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ABSTRACT

The aim of this study was to follow the contamination of food with Listeria
monocytogenes by using Step One real time polymerase chain reaction (PCR). We used the
PrepSEQ Rapid Spin Sample Preparation Kit for isolation of DNA and SensiFAST SYBR HiROX Kit for the real-time PCR performance. In 24 samples of food of animal origin without
incubation were detected strains of Listeria monocytogenes in 15 samples (swabs). Nine
samples were negative. Our results indicated that the real-time PCR assay developed in this
study could sensitively detect Listeria monocytogenes in food of animal origin without
incubation. This could prevent infection caused by Listeria monocytogenes, and also could
benefit food manufacturing companies by extending their product’s shelf-life as well as
saving the cost of warehousing their food products while awaiting pathogen testing results.
The rapid real-time PCR-based method performed very well compared to the conventional
method. It is a fast, simple, specific and sensitive way to detect nucleic acids, which could be
used in clinical diagnostic tests in the future.
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INTRODUCTION

Classical microbiological methods for detection of food-borne bacteria involve the use
of pre-enrichment and/or specific enrichment, followed by the isolation of the bacteria in solid
media and a final confirmation by biochemical and/or serological tests (Reed et al., 2000).
Determining bacterial viability is a key issue for the application of food risk management;
thus a rational approach for detecting only viable bacterial cells by using molecular-based
methods is necessary. However, the PCR does not distinguish among viable and dead
bacterial cells. DNA from bacterial dead cells can serve as a template for the PCR many days
after cell viability has been lost (Allmann et al., 1995; Rodríguez-Lázaro et al., 2007). All
over the world, public health agencies are concerned with food safety assurance due to
globalization of food markets, growing demand for minimally processed ready-to-eat (RTE)
foods and increasing numbers of meals served outside home (Reed et al., 2000) Escherichia
coli O157:H7, Listeria monocytogenes and Salmonella spp. are among the most commonly
studied food-borne pathogens and are of major concern because of their association with
foods such as poultry, ready-to-eat products, dairy products, fruits and vegetables (Allmann
et al., 1995). High populations of L. monocytogenes have been reported for some RTE
products, including outbreak samples, but the growth rate of L. monocytogenes in vegetables
is generally lower compared to milk, dairy and processed meat products (Chen et al., 2006).
It is also important to consider that minimally processed vegetables are often used as
ingredients to pre-pare salads, which may have longer refrigerated shelf lives, representing a
risk of increasing of L. monocytogenes population (Aguado et al., 2004). Most cases of
listeriosis are caused by the ingestion of L. monocytogenes - contaminated RTE foods that do
not require heating prior to consumption (Gasanov et al., 2005). Diagnosis of listeriosis and
detection of L. monocytogenes is commonly based on classical culturing and serological
identification methods that are laborious and time-consuming, requiring up to ten days for
completion and often suffer from variability due to their dependence on the phenotypic
characteristics of the bacteria. (Liu et al., 2009). Different PCR-based diagnostics for
detection of L. monocytogenes have been increasingly applied, however, complex sample
preparation methods and especially the use of gel electrophoresis endpoint detection have
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hampered the transition from research to routine use in food microbiology laboratories (Liu et
al., 2009; Churchill et al., 2006; Levin, 2003). Application of real-time PCR surmounts
these shortcomings by removing the manipulation of the PCR products after amplification,
thus reducing the risk of false-positive results. Furthermore, results with better sensitivity and
specificity can be obtained in an hour (Norton, 2002). Considerable reagent cost is one of the
key factors, beside standardization and validation issues (Raymaekers et al., 2009), that
influence wider routine adoption of real-time PCR-based tests in diagnostic laboratories. In a
high-throughput setting a reduction in the reagent volume used in each reaction significantly
reduces the cost of diagnosis.
The aim of this study was to follow the contamination of food of animal origin with
Listeria monocytogenes by Step One real-time PCR.

MATERIAL AND METHODS
Food Samples

A total of 24 food samples were used in this study. The samples were obtained by
taking swabs from the inside of food of animal origin (fish). After the taking of the samples,
we were advanced as shown in the Scheme 1.

Scheme 1 Progress after taking the samples

Sample
(swabs from the inside of samples)

Isolation of DNA
(PrepSEQTM Rapid Spin Sample Preparation Kit)

Pursuance Real Time PCR
(SensiFAST SYBR Hi-ROX Kit)
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General Sample Preparation Protocol

Load 750 μL of sample onto the spin column and cap the column. Microcentrifuge for
3 min at maximum speed. Aspirate, then discard the supernatant. Add 50 μL of Lysis Buffer
to the pellet. Resuspend by pipetting up and down, or vortex until the pellet is resuspended.
Cap the tube, then incubate at 95 °C for 10 min. Allow the sample to cool for 2 min at room
temp. Microcentrifuge for 1 min at maximum speed. Add 250 μL of water. Microcentrifuge
for 1 min at maximum speed. Proceed with PCR, or store the tube at –20 °C.

Measuring the concentration of DNA-UV-spectrophotometric quantification of DNA

The absorbance at a wavelength of 260 nm was measured and DNA concentration
was calculated on base of the observation that double stranded DNA solution with a
concentration of 5 μg.mL−1 has a density about 0.1. To determine the contamination of the
protein preparation the additional measuring absorbance at 280 nm was used. Preparation is
considered as uncontaminated if proteins A260/A280 are between 1.8 and 2.0.
Spectrophotometric measurements were done using UV 1101 photometer (Biotech, UK).
Thermal cycling conditions were as follows: 3 minutes of incubation at 95 °C,
followed by 40 cycles of 5 sec. denaturation at 95°C and 15 sec. annealing and elongation at
60 °C. Data were collected during each elongation step.

Reaction mix composition

Sensi Fast sybr Hi-ROX Mix

10 μL

Forward Primer

0.8 μL

Reverse Primer

0.8 μL

H2O

9.4 μL

Template

4 μL

Listeria monocytogenes. Primer name:


Division I: Primer D1 5' CGA TAT TTT ATC TAC TTT GTC A 3' and D1 5' TTG CTC
CAA AGC AGG GCA T 3'.
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PCR products were detected by monitoring the increase in fluorescence of the reporter
dye at each PCR cycle. Applied Biosystems software plots the normalized reporter signal,
ΔRn, (reporter signal minus background) against the number of amplification cycles and also
determines the threshold cycle (Ct) value i.e. the PCR cycle number at which fluorescence
increases above a defined threshold level.

RESULTS AND DISCUSSION

The most sensitive detection of Listeria monocytogenes was obtained using
PrepSEQTM Rapid Spin Sample Preparation Kit and SensiFAST SYBR Hi-ROX Kit A
detection kit compatible with StepOneTM Systems was less time-consuming than the other
methods and relatively easy to use. Thus, the PCR-based detection of bacteria depends on the
efficiency of DNA extraction procedure used to prepare the template DNA. In our samples
without incubation we could detect strain of Listeria monocytogenes in 15 out of 24 samples
(swabs), as it is shown in Figure 1. Nine samples were negative.

Figure 1 Real-time PCR detection of Listeria monocytogenes without incubation

The (Ct) value of positive listeria samples was on average 20.95, whereby the lowest
value of positive listeria samples was found at 7.7 and the highest value was at 27.73. The
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minimum level of detection was 2.5 genome equivalents (GE) per reaction (positive
amplification in all replicates) with the CT value of 36.6 ± 1.6. The real-time PCR assay we
developed was approximately 1000-fold more sensitive than conventional PCR assays (gel
electrophoresis after PCR) for detection of L. monocytogenes. At lower detection limit, CT
values were 37.3, 38.5, and 39.3 for apple, watermelon, and grape juices, respectively (HyeJin et al., 2010). Berrada et al. (2006) performed a study on the presence or absence of L.
monocytogenes, in 77 different types of salads served in restaurants in Valencia (Spain), by
real-time PCR and conventional methods. Rantsiou et al., (2008) also used the technique of
real-time PCR to quantify L. monocytogenes in 66 different samples of foods. They detected
four positive samples without pre-enrichment and, nine positive samples after 24–37 hours
enrichment. With careful target selection and construction of primers and probe with
optimization of the assay it is possible to develop the real-time PCR assay that is conducted in
the 5 μL volume. Developed assays for quantitative detection and identification of L.
monocytogenes have the potential to meet all these criteria as reliable, fast, sensitive and
specific method. The reduction of total reaction volume significantly reduces the cost of
diagnosis and increases potential for automation allowing increased samples throughput for
analytical laboratories (Rantsiou et al., 2008). Exogenous internal controls can also be
designed to be co-amplified with the pathogen specific primers but have an altered nucleic
acid sequence internal to the primers (i.e. a small deletion, insertion or mutation) allowing
their differentiation from the pathogen amplicon (Stocher et al., 2003). Loss of sensitivity or
inhibition can cause false negative PCR results, the reporting of which may lead to
contaminated foods being made available for human consumption (Nogva et al., 2000). The
increase of listeriosis cases in the European Union may not only be seen as the cause for
needing and developing rapid and reliable methods for the food industry and official control
bodies. This increase may also have several other reasons such as changes of surveillance
systems, improved rates of reportings, changes of consumption behaviour and growing life
expectancy (Warriner and Namvar, 2009).

CONCLUSION

The rapid real-time PCR based method performed very well compared to the
conventional method. It is a fast, reproducible, simple, specific and sensitive way to detect
nucleic acids, which could be used in clinical diagnostic tests in the future. Conventional PCR
methods need amplification product separation by gel electrophoresis followed by
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hybridization with a probe. These time-consuming protocols are now gradually being replaced
by more convenient and rapid real-time PCR assays. The decision to find “the most suitable”
method for the detection and tracing of Listeria monocytogenes in food processing is difficult
as information should not only relate to the presence of the pathogen, but also to useful
information about transmission routes and types of strains correlating to raw-materials, midproducts, end-products and product environment. This will further contribute to better
understanding the contamination and transmission routes of food-borne pathogens. The
application of molecular methods can result in a better comprehension of the spread of a
specific pathogen in a processing plant, thereby allowing the implementation of corrective
actions to eliminate or decrease the risk associated with its presence in the final product. Our
results indicate that the Step One real-time PCR assay developed in this study could
sensitively detect Listeria monocytogenes in food of animal origin. The rapid real-time PCRbased method performed very well compared to the conventional method. It is a fast, simple,
specific and sensitive way to detect nucleic acids, which could be used in clinical diagnostic
tests in the future.
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