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ABSTRACT
Calprotectin (S100A8/S100A9, MRP8/MRP14) is a major leukocyte protein found to be more sensitive 
than C-Reactive Protein (CRP) and Erythrocyte Sedimentation Rate (ESR) as a marker of inflammation in 
patients with rheumatoid arthritis (RA). The present objective was to explore the robustness of calprotectin 
assessments by comparing two different laboratory methods assessing calprotectin in plasma samples 
from patients with early or established RA. A total of 212 patients with early RA (mean (SD) age 52(13.3) 
years, disease duration 0.6(0.5) years) and 177 patients with established RA (mean (SD) age 52.9(13.0) 
years, disease duration 10.0(8.8) years) were assessed by clinical, laboratory, and ultrasound examinations. 
Frozen plasma samples (−80 °C) were analysed for calprotectin levels at baseline, 1, 2, 3, 6 and 12 months 
by use of either enzyme-linked immunosorbent assay (ELISA) or fluoroenzyme immunoassay (FEIA). The 
ELISA technique used kits from Calpro AS and the FEIA technology was assessed on an automated 
Thermo Fisher Scientific instrument. The results showed high correlations between the two methods at 
baseline and during follow-up, with Spearman correlation at baseline 0.93 (p < 0.001) in the early and 
0.96 (p < 0.001) in the established RA cohorts. The correlations between each of the two calprotectin 
assessments and clinical examinations had similar range. Calprotectin correlated well with clinical 
examinations, with at least as high correlations as CRP and ESR. The present study showed similar results 
for the two analytical methods, supporting the robustness of calprotectin analyses, and suggest 
calprotectin in plasma to be included in the assessments offered by clinical routine laboratories.

Introduction

Calprotectin is a heterocomplex of the S100 proteins S100A8 
and S100A9 (also called myeloid-related protein 8/14 (MRP8/
MRP14)) which has a calcium-binding protein with EF hand 
calcium domains [1], constituting the physiologically active 
conformation of this protein. Calprotectin is predominantly 
expressed by myelomonocytic cells, namely monocytes and 
neutrophils but also in early differentiation stages of macro-
phages [2]. The protein constitutes 40% and 5%, respectively, 
of the polymorphonuclear neutrophil cytosolic and monocyte 
protein content [3]. Calprotectin is an alarmin with import-
ant proinflammatory properties mainly secreted by activated 
neutrophils in a calcium-dependant manner.

In patients with rheumatoid arthritis (RA), calprotectin 
has been found to reflect clinical and ultrasound inflamma-
tion more sensitively than C-reactive protein (CRP) or 
Erythrocyte Sedimentation Rate (ESR) [4–10]. In patients 

with RA, plasma calprotectin levels have been found to pre-
dict relapse [11,12] and response to biologic disease-modifying 
anti-rheumatic drugs (bDMARDs) [13–16]. In addition, cal-
protectin has been shown to be associated with subclinical 
RA inflammatory activity [17] and radiographic progression 
[18–20]. Even if many studies use serum samples for assess-
ing calprotectin concentration, plasma samples are shown to 
have higher associations to clinical and ultrasound assess-
ments of inflammation [21]. Calprotectin levels are about 
doubled in serum compared to plasma [22], which is thought 
to be caused by ethylenediaminetetraacetic acid (EDTA) in 
plasma inhibiting the neutrophil activation by its binding to 
calcium, and thus inhibiting the release of calprotectin.

Ultrasound assessments are increasingly used in rheuma-
tologic practice to assess arthritis and tenosynovitis in 
patients with RA. Ultrasound has been shown to have high 
reliability [23], and use of comprehensive scores detects 
most of the ongoing inflammation [24].
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Prior to including plasma calprotectin in laboratory rou-
tine for disease management in RA, the concordance of cal-
protectin levels assessed by different methods should be 
investigated to explore the robustness of the assessments. 
The present study assessed the plasma calprotectin levels 
examined by two different established laboratory methods to 
explore their concordance in patients with RA having either 
early or established disease. In addition, we explored whether 
calprotectin assessed by the two methods had similar level 
of associations with clinical and ultrasound assessments of 
disease activity as found for CRP and ESR.

Methods

Patient and plasma samples

The present study is a sub-study of NORA (a Nordic 
multi-centre study exploring personalized medicine in 
RA) including plasma samples from patients with early or 
established RA. The patients with early RA were from the 
step-up, treat-to-target randomized control trial (ARCTIC) 
[25], in which patients were treated with methotrexate 
and prednisolone from baseline, with additional medica-
tion as needed during follow-up according to a pre-defined 
step-up protocol. The established RA patients were part 
of the observational clinical ULRABIT study [26] and 
included patients initiating biologic disease-modifying 
anti-rheumatic drugs.

Calprotectin assessments

In the early RA cohort, plasma for calprotectin analysis was 
collected from baseline, 1, 3 and 12 months for ELISA 
assessments, and from baseline, 1, 2, 3, 6 and 12 months for 
FEIA assessments. In patients with established RA, plasma 
was from baseline, 1, 2, 3, 6 and 12 months for both ELISA 
and FEIA examinations. Blood was collected in EDTA tubes 
and centrifugated for 15 min at a relative centrifugal force of 
1400, performed within 30 min from collection of the EDTA 
blood. The upper third of the plasma samples (avoiding 
buffy coat) was used for calprotectin assessments. After cen-
trifugation, the plasma was aliquoted into NUNC tubes with 
0.5 mL plasma in each, and then stored frozen (−80 °C).

Calprotectin was assessed by use of two different meth-
ods (each method using one aliquot); Enzyme-Linked 
ImmunoSorbent Assay (ELISA) and FluoroEnzyme 
ImmunoAssay (FEIA). The ELISA method was developed by 
MK Fagerhol about 40 years ago [27] with further refine-
ments. In the early RA cohort, calprotectin had previously 
been analysed [20] by a calprotectin ELISA alkaline phos-
phatase (ALP) kit from Calpro AS (Oslo, Norway) at the 
Broegelmann Research Laboratory. The assay is using plates 
coated with a mouse monoclonal antibody directed against 
S100A9. The detection antibody is a polyclonal rabbit anti-
body conjugated to ALP. All plasma samples from the indi-
vidual patients were analysed on the same plate. Colour 
intensity was read at 405 nanometre wavelengths by an 
eMax reader from Molecular Devices (Sunnyvale, CA) using 

Soft Max pro software and a Synergy H1 Hybrid Reader 
from BioTek (Winooski, VT). Plasma levels of calprotectin 
in the established RA cohort was assessed by an ELISA 
technique also using kits from Calpro AS (Oslo, Norway) 
and the samples were assessed in a semi-automatic analysis 
machine Dynex DS2 (Dynex Technologies, VA) at 
Diakonhjemmet hospital. Plasma samples from each patient 
were examined on the same plate. The Calpro AS plates 
were coated by monoclonal antibodies against calprotectin, 
and the kits included all necessary solutions, substrates, 
standards, and controls (high and low calprotectin levels), 
and the Calpro AS protocol was used for the calprotectin 
assessments. The standards and controls were used as the 
mean of two measures, while all the patient samples were 
analysed as single measures. Normal median value (25, 75 
percentile) of calprotectin was provided by the manufacturer 
by assessment of plasma from 100 healthy blood donors and 
was 560 (412, 788) µg/L.

The FEIA technology used wells coated with monoclonal 
antibodies to calprotectin in a research setting on a Thermo 
Fisher Scientific instrument with a 1:50 dilution of the 
plasma sample. The response to patient samples was com-
pared directly with the response to calibrators and defined 
as Arbitrary Units per ml (AU/mL) [22]. A total of 300 
plasma samples from blood donors were measured to define 
a normal range for the research setting of the FEIA technol-
ogy. The normal range was defined as below 20 AU/mL, 
with a mean (SD) of 5.4 (4.0) AU/mL and 25, 75 percentiles 
of 2.6, 6.7 AU/mL for the measured blood donor samples.

Routine laboratory assessments

CRP (immunoturbidimetric assay) and ESR (Westergren) 
were assessed in the routine at Diakonhjemmet hospital lab-
oratory (normal levels; CRP ≤4 mg/L and ESR ≤12 men/≤17 
women mm/h).

Ultrasound assessments

The ultrasound assessments used the Outcome Measures in 
Rheumatology (OMERACT) definitions of pathology [28]. In 
the ARCTIC trial of early RA, ultrasound was performed at 
baseline, 1, 2, 3, 6 and 12 months in half of the cohort and 
at baseline and 12 months in the other half [25]. Ultrasound 
was performed after extensive training of the sonographers 
as well as using a reference ultrasound atlas which has been 
shown to give high intra- and inter-rater reliability [23] and 
included 32 joints scored semi-quantitatively for grey scale 
(GS) and power Doppler (PD) as described [25].

The established RA cohort was assessed similar to the 
ARCTIC patients (as previously described [26]; ultrasound 
of 36 joints performed by one experienced sonographer 
using the Norwegian ultrasound atlas as reference [23]).

Clinical examinations

We only included the most objective clinical RA measures 
in the present study, i.e. number of swollen joints and 
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examiner’s global score (EGA) (visual analogue scale (VAS, 
score 0–100)) to explore the associations between calprotec-
tin/CRP/ESR and clinical assessments of inflammation. In 
the early RA cohort, the clinical assessments were performed 
by the treating physician, scoring number of swollen joints 
(the standard 28 joints [29]) as well as EGA [20]. In the 
cohort of established RA, clinical assessments were per-
formed by one of two trained study nurses blinded to the 
ultrasound results; they assessed number of swollen joints 
(the standard 28 joints [29] with the addition of ankles and 
the metatarsophalangeal joints 1–5 scored as one joint bilat-
erally (i.e. in total 32 joints)) as well as EGA.

Statistics

Sum scores of both GS synovitis and PD activity were cal-
culated for each of the two cohorts and were used in the 
present calculations. Spearman’s rank correlations were used 
for intra-individual comparisons between calprotectin con-
centrations examined by the two methods as well as correla-
tions between each of the laboratory assessments (calprotectin 
(two methods), CRP, and ESR) and each of the clinically 
most objective measures of inflammation (GS and PD ultra-
sound, swollen joint count, and EGA). Correlation coeffi-
cients were defined as; no <0.2, low 0.2 − 0.3, moderate 
>0.3–<0.5, substantial 0.5–0.7 and >0.7 high.

Results

In the early RA cohort, a total of 212 patients (mean (SD) 
age 52.0 (13.3) years, disease duration 0.6 (0.5) years, 61% 
women, 81% anti-CCP IgG positive and 71% RF IgM posi-
tive) were included. The established RA cohort included 177 
patients (mean (SD) age 52.8 (13.0) years, disease duration 
10.0 (8.8) years, 81% women, 82% anti-CCP IgG positive 
and 69% RF IgM positive).

Correlations between the two calprotectin assessments

Figure 1 shows the correlations between the two calprotectin 
assays at baseline for early RA, r = 0.93 (p < 0.001) and estab-
lished RA, r = 0.96 (p < 0.001). The figures illustrate the range 
of baseline calprotectin concentrations in the two groups.

During follow-up (1, 2, 3, 6, and 12 months visits), the 
median (range) correlations between the two calprotectin 
measurements were 0.88 (0.87 − 0.89, all with p < 0.001) in 
the early RA cohort. The corresponding correlations were 
0.96 (0.95 − 0.97) in the cohort of established RA.

Correlations between calprotectin/CRP/ESR levels and 
clinical assessments

Table 1 shows the baseline correlations between the labora-
tory results and the more objective assessments of disease 
activity in the early and established RA patients (p < 0.001 
for all the correlations). Correlation coefficients between cal-
protectin (assessed by use of the ELISA method) and CRP/

ESR has previously been published [5,20]. Calprotectin, 
assessed by both methods, was found to have correlations 
with the clinical assessments in the same range as the estab-
lished laboratory markers CRP and ESR. During follow-up, 
the correlations were low to moderate between calprotectin 
(assessed by both methods), CRP, ESR and clinical as well 
as ultrasound assessments (data not shown). The two cal-
protectin methods showed only marginally different correla-
tion coefficients, and there were no statistically significant 
differences in the correlations between the two calprotectin 
methods regarding their correlations with CRP/ESR or clin-
ical/ultrasound examinations during follow-up (data 
not shown).

Discussion

The present study is the first to explore the associations 
between ELISA and FEIA methods for assessments of cal-
protectin in patients with RA. In addition, both early and 
established RA were included to explore whether disease 
duration had any influence on the association. We found 
very high correlations between the two methods in both 
patient cohorts, and the two methods had at least as good 
levels of correlations with clinical and ultrasound assess-
ments of disease activity as the two established inflamma-
tory markers CRP and ESR.

Ultrasound is a sensitive imaging technique for detection 
of inflammation, and our calprotectin assessments had sim-
ilar levels of association with ultrasound sum scores as pre-
viously described [8]. We found both calprotectin assessments 
to have moderate to substantial correlations with clinical 
examinations of joint inflammation (EGA and SJC) at base-
line, and similar levels of correlations have been shown pre-
viously [7,9,20]. Previous studies have shown low or no 
associations between subjective evaluations (patient reported 
outcomes) and objective assessments (EGA and SJC) of dis-
ease activity [26,30,31]. Thus, we did not include any sub-
jective variables in our present calculations.

The calprotectin ELISA method has been developed 
during the last two decades [27] and the laboratory exam-
inations have been increasingly automized. Even if the 
patients with early RA had ELISA calprotectin assessed 
more manually, the calprotectin levels had as high correla-
tions with the FEIA method as was found for the estab-
lished RA cohort.

The FEIA method was presently found to have similar 
associations to clinical assessments as the ELISA method. 
Thus, even if FEIA is a method that has not been fully 
developed, and therefore not having an accreditation at this 
point of time, the method seems to be promising as a rou-
tine assessment for inflammatory joint diseases and may be 
used in an automated workflow.

A limitation of the present study is that only two labora-
tory methods have been compared. However, these methods 
are frequently used in clinical laboratories, and thus relevant 
to compare. Another limitation is that the ELISA method was 
somewhat differently performed for the early compared to the 
established cohort. However, both methods used the same 
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Calpro AS kits, and the only difference was the manually 
compared to semi-automatic filling of syringes. Calprotectin 
levels has recently been shown to be increased with addition 
of haemoglobin [32], where significant elevation was found in 
samples with low calprotectin levels. In the present study we 
included patients with high calprotectin levels, and even if 

plasma was collected independent of haemolysis, a potential 
haemolysis may not have influenced our results. A strength of 
our study is the large number of patients included, as well as 
having follow-up results. In addition, the inclusion of both 
early and established RA cohorts makes the present results 
covering the whole spectrum of RA patients.

Figure 1.  Spearman’s correlation at baseline between calprotectin levels examined by use of ELISA or FEIA in the ARCTIC cohort of early RA (A) as well the 
ULRABIT cohort of established RA (B).
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To conclude, we found very high correlations between 
the calprotectin levels assessed by ELISA and FEIA, and we 
found each of the two methods to be associated with objec-
tive measures of inflammation, with no significant differ-
ences between the two methods. The present study indicates 
that both the ELISA and the FEIA assessments can be rec-
ommended for calprotectin assessments in clinical practice.
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