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Clostridium difficile is a well-known enteric pathogen of humans and the causative agent of high-morbidity enteritis in piglets
aged 1 to 7 days. C. difficile prevalence in Australian piglets is as high as 70%. The current diagnostic assays have been validated
only for human infections, and there are no published studies assessing their performance in Australian piglets. We evaluated
the suitability of five assays for detecting C. difficile in 157 specimens of piglet feces. The assays included a loop-mediated iso-
thermal amplification (LMIA)-PCR for tcdA (illumigene C. difficile; Meridian), a real-time PCR for tcdB (GeneOhm Cdiff; Bec-
ton Dickinson), two-component enzyme immunoassays (EIA) for C. difficile glutamate dehydrogenase (GDH) (EIA-GDH) and
TcdA/TcdB (EIA-TcdA/TcdB) (C. diff Quik Chek; Alere), and direct culture (DC) (C. difficile chromID agar; bioMérieux). The
assays for detection of the organism were compared against enrichment culture (EC), and assays for detection of toxins/toxin
genes were compared against EC followed by PCR for toxin genes (toxigenic EC [TEC]). The recovery of C. difficile by EC was
39.5% (n � 62/157), and TEC revealed that 58.1% (n � 36/62) of isolates were positive for at least one toxin gene (tcdA/tcdB).
Compared with those for EC/TEC, the sensitivities, specificities, positive predictive values, and negative predictive values were,
respectively, as follows: DC, 91.9, 100.0, 100.0, and 95.0%; EIA-GDH, 41.9, 92.6, 78.8, and 71.0%; EIA-TcdA/TcdB, 5.6, 99.2, 66.7,
and 77.9%; real-time PCR, 42.9, 96.7, 78.9, and 85.4% and LMIA-PCR, 25.0, 95.9, 64.3, and 81.1%. The performance of the molec-
ular methods was poor, suggesting that the current commercially available assays for diagnosis of C. difficile in humans are not
suitable for use in piglets. C. difficile recovery by the DC provides a cost-effective alternative.

Clostridium difficile is reported outside Australia as a major
cause of preweaning scour in neonatal pigs aged 1 to 7 days (1,

2). In the United States, C. difficile infection (CDI) is the most
commonly diagnosed cause of enteritis in neonatal pigs, with out-
break-associated mortality reaching 50% (1). Good stockmanship
can reduce mortality; however, the morbidity remains high, and
piglets that recover from CDI remain on average 10 to 15% un-
derweight and take longer to wean (2).

Like human neonates, piglets are gnotobiotic at birth, and the
normal microflora does not establish in the gastrointestinal tract
until around 5 days of age (3). This lack of colonization resistance
means that piglets are particularly susceptible to C. difficile colo-
nization after parturition (up to 72% prevalence at 2 days) (4). All
piglets in an affected farrowing facility may be colonized soon
after birth, most likely as a result of ingestion of spores from the
already contaminated piggery environment (4, 5). Porcine CDI is
characterized by profuse nonhemorrhagic, yellow, pasty-to-wa-
tery scour; however, diarrhea alone is not a good predictor of CDI
in individual piglets (6, 7). In some cases, the piglets are nondiar-
rheic, constipated, or obstipated yet reveal colitis, typhlitis, or
edema upon necropsy (8–10).

Toxigenic enrichment culture (TEC) is the preferred “gold
standard” for diagnosing human CDI in the laboratory as it has a
high level of sensitivity. It also has the advantage of recovering
isolates for further characterization and epidemiological analysis
(11). Enzyme immunoassay (EIA) kits targeting the C. difficile
toxins TcdA and TcdB or the glutamate dehydrogenase (GDH)
antigen are used in both human and veterinary settings (12, 13).
However, these assays have relatively low sensitivity and the lim-
itation of cross-reactivity with the GDH of Clostridium sordellii
(12). Consequently, a two-step algorithm, such as an initial GDH
screening EIA with a confirmatory toxin EIA or nucleic acid am-
plification test (NAAT) performed on all positive assays, is cur-

rently recommended in human health (14, 15). NAAT-based as-
says for detection of the genes encoding TcdA and TcdB (tcdA and
tcdB, respectively), with their rapid turnaround times and high
sensitivities, have significantly improved the detection of CDI
(12). While many commercially available assays for the detection
of C. difficile have been systematically evaluated for use in humans,
their performance with stool samples of animal origin has not
been validated. Currently no guidelines are available for diagnos-
ing CDI or detecting C. difficile in animals. The literature on this
topic is scarce and limited to a few studies in Europe and North
America which have reported varied performance of assays for
detecting C. difficile in feces of equine (16), canine (17), and por-
cine origin (10, 13, 14, 18).

Investigations in our laboratory have confirmed that toxigenic
C. difficile is present in many pig herds in Australia (D. R. Knight,
M. M. Squire, and T. V. Riley, submitted for publication). Unlike
the Northern Hemisphere where a single PCR ribotype (RT),
RT078, predominates in swine herds (19), in Australia there are
many different RTs circulating among livestock (sheep, cattle, and
pigs), including RT033, RT126, RT127, and RT237 (20, 21). To
understand the role of C. difficile in piglet disease in Australia, it is
essential that veterinary diagnostic laboratories are able to detect
the organism in a timely and cost-effective manner.
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The aim of this investigation was to evaluate the suitability of
five commercially available assays for detecting C. difficile in spec-
imens of piglet feces. (Preliminary results of this investigation
were presented at the 8th International Conference on the Molec-
ular Biology and Pathogenesis of the Clostridia [CLOSTPATH],
Palm Cove, Australia, October 2013.)

MATERIALS AND METHODS
Sample collection. A total of 157 fecal samples were obtained by rectal
swabs from piglets aged �14 days during the period of June 2012 to March
2013. Sampling was performed by attending veterinarians. At the time of
sampling, 49 piglets (31.2%) were actively scouring. The test population
originated from 16 farms (piggeries) across five Australian states: New
South Wales (NSW), n � 2; Queensland (QLD), n � 6; Victoria (VIC),
n � 4; South Australia (SA), n � 1; and Western Australia (WA), n � 3.
Farms varied in facility type (e.g., farrow to finish, growers, and breeders)
and were geographically distinct. All samples were transported under am-
bient conditions in Amies transport medium with charcoal (Thermo
Fisher Scientific, Waltham, MA, USA) to The University of Western Aus-
tralia. The mean transport time from the farm to the laboratory was 8 days
(range, 2 to 20 days). All samples were stored at 4°C and prepared for
analysis within 24 h.

Sample preparation. Upon receipt of the samples in the laboratory,
slurries were prepared by suspension of the fecal swabs in 800 �l of phos-
phate-buffered saline (PBS). The samples were vortexed briefly to create a
homogeneous suspension and split into 200-�l aliquots. Two aliquots
were used for the NAATs and stored at �20°C until use, at which point a
single freeze-thaw cycle was implemented according to the assay recom-
mendations. One aliquot each was immediately used for enrichment cul-
ture (EC), EC followed by PCR for toxin genes (toxigenic EC [TEC]), and
direct culture (DC) on chromID. Finally, one aliquot was stored at 2 to
8°C for use with the enzyme immunoassay and processed within 48 h.

EC, TEC, and isolate identification. Isolation of C. difficile was based
on our previously described EC methods (22) with some modifications.
Fecal specimens were cultured in a selective enrichment broth containing
gentamicin (5 mg/liter), cycloserine (200 mg/liter), and cefoxitin (10 mg/
liter) (GCC) (PathWest Laboratory Medicine Excel Media, Mt. Clare-
mont, WA) (23, 24). After 48 h of incubation, 1 ml of broth was alcohol
shocked by the addition of an equal volume of absolute ethanol to en-
hance spore selection, and 10 �l was subcultured onto prereduced selec-
tive agar plates (cycloserine cefoxitin fructose agar [CCFA]) containing
0.1% sodium taurocholate (TCCFA) (PathWest Laboratory Medicine Ex-
cel Media). Plates were incubated in an anaerobic chamber (Don Whitley
Scientific Ltd., Shipley, West Yorkshire, United Kingdom) at 37°C in an
atmosphere containing 80% nitrogen, 10% hydrogen, and 10% carbon
dioxide and examined after 24 and 48 h. The putative C. difficile colonies
were subcultured onto prereduced blood agar. No plate spent more than
15 min outside the anaerobic chamber during the examination. Confir-
matory identification of C. difficile was made on the basis of characteristic
colony morphology on CCFA (yellow, ground-glass appearance), odor
(horse dung smell), and chartreuse fluorescence under long-wave UV
light (�360 nm). The identity of uncertain isolates was confirmed by
presence of L-proline aminopeptidase activity (Remel Inc., Lenexa, KS,
USA) and Gram staining. The ability of all C. difficile isolates to produce
toxin A and/or toxin B was determined by PCR (see below) to give a
positive TEC result.

DC on chromogenic agar. C. difficile chromID agar (bioMérieux,
Marcy l’Etoile, France) is a chromogenic medium, containing sodium
taurocholate and a proprietary chromogen mix that allows rapid and re-
liable isolation and presumptive identification of C. difficile strains in 24 h
(25, 26). Most C. difficile isolates appear as black colonies on a clear back-
ground (26). Cultures were performed according to the manufacturer’s
recommendations. Plates were incubated in an anaerobic chamber and
identified as described above.

EIA for GDH and TcdA/TcdB. The C. diff Quik Chek Complete (Al-
ere North America, Inc., Orlando, FL) is a rapid membrane EIA for the
simultaneous detection of C. difficile toxins TcdA and TcdB and GDH in
a single reaction well. All EIAs were carried out according to the manu-
facturer’s recommendations, and results were recorded as either positive
or negative for GDH and/or toxins A/B.

Loop-mediated isothermal amplification-PCR for tcdA. The illumi-
gene C. difficile amplification assay (Meridian Bioscience, Inc., Cincinnati,
OH) is a NAAT based upon the principle of loop-mediated isothermal
amplification (LMIA)-PCR. This assay detects toxigenic C. difficile strains
by targeting a conserved 5= 204-bp sequence of tcdA (27). LMIA-PCR
assays were performed on the illumipro-10 instrument according to the
manufacturer’s instructions, and results were recorded as positive or neg-
ative using the illumipro-10 software.

Real-time PCR assay for tcdB. The GeneOhm Cdiff Assay (Becton
Dickinson, La Jolla, CA) is a NAAT using real-time PCR technology to
amplify a conserved region of tcdB. The amplified products are detected
by using fluorogenic target-specific hybridization probes (molecular bea-
cons). Real-time PCR assays were performed on a SmartCycler (Cepheid,
United Kingdom; supplied by Becton Dickinson at the time of the study)
according to the manufacturer’s instructions. The SmartCycler software
recorded the results of the PCR assay as positive, negative, or unresolved.

Toxin profiling and PCR ribotyping of C. difficile isolates. All iso-
lates were screened by PCRs for the presence of tcdA and tcdB, binary toxin
genes (cdtA and cdtB) and the repetitive region of tcdA using previously
described methodology (28–30). PCR ribotyping was performed as pre-
viously described (31). The PCR ribotyping reaction products were con-
centrated using a Qiagen MinElute PCR purification kit (Qiagen, Venlo,
Limburg, the Netherlands) and run on the QIAxcel capillary electropho-
resis platform (Qiagen). The PCR products were visualized on QIAxcel
ScreenGel software v1.0.2.0 (Qiagen). The PCR ribotyping products were
analyzed using the Dice coefficient within BioNumerics software package
v.6.5 (Applied Maths, Saint-Martens-Latem, Belgium). RTs were identi-
fied by comparison of banding patterns with those in our reference li-
brary, consisting of a collection of the most prevalent RTs currently cir-
culating in humans and animals in Australia and a collection of 15
reference strains from the European Centre for Disease Prevention and
Control (ECDC). Isolates that could not be identified with the reference
library were designated with internal nomenclature beginning with the
prefix QX.

Concordant, equivocal, and discrepant results. For an assay detect-
ing organisms (DC and EIA-GDH), a result was considered a true positive
if positive by EC. For an assay detecting toxin or toxin genes (EIA-TcdA/
TcdB, real-time PCR, and LMIA-PCR), a result was considered a true
positive if positive by TEC. Discrepant results (false positives and false
negatives) with respect to EC/TEC were repeated as were any equivocal or
unresolved results. The percentage of concordance with EC/TEC was cal-
culated for each assay.

Statistical analysis. The sensitivity and specificity were calculated for
each kit against the gold standard assay (EC/TEC). Sensitivity and speci-
ficity data were used to calculate the positive (PPVs) and negative predic-
tive values (NPVs). Fisher’s exact test was used to compare the recovery of
C. difficile in the test systems with the recovery of C. difficile by the
EC/TEC.

RESULTS
C. difficile detection. Overall, C. difficile was isolated by EC from
39.5% (n � 62/157) of samples and by TEC from 22.9% (n �
36/157) of samples (Table 1). The recoveries from piggeries in
different states ranged from 26.0 to 54.5% (data not shown). The
recoveries of C. difficile isolates from piglets with (36.7%) and
without (40.7%) diarrhea were not significantly different (P �
0.141). C. difficile was detected in 36.3% (n � 57/157) of samples
by DC, 21.0% (n � 33/157) of samples by EIA-GDH, 1.9% (n �
3/157) of samples by EIA-TcdA/TcdB, 12.1% (n � 19/156) of
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samples by real-time PCR, and 8.9% (n � 14/157) of samples by
LMIA-PCR (Table 1).

Characterization of C. difficile. PCRs revealed that 58.1%
(n � 36) of isolates were positive for at least one toxin gene (tcdA/
tcdB). Overall, five toxin profiles were observed, the most com-
mon being A positive, B positive, CDT negative (A� B� CDT�)
(n � 33, 53.2%). Two isolates (3.2%) were A� B� CDT�, one
(1.6%) was A� B� CDT�, and five (8.1%) had the uncommon
genotype of A� B� CDT�. The remainder (n � 21, 33.9%) were
negative for any toxin genes. Multiple RTs were identified (Fig. 1).
Of the 62 isolates obtained from neonatal pigs, 32.3% (n � 20)
were assigned one of eight internationally recognized RTs. The
remaining isolates were assigned the prefix QX and given an in-
ternal number. No RT027 or RT078 was identified. QX006 (A�

B� CDT�) was the most common RT found overall, representing
16.1% (10/62) of isolates. After QX006, the next four most prev-
alent RTs were QX207 (12.9%), QX057 (11.3%), UK014 (11.3%),
and QX020 (8.1%).

Concordant and discordant results. DC and EIA-GDH con-
cordances with EC were 96.8% (152/157) and 72.6% (114/157),
respectively. The combined concordance for both assays with EC
was 77% (121/157) (Table 1). Real-time PCR, EIA-TcdA/TcdB,
and LMIA-PCR concordances with TEC were 84.1% (132/157),
77.7% (122/157), and 79.6% (125/157), respectively. The com-
bined concordance for all three assays with TEC was 73.9% (116/
157) (Table 1). There were a high number of discordant results,
principally false negatives but also a few false positives (data not
shown). There was a single equivocal result for real-time PCR that
could not be resolved after repeat testing, resulting in a reduced
total of samples for this assay (n � 156).

Sensitivities, specificities, PPVs, and NPVs of all assays com-
pared to EC or TEC. The prevalence of nontoxigenic (A� B�)
strains of C. difficile in this study was high (42%). This observation
raised the possibility of a population bias favoring strain types that
do not have the targets (toxin or toxin genes) that the nonculture
toxin-based methods (EIA-TcdA/TcdB, real-time PCR, and
LMIA-PCR) are designed to detect. To fairly assess these three
assays, they were evaluated against TEC, while assays to detect
organisms (DC and EIA-GDH) were evaluated against EC (Table
2). Of all the comparator assays, DC had the highest sensitivity and
specificity (91.9% and 100.0%, respectively). The sensitivity of
EIA-GDH was 41.9% (Table 2). For the other three assays (EIA-
TcdA/TcdB, real-time PCR, and LMIA-PCR), sensitivities were

low, ranging from 5.6 to 42.9%, and predictive values for all assays
varied widely (PPV range, 64.3 to 100.0%; NPV range, 71.0 to
95.0%) (Table 2).

DISCUSSION

In the present study, 157 specimens of piglet feces were assessed
for the presence of C. difficile or its toxins by EC/TEC, two NAAT
methods (real-time PCR and LMIA-PCR), DC using chromo-
genic agar, and an EIA for GDH and toxins A and B. This is the first
evaluation of commercially available diagnostic assays for detec-
tion of C. difficile or its toxins in a diverse range of C. difficile
strains from Australian neonatal pigs. We showed that compared
to EC or TEC, EIAs and NAATs have much lower sensitivities,
specificities, and predictive values when used to detect C. difficile
or its toxins in porcine rather than human feces (Tables 1 and 2).

Of the 157 samples collected in this study, 22.9% and 39.5%
were positive for C. difficile by TEC and EC, respectively. The
recovery by EC is similar to that in reports from the United States
(34.3%) (32), from the Netherlands (42 to 48%) (14), and from
lesser pork-producing countries like Slovenia (50.9%) (33) and
the Czech Republic (56.7%) (34). Our laboratory has previously
found by EC that C. difficile infection in Australian neonatal pigs is
widespread with a national prevalence of 67% (Knight et al, sub-
mitted).

Studies in other countries have evaluated different GDH- and
toxin-based detection assays in animals, including piglets (10, 13,
14, 16–18). However, the diverse strain population, geographic
distribution of sampling sites, and sample transport logistics in-
volved in our study provide a unique scenario for assessing the
performance of these assays for detecting CDI in piglets. To date,
few studies have evaluated DC (25, 26, 35), and of those, only one
included samples of animal origin; however, these were C. difficile
isolates not fecal samples (35). This study presents the first re-
ported data worldwide on the performance of a chromogenic me-
dium for recovery of C. difficile from animal fecal samples. DC
performed the best of all the comparator assays and had a high
sensitivity (91.9%) and specificity (100.0%). The overall recovery
of C. difficile by DC was high (36.3%) and comparable to that by
EC (39.5%) (96.8% concordance). These findings are consistent
with studies performed on human feces (25, 35).

The detection of toxigenic and nontoxigenic C. difficile in por-
cine feces by the toxin- and molecular-based assays (EIA-TcdA/
TcdB, real-time PCR, and LMIA-PCR) was poor. The concor-

TABLE 1 Detection of C. difficile in Australian piglet feces (n � 157)

Target Assaya

C. difficile assay results: Assay concordance (no. [%])

No. (%) positive No. (%) negative P With EC With TEC

C. difficile EC 62 (39.5) 95 (60.5)
DC 57 (36.3) 100 (63.7) 0.56 152/157 (96.8)
EIA-GDH 33 (21.0) 124 (79.0) �0.001 114/157 (72.6)

Toxin/toxin gene TEC 36 (22.9) 121 (77.1)
EIA-TcdA/TcdB 3 (1.9%) 154 (98.1) �0.001 122/157 (77.7)
Real-time PCR 19 (12.1) 138 (87.9) 0.01 132/156 (84.1)b

LMIA-PCR 14 (8.9) 143 (91.1) �0.001 125/157 (79.6)
a DC, direct culture (C. difficile chromID agar; bioMérieux); EIA-TcdA/TcdB, enzyme immunoassay (EIA) for TcdA and TcdB (C. diff Quik Chek; Alere); EIA-GDH, EIA for C.
difficile glutamate dehydrogenase (GDH) (C. diff Quik Chek; Alere); real-time PCR, real-time PCR for tcdB (GeneOhm Cdiff; Becton Dickinson); LMIA-PCR, loop-mediated
isothermal amplification-PCR for tcdA (illumigene C. difficile; Meridian); EC, enrichment culture; TEC, enrichment culture with PCR for toxin genes.
b There was a single unresolved result for real-time PCR.
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dances of these assays with TEC were lower than expected (EIA-
TcdA/TcdB, 77.7%; real-time PCR, 84.1%; and LMIA-PCR,
79.6%), and the sensitivities ranged from 5.6 to 42.9%. Surpris-
ingly, given the high prevalence of C. difficile in the population, the

PPVs and NPVs for the NAAT-based assays (real-time PCR and
LMIA-PCR) were unacceptably low (PPVs, 78.9% and 64.3%, re-
spectively; NPVs, 85.4% and 81.1%, respectively). This finding is
in accordance with those of other studies which found that the
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FIG 1 Summary of PCR ribotypes and toxin profiles from recovered C. difficile isolates (n � 62).

TABLE 2 Performance of DC and EIA-GDH and EIA-TcdA/TcdB, LMIA-PCR and real-time PCR, compared to EC and TEC, respectivelya

Comparator test Parameterb

Performance (95% confidence interval)

DC EIA-GDH EIA-TcdA/TcdB RT-PCR LMIA-PCR

EC % sensitivity 91.9 (82.2–97.3) 41.9 (29.5–55.2)
% specificity 100.0 (96.2–100.0) 92.6 (85.4–97.0)
% PPV 100.0 (93.7–100.0) 78.8 (61.1–91.0)
% NPV 95.0 (88.7–98.3) 71.0 (62.1–78.8)

TEC % sensitivity 5.6 (0.8–18.7) 42.9 (26.3–60.6) 25.0 (12.2–42.2)
% specificity 99.2 (95.5–99.9) 96.7 (91.7–99.1) 95.9 (90.6–98.6)
% PPV 66.7 (11.6–94.5) 78.9 (54.4–93.8) 64.3 (35.2–87.1)
% NPV 77.9 (70.5–84.2) 85.4 (78.4–90.9) 81.1 (73.7–87.2)

a DC, direct culture (C. difficile chromID agar; bioMérieux); EIA-TcdA/TcdB, enzyme immunoassay (EIA) for TcdA and TcdB (C. diff Quik Chek; Alere); EIA-GDH, EIA for C.
difficile glutamate dehydrogenase (GDH) (C. diff Quik Chek; Alere); real-time PCR, real-time PCR for tcdB (GeneOhm Cdiff; Becton Dickinson); LMIA-PCR, loop-mediated
isothermal amplification-PCR for tcdA (illumigene C. difficile; Meridian); EC, enrichment culture; TEC, enrichment culture with PCR for toxin genes.
b PPV, positive predictive value; NPV, negative predictive value.
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performance of NAAT-based assays to detect C. difficile in fecal
samples of pigs, horses, and dogs was less than in human fecal
samples (10, 14, 17).

The poor performance of all assays except DC was primarily
due to the high number of discordant results, principally false
negatives, and this could be attributable to a number of factors.
Several environmental and host factors thought to influence the
performance of human diagnostic assays have been suggested and
may be relevant in animal studies. First, a study by Lyerly found
that low specificity in enzyme immunoassays may be attributed to
toxin degradation due to multiple freeze-thaw cycles (36). This is
unlikely to account for the discordant results seen in our study as
samples were thawed only once, according to the manufacturer’s
recommendations. Second, Jure and colleagues suggested that
nonspecific binding of host fecal proteins to toxin in the gastroin-
testinal tract results in low levels of free unbound toxin in the
sample (affecting enzyme-linked immunosorbent assays [ELISA]
and cytotoxic assays) (37). Third, the low specificity seen with
commercial assays testing animal feces is potentially caused by the
presence of inhibitory substances or inactivating enzymes (10,
36). To date there have been limited data in the literature to sup-
port this hypothesis; however, it is conceivable that inherent dif-
ferences in the composition of the feces between animals and hu-
mans influence the binding of primers or antigens in the case of
EIAs. If inhibitory substances are present, they may be specific for
certain proteins and may explain the discordant EIA results seen
in this study where samples that yielded toxin-positive isolates
were recorded by EIAs as GDH positive or TcdA or TcdB negative.
Finally, Gumerlock et al. proposed that fecal proteases degrade
levels of toxins in the stool (38). It is possible that the length of
time the samples spent in transit (mean transport time of 8 days)
had a detrimental effect on toxin levels in the feces, reducing them
below the level of detection of EIA-based assays. This could ex-
plain the difference between the poor results presented here for
the EIA and those reported by Keessen and colleagues (80 to 90%)
(14). In that study, porcine feces were collected in April (European
spring) and transported under refrigeration from farms within the
relatively small geographic area of the Netherlands (�1/200 the
size of Australia). In our study, samples were transported over
large distances (mean distance from farm to laboratory of �3,600
km) and in suboptimal (ambient) storage conditions. This is an
important observation and likely reflects the circumstances under
which samples are routinely transported from the site of collection
to the veterinary laboratory. The fact that DC worked so well un-
der these conditions underscores its suitability as a diagnostic test
for C. difficile in Australia.

It is important that diagnostic tests perform well, independent
of the strain types present in the test population. This study iden-
tified numerous PCR ribotypes, some of which were internation-
ally known strains, predominantly RTs associated with carriage
and disease in humans. The most prevalent RT was QX006
(16.1%), followed by QX207 (12.9%), UK014 (11.3%), QX057
(11.3%), and UK020 (8.1%). These top five RTs comprised 60%
of the isolates recovered by TEC. RT014 and RT020 are often
grouped together due to their very similar PCR ribotype finger-
print. RT014/020 is the most common RT in many countries,
including the Netherlands (39) and Australia (B. Elliott and T. V.
Riley, unpublished data). RT014 is not only well established in
nosocomial cases of CDI but also a leading cause of disease in the
community (39) and has been found in a small number of live-

stock (40). RT046 comprised approximately 5% of isolates and
has recently been described in piglet and human populations in
Sweden (41). The RT distribution appeared clonal with many RTs
unique to individual farms and states (data not shown) and is
consistent with our findings in a recent study (Knight et al., sub-
mitted).

Overall, 58% (n � 36) of isolates were positive for tcdA or tcdB
or both. Of the remaining isolates, 34% (n � 21), including about
half of the isolates comprising the top five RTs, were nontoxigenic
(A� B� CDT�) strains and 8.1% (n � 5) of isolates were positive
only for binary toxin (CDT�). These data indicate heterogeneity
in the test population and are consistent with our findings in a
recent study (Knight, submitted).

Of the limited number of diagnostic studies performed in an-
imals to date, a single study by Keessen et al. provided typing data
that indicated homogeneity of C. difficile strains in their test pop-
ulation (14). In that study, 99% (70/71) of isolates recovered from
samples of porcine feces were RT078, the predominant RT circu-
lating in animals in Europe. The same study reported significantly
higher sensitivity for the real-time PCR assay and a range of EIA
platforms. It is possible that their results were biased because of
the single strain population. In particular, there may be differ-
ences in the antigenic features, toxin expression, or pathogenicity
locus (PaLoc) primer binding sites. This idea has also been sug-
gested by Tenover et al., who found significantly lower sensitivity
with real-time PCR and EIA for RT078 than for many other ri-
botypes, including the epidemic strain RT027 (42). No RT078 was
found in this or any previous studies in Australian livestock, and
RT078 is also not endemic in human populations in Australia
(43).

In our study, DC performed consistently well across all of the
19 RTs. This result is in accordance with the findings of Eckert et
al. (25), who found no relationship between the PCR ribotype and
isolate recovery using chromogenic agar. Conversely, all of the
nonculture methods evaluated in this study (EIA-GDH, LMIA-
PCR, real-time PCR, and EIA-TcdA/TcdB) performed consis-
tently poorly across all 12 toxigenic RTs.

The performance of any assay is ultimately influenced by the
choice of reference method. EC/TEC have not only high sensitiv-
ities and specificities for C. difficile but also the benefit of recovery
of the isolate, which can be used for future epidemiological typing
and antimicrobial susceptibility testing (11). EC/TEC are, how-
ever, slow and laborious, often taking up to 5 days for completion
and are unlikely to be adopted by veterinary laboratories as a stan-
dard practice for C. difficile testing. We have shown that DC pres-
ents a suitable presumptive identification method for veterinary
laboratories. The chromID Cdiff plates are highly selective; they
limit the growth of endogenous flora so that C. difficile colonies are
easy to identify and subculture prior to toxin profiling and epide-
miological typing. DC outperformed the molecular methods as-
sessed in this study as well as EC on TCCFA by negating the need
for prereduction, alcohol shock, or the additional 24 h of incuba-
tion time (26). Other benefits of this medium are its relatively low
cost (plates are �AU$3 each), and the environment required for
C. difficile growth can be achieved relatively easily using anaerobic
jars.

This study highlights the high prevalence and unique strain
types of C. difficile present in Australian neonatal pig populations.
Despite the poor performance of commercially available noncul-
ture-based diagnostic assays, this study shows that DC represents
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a viable option for detecting C. difficile in piglets. In the hospital
setting, discordant test results have major implications for patient
care. False positives can lead to unnecessary treatment and isola-
tion, and false negatives increase the risk of delay in treatment and
cross-infection (44). The diagnosis of CDI in piglets may not be as
time critical, but our results underscore the importance of devel-
oping cost-effective, sensitive, and specific assays for the rapid,
reliable detection of C. difficile and its toxins in porcine feces.
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