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Abstract: The objective of the present study was to assess the presence of Listeria monocytogenes and to investigate its serotyping
and antibiotic resistance in ready-to-eat (RTE) foods. A total of 100 RTE foods, including 25 stuffed mussels, 25 ezme samples (a
Turkish-style tomato dip/condiment), 25 fried spiced livers, and 25 mayonnaise-based salads were obtained from retail shops and
supermarkets in Samsun, Turkey. Samples were analyzed using the standard procedure EN ISO 11290-1 and isolates of L. monocytogenes
were confirmed for the presence of the hemolysin gene (hylA) by polymerase chain reaction. L. monocytogenes was identified in 1 of
25 (4%) mayonnaise-based salads as serotype 4b, 2 of 25 (8%) ezme samples as serotype 1/2a, and 1 of 25 (4%) fried spiced livers as
serotype 4b. None of the stuffed mussel samples were found to be contaminated with L. monocytogenes. Antibiotic resistance profiles of
L. monocytogenes isolates were detected by the disk diffusion method. Eight antibiotics disks were selected for resistance tests. One of
the 4 isolates of L. monocytogenes was resistant to oxytetracycline and 1 isolate was resistant to vancomycin. In conclusion, the presence
of L. monocytogenes serotypes 4b and 1/2a in RTE foods is of significant concern for public health as these serotypes are predominant

serotypes that can cause listeriosis in humans.
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1. Introduction

Listeria monocytogenes is a gram-positive foodborne
pathogen that causes listeriosis, leading to septicemia,
encephalitis, meningitis, and gastroenteritis, particularly
in pregnant women, newborns, the elderly, and
immunosuppressed individuals (1).

L. monocytogenes is widely distributed in nature.
The organism is commonly found in silage, soil, sewage,
fertilizer, vegetable matter, and many foods including
cabbage, coleslaw, raw milk and dairy products, meat,
poultry, and their products (2). The other important
source of L. monocytogenes infection is consumption of
ready-to-eat (RTE) foods such as cooked meats, desserts,
sandwiches, cheese from either raw or pasteurized milk,
and fish products. These foods are not cooked or reheated
before serving. Therefore L. monocytogenes can survive
and grow under refrigerated conditions in packaged
RTE foods (3,4). Several outbreaks of listeriosis in the
United States in 1998-2008 as indicated by the Centers
for Disease Control and Prevention were associated with
the consumption of RTE foods. It was reported that 359
people were affected in 24 confirmed listeriosis outbreaks,
resulting in 215 hospitalizations and 38 deaths (5).
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There is little information on the prevalence and
contamination levels of L. monocytogenes in RTE foods
in Turkey. RTE foods such as Turkish-style tomato dip/
condiment (ezme), stuffed mussels, fried spiced liver, and
mayonnaise-based salads are frequently consumed in
Turkey. Ingredients and preparation methods of these RTE
foods are summarized in Table 1.

Conventional bacteriological methods used for the
identification of L. monocytogenes are not always reliable
and are often time-consuming and laborious. Thus, more
reliable, rapid, and cost-effective molecular techniques
such as polymerase chain reaction (PCR)-based methods
have been developed for the detection of these pathogens
in food (6). The hly gene encoding hemolysin listeriolysin
O (LLO), a pore-forming exotoxin with hemolytic activity,
is an important virulence factor for the specific detection
of L. monocytogenes (7).

Theincreased use of antibiotics for therapeutic purposes
in animals and humans has led to the development of
antibiotic resistance, an important public health concern
(8). Studies have shown the existence of L. monocytogenes
strains that are resistant to one or more antibiotics such
as nalidixic acid, oxacillin, tetracycline, gentamicin,
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Table 1. Ingredients and preparation methods of RTE foods sampled for Listeria spp.

RTE foods Ingredients

Making of product

Ezme (Turkish-style
tomato dip/condiment)

Mussels, white long-grain rice, parsley, onion, pine
nuts, raisins, olive oil, sugar, dried mint, salt, ground parsley, for raw stuffing. Then shells are filled with

Stuffed mussels
black pepper, lemon juice.

Tomatoes, red pepper, onion, garlic, parsley,
pomegranate syrup, lemon juice, tomato paste, red
pepper paste, chili pepper, fresh mint, olive oil, salt.

Lemon juice, olive oil, tomato, and red pepper paste
are mixed. Generally consumed alongside cooked
meat.

All the ingredients are mixed, except mussels and

raw stuffing and boiled for 30 min in water.

Liver (mutton, lamb, or bovine), flour, salt, ground ~ Cubed livers are mixed with salt and ground red

Fried spiced liver red pepper.

Garnish: olive oil, onions, parsley, salt.

Mayonnaise-based salad .
egg, mayonnaise, salt and pepper.

Boiled potatoes, carrots, boiled peas, salami, boiled

pepper, then dipped into flour and fried in vegetable
oil.

Boiled potatoes and carrots are cubed and mixed
with boiled peas, salami, boiled egg, mayonnaise,
and salt and pepper.

penicillin, ampicillin, streptomycin, erythromycin,
kanamycin, sulfonamide, trimethoprim, and rifampicin.
Therefore, showing the existence of antibiotic resistance in
L. monocytogenes strains in food is important (8,9).

The objectives of this study were to investigate the
presence of L. monocytogenes in RTE foods, to confirm
the presence of the hly gene, to serotype the isolates, and
to determine the antibiotic resistance profiles of these
isolates.

2. Materials and methods

2.1. Ready-to-eat food samples

A total of 100 RTE foods, traditional Turkish cold dishes
including 25 stuffed mussels, 25 ezme samples (a Turkish-
style tomato dip/condiment), 25 fried spiced livers, and 25
mayonnaise-based salads were collected from retail shops,
weekly open bazaars, and supermarkets in May and June
2012 in Samsun, Turkey. All samples were immediately
transported to the laboratory in a refrigerated box at 4 °C
and analyses were performed within 2 h.

2.2. Isolation and identification of L. monocytogenes

All samples were analyzed for the presence of L.
monocytogenes using the standard procedure, EN ISO
11290-1 (10). Briefly, 25 g of each sample was preenriched
with 225 mL of half-Fraser broth (Merck, Darmstadt,
Germany) and homogenized in a stomacher (Stomacher
Lab-Blender 400, UK) for 2 min. The homogenates were
then incubated at 30 °C for 24 h. After incubation, 0.1 mL
from this primary enrichment medium was transferred to
10 mL of Fraser broth (secondary enrichment medium)
(Merck, Germany) and incubated at 37 °C for 48 h. A
loopful of enrichment culture was streaked onto Oxford
Listeria Selective Agar (Merck) and the inoculated plates
were incubated at 37 °C for 48 h. Up to 5 suspected Listeria
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colonies, with a black halo and a sunken center, were
picked from the plate and streaked onto a trypticase soy
agar (Merck) plate with 0.6% yeast extract and incubated
at 37 °C for 48 h. Suspected colonies were verified by
Gram staining, catalase reactions, oxidase tests, CAMP
tests, motility at 20-25 °C, Methyl Red-Voges Proskauer
(MR-VP) reactions, nitrate reduction, and the production
of acids from rhamnose, xylose, and mannitol for the
identification of L. monocytogenes (11).

2.3. PCR amplification

Genomic DNA was extracted from isolates using the
Chelex-100 (Sigma, USA) resin-based technique (12). PCR
amplifications were performed as described previously by
Aznarand Alarcon (13). The primerstargetingthehemolysin
gene (hlyA) (LMA-5-CGGAGGTTCCGCAAAAGATG-3
and LMB-5-CCTCCAGAGTGATCGATGTT-3")
designed according to Mengaud et al. (14). PCR was
performed in a volume of 50 uL containing 1X PCR buffer
(10 mM Tris-HCI (pH 8.3), 50 mM KCl) (Sigma), 1.5 mM
MgCl, (Sigma), 0.1 mM of each dNTP (Sigma), 0.5 U of
Taq polymerase (Sigma), 1 uM (each) of hylA primers, and
5 pL of template DNA. The amplification conditions were
as follows: initial denaturation at 95 °C for 5 min, followed
by 35 cycles of 94 °C for 30 s, annealing at 55 °C for 45 s,
and extension at 72 °C for 45 s with a final extension at
72 °C for 5 min. Reactions were performed in a thermal
cycler (Bio-Rad MJ] Mini-PTC-1148, Singapore). The
PCR products were separated on 1.5% agarose gel in TBE
buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH
8.3) (Sigma) and stained with ethidium bromide at 0.5
pg/mL. Electrophoresis was carried out at 100 V for 1 h
(Bio-Rad Power Pac-Basic, Bio-Rad electrophoresis tank,
Wide Mini). The PCR products were visualized under UV
illumination (Wise-UV-Wuv-L50, Korea) (Figure 1).
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Figure 1. Agarose gel electrophoresis of PCR-amplified DNA
from the hlya gene of L. monocytogenes isolated from RTE foods.
M: 100-bp DNA ladder; Lane 1: L. monocytogenes reference
strain ATCC7644; Lane 2: negative control; Lanes 3-6: hylA
gene-positive strains isolated from RTE foods.

2.4. Serotype identification by multiplex PCR

Serogroup and serovar determinations were performed
by multiplex PCR according to the method described by
Doumith et al. (15) using the primers Imo0737 (906 bp),
Imo1118 (691 bp), ORF2819 (471 bp), and ORF2110
(597 bp) (Alpha DNA, Canada). The details of the primer
sequences are shown in Table 2. Initially, PCR conditions
were optimized by using varying concentrations of the
reagents. PCR was performed in a 50-pL reaction mixture
containing 1X PCR buffer (Sigma); 2 mM MgCl, (Sigma);
0.2 mM of each dNTP (Sigma); 2 U of Taq polymerase
(Sigma); 1 uM each of Imo0737, ORF2819, and ORF2110
primers; 1.5 uM of Imo1118 primer; and 5 pL of template
DNA. PCR cycling conditions were as follows: initial
denaturation at 94 °C for 3 min, followed by 35 cycles of
94 °C for 40 s, annealing at 53 °C for 75 s, and extension
at 72° C for 75 s with a final extension at 72 °C for 7 min.
After electrophoresis, strains that produced PCR products
of the following sizes were identified: 691 bp identified as
serotype 1/2a (or 3a), 471 bp identified as serotype 1/2b
(or 3b), 691 to 906 bp identified as serotype 1/2c (or 3c¢),
and 471 to 597 bp identified as serotype 4b (or 4d or 4e)
(Figure 2).

2.5. Antimicrobial susceptibility

Antimicrobial susceptibility testing was performed using
the disk diffusion method on Mueller-Hinton agar (Oxoid,
UK). Eight antibiotic disks (Oxoid) were chosen as follows:
amoxicillin/clavulanic acid (30 pg; AMC), ampicillin (10
ug; AMP), chloramphenicol (30 pg; C), erythromycin (15
mg; E), oxytetracycline (30 ug; O), penicillin G (10 units;
P), tetracycline (30 ug; TE), and vancomycin (30 pg; VA).
Fresh bacterial colonies were grown at 35 °C for 24 h in
tryptic soy broth-yeast extract Merck). After incubation
the turbidity level was adjusted to 0.5 McFarland with a
compact benchtop densitometer (Biosan, DEN-1, Latvia),
and then 1 mL of suspension was inoculated on Mueller-
Hinton agar Oxoid) plates and spread uniformly. The
plates were incubated at 35 °C for 18-24 h. The size of the
inhibition zone around the antibiotic disks was measured,
andtheresults wereinterpreted as susceptible, intermediate,
or resistant according to the recommendations of the
Clinical and Laboratory Standards Institute (16).

3. Results

Listeria spp. was detected in 16 (16%) samples, 4 of which
(4%) were positive for L. monocytogenes from 100 RTE
foods. As shown in Table 3, among the Listeria spp.-
positive samples, 1 (4%) was from mayonnaise-based
salads, 8 (32%) were from ezme, and 7 (28%) were from
fried spiced livers. No Listeria spp. strain was isolated
from stuffed mussel samples. A total of 30 isolates were
obtained from 16 RTE foods that were positive for Listeria
spp. All isolates were confirmed for the hylA gene by PCR
analysis (Figure 1). Only 4 isolates were positive for L.
monocytogenes. Among the L. monocytogenes-positive
samples, 1 (4%) was from a mayonnaise-based salad, 2
(8%) were from ezme, and 1 (4%) was from fried spiced
livers.

The serotype distribution of L. monocytogenes
isolates was determined by multiplex PCR. Among 4 L.
monocytogenes isolates, 2 of them were identified as 4b (or
4d, 4e) and the others as 1/2a (or 3a) (Table 4) (Figure 2).

Table 2. List of L. monocytogenes genes and primers used in the PCR assay.

Gene Primer sequence (5’-3’) i’lrzzd(l;;t) Serovar specificity

Imo0737 Eiﬁggig;gg?éggﬁ CS (":[‘ g:g,lc‘ é: 691 Serovars 1/2a, 1/2¢, 3a, and 3c
Imo1118 Eiéggg?;g?iééégi%};g??ﬁ 906 Serovars 1/2c and 3¢

ORF2819 Eiéi%é:é?:ffggg? é ((:: ngGTT G 471 Serovars 1/2b, 3b, 4b, 4d, and 4e
ORF2110 FR_-éigggﬁTcééchgﬁcTTTfTGGTGG:é 297 Serovars 4b, 4d, and 4e
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Figure 2. Serotype identification of L. monocytogenes isolates by multiplex PCR. M: 100-
bp DNA ladder, Lane 1: L. monocytogenes reference strain serotype 1/2a, 691 bp (L.
monocytogenes RSKK 471); Lane 2: L. monocytogenes reference strain serotype 1/2b, 471
bp (L. monocytogenes RSKK 472); Lane 3: L. monocytogenes reference strain serotype
1/2¢, 691-906 bp (L. monocytogenes ATCC 7644); Lane 4: L. monocytogenes reference
strain serotype 4b, 471-597 bp (L. monocytogenes RSKK 475); Lane 5: negative control
(no DNA); Lanes 6 and 7: serotype 1/2a isolate (ezme sample), Lane 8: serotype 4b
isolate (mayonnaise-based salad sample), Lane 9: serotype 4b isolate (fried spiced liver

sample).

L. monocytogenes isolates were sensitive to penicillin
G (100%), tetracycline (100%), oxytetracycline (75%),
amoxicillin/clavulanic acid (75%), chloramphenicol
(50%), and vancomycin (50%); intermediate resistance
was found to ampicillin (100%), erythromycin (100%),
chloramphenicol  (50%), vancomycin (25%), and
amoxicillin/clavulanic acid (25%) and resistance was found
to oxytetracycline (25%) and vancomycin (25%). One L.
monocytogenes serotype 1/2a isolate from an ezme sample
was found to be resistant to oxytetracycline, whereas 1 L.
monocytogenes serotype 4b isolate from a mayonnaise-
based salad was found resistant to vancomycin.

4. Discussion

The results indicate Listeria spp. (16%) and L.
monocytogenes (4%) contaminations of 4 different RTE
food samples. The results are in agreement with those of

Kovacevic et al. (17), who reported Listeria spp. (10%)
and L. monocytogenes (5%) contaminations in RTE fish
samples in British Colombia, Canada. A previous study
in Turkey by Sireli and Giiciikoglu (18) reported Listeria
spp. (13%) and L. monocytogenes (10%) contaminations
in RTE food samples including mayonnaise-based salad,
fried meatballs, fried livers, rice-stuffed mussels, and green
salads.

In the present study, the incidence of L. monocytogenes
was 4% in mayonnaise-based salads. The results of our
study differ from those of Di Pinto et al. (19), who found L.
monocytogenes in 27% of mayonnaise-based deli salads in
Bari, Italy. The possible reason for the difference between
our findings and those of Di Pinto et al. (19) may be that
the mayonnaise-based deli salads were prepared and
packaged at large-scale industrial food processing plants,
and possibly due in part to contaminated raw materials

Table 3. Occurrence of L. monocytogenes isolates and serotypes in RTE foods.

No. of Listeria spp. detected

No. of L. monocytogenes

Type and number of samples by conventional methods detected by PCR Serotypes
Sample Isolate Sample Isolate
Mayonnaise-based salad (n = 25) 1 (4%) 2 1 (4%) 1 4b (4d, 4e)
Ezme (Turkish-style tomato o o
dip/condiment) (n = 25) 8(32%) 15 2 (8%) 2 1/2a (3a), 1/2a (3a)
Fried spiced liver (n = 25) 7 (28%) 13 1 (4%) 1 4b (4d, 4e)
Stuffed mussels (n = 25) - - - - -
Total (n = 100) 16 (16%) 30 4 (4%) 4
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Table 4. Antimicrobial resistance profiles of L. monocytogenes isolates from RTE foods.

Serotypes
Antibiotic disks 1/2a(or3a)n=2 4b (or4d,4e)n=2

R I S R I S
Amoxicillin/clavulanic acid 30 pg) 0 0 2 0 1 1
Ampicillin (10 pg) 0 2 0 0 2 0
Chloramphenicol (30 pg) 0 1 1 0 1 1
Erythromycin (15 pg) 0 2 0 0 2 0
Oxytetracycline (30 pg) 1 0 1 0 0 2
Penicillin G (10 pg) 0 0 2 0 0 2
Tetracycline (30 pg) 0 0 2 0 0 2
Vancomycin (30 pg) 0 1 1 1 1 0

S, Susceptible; I, intermediate; R, resistant.

and inadequate application of good manufacturing
practices. Moreover, in our study, while L. monocytogenes
was identified in ezme (8%) and fried spiced livers (4%),
L. monocytogenes was not identified in any of the stuffed
mussels. During the preparation of stuffed mussels,
mussels are boiled in water for 30 min. This treatment
might be effective for the inactivation of the bacteria in
mussels. Unlike in the present study, Sireli and Giictikoglu
(18) isolated Listeria spp. from rice-stuffed mussel samples
(5%). These investigators might have isolated Listeria spp.
due to the creation of a protective barrier by the mussel
shell or inappropriate application of heat treatment. A
study conducted by Jamali et al. (20) reported that salads
and vegetables had the highest prevalence (14.7%) of L.
monocytogenes, followed by chicken and chicken products
(13.2%), beverages (10%), eggs and egg products (9.5%),
beef and beef products (6.7%), lunch boxes (6.7%), and
seafood and seafood products (6.7%) in Malaysia. The
differences observed in the incidences of L. monocytogenes
could be due in part to regions, contents of the RTE food,
differences in the technologies used during the food
processing, and, most importantly, contamination of the
raw materials.

Although 13 serotypes have been identified for
L. monocytogenes, according to various studies, 1/2a, 1/2b,
and 4b are frequently isolated from food samples; the most
prevalent serotype isolated from foods is 1/2a. However,
strains of serotype 4b are responsible for the most cases
of human listeriosis (15,21). In the current study, L.
monocytogenes isolates were serotyped as 1/2a (50%) and
4b (50%) from RTE foods. SantAna et al. (22) reported
that the major serotype isolated from RTE vegetables in
Sao Paulo, Brazil was 4b, followed by 1/2b. On the other
hand, Lambertz et al. (23) isolated L. monocytogenes 1/2a

as the main serovar from RTE foods in Sweden. These
studies indicate that L. monocytogenes serotypes isolated
from RTE food samples are different in different countries
and that isolation of L. monocytogenes serotype 4b from
RTE foods should be considered as a significant risk factor
for the human health.

In our study, serotypes 4b and 1/2a were equally
prevalent serotypes in RTE foods. L. monocytogenes 4b
serotype was found in fried spiced livers. This finding may
be related to L. monocytogenes serovar 4b isolates, which
tend to be more resistant to heat treatment at 60 °C than the
1/2a isolates, as reported by Buncic et al. (24). Moreover,
the 4b serotype was also found in mayonnaise-based
salad. In this case, the origin of Listeria contamination
might be the egg in the mayonnaise. In addition, this
finding may be related to the better growth ability of
serotype 4b than serotype 1/2a under cold conditions.
Buncic et al. (24) reported that, following cold storage, L.
monocytogenes serotype 4b had a shorter lag phase and
higher pathogenicity than 1/2a at body temperature (37
°C). On the other hand, L. monocytogenes 1/2a serotype
was found in ezme. Inappropriate washing, poor hygiene,
and remnants of fertilizer may lead to contamination with
Listeria spp. Since L. monocytogenes is a psychrotrophic
bacterium, it can proliferate to a threatening level during
refrigerated storage because of its ability to grow in the
presence of curing salt at refrigeration temperatures (1).

The result that all L. monocytogenes isolates were found
highly sensitive to penicillin G (100%) is similar to the
results of Ennaji et al. (25), who found 100% susceptibility
for strains of L. monocytogenes isolated from meat and
poultry. However, Marian et al. (26) indicated that L.
monocytogenes isolates from raw and RTE foods were
highly resistant to ampicillin and penicillin G (100%).
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On the other hand, tetracycline was shown to have good
activity against L. monocytogenes in our study. These
results are in agreement with those reported previously by
Altuntas et al. (27)

Previous studies have shown that Listeria spp., including
L. monocytogenes, are resistant to various antibiotics such
as phosphomycin, streptomycin (27), rifampin (18),
sulfonamide, tetracycline, ciprofloxacin (21), clindamycin,
streptomycin, amikacin (17), tilmicosin, and tetracycline
(28). Although most researchers reported that strains
of Listeria spp. originating from humans, food, or the
environment are not resistant to vancomycin (29), in our
study, the isolated strains of L. monocytogenes were resistant
to oxytetracycline (25%, 1 isolate) and vancomycin (25%,
1 isolate). Moreover, no multiple resistance was observed
in L. monocytogenes. Our results agree with those of Walsh
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