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In 54/64 subjects with nosocomial diarrhea, fecal calprotectin levels correlated with the results of stool samples tested for Clos-
tridium difficile toxin gene by PCR. Fecal calprotectin levels can be used as an adjunctive measure to PCR to support the diagno-
sis of C. difficile infection.

Fecal calprotectin (fCPT), found predominantly in neutro-
phils, is a marker of inflammation in inflammatory bowel

disease (IBD) (1) due to neutrophilic infiltration of the gut and
shedding into the gut lumen and can therefore be quantified in
feces. Serum procalcitonin (sPCT), a biomarker of bacterial
infection, has been validated for use in monitoring responses to
antibiotic therapy and as a prognosticator of sepsis in critically
ill patients (2).

We performed a prospective exploratory observational study
to assess whether fCPT and sPCT could aid in the diagnosis of
Clostridium difficile infection (CDI) in the context of a positive
PCR for C. difficile toxin gene (CD-PCR).

This study was undertaken at a single tertiary 637-bed univer-
sity teaching hospital and was approved by the institutional re-
search ethics committee. Inpatients whose stool samples were re-
ceived for CD-PCR underwent testing for fCPT, as assessed by the
two Quantum Blue calprotectin lateral flow rapid tests (Bühl-
mann, Basel, Switzerland), according to the manufacturer’s in-
structions. Briefly, a 1:150 dilution of sample with the buffer was
centrifuged, and 80 �l of the supernatant was loaded onto the test
cartridge and placed in the dedicated reader. The assay selectively
measures calprotectin by a sandwich immunoassay using mono-
clonal antibodies. The lower-range assay (LR-fCPT) (range, 30 to
300 �g/g) was developed as a screen for IBD, and the higher-range
assay (HR-fCPT) (range, 100 to 1,800 �g/g) is used to follow IBD
therapy and for predicting relapses. As per the manufacturer’s
recommendations for interpretation with IBD, HR-fCPT values
of �100 �g/g represent a mild or noninflammatory state of the
gut, whereas values of �200 �g/g indicate active organic disease
with inflammation. sPCT levels were measured using the Vidas
B.R.A.H.M.S PCT assay (bioMérieux, Marcy l’Etoile, France) on
leftover serum from subject samples collected within 48 h prior to
the date on which the stool sample was collected for CD-PCR.
Written informed consent was obtained from all patients for se-
rum and stool testing and for medical chart review.

Chi-square and Fisher exact tests were used to compare cate-
gorical variables, and a Student t test was used for continuous
variables. Quantitative variables were compared by the nonpara-
metric Mann-Whitney U test and Kruskal-Wallis test. P values of
�0.05 were considered statistically significant. IBM SPSS software
(version 22) was used for statistical analysis.

Between January and September 2013, 64 subjects (44 CD-
PCR positive and 20 CD-PCR negative) were enrolled. There were

no significant differences in gender (53% male) and age distribu-
tion between the 2 groups; 47 (73%) individuals were �60 years
old. CD-PCR� cases had a higher mean white cell count (11.86 �
109 � 7.23 � 109 versus 8.15 � 109 � 3.89 � 109 cells/liter; P �
0.01) but did not differ significantly from CD-PCR� cases with
regard to serum albumin level, serum creatinine level, tempera-
ture, ATLAS score (3), presence of abdominal pain, presence of
IBD, or concomitant antibiotic therapy for �1 day during CDI
therapy. The presence of diarrhea, assessed by documentation in
medical charts, was more frequently reported in CD-PCR� pa-
tients (93.2% in CD-PCR� versus 70% in CD-PCR� patients; P 	
0.02). When clinically indicated, concurrent analyses for alterna-
tive infectious causes of diarrhea were negative. Among the 44
CD-PCR� subjects, 2 (4.5%) suffered CDI complications, and 2
(4.5%) other patients died within 30 days from non-CDI-related
causes.

CD-PCR� patients had higher (P � 0.001) median (interquar-
tile range) HR-fCPT values than CD-PCR� patients, at 983 �g/g
(351 to �1,800 �g/g) compared with �100 �g/g (�100 to 194
�g/g) (Fig. 1A). Similarly, the median (interquartile range) LR-
fCPT values were significantly higher (P � 0.001) in CD-PCR�

samples (�300 �g/g [�300 to �300 �g/g]) than in CD-PCR�

samples (77.5 �g/g [30 to 238 �g/g]). However, the median sPCT
levels in CD-PCR� subjects did not significantly differ (P 	 0.08)
from those in CD-PCR� subjects. The area under the curve
(AUC) for HR-fCPT predicting CD-PCR positivity was 0.82 (95%
confidence interval [CI], 0.70 to 0.94) with a sensitivity of 88.6%
and a specificity of 75% at an HR-fCPT level of 135 �g/g (Fig. 1B),
the threshold seen for an optimal AUC statistic. When using the
manufacturer’s suggested cutoff of 200 �g/g for IBD interpreta-
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tion, the sensitivity decreased to 79.5% but maintained a 75%
specificity. The LR-fCPT was less specific, with an AUC of 0.8
(95% CI, 0.67 to 0.92), sensitivity of 88.6%, and specificity of 55%
at an LR-fCPT threshold of 81.5 �g/g. The AUC for sPCT was not
significant (0.64; 95% CI, 0.5 to 0.78) for predicting a CD-PCR�

result.
Within the CD-PCR� group, the measured HR-fCPT level was

greater than the cutoff of 135 �g/g in 39/44 (88.6%) subjects and
above the IBD threshold (200 �g/g) in 35/44 (79.5%) subjects,
compared to 5/20 (25%) subjects in the CD-PCR� group, regard-
less of the cutoff; statistical significance (P � 0.001) was main-
tained in both instances. Further analyses comparing the clinical
and laboratory parameters of CD-PCR� subjects with an HR-
fCPT greater or less than either cutoff did not yield any significant
parameters that could adjunctively support or refute a CDI diag-
nosis. The ATLAS score and its five components, analyzed inde-
pendently, did not differ significantly between CD-PCR� and
CD-PCR� subjects and did not correlate with HR-fCPT and sPCT
levels.

Our results are similar to those obtained in prior studies in
which fCPT levels were found to correlate with the presence of C.
difficile (4–6). In one study, fCPT concentrations were found to be
higher in CDI cases diagnosed by a toxin assay than those detected
by PCR for the toxin gene (4), supporting the hypothesis that
some proportion of CD-PCR� samples represent colonization
only (7, 8).

We did not find that sPCT correlated with CD-PCR positiv-
ity. In a previous report (9), sPCT correlated with CDI severity,
but the cases were not stratified according to the diagnostic
methods used (i.e., toxin enzyme immunoassay [EIA] versus
PCR) (7, 8, 10).

The principal limitations of our study are the small number of
subjects enrolled, the inability to categorically discriminate be-
tween CDI and colonization, and the very small amount of CDI-
related complications preventing a correlation of fCPT and sPCT
with CDI severity. Ideally, a cell cytotoxicity assay and toxigenic
culture of the stool samples might have assisted in determining the
presence of CDI versus colonization.

Our data suggest that HR-fCPT levels are elevated in a large
proportion of CD-PCR� individuals with nosocomial diar-
rhea, with lower levels in CD-PCR� patients, suggesting a pos-
sible adjuvant role for these levels in diagnosing CDI. Further
studies in a larger number of patients are required to determine
the performance and reliability of using HR-fCPT levels as an
adjunct for diagnosis of CDI.
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