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Abstract

Background: Since 2003, the incidence of community associated Clostridium difficile infection (CA-CDI) has
increased; different types of food have been supposed to be the vectors of C. difficile strains. The purpose
of this study is to investigate the occurrence of C. difficile strains in ready-to-eat salads distributed in food
services.

Materials and Methods: A total of 106 ready-made salad specimens were sampled from different restaurants
and food services located in Isfahan, in the center of Iran. Positive isolates of C. difficile were identified and
confirmed for the existence of three genes including tpi, tcdA and tcdB by multiplex PCR.

Results: A total of six (5.66%) samples were positive for C. difficile strains. Of which, one strain (16.6%) was
positive for A and B toxins.

Conclusion: The existence of toxigenic C. difficile in ready-made salads could be a caution for public health.
Further investigation is required to assess the relationship between the isolated strains in our study and

those from diarrheic patients through molecular typing.
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INTRODUCTION

Clostridium difficile (C. difficile) is a Gram-positive, rod,
sporogenic, anaerobic and toxin-producing bacteria./*?
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tion in any medium, provided the original author and source are credited.

This organism is recognized as one of the causative
agents of hospital infectious incidence.® About
15% to 25% of the episodes of antibiotic-associated
diarrhea (AAD) is linked with the pathogenic strains;
also, 86.1% of C. difficile isolates from the suspected
cases of C. difficile-associated diarrhea (CDAD)
were characterized as toxigenic.™*?® Pathogenic
strains of C. difficile are capable of producing two
enterogenic potential toxins including A (tcdA) and
B (¢cdB)."®! Toxin production leads to the spectrum of
complications such as colitis, diarrhea, with or without
the formation of a false membrane, toxic megacolon,
perforation and even death.™
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Recently another toxin known as C. difficile binary
toxin (cdt) has been isolated from some certain strains.
Of the total identified strains, 5% is known to have
the capability of binary toxin production. Association
between severe infectious form of disease in human
with the latter toxin represents its particular
importance.®?

A variety of niches including hospital environments,"!
soil, drinking water, untreated water, river, lake,
marine environments and domestic food animals
are introduced as the main source of C. difficle
spores.!'!"131 Accordingly, animal originated foods
have been considered as one of the probable means of
transmission. The prevalence of C. difficile have been
reported in a variety of food types including: Different
kinds of meat and meat products,'+'® fish, shellfish,
edible bivalve molluscs and other seafoods,!1?19:20!
egg,2!! vegetables!?? and ready-to-eat salads.?¥
Considering the genetic overlap of the food isolates
and the clinical ones, the hypothesis that C. difficle
could be a “food-borne pathogen” has been highly
confirmed by the findings of the above-mentioned
studies.*

Ready-to-eat salads are recognized as risky meals, prone
todifferent kinds of contamination by food-borne bacteria
like Escherichia Coli, Staphylococcus aureus, Bacillus
cereus, Salmonella listeria spp (L. monocytogenes),
Yersinia spp (Y. intermedia and Y innocua).?>%! Such
contaminations sometimes lead to outbreaks.?” Rarely
investigated, the prevalence of C. difficle was reported
to be 2/4% to 7/5%, respectively in green vegetable and
ready-to-eat salads in some countries.?*?3 But there is
no information on the incidence of C. difficile in these
types of food items in Iran. In another point of view,
as the main source of phytochemicals and fibers, fresh
vegetables and salads are highly recommended in a
daily diet by nutritionist. Present study deals with
C. difficle contamination rate in ready-to-eat salads
offered in the food services located in different districts
of Isfahan.

MATERIALS AND METHODS

Ready-made salad specimens (n = 106) were sampled
from 106 restaurants and food services in Isfahan
using random sampling from April 9% to July 1%, 2013.
Salads were composed of cabbage, lettuce, carrot,
tomato, corn and pea. Samples were transferred under
cool condition (portable insulated cold boxes) to food
microbiology laboratory of Food Security Research
Center in Isfahan University of Medical Sciences.

Isolation method was adapted from Rodriguez-Palacios
et al ;" in brief, C. difficile broth; Clostridium difficile

moxalactam norfloxacin (CDMN) containing: 40 g/l
proteose peptone, 5 g/l disodium hydrogen phosphate,
0.1 g/l magnesium sulfate, 2 g/l sodium chloride, 6 g/l
fructose, 1 g/l sodium taurocholate was supplemented
with 500 mg/l cysteine hydrochloride, 32 mg/l
moxalactam, and 12 mg/l norfloxacin.

The sample was homogenized under aseptic conditions.
Twenty grams of each sample was cultured into 30 ml
of CDMN broth and incubated under anaerobic
condition at 37°C for 10-15 days.

Spore selection by alcohol shock was performed by
adding 2 ml of the cultured broth to 2 ml of 96%
ethanol (1:1 [v/v]), then thoroughly homogenized
by a vortex mixer (VELP Scientific, Italy) and
incubated for 50 min at room temperature. The
mixture was then centrifuged (BH 1200, IRAN) at
3800x g for 10 min and the sediment was streaked
onto CDMN Agar (RM026-500G, Himedia, India)
added with 5% horse blood and incubated in an
anaerobic chamber (6% H,, 10% CO,, 85% N,) at
37°C (MART microbiology B.V, Drachten, the
Netherlands). Up to two suspected colonies with the
morphology characteristics such as grayish, swarming,
rough, non-hemolytic and horse-like smell were
considered presumably positive and sub-cultured on
anaerobic blood agar (Merck, Germany). C. difficile was
presumptively identified with Gram-stain appearance,
Sub-terminal, green-stained endospores, ovoid-shape,
vegetative, pink-stained cells and and being positive
for 1-proline aminopeptidase reaction (Pro Disc, Remel,
Lenexa, KS, USA).13!

DNA extraction was performed using a commercial
kit (DNP™ kit, CinnaGen Inc, Iran). In brief,
bacterial culture was centrifuged (BH 1200, IRAN)
for 10 minutes at 7500g. Bacterial culture (10-20 mg)
was collected in a 1.5 ml microcentrifuge tube and
suspended in 100 pl of protease buffer. Five ul
of protease was added to suspension, mixed and
kept at 55°C for 30 minutes. One hundred of the
prepared mixture was blended with 400 ul of lysis
solution and vortexed (VELP Scientific, Italy)
for 15-20 seconds. Precipitation solution (300 ul)
was added to the prepared mixture, mixed for 5 s
and centrifuged 12,000g for 10 minutes. The tube
containing the obtained solution was decanted by
gentle inverting on a tissue paper for 2—-3 seconds
Wash buffer (1 ml) was added to the tube, mixed
by 3-5 s. and centrifuged at 12,000¢ for 5 min,
then it was decanted. The precipitate was dried at
65°C for 5 min and suspended in 50 ul of solvent
buffer by gentle shaking and kept at 65°C for
5 minutes. Insoluble particles were precipitated by
centrifugation at 12,000g for 30 s and purified DNA
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was obtained from supernatant. The concentration of
DNA was measured visually through electrophoresis
in fresh 2% agarose gel. One ul of DNA solution was
used for each 50 ul of PCR mixture.

Multiplex PCR was applied as described
by Lemee et al.®? Three pairs of primer were
used containing tpi - specific primers (tpi - F [5
AAAGAAGCTACTAAGGGTACAAA -3’ ]and tpi- R[5’ -
CATAATATTGGGTCTATTCCTAC - 3’]), tedA - specific
primers(tcdA-FI5-AGATTCCTATATTTACATGACAATAT-3]
andtcdA - R[5’ GTATCAGGCATAAAGTAATATACTTT
- 3’]) and tcdB - specific primers (tcdB - F [5’
GGAAAAGAGAATGGTTTTATTAA - 3’] and tedB -
R[5 ATCTTTAGTTATAACTTTGACATCTTT - 3’)).
First primers were inferred from alignments of internal
fragments of the ¢pi gene that (as housekeeping gene)
was used to distinguish Clostridium species and it
produced a 230 bp amplified fragment specific for
C. difficile. The tcdB - specific primers were deduced
from the conserved 5’ region of tcdB and produced a
160 bp fragment. The tcdA - specific primers were
designed to flank the smallest of the three deletions
in the 3’ region of tcdA and produced a 369 - bp
fragment for A + B + strains and a 110 - bp fragment
for A-B+ strains.

The PCR was set for 25 ul reaction volume containing
10% (v/v) glycerol, 1 uM each primer, 200 uM each
deoxynucleoside triphosphate, 0.5 U of Tag DNA
polymerase in a 1X amplification buffer (10 mM
Tris—HCI [pH 8.3], 50 mM KClI, 2.5 mM MgCl,) aztd
and 1-5 ul of each template DNA. The reaction was
performed in the GeneAmp System 2400 thermal
cycler.

The PCR mixtures were denatured at 95°C for 3 min
in the beginning, then a touchdown procedure was
executed at 95°C for 30 s, annealing for 30 s at
temperatures decreasing from 65 to 55°C during the
first 11 cycles (with 1°C steps in cycles 1 to 11). At
the end, a final extension step at 72°C for 30 s was
performed. Totally, 40 cycles were carried out. Kindly
provided by the University of Guelph, C. difficile
ribotype 027 was used as a positive control.

PCR products were analyzed on 2% agarose (progen,
Australia) gel by electrophoresis and after staining
the gel with DNA green viewer was visualized under
UV light.

RESULT
The result of the present study revealed that the

incidence rate of C. difficle in the tested ready-to-made
salads was about 6% and toxic-producing strains were
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found among the isolates. Of which, one strain (16.6%)
was positive for A and B toxins. None of the other
identified strains showed toxin-producing property.

The results of electrophoresis of the PCR products
were depicted in Figure 1. Generating a 230-bp
fragment, all of the isolates were shown to carry
the tpi gene, but only one of the six isolated strains
were positive for tcdA and tcdB genes by producing a
369-bp fragment and a 160-bp fragment as their PCR
products, respectively.

DISCUSSION

These results are in accordance with the results of the
study carried out by Bakri et al.?* in Scotland where
C. difficile spores were isolated from 7.5% (3/40) of
tested salad samples composed of baby leaf spinach,
organic mixed leaf salad and organic lettuce. Two of
the identified isolates were found to be toxigenic and
characterized as A-B + and A + B+ 2 In a recent
study performed by Eckert et al. in examining 60
ready-to-made salads and 44 vegetable samples, the
prevalence rate of C. difficile was revealed to be in
3.3% and 2.27%, respectively. Likewise, Al Saif and
Brazier reported on the contamination rate of 2.4% for
the raw vegetable marketed in Cardiff area of south
Wales. In their study, C. difficile strains were detected
from potato, onion, mushroom, carrot, radish and
cucumber samples. About two third of the identified
isolates in the latter study were capable of A toxin
production.® However, in another study, C. difficile
was not detected in any of the examined ready-to-made
salads and sprouts samples in Slovenia. The absence of
C. difficle strains in the latter study might be affected
by its little sample size (n = 8) 211,

It was also shown in another study in Canada that
the contamination rate of vegetables to C. difficle
was 4.5% (5/111). Toxin-producing strains with the
capability of Aand B toxin production were found
among the detected isolates./??!

l«—400 bp
Non deleted tcdA(369bp) ——

Tpi (230bp) — >
tcdB (160 bp) ———>

«—— 200bp

1 2 3 4 5 6 7 8

Figure 1: Agarose gel electrophoresis pattern shows multiplex PCR
amplification products. Lane 1: Control strain that is positive for tpi, tcdA
and tcdB genes, Lane 2,3,5,6,7: Isolates of C. difficile, lane 4: toxigenic
(A+B+) C. difficile strain, lane 8: 100 bp DNA ladder
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Providing important vitamins and minerals
as well as a wide range of health-promoting
secondary metabolites, vegetables are important
components of a healthy diet. Regular daily
consumption of vegetables in sufficient amounts can
prevent some diseases. In recent years, ready-to-made
salads, prepared from raw vegetables have become
one of the inseparable components of Iranian food
tables in the restaurants. Salads and fresh vegetables
are usually considered as the food items with high
potentials for several microbial contaminations. The
occurrence of C. difficle in ready-to-made salads
has been investigated in few studies in different
countries.?!23331 Although history of antibiotic
treatments, age (over 65) and hospitalization were
known to be the main risk factors for C. difficile
infection (CDI).’! Recent studies have demonstrated
that the individuals without any of the given risk
factors are still susceptible to infection by C. difficle
strains.® Considering the high nutritional value of a
vegetable meal as a ready-to-made salad, evaluation
of its microbial quality is far important.

It seems that the prevalence of C. difficle among the
salads and vegetable samples in all similar works is
very close and ranged from 0% to 7.5%, noticeably
lower than that reported about other food sources.
A prevalence rate of 42% was previously shown for
meat and seafoods.! 52

Iranian clinical studies demonstrated that C. difficile
strains isolated from hospitalized diarrheic patients
at the incidence rate of 6% to 22.2%'*54" with 078 and
014 ribotypes as the most prevalent strains. These
ribotypes were reported to be isolated from salad and
fresh vegetable samples in other studies.?334

To examine the relationship between the isolated
strains in our study and those ones obtained from
diarrheic patients, molecular typing studies are
required.
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