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ABSTRACT

R. AZNAR AND B. ALARCÓN. 2003.

Aims: To test, under comparable conditions, several parameters affecting sensitivity of PCR detection in order to

establish a PCR procedure suitable for the routine detection of Listeria monocytogenes in food.

Methods and Results: Beef samples artificially inoculated were used to determine sensitivity of PCR detection

under different parameters. As few as 1 CFU g)1 were detected by DNA extraction using a DNeasy Tissue Kit

(Qiagen GmhH, Hilden, Germany) of 1 ml aliquot and PCR amplification with primers directed to the hlyA

gene. This PCR protocol was applied in 60 naturally contaminated foods, comparing two enrichment procedures

with the traditional culture method. The highest number of positives was recorded by PCR following a 24-h

pre-enrichment step at 30�C and a 24-h enrichment step at 37�C. Afterwards, it was applied in 217 naturally

contaminated foods and 56 of them tested positive for L. monocytogenes in which only 17 tested positive using the

culture method.

Conclusions: The PCR procedure described has proved to be a rapid and sensitive method suitable for the routine

analysis of different types of food.

Significance and Impact of the Study: The method proposed for the detection of L. monocytogenes, has been

validated in naturally contaminated food and is suitable to implement in the food industry.

Keywords: detection, food analysis, Listeria monocytogenes, PCR, sensitivity.

INTRODUCTION

Listeria monocytogenes is a facultative intracellular Gram-

positive bacterium capable of causing serious illness in

humans and animals (Farber and Peterkin 1991). It is

associated with meningoencephalitis, septicaemia and abor-

tion in humans, especially in individuals at risk including

pregnant women, newborn babies, the elderly and the

immunocompromised. The pathogen is widely distributed in

the environment, where its primary habitat may be soil and

decaying vegetation. It is able to grow at low pH and high

NaCl concentrations, and is psychrotrophic. Its wide occur-

rence in the environment and ability to survive or even grow

under adverse conditions has made L. monocytogenes an

important concern to public health and the food industry. In

recent years, it has been established as a food-borne pathogen

following the association of several cases of listeriosis linked

to the consumption of different foods, particularly ready-to-

eat products like soft cheese (Bannister 1987), cooked and

chilled poultry products (Barnes et al. 1989; Kaczmarski and

Jones 1989), deli meat products (Jacquet et al. 1995) or hot

dogs, and even some epidemiologically monitored outbreaks

have been recorded (Kathariou 2000).

The increasing incidence of L. monocytogenes in food-borne

outbreaks in the wake of present eating habits has led to the

urgent need for a rapid detection system for testing food

samples. Traditional methods for routine detection of L.

monocytogenes involve enrichment culture in liquid medium,
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usually Fraser or PALCAM broth, plating on selective agar

medium, biotyping and even serotyping that takes from 5 to

7 days. In the last 10 years, several PCR detection methods

have been proposed to replace the time-consuming culture-

based classical techniques (Candrian 1995; Hill 1996). The

most frequently chosen target gene is the hlyA, encoding

listeriolysin O (Furrer et al. 1991; Bohnert et al. 1992;

Niederhauser et al. 1992; Ericsson and Stålhandske 1997),

and other targeted genes include the iap (invasion-associated

protein) (Köhler et al. 1990; Niederhauser et al. 1992; Wang

and Hong 1999), the Dth-18 (delayed type hypersensitivity)

(Wernars et al. 1991), the 16S rRNA (Wang et al. 1992), an

aminopeptidase coding gene (Winters et al. 1999) and inlA

(internalin operon) (Almeida and Almeida 2000).

The first studies to determine the sensitivity of PCR

detection were carried out on pure cultures (Border et al.

1990; Wang et al. 1992) and artificially contaminated food

(Furrer et al. 1991; Wang et al. 1992) and there was a

decrease in sensitivity when cells were added to food matrix

(Wang et al. 1992). The presence of PCR inhibitors was

considered to be a reason and was approached by several

authors like Wernars et al. (1991) who worked on soft cheese

and reported the need for a DNA purification step prior to

PCR amplification. Other approaches to remove PCR

inhibitors based on bouyant density centrifugation in Percoll

gradient media have been assayed for the PCR detection of

several Gram-negative food-borne pathogens (Lindqvist

1997; Lindqvist et al. 1997). However, a number of studies

were carried out with enrichment steps in order to increase

the PCR sensitivity (Rossen et al. 1991; Niederhauser et al.

1993; Ericsson and Stålhandske 1997) and comparing

different sample procedures (Golsteyn Thomas et al. 1991;

Niederhauser et al. 1992). Validation with naturally con-

taminated samples has also been performed in a wide range

of foods (Rossen et al. 1991; Bohnert et al. 1992; Niederha-

user et al. 1992, 1993; Wang et al. 1997). Results from these

studies are not comparable as different procedures, food

matrices and PCR conditions have been assayed, but at

least the results of three groups (Bohnert et al. 1992;

Niederhauser et al. 1992, 1993) were comparable with

culture methods that underline the reliability and stability

of the PCR approach. Recent developments focus on the

quantative detection of L. monocytogenes in food by ELISA-

mediated PCR technique (Wang and Hong 1999) and the

latest innovation, real-time PCR, based on the application of

5¢-nuclease chemistry (Nogva et al. 2000). These method-

ologies require expensive equipment and therefore the

deliverables are only available for big companies.

Many studies have proved that PCR is a promising

methodology for detecting food-borne pathogens. How-

ever, it is not yet currently used in food microbiological

analysis. This is probably because of the lack of a user-

friendly standard procedure that is easy for routine

laboratories to use, which they could implement in their

current validation programmes. In the present work several

parameters that can influence the efficiency of the PCR

detection method for L. monocytogenes in food have been

assayed under comparable conditions. They include tar-

geted gene, enrichment step, incubation time, volume of

sample analysed, sample preparation and food matrix in

order to establish a standard procedure that is suitable for

routine laboratory analysis. Moreover, we have applied this

procedure to natural samples and have compared it with

the traditional culture method used to validate the use of

PCR as a routine method.

MATERIALS AND METHODS

Bacterial strains and growth conditions

Listeria monocytogenes CECT 4031T was used to inoculate

food samples. It was grown on brain–heart agar (BHA)

(Merck, Darmstadt, Germany) at 37�C for 24 h. Inocula for

the sensitivity study were grown in buffered peptone water

(Merck). Fraser broth (Merck) was used for enrichment and

the selective agar media PALCAM (Merck), OXFORD

(BioMeriéux, Marcy l’Etoile, France) were used for selective

plating.

Sample preparation

Sensitivity assays were carried out on artificially inoculated

samples prepared as follows: 40 g of raw beef cut into ca

2 g pieces, were added to 360 ml of Fraser broth half-

concentrated (half content of selective components as

recommended by the manufacturer), in a sterile plastic

bag with lateral filter (BagPage S 400, BagSystem,

Interscience, St-Nom-la-Breteche, France) and homogen-

ized in a stomacher (Stomacher Lab-Blender 400, Unilevel,

Bedfordshire, UK) for 1 min. The resulting mixture was

taken from the filter side and distributed in aliquots of

40 ml. They were inoculated with 400 ll of 10-fold serial

dilutions of an overnight culture of L. monocytogenes strain

CECT 4031T in sterile saline (0Æ8% NaCl), covering the

range from 1 to 107 CFU ml)1 (determined by plate count

on BHA), and including a negative control without

inoculation. They were incubated at 37�C. Ten millilitre

aliquots were used for DNA extraction at 0, 2 and 6 h of

incubation, and 1 ml aliquots after 24 h. Following

centrifugation of 10 ml aliquots at 3200 g for 10 min,

pellets were washed in 0Æ5 ml of TE (10 mmol l)1 Tris–

HCl; 1 mmol l)1 EDTA, pH 8), transferred to an eppen-

dorf tube and centrifuged at 8000 g for 5 min in a

microfuge. Simultaneously, the 1 ml aliquots were centri-

fuged at 8000 g for 5 min and pellets were washed in

0Æ5 ml of TE. For the bouyant density centrifugation
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method, 1 ml of food homogenate was layered over the

gradient medium BactXtractorTM (QRAB, Balsta, Sweden)

and centrifuged for 1 min followed by a single wash step as

previously described by Lindqvist (1997). All pellets

obtained were kept at )20�C until they were processed.

Procedures for DNA accessibility to PCR reaction

Heat treatment of whole cells. Pellets from 1 ml samples

of enrichment broth, both subjected to BactXtractorTM and

not, were re-suspended in 0Æ1 ml of double-distilled water

(Sigma-Aldrich, Madrid, Spain) and boiled for 10 min.

DNA isolation. Pellets from 1 or 10 ml of enrichment

broth were used for DNA extraction following the guani-

dium thiocyanate method as described by Pitcher et al.

(1989). In addition, three commercial methods based on

DNA purification through chromatography columns were

assayed: (i) DNeasy Tissue Kit (Qiagen GmhH, Hilden,

Germany), (ii) Generation Capture Column Kit (Gentra

Systems, Minneapolis, MN, USA) and (iii) Wizard DNA

Clean-up System (Promega, Madison, WI, USA). They

were carried out according to the manufacturer’s manual.

Purified DNA was recovered in 100 ll of double-distilled

water and kept at )20�C.

DNA solution of 25 ll was used as a template for PCR

amplification except when samples were incubated for 24

and 48 h, from which 5 ll was taken.

PCR amplification conditions

PCR amplifications were carried out in a solution containing

PCR buffer (10 mmol l)1 Tris–HCl, pH 8Æ8; 1Æ5 mmol l)1

MgCl2, 50 mmol l)1 KCl, 0Æ1% Triton X-100),

100 lmol l)1 of each dNTP, 1 lmol l)1 of each primer,

0Æ5 U of thermostable DNA polymerase (DyNAzyme II

DNA polymerase; Finnzymes Oy, Finland) and 5 or 25 ll of

DNA template, in a final volume of 50 ll. Amplification

conditions were: 5 min at 94�C, 35 cycles of 30 s at 94�C,

45 s at the corresponding annealing temperature (see

Table 1), 45 s at 72�C and a final extension of five min at

72�C. Reactions were carried out in a GeneAmp PCR

System 9700 (PE Applied Biosystems, Norwalk, CT, USA)

thermal cycler. PCR products (15 ll) were electrophoresed

through 2% agarose (Pronadisa, Hispanlab, Madrid, Spain)

gel in TAE buffer (40 mmol l)1 Tris–acetate, pH 8Æ0 and

1 mmol l)1 Na2 EDTA).

Concerning the oligonucleotides used in this work, their

sequence, annealing temperature, size of amplified fragment,

targeted gene and references are listed in Table 1. Primers

Table 1 Oligonucleotides used in this study for PCR detection of Listeria monocytogenes and their sensitivity levels comparing two procedures of

sample preparation

Primer sequences orientation 5¢ fi 3¢

Anneal

temp.

(�C)

PCR

product

(bp)

Sensitivity level*

(CFU ml)1)

Targeted gene ReferencePitcher DNeasy

PCRGO: GAATGTAAACTTCGGCGCAATCAG 65 388 )1 )1 hlyA (a-Haemolysin, Bohnert et al. (1992)

PCRDO: GCCGTCGATGATTTGAACTTCATC listeriolysin O)

LMA: CGGAGGTTCCGCAAAAGATG 55 234 0 )1 hlyA Furrer et al. (1991)

LMB: CCTCCAGAGTGATCGATGTT

IAP1: ACAAGCTGCACCTGTTGCAG 55 131 0 0 iap (Invasion- Niederhauser et al. (1993)

IAP2: TGACAGCGTGTGTAGTAGCA associate protein)

LM1: CCTAAGACGCCAATCGAA 50 702 1 1 hlyA Border et al. (1990)

LM2: AAGCGCTTGCAACTGCTC

LI1�: CTCCATAAAGGTGACCCT 50 938 1 1 16S RNA Border et al. (1990)

U1: CAGCMGCCGCGGTAATWC

A1: CCGGGAGCTGCTAAAGCGGT 54 326 2 2 Dth-18 (delayed type Wernars et al. (1991)

A2: GCCAAACCACCGAAAAGACC hypersensitivity)

L1: CACGTGCTACAATGGATAG 48 70 � � 16S RNA Wang et al. (1992)

L2: AGAATAGTTTTATGGGATTAG

CFU, colony forming units.

*Sensitivity level obtained after 24 h incubation at 37�C in half-concentrated Fraser broth, in log units.

�Genus Listeria specific primers used in combination with primers LM1/LM2, as indicated by Border et al. (1990).

�Amplification of the specific band even in noninoculated samples.
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LM1/LM2 were used alone or in combination with LI1/U1

as described by Border et al. (1990). They were synthesized

by Genset SA (Paris, France) and used without further

purification.

PCR detection of L. monocytogenes in food

Validation of the PCR protocol in artificially contamin-
ated samples. Five aliquots of meat and milk were

inoculated with 34 and 10 CFU g)1, respectively, and were

processed independently using the traditional culture

method as described below and PCR was also used. Samples

were analysed for PCR detection after 6 and 24 h incubation

at 37�C.

Naturally contaminated samples. A total of 277 samples

including meat products, dairy products, ready-to-eat

products, prepared dishes and fish were investigated for

the presence of L. monocytogenes using the traditional culture

method and also PCR. The traditional culture method was

carried out by a two-step enrichment, basically following the

US Food and Drug Administration (FDA) recommenda-

tions (Hitchins 1995). For primary enrichment, 25 g of

sample was homogenized (as described above) in 225 ml of

Fraser broth half-concentrated and incubated at 30�C for

24 h. For secondary enrichment, 10 ml aliquots were used

as inocula for 90 ml of Fraser broth and incubated at 37�C
up to 48 h. After 24 and 48 h, a loopful of the enrichment

broth culture was plated onto selective PALCAM and

OXFORD agar plates, and incubated at 37�C for 48 h.

Colonies suspected to be Listeria spp. were tested for

haemolysis on Columbia agar plates containing 5% horse

blood (BioMérieux, Marcy l’Etoile, France). Haemolytic

isolates that were Gram-positive, catalase positive and

oxidase negative were further identified by using the API-

Lis identification system (BioMérieux, Geneva, Switzer-

land), and confirmed by PCR amplification of a DNA

fragment of the hlyA locus encoding listeriolysin O (primers

LM1/LM2–LI1/U1; Table 1). For PCR analysis, aliquots

were taken in parallel from pre-enrichment and/or enrich-

ment broths. In order to shorten the enrichment time for

PCR analysis, another combination of incubation time and

enrichment step was assayed that consisted of 6 h pre-

enrichment in half-concentrated Fraser broth at 30�C plus

24 and 48 h of enrichment in Fraser broth at 37�C. We

named it procedure A to distinguish it from the standard

one described above that we named procedure B. Sixty of

277 food samples including meat products (37), dairy

products (10), ready-to-eat products (6), prepared dishes

(6) and fish (1) were analysed simultaneously using both

procedures and culture method. PCR detection was carried

out in 1 ml aliquots from the pre-enrichment culture at 24 h

(procedure B), and from enrichment cultures (procedures A

and B) at 24 and 48 h. Total DNA was extracted by DNeasy

tissue kit as indicated above and PCR amplification was

carried out with primers LM1/LM2 and LI1/U1 (Border

et al. 1990). For the remaining of food samples (217) PCR

detection was carried out by procedure B taking 1 ml

aliquots of 24 h enrichment broth.

RESULTS

Sensitivity assays on artificially inoculated
samples

Different factors affecting sensitivity of PCR detection were

investigated on artificially inoculated samples. Regarding

specific primers, Table 1 shows the results of the sensitivity

levels obtained with the different primers used and the

comparison of two procedures of sample treatment, the

method of Pitcher et al. (1989) and a quicker commercial

one (DNeasy) more suitable for routine analysis. Results

correspond to 24 h enrichment and have been expressed in

log units. Best sensitivity results were obtained with primers

PCRGO/PCRDO and LMA/LMB that were able to detect

as little as 10)1 CFU ml)1 following the DNeasy Tissue Kit

extraction method. For the remaining primers no differences

were observed between both procedures of sample treat-

ment. With primers LM1/LM2 the sensitivity reached was

101 CFU ml)1 either used alone or together with LI1/U1 in

a multiplex PCR. Primers targeted to the other two genes

iap (IAP1/IAP2) and Dth-18 (A1/A2), showed a sensitivity

of 1 and 102 CFU ml)1, respectively. With primers L1/L2

the expected band appeared even in noninoculated food

samples. Derived from our own experience we assume that

differences of one log order can be obtained by PCR from

independent experiments and can be considered at the same

sensitivity level. For the remaining assays LMA/LMB were

used as specific primers for PCR amplification unless

otherwise stated.

Direct PCR detection, without incubation, was compared

with detection after different incubation times (2, 6 and

24 h). Two and six hours were selected on the basis that

they are incubation times that would allow the analysis to be

completed on the same working day; and 24 h, used as a

positive control. In addition, we compared two rapid and

cheap procedures of sample treatment, without DNA

purification, and the method of Pitcher as a reference

method. Volume of sample (1 or 10 ml) was also included in

the experiment but there were technical problems and there

are no data for all combinations. Results of three repetitions

are summarized in Table 2. They have been also expressed

in log units. The highest sensitivity level achieved by direct

detection was 102 CFU ml)1 but it was not reproducible. In

other experiments 103 or 104 CFU ml)1 were necessary to

obtain a positive amplification. Following the incubation
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time, sensitivity was around 103 CFU ml)1 after 2 h, and

10–102 CFU ml)1 after 6 h. The best sensitivity result was

obtained after 24 h incubation, detecting 1–10 CFU ml)1

initially inoculated, using a DNA purification step. There-

fore, an incubation step was necessary to get reproducible

results, volume of sample had to be 1 ml for a long

incubation time, and the use of a DNA purification method

improved sensitivity.

Taking into account the preceding results, we carried out

an experiment in which we tested three commercial methods

(two new and one already used in the first experiment) and

included the three methods used in the second experiment

in order to have comparable results (all coming from the

same inoculation set). Table 3 shows the results of sensitiv-

ity comparing the six different procedures used for DNA

accessibility to PCR amplification and two incubation times,

6 and 24 h. The best result was obtained using the DNeasy

Tissue Kit, with which a sensitivity of 10)1 CFU ml)1

(corresponding to 1–10 CFU g)1) was achieved (Fig. 1). A

faint band of about 750 bp, corresponding to a nonspecific

PCR product, was observed in the noninoculated and PCR

negative food samples when DNA was extracted using the

method of Pitcher (Fig. 1, lanes B, H and I) but did not

appear when the DNeasy method was used (Fig. 1, lanes J

and Q). No positive results were obtained by the Generation

method. The Wizard method showed clumping problems on

applying the sample to the column. These were overcome by

treating the sample with guanidium isothiocyanate prior to

charging the column. With this modification, the Wizard

method achieved the same level of sensitivity as the method

outlined by Pitcher et al. (1989) that was of 1 CFU ml)1.

The Percoll density gradient, BactXtractor, plus heat treat-

ment gave a moderate sensitivity value of 10 CFU ml)1.

As a result, a standard PCR protocol was established

which includes the use of DNeasy Tissue Kit for DNA

isolation and amplification with primers LMA/LMB. This

PCR protocol was further assayed in artificially inoculated

foods (five aliquots of meat and milk inoculated with

Table 2 PCR detection of Listeria monocy-

togenes: sensitivity values obtained from arti-

ficially inoculated beef samples. Incubation

time, sample volume and procedure used for

DNA accessibility were assayed simulta-

neously using primers LMA/LMB

Sample procedure

Volume

(ml)

Incubation time (h)

0 2 6 24

Whole cells

Heat treatment (100�C 10 min) 1 4*, 5, 5 4, 4, 4 2, 3, 3 nd

BactXtractor + heat treatment 1 –� nd nd )1

DNA extraction

Method of Pitcher et al. (1989) 10 2, 4, 3 3 1, 2, 2 nd

1 nd nd nd )1, 0, 0

nd, Not determined.

*Results of three independent experiments (in log units).

�No amplification obtained.

Table 3 Comparison of procedures used to make DNA accessible to

PCR detection, in artificially inoculated beef at 6 and 24 h of

incubation using primers LMA/LMB

Sample procedure

Volume

(ml)

Incubation

time (h)

6 24

Heat treatment (100�C 10 min) 1 2* 1

BactXtractor + heat treatment 1 3 1

Method of Pitcher et al. (1989) 10 1 nd

1 nd 0

DNeasy 10 2 nd

1 nd )1

Generation 1 – –

Wizard 1 3 0

nd, Not determined.

*Results of experiments (in log units).

A B C D E F G H I J K L M N O P Q R S

234 bp

Fig. 1 PCR results of samples incubated for 24 h in Fraser half-

concentrated broth and processed by the method of Pitcher et al.

(1989) (from B to I) and DNeasy Tissue Kit (from J to Q) using

primers LMA/LMB: A, molecular size marker (100 bp ladder,

Pharmacia); B and J, noninoculated samples; C and K, D and L, E and

M, F and N, G and O, H and P, I and Q samples inoculated with 104,

103, 102, 101, 100, 10)1 and 10)2 CFU ml)1 of Listeria monocytogenes

CECT 4031T, respectively; R, positive control, 250 ng of DNA from

strain CECT 4031T; S, negative control, without template
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34 CFU g)1 and 10 CFU g)1, respectively) that were

simultaneously analysed by the culture method. By PCR

detection, positive results were obtained after 6 h of

incubation at 37�C in Fraser broth half-concentrated in

meat samples, and after 24 h in milk samples (in all five

aliquots). These results corroborate the PCR sensitivity level

of 1–10 CFU g)1 established by the sensitivity assays and

the need for a 24-h incubation to assure detection.

Analysis of naturally contaminated samples
by culture method and PCR

A total of 60 samples including different types of food were

analysed for the presence of L. monocytogenes by culture

method and the PCR protocol, established in the present

work, in order to compare the two enrichment procedures A

and B. PCR detection was carried out after pre-enrichment

(6 or 24 h) and enrichment (24 and 48 h) steps in order to

determine the shortest incubation time required to obtain a

positive result. For specificity reasons (Aznar and Alarcón

2002), primers LM1/LM2 and LI1/U1 (Border et al. 1990)

were used in natural samples. Table 4 shows the 24 samples

that were positive by either culture method or PCR. They

are mainly minced meat products. The remaining 36

samples were negative by both methods. Samples that

tested positive using the culture method (16 samples) were

also positive with PCR. Of these 12 were positive by PCR

using the incubation procedure A and 14 by procedure B

(Table 4). Fourteen samples were positive by both proce-

dures A and B. Of the 24 samples 18 and 20 were positive by

PCR using procedures A and B, respectively. Of the 18

samples eight and 10 were positive by PCR procedure A

after 24 and 48 h of enrichment, respectively. None of them

were positive after 6 h pre-enrichment. The samples tested

positive by the PCR procedure B were as follows: four after

24 h pre-enrichment at 30�C, 14 after 24 h enrichment and

two after 48 h enrichment (Table 4).

Following these results, the remaining natural samples

(217) were analysed in parallel by culture method and PCR

using the incubation procedure B. PCR detection was

Table 4 Natural samples positive for the

presence of Listeria monocytogenes by culture

method or PCR using primers LM1/LM2

and LI1/U1 (Border et al. 1990). Two incu-

bation procedures, A and B, were compared

corresponding to 6 or 24 h of pre-enrichment

at 30�C in half-concentrated Fraser broth,

respectively

Food sample

Sample

no.

Culture

method

Procedure A Procedure B

Enrichment

(h) 37�C
Pre-enrichment

(h) 30�C
Enrichment

(h) 37�C

24 48 24 24 48

Pork sausage 62 + + ) +

Chorizo 63 + w + ) +

Frozen pizza 72 ) + ) +

Chicken hamburger 74 + w + ) )
Pork sausage 75 ) + +

Chicken hamburger 77 + w + w +

Pork sausage 78 + ) ) ) +

Chicken hamburger 79 + ) + ) +

Pork sausage 80 + w + ) +

Chicken–turkey sausage 82 ) w + ) w )
Pork sausage spread 87 ) ) ) ) + )
Chicken hamburger 96 + w + ) )
Chorizo 97 + + +

Chorizo 100 + ) w ) +

Pork sausage 101 + ) w +

Hamburger 102 + + +

Chorizo 103 + + ) +

Pork meatball 104 ) ) + ) +

Pork hamburger 105 ) ) ) ) +

Pork sausage 106 + + +

Pork sausage 107 + ) ) ) +

Pork sausage 109 ) + ) ) )
Pork–beef meatball 110 ) ) + ) ) +

Minced ham 111 + w + +

Number of positives 8 10 4 14 2

Total 16 18 20

w, Weak amplification band.
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carried out after 24 h enrichment at 37�C using primers

LM1/LM2 and LI1/U1 (Border et al. 1990). Fifty-six were

positive by PCR but only 17 of them were positive by

culture method.

DISCUSSION

There are many factors that can affect the sensitivity of a

PCR detection method to be applied in food microbiological

analyses that have been approached in different works in the

literature and include reaction inhibitors present in the food

matrix, detection of viable but noncultivable cells, primer

specificity, direct detection or enrichment step. The main

aim in all cases is to improve sensitivity of PCR detection

but most of the information reported corresponds to specific

primers that have been assayed with artificially contaminated

food. Niederhauser et al. (1992) demonstrated that artifici-

ally contaminated food samples are not appropriate for the

development of detection methods for L. monocytogenes in

food. In the present study we first analysed the sensitivity of

the PCR detection method with specific primers, evaluating

and comparing different incubation times, procedures of

sample preparation and volumes of sample, in artificially

contaminated food samples. With the results obtained we

have chosen a protocol that is suitable for routine analysis in

food microbiological laboratories (i.e. rapid, sensitive,

reproducible, cheap, easy to handle and that do not require

expensive equipment). It has been applied to naturally

contaminated samples and simultaneously compared with

the conventional approved methodology for the detection of

L. monocytogenes.

Regarding primer specificity six pairs of previously

reported primers that involve different targeted genes,

were selected according to the results of the specificity and

sensitivity obtained by the corresponding authors. Their

sensitivities were compared under the conditions used in

this work. In order to make the experiments comparable

we followed the same thermal PCR programme except for

the annealing temperature that was varied according to the

pair of primers used. Under these conditions amounts as

low as 10)1 CFU ml)1 were detected with primers LMA/

LMB and PCRGO/PCRDO directed to the hlyA gene

which is in accordance with the results obtained by Furrer

et al. (1991) with LMA/LMB. Accordingly, the sensitivity

level obtained with primers IAP1/IAP2 directed to the iap

gene was similar to that reported by Niederhauser et al.

(1992). However, with primers PCRGO/PCRDO, we

obtained a sensitivity 103-fold higher than the results

published by Bohnert et al. (1992). This improved sensi-

tivity could be related to the use of DNeasy tissue kit

(Qiagen) for DNA extraction prior to amplification, instead

of using the cell lysate directly for PCR as the authors did.

The suitability of Qiagen-columns for purification of

samples prior to PCR had already been reported by

Wernars et al. (1991) when performing PCR direct detec-

tion of L. monocytogenes in soft cheese. Results of

sensitivity with primers LM1/LM2 were the lowest among

those directed to the hlyA gene but there are no previous

data to compare. With primers L1/L2 directed to the 16S

rRNA gene (Wang et al. 1992) the amplification fragment

was always obtained even in noninoculated samples, which

casts doubt on their specificity. Probably because of the

universal nature of the targeted gene these primers might

match other bacteria that are present in the food sample as

they were not previously sterilized.

When comparing PCR detection, directly or after an

enrichment step on artificially inoculated beef samples, we

found that direct detection rendered nonreproducible results

which is in accordance with other authors (Bohnert et al.

1992). The best sensitivity value scored was between 10)1

and 1 CFU ml)1 after 24 h of incubation and was obtained

by DNA extraction following the method by Pitcher et al.
(1989). The method based on bouyant density centrifuga-

tion, using BactXtractorTM as a gradient medium, had

previously been used for PCR detection of food-borne

pathogens like Escherichia coli O157:H7 (Lindqvist 1997),

Shigella flexneri and Yersinia enterocolitica (Lindqvist et al.

1997). It proved to be very effective in removing PCR

inhibitors, and in increasing the detection level of E. coli

O157:H7 (Lindqvist 1997). However, we obtained the same

level of sensitivity when using heat treatment to lyse cells

both with or without previous treatment with BactXtrac-

torTM.

As the method of Pitcher et al. (1989) is laborious and not

feasible as a routine laboratory method, three commercial

DNA extraction kits based on columns were selected

according to their efficiency, rapidity, reproducibility, easy

handling and price. They were compared with the three

methods mentioned above (Table 3) and the best sensitivity

value was recorded by using the DNeasy Tissue Kit

(Qiagen) which also prevented the amplification of nonspe-

cific PCR products (Fig. 1). It was the easiest to handle and

so that, we consider it as the most suitable for routine

analysis of food samples by PCR. In addition, the sensitivity

level achieved (1–10 CFU g)1) fulfils the established limits

on the number of L. monocytogenes organisms in foods that

are generally accepted, such as absence in 1, 25 or 50 g or

<102 CFU in 25 g (Gilbert 1992; Jay 1996).

In a parallel work (Aznar and Alarcón 2002) we tested the

specificity of the primers listed in Table 1 on a total of 72

strains including reference and food isolates belonging to

L. monocytogenes and other species in the genus. All strains

had been biochemically and genetically characterized by

API-Lis and randomly amplified polymorphic DNA

(RAPD) PCR, respectively. Among them we found that

primers LMA/LMB were able to amplify the �specific�
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fragment in nine strains belonging to L. innocua and

L. seeligeri species and in two non-Listeria food isolates.

On the basis of this work, primers LM1/LM2 were the best

combination for PCR detection of L. monocytogenes as they

only amplified the specific fragment of 702 bp in strains

belonging to this species. Taking into account these results,

the combination of primers LM1/LM2 and LI1/U1

(Border et al. 1990) was used for the 277 natural samples

analysed.

Following our results on artificially inoculated samples

which demonstrated that an enrichment step is necessary to

detect L. monocytogenes by PCR, 60 naturally contaminated

samples were analysed comparing two enrichment proce-

dures, A and B. They differ in the time of pre-enrichment at

30�C, being 6 and 24 h in A and B, respectively. The

number of positive samples recorded was similar with both

procedures (18 by A and 20 by B, Table 4) but the highest

number of positives (14) were recorded by procedure B after

24 h enrichment at 37�C. When comparing the number of

positives by A or B that were also positive by culture method

we also found that procedure B rendered more positives (14)

than procedure A (12). As a result we concluded that a pre-

enrichment step of 24 h and an enrichment step of at least

24 h were needed to obtain the higher number of positives.

According to Bohnert et al. (1992) an enrichment period

cannot be eliminated and it is necessary to avoid false

negative results but, in addition, we found that a two-step

enrichment allows the best sensitivity which is in accordance

with Comi et al. (1991) and Niederhauser et al. (1993).

The remaining natural samples (217) were analysed by

PCR using procedure B. Of these, 17 were positive by

culture method and 56 by PCR. As primers specificity had

been already proved, the high number of samples that tested

positive by PCR and were negative by culture method (39)

might be explained by the higher sensitivity of PCR but also

by the randomness of the selection of typical colonies for

identification. It strongly depends on the differential ability

of the selective agar employed to clearly differentiate

L. monocytogenes colonies.

Our results on direct analysis of inoculated samples

indicate that at least 103 CFU g)1 have to be present to

become detectable by PCR following a DNA extraction

method. Moreover, as L. monocytogenes usually occurs in food

at a very low level the enrichment step would undoubtedly

help cells to multiply up to a PCR detectable level. In fact in

the present work a pre-enrichment step was necessary of at

least 24 h at 30�C to obtain positive results for the naturally

contaminated food analysed. In addition, it guaranties the

presence of viable cells in the sample and so that helps

avoiding false positive results questioned by PCR detection.

From the global results of the present work, including

naturally contaminated food, we confirm that PCR detection

of L. monocytogenes is a rapid and sensitive method, suitable

for the routine analysis of different types of food in the

industry or in food laboratories. It guarantees a sensitivity of

detection that fulfils the generally accepted limits, in 48 h

working time, including two-step enrichment, DNA extrac-

tion by DNeasy Tissue Kit and PCR amplification with

primers LM1/LM2–LI1/U1 to asses specific detection

(Aznar and Alarcón 2002).
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Köhler, S., Leimeister-Wächter, M., Chakraborty, T., Lottspeich, F.

and Goebel, W. (1990) The gene coding for protein p60 of Listeria

monocytogenes and its use as a specific probe for Listeria monocyto-

genes. Infection and Immunity 58, 1943–1950.

Lindqvist, R. (1997) Preparation of PCR samples from food by a rapid

and simple centrifugation technique evaluated by detection of

Escherichia coli O157:H7. International Journal of Food Microbiology

37, 73–82.

Lindqvist, R., Norling, B. and Lamberzt, S.T. (1997) A rapid sample

preparation method for PCR detection of food pathogens based on

buoyant density centrifugation. Letters in Applied Microbiology 24,

306–310.

Niederhauser, C., Candrian, U., Höfelein, C., Jermini, M., Bühler,
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