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Cross-Sectional Study Reveals High Prevalence of Clostridium difficile
Non-PCR Ribotype 078 Strains in Australian Veal Calves at Slaughter

Daniel R. Knight,a Sara Thean,b Papanin Putsathit,b Stan Fenwick,c Thomas V. Rileya,b

Microbiology & Immunology, School of Pathology & Laboratory Medicine, The University of Western Australia, Nedlands, Western Australia, Australiaa; Division of
Microbiology & Infectious Diseases, PathWest Laboratory Medicine, Queen Elizabeth II Medical Centre, Nedlands, Western Australia, Australiab; School of Veterinary and
Biomedical Sciences, Murdoch University, Murdoch, Western Australia, Australiac

Recent reports in North America and Europe of Clostridium difficile being isolated from livestock and retail meats of bovine origin
have raised concerns about the risk to public health. To assess the situation in Australia, we investigated the prevalence and genetic
diversity of C. difficile in adult cattle and calves at slaughter. Carcass washings, gastrointestinal contents, and feces were collected from
abattoirs across five Australian states. Selective culture, toxin profiling, and PCR ribotyping were performed. The prevalence of C. diffi-
cile was 56% (203/360 samples) in feces from <7-day-old calves, 3.8% (1/26) in 2- to 6-month-old calves, and 1.8% (5/280) in adult cat-
tle. Three PCR ribotypes (RTs), RT127, RT033, and RT126, predominated in <7-day-old calves and comprised 77.8% (158/203 sam-
ples) of isolates. RT056, which has not been reported in cattle before, was found in 16 <7-day-old calves (7.7%). Surprisingly, RT078
strains, which dominate production animal carriage studies in the Northern Hemisphere, were not isolated.

Clostridium difficile is the leading cause of antimicrobial- and
health care-associated diarrhea in humans (1). C. difficile in-

fection (CDI) is a significant economic burden to global health
care systems (1, 2). Individuals infected with C. difficile present
with a wide spectrum of clinical symptoms, ranging from asymp-
tomatic carriage in the mildest form to severe pseudomembra-
nous colitis and, rarely, fulminant colitis with intestinal perfora-
tion and megacolon (3). In the past decade, CDI in humans has
become more common and more severe (1). Much of the in-
creased C. difficile burden has been driven by a rapid change in the
global epidemiology of CDI with the emergence of an epidemic
strain of C. difficile, RT027 (BI/NAP1), initially in North America
and then in Europe (1, 2). In addition, RT078, which is commonly
isolated from livestock in the Northern Hemisphere (4, 5), is now
the 3rd most common strain of C. difficile isolated from humans in
Europe (6) and is increasingly being isolated from humans in the
United States (7).

C. difficile is often isolated from animals, particularly neonatal
pigs (8, 9), foals (10), and cattle (5, 11, 12). Detection of C. difficile
in production animals has raised concerns that contaminated
meat products could be a potential source of CDI in humans.
Reports from North America and, to a lesser extent, Europe de-
scribe C. difficile as being isolated from cattle and meat destined
for human consumption (13–15). Nothing is known about the
prevalence of C. difficile in Australian production animals. Given
Australia’s remoteness and strict quarantine regulations, it is pos-
sible that different strains of C. difficile infect both production and
native animals in this country. In this study, we investigated the
prevalence of C. difficile in Australian adult cattle and calves at
slaughter and characterized the isolated strains by genotyping and
PCR ribotyping.

(Preliminary results of this investigation were presented at the
4th International Clostridium difficile Symposium [ICDS], Bled,
Slovenia, September 2012 [16].)

MATERIALS AND METHODS
Study samples. A total of 975 samples were collected and analyzed (Table
1). Samples of adult cattle gastrointestinal contents (approximately 50 g;

n � 158) and carcass washings (approximately 50 ml; n � 151) were
collected on six occasions from November 2007 to January 2008 from an
abattoir in Western Australia (WA) (designated W1). Sampling of animal
carcasses took place within the processing area of the slaughter line after
hosing of the whole carcass was complete. A sterile container was used to
collect washings directly from the carcass. Gastrointestinal contents were
collected aseptically, directly from the large intestine, within the viscera
processing area of the slaughter line.

Samples of feces from individual adult cattle (approximately 50 g; n �
280) were collected from 25 abattoirs, in New South Wales (NSW) (n � 5
[N1 to N5]), Queensland (QLD) (n � 11 [Q1 to Q11]), South Australia
(SA) (n � 2 [S1 and S2]), Victoria (VIC) (n � 4 [V1 to V4]), and WA (n �
3 [W2 to W4]), over the period October 2008 to May 2009. Samples of
feces from calves aged �7 days at slaughter (n � 360) were collected over
five 2-day periods, from March to September 2012, from three more ab-
attoirs, in VIC (V5 and V6) and QLD (Q12). Calf sampling comprised
numerous farms or “lots”: 4 farms and 50 calves in March, 13 farms and 38
calves in April, and 128 farms and 272 calves in August and September. At
the same time, some older calves were also sampled, at 2 months of age
(n � 5), 4 months of age (n � 4), and 6 months of age (n � 17). All
samples were transported to The University of Western Australia, stored
at 4°C, and processed within 24 h.

Animals at slaughter in abattoir V6 included a subset of animals from
24 lots in NSW that were transported across the state border (n � 50
[abattoir designated V6�]). The yearly production (per annum [pa]) of
the slaughterhouses varies greatly, from �5,000 calves pa (Q12) to 26,000
calves pa (V6) or up to �80,000 calves pa (V5). The calves sampled were
predominantly male dairy calves (Friesan cross and Jersey).

Isolation, culture, and identification of C. difficile. Isolation of C.
difficile was based on previously described methods (17), with some mod-
ifications. Intestinal contents were cultured both directly on cycloserine-
cefoxitin-fructose agar (CCFA) containing sodium taurocholate to en-
hance spore germination and in an enrichment broth containing
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gentamicin, cycloserine, and cefoxitin (GCC broth) (18), while carcass
washings were centrifuged and the deposits inoculated into GCC broth.

Fecal samples were plated directly onto C. difficile ChromID (bioMéri-
eux, Marcy l’Etoile, France) and added to GCC broth. After 48 h of incu-
bation, 1 ml of enrichment broth was alcohol shocked with an equal
volume of absolute ethanol for 1 h and then plated onto CCFA plates as
described above. All 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.

Putative colonies of C. difficile were identified on the basis of their
characteristic colony morphology (yellow, ground-glass appearance),
odor (horse dung smell), and chartreuse (yellow-green) fluorescence un-
der long-wave UV light (�360 nm). The identity of doubtful isolates was
confirmed by Gram staining and the presence of L-proline aminopepti-
dase activity (Remel Inc., Lenexa, KS).

PCR ribotyping and toxin gene profiling. Crude bacterial template
DNA for toxin profiling was prepared by resuspension of cells in a 5%
(wt/vol) solution of Chelex-100 resin (Sigma-Aldrich, Castle Hill, NSW,
Australia). All isolates were screened by PCR for the presence of the toxin
A (tcdA) and toxin B (tcdB) genes (19) and the binary toxin (cdtA and
cdtB) genes (20) and for changes in the repeating region of tcdA (21).
Confirmation of true toxin A- and toxin B-negative (A� B�) isolates was
achieved by amplification of the pathogenicity locus (PaLoc) integration
region (22). PCR ribotyping was performed as previously described (23).
PCR ribotyping reaction products were concentrated using a Qiagen Min-
Elute PCR purification kit (Ambion Inc., Austin, TX) and run on a
QIAxcel capillary electrophoresis platform (Ambion Inc., Austin, TX).
Visualization of PCR products was performed with QIAxcel ScreenGel
software (v1.0.2.0; Ambion Inc., Austin, TX).

PCR ribotyping banding patterns were identified by comparison of
banding patterns with a reference library consisting of a collection of 15
reference strains from the European Centre for Disease Prevention and
Control (ECDC), a collection of the most prevalent PCR ribotypes (RTs)
currently circulating in Australia (B. Elliott, unpublished data), and a
selection of binary toxin-positive strains. Interpretation of the capillary
electrophoresis data (PCR ribotyping banding patterns) was performed
by dendrogram and cluster analysis using the Dice coefficient within the
BioNumerics software package v.6.5 (Applied Maths, Saint-Martens-La-
tem, Belgium). Isolates that could not be identified with the available
reference library were designated with internal nomenclature.

Statistical analysis. Fisher’s exact test and the chi-square test were
used where appropriate to compare the prevalences of C. difficile among
the sampled abattoirs and to analyze the effects of age and geographic
distribution on the number and types of ribotypes identified.

RESULTS
C. difficile prevalence in cattle and calves. The prevalences of C.
difficile in adult cattle and veal calves are presented in Table 1. C.
difficile was not isolated from any of the 158 samples of gastroin-
testinal contents and 151 carcass washings from adult cattle in
WA. Of the further 280 adult fecal samples from other regions of
Australia, C. difficile was isolated by enrichment from 5 (1.8%)
samples. The overall C. difficile recovery from the feces of veal
calves (aged �7 days of age) was 56%, with a recovery from Vic-
torian abattoirs of 55% (36/50 samples [72%] from V5, 116/222
[52%] from V6, and 24/50 [48%] from V6�) and from the
Queensland abattoir (Q12) of 71% (27/38 samples). A total of 336
calf fecal samples were cultured by both direct culture and enrich-
ment culture. From these samples, 168 isolates of C. difficile were
recovered. The mean percent recovery by direct culture was 69.0%
(range, 20.0 to 75.0%) (Table 1). C. difficile was isolated from 1
(3.8%) of 26 older calves. This isolate, from a 2-month-old calf at
abattoir V5, was recovered by direct culture (Table 1).

The age-related differences in prevalence were statistically sig-
nificant for both comparisons of �7-day-old calves versus 2- to
6-month-old calves (P � 0.0002) and �7-day-old calves versus
adult cattle (P � 0.0001). The overall prevalences of C. difficile in
calf fecal samples from abattoirs in Victoria and Queensland were
not significantly different, nor was there any difference in recovery
of C. difficile from Victorian and NSW calves at abattoir V6.

Toxin gene profiles of C. difficile isolates. Of the 209 isolates
of C. difficile recovered from adult cattle and calves, 76.6% (160/
209) were positive for tcdA and tcdB (A� B�), among which 54.5%
(114/160) were also positive for the binary toxin genes (cdtA and
cdtB) (CDT�). Forty-one isolates (19.6%) were negative for both
tcdA and tcdB but were CDT� (A� B� CDT�). The remaining 8
isolates yielded the following toxin profiles: A� B� CDT� (4/209
[1.9%]), A� B� CDT� (3/209 [1.4%]), and A� B� CDT� (1/209

TABLE 1 Isolation of C. difficile from Australian adult cattle and calves at slaughter

Source State Abattoir code
No. of
specimens Age group

No. (%) of C. difficile
isolates

No. (%) of isolates
obtained by direct
culturea

Gastrointestinal contents WA W1 158 Adult 0 (0.0) NT
Carcass washings WA W1 151 Adult 0 (0.0) NT
Feces NSW N1-N5 85 Adult 2 (2.4) NT
Feces QLD Q1-Q11 130 Adult 2 (1.5) NT
Feces SA S1-S2 15 Adult 0 (0.0) NT
Feces VIC V1-V4 35 Adult 1 (2.8) NT
Feces WA W2-W3 15 Adult 0 (0.0) NT
Feces VIC V5 50 Calf (�7 days) 36 (72.0) NT
Feces VIC V6 222 Calf (�7 days) 116 (52.3) 87 (75.0)
Feces VIC V6� 50 Calf (�7 days) 24 (48.0) 16 (66.7)
Feces QLD Q12 38 Calf (�7 days) 27 (71.1) 12 (44.4)
Feces QLD Q12 5 Calf (2 mo) 1 (20.0) 1 (20.0)
Feces QLD Q12 4 Calf (4 mo) 0 (0.0) 0 (0.0)
Feces QLD Q12 17 Calf (6 mo) 0 (0.0) 0 (0.0)

Total 29 abattoirs 975 209 (22.7)b 116 (69.0)b

a NT, not tested.
b Values shown in parentheses are mean %.
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[0.5%]). Toxin gene profiles for all isolates, along with their dis-
tributions between abattoirs, age groups, and PCR ribotypes, are
summarized in Fig. 1.

PCR ribotyping of C. difficile isolates. In both the adult cattle
and calf samples, multiple PCR ribotypes were identified: 91.4%
(191/209) of isolates were assigned 1 of 10 internationally recog-
nized RTs (RT002, RT014, RT033, RT056, RT064, RT087, RT103,
RT126, RT127, and RT137) (Fig. 1). The remaining 18 isolates
(including 4 of the 5 from adult cattle) gave 11 distinct banding
patterns but were unable to be assigned PCR ribotypes based on
our reference library at the time. These isolates were classified with
internal nomenclature (QX010, QX017, QX018, QX022, QX025,
QX030, QX058, AU095, AU147, AU171, and AU179) (Fig. 1).

The most common RT found was RT127 (A� B� CDT�),
which comprised 50.2% (105/209) of isolates, followed by RT033
(A� B� CDT�) (41/209 [19.6%]), RT056 (A� B� CDT�) (16/209
[7.7%]), RT126 (A� B� CDT�) (12/209 [5.7%]), and RT087 (A�

B� CDT�) (7/209 [3.3%]). RT126 was more prevalent in Queens-
land (11/38 isolates [29.0%] from Q12) than in Victoria (1/322
[0.3%] from V5, V6, and V6�) (P � 0.0001). RT127 had similar
prevalences in both states (95/322 isolates [30.0%] from V5, V6,
and V6� and 10/38 [26.3%] from Q12), as did RT033 (35/322
[10.9%] from V5, V6, and V6� and 6/38 [15.8%] from Q12). No
significant difference was seen for the distribution of RT056 (15/
322 isolates [4.7%] from V5, V6, and V6� and 0/38 [0.0%] from
Q12) (P � 0.3839). For abattoir V6, no difference was seen in the
most prevalent PCR ribotypes between those animals originating
from Victoria and those originating from NSW (V6�) (P �
0.3819).

DISCUSSION

To date, there have been no reported studies on carriage of C.
difficile by pigs and cattle in the Southern Hemisphere. The prev-
alence of C. difficile in veal calves reported here (53.4%; range,
44.4% to 75.0%) is significantly higher than those reported for
similar studies in Canada (11.2%) (11), the United States (9%)
(14), Slovenia (9%) (9), and Switzerland (0.5%) (13) but similar
to that in another Canadian study looking at long-term surveil-
lance of C. difficile and tetracycline resistance on a veal farm (32%
to 51%) (24). We also found a slightly larger proportion of C.
difficile isolates from veal calves with at least one toxin gene pres-
ent (100%) than that reported elsewhere (80%) (14). Differences
in slaughter age between countries may explain the contrasting
levels of C. difficile obtained prior to slaughter in this study and
studies conducted overseas. In North America, calves may be up
to 21 weeks of age when they are slaughtered, whereas the calves
sampled in this study were slaughtered at �7 days of age. Slaugh-
ter at this early age with such a high prevalence of C. difficile car-
riage is a possible risk factor for carcass contamination.

The observed decline in prevalence with increasing age sup-
ports the results of studies reported elsewhere. Costa et al. (24)
noted not only a high prevalence of C. difficile but also a significant
rise in prevalence (32% to 51%) 1 week after arrival at a veal farm
(calves were aged 2 to 10 days on arrival) and then a decline to 2%
17 weeks and 21 weeks after arrival, at which point the calves were
slaughtered. This age-related effect, where prevalence decreases
with age, has also been reported for pigs (8) and is true for C.
difficile colonization of humans (1). In neonatal piglets, the de-

FIG 1 Summary of C. difficile PCR ribotypes, toxin gene profiles, and isolate demographics from representative Australian veal calf and adult cow isolates at
slaughter. PCR ribotyping pattern analysis was performed by creating a neighbor-joining tree, using the Dice coefficient (optimization, 1.00%; tolerance, 0.5%).
*, reference strain; �, abattoir(s) in Queensland; ‡, abattoir(s) in Victoria; §, abattoir(s) in New South Wales; �, includes a single isolate from a 2-month-old calf;
	, multilocus sequence type clade 5 strains; LK�, PaLoc-negative strains.
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crease in prevalence with age is most likely a result of an increase in
the gut microflora responsible for colonization resistance. Neona-
tal animals have an underdeveloped intestinal microflora, and C.
difficile is better able to colonize, proliferate, and produce toxins in
these younger animals (11).

C. difficile RT078 (A� B� CDT�) is the most common produc-
tion animal ribotype reported worldwide (5, 25), with virulence
attributes comparable to those of epidemic RT027 isolates but
with a much stronger association with animals, particularly live-
stock (3, 5). RT078 has been found in 67% (102/152) of isolates
from veal calves in Canada (24) and 94% (31/33) of isolates from
veal calves in the United States (14). This strain also appears to be
an emerging cause of human infections in the United States (7),
while it is the 3rd most common human isolate in European hos-
pitals (6).

Of the ribotypes detected in this study, three of the four most
prevalent ribotypes, i.e., RT127 (A� B� CDT�), RT126 (A� B�

CDT�), and RT033 (A� B� CDT�), belong to multilocus se-
quence type (MLST) 11, as does RT078. All strains of this sequence
type (ST) are grouped into clade 5 (26). Stabler et al. (27) demon-
strated that clade 5 strains, including strains of ribotypes 078, 126,
127, 033, and 237 (A� B� CDT�), are common in human clinical,
animal, and food sources worldwide and are highly divergent
from other known ribotypes. He et al. (28) dated the last common
ancestor of these strains to between 1.1 and 6.4 million years ago,
and it has been suggested that this common ancestor was a non-
toxigenic strain that acquired the PaLoc (26). Furthermore,
strains belonging to ribotypes 033, 126, and 127 have all been
isolated from humans with CDI in Australia in the last decade
(T. V. Riley et al., unpublished data).

The absence of RT078 in Australian cattle is significant, albeit
not totally unexpected. RT078 has not been found in any of our
other livestock surveillance programs (Riley et al., unpublished
data). This picture is very different from reports from overseas,
where RT078 is the predominant strain in most livestock animals,
including pigs, chickens, and cattle (5, 8, 9, 11). In contrast,
RT127, which is rare in cattle studies overseas, appears to have
emerged as the predominant strain in Australia. The emergence of
clade 5 ribotypes as significant causes of disease is a recent event
(27). Given the genetic similarity of these strains, their clear epi-
demiological links to animals, and Australia’s geographic isola-
tion, it is conceivable that RT127 has occupied the same niche that
is occupied by RT078 overseas. More studies are warranted in this
area, specifically to investigate the evolutionary history and phe-
notypes of these two strains.

In this study, the overall prevalence of CDT-producing isolates
was 76.1%. As with epidemic strains RT078 and RT027, RT126,
RT127, and RT033 all produce binary toxin. The exact role of
CDT is still being debated; however, CDT-positive strains are of-
ten found in large numbers in animals (4, 5, 9) and are associated
with an increased severity of disease in humans (29). In addition,
RT078 is increasingly associated with community-acquired CDI
(CA-CDI) (25, 30, 31). Recent data suggest that the incidence of
CA-CDI is increasing (32, 33) and accounts for up to one-quarter
of all diagnosed CDI cases (33). In the Netherlands, strains of
RT078 infecting both humans and animals are genetically related
by multiple-locus variable-number tandem-repeat analysis
(MLVA) (34). This suggests a common source (34) and implies
that C. difficile is part of a zoonosis (25, 30, 31).

Seasonality was reported as a factor affecting C. difficile preva-

lence in retail veal meat, with the highest prevalence occurring in
winter (15). Sampling of veal calves in this study took place in late
summer (March and April) and in winter (August and Septem-
ber). No significant increase in C. difficile prevalence was seen
between abattoirs over this period. However, without sampling
the same abattoir at a second time point, it is not possible to rule
out a possible seasonal effect.

The finding of low levels (5/209 isolates [2.4%]) of variant
toxin strains (A� B�) in livestock is consistent with other studies
(29). Although initially thought not to cause disease, these vari-
ants are now described as increasing in number and causing clin-
ically significant disease in human (35) and animal (36) infections.

Several PCR ribotypes (RT002, RT014, RT056, RT064, RT087,
RT103, and RT137) that are known to cause disease in humans but
are not typically associated with animals (5, 9) were identified in
this study. Of these strains, RT014 is the most common ribotype in
many countries, including the Netherlands (6) and Australia
(T. V. Riley and B. Elliott, submitted for publication). PCR ri-
botypes RT002 and RT014 have been found in very small numbers
in older cattle and poultry in Belgium (37) and in horses, domestic
pets, and livestock in the Netherlands (38). These numbers are
consistent with those reported in the current study (1 to 2% prev-
alence). In addition to its presence in livestock, RT014 has also
been found in two samples of retail meat in Canada (15).

The presence of RT056 (A� B� CDT�) in Australian calves at
slaughter was unexpected. This RT has been identified in a single
poultry isolate in a Dutch study (38), but to our knowledge, this is
the first report of RT056 in cattle. Bauer et al. (6) identified RT056
among the most frequent types of toxigenic isolates found in a
recent European hospital survey. In that study, RT056 was signif-
icantly associated with a complicated disease outcome in cases of
nosocomial CDI.

There are some limitations of this study. A more discrimina-
tory typing method, such as MLVA or whole-genome sequencing,
needs to be applied to this isolate set, given the large proportion of
strains that grouped into two or three RTs. In addition, follow-up
investigations of the same abattoirs are also warranted. In a recent
study by Zidaric et al. (39), who looked at C. difficile on a veal farm
over a long period, two key findings were made. First, ST 11 strains
(RT078 and RT126) became more predominant as the ages of
calves increased, and second, strains of a single predominant ri-
botype could be differentiated further by pulsed-field gel electro-
phoresis types, sporulation properties, and antibiotic susceptibil-
ities. Studies overseas have shown that C. difficile is associated
with disease in cattle, including calf enteritis (11) and neonatal
calf diarrhea (12). In the current study, it was not possible to
determine whether the veal calves presented any indications of
illness or disease, although if they had been clinically ill, it is un-
likely that they would have been slaughtered. Finally, future stud-
ies should include assessments of C. difficile concentrations in the
fecal samples examined. Many of our samples gave a heavy growth
of C. difficile on direct culture, suggesting that large numbers of C.
difficile cells were present; however, this needs to be confirmed
with viable counts.

Continued colonization of veal calves by C. difficile may well
depend on exposure to antimicrobials. Analogous with the situa-
tion in humans, where C. difficile amplification is driven by expo-
sure to antibiotics (1), C. difficile expansion in animals is likely
driven by antimicrobial use in these populations. The extensive
use of cephalosporins in Australian swine has been reported by
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Jordan et al. (40), who found that 25% of 197 large Australian pig
herds routinely used the agent ceftiofur. Studies of a similar nature
are needed for cattle. C. difficile is intrinsically resistant to cepha-
losporins, providing an impetus for amplification in animals and
contributing to the transmission cycle in intensive animal produc-
tion facilities. The use of cephalosporins in Australian livestock
could be driving the amplification of C. difficile, providing reser-
voirs of toxigenic strains known to cause clinical disease in hu-
mans (41).

In conclusion, RT127 is the dominant strain of C. difficile in
Australian cattle, and this ribotype appears to be behaving like
RT078, the major production animal ribotype in the Northern
Hemisphere. The high rate of carriage/colonization found in this
study clearly suggests that veal calves (unlike older cattle) are po-
tentially sources/reservoirs of C. difficile, including toxigenic
strains known to cause clinical disease in humans. There is a risk of
contamination of retail veal products during the slaughter pro-
cess, both directly and indirectly, but the extent of this risk is
currently unquantified. Further investigations are needed to de-
termine the prevalence and concentration of C. difficile in down-
stream parts of the supply chain (e.g., carcasses and retail meat), as
well as the dose needed to cause CDI in humans. The early slaugh-
ter age of Australian veal calves combined with their high rates of
carriage of C. difficile is a risk factor for possible food-borne trans-
mission.
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