Medycyna Wet. 2008, 64 (1)

Praca oryginalna

Original paper

Comparative detection of Listeria monocytogenes
in raw milk by microbiological method and PCR

EMEK DUMEN, AYSEL UNSAL BACA*, EDA DUMEN**

istanbul University, Department of Food Hygiene and Technology, School of Veterinary Medicine, Avcilar, istanbul, Turkey
*Molecular and Microbiology Laboratory, Pendik Veterinary Control and Research Institute, Pendik, istanbul, Turkey
**Turkkal Medical Inspection Ltd. 42B Ada Gardenya 3/12 D.58 Atasehir, istanbul, Turkey

Diimen E., Unsal Baca A., Diimen E.
Comparative detection of Listeria monocytogenes in raw milk by microbiological method and PCR

Summary

In this study, 150 raw milk samples from 15 different farms were collected in the city of Istanbul, and the
raw milk samples were analyzed for Listeria monocytogenes by both conventional microbiological methods
and PCR. According to the authors’ results, 11 of 150 raw milk samples (7.33%) were detected to be Listeria
monocytogenes positive by the both techniques. The results of the conventional microbiological analysis and
the PCR procedures were parallel to each other. PCR must be used more frequently in food microbiology
science, to protect public health and to prevent economic losses, because of its high rate of accurate results,
time advantages, sensitivity and ability of producing desired DNA counts of the target microorganism.
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Listeria monocytogenes is an important facultative
anaerobic pathogen that can cause sporadic and epide-
mic infections/outbreaks and can be isolated from
almost all kinds of foods. Because the microorganism
can exist in soil, mud, vegetables and vegetable pro-
ducts, milk and milk products and in waste waters, it
can contaminate from animal to animal by fecal to oral
route (5, 26). The major food vehicles for human liste-
riosis include milk and milk products, raw milk and
raw milk products, cheese, meat and meat products
and vegetables (7). Outbreaks of Listeria monocyto-
genes infections caused by the consumption of milk
and milk products have been reported in many coun-
tries in the world, but mainly in the United States (4).
Listeria monocytogenes is the main species that is
responsible for human and animal listeriosis. Aside
from Listeria monocytogenes, it is noted that Listeria
ivanovii can also be a pathogen for humans (22).
Although all the patients that have Listeria monocyto-
genes infection theoretically carry a death risk,
pregnant, pediatric and geriatric cases, patients whose
immune system are depressed and/or patients that have
illnesses that can cause immune system depression,
like HIV infection, hepatitis and cancer, are the pri-
mary risk group for listeriosis. Listeria monocytoge-
nes can cause non-invasive or invasive listeriosis.
Gastroenteritis with high fever is the main symptom
of non-invasive listeiosis while invasive listeriosis
causes meningitis, septicemia, primary bacteriemia,

endocarditis, non-meningitic central nervous system
infections, conjuctivitis and influenza like symptoms.
Pattern births and abortions in pregnant cows and
deaths by systemic infection in neonatals are also among
the pathogenities of Listeria monocytogenesis (15). The
listeriosis incidence in Austria for the year 2004 is
0.24% for every 100,000 citizens and the mortality rate
of the patients that have listeriosis is 21% (2, 3).

Listeria monocytogenes, can frequently be isolated
from unpasteurized milk and milk products and home
made milk. While the agent is generally inactivated
at pasteurization temperatures (8), it is indicated that
Listeria monocytogenes can cross-contaminate to the
equipment and/or to the milk and milk products by
staff who carries the microorganism asymptomatically
(27).

According to a study performed in the year 1987,
milk samples from various sales points were collected
and analyzed for Listeria monocytogenes in different
countries. According to the results, 0.32% of the col-
lected milk samples from Germany, 4.2% of the col-
lected milk samples from France, 4.4% of the collec-
ted milk samples from Holland and 7% of collected
milk samples from Massachusetts — USA were Liste-
ria monoctogenes positive (12).

Conventional microbiological analysis methods are
also being used to detect the existence of Listeria mono-
cytogenes using Listeria monocytogenes specific media.
However, conventional microbiological methods are



overly time consuming (1-3). Rapid analysis methods
are important for microbiological quality detection of
the foods. They are also quickly applied methods and
they also have a high rate of accurate results. One of
the most important and used rapid analysis microbio-
logical methods is DNA based PCR, in spite of the
fact that there are some analytical chemical methods
such as vibrational spectroscopy and gas chromato-
graphy that have been successfully applied to the iden-
tification of bacteria for many years (10, 19, 25).

This study was performed to detect the existence of
Listeria monocytogenes in the raw milk samples that
are sold in Istanbul, by using both DNA based PCR
and conventional microbiological analysis methods.
Because the rapid analysis methods are becoming an
alternative to the conventional microbiological me-
thods, we also aimed to compare the results of these
two different based methods.

Material and methods

Material. 150 raw milk samples collected from 15 dif-
ferent farms in Istanbul were used as material in this study.
Samples were collected during the morning lactation and
were put in sterile plastic boxes, after which they were trans-
ported to laboratories of Istanbul University, School of
Veterinary Medicine, Department of Food Hygiene& Tech-
nology in aseptic conditions at 2-4°C. Each day 10 sam-
ples from a different farm were collected and all the sam-
ples were analyzed in the same conditions both by micro-
biological and PCR methods. All the raw milk samples were
divided into two equal parts in the laboratory conditions.
Each sample consisted of 200 ml. 100 ml of each sample
was separated for microbiological analysis and the other
100 ml was separated for PCR analysis. Duplicate samples
were directly analyzed by both microbiological methods
and PCR.

Microbiological isolation and identification of Liste-
ria monocytogenes. The Hitchins method (13) was used.
Every sample was enriched with modified Listeria Enrich-
ment Broth (Merck) (225 ml of Sterile Modified Listeria
Enrichment Broth and 25 ml of raw milk sample). After
the enrichment procedure, all the enriched samples were
homogenized 3 minutes in Stomacher (Seward Laboratory,
London, United Kingdom). Homogenized samples were in-
cubated 48 hours at 30°C. After the incubation period was
completed, all the enriched samples were inoculated onto
Modified Oxford Agar (Merck) and Palcam Agar (Merck)
plates by round ended loop, and the samples were again
incubated 48 hours at 35°C. Greenish colonies with black
zones or brownish-green colonies with a dark gray zone
were evaluated as suspected colonies for identification.
5 typical colonies from every media were passed to Triptic
Soy Agar (Merck) plates with 0.6% Yeast Extract (Merck)
and the samples were incubated 48 hours at 30°. Positive
samples were analyzed for morphological inspection,
motility, gram staining, catalase production and hemolitic
activity in Blood Agar with 5% sheep blood. For confirma-
tion, nitrate reduction, production of urease, H,S produc-
tion in Triple Sugar Iron Agar (TSIA), MR — VP reaction,
esculin hydrolisis, acid production activity in dextrose,
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maltose, rhamnose and xylose (DIFCO, Detroit, Michigan,
USA) analyses were performed on all the positive suspec-
ted samples. The isolates given typical Listeria monocyto-
genes reactions were analyzed with polyvalant ,,0” anti-
serum (DIFCO) for slide aglutination test and serotyping
procedure was performed. Suspected colonies were agluti-
nated with somatic (type 1 and 4) and flagellar (AB) mono-
valant serums according to BAM — FDA method (13).

PCR Procedure

Bacterial strains. The bacterial strains used in this
study are shown in table 1. Liophylized strains were incu-
bated in Triptic Soy Broth (Merck) with 0.6% Yeast Extract
(Merck) 48 hours at 30°C.

Tab. 1. The bacterial strains used in the study

Name of the bacteria Strains Serotype* Isolation**
L. monocytogenes ATCC19113 3 Human
L. monocytogenes ATCC19114 4a =
L. monocytogenes ATCC19115 4b Human
L. monocytogenes ATCC19117 4d Sheep
L. monocytogenes ATCC19118 de Chicken
L. monocytogenes ATCC35152 - Guinea Pig

Explanations: * — source: http://www.atcc.org; ** — source:
http://www.atcc.org

Artificially contaminated milk samples. Milk samples
were obtained from local supermarkets as UHT pasteuri-
zed milk samples. Additionally, raw milk samples that were
contaminated artificially were provided from the Research
Farm of the School of Veterinary Medicine, Istanbul
University. To find out the most suitable DNA isolation
method, all the provided samples that were to be contami-
nated artificially (both raw and pasteurized milk samples),
were enriched with Listeria Enrichment Broth (Merck) at
a ratio of 25 ml milk sample and 225 ml Listeria Enrich-
ment Broth. Next, the samples were contaminated with
2.5 ml of pure Listeria monocytogenes colonies in Ringer
solution (Merck) with a dilution of 10' concentration and
contaminated samples were incubated 48 hours at 30°C.
The dilution series were set in order to create 1-10, 10-100
and 100-1000 cfu/ml concentrations. After the inoculation
period, enriched samples were passed onto Modified Oxford
Agar (Merck) and Palcam Agar plates (Merck), the sam-
ples were again incubated for 48 hours at 35°C. After the
incubation process, the colonies were inoculated onto Triptic
Soy Agar plates (Merck) with 0.6% Yeast Extract (Merck)
and the samples were incubated at 48 hours at 30°C.

DNA extraction. The following method was applied to
all the raw milk samples. Modified CTAB/Proteinase K
method was used in the DNA extraction procedure (29).
Suspected colonies were inoculated onto the media con-
taining 200 pl TE buffer, 60 ul 10% Sodium dodecyl sul-
phate (SDS) and 5 pl 20 mg/ml proteinase K and incubated
overnight at 65°C. 100 ul 5 M NaCl and 80 ul CTAB/NaCL
solutions were added to eppendorf tubes and the eppendorf
tubes were incubated 10 minutes at 65°C. 500 pl Phenol/
chloroform/Isoamyl alcohol (25 : 24 : 1) were added to the
eppendorf tubes. The tubes were mixed and cenrifuged
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Tab. 2. The primers used in the study

61

firmed (especially at the chemical test stages)

with the strains of the original ATCC species,

Primers Sequences (5’-3’ Polarity T Values (°C . . . .

: . k] — o0 ) both by conventional microbiological methods
LOBELI) LA BT il [ and PCR procedures. L. monocytogenes colo-
lapR: (LIMRE) CCA TTG TCT TGC GCG TTA AT | Antisense 62 nies with green/blue reflection at 45° hght
DG 67 CCTGCAAGAGCTCAGACGCC Sense 66 tr‘a.nsmission incidence of Henry (12). The po-
DG 66 CETAAGGATCCGARGTTGCE Anfisonse 64 sitive result samples were eva}uated as Liste-

ria monocytogenes and again the positive
DG 69 GTGCCGCCARGARARGGTTA | Sense 60 samples were analyzed with PCR procedure
DG 70 CCTTCACGATTGCGCCGAA Antisense 62 for a positiveness Comparison_
DG 71 CGGAGGTTCCGCAAAAGATG Sense 62 PCR results. Accordipg to j[he re'sults, which
DG 72 CCTCCAGAGTGATCGATGTT | Antisense 60 were parallel to the microbiological results,

7.33% of the analyzed samples were Listeria
hiyAF: (DG73) | GAC ATT CAA GTT GTG AA Sense 46 monocytogenes positive (11 samples were
hiyAR: (DG74) | CGC CAC ACT TGA GAT AT Antisense 50 Listeria monocytogenes positive from the 150
DG 75 GACCGCAAGGTTGAAACTCA Sense 60 samplqs). The negative and positive results of
DG 76 CAGCCTAACAATCCGAACTGA | Antisense 60 both microbiological analysis and PCR analy-

sis were parallel to each other with each raw

Explanations: T_ values, T_(°C) = 2 (A+T) + 4 (G+C) (Sambrook and

Russel, 2001); source: http://www.atcc.org

5 minutes. After centrifugation, supernatant was removed.
Moreover, for removing phenol traces, 500 ul chloroform/
Isoamyl alcohol (24 : 1) was added to the media. DNA sam-
ples were precipitated 0.6 ml pure ethanol solution at —
20°C for precipitation. The mixture was then centrifuged
at maximum rotations per minute for 10 minutes. After cen-
trifugation pure ethanol solution removed and DNA was
provided with the application of 30 ul TE buffer.

Primers. Various primer pairs were used to detect
specific gene fragments of Listeria monocytogenes (31).
To detect the most suitable primer/primers, all the primers
were evaluated individually. The amplicon size was 560 bp
(Thermo Hybaid Hbpx 220 CE 27812, England) (Eliza-
beth, Thomas King, Burchak and Gannon 1991). The
primers used in the study are indicated below in table 2.

PCR procedure. PCR reaction mixture consisted of
10 mM Tris-HCL (pH 8.3), 50 mM KCl, 1.5 mM KCl,,
200 uM dNTP, 2.5 unit of Taq DNA polymerase and was
prepared 100 pmol for every primer. Samples were denatu-
rated at 94°C, 5 minutes at thermocycler amplification.
Every cycle consisted of 45 seconds of denaturation levels
at 94°C. 45 seconds of an annealing step at 55°C and 45
seconds of an extension step at 72°C were applied to the
samples. Finally, the last extension step (5 minutes at 72°C,
30 ampflication cycles) was applied. PCR results were
evaluated in agar gel electrophoresis of 1.5% agarose gel
with ethidium bromide.

Results and discussion

Microbiological results. According to the results,
7.33% of the analyzed samples were Listeria monocy-
togenes positive (11 samples Listeria monocytogenes
positive of 150 samples). The results of both the mi-
crobiological analysis and PCR analysis were parallel
to each other for each analyzed raw milk sample. The
obtained strains were inoculated according to the
method of Hitchins (13). All the raw milk suspected
colonies detected from the raw milk samples were con-

milk sample. 11 identical samples of the col-
lected raw milk were positive according to the
conventional microbiological methods and
PCR procedures. 139 identical samples of collected
raw milk gave negative results according to both me-
thods. The primers used in PCR procedure are indica-
ted in table 2. Six primer sets were used to determine
the most suitable/effective primer set/sets. Band den-
sities of the various primer sets were quite different.
DG 73 and DG 74 primer sets were evaluated as the
most effective primer sets for our study. Also DG 73
and DG 74 produced more DNA copies than the other
primer sets (fig. 1); moreover, since the mentioned
primers were the most effective ones, DG 73 and DG
74 primer sets were used for all the samples for all of
the reported PCR procedures and results.

1 2 3 4 5 6

Fig. 1. DNA profiles of 5 different primer sets at gel electro-
phoresis

Explanations: Lane 1: Standart DNA (100 bp); Lane 2:
DG70/DG73 (386 bp); Lane 3: DG73/DG74 (560 bp); Lane 4:
DG71/DG72 (234 bp); Lane 5: DG69/DG70 (470 bp); Lane 6:
DG69/DG74 (636 bp)
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To measure PCR sensibility, 1 ml of the UHT milk
samples obtained from local supermarkets and raw
milk samples obtained from the Research Farm of the
School of Veterinary Medicine, Istanbul University,
were artificially contaminated with Listeria mono-
cytogenes with a concentration of 10' to 107 cfu/ml
respectively. During the artificial contamination pro-
cedure, DNA extraction and amplification was direct-
ly applied to the samples. The limit values were detec-
ted as 10° cfu/0.5 ml (fig. 2).

The increase of the PCR cycle did not effect the PCR
sensitivity. However, TSYB adding procedure to the

1 2 3 4 S5 6 7 8

Fig. 2. The detection of Listeria monocytogenes limit in milk.
In PCR procedure, the microorganisms up to 10° cfu/ml con-
centrations could be observed clearly, Lower concentrations
than 10° cfu/ml could not be observed clearly (lane 6 and
lane 7). Lane 8 shows standart DNA chain, Lane 1 is the con-
centration of 107 cfu/ml

Fig. 3. The limit and sensitibility test to the samples TSYB
added. Up to 20 times TSYB diluted samples incubated at
25°C 24 hours and DNA extraction and PCR procedure was
applied to the samples after incubation period. Lane 1 shows
the standart DNA chain, lane 2 shows the concentration of
10° cfu/ml, lane 3 shows the cocncentration of 10* cfu/ml, lane 4
shows the concentration of 10° cfu/ml, lene 5 shows the con-
centration of 102 cfu/ml, lane 6 shows the cocncentration of
10" cfu/ml and finally lane 7 shows the cocncentration of
1 cfu/ml
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samples diluted up to 20 times, and incubation proce-
dure after adding TSYB at 25°C 24 hours, affected the
PCR sensitivity positively and even one microorga-
nism could be detected (fig. 3).

In this study has the goal of detecting the existence
of Listeria monocytogenes in raw milk samples col-
lected from different milk farms using conventional
microbiological methods as well as PCR and to com-
pare these two scientific methods to each other. PCR
is also applied by a good number of projects suppor-
ted by the European Union as an alternative of the
conventional microbiological methods because of its
high and trustworthy rate of results (19).

Istanbul is the most crowded and the biggest city of
Turkey. The city has a population of approximately 15
million and milk and its products are widely consu-
med. Medical literature indicate that the existence of
Listeria monocytogenes in raw milk samples increases
especially in March, April and June (30). For this
reason we, too, collected the raw milk samples from
15 different milk farms at the end of March and at the
beginning of April. Listeria monocytogenes also has
a high cross-contamination rate from unhygienic equip-
ment to animals and/or human (24). Additionally, it is
indicated that Listeria monocytogenes can resist even
UHT pasteurization processes by infiltrating the so-
matic cells and/or leukocytes in the raw milk (14, 21).
Unhygienic stables, careless farm staff, collection of
the raw milk obtained from various farms in common
milk tanks are factors that increase the risk of conta-
minaton. One of our experiments was to detect the time
versus cfu forming speed of the agent in the laborato-
ry conditions. We inoculated 11 Listeria monocytoge-
nes colonies that we have obtained from 11 positive
samples to 11 different Modified Oxford Agar (Merck)
and Palcam Agar (Merck) media at the concentration
of 1 cfu/ml for each positive raw milk sample after
completing both PCR and conventional microbiologi-
cal analysis for detecting the growth speed of Listeria
monocytogenes; after 24-36 hours we observed that
the number of cfu reached the concentration of 10>-10°
counts. In spite of the fact that we currently have no
knowledge of the minimal infection dose of Listeria
monocytogenes, according to the medical literature we
can clearly point out that the concentration of Listeria
monocytogenes can easily reach 10°-10° cfu/ml in as
short a time interval as 24-36 hours. According to this
information we detected, we think that Listeria mono-
cytogenes infected raw milk carries a serious risk for
consumer health.

Listeria monocytogenes is also known to be a toxi-
genic microorganism. Listeriolysin O (LLO) has been
shown to be a virulence factor in L. monocytogenes
and is not found in other Listeria spp. The in vitro
studies significantly improved the efficiency of lipo-
some-mediated cytosolic delivery by co-encapsulating
purified listeriolysin O (LLO) inside liposomes and
pH-sensitive liposomes. LLO is the major virulence
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factor and causative component for phagosomal escape
of'the facultative intracellular bacteria Listeria into the
cytosol of host cells (23). Even at UHT temeperatures
the LLO can not be denaturated (18). According to the
authors, this situation is a critical control point for con-
sumer health because of the pathogenitiy of LLO. One
of PCR’s advantages according to the conventional
microbiological method is to detect the microorganism
even if it is inactivated. If the microorganism is inacti-
vated with heating and/or other procedures as UV, cen-
trifuging, etc., it is impossible to determine the exi-
stence of Listeria monocytogenes and other pathogens
by microbiological methods; however, like other toxi-
genic pathogens Listeria monocytogenes can produce
LLO before it is inactivated and the toxins can exist in
milk and its products even if the microorganism does
not exist in the milk and its products. On the other
hand we would like to indicate that home made milk
and home cheese is widely produced, especially in
rural regions in Turkey. So we think that PCR is a good
alternative especially for determining the existence the
toxigenic pathogens in foods to the conventional
microbiological methods.

The low percentage of existence of Listeria mono-
cytogenes (generally lower than 10%) is also widely
indicated by the medical literature, too. Parallel to the
medical literature, the percentage rate of Listeria mo-
nocytogenes that we detected in our study was 7.33%
(11 Listeria monocytogenes positive raw milk sam-
ples/150 total raw milk samples). However, according
to the authors it must not be forgotten that the some
milk/milk products sourced Listeria monocytogenes
outbreaks that resulted in fatal cases were caused by
milk products that are pasteurized, like soft Mexican
cheese (9, 16). Loncaveric et. al. (17) and Margolles
et al. (20), point out that Listeria monocytogenes is
especially a major risk factor in milk products (gene-
rally in cheese) that were applied to short term aging
processes and/or pasteurized under weak hygienic con-
ditions. According to the available information, the
authors think that a final product microbiological ana-
lysis for Listeria monocytogenes must be conducted
particularly to milk and its products. Listeria monocy-
togenes can additionally resist refrigerator temperatu-
res and easily grow, too (24). According to the authors,
these acceptable values carry serious risks for consu-
mer health. Moreover, Listeria monocytogenes can
cross-contaminate with unsuitable disinfectant chemi-
cals (28). The authors are of the opinion that PCR must
be used more frequently in food microbiology scien-
ce, to protect public health and to prevent economic
losses, because of its high rate of accurate results, time
advantages, sensitivity and ability of producing desi-
red DNA counts of the target microorganism.
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