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Abstract Clostridium difficile is an anaerobic, toxin-pro-

ducing pathogen that causes human infection possibly

through the consumption of meat. Clostridium difficile was

isolated from 45 of 415 (10.8%) various raw meat samples

collected in nationwide markets in Korea between 2013

and 2014. Among the 45 isolated strains, the highest

prevalence rate was found in September (28.6%) and

detected in chicken (16.4%), pork (8.3%) and beef (6.8%).

According to an antibiotic resistance test, resistance was

found only for clindamycin (2.2%). The genetic similarity

of ribotypes O78 and O27 and strains isolated from raw

meats was determined using DiversiLab. Among the iso-

lates studied, four different rep-PCR types were identified,

genetically distinct from ribotypes O78 and O27. An

ELISA reaction confirmed that the two strains have toxin A

and toxin B and showed 89% genetic similarity. This study

suggests that food animals could be potential routes of

foodborne transmission in C. difficile-associated human

infection.
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Introduction

Clostridium difficile is an anaerobic, spore-forming gas-

trointestinal pathogen that causes disease in susceptible

humans, and the disease can be acquired by the con-

sumption of meats from food animals via toxin production

[1]. Clostridium difficile can be isolated from varying

percentages of raw meats, such as pigs, cows, lambs and

chickens [2, 3]. Food animals could be a potential source of

C. difficile and one of the transmission routes from animals

to humans [4]. Moreover, C. difficile strains found in food

animals are often those that are implicated in C. difficile

infections (CDI) [5–7]. In the last decade, many large

outbreaks of CDI have been described worldwide, and the

incidence has increased in the United States, Canada,

Europe and Asia [7–14]. The major symptoms of a CDI

range from asymptomatic colonization to mild diarrhea and

severe life-threatening pseudomembranous colitis [1, 4]. Its

major virulence factors are toxin A (TcdA) and toxin B

(Tcd B), which are designated as an enterotoxin and a

cytotoxin, respectively. In Canada, between 1991 and

2003, the incidence of C. difficile-associated diarrhea

(CDAD) increased 4.5-fold from 35.6 to 156.36 per

100,000 people, and the death rate has increased fivefold

from 4.5 to 22% [15]. In the USA, the prevalence of

ribotype 027 has been reported to be as high as 14% [16].

Since 2003, mortality related to CDAD has been increasing

due to the emergence of mutant BI/NAP1/027, which can

produce the C. difficile toxin at approximately 10–20 times

the rate of other strains. Recently, the mutant was shown to

be a cause of the morbidity and mortality [15, 17]. In

addition, recent studies have suggested that ribotype O78,

which is a toxinotype V strain, may be associated with the

disease. Interestingly, there is an overlap between the PCR

ribotypes that are found in humans and animals [18],
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raising the possibility of interspecies transmission and

suggesting possible routes of exposure to CDI in humans.

Of particular interest, the incidence of CDI has increased

during recent years in Korea [12, 19–21]. CDI has

increased sixfold in domestic hospitals [20] and Hyper-

virulent strains such as NAP1/027 have been detected [22].

Also, response rate to initial antibiotic is low and death can

occur due to sepsis or complication [20]. However, there

has been limited investigation into C. difficile contamina-

tion in food animals, and the source of human infection

remains unclear. Therefore, epidemiological studies are

needed to prevent recurrence through analysis of the

characteristics of strains. The objective of this study is to

analyze the characteristics of C. difficile isolated from raw

meats distributed in Korea and to suggest that food animals

can be a potential route for C. difficile-associated human

infection.

Materials and methods

Samples

A total of 415 samples, including raw beef, pork and

chicken meat, were purchased from different retail outlets

(supermarkets) between April 2013 and March 2014 in

Korea. One hundred and forty-nine samples were prepared

from chicken, and 133 samples were prepared from beef

and pork. The samples were transported and stored at a

temperature between 1 and 4 �C and analyzed within 4 h

from the time of sampling.

Detection method

The detection method used was based on the method

described by Rodriguez-Palacios et al. [23] as follows: 5 g

of each sample were transferred to 20 mL of C. difficile

broth (CDB; Oxoid SR0048) (C. difficile Moxalactam

Norfloxacin broth ? 0.1% taurocholate) and incubated at

37 �C for 15 days under anaerobic conditions. 2 mL of the

enrichment broth were added to 2 mL of 96% ethanol in a

centrifuge tube and homogenized for 50 min on a shaker at

room temperature. After centrifugation (38009g for

10 min), a loopful of the sediment was streaked onto

Clostridium difficile moxalactam norfloxacin (CDMN) agar

(Merck, Darmstadt, Germany) and TSA with 5% blood

agar (bioMérieux, Maecy L’Etoile, France). The plates

were incubated for 24–48 h at 37 �C under anaerobic

conditions, and up to 5 suspected colonies were subcul-

tured on tryptone soya agar (Oxoid CM0131). Presumptive

identification of suspected colonies was performed by

testing for biochemical characterization using an API rapid

ID 32A (20A) test kit (bioMérieux DR1107A, Maecy

L’Etoile, France).

Detection of toxins by VIDAS

The C. difficile strains were examined for toxins with the

VIDAS-CDAB Kit using mini-VIDAS (bioMérieux,

Maecy L’Etoile, France) according to the manufacturer’s

instructions. For VIDAS CDAB, an aliquot (200 lL) of

well-mixed C. difficile strains was added to 1 mL of diluent

and centrifuged for 5 min at 12,0009g. The supernatant

(300 lL) was added to the sample well of the CDAB Kit.

This assay is completed in approximately 75 min. The

interpretation of each assay result can be positive, negative

or equivocal according to the fluorescence intensity as

described in the relevant package insert for each assay.

Antibiotic susceptibility testing (AST)

Antimicrobial susceptibility testing was performed fol-

lowing the Clinical and Laboratory Standards Institute

(CLSI) guidelines [24]. The susceptibilities of the isolates

to metronidazole, vancomycin, clindamycin and moxi-

floxacin were measured by the E-test (AB-BIOdisc, Solna,

Sweden). The breakpoints were as follows: metronida-

zole, C 32 mg/L; vancomycin, C 8 mg/L; clin-

damycin, C 8 mg/L; and moxifloxacin, C 8 mg/L. The

E-test was applied to the surface of an agar plate inoculated

with the C. difficile strains, and the strip was incubated for

48 h in an anaerobic chamber. After the required incuba-

tion period, and only when an even lawn of growth was

distinctly visible, the MIC value was read where the edge

of the inhibition ellipse intersected the side of the strip.

Clostridium difficile ATCC 700057 and ATCC (92,93)

served as the quality control strains.

Rep-PCR DiversiLab microbial typing system

The C. difficile strains were cultured on CDMN agar for

24 h at 37 �C in an anaerobic chamber. Genomic DNA was

quantified by Nanodrop (Thermo Scientific, Pierce divi-

sion), and the working concentration was adjusted to

35 ng/lg. Rep-PCR was performed using the DiversiLab

C. difficile Kit (Bacterial BarCodes, Inc, Houston, TX),

which includes rep-PCR master mix 1, C. difficile primers,

and kit-specific positive and negative controls, in accor-

dance with the manufacturer’s product insert. PCR was

performed on a T gradient using the following parameters:

initial denaturation at 94 �C for 2 min and then 35 cycles

of PCR (94 �C for 30 s, 45 �C for 30 s, and 70 �C for

90 s), with a final extension of 70 �C for 3 min. The

analysis of the rep-PCR products was implemented using a

DiversiLab system in which the amplified fragments of
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various sizes and intensities were separated Isolated strain

45 fingerprint patterns were automatically downloaded

onto a secure laboratory designated DiversiLab website.

The patterns were analyzed by DiversiLab software, which

uses Pearson correlation coefficients to determine the dis-

tance matrices. The agreement between the methods was

assessed at different rep-PCR SI cutoffs, including 80, 85,

and 90%, as generated by the DiversiLab software, and the

relatedness was determined by a cluster analysis according

to the guidelines provided by the manufacturer.

Results and discussion

Prevalence of C. difficile in meats

Between April 2013 and March 2014, a total of 415 raw

meat samples were purchased from nationwide markets in

Korea. Of these samples, 45 (10.8%) contained C. difficile.

The highest prevalence of C. difficile was found in chicken

at 16.4%, followed by pork at 8.3% and beef at 6.8%

(Table 1). In other studies, the prevalence of C. difficile

contamination in retail meat has varied widely, ranging

from 0 to 42.4% [4–6, 23, 25, 26]. For example, one study

found that 37 (42.0%) of 88 retail meat samples yielded C.

difficile, including 42.4% in beef, 41.3% in pork, and

44.4% in turkey products [25]. However, C. difficile did not

detect in meat samples other than beef [27]. Similar to

results found in France [28]. An Austrian study reported a

low prevalence of 3% for C. difficile in retail ground meat

samples [29]. Contamination rates have varied from North

America, where a high prevalence of C. difficile has been

found, to Europe, where a lower prevalence has been

reported [19, 28]. Such a large difference across countries

in isolation frequencies of C. difficile from meat may

reflect actual regional differences or may be caused by the

use of different detection methods. Further improvements

in the detection methods for C. difficile in foods is needed.

Prevalence varied by season, with the highest prevalence

(62%) observed between September and November

(Fig. 1), September (29%), October (16%) and November

(16%), Respectively. However, in Canada, the highest

prevalence (11.5%) was observed between January and

February [30]. In general, the prevalence patterns have

differed across countries, and a seasonal difference has

typically been observed. It is difficult to compare the

detection rate because of various factors such as culture

method and separation conditions. Therefore, standardized

detection method is required for an accurate comparative

analysis of the detection rate for across countries.

Investigation of the incidence of CDAD 027

In North America and Europe, increasing rates of

Clostridium difficile-associated disease (CDAD) have been

reported [5, 8, 16]. The hypervirulent strain in food is

presumably associated with higher levels of toxin produc-

tion by fluoroquinolone-resistant strains belonging to PCR

ribotype 027, pulsed-field gel electrophoresis (PFGE) type

NAP1, restriction endonuclease analysis (REA) type BI

and toxinotype III [8]. The mutant BI/NAP1/027 can pro-

duce the C. difficile toxin A/B and binary toxin by altering

the toxin-producing coordinator, making it approximately

10–20 times stronger than the regular strains [15, 17]. In

Europe, outbreaks of CDAD caused by the new, highly

virulent strain of C. difficile PCR ribotype 027, toxinotype

III have been recognized in 75 hospitals in England, 16

hospitals in the Netherlands, 13 healthcare facilities in

Belgium and nine healthcare facilities in France. Infections

caused by BI/NAP1/027 seems to be strongly related to a

very high mortality rate and severe clinical outcomes [8].

Active research is being conducted on C. difficile through

North America and Europe. However, in Korea, diagnosis

of CDAD associated diarrhea is conducted only in some

large hospitals, and research related to this issue has been

very rare. Therefore, investigation of toxin production,

antimicrobial resistance profiles, and genetic diversity is

necessary for better understanding C. difficile-associated

disease (CDAD).

Characteristics of C. difficile ribotype, antimicrobial

susceptibility and toxin genes

The genetic diversity of C. difficile was analyzed by rep-

PCR method (DiversiLab) (Fig. 2). This method was useful

in distinguishing several rep-PCR types of hypervirulent

PCR ribotypes 027 and 078 [1]. Among the isolates stud-

ied, 4 different rep-PCR types, were identified as Type 1

(CD-1, 2, and 4), 2 (CD-59), 3 (CD-58) and 4 (40 strains).

Type 4 was a dominant rep-PCR type, comprising 88.8%

(40 isolates) of all isolates and Mean reproducibility gave a

similarity index of 95.0% (Fig. 1). Ribotypes 027 and 078

were the genetically distinct strains isolated from meat

products. But, the resistant 027 strain is increasing due to

selective pressure from drug abuse [7] and the BI/NAP1/

Table 1 Prevalence of Clostridium difficile detected in beef, pork

and chicken meat samples in Korea

Meat type No. of samples No. of C. difficile positive samples

Beef 133 9 (6.8%)

Pork 133 11 (8.3%)

Chicken 149 25 (16.8%)

Total 415 45 (10.8%)
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Fig. 1 A comparison between

monthly isolation rate (%) of C.

difficile in Korea

Fig. 2 rep PCR-ribotypes,

VIDAS-CDAB A/B toxin gene

profiles of C. difficile isolated

from beef, pork, and chicken

meat samples
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027 strain demonstrates a resistant pattern against fluoro-

quinolones such as moxifloxacin. Also, ribotype 027,

which is highly susceptible to antimicrobials, has recently

been emerging in Korea [12]. Thus warranting further

study to prevent disease due to these strains. Clostridium

difficile usually produces two toxins, toxin A (TcdA, an

enterotoxin) and toxin B (TcdB, a cytotoxin) and is

responsible for a range of diseases from mild diarrhea to

pseudomembranous colitis [1, 31]. The VIDAS-CDAB test

is a new ELFA that detects toxins A and B. Forty-five C.

difficile isolates were isolated from 415 meats in culture.

Among them, chicken-derived 2 strains had the genotype

tcdA?/tcdB? (4.4% prevalence) (Fig. 2), were susceptible

to all antimicrobial agents. The strains were grouped into

Type2 (sample ID cd-58) and Type3 (cd-59), respectively.

In other study a total of 100 chicken fecal samples were

collected from urban Zimbabwe and 29 (29%) contained C.

difficile. Of these 29 strains, 26 (89.7%) contained toxin

A ? B ? [32]. In addition C. difficile was isolated from

twenty (17.4%) of 115 fecal samples in rural Zimbabwe.

Of these 20 strains, 11 (55%) have toxin A ? B?. Also,

among C. difficile found in 22 soil samples around the bird,

95.5% had toxin A ? B ? [33]. Therefore, chicken can be

a major reservoir of C. difficile. Detection of The toxins

from symptomatic humans and food animals is important

for diagnosis and prompt antimicrobial therapy [1].

Antibiotic resistance of all the isolates was measured for

metronidazole, vancomycin, clindamycin and moxifloxacin

by E-test method. Metronidazole and vancomycin are the

primary therapeutic antibiotics of C. difficile. especially

metronidazole has a high activity against C. difficile and

the resistance rate is low [13]. No resistance was found for

metronidazole (0%) and vancomycin (0%) among isolated

tested. All strains were sensitive to metronidazole, but only

Fig. 2 continued
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one isolate (strain 7) was resistant to clindamycin. The

resistance rate of clindamycin was 2.2% (Table 2) and

derived from chicken. Also, intermediate is 28.9%, which

means that the probability of going to resistance is high.

Although toxin-producing strains of C. difficile turned

out to be uncommon in Korea in our study, additional

investigation is necessary because genetically diverse

ribotypes among C. difficile strains from meat were found,

suggesting the potential presence of other virulent strains.

This study has been conducted to isolate C. difficile from

raw meat, examine the molecular similarity, characterize

the toxin and antimicrobial resistance profiles. Clostridium

difficile is detected at relatively high prevalence in meat

products of food animals. This suggests that the food ani-

mal is a potential route to human transmission. Therefore,

further studies on C. difficile detected from food animals

are needed to prevent C. difficile-associated disease

(CDAD).
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