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Abstract

Listeriosis is one of the most important food-borne diseases. A variety of culture and rapid methods are available
for the detection of Listeria spp. in foods. Although the presence of L. innocua may indicate potential contamination
with L. monocytogenes, only the latter species is pathogenic for humans. Therefore, the most adequate tests are those
which specifically detect L. monocytogenes. Chromogenic media is currently the most common method used for the
presumptive identification of L. monocytogenes. Some tests like those based on antigen detection are fast and easily
applied, but only a few may specifically detect L. monocytogenes. Real-time polymerase chain reaction is increasingly
applied in food diagnostics for the detection of L. monocytogenes due to the availability of different specific commercial
test methods. Microarrays and biosensors are some examples of new technologies that might be used routinely for the
detection of L. monocytogenes in foods in the future.

Additional key words: alternative rapid commercial methods, food-borne listeriae, human pathogenic species.

Resumen

Revision. Deteccion especifica de Listeria monocytogenes en alimentos mediante métodos comerciales:
de los medios cromogénicos a la PCR a tiempo real

La listeriosis es una de las enfermedades transmitidas por alimentos mas importantes. Existen diferentes técnicas
de cultivo y métodos rapidos para detectar Listeria spp. en los alimentos. Aunque la presencia de L. innocua puede
indicar una contaminacién potencial con L. monocytogenes, esta tltima especie es la unica patogena para el hombre.
Los métodos mas adecuados son, por tanto, los que detectan especificamente L. monocytogenes. El aislamiento en
medios cromogénicos es el método mas utilizado actualmente para identificar L. monocytogenes de forma presunti-
va. Los métodos rapidos basados en la deteccion de antigenos son de uso sencillo, pero existen muy pocos que de-
tecten especificamente L. monocytogenes. La reaccidon en cadena de la polimerasa a tiempo real estd cada vez mas im-
plantada en la industria alimentaria debido a que existen diferentes métodos comerciales especificos para L.
monocytogenes. Los microarrays y los biosensores son algunos ejemplos de las nuevas tecnologias que se podran uti-
lizar en el futuro para detectar L. monocytogenes en los alimentos.

Palabras clave adicionales: especie patdgena para el hombre, Listeria en alimentos, métodos comerciales rapidos
alternativos.

Introduction for other mammals. L. monocytogenes has been largely
studied in the past decades because of its importance

Listeria is a genus of Gram-positive bacteria con- s a food-borne human pathogen (Swaminathan, 2001;
taining six species: L. monocytogenes, L. innocua, L. Ryser and Marth, 2004). Ongoing efforts are needed

seeligeri, L. welshimeri, L. ivanovii, and L. grayi. Out ~ to further reduce the incidence of listeriosis, due to the

of these, only L. monocytogenes is commonly associated ~ manifestation of its high mortality rate (ILSI Research

with human listeriosis, while L. ivanovii is pathogenic ~ Foundation-Risk Science Institute, 2005).
The presence of L. monocytogenes has been widely

* Corresponding author: joaquin@inia.es observed in foods, and environmental and clinical
Received: 23-02-06; Accepted: 21-06-06. samples. Its detection and identification in foods
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Figure 1. Overview of detection methods for Listeria monocytogenes in foods. Adapted from Gasanov et al. (2005).

traditionally involve culture methods based on
selective pre-enrichment, enrichment and plating. This
is followed by the characterization of Listeria spp.
using colony morphology, sugar fermentation and
haemolytic properties (Gasanov et al., 2005; Paoli et
al., 2005) (Fig. 1; Table 1). Conventional microbiological
methods are usually very sensitive and remain the
«gold standard» as compared to other methods. These
methods are particularly important when the bacterial
culture is needed as the end result from positive
samples. Although a negative result can be confirmed
in 3-4 days, the time for a positive result is usually 5-7

days from sample collection (Paoli et al., 2005). As it
is usually not possible to hold food products for 7 days
prior to distribution, so the food industry desires faster
methods for the detection of L. monocytogenes.

The detection of L. monocytogenes in foods is also
hampered by the high population of competitive
microflora, the low levels of the pathogen, and the
interference of inhibitory food components (Norton,
2002).

As a result, in the last few years there has been a
notable development of new culture media for the
improved detection of L. monocytogenes in foods, and

Table 1. Main laboratory tests for the differentiation of Listeria monocytogenes!

Species Haemolysis? Phosphatidylinositol Acid produced from
i 3
phospholipase C L-Rhamnose D-Xylose
L. monocytogenes + + + -
L. ivanovii + + - +
L. seeligeri + - - +
L. innocua - - V4 -
L. welshimeri - - \Y% +
L. grayi - - \% -

! Adapted from Hitchins (2003) and Reisbrodt (2004). 2 Sheep blood agar sab. > On «Agar Listeria
according to Ottaviani and Agosti» (ALOA) and similar media.  V: variable biotypes.
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efficient methods based on antibodies or molecular
techniques have also been developed (Fig. 1) (Rijpens
and Herman, 2002; Gasanov et al., 2005; Paoli et al.,
2005). While most of these new tests possess equal
sensitivity, they are quicker and allow testing to be
completed within 48 h.

Before making a decision about the selection of a
new test it is important to acquire relevant details about
the most adequate method according to the amount of
samples processed daily or to the level of identification
(genus or species) required. Most of these detection
methods, such as the most common selective media,
are unable to distinguish the different Listeria species.
Within the genus Listeria, only L. monocytogenes is a
human pathogen, which necessitates employing of
species-specific analytical methodologies. Furthermore,
not all L. monocytogenes strains are equally capable
of causing disease in humans (McLauchlin, 1990; Farber
and Peterkin, 1991). Of the 13 serovars of L. mono-
cytogenes, only three i.e., 1/2a, 1/2b and 4b, cause more
than 90% of the human cases (Gellin and Broome, 1989;
Swaminathan, 2001). A multiplex polymerase chain
reaction (PCR) assay has been developed to separate
the four major L. monocytogenes serovars isolated from
foods and patients (1/2a, 1/2b, 1/2¢ and 4b) into distinct
groups (Doumith ef al., 2004). This PCR test consti-
tutes a rapid and practical alternative to laborious classical
serotyping. In the future, groundbreaking methods
such as microarrays will probably allow the screening
of food contamination only by the virulent subtypes of
L. monocytogenes, thus improving the prevention of
food-borne human listeriosis (Call et al., 2003a).

This review comprises three sections. The first
describes the standard detection of L. monocytogenes
in foods based on culture methods. Secondly, quick tests
based on biochemical, immunological, or molecular
methods for the identification of this pathogen are
reviewed. Finally, novel methods that could be applied
in the future and different perspectives of L. mono-
cytogenes detection are briefly discussed.

Current standard methods
Isolation
Enrichment- and plating-based reference methods

According to the most regulatory agencies, isolation
methods must be capable enough to detect one Listeria

organism per 25 g of food. This sensitivity can only be
achieved by using enrichment methods. These methods
employ antimicrobial agents that specifically suppress
competing microflora, prior to plating onto selective
agars and confirmation of cultures. The selective agents
commonly used in enrichment broths are acriflavine,
which inhibits the growth of other Gram-positive
bacteria; nalidixic acid, which inhibits Gram-negative
bacteria; and cycloheximide, which inhibits fungi.
Other antimicrobials often used include the broad
spectrum agents ceftazidime and moxalactam as well
as lithium chloride. Another important characteristic
of Listeria isolation media is the inclusion of esculin.
All Listeria spp. hydrolyze esculin and the inclusion
of esculin and ferric iron in enrichment or plating
media results in the formation of an intense black color
(Fraser and Sperber, 1988). This is due to the comple-
xation of the ferric iron with 6,7-dihidroxycoumarin,
the product of esculin cleavage by B-D-glucosidase,
resulting in a black precipitate.

Several conventional methods for the isolation of
Listeria spp. from foods have gained acceptance for
international regulatory purposes. Depending on the
nature of the sample, a particular method might be
more suitable than the other. In general, food samples
are homogenized and incubated in pre-enrichment and
enrichment broth media for 24-72 h at 30-37°C (ISO,
1996; USDA, 2002a; Hitchins, 2003).

The most commonly used culture reference methods
world-wide for the detection of Listeria in foods are
the ISO 11290 standards (ISO, 1996; EC, 1999). In the
United States of America (USA) two main standards are
used as reference methods to isolate L. monocytogenes
from foods. One of the protocols was developed by the
US Food and Drug Administration (FDA) to isolate
Listeria spp. from dairy products, seafood, and
vegetables (Hitchins, 2003). The US Department of
Agriculture (USDA) developed another method to
isolate the organism from meat and poultry products
as well as from environmental samples (USDA, 2002a).

In all the enrichment methods other listerias can grow
faster while hiding the presence of L. monocytogenes.
Furthermore, before the 1990s, all commercially
available isolation media for Listeria suffered from the
lack of the ability to distinguish L. monocytogenes
from non-pathogenic species. Even the selection of
several suspect colonies could lead to the detection of
only the non-pathogenic Listeria species, although a
few L. monocytogenes colonies were present on the
plate. Thus, the use of isolation media that allows the
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identification of L. monocytogenes together with high
numbers of other listerias is recommended.

Chromogenic media

Different chromogenic media have been developed
to provide convenient management and identification
of pathogenic Listeria spp. and/or L. monocytogenes
(Table 2). This is done according to enzymes expressed
by the pathogen and production of acids by the fermen-
tation of sugars. Different antimicrobials are added to
the media to obtain sufficient selectivity. Chromogenic
media is the most used culture confirmation method
because of its easy preparation and interpretation. Most
of them are commercially available as ready-to-use
plates. Using chromogenic agars, the presumptive
identification of L. monocytogenes is possible after
24 h, compared with 3-4 days using Oxford and other
conventional agars (Greenwood et al., 2005). Most of
these media have been tested on a wide range of different
foods (Reissbrodt, 2004), and are now included in most
protocols and standards (Hitchins, 2003; ISO, 2004).

The virulence gene plcA, present on L. monocy-
togenes, L ivanovii and L. seeligeri, encodes the
synthesis of a phosphatidylinositol-phospholipase C
(PIPL-C) (Gouin ef al., 1994) which is generally
employed for the differentiation of haemolytic and
non-haemolytic Listeria (Notermans et al., 1991).
Cleavage of L-a-phosphatidylinositol (PI) by PI-PLC
resulted in the production of water insoluble fatty acids
and the formation of an opaque white halo-like zone
of precipitation around the colonies of the haemolytic
species. Ottaviani ef al. (1997) combined this detection
system with a chromogenic substrate (5-bromo-4-
chloro-3-indolyl-B-D-glucopyranoside, X-gluc) for
B-D-glucosidase activity. In this medium, referred to
as «Agar Listeria according to Ottaviani and Agosti»
(ALOA), all Listeria spp. produced turquoise colonies,
and the pathogenic species L. monocytogenes and L.
ivanovii appeared surrounded with a distinct preci-
pitation zone (Reissbrodt, 2004). Composition of
ALOA is public (Hitchins, 2003; ISO, 2004) and can
be prepared in-house; however, the preparation of
media with so many different components is difficult
to standardise (Reissbrodt, 2004). Nevertheless, it can

Table 2. Some commercial methods used for the specific detection or identification Listeria monocytogenes'

Type . Loy
of method Analytical technique Test name Company
Culture Chromogenic medium ALOA (also known under other names) Several companies
Chromogenic medium Rapid’L.Mono® Bio-Rad
Biochemical Biochemical tests API® Listeria bio-Mérieux

test Biochemical tests
Enzyme reactions
Carbon source substrates
Carbohydrate use
and microhaemolysis test
Fatty acid patterns

Immunoassay ELFA

Vitek® System
MICRO-ID® Listeria
MicroLog® System

MICROBACT® 12L
Sherlock® Microbial Identification System

VIDAS® LMO

bio-Mérieux
Organon Teknika
Biolog

Microgen
Microbial ID

bio-Mérieux

ELISA Transia® Plate Listeria monocytogenes Diffchamb
Molecular Nucleic acid hybridization probe Gene Trak® and GeneQuench® Listeria
method monocytogenes assays Neogen
Nucleic acid hybridization probe AccuProbe® Listeria monocytogenes Gen-Probe

Real-time PCR
Real-time PCR
Real-time PCR

Real-time PCR
Real-time PCR

BAX® L. monocytogenes Detection System
Probelia® Listeria monocytogenes PCR System Bio-Rad
LightCycler® Listeria monocytogenes
Detection Kit

TagMan® Listeria monocytogenes Detection Kit Applied Biosystems
GeneVision® Rapid Pathogen Detection
System for Listeria monocytogenes

DuPont-Qualicon

Roche/Biotecon

Warnex

! Adapted from AOAC International (2000), USDA (2002a,b), Hitchins (2003), Ryser and Marth (2004), and Gasanov et al. (2005).
2 ELFA: enzyme-linked fluorescent assay. ELISA: enzyme-linked immunosorbent assay. PCR: polymerase chain reaction.
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be bought as a dehydrated medium, less expensive than
the ready-to-use plates (or bottles) of most other
chromogenic media for pathogenic Listeria spp.

Additional variations of ALOA medium have been
developed and have received commercialization under
different names such as BCM® chromogenic agar test,
Biosynth International; CompassL.mono®, Biokar
Diagnostics; BBL® CHROMagar® Listeria, Becton
Dickinson Diagnostics; etc. (Table 2).

A different substrate for PI-PLC is 5-bromo-4-
chloro-3-indolyl-myo-inositol-1-phosphate (X-IP) that
leaves the bacterial colony blue when cleaved by PI-
PLC (Restaino et al., 1999). Colonies of non-haemolytic
Listeria appear white. Rapid’L.mono® agar (Bio-Rad)
is based on X-IP for the detection of PI-PLC-positive
L. monocytogenes and L. ivanovii which are diffe-
rentiated by the inability of L. monocytogenes to
metabolize D-xylose, resulting in the absence of a
yellow halo (Lauer et al., 2005). The poor detection of
species other than L. monocytogenes on Rapid’L.mono®
agar is a disadvantage of this medium (Greenwood
et al.,2005).

For the enumeration of L. monocytogenes, the ISO
Standard 11290, part 2 (ISO, 1998) is applied, as well
as optional protocols mentioned by the FDA and
USDA methods (USDA, 2002a; Hitchins, 2003). The
initial enrichment broth can thus be quantified, before
starting incubation, by direct spread plate count on
chromogenic media; but for low level contamination,
quantification of Listeria has traditionally been carried
out by the most-probable-number (MPN) method
(Hitchins, 2003). This technique is more sensitive than
direct plating, but it needs 7 days to complete identi-
fication. Using chromogenic plating media after MPN
enrichment, pathogenic Listeria or L. monocytogenes
can be directly enumerated. On some chromogenic
plating media such as ALOA, counts are higher than
those observed with standard selective agars for
Listeria spp. (Vlaemynck et al., 2000). This could be
related to the suitability of ALOA for recovering injured
cells of L. monocytogenes (Jantzen et al., 2006).

Confirmation

Enrichment methods are followed by the isolation
of the enriched microorganisms on specific plate
media, and the identification or confirmation of the
isolated bacterium. Though biochemical and other
phenotypic characters are the most commonly used for

species confirmation, it requires up to a week to complete
the identification process. Rapid methods can not only
be used for screening of enriched samples but also for
culture confirmation (Fig. 1).

Genus Listeria

In spite of the selective agents present in the media
used for the isolation and identification of Listeria
spp., other organisms can grow and some of them can
also display a misleading colony morphology. Suspect
colonies must be investigated for the typical charac-
teristics of the genus Listeria (i.e. Gram-positive and
non-spore forming rods, catalase-positive and oxidase-
negative, and motile at 28°C and non-motile at 37°C)
(Ryser and Marth, 2004).

Differentiation of all the species

Fermentation of different sugars producing acid
without gas allows differentiation of the species of
Listeria (Table 1; Hitchins, 2003). The use of commer-
cially miniaturized biochemical kits provides the
identification of purified isolates in a simple and rapid
way (Table 2). Furthermore, some of these kits have
been extensively validated and are now incorporated
into standard methodology (USDA, 2002a; Hitchins,
2003), such as API® Listeria (bio-Mérieux) and Micro-
ID® (Organon Teknika) (Table 2).

Pathogenic species

Pathogenic and non-pathogenic species can be
differentiated by their haemolysin or PI-PLC activities.
Haemolysis is the key character to distinguish the two
species most frequently isolated, i.e. L. monocytogenes
(haemolytic) and L. innocua (non-haemolytic). Confir-
mation of pathogenic Listeria species can also be based
on their PI-PLC activity detected by most chromogenic
media (Tables 1 and 2). Commercially available B-lysin
discs are recommended (Hitchins, 2003) as a simple
test to differentiate between haemolytic activities of
Listeria species instead of the traditional CAMP
(Christie-Atkins-Munch-Peterson) test (Christie et al.,
1944; McKellar, 1994). D-xylose and L-rhamnose fer-
mentation can also be used to differentiate L. mono-
cytogenes (D-xylose-negative and L-rhamnose-positive)
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from the other two haemolytic species L. ivanovii and
L. seeligeri (D-xylose-positive and L-rhamnose-nega-
tive) (Table 1). Alanyl peptidase is an enzyme produced
by all the Listeria species except for L. monocytogenes.
The MonocytogenesID® discs (Biolife) use a simple
colour reaction in which the substrates DL-alanine-f3-
naphthylamide and D-alanine-p-nitroanilide are
hydrolyzed (Clark and McLauchlin, 1997). Similarly,
the O.B.I1.S.mono® (Oxoid Biochemical Identification
System) has the ability to confirm within a very brief
period of 10 min that suspect colonies are not L.
monocytogenes.

Alternative rapid methods
for screening of enriched samples
and/or culture confirmation

Most alternative methods still lack sufficient sensi-
tivity and specificity for direct testing, and food samples
need to be culture-enriched before analysis (Feng,
2001a,b). Immunological methods have relatively high
limits of detection (Table 3) whereas nucleic acid am-
plification methods are much more sensitive (theore-
tically as little as a single cell is detectable). Molecular
methods are often inhibited by components of food
matrices and cannot distinguish living from dead cells.
Thus, enrichment is needed to dilute inhibitors and to
ensure that the detection of nucleic acids takes place
from growing cells.

Before making a decision about the selection of a
new test, it is important to investigate if it has been va-
lidated and approved. Private associations of methods

regularization carry out subscriptions for manufac-
turers with the aim of providing independent validation
of commercial tests. This regularization is according
to a standardisation of the procedures, which simply
does not mean that the method is recognized and
approved by official government agencies. The Inter-
national Organization for Standardization (ISO) is an
organization which is known and recognized all over
the world for standardising detection methods for
Listeria spp. and for Listeria monocytogenes (1SO, 1996,
1998, 2004). The Association of Analytical Chemists
(AOAC) in Washington is a widely recognized authority
in validating methods. The AOAC Official Methods
(AOAC International, 2000) include different alternative
tests which have undergone collaborative validation
and are indicated to be used for the specified food
matrices according to the kit (Table 2). Some of these
methods for screening enriched samples are also cited
by the FDA (Hitchins, 2003).

Immunoassay methods

There are various methods based on antibodies specific
to Listeria available as commercial kits that have been
applied in food testing for many years. However, only
a few are available for the specific detection of
L. monocytogenes (Table 2).

The enzyme-linked immunosorbent assay (ELISA)
is the most common antibody assay format used for
pathogen detection in foods. It is easily applied, generates
rapid test results and allows the use of difficult sample
matrices. The success of an ELISA depends on the
specificity of the antibody. Using hybridoma technology,

Table 3. Comparison of commercial methods for food testing for Listeria monocytogenes'

Type . ., Approximate Main use* Sensitivity®
of method Analytical technique time (h)? and primary matrices  (cells ml™)
Culture Chromogenic medium 24-48 Isolation, food <104
Immunoassay ELFA Screening, food >10°
Molecular ~ Nucleic acid hybridization Screening, food and 2107
method probe environmental samples
Real-time PCR Screening, food >10°

! Adapted from Gasanov ef al., 2005. > ELFA: enzyme-linked fluorescent assay. PCR: polymerase
chain reaction. * Excluding enrichment times. * Screening tests are in various stages of validation
and regulatory approvals, and when suitably validated they can be used to screen enrichments for
L. monocytogenes. ° Sensitivity of the test per ml of enriched sample. All approved tests are requi-
red to detect 1 cell per 25 g food sample; hence, all tests require culture enrichment for 24-48 h.
Sensitivity of PCR with pure cultures does not apply for food testing.
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it has been possible to develop monoclonal antibodies
that react only with L. monocytogenes.

There is a test which uses monoclonal antibodies
that recognize the protein p60 (invasion-associated
protein encoded by the iap gene) for identification of
L. monocytogenes (Ky et al., 2004). By combining
monoclonal antibodies recognized by this protein, it
was possible to develop an ELISA system which can
specifically identify L. monocytogenes or simply detect
Listeria species. Similar tests for identification or
confirmation have also been marketed. Transia® Plate
Listeria monocytogenes (Diffchamb AB) (Bubert et
al., 1994) and VIDAS® LMO (bio-M¢érieux) (Vaz-Velho
etal.,2000) are ELISA methods used to confirm Listeria
isolates as L. monocytogenes (Table 2) (Hitchins, 2003).

Immunological tests for the specific screening of
L. monocytogenes in enrichments are uncommon. The
expression of the prf4-dependent virulence determinants
in L. monocytogenes is thermo-regulated and it is
achieved in a very low ratio in the extracellular envi-
ronment (Ripio ef al., 1996; Milenbachs et al., 1997;
Shetron-Rama et al., 2003). Furthermore, antibody
reactions have been shown to be significantly reduced
in pathogens exposed to environmental stresses (Hahm
and Bhunia, 2006). This is why detection of L. monocy-
togenes instead of Listeria spp. based on antibodies spe-
cific to virulence factors has been usually troublesome.

Nevertheless, there is a commercial test, the VIDAS®
LMO assay (bio-Mérieux), which successfully targets
a stable virulence antigen in an L. monocytogenes-
specific, enzyme-linked fluorescent assay (ELFA)
(Kerdahi and Istafanos, 2000; Vaz-Velho et al., 2000).
The VIDAS® LMO II was validated in 2002 (USDA,
2002a) as a rapid method for all food products and for
environmental samples. In this test, two complementary
monoclonal antibodies directed to different antigenic
sites of a specific L. monocytogenes virulence protein
are used for the capture and detection process. It is a
qualitative assay, but the higher the quantity of the
antigen, the higher the intensity of the fluorescence
captured. In a multilaboratory study conducted by
Silbernagel et al. (2004a), VIDAS® LMO IT immu-
noassay was evaluated. Five food types at three levels
of contamination were analysed and it was demons-
trated that from 1,152 samples assayed, 448 were
positive by the VIDAS® LMO II assay and 457 by the
standard culture methods. There is also a third method
(VIDAS?® Listeria DUO) for the simultaneous detection
of L. monocytogenes and Listeria spp. in food products
(bio-Mérieux).

Nucleic acid-based methods

Detection of L. monocytogenes by molecular methods
is very specific and can be as fast as the immunological
assays.

DNA hybridisation

DNA hybridisation tests have been extensively used
for the differentiation of L. monocytogenes from other
Listeria species by means of probes directed against
specific genes. There are different commercially avai-
lable kits for the testing of pure cultures or foods and
environmental samples (Table 2) (Feng, 2001a,b;
Hitchins, 2003). The GeneTrak® and GeneQuench®
Listeria monocytogenes Test Kits (Neogen) are solu-
tion-based hybridisation assays for test-tubes or
microtiter plates, respectively. They can be used to
confirm Listeria isolates as L. monocytogenes, and also
to screen food and environmental samples (Baylis,
2000). AccuProbe® Listeria monocytogenes Culture
Confirmation Test (Gen-Probe), is also used for the
identification of L. monocytogenes from culture, and
it is based on the hybridisation of labeled DNA probes
to specific ribosomal RNA sequences that are unique
to L. monocytogenes (Ninet et al., 1992; USDA, 2002a).
The labeled DNA:RNA hybrids are measured in a
luminometer. Both DNA hybridization methods have
been compared by Duvall and Hitchins (1997).

PCR

The PCR is a rapid and specific nucleic acid ampli-
fication method useful for the detection of food-borne
pathogens. A number of PCR assays have been described
for the detection of L. monocytogenes in foods (Levin,
2003). PCR methods have superior sensitivity when
compared to standard nucleic acid probes or immu-
noassays. However, complex sample preparation
methods and the use of gel electrophoresis endpoint
detection have hampered the transition of these methods
from research to routine use in food microbiology
laboratories. Nevertheless, factors influencing the
performance of conventional PCR in foods continue
to be investigated (Aznar and Alarcon, 2003) and
standardised (D’Agostino ef al., 2004).

In real-time PCR the amplified DNA can be quan-
titated by measuring the fluorescence with respect to
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the binding of an intercalating dye or with respect
to the binding of a fluorescent hybridisation probe. The
increase in fluorescence can be monitored in real time,
which allows accurate quantification over several
orders of magnitude of the DNA or RNA target sequence.
Results can be obtained in an hour or less, which is
considerably faster than conventional PCR. Sensitivity
and specificity of real-time PCR are equivalent to those
of conventional PCR combined with Southern blot
analysis. The method removes the manipulation of the
PCR products after amplification, reducing the risk of
false-positive results through cross-contamination
between amplification products and subsequent test
samples (Norton, 2002). All these characteristics
combined with convenient applicability have made
real-time PCR an alternative to conventional culture-
based or immunoassay-based detection methods
(Norton, 2002).

Different real-time PCR assays for the detection of
L. monocytogenes in food have been described (Nogva
etal.,2000; Hough et al., 2002; Koo and Jaykus, 2003;
Rodriguez-Lazaro et al., 2004a,b,c, 2005a,b; Rudi et
al.,2005; Berrada et al., 2006; Oravcova et al., 20006).
The commercial availability of real-time PCR reagents
and kits (Table 2) makes it easier for food companies
to adapt real-time PCR testing to their laboratories.
They also facilitate the development of common
testing protocols and standards so that proper collabo-
rative studies can be performed (Silbernagel et al.,
2004b). The USDA (2002b) has adopted the BAX® L.
monocytogenes Detection System (DuPont-Qualicon)
as a screening method for L. monocytogenes in enriched
meat and poultry samples. It reduces the report out
time for true negative samples by 24 h and reduces
false-positive results, with a detection limit better than
1 cell g'in a 25 g sample. In a collaborative study to
compare the BAX® system and the standard cultural
methods, the research concluded that, for the meat and
milk products tested, this system performed well or
better than the standard reference methods (Silbernagel
et al.,2004b).

Another PCR-based assay kit commercially available
called Probelia® (Bio-Rad) was compared to the ISO
method 11290-1 for the detection of L. monocytogenes
in salmon samples by Wan et al. (2003). Results
indicated that the Probelia® PCR method is as good as
the ISO method.

The LightCycler® Listeria monocytogenes Detection
Kit (Roche/Biotecon) (Junge and Berghof-Jager, 2006),
the GeneVision® Rapid Pathogen Detection System for

Listeria monocytogenes (Warnex) and the TagMan®
Listeria monocytogenes Detection Kit (Applied Bio-
systems) are some of the other PCR kits that can be
used to qualitatively detect L. monocytogenes DNA in
enriched samples of raw material and foods (Table 2).
Most of these kits provide primers/probes, ready-to-
use amplification and detection reagents, and a control
template. Internal amplification controls are usually
added to prevent misinterpretation of false-negative
results due to amplification inhibition.

Currently, all these commercial methods are quali-
tative, but the application of the real-time PCR as a
quantitative detection method, specific for L. monocy-
togenes, has also been developed (Nogva et al., 2000;
Hough et al., 2002; Koo and Jaykus, 2003; Rodriguez-
Lazaro et al., 2004a,b,c, 2005a,b; Rudi et al., 2005;
Berrada et al., 2006; Oravcova et al., 2006) and it
shows good potential for routine analytical use.
However, the direct quantification of L. monocytogenes
in foods by PCR is difficult because the microorganism
is generally present at very low levels. For example, in
ready-to-eat food samples positive for L. monocytogenes,
Gombeas et al. (2003) found that 70% of the samples
had levels of <0.3 cells (MPN) g'!. Therefore, sample
enrichment is still necessary to achieve desired
detection limits (Norton, 2002).

Nevertheless, PCR-based screening methods offer
rapid and reliable results, and are ideal for testing pools
of samples with a high probability of giving negative
results for the presence of L. monocytogenes. In the
future, better methods for template purification will
facilitate the improvement of quantitative assays and
the simultaneous detection of the main pathogens
present in each kind of food by means of multiplex
PCR (Kawasaki et al., 2005).

Future trends of Listeria
monocytogenes detection methods

Technology advances at a great pace and next gene-
ration assays that potentially have the capability for near
real-time and on-line monitoring of multiple pathogens
in foods are already being developed (Feng, 2001Db).
However, all detection methods suffer from one major
drawback. The target analyte has to be found in the sample
matrix before it can be presented to the detection
method. Culturing of the organism in the sample may
not be sufficient as the competing flora might outgrow
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the target. Or, if the target is present in low numbers and
a small volume of sample is taken (as many PCR
methods only require 0.1 ml or less), there is a chance
that this sub-sample may not include the target organism.

Pre-detection methods to specifically
concentrate Listeria monocytogenes cells

The use of antibody-coated immunomagnetic beads
for the capture of Listeria from food matrices or
enrichment cultures has received considerable attention
(Jung et al., 2003). Magnetic beads coated with anti-
Listeria antibodies are available from different
companies (Paoli et al., 2005). In the future, methods
to specifically concentrate L. monocytogenes will
probably be developed. For example, a rapid and
sensitive method for L. monocytogenes direct detection
based on a magnetic capture hybridization procedure
has been described. The amplification performed with
the purified DNA could reliably identify 10 cells ml-!,
a detection level more sensitive than the PCR carried
out with nucleic acids obtained using commercial
nanoparticles. The method avoids the pre-enrichment
and provides a rapid alternative to conventional micro-
biological detection methods (Amagliani et al., 2006).

Tests targeting RNA

Culture-based methods for enrichment and enume-
ration of bacteria injured or stressed during food
processing are not accurate because the selective media
employed prevent their growth (Donnelly, 2002;
Jantzen et al., 2006). In order to monitor bacterial
viability, RNA-based methods must generally be used
(Birch et al., 2001). Differentiation of living from dead
bacteria by conventional PCR is difficult as DNA can
be quite persistent in dead cells (Rudi ef al., 2005).
Amplification of L. monocytogenes mRNA by reverse
transcription-PCR has been used to detect specifically
viable bacteria contaminating meat (Klein and Juneja,
1997). However, sensitivity, difficulty and sample-to-
sample variation preclude the extensive use of RNA
methods (Keer and Birch, 2003; Navas et al., 2005).
Specific amplification of RNA techniques has been
developed including isothermal nucleic acid sequence-
based amplification (NASBA) (Compton, 1991; Cook,
2003), but commercial kits for specific detection of L.
monocytogenes RNA in foods are not available yet.

Microarrays or biochips

DNA microarray technology has opened the way for
the parallel detection and analysis of thousands of gene
sequences in a relatively short time, and could be a fast
and accurate method for testing common food-borne
pathogenic microorganisms. DNA microarrays are
composed of many discretely located probes on a solid
substrate such as chemically modified glass slides.
Each probe is complementary to a pathogen-specific
gene sequence. PCR is used to amplify one or more
genes, and subsequently the products are then hybridized
to the array to identify species-specific polymorphism
within one or more genes. This technology has been
tested for the detection of L. monocytogenes in envi-
ronmental samples (Call et al., 2003b). The FDA
microarray (Sergeev et al., 2004) was developed for
the simultaneous detection of several food-borne
pathogens and their virulence factors; therefore it has
great potential in the food industry.

Biosensors

Basically, a biosensor is a molecule of biological
origin attached to a signal recognising material. When
the sample comes in contact with the biosensor, the
interaction will initiates a recognition signal which
is reported in an instrument. The most frequently
used recognition signals include electrochemical and
optical (UV, bioluminescence, fluorescence, etc.)
transducers.

There is an example of polyclonal antibodies and a
new subtractive inhibition assay using a BIAcore 3000
biosensor, where L. monocytogenes cells and antibodies
are incubated to allow the detection of the microorganism
in less than 30 min (Leonard ef al., 2004). The free
antibody is passed over an anti-Fab ligand-coated
sensor chip surface with the generated response being
inversely proportional to the inhibiting cell concentration.
Another technique developed is the Multi-Analyte
Array Biosensor (MAAB) with the goal of simulta-
neously detecting and identifying multiple target
agents in complex samples with minimal user
manipulation (Taitt ef al., 2004). Microbial sensors are
particularly applicable in fluid systems with little
organic substances, but this technique can present
problems in its efficacy in food systems containing fats
and proteins that coat the sensor and render it inope-
rable (Montville and Matthews, 2005).
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Conclusions

The current reference methods for the detection of
L. monocytogenes allow the recovery of this pathogen
from a variety of foods with relative ease. The intro-
duction of chromogenic media efficiently improved
the isolation of L. monocytogenes. Food producers and
distributors have great interest in more rapid methods,
which has helped to bring about the desired changes
in the available technology. The long-term goals in the
development of any alternative method dictate that the
test must be fast, simple, sensitive, accurate, and, for
commercial purposes, inexpensive. Almost all alter-
native methods are designed to detect a single target,
which makes them ideal for use in quality control
programs to quickly screen large numbers of food
samples. A positive result is considered presumptive
and must be confirmed by standard methods. Even
though several comparative studies have been reported,
no single detection scheme appears to be so vastly
superior so as to be adopted universally. Nevertheless,
PCR-based screening methods allow to obtain efficient,
reliable results and are ideal for monitoring the
presence of L. monocytogenes in foods, offering results
within two days after the sampling date.

Acknowledgements

The work at the laboratories of the authors is
supported by Nutreco Servicios, S. A., and the Spanish
Ministry of Education Grants CAL03-027-C2-1,
PTR1995-0789-0OP, and RTA2005-00202-C02-02, as
well as Fellowships of CNPq from Brazil (M.M. Jantzen)
and INIA from Spain (J. Navas). We thank reviewers
for their thoughtful comments and suggestions.

References

AMAGLIANI G., OMICCIOLI E., CAMPO A., BRUCE L],
BRANDI G., MAGNANI M., 2006. Development of a
magnetic capture hybridization-PCR assay for Listeria
monocytogenes direct detection in milk samples. J Appl
Microbiol 100, 375-383.

AOAC INTERNATIONAL, 2000. Official methods of
analysis of AOAC International (W. Horwitz, ed.). Volume 1.
Agricultural chemicals, contaminants and drugs. 17
edition. AOAC International, Gaithersburg, MD, USA.

AZNAR R., ALARCON B., 2003. PCR detection of Listeria
monocytogenes: a study of multiple factors affecting
sensitivity. J Appl Microbiol 95, 958-966.

BAYLIS C., 2000. The catalogue of rapid microbiological
methods. Review No. 1. 4" edition. Campden & Chorley-
wood Food Research Association. Chipping Campden,
Gloucestershire, UK.

BERRADA H., SORIANO J.M., PICOY., MANES J., 2006.
Quantification of Listeria monocytogenes in salads by
real time quantitative PCR. Int ] Food Microbiol 107, 202-
206.

BIRCH L., DAWSON C.E., CORNETT J.H., KEER J.T.,
2001. A comparison of nucleic acid amplification
techniques for the assessment of bacterial viability. Lett
Appl Microbiol 33, 296-301.

BUBERT A., SCHUBERT P.,, KOHLER S., FRANK R.,
GOEBEL W., 1994. Synthetic peptides derived from the
Listeria monocytogenes p60 protein as antigens for the
generation of polyclonal antibodies specific for secreted
cell-free L. monocytogenes p60 proteins. Appl Environ
Microbiol 60, 3120-3127.

CALL D.R., BORUCKIM.K., BESSER T.E., 2003a. Mixed-
genome microarrays reveal multiple serotype and lineage-
specific differences among strains of Listeria mono-
cytogenes. J Clin Microbiol 41, 632-639.

CALL D.R., BORUCKIM.K., LOGE E.J., 2003b. Detection
of bacterial pathogens in environmental samples using
DNA microarrays. J Microbiol Methods 53, 235-243.

CHRISTIE R., ATKINS N.E., MUNCH-PETERSEN E.,
1944. A note on a lytic phenomenon shown by group B
streptococci. Aust J Exp Biol Med Sci 22, 197-200.

CLARK A.G., MCLAUCHLIN J., 1997. Simple color tests
based on an alanyl peptidase reaction which differentiate
Listeria monocytogenes from other Listeria species. J Clin
Microbiol 35, 2155-2156.

COMPTON J., 1991. Nucleic acid sequence-based ampli-
fication. Nature 350, 91-92.

COOK N., 2003. The use of NASBA for the detection of
microbial pathogens in food and environmental samples.
J Microbiol Methods 53, 165-174.

D’AGOSTINO M., WAGNER M., VAZQUEZ-BOLAND
J.A., KUCHTA T., KARPISKOVA R., HOORFAR 1J.,
NOVELLA S., SCORTTI M., ELLISON J.,, MURRAY
A., FERNANDES 1., KUHN M., PAZLAROVA 1J.,
HEUVELINK A., COOK N., 2004. A validated PCR-
based method to detect Listeria monocytogenes using raw
milk as a food model—towards an international standard.
J Food Prot 67, 1646-1655.

DONNELLY C.W., 2002. Detection and isolation of Listeria
monocytogenes from food samples: implications of
sublethal injury. J AOAC Int 85, 495-500.

DOUMITH M., BUCHRIESER C., GLASER P., JACQUET
C., MARTIN P, 2004. Differentiation of the major
Listeria monocytogenes serovars by multiplex PCR. J Clin
Microbiol 42, 3819-3822.

DUVALL R.E., HITCHINS A.D., 1997. Pooling of non-
collaborative multilaboratory data for evaluation of the
use of DNA probe test kits in identifying Listeria mono-
cytogenes strains. J Food Prot 60, 995-997.

EC, 1999. Opinion of the Scientific Committee on Veteri-
nary Measures relating to public health on Listeria



Review: Detection of Listeria monocytogenes in foods 245

monocytogenes. Brussels, Belgium: European Commission.
Health and Consumer Protection Directorate-General.

FARBER J.M., PETERKIN P.I., 1991. Listeria mo-
nocytogenes, a food-borne pathogen. Microbiol Rev 55,
476-511.

FENGP., 2001a. Development and impact of rapid methods
for detection of foodborne pathogens. In: Food micro-
biology. Fundamentals and frontiers (Doyle M.P., Beuchat
L.R., Montville T.J., eds.). ASM Press, Washington, D.C.,
USA, pp. 775-796.

FENG P., 2001b. Appendix 1, Rapid methods for detecting
foodborne pathogens. US Food and Drug Administration’s
Bacteriological Analytical Manual [on line]. Available in
http://www.cfsan.fda.gov/~ebam/bam-al.html [1 Februa-
ry, 2006].

FRASER J.A., SPERBER W.H., 1988. Rapid detection of
Listeria spp. in food and environmental samples by
esculin hydrolysis. J Food Prot 51, 762-765.

GASANOV U., HUGHES D., HANSBRO P.M., 2005.
Methods for the isolation and identification of Listeria
spp. and Listeria monocytogenes: a review. FEMS
Microbiol Rev 29, 851-875.

GELLIN B.G., BROOME C.V., 1989. Listeriosis. JAMA
261, 1313-1320.

GOMBAS D.E., CHEN Y., CLAVERO R.S., SCOTT V.N.,
2003. Survey of Listeria monocytogenes in ready-to-eat
foods. J Food Prot 66, 559-569.

GOUIN E., MENGAUD J., COSSART P, 1994. The
virulence gene cluster of Listeria monocytogenes is also
present in Listeria ivanovii, an animal pathogen, and
Listeria seeligeri, anonpathogenic species. Infect Immun
62,3550-3553.

GREENWOOD M., WILLIS C., DOSWELL P, ALLEN G.,
PATHAK K., 2005. Evaluation of chromogenic media for
the detection of Listeria species in food. J Appl Microbiol
99, 1340-1345.

HAHM B.K., BHUNIA A.K., 2006. Effect of environmental
stresses on antibody-based detection of Escherichia coli
0157:H7, Salmonella enterica serotype Enteritidis and
Listeria monocytogenes. ] Appl Microbiol 100, 1017-
1027.

HITCHINS A.D., 2003. Detection and enumeration of
Listeria monocytogenes in foods. US Food and Drug
Administration’s Bacteriological Analytical Manual.
Chapter 10 [on line]. Available in http://www.cfsan.
fda.gov/~ebam/bam-10.html [1 February, 2006].

HOUGH A.J.,, HARBISON S.A., SAVILL M.G., MELTON
L.D., FLETCHER G., 2002. Rapid enumeration of
Listeria monocytogenes in artificially contaminated cabbage
using real-time polymerase chain reaction. J Food Prot
65, 1329-1332.

ILSI RESEARCH FOUNDATION-RISK SCIENCE
INSTITUTE, 2005. Achieving continuous improvement
in reductions in foodborne listeriosis. A risk-based
approach. J Food Prot 68, 1932-1994.

ISO, 1996. Microbiology of food and animal feeding stuffs —
Horizontal method for the detection and enumeration of
Listeria monocytogenes — Part 1: Detection method.

International Standard ISO 11290-1. International
Organization for Standardization. Geneva, Switzerland.

ISO, 1998. Microbiology of food and animal feeding stuffs —
Horizontal method for the detection and enumeration of
Listeria monocytogenes — Part 2: Enumeration method.
International Standard ISO 11290-2. International
Organization for Standardization. Geneva, Switzerland.

ISO, 2004. Modification of the isolation media and the
haemolysis test, and inclusion of precision data. ISO
11290-1: 1996/ Amd 1: 2004. International Organization
for Standardization. Geneva, Switzerland.

JANTZEN M.M., NAVAS, I., DE PAZ M., RODRIGUEZ B.,
DA SILVA W.P, NUNEZ M., MARTINEZ-SUAREZ J.V,,
2006. Evaluation of ALOA plating medium for its
suitability to recover high pressure-injured Listeria
monocytogenes from ground chicken meat. Lett Appl
Microbiol Online early doi: 10.1111/j.1472-765X.2006.
01950.x.

JUNG Y.S., FRANK J.F.,, BRACKETT R.E., 2003.
Evaluation of antibodies for immunomagnetic separation
combined with flow cytometry detection of Listeria
monocytogenes. ] Food Prot 66, 1283-1287.

JUNGE B., BERGHOF-JAGER K., 2006. Roche/Biotecon
diagnostics lightcycler foodproof L. monocytogenes
detection kit in combination with shortprep foodproof II
kit. Performance-tested method 070401. J AOAC Int 89,
374-398.

KAWASAKI S., HORIKOSHIN., OKADAY., TAKESHITA
K., SAMESHIMA T., KAWAMOTO S., 2005. Multiplex
PCR for simultaneous detection of Salmonella spp.,
Listeria monocytogenes, and Escherichia coli O157:H7
in meat samples. J Food Prot 68, 551-556.

KEER J.T., BIRCH L., 2003. Molecular methods for the
assessment of bacterial viability. J Microbiol Methods 53,
175-183.

KERDAHI K.F., ISTAFANOS P.F., 2000. Rapid deter-
mination of Listeria monocytogenes by automated
enzyme-linked immunoassay and nonradioactive DNA
probe. J AOAC Int 83, 86-88.

KLEIN P.G., JUNEJA VK., 1997. Sensitive detection of
viable Listeria monocytogenes by reverse transcription-
PCR. Appl Environ Microbiol 63, 4441-4448.

KOO K., JAYKUS L.A., 2003. Detection of Listeria mono-
cytogenes from a model food by fluorescence resonance
energy transfer-based PCR with an asymmetric
fluorogenic probe set. Appl Environ Microbiol 69, 1082-
1088.

KY Y.U., NOH Y., PARK H.J., LEE N., YOUN M., JUNG
B.Y., YOUN B.S., 2004. Use of monoclonal antibodies
that recognize p60 for identification of Listeria
monocytogenes. Clin Diagn Lab Immunol 1, 446-4451.

LAUER W.E,, FACON J.P,, PATEL A., 2005. Evaluation of
a chromogenic medium for identification and differen-
tiation of Listeria monocytogenes in selected foods.
JAOAC Int 88, 511-517.

LEONARD P, HEARTY S., QUINN J., O’KENNEDY R.,
2004. A generic approach for detection of whole Listeria
monocytogenes cells in contaminated samples using



246 M. M. Jantzen et al. / Span J Agric Res (2006) 4(3), 235-247

surface plasmon resonance. Biosens Bioelectron 19,
1331-1335.

LEVIN R.E., 2003. Application of the polymerase chain
reaction for detection of Listeria monocytogenes in foods:
a review of methodology. Food Biotechnol 17, 99-116.

MCKELLAR R.C., 1994. Use of the CAMP test for iden-
tification of Listeria monocytogenes. Appl Environ
Microbiol 60, 4219-4225.

MCLAUCHLIN J., 1990. Distribution of serovars of Listeria
monocytogenes isolated from different categories of
patients with listeriosis. Eur J Clin Microbiol Infect Dis
9,210-213.

MILENBACHS A.A., BROWN D.P, MOORS M,
YOUNGMAN P., 1997. Carbon-source regulation of
virulence gene expression in Listeria monocytogenes. Mol
Microbiol 23, 1075-1085.

MONTVILLE T.J., MATTHEWS K.R., 2005. Food micro-
biology: an introduction. ASM Press. Washington, D.C.,
USA.

NAVAS J., ORTIZ S., MARTINEZ-SUAREZ J.V,, 2005.
Simultaneous detection of Listeria monocytogenes in
chicken meat enrichments by PCR and reverse-trans-
cription PCR without DNA/RNA isolation. J Food Prot
68, 407-410.

NINET B., BANNERMANE., BILLE J., 1992. Assessment
of the Accuprobe Listeria monocytogenes culture
identification reagent kit for rapid colony confirmation
and its application in various enrichment broths. Appl
Environ Microbiol 58, 4055-4059.

NOGVA H.K., RUDI K., NATERSTAD K., HOLCK A.,
LILLEHAUG D., 2000. Application of 5’-nuclease PCR
for quantitative detection of Listeria monocytogenes in
pure cultures, water, skim milk, and unpasteurized whole
milk. Appl Environ Microbiol 66, 4266-4271.

NORTON D.M., 2002. Polymerase chain reaction-based
methods for detection of Listeria monocytogenes: toward
real-time screening for food and environmental samples.
JAOAC Int 85, 505-515.

NOTERMANS S.H., DUFRENNE J., LEIMEISTER-
WACHTER M., DOMANN E., CHAKRABORTY T.,
1991. Phosphatidylinositol-specific phospholipase C
activity as a marker to distinguish between pathogenic
and nonpathogenic Listeria species. Appl Environ
Microbiol 57, 2666-2670.

ORAVCOVA K., KACLIKOVA E., KRASCSENICSOVA K.,
PANGALLO D., BREZNA B., SIEKEL P., KUCHTA T.,
2006. Detection and quantification of Listeria
monocytogenes by 5’-nuclease polymerase chain reac-
tion targeting the act4 gene. Lett Appl Microbiol 42,
15-18.

OTTAVIANI F., OTTAVIANI M., AGOSTI M., 1997.
Esperienza su un agar selettivo e differentiale per Listeria
monocytogenes. Ind Aliment 36, 1-3.

PAOLI G.C., BHUNIA A.K., BAYLES D.O., 2005. Listeria
monocytogenes. In: Foodborne pathogens, microbiology
and molecular biology (Fratamico PM., Bhunia A K. &
Smith J.L., ed.). Caister Academic Press, Wymondham,
Norfolk, UK, pp. 295-325.

REISSBRODT R., 2004. New chromogenic plating media
for detection and enumeration of pathogenic Listeria
spp.—an overview. Int J Food Microbiol 95, 1-9.

RESTAINO L., FRAMPTON E.W., IRBE R.M., SPITZ H.,
SCHABERT G., 1999. Isolation and detection of Listeria
monocytogenes using fluorogenic and chromogenic
substrates for phosphatidylinositol-specific phospholi-
pase C. J Food Prot 62, 244-251.

RIJPENS N.P,, HERMAN L.M., 2002. Molecular methods
for identification and detection of bacterial food
pathogens. J AOAC Int 85, 984-995.

RIPIO M.T., DOMINGUEZ-BERNAL G., SUAREZ M.,
BREHM K., BERCHE P, VAZQUEZ-BOLAND J.A.,
1996. Transcriptional activation of virulence genes in
wild-type strains of Listeria monocytogenes in response
to a change in the extracellular medium composition. Res
Microbiol 147, 371-384.

RODRIGUEZ-LAZARO D., HERNANDEZ M., PLA M.,
2004a. Simultaneous quantitative detection of Listeria
spp. and Listeria monocytogenes using a duplex real-time
PCR-based assay. FEMS Microbiol Lett 233, 257-267.

RODRIGUEZ-LAZARO D., HERNANDEZ M., SCORTTI
M., ESTEVE T., VAZQUEZ-BOLAND J.A., PLA M,
2004b. Quantitative detection of Listeria monocytogenes
and Listeria innocua by real-time PCR: assessment of 4y,
iap, and lin02483 targets and AmpliFluor technology.
Appl Environ Microbiol 70, 1366-1377.

RODRIGUEZ-LAZARO D., JOFRE A., AYMERICH T.,
HUGAS M., PLA M., 2004c. Rapid quantitative detection
of Listeria monocytogenes in meat products by real-time
PCR. Appl Environ Microbiol 70, 6299-6301.

RODRIGUEZ-LAZARO D., JOFRE A., AYMERICH T.,
GARRIGA M., PLA M., 2005a. Rapid quantitative detection
of Listeria monocytogenes in salmon products: evaluation
of pre-real-time PCR strategies. J Food Prot 68, 1467-1471.

RODRIGUEZ-LAZARO D., PLA M., SCORTTI M.,
MONZO H.J., VAZQUEZ-BOLAND J.A., 2005b. A novel
real-time PCR for Listeria monocytogenes that monitors
analytical performance via an internal amplification
control. Appl Environ Microbiol 71, 9008-9012.

RUDI K., NATERSTAD K., DROMTORP S.M., HOLO H.,
2005. Detection of viable and dead Listeria monocy-
togenes on gouda-like cheeses by real-time PCR. Lett
Appl Microbiol 40, 301-306.

RYSER E.T., MARTH E.H., 2004. Listeria, listeriosis and food
safety. Third Edition. Marcel Dekker Inc., New York, USA.

SERGEEV N., DISTLER M., COURTNEY S., AL-
KHALDI S.F., VOLOKHOV D., CHIZHIKOV V.,
RASOOLY A., 2004. Multipathogen oligonucleotide
microarray for environmental and biodefense appli-
cations. Biosens Bioelectron 20, 684-698.

SHETRON-RAMA L.M., MUELLER K., BRAVO .M.,
BOUWER H.G., WAY S.S., FREITAG N.E., 2003.
Isolation of Listeria monocytogenes mutants with high-
level in vitro expression of host cytosol-induced gene
products. Mol Microbiol 48, 1537-1551.

SILBERNAGEL K.M., CARVER C.N., JECHOREK R.P,
JOHNSON R.L., 2004a. Evaluation of VIDAS Listeria



Review: Detection of Listeria monocytogenes in foods 247

monocytogenes 11 (LMO2) immunoassay method for the
detection of Listeria monocytogenes in foods: collabo-
rative study. J AOAC Int 87, 1123-1132.

SILBERNAGEL K., JECHOREK R., BARBOUR W.M.,
MROZINSKI P, ALEJO W., ALEO V., ANDALORO B,,
BEACORN F,, BENZINGER J.,, BOGAR S., BRAYMAN
C., BROOM J.,, CARSON M., CARVER C., CHENG C,,
CENTRELLA B., CLAYBORN 1J., COLLINS C,,
DEIBEL C., DIVINE M., ELIASBERG S., FARMER D.,
FRYE S., GATESY T., GOODSTEIN E., HALKER C.,
HALL G., HANSON P., HARTMAN G., HEDDAEUS K.,
HEMBREE J, HUTCHINS 1], ISTAFANOS P,
JECHOREK R., JENKINS J., KERDAHI K., KREMER
S.,LAL A., LEIGHTON S., LESTER D., LEWIS J., LIN
J., MARTIN J.,, MASELLI M., MCCARTHY P,
MCGOVERN B., MILLS M., MOHNKE F., MOON B,,
MOSS D., PLAZA M., ROBESON S., ROMERO H.,
RUBALCABA D., SCHULTZ A., SEEHUSEN J., SHAW
C.,SIEM K., SLOAN E., STANERSON J., STEPANOVA
N., VAN K., VAN ENKENVOORT K., VIALPANDO M.,
WARREN W., WATTS K., WILSON K., WOODRUFFT.,
2004b. Evaluation of the BAX system for detection of
Listeria monocytogenes in foods: collaborative study. J
AOAC Int 87, 395-410.

SWAMINATHAN B., 2001. Listeria monocytogenes. In:
Food microbiology: fundamentals and frontiers (Doyle
M.P., Beuchat L.R., Montville T.J., eds.). ASM Press,
Washington, DC, USA, pp. 383-409.

TAITT C.R., GOLDEN J.P.,, SHUBIN Y.S., SHRIVER-
LAKE L.C., SAPSFORD K.E., RASOOLY A., LIGLER
F.S., 2004. A portable array biosensor for detecting
multiple analytes in complex samples. Microb Ecol 47,
175-185.

USDA, 2002a. Isolation and identification of Listeria
monocytogenes from red meat, poultry, egg and envi-
ronmental samples, revision 03, April 29, 2002. In:
Microbiology Laboratory Guidebook [on line]. Available
in http://www.fsis.usda.gov/OPHS/microlab/mlgbook.htm,
MLG 8.03 pp. 1-20 [1 February, 2006].

USDA, 2002b. Procedure for the use of Listeria monocyto-
genes BAX Screening Test, effective April 29, 2002. In:
Microbiology Laboratory Guidebook [on line]. Available
in http://www.fsis.usda.gov/OPHS/microlab/mlgbook.htm,
MLG 8A.00, 1-4 [1 February, 2006].

VAZ-VELHO M., DUARTE G., GIBBS P., 2000. Evaluation
of mini-VIDAS rapid test for detection of Listeria
monocytogenes from production lines of fresh to cold-
smoked fish. ] Microbiol Methods 40, 147-151.

VLAEMYNCK G., LAFARGE V., SCOTTER 8., 2000.
Improvement of the detection of Listeria monocytogenes
by the application of ALOA, a diagnostic, chromogenic
isolation medium. J Appl Microbiol 88, 430-441.

WAN J., KING K., FORSYTH S., COVENTRY M.J., 2003.
Detection of Listeria monocytogenes in salmon using the
Probelia polymerase chain reaction system. J Food Prot
66, 436-440.



