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a b s t r a c t

The present study aimed to elucidate the prevalence of Clostridioides difficile in Japanese retail food
products. For this purpose, retail food samples (242 fresh vegetables and 266 retail meat samples: 89
chicken meat; 28 chicken liver; 200 pork meat; 24 pig liver; 127 beef meat) were collected from 14
supermarkets between 2015 and 2019. C. difficilewas isolated from eight (3.3%) fresh vegetable, six (6.7%)
chicken meat, one (3.6%) chicken liver, one (0.5%) pork meat, and two (1.6%) beef meat samples; it was
not isolated from pig liver. Of these isolates, 35% were toxigenic. All isolates were typable by PCR ribo-
typing and were resolved into 12 PCR ribotypes. Among these isolates, ribotype 014, which is distributed
worldwide including in Japanese clinical cases, was detected among vegetable isolates. Therefore,
although the C. difficile contamination rate in Japanese retail foods was low, these sources can be
contaminated and could transmit these bacteria to humans.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Clostridioides (Clostridium) difficile causes antibiotic-associated
diarrhea and pseudomembranous colitis in humans. According to
a report published by the Centers for Disease Control and Preven-
tion, C. difficile is the most important antimicrobial-resistant threat
to public health in the United States [1]. Although the incidence of
C. difficile infection (CDI) in Japan is lower than that in the United
States and European countries, this infection remains a genuine
problem in Japan as well [2e4].

Virulent strains of C. difficile produce two large clostridial toxins,
toxins A (TcdA) and B (TcdB), encoded by the genes tcdA and tcdB,
respectively [5]. TcdA binds the apical side of host enterocytes,
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whereas TcdB binds the basolateral side of these cells. Both toxins
are proteolytic and are taken into the cytoplasm of cells. In addition,
some virulent strains of C. difficile produce a third toxin, known as
binary toxin (CDT).

Recently, the incidence of community-associated C. difficile
infection (CA-CDI) in younger patients without a previous history of
hospitalization or antibiotic treatment has been increasing globally
[6,7]. This is due to the increased frequency of CA-CDI in patients
and the speculation that C. difficile from retail foods (both meats
and vegetables) causes these infections in humans [8,9]. In previous
studies, C. difficile has been isolated from retail meats [7,8,10,11]. In
addition, our previous study showed that C. difficile, derived from
livestock manure compost, could be transferred to vegetables [12].
Moreover, a commonality was seen in cases where C. difficile was
isolated fromvegetables in several countries [10,13e16], suggesting
that retail foods can serve as a potential source of C. difficile for
humans.

The incidence of CA-CDI in Japan is relatively low compared to
that in the United States and European countries; additionally, CA-
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CDI is usually not severe [17]. Moreover, the major circulating
strains among CDI in Japan differ from those in other countries [18].
Whereas there are several reports of C. difficile isolation from foods
in the USA, European countries, and Australia [7,10,11,13], there are
no reports of C. difficile isolation from retail foods in Japan. There-
fore, prevalence analysis and characterization of C. difficile from
retail foods in Japan are required. The present study aimed to
determine the prevalence of C. difficile from retail foods (vegetables
and meats) in Japan. To this end, we isolated C. difficile from retail
foods and characterized these isolates.

2. Materials and methods

2.1. Bacterial strains and retail food samples

A total of 242 fresh vegetables were continuously purchased
from seven supermarkets in the Hokkaido prefecture between
March 2015 and May 2017 (Table 1). Samples consisted of 170 root
vegetables (39 burdock, 39 taro, 39 ginger, 19 onions, 13 ginseng, 11
green onions, seven radish, two yam, and one wasabi), 41 leaf
vegetables (14 lettuce, nine cabbages, six Chinese cabbages, six
Chinese chive, three cut cabbages, one broccoli, one asparagus, and
one pickled scallion), 27 fruit vegetables (14 cucumbers, 11 to-
matoes, and two petit tomatoes), and four water culture vegetables
(two bean sprouts, one bean seeding, and one sprout broccoli). A
total of 468 retail meat samples were purchased from 14 super-
markets in the Hokkaido prefecture between March 2015 to March
2016 andMarch 2018 toMarch 2019 (Table 1). Samples included 89
chicken meat, 28 chicken liver, 200 pork meat, 24 pig liver, and 127
beef meat samples. These samples were purchased once per
month; all samples were domestic products, stored at 4 �C, and
examined within 4 days of collection.

To measure genetic relatedness, American Type Culture Collec-
tion (ATCC) 9689 (Ribotype 001), 43593 (Ribotype 060), 700057
(Ribotype 038), BAA-1870 (Ribotype 027), and BAA-1875 (Ribotype
078) were used as reference strains. The DNA extracts of ribotype
strains (G95-01 ¼ Ribotype 017, TRI15 ¼ Ribotype 369, JND13-
004 ¼ Ribotype 001, KGH20 ¼ Ribotype 002, JND08-
035 ¼ Ribotype014, JND11-059 ¼ Ribotype 018, and
OG39 ¼ Ribotype 046) were kindly provided by Haru Kato (Na-
tional Institute of Infectious Diseases) and used as references to
determine the PCR ribotype.

2.2. Isolation and identification from retail foods

C. difficile strains were isolated by an enrichment culturing
Table 1
Prevalence of Clostridioides difficile in Japanese retail food products.

Samples Years Sample No. Isolated samples Isolated clones Ri

Root vegetable 2015e2017 170 8 (4.7%) 9 R6
Leaf vegetable 2015e2017 41 0 0
Fruit vegetable 2015e2017 27 0 0
Water culture 2015e2017 4 0 0

Subtotal Vegetables 2015e2017 242 8 (3.3%) 9 R6

Chicken meat 2015e2016 89 6 (6.7%) 7 F1
Chicken liver 2015e2016 28 1 (3.6%) 1 F1
Pork meat 2015e2019 200 1 (0.5%) 1 F1
Pig liver 2015e2016 24 0 0
Beef meat 2015e2019 127 2 (1.6%) 2 R6

Subtotal Meat 2015e2019 468 10 (2.1%) 11 F1

Total 710 18 (2.5%) 20

a Inside of parenthesis indicates number of isolates.
method previously reported [19], with some modifications.
C. difficile was isolated using C. difficile culture agar (CM601, Oxoid,
Basingstoke, United Kingdom) supplemented with C. difficile
moxalactam norfloxacin (CDMN, SR0173E; Oxoid) and 5% horse
blood (SR0048C; Oxoid). C. difficile enrichment broth was prepared
by mixing the ingredients of CM0601, except for the agar, with 0.1%
sodium taurocholate. To this, 5 g of each sample was homogenized
and added to 20 mL of the C. difficile enrichment broth and incu-
bated anaerobically at 37 �C for 15 days. Alcohol shock for spore
selection was performed by mixing 2 mL homogenized culture
broth with 99.5% ethanol (1:1 [v/v]) for 50min. After centrifugation
(3,800�g for 10 min), the sediment was streaked onto CCMA-Ex
agar (Nissui Pharmaceutical, Tokyo, Japan) and was incubated
anaerobically at 37 �C for 48 h. For individual samples, a maximum
of three colonies were identified as C. difficile based on colony
morphology and then selected for further analysis.

For the identification of C. difficile, polymerase chain reaction
(PCR) was performed. DNA was extracted from isolates using
InstaGene Matrix (BioRad, Hercules, CA, USA), according to the
manufacturer’s instructions. Three regions with specific sequences
of C. difficile were amplified using primers specific to three target
regions [20e22].
2.3. Toxigenicity

The presence of toxin A, B, and the binary toxin was tested by
multiplex PCR as previously described [23] to amplify tcdA, tcdB,
and cdtA/B, respectively. Toxigenic isolates were toxinotyped by
PCR-RFLP as previously described [24].
2.4. PCR ribotyping

Isolates were ribotyped by PCR as described, with some modi-
fications [21]. PCR reactions were scaled down to 50 mL, and
amplified PCR products were concentrated to approximately 10 mL
by heating at 75 �C for 90e120 min. Subsequently, reactions were
electrophoresed for 4 h at 120 V on 3% Metaphor agarose (Lonza
Rockland Inc., Basel, Switzerland). Banding patterns were analyzed
with BioNumerics (Applied Maths, Sint-Martens-Latem, Belgium).
Similarity and diversity were assessed by applying the Dice coef-
ficient, and strains were clustered based on the unweighted pair
group method with arithmetic means. Several types of PCR ribo-
types were used as a control; if matching with these known ribo-
types was observed, the PCR ribotype of the isolates could be
determined.
botype Toxigenic clones Toxinotypea

(3), 014 (1), F2 (1), F3 (1), F4 (1), F5 (1), F6 (1) 4 (44.4%) XIb (3), XIII (1)
0
0
0

(3), 014 (1), F2 (1), F3 (1), F4 (1), F5 (1), F6 (1) 4 (44.4%) XIb (3), XIII (1)

(4), F7 (1), F8 (1), F9 (1) 1 (14.3%) V (1)
(1) 0
0 (1) 0

0
(2) 2 (100%) XIb (2)

(4), R6 (2), F7 (1), F8 (1), F9 (1), F10 (1) 3 (27.3%) V (1), XIb (2)

7 (35%)
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2.5. Antimicrobial susceptibility testing

Strains were tested for susceptibility to vancomycin, metroni-
dazole, clindamycin, ceftriaxone, erythromycin, ciprofloxacin, and
tetracycline (Sigma-Aldrich, St. Louis, MO, US). Minimal inhibitory
concentrations (MICs) were measured using the agar dilution
method according to guidelines of the Clinical Laboratory Stan-
dards Institute [25]. Breakpoints for metronidazole, clindamycin,
ceftriaxone, and tetracycline were determined according to the
same guidelines. Published data were used to set breakpoints for
vancomycin, erythromycin, and ciprofloxacin [21]; C. difficile
ATCC700057 was used as the reference strain.

3. Results

3.1. Isolation of C. difficile from retail foods

C. difficilewas isolated from eight (3.3%; six taro, one onion, and
one burdock) of the 242 vegetables (2016 and 2017), six (6.7%) of
the 89 chicken meat (2015 and 2016), one (3.6%) of the 28 chicken
liver (2016), one (0.5%) of the 200 pork meat (2019), and two (1.6%)
of the 127 beef meat samples (2018 and 2019) (Table 1). All
C. difficile-positive vegetables were classified as root vegetables.
The rate of C. difficile positivity in root vegetables was 4.7% (8/170).
No C. difficile was isolated from the 24 pig liver samples.

Fromeight vegetable, six chickenmeat, one chicken liver, onepork
meat, and two beef meat samples, nine, seven, one, one, and two
C. difficile isolateswere obtained, respectively.Whenmultiple isolates
from a single sample exhibited the same PCR ribotype and antimi-
crobial susceptibility profile, theywere considered representative of a
single strain. In total, 20 distinct strains were found in this study.

3.2. Characterization of C. difficile isolates from retail foods

Of the 20 C. difficile isolates, 35% (7/20) were positive for either
of the toxin genes (Table 1). Among seven toxigenic isolates, three
Fig. 1. PCR ribotype profiles of Clostridioides difficile strains isolated from retail foods. P
strains from retail foods (nine from vegetables, 11 from meats) were isolated in this study. AT
vegetables.
toxinotypes (V, XIb, and XIII) were observed based on toxinotyping
(Table 1). Toxinotype XIb was observed in isolates from both veg-
etables and beef meat.

All 20 strains from retail foods were typable by PCR ribotyping
and were resolved into 12 PCR ribotypes (Fig. 1; Ribotype 014, R6,
and F1 to F10). The banding patterns of the tested isolates were not
matched of those of the control strains except for ribotype 014.
Ribotype F1 was the most prevalent among the isolated samples.
Ribotype 014 was observed in the isolates from taro. Ribotype R6
was observed in the isolates from burdock, taro, onion, and beef
meat. Ribotype R6 was previously observed in C. difficile derived
from Japanese cattle feces in our previous study [26].

3.3. Antimicrobial susceptibility

Table 2 summarizes the antimicrobial susceptibility of the 20
isolated strains, which were all susceptible to vancomycin, metro-
nidazole, ceftriaxone, and erythromycin. Resistance to clindamycin,
ciprofloxacin, and tetracycline was found in 10 (50%), 18 (90%), and
six (30%) of the 20 strains tested, respectively.

4. Discussion

This study showed that 3.3% of vegetables were contaminated
with C. difficile in Japan. Previous studies determined that the
isolation rates of C. difficile in vegetables were under 10% in each
country [7,10,11], similar to that in this study. In contrast, in this
study, the isolation rate of C. difficile in meats was 2.1%, whereas
such rates were variable (0e42%) in previous reports [7,10,11].
Studies conducted in Europe have persistently reported low prev-
alence rates in meat samples, in contrast to that in the USA and
Canada, where C. difficile is reported at much higher rates [10].
Although it is difficult to compare the isolation rates of C. difficile to
those of previous foreign reports, because the isolation condition,
year, and portionwere different, contamination rates of C. difficile in
Japanese retail foods, both vegetables and meats, are not high.
CR ribotyping pattern analysis was performed by applying the Dice coefficient. Twenty
CC and JND strains were used as controls. Underline, control strains; Bold, isolates from



Table 2
Antimicrobial susceptibility of Clostridioides difficile retail food isolates (n ¼ 20).

MIC (mg/mL) No. of resistant isolates

Antimicrobials Break point 50% 90% Range

Vancomycin �32a 1 1 0.25e1 0
Metronidazole �32b 0.25 0.5 0.125e0.5 0
Clindamycin �8b 4 16 1e16 10 (50%)c

Ceftriaxone �64b 16 32 8e32 0
Erythromycin �8a 0.5 2 0.25e4 0
Ciprofloxacin �4a 4 8 2e8 18 (90%)d

Tetracycline �16b 2 32 0.125e32 6 (30%)e

MIC, minimum inhibitory concentration.
a This value is the previously reported break point [21].
b This value is the CLSI break point [25].
c Clindamycin resistance was observed in isolates from three taro, one burdock,

one onion, four chicken meat, and one chicken liver samples.
d Ciprofloxacin resistance was observed in isolates from six taro, one burdock, one

onion, seven chicken meat, one chicken liver, and two beef meat samples.
e Tetracycline resistance was observed in isolates from five chicken meat and one

chicken liver samples.
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Two reports from Slovenia and Australia showed that isolation
rates from vegetables were 18% and 10e30%, respectively [15,16],
indicating that root vegetables weremore often contaminated with
C. difficile than other types of vegetables, which is in concordance
with the contention that soil is a source of contamination [15,16].
All C. difficile-positive vegetable samples in this study were also
root vegetables, suggesting that the contamination of vegetables by
C. difficile, and especially root vegetables, should be monitored in
Japan.

Ribotype 014 was observed in one isolate from a vegetable
(taro). Ribotype 014 is a prevalent ribotype associated with human
clinical cases worldwide including in Japan [18,27e31]. Moreover,
this ribotypewas reported in calf feces, porkmeat, and beef meat in
some countries [32]. Furthermore, this ribotype was found to be
most prevalent among isolates from vegetables in Slovenia [15].
These results suggest that ribotype 014 could spread among vege-
tables and humans in Japan.

Ribotype R6 and toxinotype XIb were observed in three vege-
table and two beef meat samples in this study. From the results of
toxinotyping, ribotype R6 would be ribotype 288 [33]. This type
was also observed in calf feces in our previous study [26]. Although
toxinotype XIb was previously reported in vegetables and beef
meat [34], this type was also frequently reported in cattle and calf
feces in foreign countries [35]. These results suggest that this
characteristic of C. difficile is prevalent in calves and could spread to
retail foods.

Some C. difficile isolates were also resistant to the tested anti-
microbials, which have also been linked to antibiotic-associated
diarrhea, caused by C. difficile [36]. C. difficile antibiotic resistance
to treatment is a prominent problem for CDI patients [27]. Studies
have demonstrated that the antibiotic resistance profiles of
C. difficile isolates are quite diverse in different countries [37].
Therefore, more information on the antimicrobial susceptibly
profiles of C. difficile from several origins is needed.

Considering the present work and other studies conducted on
the prevalence of C. difficile in retail foods, we speculate that the
Japanese population is exposed to low levels of C. difficile daily.
However, the contamination risk of retail foods is not zero. To
prevent the transfer of C. difficile to humans from retail foods, it is
important to efficiently wash vegetables and heat meats before
eating.
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