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First-Line Method for Detection of Clostridium difficile
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Criziel D. Quinn,1 Susan E. Sefers,1 Wisal Babiker,3 Ying He,1† Romina Alcabasa,3
Charles W. Stratton,1,2 Karen C. Carroll,3 and Yi-Wei Tang1,2*

Departments of Pathology1 and Medicine,2 Vanderbilt University School of Medicine, Nashville, Tennessee 37232, and
Department of Pathology, Johns Hopkins University School of Medicine, Baltimore, Maryland 212873

Received 19 August 2009/Returned for modification 30 September 2009/Accepted 20 November 2009

We evaluated a single membrane device assay for simultaneously detecting both Clostridium difficile gluta-
mate dehydrogenase (GDH) and toxin A/B antigens against a standard that combines two PCR assays and
cytotoxigenic culture. Results showing dual GDH and toxin A/B antigen positives and negatives can be reported
immediately as true positives and negatives, respectively. Specimens with discrepant results for GDH and
toxins A/B, which comprised 13.2% of the specimens, need to be retested.

Rapid and accurate diagnosis of Clostridium difficile infec-
tion (CDI) is crucial for patient care, infection control, and
efficient surveillance. The well-accepted standard is cytotoxi-
genic culture, which is done by culturing C. difficile from the
stool and then performing a cytotoxin assay on the isolate (9).
The cytotoxigenic culture is labor-intensive, subjective, and
time-consuming, which has limited its wide use in the clinical
setting. Enzyme immunoassays (EIAs) are the most common
diagnostic laboratory methods used for rapid detection of C.
difficile-specific glutamate dehydrogenase (GDH) and/or toxin
A/B antigens in stool specimens. However, traditional EIAs
lack sensitivity and specificity (4, 5, 11, 12, 18).

Recently, a C. Diff Quik Chek Complete dual-antigen EIA
(D-EIA; TechLab, Blacksburg VA) became commercially
available; this assay comprises rapid detection of both GDH
antigen and toxin A/B with one easy-to-use cartridge (Fig. 1).
Previous studies based on two membrane-bound enzyme im-
munoassays for GDH and toxins A/B indicated that the single
GDH testing was more sensitive than that for detection of C.
difficile toxins A/B; however, false-positive results were recog-
nized upon comparison with results for culture (10, 15). It has
been recommended that GDH be used as the first-line screen-
ing test, followed by cell culture for toxin testing (2, 15).

More than 700,000 patient visits occur each year, with ap-
proximately 35,000 patients being admitted at the Vanderbilt
University Medical Center (VUMC). Approximately 9,000
stool specimens were submitted for C. difficile testing for the
year 2008. Currently, the Premier toxin A and B EIA (A/B
EIA; Meridian Bioscience, Inc., Cincinnati, OH) is used in the
clinical microbiology laboratory for detection of C. difficile
toxin in stool samples: this test uses a 96-well microtiter format

to detect both toxins A and B (7, 8, 11, 17). In this study, we
validated the D-EIA in comparison to a standard that com-
bines two PCR assays and a cytotoxigenic culture.

Patients and specimens. Consecutive stool specimens sub-
mitted for C. difficile testing were collected between 2 and 14
May 2009. Liquid or soft stool specimens with sufficient left-
over volumes were included. Multiple specimens, up to three,
from the same patient may be included during the study pe-
riod. This study was approved by the VUMC Institutional
Review Board. Specimens were stored refrigerated and tested
by enzyme immunoassays and molecular assays within 48 h
after collection. Specimens were stored at �80°C and sent out
for anaerobic C. difficile culture.

C. difficile antigen assays. The C. Diff Quik Chek Complete
dual-antigen EIA (D-EIA) (lot numbers 0309067 and
0809131) was performed according to the manufacturer’s in-
structions. In brief, 25 �l or an equivalent volume of stool
specimens was added in a tube containing the diluent and
conjugate (TechLab), and the mixture was transferred to the
device sample well. After incubation for 15 min at room tem-
perature, the wash buffer and then the substrate (TechLab)
were added to the reaction window. Results were read 10 min
later. GDH antigen and/or toxins were reported positive if a
visible band was seen on the antigen and/or the toxin side of
the device display window, respectively. The Premier A/B EIA
was performed according to manufacturer’s instructions (7, 8,
11, 17).

Cytotoxigenic cell culture. Frozen stool specimens were
thawed, and 0.5 to 1.0 ml of stool was heated to 80°C for 10 min
for spore enrichment. After cooling, 2 to 3 drops were inocu-
lated onto cycloserine-cetoxitin-fructose agar (CCFA) with
horse blood (Remel, Inc., Lenexa, KS) and also into prere-
duced chopped-meat broth. Plates were incubated anaerobi-
cally for as long as 5 days at 35°C and were examined for
suspicious colonies at 24-h intervals. Suspicious colonies were
subcultured and further identified as previously described (9).
The broths were subcultured if the plates were negative at 5
days. For positive cultures, single isolated C. difficile colonies
were tested for toxin production as follows. Colonies were
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inoculated into chopped-meat broth, incubated for 48 h, di-
luted 1:2 and 1:10, and incubated with human foreskin fibro-
blasts at 37°C under 5% CO2 in duplicate with and without
toxin-specific antibody; the plates were examined after 24 and
48 h of incubation with a microscope at �100 magnification;
and �50% cell rounding was interpreted as a positive result (9,
13, 15).

BD-PCR. The BD GeneOhm Cdiff assay uses a real-time
PCR format to detect toxin B gene in stool samples and was
performed as previously described (13). Every PCR run in-
cluded a PCR-positive control and a negative control. The
reaction tubes were placed in the SmartCycler I-CORE mod-
ule (Cepheid, Sunnyvale, CA) and run using Cepheid Smart-
Cycler software with the BD GeneOhm Cdiff real-time PCR
(BD-PCR) assay amplification protocol. Results were auto-
matically interpreted by the software as follows: “negative”
indicated that no tcdB gene was detected, “positive” indicated
that the tcdB gene was detected, “unresolved” indicated that
either the internal control was inhibited or there was reagent
failure, “invalid assay run” indicated that the PCR control
(positive or negative) failed, and “not determined” indicated
that there was an I-CORE module malfunction (13).

Stool processing and nucleic acid extraction. To extract
nucleic acid for the laboratory-developed PCR (LD-PCR), a
Dacron swab was inserted into the stool specimen at 3 to 5
locations and swirled into a tube containing 1 ml of sterile
water, making an approximate mixture of 10%. The mixture
was vortexed and allowed to settle (11). For each 0.2-ml su-
pernatant, 0.9 ml of lysis buffer (bioMérieux, Inc., Durham,
NC) was added, and the mixture was directly placed in the
NucliSens easyMAG system (bioMérieux, Inc.), using the de-
fault extraction protocol (14). Total nucleic acids were eluted
in 55 �l of elution buffer (bioMérieux, Inc.), and 5 �l of each
extract was used for nucleic acid amplification (see below). The
human �-actin gene was detected as an internal amplification
control (3).

LD-PCR. The laboratory-developed PCR, followed by auto-
mated fluorescence capillary electrophoresis, was developed to
amplify and detect the tcdC gene of the C. difficile pathogenic-
ity locus. A primer set (forward primer, 5�-CAA ATT GTC
TGA TGC TGA ACC-3�; reverse primer, 5�-TCA GAT GTT
CTA GCT AAT TGG TCA-3�) was designed to amplify a 178-
or 196-bp fragment as described previously (1). The 5� end of
the forward primer was labeled with 6-carboxyfluorescein for
fragment analysis by capillary electrophoresis on an ABI
3730xl automated sequencer, and data were analyzed using
GeneMapper 4.0 software. Positive specimens demonstrated
fragment lengths of 178 or 196 bp, dependent on the C. difficile
strain (1).

Data analysis. A combination standard was defined as con-
cordant results for two or more of the following assays: BD-
PCR, LD-PCR, and toxigenic culture for diagnosis of CDI.
Sensitivity, specificity, and positive and negative predictive val-
ues (PPV and NPV, respectively) were determined. Test
hands-on time and turnaround time were calculated. Total
costs, including those of reagents and labor as well as reim-
bursements from Medcare/Medcaid, were determined. P val-
ues were calculated, and values of �0.05 were considered
statistically significant.

During the study period, a total of 180 stool specimens were
submitted for C. difficile antigen testing. Six specimens were ex-
cluded due to insufficient volumes, and 174 specimens were
included in the study. All specimens were first tested by the
D-EIA (lot number 0309067), and sensitivities, specificities,
and predictive values in comparison to the levels for the com-
bined standard were determined. GDH antigen was detected
in 41 specimens, with a sensitivity of 100.0% and a specificity of
88.1%. Simultaneously, in the same cartridge, toxins A/B were
detected in 18 specimens, with a sensitivity of 78.3% and a
specificity of 100.0% (Fig. 1). Five specimens which were GDH
positive but toxin A/B negative (GDH� Toxin�) were falsely
negative in comparison to the reference standard (Fig. 1).

FIG. 1. Performance of D-EIA for detection of C. difficile in stool specimens. Results for GDH� Toxin� specimens were not observed. D-EIA,
C. Diff Quik Chek Complete dual-antigen EIA; GDH, glutamate dehydrogenase.
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Among the total 174 stool specimens tested, 18 (10.3%) tested
positive for both GDH and toxins A/B, 23 (13.2%) tested
positive for GDH but negative for toxins A/B, and 133 (76.4%)
tested negative for both GDH and toxins A/B. No D-EIA
results showing GDH-negative but toxin-A/B positive speci-
mens were revealed (Fig. 1). Of the total 174 specimens, 50 (18
GDH� Toxin�, 23 GDH� Toxin�, and 9 GDH� Toxin�) were
retested by another D-EIA device (lot number 0809131), and
a perfect reproducibility was achieved.

All five assays presented satisfactory specificities, ranging
from 96.7 to 100.0% (Table 1). When the combined reference
standard was used, the sensitivity of the Premier A/B EIA was
69.6% while the D-EIA possessed a better sensitivity (78.3%).
Both A/B EIA and D-EIA had statistically lower sensitivity
than the combined standard, which had an average sensitivity
of 92.8% (P � 0.023; Fisher exact test). These data indicate
that a more sensitive assay, preferably in molecular platforms,
is needed to retest those specimens testing positive for GDH
but negative for A/B toxin by the D-EIA.

Values representing hands-on time, test turnaround time,
cost, and reimbursement for the four assays are contrasted
in Table 1. Both rapid antigen EIAs had test turnaround
times within 1 h. The D-EIA costs three times more than the
A/B EIA, with a benefit margin of $13.77. BD-PCR and
LD-PCR resulted in greater reimbursements, ranging from
$24.55 to $37.17. The long test turnaround time of LD-PCR
will limit the wide application of this assay in clinical ser-
vices (Table 1). In comparison to the combined standard,
the 10.3% GDH and toxin A/B dual positives were true
positives and the 76.4% GDH and toxin A/B dual negatives
were true negatives. These results can be finalized within
hours. The 13.2% GDH-positive but toxin A/B-negative
specimens need to be retested by another assay, such as
PCR, which has higher sensitivity, longer test turnaround
time, and higher costs.

In summary, the C. Diff Quik Chek Complete D-EIA pro-
vides a rapid and reproducible first-line screening assay for
laboratory diagnosis of C. difficile infection. The majority of
test results can be performed and reported within 1 h with
satisfactory sensitivity and specificity. As costs associated with
devices decrease and FDA-cleared user-friendly products be-
come available, GDH-positive, toxin-negative results can be con-
firmed by a molecular assay on-site even in smaller hospitals.
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TABLE 1. Performance, test hands-on time, turnaround time, costs, and reimbursements for five C. difficile assaysa

Assayb Sensitivity (%) Specificity (%) Hands-on
time (min)

Test turnaround
time (min)

Cost per
test

Medcare/Medcaid
reimbursement

A/B-EIA 69.6 100.0 20 55 $ 5.05 $29.27
D-EIA 78.3 100.0 35 50 $15.50 $29.27
BD-PCR 95.7 100.0 60 130 $26.70 $51.25
LD-PCR 91.3 96.7 60 1,640 $14.08 $51.25
Toxigenic culture 91.3 98.3 45 7,200 $22.00 $42.64

a Hands-on time and test turnaround time were calculated on the basis of a full run of 16 specimens.
b A/B-EIA, Premier toxin A and B EIA; D-EIA, C. Diff Quik Chek Complete dual-antigen EIA; BD-PCR, BD GeneOhm Cdiff real-time PCR; LD-PCR,

laboratory-developed PCR.
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