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Abstract Listeria spp. were isolated from a total of 402
naturally contaminated domestic ready-to-eat (RTE) vegetable
samples by the conventional Food and Drug Administration
protocol and confirmed by API-Listeria kit. Also, the susceptibility
to 12 antibiotics, polymerase chain reaction (PCR) assay for
virulence gene of pathogenic Listeria monocytogenes isolates,
and in vitro virulence assay using myeloma and hybridoma
cells from murine and human sources were tested. Among the
samples, 17 samples (4.2%) were found to be contaminated
with Listeria species. Among the 17 strains of Listeria spp.
isolates, only 2 strains (11.8%) of L. monocytogenes and 15
strains (88.2%) of L. innocua were identified. Antibiotic
susceptibility test showed that the Listeria spp. isolates were
very susceptible to the antibiotics tested, except for nalidixic
acid. Among 17 strains of Listeria spp., PCR analysis showed
that 2 strains of L. monocytogenes isolates proved to have a
virulence hly gene, but none of L. innocua had the hly gene. Also,
hybridoma Ped-2E9 cells assay showed that only L. monocytogenes
isolates killed approximately 95- 99% hybridoma cells after
6 h, but L. innocua isolates had about 0- 5% lethal effect. These
results indicate that PCR assay with Aly primer or hybridoma
Ped-2E9 cells assay could be used as a good monitoring tool
or in vitro virulence test for L. monocytogenes.
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Listeria monocytogenes is widespread in the environment
and has been isolated from soil, animals, seafoods, raw
vegetables, fresh produce, dairy products, sea foods, poultry,
and meats [10, 26, 27, 30, 34, 35]. L. monocytogenes is
one of the food pathogens that has a very wide growth
temperature range (1-44°C), therefore, contamination of
refrigerated foods could represent a significant health hazard
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{19, 32]. This organism has emerged as one of the most
serious pathogens due to its ability to cause foodborne
listeriosis [11]. The pathogen can cause meningitis, septicemia,
and abortion among susceptible individuals. Those at high
risk include the elderly, the immunocompromised, pregnant
women, fetus, and newly born infants [1].

Epidemics of foodbomne listeriosis with high fatality
rates (30%) have caused concern about the incidence and
control of L. monocytogenes in the food supply and the
environment [3, 7, 16]. Fresh vegetables are of particular
interest. An epidemic in 1981 was linked to raw cabbage,
lettuce, celery, and tomatoes which were suspected
vehicles of transmittal in another cluster of cases [13, 29].
These facts caused great concern about the incidence and
control of L. monocytogenes in the food supply and the
environment.

Although a number of outbreaks of foodborne listeriosis
have been reported, most of them were from developed
countries such as USA, Canada, England, France, Australia,
and The Netherlands [20, 23, 24, 26, 34]. In Korea, there
has been little information until now on the occurrence of
L. monocytogenes in raw or minimally processed vegetables,
even though a few scientific articles describing the presence
of L. monocytogenes in other types of processed foods
have been reported [2,9]. Baek er al. [2] first reported
about the incidence and characterization of L. monocytogenes
from domestic and imported foods in Korea, which showed
122 samples (7.9%) contaminated with L. monocytogenes out
of a total of 1,537 samples, including shellfish, ice cream,
frozen food, beef, pork, chicken, and milk. Very recently,
Choi et al. [9] reported that about 8 samples (2%) of beef,
chicken, pork, frozen foods, and sausage from a total of
410 samples were contaminated with L. monocytogenes. The
purpose of this study was to determine the prevalence of L.
monocytogenes in ready-to-eat (RTE) vegetables in Korea
and to characterize the isolates in terms of biochemical
tests, antibiotic susceptibility test, polymerase chain reaction
assay, and virulence test using hybridoma Ped-2E9 cells assay.
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MATERIALS AND METHODS

Sampling

A total of 402 vegetable samples were collected at random
from five supermarkets located at Chunchon city in Korea
from September 2001 to May 2002. The tested RTE
vegetables were already trimmed, peeled, washed, and
kept at refrigeration temperature at the supermarkets.
Collected samples included bean sprouts, celery, spinach,
Chinese cabbage, lettuce, mushroom, perilla leaf, welsh
onion, chrysanthemum, and chicory. Among them, most
samples were air-packaged or wrapped, except for the
Chinese cabbage and the Welsh onion which were non-
packaged. All samples were transferred in an ice cooler to
the laboratory for analyses on the same day.

Isolation and Identification of Listeria Species

RTE vegetable samples were analyzed for the presence
of L. monocytogenes, using the enrichment and isolation
procedures recommended by the U.S. Food and Drug
Administration method [15]. Twenty-five grams of
samples were aseptically taken, blended for 2 min in
225 ml of Listeria enrichment broth (LEB; Difco), and
incubated for 24 h at 30°C. A portion (1 ml or 0.1 ml) of
the homogenate was inoculated into 9 or 9.9 ml of Fraser
broth (Difco Laboratories, Detroit, U.S.A.) for a second
enrichment and then incubated at 35°C for 24 h or 48 h.
Positive Fraser broth was streaked to modified Oxford
agar, and plates were examined for typical Listeria
colonies after 48 h of incubation at 35°C. The suspected
colonies were transferred to the trypticase soy agar
supplemented with 0.6% yeast extract (TSBYE; Difco,
U.S.A)) and incubated overnight at 35°C. Biochemical
tests, including Gram staining, catalase, oxidase, motility,
B-hemolysis, carbohydrate utilization, and the CAMP
test, were carried out according to Bergey’s Manual
of Systematic Bacteriology [17]. Also, the API-Listeria
(BioMereux, sa Marcy-1 Etoile, France) kit was used to
differentiate the identity of L. monocytogenes from the
other Listeria spp.

Antibiotic Susceptibility

Antibiotic susceptibility was determined by the disk agar
diffusion method [4] in accordance with the instructions of
the antibiotic disk supplier (BBL Microbiology Systems,
Cockeysville, U.S.A)). Throughout the experiments,
Escherichia coli ATCC 25922 was used as control.

In Vitro Virulence Test

The hybridoma cell (Ped-2E9) was kindly provided by Dr.
Michael G. Johnson, Dept. of Food Science, Univ. of
Arkansas, U.S.A. Ped-2E9 cells were maintained at the log
phase in RPMI supplemented with 10% fetal bovine serum
and were incubated at 37°C in 7% CO, under humidified

conditions. Each experimental procedure was carried out
according to the methods described by Bhunia et al. [5].

Polymerase Chain Reaction Assay

A polymerase chain reaction (PCR) was applied to
determine the virulence gene of L. monocyrogenes isolates.
Both hly 1 (TCCGCCTGCAAGTCCTAAGA) and hly 2
(GCGCTTGCAACTGCTCTTTA) primers, which were
previously reported by Klein and Juneja [21], were used as
virulence marker (58-kDa virulence factor listeriolysin D).
The amplified product of each primer was 713 bp (1620-
2333). DNA sample was prepared using the alkaline lysis
method, modified as follows: addition of both lysozyme
(2 mg/ml) and proteinase K (200 pg/ml), then boiling the
mixture for 15 min. The DNA samples were amplified in a
50 pl reaction mixture composed of 10 mM Tris-HCI (pH
8.8), 50 mM KCl, 1.5 mM MgCl,, 0.01% gelatin, 100 pM
dNTP, 0.5 uM each primer, 1.25U of Taq polymerase
(Perkin-Elmer Cetus, Norwalk, CT, U.S.A.), and 10 pl of
chromosomal DNA. The mixture was overlaid with 100 pl
of mineral oil and subjected to 38 cycles of amplication in
a Touch-Down Thermal Cycler (Hybaid, Teddington, U.K.).
Parameters for the amplification cycles were denaturation
for 1 min at 94°C, annealing of primers for 1 min at 56°C,
and primer extension for 1.5 min at 72°C. After the last
cycle, the PCR tubes were incubated for 5 min at 72°C.
After PCR amplification, 10 ul of PCR product was loaded
on the horizontal submarine 1.5% agarose gels and
subjected to electrophoresis in TAE buffer. The gels were
stained with ethidium bromide and photographed under
UV transillumination.

RESULTS AND DISCUSSION

A total of 402 samples in various RTE vegetables were
examined for the presence of Listeria species. Of these, 17
samples (4.2%) were found to be contaminated with
Listeria species (Table 1). Among the 17 strains of Listeria
spp. isolates, 2 strains (11.8%) of L. monocytogenes, and
15 strains (88.2%) of L. innocua were identified, and no
other Listeria spp. were detected.

Among the RTE vegetables tested, only celery (2.7%) and
mushroom (2.2%) were contaminated with L. monocytogenes,
whereas bean sprout (6.8%), celery (10.8%), lettuce
(2.3%), mushroom (2.2%), Chinesse cabbage (5.5%), and
Welsh onion (5.7%) were contaminated with L. innocua.
Of the 15 Listeria spp. isolates, L. innocua (88.2%)
was the most predominant isolate identified in a wide
variety of RTE vegetables. These results are in good
agreement with those findings of Petran er al. [26] who
did not find L. monocytogenes in any of the market
samples of fresh and frozen vegetables, and with those
results of Farber et al. [10] who found L. ivanovii only
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Table 1. Incidence of Listeria monocytogenes and Listeria spp.
from ready-to-use vegetables.

Number of Listeria spp. (%)

Type of sample

sample 1 monocyrogenes L. innocua
Bean sprouts 44 3(6.8%)
Celery 37 1 (2.7%) 4 (10.8%)
Lettuce 43 1 (2.3%)
Mushroom 46 1 (2.2%) 1 (2.2%)
Spinach 41
Chinese cabbage 73 4 (5.5%)
Perilla leaf 33
Welsh onion 35 2 (5.7%)
Chrysanthemum 30
Chicory 20
Total 402 2 (0.5%) 15 (3.7%)

in one out of 110 samples. In contrast, in previously
reported articles [30, 31], L. monocytogenes was found in
4 out of 60 prepacked salads and in about 9% of the lettuce
heads purchased at retail stores. Steinbreugge et al. [31]
suggested that a warm humid environment might be
necessary for L. monocytogenes to grow to detectable levels
on lettuce leaves. On the other hand, Kerr er al. [20]
reported that L. innocua was isolated in 100% rate (7 out
of 7) from the raw chicken, whereas L. innocua was
identified in only one in 102 (0.9%) samples of cooked
chill chicken. MacGowan et al. [23] also reported that L.
monocytogenes and L. innocua were the main species
isolated from foods and fecal specimens. The thermal
resistance of Listeria spp. and L. monocytogenes has
drawn much debate; however, it is a general consensus that
proper heating process would kill viable Listeria cells [25].
Therefore, the occurrence of Listeria spp. in cooked foods

Table 2. Antibiotic susceptibility of Listeria monocytogenes
and Listeria innocua isolates from ready-to-use vegetables.

No. of susceptible strains

Antibiotic (ug/odr;(s:k) L. monocytogenes (2) L. innocua (15)
s' I R’ S I R
Ampicillin 10 2 15
Chloramphenicol 30 2 14 1
Carbemicillin 100 2 14 1
Cephalothin 30 2 15
Ciprofloxacin 5 1 1 10 5
Gentamicin 120 2 15
Kanamycin 30 2 15
Nalidixic acid 30 2 15
Streptomycin 300 2 14
SXT' 12512375 2 15
Tetracycline 30 2 14 1
Tobramycin 10 2 15

‘Susceptible, “Intermediate, *Resistant, “Trimethoprim/Sulfamethoxazole.

must be considered as the consequence of inadequate heat
treatment or post-heating re-contamination.

The antibiotic susceptibility of Listeria species isolates
from RTE vegetables are shown in Table 2. None of the 17
Listeria spp. isolates in the study were resistant to the 12
antibiotics tested, except in the presence of nalidixic acid.
L. monocytogenes and L. innocua were the most resistant
to nalidixic acid, which is used as antibiotic component of
selective media for the L. monocytogenes. Also, L. innocua
isolate was more resistant to tetracycline than that of
L. monocytogenes, in agreement with other reports [8, 14].
In contrast, however, Rota et al. [28] reported that, of
144 Listeria spp. isolated from Spanish cheese and meat
products, 41% were resistant to chloramphenicol, tetracycline,
and erythromycin, and 25% to gentamicin. Recently,
clinical strains or food isolates resistant to chloramphenicol,
erythromycin, streptomycin, tetracycline, vancomycin, and
trimethoprim have been described [6, 22]. These results
suggest that L. monocytogenes or related species are
slowly becoming antibiotic resistant by the acquisition of
known antibiotic-resistance genes from the Gram-positive
bacteria [12, 18].

PCR assay with specific primer, hly gene for the
virulence gene of Listeria spp. isolates from RTE
vegetables, and in vitro virulence assay on the Listeria spp.
isolates, using myeloma and hybridoma cells from murine
and human sources, were carried out.

Among the 17 Listeria spp. isolates, only 2 L.
monocytogenes strains isolated from both celery and
mushroom were shown to have a virulence hly gene and
the remaining 15 L. innocua isolates did not show any
band in the PCR assay (Fig. 1). PCR assay, using hly

M 1 2 3 45 8

7 8 9101112 13141516
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Fig. 1. Agarose gel electrophoresis of hly-specific amplification
by PCR for the L. monocytogenes and L. innocua isolates from
ready-to-use vegetables.

M: Lambda DNA/HindIIl markers; lane 1, negative control (no cell); lane
2, L. monocytogenes ATCC 19111; lane 3, L. monocytogenes ATCC
19113; lane 4, L. monocytogenes ATCC 19114; lane 5, L. monocytogenes
ATCC 19114; lane 6, L. monocytogenes Scott A; lanes 7-8, L.
monocytogenes isolates; lanes 9- 16, L. innocua isolates.
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Fig. 2. Viability of hybridoma Ped-2E9 cells after 6h of
exposure to L. monocytogenes ATCC 19111 (B), ATCC 19113
(O), ATCC 19115 (D), L. monocytogenes isolates (E, F), and L.
innocua isolates (G- K). The control (A) contained hybridoma
cells only. Viability of hybridoma cells was determined by trypan
blue staining.

primer for the determination of the virulence factor of the
pathogenic L. monocytogenes isolates, can be utilized as an
effective genetic marker for epidemiological investigation
of the pathogenic spp. The viability of hybridoma Ped-2E9
cells after 6 h of exposure to the presence of various
Listeria species are shown in Fig. 2. L. monocytogenes
strains ATCC 19111 and L. nionocytogenes isolates from
both celery and mushroom killed approximately 95-99%
of the hybridoma cells after 6 h of exposure, but little
cytotoxic effect was observed in the L. innocua isolates,
demonstrating that virulent L. monocytogenes isolates rapidly
killed the hybridoma cells, while avirulent L. innocua
isolates did not kill the cells. The hemolysin activity of L.
monocytogenes might play an important role in killing of
the hybridoma cells, because the Aly negative mutant does
not cause substantial hybridoma cell death [5]. Nevertheless,
the pathogenicity mechanism has not yet been known.
Based on these results, the hybridoma Ped-2E9 cells assay
might be a good tool as a simple in vitro virulence test to
confirm the virulence genes in L. monocytogenes and
related Listeria species isolates in foods.

L. monocytogenes has been of much concern, particularly
due to the contamination of foods stored at low temperatures
[19,32,33]. A significant finding of our present study
concerns the existence of pathogenic L. monocytogenes
with commercially available RTE vegetables obtained from
the supermarkets or retail stores. Because of its ability
to grow at refrigeration temperature, the presence of
pathogenic L. monocytogenes in the RTE vegetables
makes it a potential public health hazard in the minimally
processing industry of both fruits and vegetables. To
establish and maintain microbial safety of RTU vegetables,
continual monitoring, development of detection and
control systems, as well as education of all parties involved
in the food chain, should be carried out.
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