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ABSTRACT

The objectives of study were to assess presence of Listeria monocytogenes, perform
serotyping and investigate antibiotic resistance in raw milk and dairy products. A
total of 210 milk and dairy products including white (n = 20) and kashar cheese
(n = 20), ice cream (n = 20), butter (n = 20), cokelek (n = 10), kuymak (n = 10)
and farm cheese (n = 10) were obtained from Samsun, Turkey. All samples were
analyzed using an immunomagnetic separation-based culture technique and
strains of L. monocytogenes were confirmed by presence of hlyA and iap genes by
polymerase chain reaction (PCR). L. monocytogenes was identified in 5 of 100
(5%) milk samples, serotyped as 4b and 1/2b, and in 9 of 110 (8.2%) dairy prod-
ucts, serotyped as 1/2a, 1/2b and 1/2c. However, L. monocytogenes was not identi-
fied from butter, kashar and ice cream samples. The antibiotic susceptibility
against ampicillin, amoxicillin/clavulanic acid, erythromycin, chloramphenicol,
penicillin G, oxytetracycline, tetracycline and vancomycin was assessed by disc dif-
fusion method. It was found that 15.3% of isolates were resistant to at least one
drug and 36.5% were multidrug resistant. Among isolates, resistance to tetracy-
cline was most commonly encountered (34.6%), followed by resistance to chlor-
amphenicol (25%) and penicillin G (23%). In conclusion, our data also indicate
that consuming raw and unpasteurised milk and dairy products could pose a risk
of listeriosis in humans.

PRACTICAL APPLICATIONS

Although there are plenty of studies about the incidence of L. monocytogenes in
raw milk and dairy products in Turkey, our study is the first one in Samsun
(Middle Black Sea) Region about Listeria in milk and dairy products. Also in our
study, we characterized some virulence genes and serotype distribution of
L. monocytogenes by PCR. Finally, we performed antibiotic resistance tests of iso-
lates to see possible public health threats because of using overabundant antibiot-
ics. If we analyze all these work to see the potential risk assessments in this region,
our study could be a leading study in near future.

INTRODUCTION

Listeria monocytogenes is an ubiquitous, motile, gram-
positive, psychrotrophic, facultative intracellular microor-
ganism that is capable of causing important foodborne
disease as listeriosis. The bacterium can grow at refrigera-
tion temperature and low pH (Rocourt and Cossart 1997;

Swaminathan et al. 2007). Listeriosis is associated with the
consumption of contaminated milk, soft or semi-soft
cheese, under-cooked and ready-to-eat foods, unwashed raw
vegetables and fruits (Oliver et al. 2005; Rahimi et al. 2010).
Pregnant women, newborns, immunosuppressed patients
and the elderly (>65 years old) are at the highest risk of lis-
teriosis. The disease has a long incubation period and causes
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abortions, premature births, meningitis, septicemia and has
a high (20–30%) mortality rate (Gandhi and Chikindas
2007; Swaminathan et al. 2007).

L. monoyctogenes contains 13 serotypes with different
virulence potential according to somatic (O factor) and fla-
gella (H factor) antigens. Various studies have shown sero-
types 4b, 1/2a, 1/2b and 1/2c are responsible for more than
98% of human listeriosis and serotype 4b has been related
to the most recent outbreaks of listeriosis (Liu et al. 2006;
Roberts et al. 2006).

Milk and dairy products are important sources of pro-
teins, essential amino acids, calcium, phosphorus, riboflavin
and vitamin A (Huth et al. 2006). In developing countries,
commonly, smallholder farms produce milk and dairy
products. This circumstance provides relatively quick
returns for small-scale producers and is an important
source of cash (FAO 2014). Several outbreaks of listeriosis
have been caused by consumption of contaminated milk
and dairy products (Dalton et al. 1997; MacDonald et al.
2005). In the U.S.A., between 2007 and 2011, 2,373 persons
were infected with listeriosis and in total 386 deaths were
reported to the CDC (CDC 2014). In 2011, 1,516 confirmed
cases of listeriosis were reported in 28 EU countries (ECDC
2013).

The objectives of this study were (1) to investigate the
presence of L. monocytogenes in raw milk and dairy prod-
ucts in Samsun (2) to confirm the presence of hly and iap
genes using polymerase chain reaction (PCR), (3) to sero-
type the strains isolated by multiplex PCR, and (4) to deter-
mine the antibiotic resistance profiles of these isolates using
the disc diffusion method.

MATERIALS AND METHODS

Bacterial Strains

L. monocytogenes ATCC 7644 (serotype 1/2c), L.
monocytogenes RSKK 472 (serotype 1/2b), L. monocytogenes
RSKK 471 (serotype 1/2a), L. monocytogenes RSKK 475
(serotype 4b), S. aureus ATCC 26923 and R. equi ATCC
33701 were used as positive controls.

Raw Milk and Dairy Product Samples

A total of 100 raw milk samples (50 from local bazaars and
50 from smallholders in the region) and 110 dairy products
(20 white cheese, 20 kashar cheese, 20 ice cream, 20 butter,
10 cokelek, 10 kuymak cheese and 10 farm cheese from local
bazaars, traditionally produced) were collected from
Samsun, Turkey between November 2011 and April 2012.
All samples were transported in an unbroken cold chain
(4C) and analyzed immediately.

Traditional homemade cheeses used in our study such as
kuymak cheese, cokelek and farm cheeses are often consumed
in the Samsun region in the Middle Black Sea, Turkey. The
farm cheeses were produced from raw milk. During the pro-
duction, dairy will be kept overnight after milking and filtered
without applying any heat treatment, then fermented at
28–32C. Then, the curd is cut into small pieces and heated to
36–38C. This clot is introduced into heated curd baskets or
pasta strainers followed by filtration under its own weight
without adding any weight. In the meantime, the curd takes the
shape of the basket while straining. The cheese is turned over
from time to time. The cheese is salted for a total of 15 days at
2-day intervals and is ready to be consumed after 1–2 months
of maturation (Kinik et al. 1999; Kamber 2005; Unsal 2009;
Cakmakci 2011). The production of Kuymak cheese is as
follows: milk is heated to brewing temperature and fermented
at 28–32C. After fermenting, coagulation is achieved by heating
up to 40–45C; then, the clot is filtered through the mangle
cloth. After filtration, the clot is acidified by keeping it at room
temperature for 3–4 days. Then, the rancid cheese is heated in
salted water at 55C for 3–5 min. The heated cheese is placed on
a flat surface and, after cooling slightly, cut into strips. The cut
pieces are hand-pulled by stretching to give the cheese its char-
acteristic stringy appearance. After this stage, the cheese is
salted lightly and stored (Kamber 2005; Unsal 2009; Cakmakci
2011). Another traditional cheese, cokelek cheese, is produced
in the following way. Following milking, it is left to sour over-
night. Then, the milk begins to precipitate at mild tempera-
tures (40–45C). The resulting precipitate is filtered with filter
cloths. The obtained residue is put in a hanging bag and
allowed to drain thoroughly. Then, the remaining clot is
removed from the bag, salted lightly and usually consumed
fresh (Unsal 2009; Cakmakci 2011).

Immunomagnetic Separation-Based
Cultivation Method

All samples were analyzed for the presence of
L. monocytogenes using an IMS (Immunomagnetic
Separation)-based EN ISO 11290-1 culture technique
(Anonymous 1996). Briefly, 25 g/mL of sample was weighed
and added to 225 mL of Half Fraser Broth (Merck 110398,
Darmstadt, Germany), homogenized in a stomacher
(Interscience Bagmixer 400, St Nom, France) for 2 min and
incubated for pre-enrichment at 30C for 24 h. After incuba-
tion, IMS was performed according to the manufacturer’s
manual (Dynal 1996). Briefly, 20 μl of magnetic beads
coated with a specific antibody against Listeria spp.
(Dynabeads anti-Listeria, Dynal, Invitrogen, Oslo, Norway)
was mixed with 1 mL of the pre-enrichment suspension and
incubated at room temperature for 10 min with continuous
mixing. The magnetic plate was inserted into the Dynal
MPC-M. The beads were then concentrated onto the side of
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the tube. Afterwards, 1 mL of PBS-Tween 20 (Sigma P3563,
St. Louis, MO, U.S.A.) was added for washing the bead and
bacteria complex. The washing steps were then repeated
twice. At the end of the IMS procedure, 100 μL of PBS-
Tween 20 was added to resuspend the beads. Then, 50 μL of
the resuspended IMS mixture was plated onto Modified
Oxford Agar (MOX, Merck 1.07004). The plates were then
incubated at 35C for 24–48 h. Up to five typical suspected
Listeria colonies, with a black halo and a sunken center, were
selected from the MOX agar, streaked onto Tryptic Soy Agar
(Merck 1.05458) with 0.6% yeast extract (Oxoid LP0021,
Basingstoke, U.K.) and incubated at 37C for 24 h. All the
isolates were subjected to standard identification and bio-
chemical tests including Gram staining, catalase activity,
oxidase reactivity, Christie Atkins Munch-Petersen (CAMP)
test, motility at 20–25C, nitrate reduction and the produc-
tion of acids from rhamnose, xylose and mannitol for the
identification of L. monocytogenes (Hitchins 1998).

PCR Assay for the Confirmation of
L. monocytogenes Isolates

Genomic DNA was extracted from isolates using Proteinase
K (Sigma P2308) and a Chelex-100 (Bio-Rad, Hercules, CA,
U.S.A.) resin-based method (Amills et al. 1997). The isolates
of L. monocytogenes were confirmed by the presence of hlyA
(Listeriolysin O; Bohnert et al. 1992) and iap (invasion-
associated protein) gene-specific primers (Kohler et al.
1990; Table 1). PCR was performed in a final volume of
50 μL containing 1X PCR Buffer (Sigma D4545), 1.5 mM
MgCl2 (Sigma D4545), 0.1 mM dNTP (Sigma D7295), 0.5 U
Taq-Polymerase (Sigma D4545), 1 μM of each primer and
5 μL of target DNA. The PCR reaction was performed in
thermal cycler (Bio-Rad MJ Mini-PTC-1148) as follows:
initial denaturation at 94C for 5 min, followed by 35 cycles
at 94C for 30 s, annealing at 65C for 45 s for hlyA and 55C

for 45 s for iap, extension at 72C for 45 s and final extension
at 72C for 5 min (Kohler et al. 1990; Bohnert et al. 1992).
The PCR products were separated on a 1.5% agarose gel in
Tris-borate-EDTA (TBE) buffer (89 mM Tris, 89 mM boric
acid, 2 mM EDTA, pH 8.3) and stained with ethidium
bromide at 0.5 μg/mL. Electrophoresis was carried out at
80 V for 1 h (BioRad Power Pac-Basic, Singapore; BioRad
electrophoresis tank, Wide Mini, Singapore). The PCR
products were visualized under UV illumination (Wise-UV-
Wuv-L50, DAIHAN Scientific, Seoul, Korea). The hlyA gene
was visualized at 388 bp and the iap gene was visualized at
131 bp (Fig. 2).

Multiplex PCR Assays for Serotyping of
L. monocytogenes Isolates

Serotyping of L. monocytogenes isolates was performed by
multiplex PCR according to the method reported by
Doumith et al. (2004) using the primers lmo0737 (906 bp),
lmo1118 (691 bp), ORF2819 (471 bp), ORF2110 (597 bp)
and prs (370 bp; Alpha DNA, Québec, Canada). All the
primers used in this study are displayed in Table 1. PCR was
performed in a volume of 50 μL containing 1X PCR Buffer
(Sigma D4545), 2 mM MgCl2 (Sigma D4545), 0.2 mM
dNTP (Sigma D7295), 2 U Taq-Polymerase (Sigma D4545),
1 μM each of the Imo0737, ORF2819 and ORF2110 primers,
1.5 μM of the Imo1118 primers and 5 μL template DNA.
The PCR cycling conditions were as follows: initial denatur-
ation at 94C for 3 min, followed by 35 cycles at 94C for 40 s,
annealing at 53C for 75 s, and extension at 72C for 75 s, fol-
lowed by a final extension at 72C for 7 min. After electro-
phoresis, 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; Fig. 1).

TABLE 1. PRIMERS USED FOR CONFIRMATION AND SEROTYPING OF L. MONOCYTOGENES ISOLATES

Primer name Primer sequence Product size (bp) Reference

hlyA PCRGO: 5′ GAA TGT AAA CTT CGG CGC AAT CAG 3′
PCRDO: 5′ GCC GTC GAT GAT TTG AAC TTC ATC 3′

388 Bohnert et al. 1992

iap IAP1: 5′ ACA AGC TGC ACC TGT TGC AG 3′
IAP2: 5′ TGA CAG CGT GTG TAG TAG CA 3′

131 Kohler et al. 1990

Imo0737 F: 5′ AGG GCT TCA AGG ACT TAC CC 3′
R: 5′ ACG ATT TCT GCT TGC CAT TC 3′

691 Doumith et al. 2004

Imo1118 F: 5′ AGG GGT CTT AAA TCC TGG AA 3′
R: 5′ CGG CTT GTT CGG CAT ACT TA 3′

906 Doumith et al. 2004

ORF2819 F: 5′ AGC AAA ATG CCA AAA CTC GT 3′
R: 5′ CAT CAC TAA AGC CTC CCA TTG 3′

471 Doumith et al. 2004

ORF2110 F: 5′ AGT GGA CAA TTG ATT GGT GAA 3′
R: 5′ CAT CCA TCC CTT ACT TTG GAC 3′

597 Doumith et al. 2004

prs F: 5′ GCT GAA GAG ATT GCG AAA GAA G 3′
R: 5′ CAA AGA AAC CTT GGA TTT GCG G 3′

370 Doumith et al. 2004
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Antibiotic Resistance Profiles of
L. monocytogenes Isolates

Antibiotic susceptibility tests on the L. monocytogenes iso-
lates were carried out with the disc diffusion method as rec-
ommended by the Clinical and Laboratory Standards
Institute (CLSI – M45-A; Anonymous 2006) in Mueller-
Hinton Agar (MHA, Oxoid CM 337). Eight antibiotics
were chosen: amoxycillin/clavulanic acid (Oxoid CT0223),
ampicillin (Oxoid CT0003B), chloramphenicol (Oxoid
CT0013B), erythromycin (Oxoid CT0020B), oxytetracycline
(Oxoid CT0041), penicillin G (Oxoid CT0043B), tetracy-
cline (Oxoid CT0054B) and vancomycin (Oxoid CT0058B).
Briefly, L. monocytogenes isolates were grown in tryptic soy
broth (Merck 1.05459) with yeast extract (Oxoid LP0021)
and incubated at 35C for 24 h. After incubation, the turbid-
ity level of fresh colonies was adjusted to 0.5 McFarland
with a compact benchtop densitometer (DEN-1 densitom-
eter, Biosan, Riga, Latvia). Then, 1 mL of the suspension was
spread onto MHA (Oxoid CM 337) plates uniformly. The
plates were incubated at 35C for 18–24 h. The diameter of
the inhibition zone around the discs was measured and the
results were interpreted as susceptible, intermediate or resis-
tant according to the recommendations of the Clinical and
Laboratory Standards Institute (Anonymous 2006).

RESULTS

A total of 210 samples from raw milk and dairy products
were analyzed for the presence of L. monocytogenes. The
results are presented in Table 2. Listeria spp. were detected
in 12 of 100 (12%) raw milk samples, five of which (5%)
were positive for L. monoctogenes. Listeria spp. were isolated
in 22 of 110 (20%) dairy product samples, nine of which

(8%) were positive for L. monocytogenes. Among these dairy
products, the highest prevalence of L. monocytogenes was
found in cokelek and kuymak cheese (30%), followed by
farm cheese (20%) and white cheese (5%). However,
L. monoytogenes was not detected in kashar cheese, butter
and ice cream samples. Using culture techniques, a total of
52 L. monocytogenes isolates were identified from the raw
milk and dairy products. All isolates were confirmed for the
hylA and iap genes by PCR as L. monocytogenes.

In the present study, 52 L. monocytogenes isolates were
serotyped by multiplex PCR. Four different serotypes (1/2a,
1/2b, 1/2c and 4b) of L. monocytogenes were identified. As
shown in Table 2, 20 L. monocytogenes isolates were identi-
fied as serotype 4b and five isolates were identified as 1/2b
from raw milk samples. In dairy products, six isolates were
serotyped as 1/2a, 15 isolates were serotyped as 1/2b and six
isolates were serotyped as 1/2c. L. monocytogenes 4b and
1/2b were the dominant serotypes in all samples (Fig. 1).

The antimicrobial susceptibility of the 52 isolates of
L. monocytogenes to the eight antimicrobial agents examined
is shown in Table 3. According to disc diffusion tests, 8 of 52
isolates (15.3%) were resistant to only one drug, 19 of 52
(36.5%) were resistant to multiple drugs and the remaining
25 isolates did not show any resistance to antibiotics.
Among the 52 isolates, resistance to tetracycline was most
commonly encountered (34.6%), followed by resistance to
chloramphenicol (25%) and penicillin G (23%).

DISCUSSION

In this study, the results indicate that 5% of raw milk was
contaminated with L. monocytogenes. The results are in
agreement with Kalorey et al. (2008), Van Kessel et al.
(2004) and Erol and Sireli (2002) as they were also isolated

FIG. 1. SEROTYPE IDENTIFICATION OF LISTE-
RIA MONOCYTOGENES ISOLATES FROM MILK
AND DAIRY PRODUCTS BY MULTIPLEX PCR
ASSAY
M: 100 bp marker, lane 1: positive control of
L. monocytogenes 1/2A (RSKK 471); lane 2:
positive control of L. monocytogenes 1/2B
(RSKK 472); lane 3: positive control of
L. monocytogenes 1/2C (ATCC 7644); lane 4:
positive control of L. monocytogenes 4B (RSKK
475); lane 5: negative control; lane 6: serotype
1/2A isolate; lane 7: serotype 1/2B isolate; lane
8: serotype 1/2C isolate; lane 9: serotype 4B
isolate.
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L. monocytogenes from raw milk 5.1%, 4.9% and 5%,
respectively. Contrary to this, higher than our results,
Pak et al. (2002) isolated L. monocytogenes from raw milk
6.5%. On the other hand, Aygun and Pehlivanlar (2006),
Jayarao et al. (2006), Sagun et al. (2001) and Soyutemiz
et al. (2001) isolated lower percentages of L. monocytogenes
than our results from raw milk 0%, 2.2%, 1.2% and 3%,
respectively.

In the present study, L. monocytogenes was identified in
one of 20 (5%) white cheese samples. Our findings show
similarities with Kahraman et al. (2010), the prevalence of
L. monocytogenes was 4.8% for 105 white cheese samples in
Istanbul, Turkey. In another study, L. monocytogenes was
isolated (6%; 20 of 333) from soft and semi-soft cheese

samples in Sweden by Loncarevic et al. (1995). However,
Aygun and Pehlivanlar (2006) isolated L. monocytogenes
from only 2.35% of white cheese samples, which is a lower
rate than in our findings. On the other hand, other studies
had higher isolation rates than are reflected in our results,
9.2% and 13.6% reported by Arslan and Ozdemir (2008)
and Almeida et al. (2013), respectively. The reason for these
high rates may be due to inadequate pasteurization or cross-
contamination of samples.

In the present study, L. monocytogenes could not be
detected in kashar cheese, butter and ice cream samples.
However, Kahraman et al. (2010) and Cagri-Mehmetoglu
et al. (2011) isolated L. monocytogenes from kashar cheese at
rates of 1.7% and 2.61%, respectively, which were higher

FIG. 2. ELECTROPHORESE IMAGE OF Hlya
(388 BP) AND Iap (131 BP) GENE FROM MILK
AND DAIRY PRODUCTS ISOLATES BY PCR
M: 100 bp DNA marker, lanes 1–6: positive
control for Hlya gene (L. monocytogenes
ATCC7644); lanes 2–4: Hlya gene positive
L. monocytogenes isolate; lane 5: negative
control; lanes 7–9: Iap gene positive
L. monocytogenes isolate; lane 10: negative
control.

TABLE 2. PREVALENCE OF L. MONOCYTOGENES AND SEROTYPE DIVERSITY IN MILK AND DAIRY PRODUCTS

No. of samples

No. of Listeria spp. No. of L. monocytogenes Serotypes of L. monocytogenes

Sample Isolate Sample Isolate
1/2a
(or 3a)

1/2b
(or 3b)

1/2c
(or 3c)

4b
(or 4d, 4e)

Milk Raw milk (n = 100) 12 (12%) 60 5 (5%) 25 – 5 (9.6%) – 20 (38%)
White cheese (n = 20) 5 (25%) 25 1 (5%) 1 – – 1 (1.9%) –

Dairy product Kashar cheese (n = 20) 0 0 0 0 – – – –
Butter (n = 20) 3 (15%) 15 0 0 – – – –
Ice cream (n = 20) 0 0 0 0 – – – –
Kuymak cheese (n = 10) 6 (60%) 30 3 (30%) 10 – 10 (19%) – –
Cokelek (n = 10) 4 (40%) 20 3 (30%) 7 2 (3.8%) 5 (9.6%)
Farm cheese (n = 10) 4 (40%) 20 2 (20%) 9 4 (7.6%) – 5 (9.6%) –
Total (n = 210) 34 (16%) 170 14 (6.6%) 52 6 (11.5%) 20 (38.4%) 6 (11.5%) 20 (38.4%)

TABLE 3. ANTIMICROBIAL RESISTANCE
PROFILES OF L. MONOCYTOGENES ISOLATES
FROM MILK AND DAIRY PRODUCTS (N = 52) Antibiotics Concentration μg/disc

No. of isolates (%)

Resistant Intermediate Susceptible

Amoxicillin/clavulanic acid 30 2 (3.8) – 50 (96.2)
Ampicillin 10 5 (9.6) 6 (11.5) 41 (78.9)
Chloramphenicol 30 13 (25) 14 (26.9) 25 (48.1)
Erythromycin 15 5 (9.6) 10 (19.2) 37 (71.2)
Oxytetracycline 30 10 (19.2) 5 (9.6) 37 (71.2)
Penicillin G 10U 12 (23.0) – 40 (77.0)
Tetracycline 30 18 (34.6) 2 (3.8) 32 (61.6)
Vancomycin 30 7 (13.4) 10 (19.3) 35 (67.3)

T.O. KEVENK AND G. TERZI GULEL PREVALENCE, ANTIMICROBIAL RESISTANCE

5Journal of Food Safety •• (2015) ••–•• © 2015 Wiley Periodicals, Inc.

T.O. KEVENK AND G. TERZI GULEL PREVALENCE, ANTIMICROBIAL RESISTANCE

Journal of Food Safety 36 (2016) 11–18 VC 2015 Wiley Periodicals, Inc. 15



than those in our results. Also in contrast to our study, Erol
and Sireli (2002) detected L. monocytogenes in 5% of butter
samples and Rahimi et al. (2010) isolated L. monocytogenes
from 2 of 40 (5%) ice cream samples. The reason for this
might be cross-contamination of samples because of differ-
ent storage and marketing conditions.

In our study, among the different kinds of traditional
homemade cheeses tested, kuymak and cokelek cheese had
the highest (30%) rate of L. monocytogenes, followed by
farm cheese (20%). The reason for this high contamination
rate might be the traditional homemade manufacturing
techniques utilized. As a general rule, during homemade
traditional cheese production, milk is only slightly heated
up till it reaches fermentation temperature, without pas-
teurization. Similarly, L. monocytogenes isolation rates have
also been high in other studies with traditional cheese. In
studies with traditional homemade cheese samples, Guner
and Telli (2011) found L. monocytogenes in Van herby
cheese, carra cheese, Konya moldy cheese and Urfa Tulum at
rates of 30%, 46.6%, 23.3% and 13.3%, respectively, in
Turkey. On the other hand, Gulmez and Guven (2001) iso-
lated L. monocytogenes in only 2.5% of cecil cheese samples
in Kars, Turkey, a lower rate than in our findings. Colak
et al. (2007) collected 250 tulum cheese samples from Istan-
bul, Turkey and 12 of them (4.8%) were positive for
L. monocytogenes. Similarly, Manfreda et al. (2005) isolated
L. monocytogenes in 4.8% of Gorgonzola cheeses in Italy.

In the present study, four different serotypes of
L. monocytogenes (1/2a, 1/2b, 1/2c and 4b) were identified
from milk and dairy products. The results indicate a higher
prevalence of serotypes L. monocytogenes 4b and 1/2b (38%)
in our study. Similarly, Hofer et al. (2000) detected
L. monocytogenes 4b as the most frequent serotype from raw
milk in Brazil and L. monocytogenes 1/2b was second in
their study. Makino et al. (2005) found L. monocytogenes
1/2b was the dominant serotype in homemade cheeses from
Japan. Pintado et al. (2005) isolated 4b, 1/2b and 1/2a sero-
types in soft cheese at rates of 83.3%, 12.5% and 4.1%,
respectively.

In the current study, some L.monocytogenes isolates were
resistant to ampicillin, amoxycillin/clavulanic acid, erythro-
mycin, chloramphenicol, penicillin G, oxytetracycline, tetra-
cycline and vancomycin. The highest prevalence of
resistance was for tetracycline (34.6%). Similar results have
been reported by other authors (Charpentier et al. 1995;
Jamali et al. 2013). Although most researchers have reported
that strains of Listeria spp. are not resistant to vancomycin
(Rahimi et al. 2012), in our study, significant numbers of
isolated strains of L. monocytogenes were resistant to vanco-
mycin (13.4 %, seven isolates). Our results agree with those
of Conter et al. (2009) and Harakeh et al. (2009), who also
found Listeria spp. isolates resistant to vancomycin in their
studies. Because of transferable elements between bacteria,

resistance quickly becomes more common. In several
studies, transfer by conjugation, plasmids and transposons
carrying antibiotic genes from other bacteria to Listeria and
between species of Listeria have been reported (Charpentier
and Courvalin 1999). Moreover, using antibiotics for pro-
phylaxis and as growth stimulants is the major reason for
antibiotic resistance (Van Duijkeren and Houwers 2000).

CONCLUSION

In conclusion, the presence of L. monocytogenes serotypes
4b and 1/2a in milk and dairy products are of significant
concern for public health, as these serotypes are the pre-
dominant serotypes that can cause listeriosis in humans.
Thus, it is imperative that preventative measures, including
the implementation of good hygiene practice, pasteuriza-
tion techniques and good manufacturing practice should be
applied during the preparation of milk and dairy products
in addition to ensuring the cold chain during storage.
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