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Abstract: The isolation and identification of Listeria monocytogenes in processed meat samples by a
combined cultural-molecular method is described. It allows the identification of Listeria strains by
means of a hybridization technique with a specific DNA probe directed to the listerial internalin gene.
The specificity of this method was found to be 100% and sensitivity was as low as 1 CFU/2.5 g of food
sample. A total of 278 meat samples were tested in comparison with PCR and conventional cultural
assays. A total of 42 (15.4%) L. monocytogenes were detected. PCR analysis gave 3 false negative
results and culture failed to detect the Listeria in 5 cases. With this cultural-molecular method the
identification and quantitative detection of L. monocytogenes were achieved within 36 hours and no
false positive or negative tests were obtained, thus fitting most food industry requirements.
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INTRODUCTION

Listeria monocytogenes is a Gram-positive
intracellular bacterium responsible for several severe
infections in humans "%, These diseases mainly affect
newborn infants, 1mmunosuppressed subjects, pregnant
women and the elderl [y but normal subjects can also
suffer from listeriosis . Uncooked or processed foods
represent the most common cause of infection ), since
Listeria monocytogenes is considered a post processing
contaminant. Considering the increasing importance of
this microorganism, many studies have recently been
performed to set up new sensitive methods for detecting
L. monocytogenes in foods in a short time, in order to
meet the needs of the food industries (",

Conventional techniques, using cultural and
biochemical assays, require at least 4-5 days for
complete listeria identification; these methods are very
specific and sensitive however the realization time is
too long ¥1°

Recently new molecular techniques have allowed
more specific and rapid tests for detecting the presence
of pathogens in foods !""'?. The polymerase chain
reaction (PCR) has been widely used for the
amplification of various listeria virulence factors,
namely invasion associated protein !, internalin B '),
listeriolysin ¥ and aminopeptidase !'*. PCR was

found to be specific, but not very sensitive, since pre-
enrichment in selective media was generally necessary
(161 furthermore, some substances contained in the food
samples could negatively influence the activity of the
Tag DNA polymerase, with the possibility of obtaining
false negative results ['"'*]. Another 1mportant defect of
this technique is its intrinsic failure in differentiating
live from dead cells and in giving a quantitative record
of the listeria contained in food samples 91 in fact, a
quantitative determination of the listeria content in a
food sample is required for monitoring the real risk of
infection caused by contaminated food mgesnon [20.21]
The use of specific DNA probes ™ reverse
trascription PCR (RT-PCR) ™! and nucleic acid
sequence-based amplification (NASBA) ! were also
used to overcome direct PCR defects. Real-time PCR is
a rapid and specific method for determining food
contamination by Listeria and other pathogens 27
but it shows a modest sensitivity and does not allow the
isolation of the detected pathogens, which can be useful
for further biochemical and epidemiologic assays
(Klein 2002; Rodriguez-Lazaro et al. 2004) 2%
Moreover, RT-PCR and NASBA are influenced by a
high mRNA concentration and need a pre-enrichment
step to increase the assay sensitivity. Since several
studies have shown that both DNA and mRNA may
persist in a detectable form for many hours (up to 30)
after death, these methods do not precisely assess the
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bacterial viability of pathogens in food (Keer and Birch,
2003). Listeria detection by specific DNA probes is
another low-sensitive technique which needs pre-
enrichment and thus takes at least 3-4 days for a
complete analysis /. In a recent paper Carroll et al. *
described an interesting new technique which is able to
make both a qualitative and quantitative analysis of L.
monocytogenes in foods. It uses specific monoclonal
antibodies and it is rapid and easy to perform, but it is
not very specific and quite expensive.

In this paper, a combined cultural-molecular
method, which employs nylon membrane filters for
microbial concentration in food samples, is described.
The study demonstrates that this method allows the
detection and isolation of only living bacteria, is highly
sensitive and specific and gives precise quantitative
listeria detection within 36 h.

MATERIALS AND METHODS

Bacterial strains and culture media: For assay
development, 8 collection listeria strains were used.
Four L. monocytogenes, 1 L. innocua, 1 L. ivanovii, 1 L.
seeligeri and 1 L. welshimeri are described in Table 1.
Several other strains including Staphylococci,
Enterococci, Gram-positive bacilli and E. coli were
used as well.

Table 1: Strains of Listeria spp. and other bacteria used
in this study

Species Origin and strain

Listeria innocua NCTC 11288

Listeria monocytogenes NCTC 10527

Listeria monocytogenes NCTC 103577

Listeria monocytogenes NCTC 1199%4

Listeria monocytogenes ATCC 43249

Listeria ivanovii CIP 7842 Institut Pasteur
Listeria seeligeri NCTC 11856

Listeria welshimeri NCTC 11857

42 Listeria monocytogenes Processed meat samples”
20 Listeria spp. Processed meat samples

20 non-Listerial strains Collection strains

"Pork sausages, beef meatballs, beef hamburgers.

Both non-selective and selective media were tested for
performing the assay, namely Luria agar (LA, Difco,
Italia), Oxford agar (Difco) and Aloa agar (Biolife,
Italy). Listerial strains isolated from the various food
samples were first identified by cultural, biochemical
and metabolic methods and then also subjected to
analysis using the API listeria galleries (Bio-Mérieux,
Italia). Identification was confirmed by a PCR
technique.
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Listerial membrane filtration and processing: A cell
suspension (10 ml) of each listerial sample containing
about 5 CFU/I ml of peptone water was prepared. This
suspension was filtered through a positively charged
nylon membrane (Roche Diagnostics Corporation,
Indianapolis, USA) with a diameter of 42 mm and a
mesh of 0.45 um. Then the membranes were picked up
and put on a 45 mm Petri dish containing either
selective or non-selective media. After an incubation
times from 12 to 32 h at 37°C, the colonies grown on
the membranes were counted. The membranes were
first treated with a denaturating solution (0.5 N NaOH,
1.5 M NaCl) for 15 min at room temperature and then
with a neutralizing solution (1.0 M Tris-HCI, pH 7.5,
1.5 M NaCl). After this, the membranes were washed
with 2X SSC buffer (0.3 M NaCl, 30 mM Na-citrate,
pH 7.0) for 10 min at room temperature and the colony
DNA was fixed with an UV lamp for 15 sec (Hoefer
UVC 500 Ultraviolet Crosslinker, Amersham
Pharmacia Biotech).

DNA extraction, PCR assay and DNA-probe
preparation: DNA extraction from 25 gr. food
homogenate samples and PCR tests were performed as
described in a previous article by Ingianni et al. %!
Briefly, L. monocytogenes strain NCTC 10527 was
used for DNA-probe preparation. The strain was
incubated overnight in BHI (Brain Heart Infusion) at
37°C; the DNA was extracted at 100°C for 10 min, then
the culture was centrifuged for 15 min at 2,000 g and
the supernatant was stored at -20°C. The Digoxigenin
(DIG)-labeled probe was prepared by the amplification
of the listerial specific internalin gene with the
previously described primers P!, corresponding to the
sequence published on the Gene Bank from 2041 to
2290 base pairs (accession No. M67471), using a PCR
DIG-probe  synthesis kit (Roche  Molecular
Biochemicals, USA). The assay was run for 30 cycles
starting with a denaturating step at 94°C for 30 sec,
annealing at 60°C for 30 sec and an extension at 72°C
for 1 min. In each experimental step a positive control,
containing the non-labeled nucleotides, and a negative
control with a template-devoid standard mix was
inserted. The PCR products were checked in an
ethidium bromide stained 1.5% agarose electrophoretic
apparatus for 60 min at 90V and the gel was read in a
UV transilluminator.

Listerial colony DNA hybridization and processing:
The colony-bearing nylon membranes were put in
glass-covered boxes and pre-hybridized with the DIG-
easy Hyb solution (Roche Molecular Biochemicals,
USA) for 1 h at 37°C; the hybridization step was run
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for 2 h at 37°C with the DIG-easy Hyb which contained
40 ng of a DIG-labeled denatured DNA probe. A
colorimetric detection was then performed (DIG-DNA
detection kit, Roche Molecular Detection kit); briefly,
after two washes with 2X SSC-0.1% SDS for 5 min at
room temperature and 2 subsequent washes with 0.5X
SSC-0.1% SDS for 15 min at 68°C, the membranes
were washed and mildly shaken with the washing
solution for 1 min (washing buffer: 100 mM maleic
acid, 150 mM NaCl, pH 7.5; 0.3% v/v Tween 20) and
with a blocking solution for 30 min. The membranes
were put in a solution of anti-DIG alkaline phosphatase-
labeled polyclonal antibodies (150 mU/ml for 30 min)
and with a nitro-blue-tetrazolium and bromo-chloro-
indolyl-phosphate solution (NBT/BCIP). A dark-brown
precipitate appeared around each colony where the
double stranded DNA was bound to the specific
antibody. The shortest time for obtaining listerial
colonies capable of producing a colour precipitate as
described above, was calculated using different
incubation times from 12 to 32 h. For the assay the
membranes were first used for filtering 10 ml of control
samples, containing about 50 CFU of L. monocytogenes
and were then put on Aloa agar plates for variable times
from 12 to 36 h at 37°C. Subsequently, the same system
was used for filtering and processing different amounts
of various food sample homogenates.

Assay sensitivity detection: Various amounts (from
100 to 0.01 ng) of L. monocytogenes NCTC 10527
genomic DNA were spotted on nylon membranes and
fixed with an UV lamp; the membranes were then
hybridized with the DIG-labeled DNA probe, as
described above, and checked for dark-brown colour
development.

Food samples processing and testing: Different types
of foods, which were found to be free of any listeria
strains, were first inoculated with known amounts of
the Listeria collection. An amount of 25 g of a food
sample was diluted in 90 ml of peptonized water and
homogenized for 30 sec in a Stomacher (PBI
International, Milano, Italy) at 242 rpm/min and 484
round changes/min. The solid particles were left to
sediment for about 15 min and 10 ml of the lipid-free
fluid supernatant were picked up and filtered through
the nylon membranes as described by Carroll et al.
(2000); each experiment was done in triplicate. The
membranes were picked up and put on Aloa agar plates
and incubated at 37°C for 12-32 h. The light-blue
colonies, which corresponded to the listeria colonies,
were detected, counted and picked up for biochemical
identification, before proceeding to bacterial DNA
fixation, hybridization and detection, as mentioned
above. Finally, the same procedure was applied to
several commercial processed food samples (278 meat
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samples, including pork sausages, beef meat-balls and
hamburgers) for assessing the reliability, specificity and
sensitivity of the membrane-hybridization test. All
these samples were also tested with PCR after
enrichment and with the conventional culture method.

RESULTS AND DISCUSSION
Listeria membrane filtration and colony
hybridization: When listeria suspensions were

membrane filtered, grown on Aloa agar and DNA-
hybridized, all the species produced light-blue colonies,
but only the species L. monocytogenes was able to
develop dark-brown precipitates in correspondence to
the colonies grown on the nylon membranes (Fig.1).

Fig. 1: DNA  membrane-hybridization = of  Listeria

monocytogenes, the figure shows numerous
colonies of L. monocytogenes grown on nylon
membrane filters in Aloa agar after the internalin-
probe hybridization and colour development.

None of the other species of listeria tested were
able to produce dark-brown colonies. Each stained spot
was easily detectable on the membrane and, since each
spot corresponded to one listeria colony, a precise
quantitative determination of live listeria in the food
sample was possible. All the L. monocytogenes tested
were recognized, with no interference from other
listeria species or other microorganisms tested. In fact,
the assay employs a specific probe directed against the
listeria internalin gene. This gene is only possessed by
L. monocytogenes and is well conserved in all the
pathogenic strains of this species ™* whilst all the other
listeria species lack it. Among the various media tested,
the Aloa agar was the most effective in supporting the
growth of Listeria spp. and in differentiating L.
monocytogenes from other species of listeria in the
membrane-hybridization assay. The LA medium
provided good support for the growth of all species of
bacteria, resulting in a reduced differentiating power,
whilst the Oxford medium appeared as a very good
selective and differentiating medium, but the presence
of esculin, interfered with the typical dark-brown spots
produced only by L. monocytogenes (data not shown).
Thus, in all the subsequent experiments the Aloa
medium was always used.
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The results obtained with different incubation
times for the nylon membranes on selective media
indicate that 20 h of incubation allowed the best growth
of the listeria strains which formed easily detectable
light-blue macroscopic colonies on the surface of the
nylon membranes. Twelve h were insufficient for
obtaining macroscopic spots whilst 32 h did not give
any visible advantage.

Detection of the assay sensitivity and specificity: The
sensitivity of the membrane-hybridization method was
assessed with different doses of DIG-labeled DNA
probe and various amounts of listeria DNA. Marked
and specific spots were detectable with doses of 40
ng/ml of the internalin probe, which were able to detect
as low as 0.1 ng of listerial DNA (Fig.2A). This amount
of DNA corresponds to a number of bacterial cells of
about 3-5x107, which is the amount of bacteria found in
a colony grown on agar plates for about 15-20 h in the
conditions described in this work.

Various dilutions of the food samples were
assayed. No interference on spotted colony
development was observed with any sample or with any
dilution of the samples. Only L. monocytogenes-
containing specimens produced visible dark-brown
specific spots.

A total of 278 food samples were tested with the
membrane-hybridization method using various sample
dilutions. As shown in Fig. 2B, it proved possible to
detect and identify a single L. monocytogenes colony
among other listerial species in a 10 ml food
homogenate-filtered membrane, which corresponded to
1 CFU/2.5 g of food. These findings indicate that this
method has at least the same specificity as the culture
method and a superior sensitivity and specificity to
PCR amplification.

Fig. 2: Sensitivity of the nylon membrane-filtration method
for identifying and counting of L. monocytogenes in
homogenized food samples. In Fig.1A, three
different spots representing different amounts of
purified listeria DNA, are shown; from left to right
0.1, 1.0, and 10 ng of DNA are indicated. In Fig.1B,
two dark spots corresponding to two colonies of L.
monocytogenes among several Listeria spp.
colonies, grown on a membrane where 10 ml of
food homogenate were filtered, are detected.

The membrane-hybridization technique was
compared to traditional culture methods and to PCR
amplification (after enrichment) for L. monocytogenes
detection in processed food samples (Table 2). A total
of 278 different meat samples were assayed with these
3 methods. A total of 42 samples (15.4%) resulted
positive for L. monocytogenes by the membrane-
hybridization assay; 3 of these samples were positive
with both the cultural and the membrane-hybridization
methods, but not with the PCR. In addition, 5 samples
which were positive with PCR and membrane-
hybridization, failed to give a positive reaction in the
culture.

Table 2: Comparative analysis of the sensitivity of 3
different methods for detecting Listeria
monocytogenes from processed meat

Detection of Listeria monocytogenes

No. of meat Culture PCR Membrane
samples amplification® Hybridization
34 positive positive positive
3 positive negative positive
5 negative positive positive
236 negative negative negative
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*After pre-enrichment

The membrane-hybridization assay appeared more
effective and sensitive than conventional culture
methods in the detection of L. monocytogenes colonies.
In addition, it resulted as being much more rapid than
the culture (results were obtained within 36 working h,
compared to at least 3-4 days for cultures) and more
sensitive than PCR. Furthermore, the membrane-
hybridization technique was able to give a quantitative
determination of live L. monocytogenes present in food
samples, whereas simple PCR amplification did not
allow this possibility. No false-positive or negative
results were obtained, whereas both PCR and the
culture method were found to sometimes produce false—
negative tests, probably due to a low number of Listeria
present in some samples and to the presence of
interfering substances in the food material. However, as
it hapens for most standard Listeria isolation
procedures, viable but not culturable strains (VBNC)
are not detected by this system.

No method is actually considered superior to all
others. This fact leaves plenty of room for the proposal
of new or more sensitive tests which can overcome
some of the problems presented by many of the assay
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systems described to date. Furthermore, the various
USA Public Food Administration Authorities and also
the European Administration Authorities ! tend to use
different methods of analysis, which can not easily be
compared. To the best of our knowledge, up till now a
specific probe for the internalin gene has not been used
on a membrane—filtration method on Aloa agar in a
membrane-hybridization assay. The advantage of this
combination (membrane filtration-Aloa agar-internalin)
is the possibility of identifying only pathogenic L.
monocytogenes and of giving a rapid and precise
quantitative detection of Listeria in various food
samples within 36 h with 100% specificity. This result
can be very useful to food microbiologists and analysts
and also to the food processing industry.
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