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a b s t r a c t

A rapid method for the detection of Listeria monocytogenes in foods combining culture enrichment and
real-time PCR was compared to the ISO 11290-1 standard method. The culture enrichment component of
the rapid method is based on the ISO standard and includes 24 h incubation in half-Fraser broth, 4 h
incubation in Fraser broth followed by DNA extraction and real-time PCR detection of the ssrA gene of
L. monocytogenes. An internal amplification control, which is co-amplified with the same primers as the
L. monocytogenes DNA, was also included in the assay. The method has a limit of detection of 1–5 CFU/
25 g food sample and can be performed in 2 working days compared to up to 7 days for the ISO standard.
A variety of food samples from retail outlets and food processing plants (n ¼ 175) and controls (n ¼ 31)
were tested using rapid and conventional methods. The rapid method was 99.44% specific, 96.15%
sensitive and 99.03% accurate when compared to the standard method. This method has the potential to
be used as an alternative to the standard method for food quality assurance providing rapid detection of
L. monocytogenes in food.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Rapid, cost-effective and automated food-borne pathogen
detection and identification continues to be of major concern to the
food industry and public health laboratories worldwide (Malorny
et al., 2004). PCR and more recently real-time PCR technologies
have become powerful diagnostic tools for the analysis of micro-
organisms in food and can potentially fulfil the requirements of the
industry. Validation of PCR and real-time PCR based methods for
pathogen detection in food is essential if such new technologies are
to be adopted by the food testing industry on a large scale (Malorny
et al., 2003).

Listeria monocytogenes is a food-borne pathogen widely distrib-
uted in nature. Those most at risk of infection are pregnant women,
neonates, newborns, immunocompromised persons and the elderly
(Schuchat et al.,1991). Infection has been associated with a variety of
foods, including cheese, meat, milk, vegetables and fish (Davies et al.,
1984; Tham et al., 2000; de Valk et al., 2001; Lunden et al., 2004;
Makino et al., 2005). Conventional methods for the detection of
L. monocytogenes in food are labour intensive and time consuming,

involving selective culture enrichment with subsequent culturing
on selective media, followed by serological and/or biochemical tests
(Cox et al.,1998). Although direct PCR based detection methods have
been described for L. monocytogenes, pre-enrichment procedures
are still necessary to ensure the detection of low numbers of viable
L. monocytogenes in foods (Norton, 2002; O’Grady et al., 2008).

In a recent study by O’Grady et al. (2008), a rapid method for the
detection of L. monocytogenes in food was described combining
culture enrichment and a real-time PCR assay targeting the ssrA gene
and including an internal amplification control (IAC). The enrich-
ment procedure was based on the ISO 11290-1 standard method
(Anon, 2004) and results were obtained within two working days
(<30 h). The method was tested on a small number of naturally and
artificially contaminated samples and a detection limit of 1–5 CFU/
25 g food sample was determined. All artificially contaminated
samples tested positive for the presence of L. monocytogenes and all
natural samples tested negative. The results obtained correlated
with those obtained using the Roche ‘‘LightCycler Listeria mono-
cytogenes Detection Kit’’ and the presence or absence of typical Lis-
teria colonies on PALCAM agar plates.

In this study, 206 food samples and controls, comprising a large
variety of food matrices, were tested for the presence of L. mono-
cytogenes using the method developed by O’Grady et al. (2008) and
results compared to the ISO 11290-1 reference method (Anon, 2004).
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2. Methods

2.1. Culture enrichment of food samples

Culture enrichment of food samples and controls was per-
formed by the Food Testing Laboratory, University College Hospital,
Galway, Ireland (n ¼ 164; 133 food samples, 16 spiked positive
controls, 15 negative controls) and Complete Laboratory Solutions
(CLS), Connemara, Galway, Ireland (n ¼ 42) according to the ISO
11290-1 standard method (Anon, 2004). Various food sample types
were prepared according to standard methods ISO 8261:2002 (milk
and milk products), ISO 6887-1:1999 (preparation of test samples
for microbiological examination), ISO 6887-2:2003 (meat and meat
products), ISO 6887-3:2003 (fish and fishery products) and ISO
6887-4:2003 (products other than milk and milk products, meat
and meat products and fish and fishery products) (Anon, 1999,
2002, 2003a, b, c). Food samples (25 g/25 ml) were added to 225 ml
of half-Fraser broth (Oxoid, Hampshire, UK), in sterile plastic
Seward Stomacher filter bags (Norfolk, UK) and homogenized in
a stomacher (Seward Stomacher 400 Lab System, Norfolk, UK)
where necessary for 1 min. For swabs (Sodibox, La Forêt-Fouesnant,
France), 225 ml of half-Fraser broth was added to the sterile plastic
bag containing the swab and homogenized in a stomacher (Seward
Stomacher 400 Lab System, Norfolk, UK) for 1 min. The mixture was
poured into sterile containers and incubated at 30 �C. After 24 h
(n ¼ 164 samples) primary enrichment in half-Fraser broth or 24 h
primary enrichment in half-Fraser and 4 h secondary enrichment at
37 �C in Fraser broth (n ¼ 42 samples), 10 ml aliquots of culture
were removed. Samples grown for 24 h in half-Fraser broth only
were sub-cultured in Fraser broth for 4 h according to the standard
method (100 ml half-Fraser broth culture inoculated into 10 ml
Fraser broth incubated at 37 �C). Post-enrichment 1.5 ml aliquots of
the culture-enriched samples were combined with Escherichia coli
cells with the IAC containing plasmid (mean 98 CFU, range 60–
150 CFU) for DNA extraction.

2.2. Preparation of stressed (frozen) L. monocytogenes culture and
‘‘spiked’’ positive control food samples

Serial 10-fold dilutions of an overnight culture of L. mono-
cytogenes were performed in nutrient broth containing 10% glyc-
erol. Plate counts were performed to estimate the cell numbers of
L. monocytogenes. One-millilitre aliquots of 10�6 dilution (w100 CFU/
ml) were prepared and frozen at �80 �C as a method of stressing
the cells. Food samples (25 g/25 ml food) previously shown to be
L. monocytogenes negative using ISO 11290-1 were added to 225 ml
of half-Fraser broth and homogenized as described above. To
generate the ‘‘spiked’’ positive control food samples for this study,
an aliquot of frozen L. monocytogenes culture was thawed and
100 ml (w10 CFU) was inoculated into the homogenized sample
prior to incubation.

2.3. DNA isolation and quantification

Genomic DNA was isolated from 1.5 ml of enriched food cultures
combined with E. coli cells with the IAC containing plasmid using
the ‘‘Bacterial Genomic DNA Purification Kit’’ (Edge BioSystems,
Gaithersburg, Maryland, USA) according to the manufacturer’s
instructions and resuspended in 50 ml nuclease free dH2O (Ambion,
Austin, TX, USA). DNA samples were stored at �20 �C.

2.4. L. monocytogenes real-time PCR assay

Real-time PCR amplification was performed on the LightCycler
using the ‘‘LightCycler FastStart DNA master hybridization probes’’
kit (Roche Diagnostics, Mannheim, Germany). PCR was performed

in a final volume of 20 ml including 2 ml of template DNA in 10�
LightCycler hybridization buffer with MgCl2 adjusted to 5 mM
concentration. PCR primers (0.5 mM concentration) and FRET
hybridization probes for L. monocytogenes and IAC targets (0.2 mM
concentration) were added to the reaction mixture and the volume
was increased to 20 ml by addition of nuclease free dH2O. The
cycling parameters consisted of: 95 �C incubation for 10 min for
enzyme activation and DNA denaturation, followed by 45 PCR
amplification cycles consisting of 95 �C for 10 s, 55 �C for 20 s and
72 �C for 10 s. The temperature transition rate for all cycling steps
was 20 �C/s. Fluorescence acquisition was at the end of the
annealing stage of each cycle. The thermocycling program was
followed by a melting program of 95 �C for 1 min (denaturation),
45 �C for 30 s (annealing), and then 45–80 �C at a transition rate of
0.1 �C/s with continual monitoring of fluorescence. All subsequent
analysis was carried out in the F2/BackF1 (ssrA gene target) and F3/
BackF1 (IAC) channels with colour compensation using the second
derivative maximum option of the LightCycler software (version
3.5). A no-template negative control was included in each run.

2.5. Sequencing of real-time ssrA gene PCR products

For food samples negative for L. monocytogenes by the standard
method which yielded a positive result with the rapid method, the
ssrA gene PCR product generated in the rapid method for these
samples was sequenced (Sequiserve, Vaterstetten, Germany).

3. Results and discussion

In this study 175 food samples including a large variety of food
types and 31 control samples (16 spiked foods, 15 negative
controls), were tested for the presence of L. monocytogenes with the
ISO 11290-1 standard method and a previously developed rapid
method combining culture and real-time PCR (O’Grady et al., 2008).
The assay targets the ssrA gene, includes an IAC and has a detection
limit of 1–10 cell equivalents per PCR reaction. The assay is capable
of detecting 1–5 L. monocytogenes CFU/25 g in a variety of food
types in <30 h. The assay, which specifically detects L. mono-
cytogenes based on melt-peak analysis, is also capable of detecting
L. innocua, L. ivanovii, L. seeligeri and L. grayi based on melt-peak
analysis.

The rapid real-time PCR based method performed very well
compared to the conventional method (Table 1). PCR inhibition,
monitored by the IAC, was not observed in any of the samples
tested. Of the 206 food and control samples tested, 26 samples were
positive for L. monocytogenes and 180 samples were negative for
L. monocytogenes by both conventional and rapid methods. One
false positive and one false negative result were obtained during
the study. Listeria spp. (not L. monocytogenes) were detected by the
rapid method for the false negative sample. One possibility for this
result is that the enriched food sample contained more Listeria spp.
cells than L. monocytogenes and as the rapid method can also detect
Listeria spp. the Listeria spp. DNA present in the extracted sample
may have out-competed the L. monocytogenes DNA for primers and
been preferentially amplified in the rapid method. In the case of the
false positive result, L. monocytogenes was detected by the rapid
method while Listeria spp. were detected by microbiological
culture and although the result of the rapid method was incorrect
there was Listeria contamination present in the food sample.
Overall, the developed method was 99.44% specific, 96.15% sensi-
tive and 99.03% accurate in comparison to the standard method.
The low numbers of L. monocytogenes positive samples (n ¼ 26)
skew the sensitivity results slightly as only one false negative was
observed and the developed method detected the presence of Lis-
teria spp. in that sample.
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Table 1
Food types tested and results obtained for rapid method and ISO standard method.

Food type Real-time PCR based method Total number
of samples

ISO 11290 standard method

Listeria spp.
NEGATIVE

L. monocytogenes
POSITIVE

Listeria spp.
POSITIVE (not
L. monocytogenes)

L. monocytogenes
POSITIVE

L. monocytogenes
NEGATIVE

Beef type 1: Cooked/roast beef 5 0 0 5 0 5
Beef type 2: Minced beef 1 0 0 1 0 1
Beef type 3: Beef stew 1 0 0 1 0 1
Beef type 4: Roast beef with mustard and salad 1 0 0 1 0 1
Black pudding 5 0 0 5 0 5
Cake type 1: Boiled fruit cake 1 0 0 1 0 1
Cake type 2: Various cream cakes 3 0 0 3 0 3
Cake type 3: Coffee cake (iced cake) 1 0 0 1 0 1
Cake type 4: Cheese cake 1 0 0 1 0 1
Coleslaw 5 0 0 5 0 5
Dairy type 1: Fresh cream 4 0 0 4 0 4
Dairy type 2: Ice cream 17 0 0 17 0 17
Dairy type 3: Flavoured ice cream 4 0 0 4 0 4
Dairy type 4: Soft ice cream 12 0 0 12 0 12
Dairy type 5: Ice cream base 1 0 0 1 0 1
Dairy type 6: Flavoured milk 6 0 0 6 0 6
Egg type 1: Egg salad sandwich 1 0 0 1 0 1
Egg type 2: Quiche 1 0 0 1 0 1
Egg type 3: Custard 1 0 0 1 0 1
Fish type 1: Fish swab 7 9b 0 16 8 8
Fish type 2: Smoked salmon 12a 2 7c 20 3 17
Fish type 3: Cooked salmon 1 0 0 1 0 1
Fish type 4: Tuna sandwich with various fillings 2 0 0 2 0 2
Fish type 5: Fish base sauce 1 0 0 1 0 1
Garlic sauce 1 0 0 1 0 1
Gravy 1 0 0 1 0 1
Ham type 1: Cooked ham 9 0 1 10 0 10
Ham type 2: Ham salad sandwich 2 0 0 2 0 2
Ham type 3: Picnic shoulder 1 0 0 1 0 1
Lasagne 3 0 0 3 0 3
Noodles: Sweet chilli noodles 1 0 0 1 0 1
Pasta: Roasted pepper pasta 1 0 0 1 0 1
Pork type 1: Roast pork 1 0 0 1 0 1
Pork type 2: Pork pie 1 0 0 1 0 1
Poultry 1: Cooked chicken 4 0 0 4 0 4
Poultry 2: Cajun chicken 1 0 0 1 0 1
Poultry 3: Chicken sandwiches various 5 1 0 6 1 5
Poultry 4: Chicken curry 1 0 0 1 0 1
Poultry 5: Cooked turkey 3 0 0 3 0 3
Rice type 1: Cooked rice 1 0 0 1 0 1
Rice type 2: Risotto 1 0 0 1 0 1
Salad type 1: Salad leaves (various) 9 0 0 9 0 9
Salad type 2: Trio bean salad 1 0 0 1 0 1
Salad type 3: Pasta salad 1 0 0 1 0 1
Salad type 4: Potato salad 2 0 0 2 0 2
Salad type 5: Potato salad with bacon 1 0 0 1 0 1
Sliced onions 1 0 0 1 0 1
Surface swab 5 0 0 5 0 5
Trifle type 1: Black forest trifle 1 0 0 1 0 1
Trifle type 2: Sherry trifle 1 0 1 2 0 2
Trifle type 3: Fruit cocktail trifle 0 0 1 1 0 1
Vegetable soup 1 0 0 1 0 1

Controls:
Spiked food type 1: Coleslaw 0 2 0 2 2 0
Spiked food type 2: Cooked beef 0 2 0 2 2 0
Spiked food type 3: Cooked ham 2 2 0 4 2 2
Spiked food type 4: Potato salad 0 6 0 6 6 0
Spiked food type 5: Trifle 0 1 0 1 1 0
Spiked food type 6: Tuna 0 1 0 1 1 0
Negative controls (uninoculated broth) 15 0 0 15 0 15

Total 171 26 10 206 26 180
Agreement with standard method 99.44% specific,

96.15% sensitive,
99.03% accurate

a One of the smoked salmon samples produced a false negative result.
b One of the fish swab samples produced a false positive result.
c L. monocytogenes and Listeria spp. detected in one smoked salmon sample.
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Of the 26 L. monocytogenes positive samples, 14 were spiked
food sample positive controls. Stressed (frozen) L. monocytogenes
(approx. 10 CFU) were spiked into various food samples, one per
batch of food samples tested. For two batches, the positive control
gave a negative result in both the rapid and standard methods. In
these batches, one food sample tested positive for L. monocytogenes
validating the testing methods for that batch. The most likely
explanation for the failure of the positive controls is that the
L. monocytogenes cells used for inoculation were dead. Nine food
samples which were negative for L. monocytogenes by the standard
method were positive with the rapid method for Listeria species.
The ssrA gene PCR products generated for these samples were
sequenced and the sequence data was analysed using the Basic
Local Alignment Search Tool (BLAST). Six samples were identified as
L. innocua, 2 as L. seeligeri and 1 as L. ivanovii. These results corre-
lated with the melt-peak data obtained in the real-time PCR assay
for these samples.

A PCR based method for the detection of pathogens in food
should fulfil a number of criteria, such as analytical and diagnostic
accuracy, high detection probability, high robustness (including an
IAC), low carryover contamination and accessible user-friendly
protocols for its application and interpretation (Malorny et al.,
2004). The rapid method evaluated in this study meets these
requirements.

The rapid method allows fast and sensitive detection of
L. monocytogenes in various food matrices and could be used as
a screening method. The method is based on the ISO 11290-1
standard, facilitating its integration in routine diagnostics labora-
tories (Rossmanith et al., 2006).
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