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We compared two multistep diagnostic algorithms based on C. Diff Quik Chek Complete and, as confirmatory tests, GenomEra
C. difficile and Xpert C. difficile. The sensitivity, specificity, positive predictive value, and negative predictive value were 87.2%,
99.7%, 97.1%, and 98.3%, respectively, for the GenomEra-based algorithm and 89.7%, 99.4%, 95.5%, and 98.6%, respectively, for
the Xpert-based algorithm. GenomEra represents an alternative to Xpert as a confirmatory test of a multistep algorithm for Clos-
tridium difficile infection (CDI) diagnosis.

Rapid diagnosis of Clostridium difficile infection (CDI) is cru-
cial for optimal disease control (1, 2). For this reason, many

microbiology laboratories used sensitive algorithms based on en-
zyme immunoassay (EIA) for detection of glutamate dehydroge-
nase (GDH) with EIA detection of toxins A and B, followed by a
confirmatory test based on toxin A or B gene amplification (3–6).

C. Diff Quik Chek Complete (QC) (TechLab, Blacksburg, VA,
USA) detects by immunochromatography both GDH and toxins
A and B as a single procedure device (4). The real-time PCR assay
Xpert C. difficile assay (Xpert) (GeneXpert; Cepheid, Sunnyvale,
CA, USA) that detects the toxin B gene (tcdB), binary toxin genes,
and tcdC 117-nucleotide (nt) deletion (epidemic 027 ribotype) is
frequently used as a confirmatory test because of its speed and
good internal validity values (7–11).

The new assay, GenomEra C. difficile (GenomEra) (Abacus
Diagnostica, Turku, Finland), is a promising amplification system
that detects the tcdB gene in approximately 1 h using rapid ther-
mal cycling by means of a multiblock thermal cycler and homo-
geneous time-resolved fluorescence detection technology using
lanthanide chelates which has proved to be resistant to back-
ground effects (12). This molecular method has the CE mark but
is not cleared at this moment by the FDA.

The purpose of this study was to compare the diagnostic accu-
racy of two algorithms based on QC as the screening test and Xpert
or GenomEra as confirmatory tests for the rapid diagnosis of CDI.

From October 2012 to March 2013, all loose stool specimens
sent to the laboratory of the Hospital General Universitario Gre-
gorio Marañón (Madrid, Spain) for CDI diagnosis were tested in
parallel with the direct cytotoxicity assay, toxigenic culture, and
the two multistep algorithms evaluated. The gold standard was the
combination of direct cytotoxicity assay with stool specimens and
cytotoxicity assay with isolates as previously described (13). The
multistep algorithm consisted of an initial test, QC, performed
according to the manufacturer’s recommendations. Specimens
positive for both GDH and toxins were considered positive, while
specimens negative for both antigens were considered negative.
Specimens with uncertain (GDH-positive and toxin-negative) re-
sults were tested in parallel using Xpert and GenomEra for confir-
mation. Xpert was performed according to the manufacturer’s
recommendations. GenomEra was performed by diluting 1 �l of

sample in a tube with 1 ml of sample buffer and transferring 400 �l
of the mixture into a tube containing glass beads to be vortexed for
5 min. Approximately 35 �l of the mixture was then transferred
into a single-use disposable test chip that was introduced in the
GenomEra CDX instrument for the automatic amplification pro-
cedure. Test results were reported by the GenomEra software in
numerical form (�15 to �100), interpreted as “C. difficile tcdB
negative” (values � �5), “borderline” (values from �5 to �5), or
“positive” (values � �5). When there was a borderline result, the
specimen was retested. The retest was considered positive if the
value was more than �5 and negative otherwise. In both amplifi-
cation procedures, the test was repeated for failed results (invalid
results plus errors). Samples with two repeatedly failed results
were excluded. Proportions were calculated with a 95% confi-
dence interval following a binomial distribution. The sensitivity
(Se) and specificity (Sp) were compared using a 2-tailed McNe-
mar test for paired samples. The positive predictive value (PPV)
and negative predictive value (NPV) were compared using a
2-tailed Fisher exact test. Data were analyzed using IBM SPSS
Statistics, version 19.0 (Armonk, New York, USA).

During the study period, a total of 981 stool specimens from
801 patients (median age, 67.1 years; interquartile range [IQR],
50.4 to 79.3 years) were collected. The results were failed for three
specimens using Xpert (0.3% of all specimens and 2.9% of speci-
mens tested using molecular techniques) and two specimens using
GenomEra (0.2% and 1.9%, respectively), although the result for
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only one specimen for each diagnostic system remained failed on
retesting (0.1% and 1.0%, respectively, for each molecular test).

Therefore, 979 specimens from 799 patients were analyzed
(Fig. 1). Toxigenic C. difficile was detected in 117 (11.9%) speci-
mens from 96 patients using the gold standard procedure. Molec-
ular systems were used as confirmatory tests in 103 specimens
(10.5% of specimens) (Fig. 1). Four specimens (all positive for
Xpert and toxigenic culture) yielded borderline results with Geno-
mEra (values of �1, 0, 1, and 4). On retesting, three specimens had
positive results, and one specimen yielded a borderline result (val-
ues of 65, 5, 64, and 45).

When validity values of the evaluated procedures were com-
pared, there were no statistically significant differences between
both molecular biology-based algorithms although they showed
significantly greater Se and NPV than those obtained with QC as a
stand-alone test (Table 1).

Our results show that QC as a stand-alone test, although
very specific, had an Se of 50% owing to the limited Se of the
toxin detection component, confirming that toxin EIA with or
without GDH detection cannot be used as an accurate stand-
alone test. For these reasons, most international guidelines rec-
ommend multistep algorithms (GDH screening test and mo-
lecular confirmation of GDH-positive results) (http://www.asm
.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf) (1, 2). Some
authors also recommend including an intermediate test (i.e., toxin

A and B EIA) to reduce the overall number of molecular tests used
and the final diagnostic cost (4, 14).

We compared an algorithm using detection of GDH and toxins
A and B in a single device (QC). For confirmation, we used two
different molecular procedures, Xpert and a new system, Geno-
mEra. Both molecular assays proved to be very easy to perform
because most of the steps were automated. The hands-on time of
Xpert was �2 min, whereas that of GenomEra was greater (8 to 10
min, including a vortex step of 5 min). The assay run time was 45
to 50 min for both; therefore, the overall turnaround time for both
was �1 h. The proportion of failed results was low for both, de-
creasing to �1% after retesting, similar to that of another study
evaluating Xpert (15).

Our study showed that although the Se of the Xpert-based
procedure was slightly greater than that of the GenomEra-
based one, the differences were not statistically significant. The
Sp of both procedures were very high (close to 100%), resulting
in very low number of false-positive results. GenomEra yielded
4 borderline results (3.9% of GenomEra tested specimens), all
positive for toxigenic culture. After retesting, all except 1 gave
positive results. In the only published evaluation of this assay,
Hirvonen et al. found only 1 borderline result from 310 speci-
mens tested with GenomEra (0.3%) (16). After retesting, this
specimen, which was positive for toxigenic culture, yielded a
negative result. It also showed that GenomEra had an Se, Sp,

FIG 1 Results obtained in the comparison of diagnostic methods. The results are shown as follows: GDH, glutamate dehydrogenase detection; Tox, toxin A and
B detection; TCD, toxigenic Clostridium difficile; Gen, GenomEra C. difficile assay; Xp, Xpert C. difficile assay; �, positive; �, negative. The superscript a after
Gen�/Xp� (43.7%) indicates that three culture-positive specimens had a borderline result using the GenomEra C. difficile assay; all 3 had a positive result on
retest. The superscript b after Gen�/Xp� (4.9%) indicates that one culture-positive specimen had a borderline result using the GenomEra C. difficile assay both
on the first test and on retest; therefore, the final molecular result was considered negative.

TABLE 1 Sensitivities, specificities, and positive and negative predictive values of the evaluated diagnostic procedures

Test (manufacturer)

Mean (95% CI)a

Sensitivity (%) Specificity (%)
Positive predictive
value (%)

Negative predictive
value (%)

Multistep algorithm using the following
as confirmatory test

GenomEra C. difficile assay 87.2 (79.7–92.6) 99.7 (99.0–99.9) 97.1 (91.9–99.4) 98.3 (97.2–99.0)
Xpert C. difficile assay 89.7 (82.8–94.6) 99.4 (98.7–99.8) 95.5 (89.7–98.5) 98.6 (97.6–99.3)

Quik Chek Complete as a stand-alone test 50.4 (41.0–59.8) 99.9 (99.4–99.9) 98.3 (91.1–99.9) 93.7 (91.9–95.2)
a The mean (95% confidence interval [95% CI]) values are shown. The P values for the comparison of validity values for the multistep algorithm using GenomEra C. difficile and
that using Xpert C. difficile were 0.250 (sensitivity), 0.500 (specificity), 0.722 (positive predictive value), and 0.699 (negative predictive value). The P values for the comparison of
validity values for the multistep algorithm using GenomEra C. difficile and Quik Chek Complete as a stand-alone test were �0.001 (sensitivity), 0.500 (specificity), 1 (positive
predictive value), and �0.001 (negative predictive value). The P values for the comparison of validity values for the multistep algorithm using Xpert C. difficile and Quik Chek
Complete as a stand-alone test were �0.001 (sensitivity), 0.125 (specificity), 0.426 (positive predictive value), and �0.001 (negative predictive value).
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PPV, and NPV of 98.8%, 99.6%, 98.8%, and 99.6%, respec-
tively. Unfortunately, these values cannot be compared with
ours because GenomEra was used as a stand-alone test and not
as part of a multistep algorithm.

Although Xpert has been widely evaluated (10, 15, 17–25), we
found only 1 study evaluating it with the same algorithm as ours
and using toxigenic culture as the gold standard (15). The authors
found that the Se, Sp, PPV, and NPV of the algorithm were 86.1%,
97.8%, 88.6%, and 97.2%, respectively. The Se and NPV were
similar to ours, while the Sp and PPV were lower, possibly because
the large percentage of specimens positive by Xpert but negative
by toxigenic culture were, according to the authors, true-positive
results, given the positivity of other tests (e.g., toxin EIA and cy-
totoxicity assay).

In conclusion, detection of GDH and toxins A and B is insuf-
ficiently sensitive to be used as a stand-alone test for CDI diagno-
sis. The incorporation of a molecular test detecting toxin B gene to
confirm GDH-positive and toxin-negative results can signifi-
cantly increase the Se without decreasing the Sp and provides a
cost-effective algorithm for rapid CDI diagnosis. In this sense, the
multistep algorithm based on GenomEra proved to be a rapid and
simple procedure for CDI diagnosis and represents an alternative
to the Xpert-based multistep algorithm.
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