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Abstract

This work had as the main objective a comparison between Listeria monocytogenes Blood Agar (LMBA) and the conventional
selective agar media, Oxford and PALCAM, relative to its efficacy in the detection of L. monocytogenes in naturally contaminated
food and environmental samples. 173 environmental samples and 272 samples of foods were analysed. A higher sensitivity for
detection of L. monocytogenes was verified for LMBA than for PALCAM and Oxford. In LMBA L. monocytogenes could be
distinguished from other Listeria spp. by detection of hemolysis. In Oxford and PALCAM this distinction was not possible. The
higher growth rate of L. innocua cf. L. monocytogenes in selective liquid media could result in a high number of false negatives (non-
detection of the target organism on plates, although its presence was observed by other tests, eg. mini-VIDAS LMO). The need for
specific media for the detection of L. monocytogenes in food was confirmed. LMBA could be an alternative medium to use together
with PALCAM or Oxford. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Listeria monocytogenes has been regarded as a sig-
nificant foodborne pathogen only in recent years, al-
though it was recognised as an animal pathogen more
than 60 years ago (Murray, Webb, & Swann, 1926).
Since then it has been implicated in various food-asso-
ciated outbreaks, the outbreak in California during 1985
involving 142 cases with 48 deaths, was probably the
final alert to the role of food in disseminating listeriosis
(ICMSF, 1996).

Two selective agar media, Oxford and PALCAM,
recommended by the International Organisation for
Standardisation (ISO) (Anonymous, 1996a), have been
widely adopted in the protocols for detection/enumer-
ation of L. monocytogenes. The use of these traditional
media, however, does not allow differentiation between
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colonies of L. monocytogenes and those of other spe-
cies of Listeria. Consequently, the detection of
L. monocytogenes in foods requires additional identi-
fication tests which are laborious, time consuming and
costly. Based on the hemolytic capacity of L. mono-
cytogenes, several media have been developed with the
objective of its differentiation from the other Listeria
species (Cox, Siebeng, Pedrazzini, & Moreton, 1991;
Johansson & Kankare, 1996; Beumer, Giffel, & Cox,
1997).

This work had as the main objective a comparison
between the L. monocytogenes Blood Agar (LMBA;
Johansson & Kankare, 1996) and the conventional me-
dia, Oxford and PALCAM, relative to its efficacy in the
detection of L. monocytogenes in naturally contami-
nated food and environmental samples. Although a
similar study has already been carried out by Johansson
(1998), there is still a need for data related to compar-
ative trials on different isolation media since alterations
to the media used in the standard are being considered
by the members of ISO Sub Committee 9 (Anonymous,
2000).



2. Materials and methods

173 environmental samples (surface swabs of envi-
ronments and equipment of dairies) and 272 samples of
different commercial food products were collected from
Portuguese producers and retailers during the period
October 1999-June 2000. Samples were transported to
the laboratory inside cold portable insulated boxes.
Environmental samples, fresh meats and fresh fish were
analysed on the same day as they were collected. The
other samples were refrigerated and analysed 1-5 days
after collection, always before the best before date. All
the samples were analysed using the mini-VIDAS LMO
(hereafter referred as mini-VIDAS) method. This is an
enzyme-linked fluorescent immunoassay performed in
the automated mini-VIDAS instrument, (Anonymous,
1996b) using antibody specific for L. monocytogenes. 25
g of food samples were placed in 225 ml Fraser broth (or
225 ml half-Fraser broth for dairy products), homog-
enised in the Stomacher for 2 min, and incubated at
30°C for 24 h. One ml aliquots of these primary en-
richments were transferred to 10 ml of secondary en-
richment Fraser broth and incubated at 30°C for 24 h.
The environmental swabs were transferred to 10 ml of
half-Fraser broth and incubated at 30°C for 48 h. The
sample wells of mini-VIDAS reagent strips were inocu-
lated with 0.5 ml of each secondary enrichment broth
for food samples, and 0.5 ml of the primary enrichment
broth for environmental samples. The results were au-
tomatically obtained after 70 min. Enrichment broths
were stored at 2-8°C and, when samples were positive in
the mini-VIDAS (Test value > 0.05), were inoculated
on LMBA (Johansson & Kankare, 1996), Oxford Agar
and PALCAM Agar and incubated at 37°C for 24-48 h
(Oxford Agar and PALCAM Agar) or 48 h (LMBA).
Five typical colonies per plate (when possible) were se-
lected for confirmation by the tests of Gram, catalase,

Table 1

oxidase, fermentation of the sugars mannitol, rhamnose
and xylose, CAMP test with Staphylococcus aureus
ATCC 25923 and API Listeria (BioMérieux 10300).

Sensitivity (%): Number of positive results by any of
the media used, as a percentage of the number of sam-
ples positive in mini-VIDAS.

3. Results and discussion

6.4% of 173 environmental samples and 6.6% of 272
foods were positive for L. monocytogenes when the mini-
VIDAS method was used for detection. The number of
positive results obtained with LMBA was, with the ex-
ception of environmental samples, similar to those ob-
tained by mini-VIDAS and was always superior or equal
to those obtained with PALCAM and Oxford (Table 1).
L. monocytogenes was not detected by LMBA only in
one positive environmental sample whereas PALCAM
and Oxford did not detect the organism in seven positive
environmental samples, in seven positive vegetable
samples, in two positive cheese samples and in one fresh
cheese sample. Vaz-Velho, Duarte, and Gibbs (2000)
found that the mini-VIDAS method detected 8 of 11
positive samples confirmed by the ISO 11290-1 protocol
(Anonymous, 1996a), and gave 11 false positive results
(i.e. not confirmed by the ISO protocol) in samples of
fresh and cold smoked fish.

The medium LMBA presented for all the samples a
higher sensitivity for detection of L. monocytogenes than
the media recommended by ISO (Anonymous, 1996a)
(Table 2). The lower sensitivity observed on the media
PALCAM and Oxford has already been reported by
Johansson (1998) and Johansson et al. (2000) and is
possibly related with the concentration of LiCl (15 g/l)
which is higher than the concentration of this compound
in LMBA (10 g/l), or the absence of acriflavine and other

Detection of L. monocytogenes in different food and environmental samples by mini-VIDAS LMO and different selective-plating media

Sample type Number of samples Positives
Mini-VIDAS PAL® Ox® LMBA®

Environmental 173 11 (6.4%) 4 (2.3%) 4 (2.3%) 10 (5.8%)
Processed meats 56 2 (3.6%) 2 (3.6%) 2 (3.6%) 2 (3.6%)
Vegetables 108 12 (11.1%) 5 (4.6%) 5 (4.6%) 12 (11.1%)
Cheese 49 3 (6.1%) 1 (2.0%) 1 (2.0%) 3 (6.1%)
Fresh cheese 15 1 (6.7%) 0 (0.0%) 0 (0.0%) 1 (6.7%)
Fresh fish 23 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Fresh meats 8 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Other 13 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Total 445 29 (6.5%) 12 (2.7%) 12 (2.7%) 28 (6.3%)

“PALCAM agar.
® Oxford agar.
¢ L. monocytogenes Blood Agar.



Table 2

Sensitivities (%) of three different selective-plating media in the detection of L. monocytogenes

Sample type Number of samples

Positives mini-VIDAS

Sensitivity (%)

PAL? Ox® LMBA®
Environmental 173 11 36.4 36.4 90.9
Processed meats 56 2 100 100 100
Vegetables 108 12 41.7 41.7 100
Cheese 49 3 333 333 100
Fresh cheese 15 1 0 0 100

“PALCAM agar.
® Oxford agar.
¢ L. monocytogenes Blood Agar.

selective agents that are present in PALCAM and Ox-
ford but not in LMBA. It is well known that microor-
ganisms in foods are often injured so that they become
sensitive to the presence of selective agents present in
media normally used in their isolation (Mackey, 1999).
Although the protocol used in this study includes en-
richment steps in Fraser broth or half-Fraser broth, the
presence of lithium chloride, sodium chloride, acriflavin,
compounds present in Fraser broth, has already been
commented upon as detrimental to the recovery of heat-
injured L. monocytogenes and other Listeria spp.
(Crawford, Beliveau, Peeler, Donnelly, & Bunning,
1989; Patel & Beuchat, 1995). Additionally, the media
PALCAM and Oxford do not allow a distinction be-
tween colonies of Listeria innocua and L. monocytoge-
nes. Similar results were obtained by Johansson (1998)
who demonstrated that the selection of five colonies for
confirmation from the standard media (Anonymous,
1996a) may not be sufficient if other Listeria species
were present. The higher growth rate of L. innocua in
selective liquid media (Curiale & Lewus, 1994; Mac-
Donald & Sutherland, 1994) compared with L. mono-
cytogenes can result in a high number of false negative
results on the PALCAM and Oxford media (Table 1).
Studies carried out by Scotter et al. (2001) demonstrated
that a significant number of false negative results were
obtained when large numbers of L. innocua were present
in the foods. In previous work, Yokoyama, Maruyama,
and Katsube (1998) concluded that most L. inoccua
strains produce a bacteriocin-like substance against L.
monocytogenes that may inhibit growth of the latter
organism during enrichment culture.

Compared with PALCAM and Oxford, LMBA re-
duces time and materials for confirmation, since at the
end of the incubation period it was possible to observe
hemolytic zones around the colonies of L. monocytoge-
nes allowing distinction of this species from other non-
hemolytic species of Listeria such as L. innocua, often
present in foods.

As previously reported by Johansson (1998), these
results demonstrate the need for more specific media for

the detection of L. monocytogenes in foods and envi-
ronmental samples and suggests that LMBA might be
one alternative to use together with PALCAM or Ox-
ford. It is likely that the more selective/indicator media
or methods that are used in the examination of a sample,
the more likely it is that the results obtained are rep-
resentative of the true status of the pathogen in the
sample.
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