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Abstract

Background and aims: As mucosal healing is the goal of treatment in inflammatory bowel disease, 
defining a fecal [f-] calprotectin cut-off level for mucosal healing is crucial. Previous studies 
have presented different cut-off levels. The aim of this study was to investigate the ability of two 
f-calprotectin assays to differentiate mucosal healing from inflammation in ulcerative colitis.
Methods: Sixty-two patients with ulcerative colitis underwent colonoscopy for classification of 
mucosal inflammation [Mayo endoscopic subscore]. The patients also submitted a fecal sample for 
f-calprotectin analysis using two different assays, Calpro ELISA and Bühlmann ELISA.
Results: The two assays correlated significantly, with a Spearman rank correlation coefficient 
of 0.86. Both assays showed significantly different f-calprotectin levels in patients with a Mayo 
endoscopic subscore of 0 [mucosal healing] and 1–3 [inflamed mucosa] [p <0.001]. Using ROC 
curve analyses, we selected the best cut-off levels for both assays with responding sensitivity and 
specificity [presented with 95% confidence intervals]; Calpro ELISA cut-off 61 µg/g, sensitivity 84.1 
% [75.0–93.2%], specificity 83.3 % [74.0–92.6%], and Bühlmann ELISA cut-off 96 µg/g, sensitivity 
90.9 % [83.7–98.1%], specificity 83.3 % [74.0–92.6%]. Defining mucosal healing as a Mayo 
endoscopic subscore ≤1, cut-off levels increased: Calpro ELISA cut-off 110 µg/g, sensitivity 80.0 % 
[70–90%], specificity 66.6 % [54.9–78.3%]; and Bühlmann ELISA cut-off 259 µg/g, sensitivity 83.3 % 
[74–92.6%], specificity 71.9 % [60.7–83.1%].
Conclusions: The study demonstrates the need for assay specific cut-off levels in clinical practice, 
as the f-calprotectin cut-off level for endoscopic disease activity differed in these two assays.
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1. Introduction

Ulcerative colitis [UC] is a chronic inflammatory bowel disease 
[IBD] with a relapsing and remitting course. Evaluating relapses 
can be difficult due to poor correlation between clinical symptoms 
and mucosal inflammation.1 Moreover, irritable bowel syndrome 

[IBS]-like symptoms are more prevalent in UC than in healthy indi-
viduals and may be misinterpreted as a relapse.2,3 Mucosal healing 
is an important predictor of the course of disease and has there-
fore become the aim of UC treatment.4–9 Repeated endoscopies to 
identify mucosal inflammation are expensive, time-consuming and 
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unpleasant from the patient’s point of view. Hence there is a need 
for an inexpensive, simple, fast-to-perform and reliable surrogate 
marker of intestinal inflammation. Fecal [f-] calprotectin has become 
increasingly used as such a biomarker, and numerous studies have 
shown a close correlation between mucosal inflammation in IBD and 
high levels of f-calprotectin.10–15

Therefore, the aim of this study was to investigate two different 
ELISA assays for f-calprotectin available in Norway and their cor-
relation with mucosal inflammation evaluated by Mayo endoscopic 
subscore activity index in patients with ulcerative colitis. Further, we 
aimed to determine the assays’ cut-off levels associated with mucosal 
healing [MH].

2. Materials and Methods

2.1 Study design and patients
A total of 62 UC patients were included in this study from: [1] a 
prospective colonoscopy surveillance program for dysplasia in UC 
patients [n  =  29]; [2] a prospective cohort where patients were 
enroled immediately after colonoscopy for a newly diagnosed or an 
acute flare of UC [n  =  17]; and [3] a cohort of UC patients hav-
ing colonoscopy as a part of a clinical routine follow-up and where 
the patients additionally had sent a fecal sample for f-calprotectin 
analysis [n = 16]. Montreal classification for disease extent was reg-
istered.16 All patients submitted a fecal sample at the time of the 
colonoscopy.

2.2 Fecal calprotectin
The fecal samples were analysed with two different commer-
cially available calprotectin enzyme-linked immunosorbent assays 
[ELISA], Calpro Calprotectin ELISA, Calpro AS, Norway [Calpro 
ELISA], and EK-CAL, Bühlmann Laboratories AG, Switzerland 
[BM ELISA] according to the manufacturers’ instructions. The two 
assays had slightly different measurement ranges, 20–2500 µg/g for 
Calpro ELISA and 10–1800 µg/g for BM ELISA. F-calprotectin val-
ues above the upper limit of the measurement ranges were registered 
as 2500 µg/g and 1800 µg/g, respectively. F-calprotectin values below 
the lower limit were accordingly registered as 20 µg/g and 10 µg/g.

2.3 Endoscopic disease activity
The mucosal inflammation was classified according to the Mayo 
endoscopic subscore,1 ranging from 0 to 3. The segment with the 
most severe disease activity was chosen to set the score. All the colo-
noscopies were performed by one senior gastroenterologist [AR]. 
The endoscopist did not have information about the f-calprotectin 
levels at hand prior to the procedure.

2.4 Statistical analyses
Data are presented as medians with ranges. Log-transformed data 
followed normal distribution and are therefore presented as point 
estimates of the mean with 95% confidence intervals.

Due to a limited sample size and a skewed distribution of data, cor-
relation between the assays was calculated using the non-parametric 
Spearman rank correlation and with Passing Bablok regression analy-
sis. F-calprotectin levels across groups defined by endoscopic disease 
activity were compared using one way ANOVA, with post hoc analysis 
using Least Significant Difference (LSD) adjustment. This analysis was 
done using log-transformed f-calprotectin values. Receiver operating 
characteristics [ROC] curve analyses were performed, and from these 
the presented cut-off levels for endoscopic remission were derived. 
A p-value <0.05 was considered statistically significant.

All statistical analyses were performed using IBM SPSS Statistics 
version 22.0, except the Passing-Bablok analysis, which was per-
formed using Analyse-it for Microsoft Excel version 3.76.

2.5 Ethical considerations
All three part-studies were approved by the Norwegian South East 
Regional Committee for Medical and Health Research Ethics.

The study was performed in accordance with the Declaration of 
Helsinki and all the study participants signed informed consents.

3. Results

3.1 Patient characteristics
During 2010–2013, 62 UC patients were included in this study. 
Characteristics of the study population are presented in Table 1. 

3.2 Correlation between assays
There was a high and statistically significant correlation between the 
two assays, with a Spearman rank correlation coefficient of 0.86, p 
<0.001. Passing Bablok regression, with Calpro ELISA as method X 
and BM ELISA as method Y, concluded with a slope of 1.66 and an 
intercept of -15. Figure 1 demonstrates the relationship between the 
f-calprotectin values for each individual analysed with both assays. 
Due to different measurement ranges, some values are not directly 
comparable.

3.3 Correlation between endoscopic disease activity 
and f-calprotectin
In Figure 2 we present the relationship between the different sub-
groups of the Mayo endoscopic subscore and log [f-calprotectin]. 
There was a trend towards increasing log [f-calprotectin] values with 
increasing Mayo score. Moreover, there was a statistically significant 
difference between Mayo subgroup 0 and the other Mayo subgroups 
for both assays [p <0.001].

3.4 ROC curve analysis
ROC curve analyses were performed for both assays’ ability to iden-
tify mucosal inflammation [Figure  3]. Data for Mayo endoscopic 

Table 1. Clinical and demographic data of the study population.

Number of patients – n 62
Male – n [%] 29 [47]
Age – median years [range] 35.5 [18–72]
Time between f-calprotectin and endoscopy mean days 
[95% CI]

9.7 [-2.8–22.3]

F-calprotectin µg/g Calpro ELISA – median [range] 208 [20–2500]
F-calprotectin µg/g BM ELISA – median [range]
Mayo endoscopic subscore – n [%]

331 [10–1800]

 0 – normal or inactive disease 18 [29]
 1 – mild disease [erythema, decreased vascular pat-
tern, mild friability]

14 [22.6]

 2 – moderate disease [marked erythema, absent 
vascular pattern, friability, erosions]

19 [30.6]

 3 – severe disease [spontaneous bleeding, ulceration] 11 [17.7]
Montreal classification – n [%]
 Proctitis 2 [3.2]
 Left-sided colitis 11 [17.7]
 Extensive colitis 49 [79]

CI, confidence interval.
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subscore 0 vs 1–3 and for Mayo endoscopic subscore 0–1 vs 2–3 are 
shown. Calpro ELISA shows generally lower cut-off levels for MH 
than BM ELISA. Clinical performance characteristics are listed in 
Tables 2 and 3.

4. Discussion

The present study demonstrates that f-calprotectin is a reliable pre-
dictor of endoscopic disease activity in UC, with an accuracy ranging 
from 73.1 % to 88.7 % depending on ELISA assay and definition of 
endoscopic disease activity. Two assays were studied, and their f-cal-
protectin measurements correlated significantly. There were no sig-
nificant differences in the diagnostic performance of the two assays 
regarding sensitivity or specificity, but the optimal f-calprotectin cut-
off levels for MH differed for the two assays.

Feces is a heterogeneous material, and f-calprotectin is measured 
in a spot sample. A slight difference in the f-calprotectin measure-
ments should therefore be expected. Systematic differences between 

assays are, however, important to recognize. A recent study found 
that commercially available ELISA kits used for measuring f-cal-
protectin, namely BM ELISA, Phical [Immunodiagnostik AG], and 
Calprest [Eurospital], demonstrated adequate intra-assay variabil-
ity, but BM ELISA reported up to 3.8 times higher f-calprotectin 
concentrations than the other two assays.17 The conclusion was that 
verification of the diagnostic accuracy of different assays by compar-
ing f-calprotectin concentrations with endoscopy and additionally 
histology was needed. As demonstrated by the present study, BM 
ELISA measured higher f-calprotectin levels than Calpro ELISA for 
the majority of the study subjects [Figure 1], which also resulted in 
a higher f-calprotectin cut-off level for differentiation between endo-
scopic MH [Mayo subscore 0] and inflamed and ulcerated mucosa 
[Mayo subscore ≥1].

In the European guidelines for management of UC, endoscopic 
remission is considered the goal of maintenance therapy.18 However, 
endoscopic remission is not defined in these guidelines, and both 
complete normalization of mucosa as well as mild endoscopic 
inflammation have been treatment end-points in clinical trials.4,9,19 
Together with a poor validation of different endoscopic activity indi-
ces,1 this represents a challenge in the search for an f-calprotectin 
cut-off level for MH.

D’Haens et al. defined endoscopic remission as Mayo endoscopic 
subscore of 0, and found an f-calprotectin cut-off level of 250 µg/g 
the optimal combination of sensitivity and specificity.20 Defining endo-
scopic remission as Mayo endoscopic subscore 0–1, Lobatón et  al. 
found 250 µg/g the optimal f-calprotectin cut-off level.21 However, if 
only Mayo endoscopic subscore 0 was considered mucosal healing, the 
optimal cut-off level decreased to 160 µg/g. Using the Rachmilewitz 
Endoscopic index [not comparable to the Mayo endoscopic subscore] 
and defining a score of ≤3 as endoscopically inactive disease, Schoepfer 
et al. found the optimal cut-off at 50 µg/g.22 Using the Modified Baron 
Score, rating endoscopic remission as a score ≤ 1[comparable to a 
Mayo endoscopic subscore of 0], the same authors later confirmed 
these findings, concluding with the optimal cut-off at 57 µg/g.23

Due to various endoscopic activity indices, the definition of MH 
in these studies is not uniform. This may explain the relatively wide 
range of f-calprotectin cut-off levels. Various f-calprotectin ELISA 
assays [respectively PhiCal ELISA assay [Genova Diagnostics 
Laboratory], BM ELISA, and Calpro ELISA] have been used in 
these studies, but inter-assay variability may also, as demonstrated 
by our study, contribute to the difference in cut-off levels for MH.

Our findings are in accordance with the conclusions of Labaere 
et al., who studied six f-calprotectin assays, including ELISA assays 
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Figure  3. Receiver operating characteristics [ ROC] curve analyses for 
both assays’ ability to predict mucosal inflammation. [a] and [b] Mucosal 
inflammation defined as Mayo endoscopic subscore of ≥1 for assays Calpro 
ELISA and BM ELISA, respectively. [c] and [d] Mucosal inflammation defined 
as Mayo endoscopic subscore of 2–3 for assays Calpro ELISA and BM ELISA, 
respectively.

and point-of-care tests, and found variable cut-off levels for endo-
scopic remission in both UC [n = 22] and Crohn’s disease [n = 21], 
ranging from 31 to 129  µg/g.24 Subgroups analyses [endoscopic 
activity vs endoscopic remission] with very few cases led the authors 
to the conclusion that larger studies were needed.

C-reactive protein [CRP] has been proposed as a surrogate 
marker of MH in UC,25,26 but has a poor overall correlation due to 
a weak CRP response,22,27 and the specificity of CRP as a surrogate 
marker of MH is low.21

F-calprotectin is much more closely related to endoscopic find-
ings than clinical activity scores.20–23 Moreover, f-calprotectin is pro-
posed as a marker of subclinical intestinal inflammation in patients 
in clinical remission,28 as elevated f-calprotectin in UC patients in 

clinical remission is known to predict future relapse of disease.29–32 
Monitoring UC patients with consecutive f-calprotectin measure-
ments may therefore be of substantial clinical importance, but 
requires a reliable cut-off level for intervention.

The importance of histopathology is still uncertain, as the 
absence of endoscopic inflammation may not necessarily mean 
that no microscopic inflammation is present.4,19 Bitton et  al. have 
demonstrated that histological changes [basal plasmacytosis in rec-
tal biopsy specimens] in UC patients in endoscopic remission were 
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significantly predictive of early relapse,33 indicating that histopathol-
ogy is important in the evaluation of MH.

In the presented study, even discrete mucosal inflammation affected 
the levels of f-calprotectin, and a significant difference between f-cal-
protectin levels in the subgroup with a Mayo endoscopic subscore of 
0 and all other subgroups were proven for both assays. Performing 
ROC curve analysis with both Mayo endoscopic subscores of 0–1 as 
the definition of endoscopic remission, clinical performance for both 
f-calprotectin assays was lower than if endoscopic remission only 
included Mayo 0 [complete normal mucosa], see Figure 3 and Tables 
2 and 3. This observation makes us speculate whether microscopic 
inflammation in an otherwise apparently normal mucosa would give 
an elevated f-calprotectin. If this is the case, adding histopathology as 
a variable would potentially improve diagnostic accuracy. The clinical 
significance of this is unclear and further investigations are needed.

We have no information regarding the study patients’ current med-
ical treatment. Pharmaceuticals relevant for treatment of inflamma-
tory bowel disease have previously not been shown to interfere with 
f-calprotectin ELISA.34 Hence, there is no reason to expect that medi-
cal treatment should interfere with the results of the presented study.

In conclusion, f-calprotectin was introduced and validated as a 
diagnostic marker separating IBD from IBS. The European guide-
lines for diagnosis and management of UC now recommend the use 
of f-calprotectin as a tool for diagnosis and assessment of disease 
severity.35 Reliable cut-off levels for mucosal healing are then crucial, 
and as demonstrated by our study, must be tailored and validated for 
each assay individually.
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