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Abstract

A method is presented for the detection of Listeria monocytogenes in food, which produces definitive results on the third day after

the sample collection. The method is equivalent to EN ISO 11290-1 or ISO 10560 in terms of the same detection limit of 100 cfu per

25 or 10 g and 100% relative accuracy. The version alternative to EN ISO 11290-1 begins with a primary enrichment in half Fraser

broth (24 h), secondary enrichment in Fraser broth (24 h) and post-enrichment in brain heart infusion broth (5 h). The version

alternative to ISO 10560 begins with enrichment in Listeria enrichment broth (48 h) and post-enrichment in tryptone soya broth (5

h). These steps are followed by bacterial cell lysis by boiling, PCR oriented to inlB gene using a mimic internal control, and agarose

gel electrophoresis. At the evaluation of the method on model food samples artificially contaminated with decimal dilutions of a L.

monocytogenes culture (cheese, smoked fish, ready-to-eat meat products; 21 samples altogether), a detection limit of 100 cfu per 25 or

10 g was determined. Dead L. monocytogenes cells did not cause false positivity, as determined using model food samples artifi-

cially contaminated with decimal dilutions of dead L. monocytogenes cells. At the evaluation of the method on naturally con-

taminated food samples (same as above, 140 samples altogether) identical results (8 positives) as with the reference method were

obtained.

� 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Listeria monocytogenes is a pathogenic bacterium

which relatively frequently contaminates food products,

in particular cheese and ready-to-eat meat-containing

food products (Farber & Peterkin, 1991; Kozak, Bal-

mer, Byrne, & Fisher, 1996). The standard analytical

method for the detection of L. monocytogenes in food

and animal feeding stuffs, EN ISO 11290-1, as well as
the standard method for the detection of L. monocyto-

genes in milk and milk products, ISO 10560, suffer of

high time requirement of 7–10 days (EN ISO, 1996; ISO,

1999). Polymerase chain reaction (PCR) has been shown

to have a great potential to speed-up the detection of

L. monocytogenes in food (Olsen, 2000). Unfortunately,
most of the published or commercially available PCR-

based methods are suitable just for screening highly

contaminated samples and only a few of them (Bansal,

McDonell, Smith, Arnold, & Ibrahim, 1996; Cox et al.,

1998; Probelia, 1998; BAX, 2001) produce results com-

parable to standard culture methods. However, even

these more effective methods have problems with a

practical enrichment and DNA preparation, which re-
sults in problems with a sensitive detection of live L.

monocytogenes cells at the required detection limit of 100

cfu per 25 or 10 g, without a detection of dead cells

(Drahovsk�aa, Pangallo, & Kuchta, 1999; Olsen, 2000).

Here we describe a method which is equivalent to EN

ISO 11209-1 or ISO 10560 and takes three days to ac-

complish. The method employs enrichment similar to

that of the standard methods adapted to the use prior to
PCR by the addition of a short non-selective post-

enrichment, followed by a PCR with an internal control.
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2. Materials and methods

Naturally and artificially contaminated food samples,

bacterial strain. Cheese, smoked fish and ready-to-eat

meat products were obtained from local supermarkets.

Parenica is a caciocavallo-type cheese made from un-

pasteurized or pasteurized cow�s and ewe�s milk. Olo-

mouck�ee tvar�uu�zzky is a ripened cheese made from

pasteurized cow�s milk. For the determination of the
detection limit, 10 or 25 g of food samples were ho-

mogenized in 90 or 225 ml, respectively, of half Fraser

or Listeria enrichment broth (LEB; Merck, Darmstadt,

Germany) using a Stomacher 400 homogenizer (Seward,

Basingstoke, England) and, subsequently, contaminated

by decimal dilutions (101–10�2 cfu per sample) of an

overnight culture of L. monocytogenes NCTC 11994

(serotype 4b), prepared in brain heart infusion (BHI)
broth (Merck) at 37 �C with shaking. The density of the

contaminating culture was determined by plating on

BHI agar (Merck) and incubation at 37 �C for 24–48 h.

Decimal dilutions of an overnight culture of this L.

monocytogenes strain (106–102 cfu/ml) were used also at

the determination of the detection limit of PCR. For the

determination of the detection limit of dead cells, the

overnight culture was incubated for 15 min at 95 �C,
decimally diluted, and a range from 1010 to 106 cfu per

sample was used for artificial contamination.

Enrichment. In variant A, food samples of 25 or 10 g

were homogenized in 225 or 90 ml, respectively, of half

Fraser broth and incubated for 24 h at 30 �C. A volume

of 0.1 ml of the primary-enriched sample was used to

inoculate 10 ml of Fraser broth (Merck) and incubated

24 h at 37 �C. A volume of 0.1 ml of the secondary-
enriched sample was used to inoculate 10 ml of BHI

broth and incubated for 5 h at 37 �C. In variant B,

cheese samples of 25 or 10 g were homogenized in 225 or

90 ml, respectively, of LEB and incubated for 48 h at 37

�C. A volume of 0.1 ml of the enriched sample was used

to inoculate 10 ml of tryptone soya broth (TSB; Oxoid,

Basingstoke, UK) and incubated for 5 h at 37 �C.

DNA extraction. A volume of 1 ml of the post-
enriched sample was centrifuged at 13 000g for 10 min,

the sediment was washed with 0.85% NaCl, resuspended

in 200 ll of the buffer containing 20 mM Tris–HCl pH

8.0 and 50 mM KCl, and incubated at 95 �C for 25 min.

The lysed sample was centrifuged at 13 000g for 3 min

and the supernatant was used for further analysis.

Preparation of the internal control. The mimic internal

control was prepared using DNA from Enterococcus

faecalis by a previously described method (Pangallo,

Kuchta, & Drahovsk�aa, 2001a). Briefly, DNA from E.

faecalis was amplified using low-stringency PCR with

primers inlB-L and inlB-R (Pangallo, Kacl�ııkov�aa, Ku-

chta, & Drahovsk�aa, 2001b), a fragment of approx. 400

bp was selected and cloned in a plasmid pBlueScript

(Stratagene, La Jolla, CA, USA).

PCR. A reaction mixture of 25 ll contained 200 lM
of each dNTP (Life Technologies, Gaithersburg, MD,

USA), 250 nM of each primer (inlB-L: ctggaaagtttg-

tatttgggaaa, inlB-R: tttcataatcgccatcatcact; MWG Bio-

tech, Ebersberg, Germany; Pangallo et al., 2001b), 1.5 U

Platinum Taq DNA polymerase (Life Technologies), 2.5

ll of the buffer supplied with the polymerase, 2.5 ll
(approx. 10 pg) of the internal control and 2.5 ll of the

sample lysate. The primers used have been previously
shown to be 100% specific for L. monocytogenes (Pan-

gallo et al., 2001b). The reaction was performed in

GeneAmp 9700 thermal cycler (Applied Biosystems,

Foster City, CA, USA) using the amplification pro-

gramme consisting of the initial denaturation at 94 �C
for 2 min, 35 cycles with a denaturation at 94 �C for

45 s, annealing at 60 �C for 45 s and polymerization at

72 �C for 90 s, followed by the final polymerization at
72 �C for 8 min.

Detection of the amplification product. A 10 ll portion
of the sample after PCR was analysed by electrophoresis

in agarose gel (1.8%), staining by ethidiumbromide and

visualization in UV-light (Maniatis, Fritsch, & Sam-

brook, 1982). A DNA molecular weight standard n.100

bp (Life Technologies) was analysed along with the

samples.
PCR results interpretation. Presence of a DNA frag-

ment of 343 bp with or without the presence of a DNA

fragment of approx. 400 bp was taken as a positive re-

sult, presence of the DNA fragment of approx. 400 bp

alone was taken as a negative result.

Reference methods. Methods according to EN ISO

11290-1 and ISO 10560 were used (EN ISO, 1996; ISO,

1999). Typical colonies of Listeria spp. were analysed by
duplex PCR according to Herman, Ridder, and Vla-

emynck (1995) to distinguish L. monocytogenes from

other Listeria spp.

3. Results and discussion

Standard culture methods EN ISO 11290-1 and ISO

10560 are currently used to detect L. monocytogenes in

food. Although these methods are quite far from being

100% effective (Donnelly, 2001), a primary ambition of

an alternative, faster method should be to achieve equiv-

alence with the current standard method.
PCR-based methods are believed to have a great

potential to fulfill the requirements for fast, specific and

sensitive detection of L. monocytogenes in food. How-

ever, this potential may come to practical use only if

appropriate sample preparation is used prior to PCR.

The sample preparation should produce a sufficient

amount of amplifiable DNA originating in live but not

in dead L. monocytogenes cells. For this reason, en-
richment by culture seems a good choice, contrary to

physical or immunomagnetic methods which do not

distinguish between live and dead bacterial cells.
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When PCR is used to detect bacteria instead of
plating, different requirements apply to the enrichment.

It is required that when enriched for PCR, positive

samples contain P104 cfu/ml of L. monocytogenes (the

detection limit of PCR) while up to 106–107 cfu/ml of

other bacteria may be present. It has been shown with

other bacteria that the use of a non-selective post-

enrichment may be helpful at reaching this goal (Pik-

nov�aa, �SStefanovi�ccov�aa,Drahovsk�aa, S�aasik,&Kuchta, 2002).
However, for L. monocytogenes a shorter post-enrich-

ment has to be used because overnight cultures of this

Gram-positive bacterium contain stationary-phase cells

which are very difficult to lyse and this may affect the

PCR sensitivity (Uyttendaele, Schukkink, Gemen, &

Debevere, 1996). Methods for the detection of L. mo-

nocytogenes which employ an overnight enrichment

prior to PCR have to use drastic cell-lysis procedures
which may consequently compromise the PCR sensi-

tivity by its inhibition or by DNA degradation (Rossen,

Norskov, Holmstrom, & Rasmussen, 1992).

Based on the above rationale, we have designed a

method which employs a 48-h portion of the enrichment

used in EN ISO 11290-1 (half Fraser and Fraser broths,

variant A) or ISO 10560 (LEB, variant B), respectively,

and a 5-h post-enrichment in a non-selective medium
(BHI, variant A, or TSB, variant B). The enriched

samples were then subjected to the simple lysis by boil-

ing, which does not involve any PCR inhibitor, and a

previously described PCR oriented to inlB gene which

was shown to be 100% specific for L. monocytogenes

(Pangallo et al., 2001b). This PCR was supplemented by

an internal control to facilitate monitoring of the am-

plification efficiency as required for the practical use.
First, a mimic internal control was prepared by

cloning the product of a low-stringency PCR with a

heterologous DNA and the same inlB-oriented primers,

in a plasmid. Various dilutions of the internal control

were used in PCR with decimally diluted cultures of L.

monocytogenes to optimize the concentration so that the

internal control was always amplified in L. monocyto-

genes-negative samples and that the detection limit of
104 cfu/ml was not affected. An internal control amount

of approx. 10 pg was found optimal (data not shown).

The method consisting of the enrichment protocol

and the optimized PCR as described above was tested

on food samples artficially contaminated by decimal

dilutions of L. monocytogenes NCTC 11994 (serotype

4b), the same samples being analysed by the reference

method in parallel. This approach has been previously
found effective and to produce identical results as the

use of reference materials containing on average 5 cfu

L. monocytogenes (Kacl�ııkov�aa, Kuchta, Kay, & Gray,

2001). Positive detection results were obtained by the

PCR-based method for all samples artificially contami-

nated by P100 cfu per 25 or 10 g of L. monocytogenes

(Table 1). Amplification of the internal control facili-

tated monitoring the functionality of PCR by producing

a fragment of approx. 400 bp in each sample (Fig. 1).

Same results were obtained when two other L. mono-

cytogenes strains (SZU 348, serotype 1/2a; SZU 379,

serotype 1/2b; Pangallo et al., 2001b) were used for the

artificial contamination of the individual matrix types

(data not shown).

To investigate the sensitivity of the method to the
presence of dead L. monocytogenes cells in the food

sample, detection limit for dead cells was determined.

Table 1

Detection limit of the two variants of the PCR-based method and ISO

methods determined using food samples artificially contaminated by

decimal dilutions of a L. monocytogenes culture

Sample Detection limit PCR/detection limit ISOa

(cfu per sample)

PCRA/EN ISO

11290-1

PCRB/ISO 10560

Camembert cheese 100/100 (3) 100/100 (3)

Cottage cheese 100/100 (3) 100/100 (3)

Roquefort cheese 100/100 (3) 100/100 (3)

Mozzarella cheese 100/100 (3) 100/100 (3)

‘‘Parenica’’ cheese 100/100 (3) 100/100 (3)

Smoked fish 100/100 (3) NDb

Ready-to-eat sau-

sage

100/100 (3) ND

aNumber of samples in parentheses.
b Not determined.

Fig. 1. A PCR result at the determination of the detection limit using

parenica cheese artificially contaminated with decimal dilutions of a

live or devitalized L. monocytogenes culture. Live cells: (1) 10�2 cfu/25

g, (2) 10�1 cfu/25 g, (3) 100 cfu/25 g, (4) 101 cfu/25 g; dead cells: (5) 106

cfu/25 g, (6) 107 cfu/25 g, (7) 108 cfu/25 g, (8) 109 cfu/25 g, (9) 1010 cfu/

25 g; S: molecular weight standard n.100 bp with a stronger band at

600 bp. The band at 343 bp is the fragment specific for L. monocy-

togenes, the band at approx. 400 bp is the fragment of the internal

control.
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For this purpose, cheese samples artificially contami-
nated by 106–1010 dead cells were analysed in triplicate.

A detection limit of 109 dead cells per sample was de-

termined for variant B of the method while variant A

did not detect dead cells when present in given quantities

(Fig. 1).

To determine the relative accuracy of the PCR-based

method in comparison to EN ISO 11290-1 and ISO

10560, food samples potentially contaminated by L.

monocytogenes were analysed in parallel by the methods.

Both standard methods have been validated to have a

detection limit of 100 cfu per 25 or 10 g using reference

materials, as described previously (Kacl�ııkov�aa et al.,

2001). Out of 140 samples analysed, eight samples were

detected as positive. Both variants of the PCR-based

method produced identical results as the respective ref-

erence method for all samples which means that the
relative accuracy was 100% (Table 2).

An important feature of the method was monitoring

the functionality of PCR by checking the amplification

of the internal control. In some samples, amplification of

the internal control did not take place, which meant that

PCR was not functional. By repeating PCR for these

samples, eventual false negative results were avoided.

An advantage of the presented method, compared to
previously published or commercially available PCR-

based methods for the detection of L. monocytogenes in

food employing only a single enrichment step prior to

PCR (Cox et al., 1998; Probelia, 1998), is its wider de-

tection window. It means that it facilitates the detection

of 100 cfu of L. monocytogenes per sample, without a

danger of false positivity originating from the detection

of dead target cells. This advantage is achieved by the
use of a medium-sensitivity PCR following an efficient

enrichment and involving a dilution of the food sample

by a factor of 105 (variant A) or 103 (variant B).

Another advantage of the presented method, com-

pared to previously published or commercially available

PCR-based methods for the detection of L. monocy-

togenes in food employing an overnight enrichment prior

to PCR (Bansal et al., 1996; Cox et al., 1998; BAX,
2001), is the use of a simple cell lysis by boiling. This

means that, without compromising the sensitivity, it is

not necessary to perform an aggressive cell lysis which is

time- and labour-consuming, as well as more expensive,

and brings up a danger of the contamination of the

sample by PCR-inhibiting agents or of DNA degrada-

tion. This advantage is achieved by performing the lysis

after a short post-enrichment, which produces young,
exponentially growing cells which are easy to lyse.

The presented PCR-based method utilizing a selective

enrichment plus short post-enrichment protocol proved

to produce definitive results (not requiring further con-

firmation) on the third day after the sample collection

while being equivalent to the reference methods EN ISO

11290-1 and ISO 10560, respectively. The described

method was faster than its ISO counterparts by at least
five days in case of a negative result and by at least seven

days in case of a positive one. Because of the multiple

dilution of the sample during the enrichment, dead cells

were not detected by the method. The method fits in

usual laboratory working hours, making use of the

speed of currently available thermal cyclers. The method

presented may be used as a faster alternative for the

detection of L. monocytogenes in food. Because of a
similarity of the enrichment protocols utilized, the de-

scribed PCR-based method may be effectively used

along with EN ISO 11290-1 or ISO 10560 during its

laboratory introduction and validation.
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