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ABSTRACT Recent evidence shows that patients asymptomatically colonized with
Clostridium difficile may contribute to the transmission of C. difficile in health care fa-
cilities. Additionally, these patients may have a higher risk of developing C. difficile
infection. The aim of this study was to compare a commercially available PCR di-
rected to both toxin A and B (artus C. difficile QS-RGQ kit CE; Qiagen), an enzyme-
linked fluorescent assay to glutamate dehydrogenase (GDH ELFA) (Vidas, bioMéri-
eux), and an in-house-developed PCR to tcdB, with (toxigenic) culture of C. difficile as
the gold standard to detect asymptomatic colonization. Test performances were
evaluated in a collection of 765 stool samples obtained from asymptomatic patients
at admission to the hospital. The C. difficile prevalence in this collection was 5.1%,
and 3.1% contained toxigenic C. difficile. Compared to C. difficile culture, the sensitiv-
ity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of
the C. difficile GDH ELFA were 87.2%, 91.2%, 34.7%, and 99.3%, respectively. Com-
pared with results of toxigenic culture, the sensitivity, specificity, PPV, and NPV of
the commercially available PCR and the in-house PCR were 95.8%, 93.4%, 31.9%,
99.9%, and 87.5%, 98.8%, 70%, and 99.6%, respectively. We conclude that in a low-
prevalence setting of asymptomatically colonized patients, both GDH ELFA and a
nucleic acid amplification test can be applied as a first screening test, as they both
display a high NPV. However, the low PPV of the tests hinders the use of these as-
says as stand-alone tests.
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Clostridium difficile infection (CDI) is a leading cause of hospital-acquired diarrhea.
The transmission of spores from symptomatic patients can spread C. difficile within

health care facilities, with a subsequent development of more symptomatic patients
and eventually clusters and outbreaks. However, recent data suggest that patients
asymptomatically colonized with C. difficile also contribute to the spread of C. difficile
spores to the environment and to other patients (1–3). Asymptomatic carriers shed
spores into the environment to a lesser extent than CDI patients (3, 4), but by
outnumbering the CDI patients, they can still play an important role in the transmission
of the disease. This hypothesis has recently been supported in a Canadian study, where
isolation of C. difficile-colonized patients significantly reduced the incidence of hospital-
acquired CDI (5). A second new insight into the significance of asymptomatic coloni-
zation is that it may increase the risk of subsequent clinical disease in some colonized
patients (6–10). Progression from colonization to CDI can be provoked by alterations of
the microbiota and a subsequent decrease in secondary bile acids, which normally
inhibit spore germination (11–13). But other factors, like preexisting antitoxin antibod-
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ies, may also play a role in protection from progression to CDI, although their exact
roles need to be clarified.

Thus, recognition of asymptomatically colonized patients may be clinically relevant
to reduction in nosocomial transmission and for protection from progression to symp-
tomatic disease. Asymptomatic colonization of C. difficile varies widely between various
patient populations studied. Approximately 5 to 15% of newly hospital admitted
patients carry C. difficile in their feces (4, 5, 14–17). Carriage rates of residents in
long-term-care facilities vary from 4 to 51% but in general tend to be higher than in
hospitalized patients (3, 14, 18). Asymptomatic colonization of C. difficile in the pediatric
populations is very high; approximately 37% of children are asymptomatic carriers in
their first year of life, decreasing to 15% for children between 1 and 8 years of age (19).

A recently published European guidance document advises a two-stage algorithm
to diagnose CDI using a toxin nucleic acid amplification test (NAAT) or glutamate
dehydrogenase (GDH) enzyme immunoassay (EIA) as sensitive screening assay in
combination with tests to detect the presence of free toxins in stools as a marker of
disease activity (20). Samples without free toxins detected will largely represent asymp-
tomatic carriers. However, this guideline addresses diagnostics of CDI in diarrheal
patients and reviewed the literature of symptomatic patients with CDI. The optimal
diagnostic test to detect C. difficile in asymptomatically colonized patients with nor-
mally formed stool is unknown. Therefore, the aim of this study was to compare the
performances of a commercially available GDH EIA with that of a primary gold standard,
a conventional culture of C. difficile in asymptomatically colonized patients at admission
to three large hospitals in the Netherlands. Moreover, a commercially available PCR for
tcdA and tcdB and in-house-developed PCR for detection of tcdB were compared with
a secondary gold standard, toxigenic C. difficile culture (TC).

(Preliminary results from this study were presented at the European Congress of
Clinical Microbiology and Infectious Diseases, 9 to 12 April 2016, Amsterdam, the
Netherlands [21]).

RESULTS

In total, 765 feces samples from 581 unique patients were included in the evalua-
tion, of which 39 samples (5.1%; 95% confidence interval [CI], 3.8 to 6.9%) were positive
for the presence of C. difficile by culture; 24 samples (3.1%; 95% CI, 2.1 to 4.6%)
contained toxigenic C. difficile. All 765 samples were tested by toxigenic culture, GDH
enzyme-linked fluorescent assay (ELFA), and in-house PCR, but due to insufficient
sample volume of one sample, 764 samples were tested with the artus PCR. The
sensitivity, specificity, PPV, and NPV data of the various tests are depicted in Table 1.
The artus PCR had the highest sensitivity, at 95.8%. The mean quantification cycle (Cq)
values in true-positive samples were 27.5 for tcdA and 28.4 for tcdB. The in-house PCR
showed a sensitivity of 87.5%, with a mean tcdB Cq value of 29.3 in true-positive

TABLE 1 Comparison of various C. difficile detection assays in comparison with culture of
toxigenic and nontoxigenic C. difficile as gold standards

Assay result

No. with
toxigenic
culture
resulta:

Sensitivity
(% [95% CI])

Specificity
(% [95% CI]) PPV (%) NPV (%)Pos Neg

GDH positive 34 64b 87.2 (72.6–95.7) 91.2 (88.9–93.1) 34.7 99.3
GDH negative 5 662
artus positive 23 49b 95.8 (78.9–99.9) 93.4 (91.3–95.1) 31.9 99.9
artus negative 1 691
In-house positive 21 9b 87.5 (67.6–97.3) 98.8 (97.7–99.4) 70 99.6
In-house negative 3 732
aGDH ELFA was compared with C. difficile culture, and artus PCR and in-house PCR were compared with
toxigenic culture. Pos, positive; Neg, negative.

bFour of the false-negative samples were positive in all tests (GDH, artus, and in-house PCR).

Terveer et al. Journal of Clinical Microbiology

February 2017 Volume 55 Issue 2 jcm.asm.org 404

http://jcm.asm.org


samples. The difference in sensitivity between artus PCR and the in-house PCR was not
significant (P � 0.5). The GDH ELFA had a sensitivity of 87.2%. The mean test value of
the GDH ELFA in true positives was 11.7 relative fluorescent units (standard deviation
[SD], 8.11). Specificities were 98.8%, 93.4%, and 91.2% for the in-house PCR, artus PCR,
and GDH test, respectively. The specificity of the in-house PCR was significantly higher
than that of the artus PCR (P � 0.000001). The NPV was in general very high and ranged
from 99.3% to 99.9% for all assays. The PPV, on the other hand, was only 31.9% for the
artus PCR and 34.7% for the GDH ELFA. In comparison to the artus PCR and GDH ELFA,
the in-house PCR had a higher PPV of 70.0% (Table 1). Receiver operating characteristic
(ROC) curves were made for the performances of the individual tests. For GDH ELFA,
artus PCR, and in-house PCR, the diagnostic accuracy as given by the area under the
curve was 0.8918, 0.9467, and 0.9314, respectively (Fig. S1).

Of 623 samples tested with the in-house PCR without the addition of bovine serum
albumin (BSA), 61 (9.8%) samples showed inhibition which disappeared at a 1:10
dilution of the sample. Of 142 samples tested by the in-house PCR with addition of BSA,
no inhibition was observed. Of 764 samples tested by artus PCR, 40 (5.2%) samples
showed inhibition which disappeared with repeated testing. Additionally, 26 (3.4%)
invalid artus PCR results were obtained due to a tcdA Cq value above the accepted
range (n � 4), a tcdB Cq value above the accepted range (n � 16), tcdA uncertain (n �

3), or tcdB uncertain (n � 3).
A discrepancy analysis was performed on discordant results and is displayed in Table

2. Four of 741 TC-negative samples tested positive with all three assays (GDH ELFA,
in-house PCR, and artus PCR), suggesting a false-negative result of the TC. One of these
4 fecal samples was positive for culture of toxigenic C. difficile using the enriched TC
method, suggesting that a very low number of C. difficile was present. Two other
TC-negative results could be explained by vancomycin treatment at the time of fecal
sampling, which inhibits the growth of C. difficile. No clear explanation was found for
the remaining false-negative TC fecal sample. All 45 false-positive artus PCR samples

TABLE 2 Results of first and second testsa

No. of
specimens

First test Second test

GDH In-house artus PCR Culture TC GDH In-house artus PCR Enriched TC

617 � � � � � ND ND ND ND
56 � � � � � ND ND ND ND
40 � � � � � ND ND � ND
19 � � � � � ND ND ND ND
12 � � � � � ND ND ND ND
4 � � � � � ND ND � ND
2 � � � � � ND � ND ND
2 � � � � � ND � ND ND
2 � � � � � � ND ND ND
1 � � � � � � ND ND ND
1 � � � � � � ND ND ND
1 � � � � � � � ND ND
1 � � � � � ND � ND ND
2 � � � � � ND ND ND ND
1 � � � � � ND ND ND �
1 � � � � � ND � � �
1 � � � � � ND � � �
1 � � � � � ND �b �b �
1 � � ND � � ND ND ND ND
aAfter resolving of the four TC-negative/other test-positive samples, results were as follows: two false-positive
in-house PCR results retested positive (Cq values, 28 and 31.6, respectively), while three false-positive in-
house PCR results could not be confirmed with retesting. All 45 false-positive artus samples retested
negative. All remaining 60 GDH false-positive samples were not retested. Two out of three false-negative
in-house PCR results retested positive. One in-house PCR and artus PCR false-negative sample remained
negative upon retesting by both PCRs, while both in-house and artus PCR on the cultured strain were
positive. Two GDH ELFA-negative samples retested positive, while two remained negative. Shading indicates
a false (positive or negative) result. ND, not detected.

bIn-house and artus PCR positive on strain, not on feces.
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tested negative with retesting. The artus PCR flags a result as real positive when one or
both of the toxin genes are below a certain Cq value. Of these 45 TC-negative but
positive-flagged artus PCR results, 21 results were positive only for tcdA and seven
results only for tcdB, whereas 17 results were both tcdA and tcdB positive. The mean Cq

values of the false positives were higher (tcdA, 33.1; tcdB, 33.4) than the Cq values of
artus PCR true positives (tcdA, 27.8; tcdB, 28.4). No discrepancy analysis was performed
on the remaining 60 GDH false-positive samples (Table 1; 60 � 4, as mentioned above)
due to the expected low specificity. One feces sample tested negative by in-house PCR
as well as the artus PCR and remained negative with retesting. However, the toxigenic
cultured strain was positive tested by both PCRs, suggesting that a very low number of
C. difficile was present in the feces. After the discrepancy analysis, the sensitivity,
specificity, PPV, and NPV were 96.6%, 100%, 100%, and 99.9%, and 96.9%, 99.7%, 93.3%,
and 99.7% for the artus PCR and in-house PCR, respectively. The distribution of PCR
ribotypes isolated from asymptomatic patients in this cohort is displayed in Fig. 1. Five
strains could not be ribotyped since the profiles of the corresponding strains were not
present in the National Reference Laboratory of the Netherlands.

DISCUSSION

The aim of this study was to compare two molecular assays (artus C. difficile PCR and
in-house tcdB PCR) and C. difficile GDH ELFA with (toxigenic) culture of C. difficile as gold
standards to detect asymptomatic colonization.

In this study, 5.1% of the patients attending a tertiary-care hospital were positive
with C. difficile, and 3.1% contained toxigenic C. difficile. Other studies testing fecal
samples for the presence of asymptomatic colonization of C. difficile at admission (or
collected feces within 72 h after attending the hospital) reported a higher prevalence
of 7.5% to 15.7% toxigenic C. difficile (1, 2, 10, 22–25). The lower prevalence rate in our
study is probably related to the overall low prevalence of C. difficile and CDI in the
Netherlands. A recently completed cross-sectional study among 2,494 healthy adults in
the Netherlands revealed a prevalence of toxigenic C. difficile of 1.2% in the community
(unpublished data).

FIG 1 Distribution of C. difficile ribotypes isolated from asymptomatic patients displayed in a pie chart. Indicated
in red are the toxigenic strains, and indicated in blue are the nontoxigenic strains. The numbers indicate the
corresponding ribotype number.
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The sensitivity and specificity of the automated Vidas GDH ELFA in comparison to C.
difficile culture were 87.2% and 91.2%, respectively. Davies et al. studied the perfor-
mance of the same GDH ELFA in diarrheal samples submitted for C. difficile testing and
reported a higher sensitivity of 95.8% and a similar specificity of 91% (40). The lower
sensitivity found in our study could be due to presence of lower numbers of C. difficile
in fecal samples of asymptomatically colonized patients than in patients with CDI (18).
However, we do not exclude the possibility that the percentages change when larger
number of fecal samples are tested. An alternative explanation for the lower sensitivity
rates in our study are the formed fecal samples that we included instead of diarrheal
samples.

The artus PCR and the in-house PCR were compared with TC and revealed sensi-
tivities of 95.8% and 87.5%, respectively, although this difference in sensitivity rate was
not significant. In contrast, the artus PCR was statistically less specific than the in-house
PCR (93.8% versus 98.8%, respectively). Since the artus PCR-positive, TC-negative
samples could not be confirmed by retesting, the results indicate false positivity. This
was supported by the considerably higher Cq values of tcdA and tcdB for the false-
positive test results than for true positives. A hypothetical algorithm to enhance the
specificity of artus PCR is considering the artus PCR result positive only when tcdA as
well as tcdB are positive. This resulted in a specificity of 97% and a subsequent PPV of
51%, while remaining the high sensitivity of 95.8%. However, in the rare event a patient
is colonized with a toxin A-negative, toxin B-positive C. difficile strain (26, 27), the new
strategy will not identify this strain. The test results of artus PCR showed lower
inhibition rates than the in-house PCR, at 8% versus 5.3%, respectively; however,
inhibition of the in-house PCR was overcome by adding the PCR enhancer BSA (28). An
additional 3.5% of the artus PCR-tested samples gave invalid test results, largely
because of Cq values above the accepted range. Because of invalid or inhibited results,
8.7% of the fecal samples needed retesting by the artus PCR. The performance of the
artus PCR in this study resembled the results in loose-stool samples submitted for CDI
testing, as reported by Jazmati et al. (29). In a collection of 201 stool specimens, all 28
TC-positive samples were detected by the artus PCR (sensitivity, 100%), but the spec-
ificity, like that in this study, was relatively low (89.5%) (29). They stated that the lower
specificity could largely be explained by a higher sensitivity of the artus PCR than TC.
However, we did not share this observation. Our hypothesis is that the false-positive
results were based on DNA contamination, as none of the other diagnostic tests were
positive in these samples. The contamination route can be explained by the manual
handling of the tubes containing the isolated DNA and PCR mixture to the Rotor-Gene,
which required placing caps on tiny tubes, arranged very close to each other. The
sensitivity of both PCRs and specificity of the in-house PCR are in agreement with the
NAAT performance in symptomatic C. difficile patients, as mentioned in the recently
published European Society of Clinical Microbiology and Infectious Diseases (ESCMID)
guidance document, with an overall sensitivity of 95% and specificity of 98% in
comparison with TC (20). A discrepancy analysis was performed, mainly to clarify why
conflicting test results were obtained. The test characteristics that were calculated after
resolving discrepant results could thereby be biased in favor of the index tests and
should be considered with caution.

For CDI diagnosis, the use of a two-step algorithm is recommended (27). After a first
sensitive test, which reliably classifies nondiseased patients, a more specific test is
applied as a second test to discern true positives from false positives. For the diagnosis
of colonized patients, a similar approach could be used. All three assays that we
analyzed in this study had high NPV and would therefore be useful as a first screening
test. Thereafter, confirmation of positive samples by a specific test could be recom-
mended. This specific test could be a NAAT or toxigenic culture when GDH was used
as a first screening test. A second algorithm could be screening by NAAT and confir-
mation by TC.

The ribotypes of asymptomatic carriers found in this study do not differ from the
ribotypes found among CDI patients (30). This supports the hypothesis that asymp-
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tomatic carriers and CDI patients share a source or transfer C. difficile to each other
irrespective of the PCR ribotype. Furthermore, only one of 24 C. difficile strains belonged
to the epidemic ribotype 078, and no 027 strains were detected. Other studies confirm
this finding (31–33), supporting the hypothesis that epidemic strains seldom lead to
asymptomatic colonization.

Many studies report on the performance of C. difficile diagnostic assays in patients
with presumed CDI, but only a few report on the application of diagnostic tests in
patients with asymptomatic C. difficile colonization (1, 2, 15, 22, 23). The studies in
asymptomatically colonized patients vary greatly in patient inclusion criteria, tested
material, and applied diagnostic and gold standard tests. For instance, a great number
of the studies only test rectal swabs or use a combination of stool samples and rectal
swabs (4, 8, 18, 22, 23, 31, 34). Guerrero et al. showed that asymptomatic carriers have
lower numbers of C. difficile in their rectal swab than CDI patients, indicating that stool
samples should be preferred (4). Furthermore, a mix of diagnostic screening tests have
been applied to detect C. difficile, frequently subdivided into assays to recognize
toxigenic or nontoxigenic strains (20). However, a comparison of various diagnostic
tests with a reference method to detect asymptomatic colonization of C. difficile has not
been studied before.

Our study has a few limitations. An important limitation is the low prevalence rate
of asymptomatic C. difficile colonization, which resulted in a low PPV of 31.9 to 70% for
the different tests. However, this prevalence rate provides the most precise information
on the performance of the test in our patient population. All tests would have better
PPVs in a population with higher prevalence rates of C. difficile colonization, or when a
selection of samples is tested when a predictive model for C. difficile colonization
becomes available. A second limitation may be the freeze-thaw step, which presumably
can lower the sensitivity, although we performed all tests immediately after thawing,
except for the discrepancy analysis. In addition, no published reports indicate that
freeze-thawing affects the performances of diagnostic PCRs for bacterial pathogens.

In conclusion, this study is the first, to our knowledge, to evaluate the use of three
different assays for the detection of asymptomatic C. difficile colonization in stool
samples and compare it to their gold standards. In our setting of low endemicity of
asymptomatically colonized patients, all three assays (i.e., GDH ELFA, artus PCR, and
in-house PCR) can be applied as a first screening test, as they display a very high NPV.
The positive predictive values of these tests were suboptimal, and therefore, these
assays are not suitable as stand-alone tests in a low-prevalence setting.

MATERIALS AND METHODS
Study design. A multicenter study was performed on fecal samples obtained between November

2014 and December 2015 in the Leiden University Medical Center, Leiden (623 samples); Amphia
Hospital, Breda (72 samples); and Erasmus Medical Center, Rotterdam (70 samples) in the Nether-
lands. The study was designed to determine risk factors for asymptomatic C. difficile colonization at
admission to the hospital (ZonMW 50-52200-98-035). The institutional review board judged that
ethical approval was not required. Fecal samples were obtained from patients on admittance to
internal medicine and surgical wards and from patients attending the kidney transplant outpatient
clinic. If a patient was admitted twice in the study period, the patient remained eligible for this
study.

Culture and characterization of C. difficile. The samples were processed for C. difficile culture and
TC within 72 h of arrival at the laboratory and were subsequently stored at �20°C without the addition
of glycerol. Feces was inoculated on C. difficile selective agar (CLO medium; bioMérieux, Marcy l’Etoile,
France) and CNA medium (colistin and nalidixic acid-containing agar; bioMérieux) with and without
ethanol shock pretreatment (35). The media were incubated for 5 days in an anaerobic atmosphere at
�35°C. Gray-brown colonies with the characteristic horse manure odor were further tested by an
in-house GDH PCR (36). C. difficile isolates were tested for the presence of toxin genes by PCR for toxin
A (tcdA), toxin B (tcdB), and binary toxin (cdtA and cdtB) (36). Capillary gel-based electrophoresis PCR
ribotyping was performed to characterize the isolates (37).

Diagnostic C. difficile tests. After thawing the stored fecal samples, the GDH EIA and both NAATs
were performed in bulk testing. The targets of the applied detection assays are depicted in Table 3. The
GDH EIA was performed on an enzyme-linked fluorescent immunoassay (ELFA) platform (Vidas; bio-
Mérieux, Marcy-l’Etoile, France), as previously described (38). A test value of �0.1 relative fluorescent
units was regarded positive. Both GDH ELFA and artus PCR were performed according to the manufac-
turer’s instructions. As both assays are not registered for use with formed stools from asymptomatic
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patients, instructions were modified for off-label use, in consultation with the manufacturer. For both
tests, approximately the size of half a pea of feces (approximately 0.3 to 0.4 g), instead of 200 �l of liquid
feces, was used, as this is routine practice in our laboratory for isolation of DNA of formed feces. For the
artus PCR (artus C. difficile QS-RGQ kit CE; Qiagen, the Netherlands), feces was transferred into a test tube
with 1,500 �l of tissue lysis buffer (ATL), vortexed, and centrifuged for a short amount of time. The tubes
were then inserted into the QIAsymphony supplied with the artus C. difficile AS software, which regulates
DNA isolation and preparation of PCR mixture. The PCR mixture was manually transferred to the
Rotor-Gene Q MDx. Samples with invalid artus PCR results were retested until the result was valid,
with a maximum of three testing rounds. For the in-house PCR, DNA extraction was performed using
the MagNA Pure 96 system (Roche Diagnostics, Almere, the Netherlands). In short, approximately
half a pea size of feces was resuspended in 1 ml of stool transport and recovery (S.T.A.R.) buffer
(Roche Diagnostics), supplemented with Precellys beads (Bertin Technology, France), mixed thor-
oughly by shaking on a Vibrax shaker (5 min, 2,200 rpm), and centrifuged for 1 min at 14,000 rpm.
Of the supernatant, 200 �l was used for nucleic acid (NA) extraction using the MP96 DNA and viral
NA small-volume kit, yielding a final eluate of 100 �l. The in-house-developed real-time PCR for the
specific detection of the tcdB gene was tested in a multiplex assay with phocine herpesvirus as an
internal control, as described previously (39). Samples with a quantification cycle (Cq) value higher
than 40 were considered negative. In addition, samples with an internal-control Cq value that
deviated more than 3.3 Cq values from the internal-control Cq value of the negative control were
considered inhibited. Due to a change in workflow of adding BSA to all our in-house PCRs with feces
as sample material to decrease the inhibition rate, the last 142 samples were tested with addition
of 5 mg/ml of the PCR enhancer bovine serum albumin (BSA) (28).

Discrepancy analysis. Samples with discordant results were retested, except for positive results of
the GDH ELFA because of an expected low specificity. An enriched TC was performed when three
diagnostic tests were positive and the TC was negative. For enriched TC, half a pea size of feces was
suspended in a cycloserine-cefoxitin-mannitol broth with taurocholate, lysozyme, and cysteine (CCMB-
TAL; Anaerobe Systems, Morgan Hill, CA). The enrichment broth was subcultured on CLO and CNA agar,
as described above, on days 2 and 5.

Statistical analysis. A GDH-positive result was considered true positive or true negative if the stool
culture was positive or negative for C. difficile, respectively, irrespective of its toxin production. For both
PCRs, a positive result was considered true positive or true negative if the stool culture was positive or
negative for toxigenic C. difficile, respectively. False-positive and false-negative test results were defined
as discrepant results compared to the gold standard. The sensitivity and specificity of the tests were
determined by the proportion positive or or negative, respectively, correctly identified samples. The
difference in both sensitivity and specificity between the toxin PCRs was determined using McNemar’s
test for paired proportions. The sensitivity and specificity data were used to calculate the positive
predictive value (PPV) and negative predictive value (NPV). The Cq values of false-positive results were
compared with Cq values of true-positive results using an independent Student t test. ROC curves were
constructed for all index tests. Analyses were performed using SPSS 23.0 and STATA version 12.1
statistical software.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/
JCM.01858-16.

TEXT S1, PDF file, 0.05 MB.
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TABLE 3 C. difficile detection assays included in this this studya

Assay type Assay Target(s)
Supplier
(reference)

Anaerobic culture C. difficile culture Identification by PCR with GDH as target In-house (36)
Toxigenic culture C. difficile culture and PCR for

toxin genes
Multiplex PCR with tcdA, tcdB, and cdtA

and cdtB (binary toxin)
In-house (36)

Automated immunoassay Vidas GDH GDH bioMérieux, France
Nucleic acid amplification test artus C. difficile QS-RGQ kit CE tcdA and tcdB Qiagen, Germany
Nucleic acid amplification test In-house C. difficile PCR tcdB In-house (39)
aGDH, glutamate dehydrogenase; tcdA, toxin A; tcdB, toxin B; cdtA and cdtB, binary toxin.
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