To complete the assessment of overall fCal variability,
biological variability was evaluated. Stool extraction and
fCal determination were performed with the three assays
in parallel batches, all samples being analyzed in dupli-
cate. With the ELISA assay, the results for all samples
were within the measurement range, whereas with CLIA
and turbidimetric assays, 19 and 9 subjects, respectively,
had at least one value below the respective detection
limits (16.1 pug/g for CLIA and 20 ug/g for turbidimetry).
These subjects were excluded from the measurement
of biological variability because data below the detec-
tion limit cannot be extrapolated and therefore cannot
be used to calculate biological variability. Figure 2 illus-
trates intra- and interindividual fCal variability; each dot
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Table 1: Repeatability and within-laboratory precision of three different fCal assays calculated for low, intermediate and high fCal values.

Sample value Method MeanSD, ug/g Repeatability CV, % Within-laboratory CV, %
Low ELISA 234+18 6.1 8.1
CLIA 169+13 7.5 7.6
Turbidimetry 312+49 15.7 15.6
Intermediate ELISA 393+50 11.6 13.0
CLIA 213124 9.7 15.6
Turbidimetry 333+71 14.7 16.4
High ELISA 6551305 25.3 27.6
CLIA 605192 9.6 11.8
Turbidimetry 1003+143 13.8 14.4

Table 2: Methods comparison, fCal was assayed in 244 stool samples with three different assays (ELISA, CLIA and turbidimetry).

Intercept (95% CI) Regression coefficient (95% CI) Interpretation
CLIAvs. ELISA -4.93 (-6.36 t0 —1.65) 0.47 (0.43 t0 0.49) Constant and proportional negative bias
Turbidimetric vs. ELISA -15.46 (-22.88 to -8.95) 1.13(1.03t0 1.22) Constant and proportional positive bias
CLIA vs. turbidimetric 3.92(1.63 10 4.12) 0.41 (0.38 t0 0.44) Constant and proportional negative bias

The results of Passing-Bablok regression are shown.
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Figure 2: Intra-individual and inter-individual fCal variability obtained with ELISA, CLIA and turbidimetric assays.
Each point represents the mean value of one subject, and the bars show the corresponding standard deviation.

represents the mean value of a subject, and the lines show methods together with the individuality index and the
the corresponding standard deviation. Table 3 reports reference change value. Residual plots were evaluated for

the intra- and interindividual biological variation for all homoscedasticity.



DE GRUYTER

Table 3: fCal biological variation, individuality index and reference
change value.
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Table 4: Clinical characteristics of IBD patients.

Crohn’s  Ulcerative
fCal fcCal fCal disease colitis
ELISA CLIA  turbidimetry (n=73) (n=37)
Intra-individual (CVi) 37.7%  31.4% 32.3% Gender M/F 43/30 22/15
Inter-individual (CVg) 78.0% 72.1% 84.3%  Age at enrolment years mean+SD 47 £15 50+17
Individuality index (II) 0.54 0.52 0.56  Median years of disease duration (range) 13 (0-35) 13 (2-33)
Reference change value (RCV) 118% 104% 131% Concomitant medication
AZA, 6-MP 11 (15%) 4 (11%)
Intra- and interindividual biological variations were calculated by Mesalamine 56 (77%) 26 (70%)
Nested ANOVA according to Fraser et al. [23]. Analytical variabil- MTX 2 (3%) 0 (0%)
ity (CVa) value was also obtained from the same analysis. The Anti-TNF therapy 28 (38%) 11 (30%)
individuality index was calculated using the following formula: Corticosteroids 2 (3%) 3 (8%)
(CV,2+CV)Y2/CV,. The bidirectional reference change value was ASA 2 (3%) 4(11%)
calculated using the following formula: 1.96 x 212 (CV,2+ CV )2, Harvey-Bradshaw Index (HBI)
HBI 0 45
HBI 1 9
Clinical evaluation HBI 2 o
HBI 3 1
HBI 4 4
fCal was assayed with the three methods in a series of 110 HBI 7 1
IBD patients, whose clinical characteristics are summa- HBI 8 3
rized in Table 4, and in 134 controls. Figure 3 shows the HBI 12 1
individual fCal results obtained with the three methods, Partial Mayo Score (PMS)?
with values for all assays being significantly higher in both imz (1) 2(3)
CD and UC patients than in controls (Kruskal-Wallis test: PMS 2 1
p <0.0001 for ELISA, p < 0.0001 for CLIA and p < 0.0001 for PMS 3 4
the turbidimetric assay). Supplementary Figure 2 shows PMS 4 2
the ROC curves of the three methods. The areas under the PMS 5 1
receiver operating characteristic curves were 0.787 (95% PMS 6 1
CI: 0.729-0.844) for ELISA, 0.748 (95% CI: 0.684-0.812) 1> : X

for CLIA and 0.738 (95% CI: 0.674—0.801) for turbidimetry.
Supplementary Table 3 reports sensitivity, specificity and
positive and negative LR for all assays, calculated on the
basis of both the manufacturers’ recommended cutoff and
the best combination between sensitivity and specificity
(Youden index).

fCal was correlated with age in controls (r=0.3735,
p<0.0001 for ELISA, r=0.3941, p<0.0001 for CLIA and
r=0.3508, p<0.0001 for turbidimetry), but not in IBD
patients (r=-0.0965, p=0.3158 for ELISA, r=-0.0612,
p=0.5255 for CLIA and r=-0.1058, p=0.2714 for turbi-
dimetry). Fifty and 65 years were the age tertiles of con-
trols, who were subdivided accordingly into three groups:
<50 years, 50—65 years and =65 years. Significantly higher
fCal values were found in controls >65 years with respect
to the other two groups (Kruskal-Wallis test: p=0.0016
for ELISA; p<0.0001 for CLIA and turbidimetric assay;
Supplementary Figure 3). ROC curves were obtained in
subjects <65 or >65 years of age. In subjects <65 years,
the areas under the ROC curves were 0.863 (95% CI:
0.811-0.915) for ELISA, 0.826 (95% CI: 0.764-0.887) for
CLIA and 0.830 (95% CI: 0.771-0.889) for turbidimetry; in

2Not available in 3 patients. AZA, azathioprine; MTX, methotrexate;
6MP, 6-mercaptopurine; TNF, tumor necrosis factor ; ASA, aminosali-
cylic acid.

subjects >65 years, the values were 0.584 (95% CI: 0.399—
0.769), 0.542 (95% CI: 0.358-0.726) and 0.509 (95% CI:
0.331-0.687), respectively. The best possible combination
between sensitivity and specificity (Youden index) was
used to identify the optimal cutoff for subjects younger
and older than 65 years. Table 5 shows the corresponding
sensitivities, specificities, positive and negative LR.

Discussion

Currently, fCal is considered the best available biomarker
for detecting active intestinal inflammation, and this sup-
ports its use for both diagnosing and monitoring IBD |5,
12, 24-26]. Because the positive and negative predictive
values of fCal are high for IBD, in the primary care setting,
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Figure 3: Individual fCal results obtained with ELISA, CLIA and turbidimetric assay in controls (CS) and patients with Crohn’s disease (CD)

and ulcerative colitis (UC).
The dotted lines show the 50 pg/g cutoff.

Table 5: Age-related fCal cutoff, sensitivity and specificity for differ-
ent fCal assays.

<65 years 265 years
ELISA
Cutoff 120 ug/g 400 pg/g
Sensitivity % (95% Cl)  68.1(57.5-77.5) 42.1(20.3-66.5)
Specificity % (95% Cl)  93.3 (86.1-97.5) 95.0(82.3-99.6)
LR+ 10.20 (4.66-22.40)  6.20 (1.84-20.80)
LR- 0.34(0.25-0.46) 0.62(0.42-0.92)
CLIA
Cutoff 50 ug/g 125 ug/s
Sensitivity % (95% Cl)  65.9 (55.3-75.5) 47.4(24.4-71.1)
Specificity % (95% Cl)  92.2 (84.6-96.8) 81.8(67.3-91.8)
LR+ 8.48 (4.10-17.50) 2.61(1.19-5.72)
LR- 0.37 (0.27-0.49) 0.64(0.41-1.01)
Turbidimetric
Cutoff 100 ug/g 580 ug/g
Sensitivity % (95% Cl)  65.9 (55.3-75.5) 26.3(9.2-51.2)
Specificity % (95% Cl)  87.8 (79.2-93.7) 95.0 (84.0-89.9)
LR+ 5.39 (3.04-9.57) 5.79 (1.23-27.30)
LR- 0.38(0.28-0.52) 0.77 (0.58-1.02)

The cutoffs were calculated by the best combination between sen-
sitivity and specificity (Youden index). Positive (LR+) and negative
(LH-) likelihood ratios are also reported.

patients with positive fCal (rule-in) should be referred to
the gastroenterologist, unlike patients with negative fCal
(rule-out) values [8, 27]. In this setting, the commonly
observed cutoff (50 ug/g) is advocated for distinguish-
ing between patients with and those without intestinal
inflammation. In the secondary care setting, fCal deter-
mination is of value in monitoring IBD patients because
it is predictive of flare-ups [28, 29], and in this setting
fCal levels ranging from 250 to 400 ug/g are advocated
for distinguishing between IBD patients in remission and
those with a relapse [26]. Different thresholds therefore
imply different clinical decisions and requires harmoni-
zation between different assay types. It is known that the

agreement between different fCal ELISA assays is poor, and
this scenario might be further complicated by the avail-
ability of new fCal assays based on chemiluminescent and
turbidimetric revelation systems [13]. We investigated the
preanalytical, the analytical and the biological variability
of fCal in order to define the reference change value and
then compared the clinical utility of three different fCal
assays. This enabled us to confirm that different cutoffs
should be used for different assays, thus challenging the
belief that a common threshold at 50 pg/g is always valid.

Calprotectin was originally described as extremely
stable in stool, even when samples were kept at RT for up
to 1 week [15]. Another study indicated that fCal is stable
for up to 3 days but undergoes a significant decline after
1 week at RT [14]. In our cases, there was a decline in fCal
levels within 24 h of stool collection, whatever the storage
temperature. As shown in Figure 1, the magnitude of this
early decline varied from 12%, for samples stored at RT, to
13%, for samples stored at 4 °C, without differences in this
pattern between IBD and control samples (not shown).
This phenomenon, never described elsewhere, might be
caused by proteolysis and/or conformational changes
interfering with immunoassays. Calprotectin contains 14
potential cleavage sites that might be degraded by trypsin,
and this enzyme activity, although very low in feces and
characterized by a limited stability, might trigger degrada-
tion during the initial hours following stool collection [30].
When stools pass from the intestinal lumen into the collec-
tion device, a rapid temperature change may modify the
affinity of calprotectin for calcium, zinc and manganese,
thus determining conformational molecular changes [31].
Although sample storage at 4 °C did not prevent the initial
fCal decrease, it was safer than RT for storing samples for
a few days. In fact, refrigeration, but mainly freezing at
-20 °C or —80 °C, counteracted the progressive fCal decline
observed when samples were maintained at RT for 4 and
7 days. Because the majority of samples used to study
the impact of stool storage on fCal results were obtained
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mainly from IBD patients (14/21, 66%), we might hypothe-
size that this phenomenon might depend on the presence
in patients’ stool of proteases, such as metalloproteinase
9 (MMP9) [32-34], calprotectin being a potential inducers
of its expression by inflammatory cells [35, 36].

The above results indicate that the best advisable
standards for preanalytical fCal handling are RT for very
short-term storage (up to 24 h), refrigeration for short-term
storage (up to 48 h) and freezing at —20 °C for long-term
storage.

The overall precision of the different immunometric
assays evaluated in this study was acceptable, the repeat-
ability and the within-laboratory coefficients of variation
almost always being lower than 15% or even lower than
10%, although the ELISA showed some failure for high
values, with 25% CV for repeatability and 28% CV for
within-laboratory precision. CLIA assay had the highest,
whereas the turbidimetric assay had the lowest, precision
across low, intermediate and high results; the precision of
ELISA was dependent on values, being high for low and
intermediate results, but was less satisfactory for high
values. The precision and method comparison studies
evidenced a constant and proportional bias between the
three assays. In particular, with respect to the ELISA, turbi-
dimetric assay had a positive whereas CLIA had a negative
constant and proportional bias. These results probably
depend on differences in antibody specificity, and in the
dynamic ranges of the three assays, ELISA ranging from 7
to 2100 ug/g, CLIA from 16.1 to 3500 ug/g the turbidimetry
from 20 to 2058 ug/g. Intriguingly, the established 50 ug/g
cutoff [5] cannot be applied to any assay before it has been
clinically verified. We therefore measured fCal using the
three methods in a series of IBD patients and controls to
identify the best cutoff based on ROC curve analyses. As
expected, the unique 50 ug/g cut off was associated with
a very low sensitivity for CLIA (63%), and with a very low
specificity for ELISA (46%) and for the turbidimetric (55%)
assays. For all assays, the ROC-based cutoff was higher
than 50 pg/g, namely 150 ug/g for ELISA, 80 ug/g for CLIA
and 110 pg/g for turbidimetry. Assay-specific cutoffs were
associated with a specificity of 80%-90%, but a sensitiv-
ity of 60%-65%. To improve the clinical interpretation of
data and method comparison, we ascertained the sensi-
tivity and specificity of each assay considering cases after
they had been subdivided into groups younger and older
than 65 years because in agreement with previous findings
[37], fCal was confirmed to be age related in the present
series of controls. Accordingly, for any assay, the cutoff
in older subjects was almost three to four times higher
than in the younger group, the sensitivity being higher in
younger than older patients. Interestingly, although the
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performance of the three assays was comparable in the
young, the sensitivity of the ELISA assay was greater than
that of CLIA and turbidimetry in the elderly patients.

The diagnosis of IBD, a life-threatening disease, calls
for close monitoring, based on imaging, endoscopy, his-
tology and laboratory testing for fCal, known to be a rele-
vant predictor of disease activity and relapse [28]. Disease
monitoring using fCal might benefit from the knowledge
of the fCal reference change value (RCV, i.e. the minimal
variation between two consecutive measurements with
the same assay that is clinically significant because it is
independent from any specific threshold and allows the
personalized monitoring of patients) [19]. Essential com-
ponents for estimating the RCV are analytical and bio-
logical variability, although the latter is only partially
understood [14, 17]. In this study, we demonstrated that
fCal interindividual biological variability is about twice
that of intraindividual biological variability, thus deter-
mining a low individuality index and supporting the use
of RCV in monitoring programs. RCV ranged from 104%
(CLIA) to 131% (turbidimetric assay), these differences
between assays mainly reflecting variations in the preci-
sion of the assays. However, in view of the assay-corre-
lated variability in RCV, we support the general proposal
of considering a variation over time of fCal that doubles or
halves as clinically significant.

Conclusions

Overall fCal variability depends on the preanalytical
storage temperature, analytical variability of the assay
and biological variability. These different factors should
be strictly controlled by following standard handling
procedures from stool collection to analysis, applying
method- and age-specific cutoff to distinguish healthy
from diseased subjects and using RCV in monitoring pro-
grams. Finally, there is a clear need to develop harmoniza-
tion programs in order to limit interpretation failures.
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