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Abstract
AIM
To assess the correlation between the send-out enzyme-
linked immuno sorbent assay (ELISA) and the point-of-
care (POC) calprotectin test in pediatric inflammatory 
bowel disease (IBD) patients.

METHODS
We prospectively collected stool samples in pediatric IBD 
patients for concomitant send-out ELISA analysis and 
POC calprotectin testing using the Quantum Blue® (QB) 
Extended immunoassay. Continuous results between 17 
to 1000 μg/g were considered for comparison. Agreement 
between the two tests was measured by a Bland-Altman 
plot and statistical significance was determined using 
Pitman’s test.

RESULTS
Forty-nine stool samples were collected from 31 pediatric 
IBD patients. The overall means for the rapid and ELISA 
tests were 580.5 and 522.87 μg/g respectively. Among 
the 49 samples, 18 (37.5%) had POC calprotectin levels 
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of ≤ 250 μg/g and 31 (62.5%) had levels > 250 μg/g. 
Calprotectin levels ≤ 250 μg/g show good correlation 
between the two assays. Less correlation was observed at 
quantitatively higher calprotectin levels. 

CONCLUSION
In pediatric IBD patients, there is better correlation of 
between ELISA and POC calprotectin measurements at 
clinically meaningful, low-range levels. Future adoption of 
POC calprotectin testing in the United States may have 
utility for guiding clinical decision making in real time. 

Key words: Calprotectin; Stool biomarker; Inflammatory 
bowel disease; Crohn’s disease; Ulcerative colitis; Point-
of-care test

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Quantitative fecal calprotectin (FC) measure-
ments, particularly in children affected by inflammatory 
bowel disease (IBD), is an important element of disease 
monitoring in a patient population vulnerable to repeated 
endoscopic confirmation of mucosal healing. In the 
United States, rapid FC assays are not yet Food and Drug 
Administration approved, and send-out FC assays require 
processing delay, preventing point-of-care usefulness. 
The significance of our findings in this study reiterate the 
clinical utility of the point-of-care FC testing in children 
with IBD, who are at-risk for subclinical mucosal-level 
inflammation. Our study confirms good correlation 
between the send-out and rapid point-of-care FC tests 
at the clinically-meaningful target range (≤ 250 μg/g) 
associated with endoscopic remission. 
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INTRODUCTION
Reliable mucosal-level monitoring of inflammatory bo-
wel disease (IBD) is important for appropriate disease 
management response. Although endoscopy remains the 
current gold standard for mucosal-level evaluation, the 
invasive nature, anesthesia requirement, and potential 
for procedure-related complications including bowel 
perforations are valid considerations for pediatric IBD 
patients to be disease-monitored using non-invasive st-
ool biomarkers[1].

As the strength of evidence for longitudinally mo-
nitoring IBD using serial calprotectin measurements is 
emerging, most clinical laboratories in the United States 
do not analyze fecal calprotectin in-house and require 
quantification via a send-out method. As a result, cal-

protectin measurement by the traditional enzyme-linked 
immunosorbent assay (ELISA) can be time intensive, 
potentially leading to delays in clinical decision-making - 
especially in children with IBD who may have discordance 
of biochemical markers (e.g., CRP) with subjective 
assessments of disease activity (e.g., abdominal pain).

Rapid fecal calprotectin testing, using immuno-
chromatographic assays, could overcome this time de-
lay and can result in point-of-care (POC) calprotectin 
measurements within minutes. One POC test - Quantum 
Blue® Extended immunoassay (Bühlmann Laboratories, 
Switzerland) - is approved for clinical use in Europe, 
Canada, and countries in Asia and South America. While 
there are a few studies showing good correlation of this 
particular assay with an ELISA test in mainly an adult, 
IBD and non-IBD cohort[2,3], there is only one European 
study to our knowledge assessing the strength of 
correlation for POC testing with the standard ELISA in 
children with IBD. In the United States, POC calprotectin 
testing is not yet Food and Drug Administration (FDA) 
approved at this time for clinical use[4]. We aimed to 
assess the correlation between the send-out ELISA and 
the POC calprotectin test in pediatric IBD patients.

MATERIALS AND METHODS
This was a Stanford University IRB approved pros-
pective study conducted from October 2014 to May 
2015. In previously diagnosed pediatric IBD patients 
who were being assessed for routine fecal calprotectin 
levels, their tested stool sample was also analyzed for 
calprotectin using the Quantum Blue® POC test. Informed 
consent by the parent or legal guardian was required 
for participation. During standard of care inpatient and 
outpatient encounters, fecal samples were collected 
from patients by our hospital laboratory for processing 
and sent to one centralized laboratory for ELISA analysis 
(Genova Diagnostics, NC, United States). No samples 
were collected from patients undergoing colonic cleanout. 
ELISA results were reported back within 10-14 d as μg/g 
within a continuous range of < 17 to 2500 μg/g. Results 
> 1000 were recorded as 1000 to match the range of 
the POC calprotectin test. 

For POC calprotectin testing, stool samples (1 g) were 
extracted using the CALEX® cap device by unscrewing the 
cap and inserting it into the stool sample. The collection 
stick was removed with 1 g of adhering stool and inserted 
into the collection container that contained the antibody 
reagent. The device was then vigorously homogenized 
using a vortex mixer, and 60 μL of the mixed sample 
was placed in the QB test cartridge and loaded into the 
reader. After 12 min, the test cartridge was read and 
displayed the amount of FC present in the sample. The 
results were reported as μg/g with a continuous range of 
< 30 to 1000 μg/g. From stool extraction to results, the 
test required approximately 15 min to complete.

Previous studies and clinical experience have indicated 
that calprotectin ≤ 250 μg/g correlates with lower disease 
activity at the mucosal-level on endoscopic evaluation[5-7]. 
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Therefore, we were particularly interested in the strength 
of correlation between the ELISA and POC calprotectin 
test within this lower range of values. Agreement between 
the two tests was measured by a Bland-Altman plot and 
statistical significance was determined using Pitman’s test 
in STATA 12.1 (StataCorp, College Station, TX, United 
States).

RESULTS
From routine inpatient or outpatient care, 49 stool sam-
ples were collected from 31 pediatric IBD patients (Table 
1). The overall means for the rapid and ELISA tests were 
580.5 μg/g and 522.87 μg/g respectively. Among the 49 
samples, 18 (37.5%) had POC calprotectin levels of ≤ 
250 μg/g and 31 (62.5%) had levels > 250 μg/g.

Among samples resulting in ≤ 250 μg/g, mean 
calprotectin levels were 74.1 μg/g from the ELISA and 
86.2 μg/g from the POC calprotectin, a mean difference 
of 12.0 μg/g. Among samples resulting in > 250 μg/g, 
mean calprotectin levels were 783.5 μg/g from the ELISA 
and 867.6 μg/g from the POC calprotectin test, a mean 
difference between of 84.1 μg/g. 

In order to test whether these differences were sig-
nificant, we used a Bland-Altman plot, graphing the 
difference between the two test values against their mean 

value (Figure 1). Pitman’s test was used to determine if 
there was a correlation between the two values.

For values ≤ 250 μg/g, Pitman’s test showed r = 
0.072, with the value close to zero indicating good con-
cordance between the two tests; further, p = 0.779, 
confirming that we cannot reject the null hypothesis of 
equal variances. For values > 250 μg/g (not graphed), 
the r = 0.109, suggesting that higher absolute values 
have less correlation between ELISA and POC tests, 
although the test of significance supported the null 
hypothesis p = 0.564.

DISCUSSION
Our prospective cohort study showcases the reliability 
of a POC calprotectin test that is currently being used in 
routine clinical care in Europe and Canada but not yet 
approved in the United States. While we acknowledge 
the limited sample size, the data from our study show 
good correlation between send-out ELISA and POC cal-
protectin tests. We show that agreement between the 
two tests appears to be stronger for lower values - a 
finding that is corroborated by Kolho et al[8] in a pediatric 
IBD cohort. Of note, our investigation used a classical 
statistical method in the Bland-Altman plot which 
descriptively and quantitatively showcases the strength 
of correlation between the two tests. 

Our results also agree with previous studies that 
showed increased inter-test variability at higher calpro-
tectin levels - with greater divergence from expected 
values above 250 μg/g[9,10]. In order to optimize the utility 
of our study despite our limited sample size, we focused 
our analysis around values ≤ 250 μg/g since literature in 
IBD cohorts supports endoscopic disease quiescence at or 
below 300 μg/g cut-off level. Targeting low-range levels 
appear to be the clinical goal in calprotectin monitoring.

We also found that values of the POC test were 
overall higher than the values obtained from ELISA, al-
though the Pitman’s tests indicate that this difference 
was not statistically significant. Several previous studies 
from Europe and Asia demonstrate excellent correlation 
of a rapid assay similar to the one used in this study 
to ELISA[8,11], but they do not showcase the differential 
strength of correlation at low vs high calprotectin levels.
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Table 1  Patient characteristics n  (%)

Total (%) FC ≤ 250 μg/g FC > 250 μg/g

Samples 49 21 (43) 28 (57)
Age (yr)    12.8 13.3 12.4
Diagnosis
  CD 21 (43)   9 (43) 12 (43)
  UC 22 (45) 10 (48) 12 (43)
  IBD-U   6 (12) 2 (9)   4 (14)
Gender
  Male 24 (49)   8 (38) 16 (57)
  Female 25 (51) 13 (62) 12 (43)
CRP (mg/dL)   2.29   1.12   3.31
ESR (mm/h) 25.54 13.09 34.23

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel 
disease; IBD-U: IBD-unclassified; FC: Fecal calprotectin; CRP: C-reactive 
protein.
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Figure 1  Bland-Altman plot for calprotectin values ≤ 250 
μg/g. Pitman’s test showed r = 0.072, with the value close to 
zero indicating good concordance between the two tests (P = 
0.779).
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In summary, we present the first correlation study of 
rapid POC calprotectin testing in a pediatric IBD cohort 
in the United States. Unlike the conventional send-out 
ELISA which typically takes 10-14 d to result, the future 
clinical use of POC calprotectin could improve the utility 
in the decision-making process if levels were available 
at or near the time of actual care. 
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