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A B S T R A C T

Objectives: Inflammatory bowel disease (IBD) is an increasingly prevalent disorder marked by
chronic intestinal inflammation. Fecal calprotectin has emerged as a useful biomarker for differ-
ential diagnostics and monitoring IBD activity. We validated the newly FDA-approved fCal Turbo
fecal calprotectin assay in our pediatric hospital.
Design and methods: The performance of the fCal Turbo assay was assessed on the Vitros 5600
analyzer (Ortho Clinical Diagnostics, USA), including limit of quantitation, linearity, precision,
and interference studies. Method comparison was performed with 20 fecal samples with the
Buhlmann fCal ELISA, and reference range verification was performed with 33 fecal samples.
Results: The fCal Turbo assay on the Vitros 5600 was linear between 33.1 and 14,182.5 μg/g, with
dilution studies extending the range to 33.1–22,000 μg/g, Reproducibility of the assay met
acceptability criteria, with intra-assay CV of 0.3–3.2% and inter-assay CV of 5.2–8.9%. Interfer-
ence studies identified acceptable thresholds for protein, bilirubin, and lipids. We verified a
reference range of 33.1–60 μg/g in our patient population. Deming regression identified accept-
able correlation with minor positive bias (2.7%) between the fCal Turbo and fCal ELISA methods.
Conclusions: The fCal Turbo assay performs well on the Vitros 5600 analyzer in our patient pop-
ulation, with the assay being easy to use in our routine chemistry workflow. We anticipate that the
fCal Turbo assay will be useful as a rapid screening method for differential diagnostics and disease
monitoring of IBD in our patient population.
1. Introduction

Inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS) are increasingly prevalent disorders with overlapping clinical
presentations. Distinguishing between these two classes of disease is important, as while IBS is an idiopathic functional disorder, IBD is
characterized by chronic inflammation and tissue destruction [1]. IBD can have serious sequelae, such as the need for surgical bowel
resection or colorectal cancer. Particularly in children, IBD can cause malnutrition, growth failure, and micronutrient deficiencies [2].
Timely identification and treatment of IBD can reduce these deleterious consequences.

The gold standard diagnostic method for differentiation between IBS and IBD is endoscopy with tissue biopsy [3]. The need for a
skilled operator and the invasive and uncomfortable nature of the test make endoscopy undesirable for patients, and an unsuitable test
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for repeated monitoring. Yet, tracking disease activity over the course of time is desirable to monitor disease flares.
Fecal calprotectin (FC) is a biomarker that has shown promise for identification andmonitoring of IBD. Calprotectin is a calcium- and

zinc-binding protein that is abundant in polynuclear neutrophils, monocytes, and macrophages. Its concentration in stool is well
correlated with disease activity of IBD, especially in respect to the colonic mucosa, as measured by histopathological examination [4].
Testing for FC is becoming more widely adopted, and compliance with FC testing for disease monitoring in the pediatric IBD population
at our institution is good [5]. The most widely used method for measurement of fecal calprotectin is ELISA. A cutoff value of 50 μg/g FC
has been widely studied for differentiation between IBD and non-IBD, with high sensitivity (83–100%) and specificity ranging from 51
to 100% [6]. Recently, manufacturers have developed automated immunoassays that are more compatible with most laboratory
workflows for the measurement of FC [7].

Our institution has previously sent specimens to reference laboratories to perform fecal calprotectin testing, and these laboratories
primarily use ELISA for screening of suspected IBD in symptomatic patients. However, the primary pitfall of ELISA is the long turnaround
time for results (quoted as 2 h to result for the fCal ELISA [8], compared to 10 min for the fCal Turbo [9]), and submission of specimens
for reference laboratory testing further prolongs this turnaround time. In order to reduce FC turnaround, our pediatric hospital has
validated the recently FDA-approved Buhlmann fCal Turbo turbidimetric immunoassay on the Vitros 5600 automated chemistry
analyzer.

2. Materials and methods

The Buhlmann fCal Turbo turbidimetric immunoassay (Buhlmann Diagnostics, Amherst, NH) was evaluated for use on the Vitros
5600 automated chemistry analyzer (Ortho Clinical Diagnostics, Raritan, NJ). The fCal Turbo assay yields measurements in μg/g.
Samples used for validation were extracted from stool using the Calex cap extraction device according to the manufacturer’s instructions
(Buhlmann Diagnostics, Amherst, NH).

2.1. Precision studies

Intra- and inter-assay precision studies were performed in accordance with CLSI guidelines by measuring six concentrations (mean
values 57.8, 88.8, 175.9, 670.4, 1539.5, and 6446.2 μg/g) of fCal Turbo calibrator material. Within-run precision was assessed by
measurement of 4 replicates at each concentration within one run, and between-run precision was assessed by measurement of 4
replicates of each concentration twice a day for five days. CV was calculated for intra- and inter-run studies by standard deviation/mean
X 100, and results were considered acceptable when CV < 10%.

2.2. Analytical sensitivity

Analytical sensitivity was assessed by measuring 5 replicates of 4 aliquots of normal saline or dilution of low-concentration cali-
brator. Limit of detection was calculated as the limit of blankþ1.65 X standard deviation. Limit of quantification was determined as the
lowest concentration of analyte that was higher than the calculated limit of detection and measurable with less than 20% total error.
Analytical specificity was assessed by spiking sample extracts with known concentrations of protein, triglyceride-rich lipid, or conju-
gated bilirubin (Sun Diagnostics, New Gloucester, ME). Interference from hemolysate was not evaluated, as bloody stool is a
manufacturer-dictated criterion for sample rejection. Spiked and neat samples were run for each extract, and results considered
acceptable if measured values differed by less than 20%.

2.3. Linearity

Linearity studies were carried out bymeasuring a set of 11manufacturer-provided samples with assigned values ranging from 37.6 to
14,182.5 μg/g calprotectin for 3 replicates each, with allowable systematic error set at 10%. Dilution verification was performed by
measurement of 4 high-concentration samples neat or diluted 10X, and results considered acceptable if measured values differed by less
than 20%.

2.4. Accuracy

Accuracy of the fCal Turbo assay on the Vitros 5600 was determined by comparison with the FDA-cleared fCal ELISA (Buhlmann
Diagnostics, Amherst, NH). Thirty three (33) random stool specimens were collected from previously tested samples at our institution,
extracted using the Calex cap device using the same protocol as for other tested samples, and the extracts frozen at �80 �C prior to
analysis. One aliquot of frozen extract was shipped to Buhlmann laboratories for analysis by ELISA, and all aliquots were thawed just
prior to analysis.

2.5. Reference range verification

The reference range given by the manufacturer (<80 μg/g) [9] was verified using extracts from 22 stool specimens previously tested
at our institution. We collected samples from refrigerated stool specimens from the previous week, as calprotectin has been demon-
strated to be stable at 4 �C in stool for 6 days [4]. Patients were between 2 and 17 years of age. Specimens that were too firm to
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homogenize, bloody or mucoid were excluded, as these are manufacturer-dictated criteria for sample rejection. Chart review was
conducted to exclude samples from patients with a diagnosis of IBD or other GI disease, or those using NSAIDs or proton pump in-
hibitors, as these are demonstrated to increase calprotectin concentrations [10].

2.6. Statistical analysis

Statistical analysis for accuracy, precision, linearity, and reference range studies was carried out using EP evaluator. Method
comparison studies were evaluated using Deming regression, and a Bland-Altman plot was generated to evaluate proportional bias.

3. Results

3.1. Precision

The fCal Turbo assay exhibited acceptable precision both within and between runs, yielding within-run precision of 0.3–3.2%, and
between-day precision of 5.2–8.9% (Table 1).

3.2. Linearity and reportable range

The fCal Turbo assay was determined to be linear between 37 and 14157 μg/g, with total observed error of 3.0%. Dilution studies
performed with high-concentration samples verified linearity of response up to a 10X dilution. Limit of blank was measured as 19.0 μg/
g, with limit of detection 27.7 μg/g, and limit of quantitation 33.1 μg/g. The clinical reportable range for the fCal Turbo assay was
verified to be 33.1–14157 μg/g (Fig. 1).

3.3. Method comparison

Method comparison studies of the fCal Turbo assay on the Vitros 5600 instruments with the manufacturer’s ELISA indicated
excellent agreement between the two methods. Comparison to ELISA yielded fCal Turbo¼ 1.030 X ELISA – 3.245, with R ¼ 0.9977 and
proportional bias of 2.66% (Fig. 2).

3.4. Reference range

Reference range verification studies were carried out using a total of 22 samples identified as normal based on our exclusion criteria.
Sixteen (16) samples were measured at concentrations below 33.1 μg/g, which is below our reportable range. Based on this, our
reference interval for patients without IBD was verified to be 33.1–60 μg/g.

3.5. Analytical interferences

Interference studies were carried out to evaluate the effects of protein, bilirubin, and lipids on measurement of fecal calprotectin
concentrations by the fCal Turbo assay. All spiked compounds yielded some degree of interference with the assay, but no significant
interference was identified below 66 mg/dL protein, 50 μg/dL conjugated bilirubin, or 340 μg/dL triglyceride-rich lipid.

4. Discussion

This report describes the validation of the fCal Turbo assay on the Vitros 5600 automated chemistry analyzer in a pediatric pop-
ulation. We find that the fCal Turbo assay exhibits acceptable intra-assay (0.3–3.2%) and inter-assay (5.2–8.9%) precision and is linear
across clinically relevant concentrations of fecal calprotectin. In method comparison studies with the Buhlmann fCal ELISA, the fCal
Turbo assay performed well, with excellent correlation between methods and very minor positive proportional bias relative to results
from ELISA.

Fecal calprotectin has been reported to be a remarkably stable analyte, with stability up to one week at room temperature or two and
Table 1
Within-run and between-day precision studies.

Within-run Between-day

mean %CV %CV

57.8 3.2% 6.0%
88.8 1.4% 8.9%
175.9 1.6% 5.2%
670.4 0.3% 6.9%
1539.5 0.6% 8.4%
6446.2 0.6% 7.9%
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Fig. 1. Scatter and residual plots for linearity studies of the fCal Turbo by Vitros 5600. Samples used for these studies were provided by the
manufacturer with assigned values.

Fig. 2. Deming regression and percent Bland-Altman plots for method comparison of the fCal Turbo by Vitros 5600 and fCal ELISA assays.
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a half months at �20 �C [3]. This property enables significant flexibility in storage and processing of specimens for fecal calprotectin
testing. In our studies, frozen specimens were used for method comparison studies to enable batching of specimens over longer periods
of time. In our daily workflow, specimens are refrigerated prior to testing.

We verified a reference range of 33.1–60 μg/g fecal calprotectin in our pediatric population. This differs slightly from the widely-
cited cutoff of 50 μg/g fecal calprotectin, however, fecal calprotectin concentrations are reported to be higher in children under 5 years
of age [11]. Our reference range verification included subjects as young as age 2, which may influence our higher cutoff. Partitioning of
reference ranges based on age may be a useful avenue for further study, to allow better accuracy in classification of young patients.

One European group has previously published their validation of the fCal Turbo assay under similar conditions [12]. Our results
align closely with these previously published data. Noebauer et al. reported LOQ of 21 μg/g and linearity between 20 and 2100 μg/g,
with intra-assay imprecision of 2.15–6.63% and inter-assay imprecision of 0.01–6.05%. They also performedmethod comparison to fCal
ELISA, and reported similarly excellent correlation between methods (R ¼ 0.99, proportional bias of 7.2%).

The fCal Turbo assay appears to perform similarly on the Vitros 5600 relative to other reports of this assay on other automated
chemistry analyzers. On the Roche cobas c501 (Basel, Switzerland), three reports have described performance of the fCal Turbo assay,
indicating intra-assay imprecision of 1.1–2.9% [13] and 1.4–5.6% [7], inter-assay imprecision of 0.9–2.8% [13] or <4.5% [14], and
limit of quantitation of 20 μg/g with linearity up to 1955 μg/g [14]. In contrast to the Vitros 5600, however, the cobas c501 has been
reported to exhibit significant bias against the fCal ELISA (proportional bias of �22%) [13]. Relative to the fCal ELISA, the precision of
the fCal Turbo assay is also favorable, with intra-assay CV of the ELISA reported at 8.1–3.8%, and inter-assay CV of 9.1–12.4%. Linearity
of the two assays are similar (1800 μg/g for ELISA vs. 2200 μg/g for Turbo) [3].

There is little information on interference with the fCal Turbo assay. We identified significant positive interference from protein
(above 66 mg/dL), conjugated bilirubin (above 50 μg/dL), and from triglyceride-rich lipid (above 340 μg/dL) when spiked into fecal
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extract. In practical terms, we determined that any visually detectable degree of turbidity produced positive interference. This perhaps
can be expected, as the fCal Turbo assay operates on a turbidimetric detection scheme. Nilsen et al. performed interference studies on the
BS-380 analyzer (Mindray, Shenzhen, China) with a variety of drugs and other compounds and did not observe significant interference
with any tested substance [14]. We did not evaluate hemolysis as a source of interference, as the manufacturer’s sample integrity criteria
indicate that bloody or mucoid stool should be rejected. Future studies may evaluate to what degree these contaminants affect mea-
surements with the fCal Turbo assay.

While the fCal Turbo is a rapid and automated assay, some workflow considerations remain. Our technical staff were much less
familiar with evaluation of stool specimens for sample integrity than urine or plasma/serum, and we needed to ensure adequate
equipment was available for manual specimen processing steps. In particular, vigorous and extended vortexing of specimens was
required for complete specimen extraction from the Calex cap, and we found that use of a tube holder on our vortex unit facilitated this
process. However, even with these processing steps, the time to result is still far less than by ELISA. In our laboratory, the process from
receipt to result can be accomplished in approximately 30 min.

5. Conclusions

The newly FDA-cleared fCal Turbo assay, with the Calex cap for sample extraction, represented a much more rapid and facile
workflow for our laboratory than referring samples for analysis by ELISA. We determined that the fCal Turbo assay on the Vitros 5600
analyzer offered excellent performance relative to ELISA, was reproducible, and was not excessively prone to analytical interference. We
anticipate that it will be a useful tool for identification of IBD in our patient population.
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