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Abstract

Background: Calprotectin is a calcium-binding protein that can be measured in serum,
plasma, and feces. Increased serum and plasma calprotectin concentrations have
been found in chronic inflammatory rheumatic disorders. An analytical and clinical
evaluation of the DiaSorin Liaison® fecal Calprotectin assay using LIAISON® XL was
performed.

Methods: The protocol included an analytical and clinical evaluation in which impre-
cision, the linearity of dilution, differences between serum and plasma samples and
method comparison with CalproLab™ ELISA kit were assessed. Serum calprotectin
concentrations in active (n = 26) and remission (n = 23) rheumatoid arthritis (RA) pa-
tients were compared.

Results: The intra-day and inter-day analytical imprecision CVs ranged from 2.9% to
4.0% and 2.7% to 10.4%, respectively. Correlation between measured and expected
values was high (R > 0.99), indicating good linearity. The Wilcoxon signed-rank test
showed that serum and plasma matched samples presented statistically significant
differences (p < 0.001) being the highest concentrations of calprotectin observed in
serum samples. Deming regression equation was as follows: Diasorin calprotectin (ug/
ml) = -0.32 (95% Cl: -0.65 - -0.05) +1.58 (95% Cl: 1.42-1.79).* Calprolab calprotectin
(ng/ml). Significantly higher serum calprotectin levels were found in RA patients with
active disease when compared to patients with low disease activity or in clinical re-
mission (mean + SD) [(3.35 pug/ml + 1.55) vs. (1.63 pg/ml + 0.52), p < 0.001] and these
levels correlated well with all disease activity indices.

Conclusions: The DiaSorin Liaison® fecal Calprotectin assay adapted for serum sam-
ples showed adequate technical performances and the clinical performances were

similar to other assays.
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1 | INTRODUCTION

Calprotectin is a calcium-binding protein that belongs to the S100
family, which is present in immune cells such as macrophages, mono-
cytes, and neutrophils and in epithelial and endothelial cells.® It in-
tervenes in several cellular processes such as calcium homeostasis,
signal transduction as well as playing an important role in intracellu-
lar trafficking of phagocytes. When released, calprotectin promotes
the inflammatory response, functioning as a damage-associated pat-
tern molecule (DAMP).23

Calprotectin can be measured in serum, plasma, and feces.
Increased serum and plasma calprotectin concentrations have been
found in chronic inflammatory rheumatic disorders such as juvenile
chronic arthritis,* rheumatoid arthritis (RA),5 Behcet disease,® and
ANCA-associated vasculitis.” Focusing on RA, it has been demon-
strated that the existence of a strong correlation between serum
calprotectin and composite disease activity indices and calprotectin
has been proposed as a potential inflammatory biomarker for as-
sessing disease activity in RA patients even better than acute-phase
reactants (C-reactive protein (CRP) or erythrocyte sedimentation
rate (ESR)).8? Moreover, it has been suggested that serum calpro-
tectin levels decrease with effective therapy, showing that serum
and plasma calprotectin is a significant and independent predictor of
erosive progression and therapeutic response.”

The normal serum concentration of calprotectin varies from 0.1
to 1.6 pg/ml and can be increased in several conditions such as can-
cer, inflammation, or infection.!* Different cutoff points have been
reported depending on the RA activity and the treatment response.
Depending on the authors, values range from 0.07 to 5.5 pg/ml.
Iniciarte-Mundo group suggested a cutoff point of 5.19 pg/ml to
discriminate patients with RA treated with tocilizumab obtaining a
sensitivity of 67% and a specificity of 93%, correctly classifying the
presence of active disease in 93% of patients.8 Another recent study
showed calprotectin levels in an ultrasound-defined remission group
noticeably higher than those with a subclinical disease activity group
(2.5 +1.3vs.1.7 +£ 0.8 pg/ml, p < 0.005), indicating that calprotectin
may have the utility to distinguish different groups of RA patients
with clinical remission.*?

As mentioned above, calprotectin can be measured in serum,
plasma, and feces. There are several studies focused on fecal cal-
protectin, comparing and evaluating its performance in automated
immunoassays platforms. However, for serum and plasma samples,
the studies are mostly focused on ELISA kits. ELISA is the most com-
mon method used for measuring calprotectin but is more expensive
than turbidimetric assays, as it is more labor intensive besides leads
to long turnaround times. Relating to the existing differences be-
tween plasma and serum measurements, calprotectin levels have
been described to be stable in EDTA plasma, while they increase in
serum samples during storage at 4 °C. Therefore, this may cause dif-
ferences when calprotectin is measured in plasma versus in serum.*®
In order to improve the knowledge in serum and plasma calprotectin

measurement, we will perform an analytical and clinical validation

study using a fully automated analyzer based on chemiluminescence
technology.

2 | MATERIALS AND METHODS

2.1 | Assay principle and instrument

LIAISON® XL (DiaSorin, Italy) was used for quantitation of serum
calprotectin. This is a fully automated analyzer using chemilumines-
cence technology with magnetic microparticles that performs com-
plete sample processing (sample pre-dilutions, sample and reagent
dispensing, incubations, wash processes, etc.) as well as measure-
ment and evaluation being able to analyze up to 180 tests per hour.
The DiaSorin Liaison® Calprotectin assay (DiaSorin, Italy) uses a
mouse monoclonal antibody on paramagnetic particles for the cap-
ture of calprotectin from serum samples and a second, conjugated
mouse monoclonal antibody against another region of calprotectin
for detection. It is important to point out that ultra-pure recombi-
nant human calprotectin dimers were employed to design calibrators
and controls. These dimers were produced, purified, and standard-
ized to MS/MS due to the insufficient standardization among com-
mercially available calprotectin assays.

The DiaSorin Liaison® Calprotectin assay was designed for
the quantitation of fecal calprotectin. In fecal calprotectin setting,
a sampling device is used to collect 15 mg of freshly passed feces
with a serrated stick in a standard volume of extraction buffer (6 ml).
After applying the units conversion from pg/g to pg/ml based on
amount of fecal material collected and volume of extraction buffer
we obtain a conversion factor of 0.0025. The calibration curve is
adjusted using two calprotectin standards, and the measurement re-
ported range is from 5 to 800 pg calprotectin/g feces, corresponding
to 0.0125 - 2 pg/ml.

2.2 | Protocol design

An evaluation protocol using quality control materials provided by
the manufacturer and blood samples (serum/plasma) was designed.
Blood samples were obtained by venipuncture using serum separa-
tor tubes (SST) (BD Vacutainer® SST™ Il Advance) and spray-coated
K2 Ethylenediaminetetraacetic acid tubes (EDTA) (BD Vacutainer™
Plastic K2EDTA) (BD, USA). Both types of samples were centrifuged
8 minutes at 2000 g and frozen at —20°C until the analysis.

The protocol included an analytical evaluation phase in which
imprecision, linearity of dilution, differences between serum and
plasma samples and method comparison were examined. A clinical
evaluation was also performed, in which serum calprotectin con-
centrations in active and remission RA patients were compared.
According to DiaSorin Liaison® Calprotectin assay range and the
expected serum calprotectin concentrations, patients’ samples were
analyzed using 1:5 as initial dilution factor.
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2.3 | Imprecision

Intra-day assay imprecision was assessed by testing a control material
provided by the manufacturer (target concentration: 0.43-0.76 ug/
ml) and a serum sample (observed concentration: 1.59-1.73 ng/
ml). Ten replicates of every sample were performed on a single day.
Inter-day assay imprecision was calculated using two quality control
materials (target concentrations: 0.09-0.16 pg/mland 0.43-0.76 pg/
ml, respectively) and two serum samples (observed concentrations:
0.85-0.94 pg/ml and 0.97-1.79 ug/ml, respectively) on 10 different
days.

2.4 | Linearity

Linearity was evaluated employing a sample with a concentration of
1.66 ug/ml. It was diluted with the diluent provided by the manufac-
turer using serial dilutions from 1:2 to 1:64 to obtain a minimum of
five dilutions within the dynamic range of the assay, reporting the
linearity, and the recovering. Dilutions were prepared using cali-

brated pipettes.

2.5 | Differences between serum and EDTA
plasma samples

Samples from 12 patients were evaluated in order to assess the
agreement between serum and plasma calprotectin samples col-
lected in SST and EDTA tubes, respectively.

2.6 | Method comparison

Forty-two serum samples in the range from 0.5 to 10 ug/ml were an-
alyzed using DiaSorin Liaison® Calprotectin assay and CalproLab™
ELISA kit (Svar, Sweeden), a validated assay for testing plasma/serum
samples. Prior to the analysis with CalproLab ELISA, these samples
were diluted using 1:20 as initial dilution factor following manufac-

turer specifications.

2.7 | Clinical evaluation

In order to evaluate the association between calprotectin serum
levels and disease activity in RA, we have included forty-nine con-
secutive patients with RA (fulfilling ACR/EULAR 2010 classifica-
tion criteria) evaluated during the course of 2019 in the outpatient
clinic of Rheumatology of our hospital, with different degrees
of disease activity. All patients underwent a clinical assessment
including 28-joint swollen (SJC) and tender joint counts (TJC) as
well as physician and patient global assessments (PhGA and PGA,
respectively). Three composite disease activity indices were cal-
culated: DAS28-ESR,**5 Simple Disease Activity Index (SDAI)
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and Clinical Disease Activity Index (CDAI).Y” CRP and ESR were
analyzed in serum samples collected at the same time as calpro-

tectin samples.

2.8 | Statistical analysis

Imprecision at each concentration level was expressed as %CV.
Accuracy was calculated as the difference between measured cal-
protectin concentrations and actual concentrations expressed in
percent. Linearity of serial dilutions at different calprotectin levels
was assessed by linear regression analysis, and recovery according
to the highest measured concentration was calculated as follows:
[(measured -expected)/expected] x100. Linearity was assumed
when the correlation coefficient (R) was >0.95. Wilcoxon signed-
rank test was performed to estimate if differences existed between
serum and EDTA plasma matrices. Deming regression analysis was
used to compare both methods, and the assessment of systematic
bias between assays was performed by difference plots (Bland-
Altman plots). For the clinical evaluation, continuous data were
expressed as medians and interquartile ranges, and categorical vari-
ables as percentages and absolute frequencies. Groups were com-
pared using Student's t test or Mann-Whitney test according to
disease activity. Correlations between articular indices and calpro-
tectin serum levels and acute phase reactants were assessed using
Spearman's correlation coefficient. A p value <0.05 has been consid-
ered statistically relevant.

This study has complied with the World Medical Association
Declaration of Helsinki regarding ethical conduct of research involv-
ing human subjects. The use of samples for the analytical evaluation
was approved by the Hospital Clinic of Barcelona Clinical Research
Ethics Committee (Reg. 2013/8382).

3 | RESULTS

3.1 | Analytical imprecision

Intra-day imprecision %CVs of the quality control material
(mean + SD) (0.58 + 0.02 pg/ml), and calprotectin patient sam-
ples (1.68 + 0.05 pg/L; 2.55 + 1.70 pg/ml) ranged from 2.9% to
4.0%. Inter-day imprecision %CVs of two quality control material
(mean + SD) (0.14 + 0.01 pug/ml; 0.65 + 0.05 pg/ml), and calprotectin
patient samples (0.89 + 0.02 pg/ml; 1.69 + 0.06 pg/ml) ranged from

2.7% to 10.4%.

3.2 | Linearity

Correlation between measured and expected values was high
(R > 0.99), indicating good linearity for the calprotectin dilutions se-
ries. Mean recovery was 127.6% for all dilutions (minimum 102.3%,
maximum 145.0%), with an SD of 15.0% (Figure 1).
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3.3 | Differences between serum and EDTA
plasma samples

The Wilcoxon signed-rank test showed that serum and plasma
matched samples presented statistically significant differences (p-
value =0.0004883) being the highest concentrations of calprotectin
observed in serum samples (Figure 2).

3.4 | Method comparison

Comparison of results obtained for serum samples using the DiaSorin
Liaison® Calprotectin assay and CalproLab™ ELISA kit is shown in
Figure 3A,B. Diasorin method tends to overestimate results, espe-
cially at high concentrations of calprotectin. Correlation coefficient

is 0.97, quite close to 1, which means than the results could easily be
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FIGURE 3 Deming regression and
Bland-Altman analyses comparing
DiaSorin Liaison® Calprotectin assay and
CalproLab™ ELISA kit (A) and Bland-
Altman plot (B) (n = 42)

TABLE 1 Baseline characteristic of
patients with rheumatoid arthritis

(A) Deming RegressionFit (n=42)
© 4 — -0.32+1.58 * Method1
--- identity
© —

Diasorin (ug/mL)
6
L

N -
Pearson's r = 0.97
T T T
2 4 6 8 10
Calprolab (ug/mL)
®) Bland-Altman plot
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-2.51 ° 5 —°
o o
-5.04
275 570 775

Mean of measurements (ug/mL)

TOTAL DAS28 ESR =< 3.2
(n =49) (n = 23)
Female, n (%) 41(83.7) 16 (69.6)
Age, (Mean =+ Standard 60.1 +12.6 63.9 +12.3
Deviation)
Disease duration in years, 16.3+9.1 15.6 + 7.3
(Mean =+ Standard
Deviation)
Glucocorticoids, n (%) 30 (61.2) 9(39.1)
Biologic treatment or 34 (69.4) 15 (62.3)
tDMARDs, n (%)
csDMARDs, n (%) 34 (69.4) 20 (87)

DAS28 ESR >3.2
(n = 26)

25(96.2)
56.6 +12.1

17+11

10 (38.5)

19 (73.1)

19 (73.1)

Abbreviations: csDMARDs, conventional synthetic disease-modifying anti-rheumatic drug;
tDMARDs, traditional disease-modifying anti-rheumatic drugs.
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transformed by applying the following regression equation Diasorin
calprotectin (pg/ml) = -0.32 (95% Cl: -0.65 - -0.05) +1.58 (95% Cl:
1.42 - 1.79).* Calprolab calprotectin (pg/ml).

Bias between both methods was 1.06 pg/ml (95% Cl: 0.77 to
1.36). The regression line calculated for the differences denotes a
proportional not constant systematic bias, with a negative trend of

the differences as calprotectin concentration measured increases.

3.5 | Clinical evaluation

Table 1 shows the baseline characteristics of patients with RA.
The mean disease duration was 16.3 years. Twenty-three patients
(46.9%) were in remission or low disease activity and 26 (53.1%) had
active disease (moderate or high disease activity) according to the
DAS28-ESR. A total of 69.4% of the patients received treatment with
one or two synthetic DMARDs (mostly methotrexate). 69.4% were
under biologic therapy and 61.2% with low doses of glucocorticoids.
Table 2 shows biomarkers serum levels and different composite dis-
ease activity indices according to DAS28-ESR for RA. Serum calpro-
tectin concentration was significantly increased in RA patients with
active disease (DAS28-ESR >3.2) and correlated with all composite
disease activity indices (Figure 4A-C), the 28 SJC/TJC (Figure 4D,E)
and also with CRP levels (Figure 4F). Serum calprotectin levels
(mean + SD) [(1.63 pg/ml + 0.52) vs. (3.35 pg/ml + 1.55), p < 0.001]
and CRP [(0.42 mg/dl + 0.58) vs. (0.60 mg/dl + 0.38), p = 0.03] but
not ESR [(12.13 mm/h + 12.11) vs. (14.65 mm/h + 18.06), p = 0.50
], were significantly lower in patients in clinical remission or low
disease activity compared with those with active disease, using the
DAS28 (Figure 5A,B, and C).

DAS28
Parameter Total ESR <3,2
(Mean + Standard Deviation) (n=49) (n = 23)
Calprotectin pg/ml 26+1.7 1.6 + 0.5**
CRP mg/dL 0.5+0.3 0.4 +0.6*
ESR mm/h 13.5+15.5 121 +121
SJC 1.6+1.5 0.7 + 0.9
TJIC 1.8+1.5 1.5+ 14
PGA 44+22 3.2+22*
PhGA 28+2 1.7 +1.3"
DAS28-ESR 3.23 +0.99 2.41 +0.51**
DAR28-CRP 3.24 +0.99 2.51+0.76™
CDAI 12.40 +7.10 776 + 5.9%*
SDAI 12.57 +7.29 7.81 +5.47*

4 | DISCUSSION

In this study, we have shown that DiaSorin Liaison® Calprotectin
assay, a method designed for measuring calprotectin in fecal ex-
tracts,'® can be used to measure calprotectin in serum and plasma
samples with acceptable performances.

When analysis of a large number of samples are required, the
advantage of automated assays is noteworthy. Plasma calprotectin
cannot be considered yet a routine test, but its utility in monitoring
infectious and inflammatory diseases has started to being demon-
strated. There are studies showing that can be considered a useful
tool to differentiate viral from bacterial infections, and its benefit in
the surveillance of autoimmune and inflammatory diseases has been
demonstrated.’”?! There's a high probability that clinical laborato-
ries will experiment shortly an important demand of this test and
automation in different platforms will be required.

Currently, there are several studies focused on fecal calprotec-
tin, comparing and evaluating its performance in automated im-
munoassay platforms. However, the reports for serum and plasma
sample are mostly focused on manual ELISA kits and there are only
few studies using fully automated immunoassay platforms to analyze
calprotectin in those matrices. Among them, there are dedicated
platforms designed for analyzing fecal samples adapted to plasma,
such as Phadia ImmunoCAP 250 analyzer (Thermo Fisher Scientific,
USA),?2 or calprotectin reagents which run on clinical chemistry ana-
lyzer, whether reagents for feces modified for serum or plasma such
as Biihlmann calprotectin turbidimetric assay fCAL® turbo (BDC,
USA),,% or specifically reagents designed for serum samples such
as a particle-enhanced turbidimetric immunoassay developed by
Gentian (Gentian Limited, England).?*

TABLE 2 Biomarkers serum levels
and different composite disease activity
indices according to DAS28-ESR

DAS28

ESR > 3,2

(n = 26)
3.4+ 1.7
0.6 +0.4*
147 +18.1
24 +1.6"
20+15
55+1.66
3.7 1.9
3.98 +0.62**
3.90 + 0.66"*
16.15 + 6.0**
16.79 + 6.04**

Abbreviations: ** p-value <0.001CDAI, Clinical Disease Activity Index; CRP, C-reactive protein;
DAS28, Disease Activity Index-28; ESR, erythrocyte sedimentation rate; PGA, patient global
assessment; PhGA, physician global assessment; SDAI, Simple Disease Activity Index. * p value

<0.05; SJC, swollen joint count; TJC, tender joint count.
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Generally the methods are customized with just a slight mod-
ification in sample dilution. It is a usual practice when using fecal
calprotectin ELISA kits for serum samples, for example the highest
calibrators for Blhlmann and CalproLab kits are 0.24 pg/ml and
0.5 pg/ml, recommending 1:100 and 1:20 as dilution factors, respec-
tively. The highest value of the analytic range reported by DiaSorin
for the Liaison® Calprotectin assay is 2 pg/ml in accordance with the
dilution factor (1:5) that we propose.

Due to DiaSorin Liaison® Calprotectin assay is designed to an-
alyze fecal samples using a specific collection tube, the measure-
ment range includes concentrations from 0.0125 to 2 pg/ml, that are
significantly lower than the expected concentrations obtained from
serum samples. This is not a cumbersome, because a serum pre-
dilution is enough to perform the measurement into an acceptable
analytic range with good %CV with the advantage that the method
is also suitable to analyze plasma samples.

Regarding the latter matter, differences between calprotectin
concentration using serum and plasma samples are well known, and

several studies confirm our results?>2>2¢

obtaining lower calprotec-
tin concentrations in plasma samples with a moderate positive cor-
relation. This is a controversial topic, because there are studies that
advocate that plasma results are better to evaluate patients with RA
and inflammatory bowel diseases.'®?® This is due to EDTA blocks
coagulation by binding of calcium. This may lead to less intracellular
calcium, less protein kinase C activation and less release of calpro-
tectin.’® Nonetheless this is not an annoying issue because it has
been demonstrated that both matrices are suitable to be analyzed
using this platform.

Another important issue to take into account is the correlation
with established methods. We have performed a method compari-
son with CalproLab™ ELISA kit, a validated assay for testing plasma/
serum samples, obtaining good results. However, the absence of
international standardization for calprotectin analysis hampers the
resolution of some observed differences and when a new method is
introduced in laboratory routine a clinical evaluation is needed. For
this reason, we have evaluated the kit in a clinical setup using sam-
ples from patients with RA of rheumatology department.

It is not uncommon to observe patients with a pronounced re-
duction in CRP or ESR values, accompanied by persistent disease
activity in patient with inflammatory arthritis, such as RA, as shown
by a high swollen joint count. This makes it necessary to search for
new disease activity biomarkers. Our results show that calprotectin
measured in this study shows a good correlation with RA disease
activity measured by the different composite articular indices with
joint counts. Although the sample size was relatively small, we have
confirmed these associations. Similar associations between disease
activity and calprotectin have been detailed in RA.>?’ It also has
been demonstrated that serum calprotectin levels stratify disease
activity more accurately than CRP or ESR in RA patients receiving
tumor necrosis factor inhibitors (TNFi)’ or tocilizumab® and strongly
correlates with power Doppler ultrasound synovitis (PDUS) in RA

patients with low disease activity.28

WILEY- 2™

The DiaSorin Liaison® fecal Calprotectin assay adapted for
serum samples showed adequate technical performances and a
good agreement with CalproLab™ ELISA kit, furthermore, the clin-
ical performances are similar to other assays. We have estimated
reference limits in patients with RA and observed a good correla-

tion between serum calprotectin and RA activity, similar to those

reported previously.#%28
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