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Abstract: In this study, the possible influence of the food matrix and the interfering population of
microorganisms on the detection and count of Listeria monocytogenes in three common foods of the
Spanish diet (Spanish omelette, fresh cheese and vegetable salad) was determined. Four groups
were assayed: one control, two groups with interfering microorganisms (Salmonella Enteritidis,
Staphylococcus aureus and Proteus mirabilis) with different levels of L. monocytogenes and a final
group only contaminated with L. monocytogenes. The samples were analyzed with the normalized
method (UNE-EN ISO 11290:2018) and with an alternative technique (VIDAS). The results show
that the presence of interfering microorganisms did not seem to interfere with the determination
of L. monocytogenes. Furthermore, the type of food did not seem to influence the determination of
L. monocytogenes, but the culture media used showed differences. In fact, regardless of the type of
food, the ALOA medium showed higher sensitivity than the other media, with higher recovery
in 100% of samples (only for the Spanish omelette in Group B was the result the same as that for
PALCAM, −8.11 log cfu/g). The results obtained using the VIDAS were not influenced by any of the
factors or conditions used and show 100% efficiency.
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1. Introduction

L. monocytogenes is a microorganism of high relevance in analyses of food safety criteria
checks [1]. Since 2000, an increase in the number of listeriosis cases has been observed in
different European countries, but the reasons for this phenomenon remain unclear [2,3].
The detection of L. monocytogenes in food has very important sanitary [4] and economic
consequences, leading to withdrawal of products [3] as well as reputational costs.

For the food industry, the main disadvantage of conventional methods for the de-
tection of L. monocytogenes [5,6] is the time required to obtain the final results, and that,
generally, they are often not sensitive enough for foods contaminated with L. monocy-
togenes and/or Listeria spp. [7]. Between the alternative methods available, the VIDAS
(Vitek Immuno Diagnostic Assay System), based on ELFA (enzyme linked fluorescent
assay), provides a significant reduction in the time needed for the detection of pathogens
in foods [8].

Various works recently compared some of these methods. Bustamante et al. (2020) [9]
isolated L. monocytogenes according to the ISO 11290-1:2017 standard, detected with the
VIDAS and identified by PCR (polymerase chain reaction), in ready-to-eat artisanal Chilean
foods. Additionally, Ríos-Castillo et al. (2020) [10] studied the capacity of real-time PCR
(RT-PCR), the VIDAS and conventional methods for detecting L. monocytogenes biofilm cells.
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In previous works, the sensitivity of different alternative methods for the isolation
and identification of pathogens in poultry [11] and the incidence of L. monocytogenes in
refrigerated and frozen chicken parts by the VIDAS [12] were also evaluated.

In this work, we attempted to assess the possible influence of different food matrices
(Spanish omelette, fresh cheese and vegetable salad) and the population of interfering
microorganisms (Salmonella Enteritidis, Staphylococcus aureus and Proteus mirabilis) on the
determination of L. monocytogenes by conventional methods [5,6] and the VIDAS.

2. Materials and Methods
2.1. Sampling and Description of Samples

The food matrices analyzed were: precooked Spanish omelette (potato, 51%; pasteur-
ized egg, 24%; onion, 13%; olive oil, 2%; salt; emulgent, lecitin of soybean; stabilizers, E-407,
E-415 and E-410; natural aroma; pH: 7.45; aw: 0.96); fresh cheese (pasteurized cow’s milk,
salt and rennet; minimum of 28% of dry matter (DM) and 45% fat in dry matter (FDM);
pH: 6.10; aw: 0.99); and vegetable salad packaged under a modified atmosphere (MAP)
(Chinese cabbage, red cabbage, carrots and cherry tomato; pH: 6.30; aw: 0.98). Once the
different foods were available (omelette, cheese and salad), four groups were prepared (A,
B, C and D) with two levels of contamination with Listeria. From each group, 4 samples
were obtained (48 samples).

Groups of each food were defined as: Group A (control); Group B: foods inoculated
with a low concentration of L. monocytogenes and the interfering microorganisms (S. Enteri-
tidis, S. aureus and P. mirabilis); Group C: foods inoculated with a higher concentration of
L. monocytogenes and the interfering microorganisms; Group D: foods inoculated with a
low concentration of L. monocytogenes.

2.2. Experimental Contamination of Samples

Cultures of L. monocytogenes and different interfering microorganisms were prepared.
The cultures were prepared from cryogenized strains belonging to the Spanish Culture Type
Collection (CECT): L. monocytogenes CECT 5873; Salmonella enterica ssp. enterica serovar
Enteritidis CECT 4300; Staphylococcus aureus ssp. aureus CECT 976; and Proteus mirabilis
CECT 5350. Twenty-five grams of the food was contaminated with or without interfering
microorganisms and L. monocytogenes, as necessary (groups A, B, C and D). The two levels
of Listeria contamination were 102 cfu/g for the lower level and 103 cfu/g for the higher
level of contamination. The level of contamination for interferent microorganisms was
103 cfu/g, and the adherence time used was 4 h.

2.3. Count of Listeria Monocytogenes by Conventional and ISO Methods

Different dilutions of each sample were prepared in order to determine Listeria mono-
cytogenes counts by a conventional method [5], using PALCAM Medium, and the cur-
rent normalized method (UNE-EN ISO 11290-2:2018) [6]. The counts were expressed in
log cfu/g.

2.4. Detection of Listeria monocytogenes by VIDAS

Twenty-five grams of sample was placed in 225 mL of Fraser broth (bioMérieux),
homogenized in the stomacher for 2 min and incubated at 30 ◦C for 24 h. One-milliliter
aliquots of these primary enrichments were transferred to 1 mL of secondary enrichment
Fraser broth (bioMérieux) and incubated at 30 ◦C for 24 h. Finally, 0.5 mL was inoculated
into the sample wells of the strips provided by VIDAS-LMO II (for the detection of L. mono-
cytogenes). An RFV of ≥0.05 for one sample was considered as a presumptive-positive
result. The results were obtained after 70 min and were expressed as presence or absence
of L. monocytogenes.
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2.5. Statistical Analyses

Statistical analysis was carried out using the SPSS 15.0 Software package (IBM Com-
pany, Armonk, NY, USA). The efficiency of the tested measures was determined by compar-
ing results according to the different parameters studied. For this purpose, a non-parametric
chi-square (X2) test with a level of significance of 5% (p < 0.05) was performed.

3. Results

The results obtained corresponding to the four groups (A, B, C and D) of each food
are summarized in Tables 1 and 2.

Table 1. Results a of the determination of Listeria monocytogenes in different foods by traditional
methods and the VIDAS (n = 4 for each group of foods).

Media/Dilution Group A Group B Group C Group D

SO FC VS SO FC VS SO FC VS SO FC VS

PALCAM <10 <10 <10 6.30 6.30 6.95 8.11 7.95 8.53 6.30 6.26 6.95
Oxford <10 <10 <10 5.08 5.08 5.08 6.71 6.79 6.69 5.18 5.34 5.18
ALOA <10 <10 <10 7.40 7.48 8.38 8.11 8.27 8.65 7.30 7.48 8.45

a log cfu/g; Group A: control; Group B: inoculated with L. monocytogenes (2 log cfu/g), S. Enteritidis, S. aureus
and P. mirabilis (3 log cfu/g); Group C: inoculated with L. monocytogenes (3 log cfu/g), S. Enteritidis, S. aureus and
P. mirabilis (3 log cfu/g); Group D: inoculated with L. monocytogenes (2 log cfu/g); SO: Spanish omelette; FC: fresh
cheese; VS: vegetable salad.

Table 2. Results of the determination of Listeria monocytogenes by the VIDAS (n = 4 for each group of
foods).

Media/Dilution Group A Group B Group C Group D

SO FC VS SO FC VS SO FC VS SO FC VS

10−1 − − − + + + + + + + + +
10−2 − − − + + + + + + + + +
10−3 − − − + + + + + + + + +
10−4 − − − + + + + + + + + +
10−5 − − − + + + + + + + + +
10−6 − − − + + + + + + + + +
10−7 − − − + + + + + + + + +

Group A: control; Group B: inoculated with L. monocytogenes (2 log cfu/g), S. Enteritidis, S. aureus and P. mirabilis
(3 log cfu/g); Group C: inoculated with L. monocytogenes (3 log cfu/g), S. Enteritidis, S. aureus and P. mirabilis
(3 log cfu/g); Group D: inoculated with L. monocytogenes (2 log cfu/g); SO: Spanish omelette; FC: fresh cheese; VS:
vegetable salad; +: presence; −: absence.

Both in samples inoculated only with Listeria and in those contaminated with other
microorganisms (Salmonella, Staphylococcus and Proteus), the results show that the pres-
ence of interfering microorganisms did not seem to interfere with the determination of
L. monocytogenes. In particular, the VIDAS showed 100% efficiency.

Regardless of the type of food, the ALOA medium showed higher sensitivity than
the other media, with higher recovery in 100% of samples (only for the Spanish omelette
in Group B was the result the same as that for PALCAM, −8.11 log cfu/g). On the other
hand, the Oxford medium was less effective. The differences between the recovery in the
different media were significant (<0.05).

Regarding the different foods, the salad showed higher counts of Listeria, although
no significant differences were demonstrated. Thus, in the PALCAM and ALOA media,
the highest count of Listeria was clearly obtained in salad samples, whereas the counts in
the fresh cheese and omelette were relatively similar, although the ALOA medium seemed
to work better for the cheese, and PALCAM for the omelette. However, in the cheese,
some interferences and erroneous staining were observed with the ALOA medium. For
the Oxford medium, the highest counts were reported in the fresh cheese. With application
of the VIDAS, no incidence was determined.
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On comparing results with and without interfering microorganisms, we could not
establish statistical differences, as it can be expected after observing data.

4. Discussion

Golden et al. (1987) [13] used a direct plate culture, with a high level of sensitivity,
with no previous enrichment to recover L. monocytogenes from milk and ice cream. On the
contrary, when assessing foods (raw pumpkin and Brie cheese) with high inoculates of
interfering microorganisms, direct plate L. monocytogenes recovery was not so satisfactory.
In Blysick-McKennal et al.’s (1994) [14] opinion, the methodology for the enumeration
of Listeria spp. in food is complex in cases of low rates of those bacteria and high con-
centrations of competitive biota. In our case, the presence of interfering microorganisms
did not seem to influence the determination or counts of L. monocytogenes, either by the
traditional method or by the VIDAS. However, the influence of interfering microorganisms
at the higher or lower sensitivities of conventional media is open to consideration for
further studies.

Regarding the possible influence of the medium used, ISO [5] considers PALCAM
as a suitable method to recover L. monocytogenes. Aguado et al. (1996) [15] recovered a
larger number of L. monocytogenes in frozen vegetables and in cooked meat products with
L-PALCAM. In the present work, in the determination carried out using the traditional
methodology, the influence of the type of food according to the medium used was not
significant, although for PALCAM and ALOA, the lowest counts were obtained in the fresh
cheese and omelette, and the highest ones in the salad, whereas for the Oxford medium,
the highest count was obtained in the fresh cheese.

The ALOA medium was recently included in the ISO 11290 method, after demon-
strating its specificity for the confirmation of L. monocytogenes [7]; Listeria ivanovii (the only
species which could return false positives if only morphological evaluation of the colony is
considered) was not identified using this medium. The detection limit ranged from 1 to
2 log cfu/g using Fraser enrichment broth. The sensitivity of the method permitted the
detection of low contamination levels (<1 log cfu/25 g). Artault et al. (2000) [7] demon-
strated the precision of this medium (100% coincidence between the reference method
and ALOA). Similarly, Vlaemynck et al. (2000) [16], using the ALOA medium, detected
4.3% more positives than with the ISO method in dairy product and meat samples. They
found 13.9% of false negatives, while with the traditional methods of PALCAM/Oxford,
they detected 38.9% of false negatives. For these authors, ALOA clearly shows a higher
sensitivity than PALCAM and Oxford when the samples contain L. monocytogenes and
Listeria innnocua. In our case, the counts of L. monocytogenes in ALOA were higher than
those obtained using the other media, the Oxford medium being the least effective. Campos
Mata et al. (2016) [17] showed that the conventional method provided a better recovery of
L. innocua throughout artisanal Minas cheese ripening in artificially contaminated samples
than immunoanalytical methods, which is probably due to the interference of the intrinsic
characteristics of the artisanal cheeses.

According to Reiter et al. (2010) [11], to determinate Listeria, the plate count method
proved less sensitive than the VIDAS, the VIP (Visual Immunoprecipitate Assay) system
and the Reveal system, which yielded similar results. For these authors, in a general way,
the VIDAS appeared to be an effective alternative to traditional methods. Indeed, our
results confirm that the VIDAS was valid as a routine procedure. Additionally, in all the
assumptions made, the VIDAS method showed a correlation of 100% with the results
of the presence or absence of L. monocytogenes. Numerous examples have already been
published describing the use of molecular methods to subtype and source L. monocytogenes
on farms, in plants and/or in foods, or for comparison [18]. Previously, Uyttendaele et al.
(1995) [19] proved a 100% correlation in most of the cases studied by comparing three
methods (NASBA, nucleic acid sequence-based amplification; an ELISA-based method;
and a modified cultural method proposed by the US Food and Drug Administration (FDA))
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in a variety of artificially inoculated foods (chicken breast meat, minced meat, shrimp, raw
milk, soft cheese, dry sausage, mushroom and radish).

5. Conclusions

The previous experience and our results in this work show a general coincidence
between the conventional methodology and other methods such as the VIDAS. In our
case, it was found that there were no notable differences between the samples inoculated
with Listeria and those which were also contaminated with interfering microorganisms;
however, the influence of interfering microorganisms at the higher or lower sensitivities
of conventional media could be studied further. Furthermore, the type of food matrices
seemed to have no influence on the determination of L. monocytogenes. The results obtained
through VIDAS application were not influenced by any of the factors or conditions used
and show high efficiency in the detection of Listeria, with 100% of coincidence between
detection and experimental contamination.
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