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Abstract. This study, aimed to investigate the utilization of the real-time PCR method for the identification
of Listeria spp., Listeria monocytogenes and Listeria innocua contamination in homemade white cheese
samples produced around the southeast districts of Turkey. 103 white cheese samples were randomly
selected from the local markets for investigation. 1SO 11290-1/A1-2004 method was utilized for
identification of Listeria spp. VITEK 2 GP cards were used to the identification the Listeria spp. using
positive samples. The DNA was isolated from cheese samples directly and real-time PCR and Sanger
sequencing were used to identify of Listeria monocytogenes and Listeria innocua by using specific primers
designed for the hly and 1in02483 genes. 6.7% of samples were identified as Listeria spp. positive by
VITEK 2, and Quantitative real-time PCR. 5.8% of samples were contaminated with L. monocytogenes
whereas 0.97% sample was L. innocua positive. The results of VITEK 2 and real-time PCR were found to
be similar. These findings pointed out that these products were produced under non-hygienic conditions
and have potential risk for human health. Furthermore, it was revealed that real-time PCR methods were
faster and as reliable as conventional methods for cheese samples directly for the determination and
identification of these microorganisms.

Keywords: Vitek 2, ISO 11290, foodborne pathogen, molecular identification, Turkey

Introduction

White cheese is the most widely produced kind of cheese in Turkey and is commonly
produced in the eastern and south-eastern parts of Anatolia. Cow cheese production in
2018 reached to 622.292 tons in Turkey in official institutions reports (Turkish Statistical
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Institute, 2019). As a fermented dairy product, high protein content of white cheese
creates a good habitat for microorganisms. White cheese varieties may contain different
amounts of microorganisms due to the quality of the milk, production technique,
packaging, transportation and storage. Particularly, the consumption of cheese made of
non-pasteurized milk or dairy products, the containing microorganisms may cause an
epidemic or cases with sporadic disease (Zamani-Zadeh et al., 2011).

Between these microorganisms, with the zoonotic character of pathogen Listeria spp.,
contaminated food is most likely to generate infection in humans. It is also an important
pathogen for agriculture and food industry that can be detected in milk and dairy products,
vegetables, fish, meat products and prepared foods (Ekici et al., 2004). Listeria spp. can
survive in humid or dry environments, soil, plants or other living organisms for months
(Carter et al., 1995). Listeria spp. may be easily contagioned orally, nosocomially or
vertically WHO/FAO 2018. Food and water contaminated with the agent, mosquitos and
ticks are crucial for the contagion (Farber et al., 1991). Following the contagion, people
in the risk group, which may be listed as, pregnant women, newborns, old and immune
deficient people are frequently affected by listeriosis (Slutsker and Schuchat, 1999). In
severe infections, septicemia, meningitis and premature stillbirths are seen in humans
whereas meningoencephalitis, abortus and mastitis present in domesticated animals
(Farber et al., 1991).

Among Listeria species, L. monocytogenes and L. innocua are important bacteria that
can be found in food. Both species can live under conditions such as environments with
pH values between 4.39 and 9.4 and refrigerator conditions (Vazquez-Boland et al., 2001;
Zamani-Zadeh et al., 2011). L. monocytogenes is a potent public health issue with a 30%
mortality rate when contagioned (Lou and Yousef, 1999). On the other hand, L. innocua
is rarely associated with a disease yet commonly found during identification. Recent
studies showed that in analyses conducted using the VITEK 2 system, L innocua may be
mistaken for L. monocytogenes (De Lappe et al., 2014). This finding calls attention to
other methods that seem to be required for confirmation of the results.

The aim of this study is to evaluate the use of the real-time PCR (Polymerase Chain
Reaction) method from cheese samples directly, faster and as reliable as compared to
conventional methods to identificate L. monocytogenes and L. innocua and also to find
the prevalence of Listeria spp. L. monocytogenes and L. innocua by studying the white
cheese samples collected from various local town bazaars from Sanlrfa, Mardin,
Gaziantep and Diyarbakir and demonstrate hygienic qualities of these products and the
possible public health risks they constitute in this region.

Material and methods

In this study, 103 different fresh homemade white cheese samples collected from local
town bazaars of the cities Sanlurfa, Mardin, Gaziantep and Diyarbakir, were
investigated. Samples were collected under aseptic conditions of the local bazaars as
200 gr each. They were brought to the Department of Food Hygiene and Technologies
laboratories, Harran University in cold chain, and analyses were started the very same
day. The classical microbiological analyses and VITEK 2 studies were conducted by
Harran University, Food Hygiene and Technologies Department Laboratory. The DNA
isolations of the positive samples in Harran University, veterinary genetics laboratory and
the real-time PCR analyses of the positive sample DNAs in Medical Microbiology
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Laboratories, Beykent University, Medical Faculty, in order to determine the molecular
identifications.

Detection of Listeria spp. with conventional methods

The ISO (International Organization for Standardization) 11290-1/A1-2004 method
was used for Listeria spp. detection following the stated protocol 1SO (2004). Samples
were weighed as 25 gr each with a precision balance (Cubis; Sartorius, Bohemia, NY,
USA\) under sterile conditions and the samples were transferred to sterile stomacher bags
with an addition of 225 ml of Enrichment Broth (M863+SR142; Oxoid Ltd, Basingstoke,
UK). Samples were homogenized in a stomacher (Laboratory Blender Stomacher 400;
Seward, London, UK) for 2 minutes and incubated in a 30°C aerobic environment for
24 hours. Afterwards, 0.1 mL of the homogenates were added to 10 ml of a Fraiser Broth
(CM895+SR156; Oxoid Ltd, Basingstoke, UK). Following incubation at 30°C for
24 hours, 0.1 mL of homogenate was taken from the Fraiser Broth and were cultivated
into PALCAM Agar (CM 877+SR150; Oxoid Ltd, Basingstoke, UK) and Oxford Agar’a
(CM 856+SR140; Oxoid Ltd, Basingstoke, UK). Mediums were incubated at 30°C under
anaerobic conditions for 48 hours. Five colonies from any petri with a suspicion of
Listeria spp. growth were transferred to Tryptic Soy Agar-Yeast Extract (TSA-YE, 0370;
Difco, Toronto, ON) and incubated at 30°C for 24 hours for purification.

Detection of Listeria spp. By using VITEK 2

The purity of the isolated suspicious colonies was controlled with Gram staining. Also,
oxidase, catalase, beta hemolysis, mannitol, rhamnose, xylose, salicin, dulcite, methyl
red, Voges-Proskauer, nitrate reduction and CAMP tests were applied. All colonies added
at 3 mL sterile saline solution with sterile swabs in polystyrene test tube to made
homogenous 0.5 McFarland turbidity standart suspension using with Vitek 2 DensiCHEK
instrument. Then the suspension tube and VITEK 2 GP card (Biomerieux, Marcy I'Etoile,
France) placed in the cassette. After that the cassette loaded on Vitek 2 Systems
(Biomerieux, Marcy I'Etoile, France) following the manufacturer’s guidelines.

The strains, ATCC 15313 for Listeria monocytogenes and ATCC 33090 for Listeria
innocua were used as positive controls.

DNA isolation

The 25 gr each cheese samples were transferred to sterile stomacher bags with 0.5 mL
DNase & RNase free water. Samples were homogenized in a stomacher (Laboratory
Blender Stomacher 400; Seward, London, UK) for 2 minutes and 200 pL of aqueous
phase were transferred to a new 1.5 mL sterile micro centrifuge tube. After that, 400 mL
of lysis buffer (0.5% N-lauryl sarcosine, 50 Mm Tris-Cl, 25 mM EDTA, pH 8.0) was
added to the mixture, vortexed well and centrifuged 15.000 rpm for 5 min. The pellet was
resuspended with 200 pL lysis buffer and 4 pL proteinase K, vortexed well and then
incubated for 1 h at 37°C, 300 pL of Nal solution (6 M Nal in 50 mM Tris-Cl, 25 mM
EDTA, pH 8.0) and 500 pL isopropanol were added to the suspension and then
centrifuged at 15.000 rpm for 5 min. The pellet was washed with 35% isopropanol, dried
and then suspended in 50 uL DNase & RNase free sterile water. Isolated DNA samples
were stored at -20°C until the real time PCR application (Sheela and Shrinithivihahshini,
2017; Moravkova, 2017).
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Identification of L. monofcytogenes and L. innocua with the real-time PCR method

Following the nucleic acid isolations were performed from all cheese samples directly,
the hly region for L. monocytogenes and 1in02483 region for L. innocua were amplified
two times with real-time PCR for each sample.

The real time PCR procedure was performed using the Light Cycler 480 Il (Roche
Diagnostics GmbH, Mannheim, Germany) system with Light Cycler 480 Probe Master
(Roche Diagnostics GmbH, Mannheim, Germany) kit. The primers and probes used for
the hly and 1in02483 regions according to the manufacturer’s guide are shown in Table 1
(Rodriguez-Lazaro et al., 2004; Benito et al., 2017). To performed quantification, plasmid
standarts with known concentrations were purchased from Bioeksen Ltd, Istanbul.

Table 1. The primer and probe sets used in real time PCR analyses for L. monocytogenes and
L. innocua identification

L. monocytogenes (hly) Ref.
hlyQFa (Forward primer) 5-CAT GGC ACC ACC AGC ATCT-3
hlyQRa (Reverse primer) 5-ATCCGC GTGTTTCTT TTC GA-3
hlyQP (TagMan probe) 5-FAM-CGC CE&\F&AMGRL(E?’CTA AGA CGC
L. innocua (1in02483) ROdr"gueZZ'OLOifaro etal,
lipHQFa (Forward primer) 5-AAC CGG GCC GCT TAT GA-3
lipHQRa (Reverse primer) 5-CGA ACG CAATTG GTC ACG-3

5-FAM-TTC GAA TTG CTA GCG GCA CAC
CAG T-TAMRA-3

lipHQP (TagMan probe)

5 ul of isolated DNA (50 ng/ul) were added to each real time PCR reactions, making
the final volume 20 pl. The real time PCR protocol used was; following the 10 min
denaturation in 95°C, 45 cycles of 10 sec in 95°C, 60 sec in 62°C for a single read. The
positive controls ATCC 15313 for L. monocytogenes and ATCC 33090 for L. innocua
were included to all Real-time PCR experiments.

Sanger sequencing of hly and iapgene

To the confirmation of real-time PCR results, L. monocytogenes and L. innocua
positive 7 samples were done Sanger sequencing using the specific primers for hly and
lap genes based on Rodriguez-Lazaro et al. study in 2004, Sanger sequence were
performed with the ABI 3130XL sequencing instrument (Table 2). The sequencer fasta
files were aligned using the BLAST program against the known ones in the GenBank
database of the National Centre for Biotechnology Information (NCBI,
http://www.ncbi.nlm.nih.gov/).

Table 2. Distribution of the Listeria monocytogenes identification results for VITEK 2 GP
card and “hly” Real Time PCR analysis

L VITEK 2 GP card Hly Real Time PCR analysis
Listeria monocytogenes (n) (n)
Positive 6 6
Negative 97 97
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Results

From 103 fresh cheese samples, 7 (6,8%) samples were found Listeria spp. positive
using the conventional culturing method (Table 3). All Listeria spp. isolates gave Gram
positive, oxidase negative and catalase positive reactions. Figure 1 shows the
Listeria spp. positive colonies on Oxford agar.

Table 3. Distribution of Listeria spp. positive samples

City Number of samples collected Listeria spp. Positive
(n) (%)
Sanhurfa 27 3(2.91%)
Mardin 26 1 (0.97%)
Gaziantep 25 2 (1.94%)
Diyarbakir 25 1 (0.97%)
Total 103 7 (6.80%)

Amplification Curves

2 13995

o

10 15 20 25 30 35 40 45

Figure 1. Amplification curves of Real-time PCR experiments for positive samples, negative
samples and standards (Red: positive samples, Brown: Standarts, Green: Negative Samples)

Listeria spp. positive colonies were identified as L. monocytogenes or L. innocua with
a 99% possibility by the VITEK 2 system GP card. The analysis on VITEK 2 system took
8.25 hours.

After DNA extraction from cheese samples directly, real-time PCR was perfomedby
the amplification of the hly and 1in02483 regions to the detect L. monocytogenes or
L. innocua, respectively. Results are shown in Table 2 and Table 4 for L. monocytogenes
and L. innocua, respectively. The real time PCR procedure after isolation took an hour
and 20 minutes on the Light Cycler 480 Il system. Amplification curves of real-time PCR
experiments for positive samples, negative samples and standarts are shown in Figure 1
for L. monocytogenes and L. innocua, respectively. The results of VITEK 2 and real-time
PCR were found the same at this study. All real-time PCR results were also confirmed by
Sanger sequencing alignment results. Table 5 showed that the quantification results of
positive cheese samples. Although the existence of all positive samples is not suitable for
human consumption, the quantitative amounts were examined considering that the
situation that will make a difference may be due to quantitation with VITEK 2 System
but no difference was found.
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Table 4. Distribution of the Listeria innocua identification results for VITEK 2 GP card and
“lin02483” Real Time PCR analysis

Listeria innocua VITEK 2 GP card Lin02483 Real Time PCR analysis
(n) (n)
Positive 1 1
Negative 102 102

Table 5. Quantification results of positive cheese samples via Real-time PCR

Calculated Known

Name Cp Concentration Concentration Strain

1 17.14 5.14E+04 L. monocytogenes
2 18.28 2.46E+04 L. innocua
3 18.26 2.50E+04 L. monocytogenes
4 19.66 1.01E+04 L. monocytogenes
5 19.66 1.01E+04 L. monocytogenes
6 19.7 9.85E+03 L. monocytogenes
7 20.7 5.19E+03 L. monocytogenes

Standard 1 16.06 1.03E+05 100000

Standard 2 19.6 1.05E+04 10000

Standard 3 23 1.17E+03 1000

Standard 4 26.61 1.14E+02 100

Standard 5 30.69 8.23E+00 10

Standard 6 33.25 1.41E+00 1

Discussion

Although cow milk is commonly used for white cheese production, sheep and goat
milk also has its place in production in the region. The production of white cheese sold
in the local bazaars is generally done by traditional ways in family businesses, but
hygienic conditions are not fully provided. Especially, the white cheese produced in
Sanliurfa, following the milking, milk is yeasted in milking temperature and strained with
a thin cloth called ‘parzin’ to give its final shape. White cheeses are presented for
consumption without any salt and no pasteurization is applied before production. Lack of
pasteurization increases the risk of zoonotic foodborne pathogen contamination in dairy
products. For this reason, in this study, the entity of Listeria spp., an important pathogen
of fresh white cheese, was investigated in fresh white cheese samples collected from local
town bazaars of the region. The Turkish Food Codex regulations on Microbiological
Criteria states that the existence of L. monocytogenes in a 25 gr cheese sample is not
suitable for consumption (Turkish Food Codex, 2011). According to the regulations, 7 of
103 cheese samples studied are found to be not suitable for consumption.

As a result of this study, 7 (6.8%) of the fresh cheese samples were found to be
Listeria spp. positive with 6 of the isolates were identified as L. monocytogenes and one
as L. innocua using real-time PCR and VITEK 2 system.

When the national studies conducted on Listeria spp. (L. monocytogenes and
L. innocua) existence in our country were investigated, no real time PCR based method
is used but by the use of conventional methods statistical studies are conducted in various
cities of Turkey (Table 6) (Kara et al., 1999; Vural et al., 2010).
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Table 6. Listeria spp., L. monocytogenes and L. innocua ratios in cheese determined using the
classical methods

Researcher City N Listeria spp. | L. monocytogenes | L. innocua
Kara et al. (1999) Erzurum | 50 4 (8%)
Sagun et al. (2001) Van 254 | 13 (5.11%) 10 (3.93%) 1 (0.39%)
Giilmez and Giiven (2001) Kars 80 6 (7.5%)
Uysal and Ang (2003) Istanbul | 275 11 (4%)
Aygiin and Pehlivanlar (2005) | Antakya | 85 7 (8,23%) 2 (2,35%) 3 (3,52%)
Akkaya and Alisarh (2006) Afyon 100 6 (6%)
Arslan and Ozdemir (2007) Bolu 142 | 47 (33.1%) 13 (9.2%) 13 (9.2%)
Azak (2012) Erzincan | 100 3 (3%) 3 (3%)

Although national studies were not conducted using real time PCR, the ratios found
are similar to other findings, with exclusion of Arslan and Ozdemir (2007). Thus, it can
be said that our findings are compatible with other studies conducted.

Otherwise; Diimen et al. (2011) were investigated 700 milk and dairy product samples
by classical and molecular microbiological methods. 20 samples of 700 were positive as
L. monocytogenesis. PCR results were same with classical microbiological methods. The
positivity rates obtained in our study were found to be higher than Diimen’s study ratio
(Diimen et al., 2011).

Once international publications are taken into account, molecular and real time PCR
based studies appear on identification of Listeria spp, L. monocytogenes and L. innocua
(El-Marrakchi et al., 1993; Rossmanith et al., 2010). EI-Marrakchi et al. (1993) conducted
a study in Algeria and they reported L. monocytogenes in 1 (4.54%) of 22 fresh cheese
samples. In addition, Silva et al. (2003) study, where they searched for L. monocytogenes
in the critical checkpoints in Brazil for minas cheese production. They investigated 218
samples comprising 54 food, 107 equipment, 22 worker and 35 environmental samples
and reported 13 Listeria spp. positive cases. Nine of the samples were identified as
L. innocua, 2 L. grayi and 2 L. monocytogenes by Silva et al. (2003). Also, in a study
where Hein et al. (2001) used the real-time PCR method for identifying Listeria spp. in
milk, they looked for 42 L. monocytogenes and 33 L. innocua strains and showed that
real-time PCR method is safe and highly reliable.

On the other hand, De Lappe et al. (2014) did a VITEK 2 system based study and
reported that this method is highly reliable yet may not identify L. monocytogenes and
L. innocua correctly. In our study we compared the VITEK 2 system and real-time PCR
method and found no differences in their ability to identify L. monocytogenes and
L. innocua. In contrary, De Lappe et al. (2014) study underlined the need of a faster and
more reliable method for detection of L. monocytogenes that an important foodborne
pathogen for human health. Regarding international publications, real time PCR method
is stated as a faster and as reliable as others for Listeria spp. L. monocytogenes and
L. innocua identification when compared to the conventional ISO methods (Rossmanith
et al., 2010; Gianfranceschi et al., 2014).

Sallen et al. (1996) 23S rRNA and 16S rRNA regions using the primer and amplicons
used for all of the Listeria species were analysed. However, 23S rRNA was recommended
for L. innocua and L. monocytogenes, and 16S rRNA was not distinctive. Czajka et al.
(1993) 16S rRNA genes (16S rDNA) of L. innocua and L. monocytogenes species were
detected by using sequence analysis. Chen et al. (2017) in the cheese-borne listeriosis
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outbreak, Schmitz-Esser et al. (2015), Lassen et al. in 2016, Salazar et al. (2018), in the
outbreaks of soft cheese, L. monocytogenes serotypes and similar strains to determine the
SNP 's made by sequence analysis. For L. innocua, Facinelli et al. (1993) identified strains
of tetracycline in 12 strains in mozarella by DNA sequencing. Buchrieser et al. (2003)
compared the genes related to the development and pathogenicity of these two Listeria
species, which are food pathogens, with Staphylococcus and Bacillus sequence analysis.
In our study, 6 L. monocytogenes and 1 L. innocua specimens which we found positive
were detected by sequence analysis and confirmed.

Conclusions

Finally, our findings showed that the cheese produced in Turkey and presented for
consumption is not Listeria spp. and L. monocytogenes free. The raw milk used in white
cheese production without any pasteurization or heat treatment and non-hygienic
production and storage conditions may be the cause of the lack of hygiene in these
products. Moreover, our findings showed that the real-time PCR method is faster and as
reliable as others compared to the conventional methods and can be easily applied in
laboratories with experience in molecular techniques. Comprehensive studies should be
conducted to identify different Listeria spp. by collecting much more cheese and milk
samples to protect public health.
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