Oat

open access text

Clinical Research and Trials

ISSN: 2059-0377

Research Aricle

Prevalence of Listeria monocytogenes and Escherichia coli
O157:H7 in strawberries in Greece and performance
evaluation of the culture media

Agni Hadjilouka, Valia Koubou, Spiros Paramithiotis*, Marios Mataragas, Eleftherios H. Drosinos
Laboratory of Food Quality Control and Hygiene, Department of Food Science and Human Nutrition, Agricultural University of Athens, Greece

Abstract

The aim of the present study was to determine the prevalence of L. monocytogenes and E. coli O157:H7 in strawberry samples by using established ISO protocols.
Moreover, the performance of the substrates used for that purpose, i.e. ALOA and RAPID’L.mono regarding L. monocytogenes and Fluorocult E. co/i O157:H7 and
CT-SMAC regarding E. co/i O157:H7 was evaluated and compared. In addition, direct detection by specific PCR after incubation of the enrichment broths was
performed. Prevalence of both pathogens was estimated at 3.8%. ALOA and RAPID’L.mono provided with the same results and thus their performance indices
were identical. This was not the case regarding Fluorocult E. co/i O157:H7 and CT-SMAC, in which, sensitivity and negative prediction value were optimal for
both substrates but Fluorocult E. co/i O157:H7 performed better in terms of specificity, positive prediction value and positive likelihood ratio. Finally, specific PCR

performed after incubation of the enrichment broths is not recommended as an indicator for the presence of these pathogens.

Introduction

Listeria monocytogenes and Escherichia coli O157:H7 are considered
as major foodborne pathogens since they have been implicated in a high
number of outbreaks linked with food of both animal and plant origin
[1-7]. In raw fruits and vegetables, prevalence of L. monocytogenes and
E. coli O157:H7 has been reported to range from 0.7 to 36.8% [8-10]
and from 3 to 18% [7,11], respectively.

In Greece, 84 confirmed cases of human listeriosis were reported
during the decade 2004-2014 [12-15]. In addition, from 2004 to 2013,
the mean annual number of cases was 7.30 and the mean annual
notification rate was 0.65 cases per 1,000,000 population [16]. Contrary
to L. monocytogenes cases, the mean annual notification rate of EHEC
infection for the period 2004-2015 was significantly lower, with 0.08
cases per 1,000,000 population. In total, 10 cases were reported for this
period [15,17,18]. Regarding their prevalence in fruits and vegetables
in Greece, it has been estimated at 6% and 3% in cucumber for L.
monocytogenes and E. coli O157:H7, respectively and at 7% in rocket
for both pathogens [19].

Culture-dependent detection of foodborne pathogens, despite
time-consuming is still the reference approach. In the case of L.
monocytogenes and E. coli O157:H7 the chromogenic media most
commonly used are Agar Listeria according to Ottaviani and Agosti
(ALOA) and sorbitol MacConkey medium with cefixime and tellurite
(CT-SMAC) [20,21]. However, their performance during routine
microbiological analysis is not always perfect leading to over- or under-
estimation of prevalence. Indeed, differences in the performance of
media used for the detection of L. monocytogenes and E. coli O157:H7
are very often reported [19,22,23]. It seems thus important to combine
chromogenic media, in order to improve the accuracy of the analysis.
The time-consuming nature of the analysis is very often managed by
detection of the pathogens via specific PCR after incubation of the
enrichment broths [24] and using the result of this analysis as an
indication, especially in the case of products with short shelf-life.
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The aim of this study was to determine the prevalence of L.
monocytogenes and E. coli O157:H7 in strawberry samples by using
ISO protocols, to evaluate and compare the chromogenic media ALOA
and RAPID’L.mono used for L. monocytogenes and Fluorocult E. coli
0157:H7 and CT-SMAC used for E. coli O157:H7 recovery and to
compare these results with specific PCR performed after incubation of
the enrichment broths.

Materials and methods
Sample collection

Samples of strawberries (Fragaria ananassa, n = 26), originating
from different geographical districts of Greece, were purchased from
supermarkets in the metropolitan area of Athens, Greece, during a
survey in May 2012. Samples were transported to the laboratory at 4°'C
and analyzed the same day.

Detection, enumeration and confirmation of L. monocytogenes
and E. coli 0157:H7

Detection and enumeration of L. monocytogenes and E. coli
0157:H7 was performed by classical microbiological techniques.
Detection was also performed by specific PCR after incubation of
the enrichment broths. In the first case detection and enumeration
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of L. monocytogenes were carried out according to ISO 11290-1:1996
and ISO 11290-2:1998, respectively, by spreading on the selective
chromogenic media Agar Listeria according to Ottaviani and Agosti
[21] (ALOA) (Biolife, Milan, Italy) and RAPID’L.mono (Bio-Rad,
Paris, France). Similarly, detection and enumeration of E. coli O157:H7
was performed according to ISO 16654:2001 with Fluorocult E. coli
0157:H7 (Merck, Darmstadt, Germany) and sorbitol MacConkey
medium with cefixime and tellurite (CT-SMAC) (Lab M, Bury, UK).

Confirmation of L. monocytogenes and E. coli O157:H7 identity
was performed by both biochemical and molecular tests. At least five
typical presumptive L. monocytogenes and E. coli O157:H7 colonies
were randomly selected and isolated from the plates of each substrate.
The biochemical tests for L. monocytogenes (mobility, hemolysis, and
rhamnose and xylose fermentation) were conducted according to ISO
11290-1:1996. In the case of E. coli O157:H7, the E. coli O157:H7 latex
test (Remel, Lenexa, KS, USA) was used according to the instructions
of the manufacturer. Molecular identification was performed by
PCR according to D’Agostino, et al. [25] and Gordillo, et al. [26] for
L. monocytogenes and E. coli O157:H7, respectively. A presumptive
L. monocytogenes or E. coli O157:H7 colony was considered positive
when both biochemical and molecular tests verified the identity.

Specific PCR was applied as follows: 10 mL of each enrichment
broth (i.e. half Fraser and full Fraser for L. monocytogenes and mTSB
for E. coli O157:H7) after incubation were centrifuged (12.000 x g, 4
°C, 10 min), the pellet was washed twice with sterile saline and DNA
was extracted according to Hadjilouka, et al. [27]. The PCR protocols
developed by D’Agostino, et al. [25] and Gordillo, et al. [26] for
L. monocytogenes and E. coli O157:H7, respectively, were used for
pathogen detection.

Calculation of performance indices

A sample was considered positive when the identity of at least
one presumptive colony of L. monocytogenes or E. coli O157:H7
recovered from any of the media was confirmed. The parallel use of two
selective media resulted in a 2 x 2 contingency table for each substrate
characterized by true-positive (tp), false-positive (fp), true-negative
(tn), and false-negative (fn) samples.

True prevalence (TrP), apparent prevalence (ApP), sensitivity (se),
specificity (sp), positive predictive value (PPV), negative predictive
value (NPV), positive likelihood ratio (PLR) and negative likelihood
ratio (NLR) were calculated basis on the 2 x 2 contingency table. The
equations for calculating these parameters and their terminology are
described in Thrusfield [28].

Results

The population of L. monocytogenes and E. coli O157:H7 was below
enumeration limit in all samples. However, after selective enrichments
and verification tests, both pathogens were detected in one strawberry
sample each resulting in 3.8% prevalence for each pathogen. In Table
1, the results obtained from each substrate utilized after the verification
tests were performed, are exhibited. Regarding L monocytogenes
both substrates provided with the same results, both detected the
positive sample and produced no false positive or negative results.
However, this was not the case as far as detection of E. coli O157:H7
was concerned. In that case, both substrates detected the true positive
sample, but also detected a number of false positive ones. In Table 2
the performance indices of the substrates used are presented. In the
case of ALOA and RAPID’L.mono all indices were identical since both
substrates provided with the same results. In the case of E. coli O157:H7
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Table 1. The 2x 2 contingency table presenting true-positive (tp), false-positive (fp),
true-negative (tn), and false-negative (fn) results for each selective medium used for the
detection of L. monocytogenes or E. coli O157:H7 in strawberry samples after combining
the results of the microbiological, biochemical, and molecular testing.

tp fp tn fn
L. monocytogenes
ALOA 1 0 25 0
RAPID’L. mono 1 0 25 0
E. coli O157:H7
Fluorocult 1 13 12 0
CT-SMAC 1 18 7 0

Table 2. Performance indices of the selective media used for the detection of L.
monocytogenes and E. coli O157:H7 in strawberry samples.

L. monocytogenes E. coli O157:H7

ALOA RAPID’L. mono | Fluorocult CT-SMAC
TrP (%) 38 38
ApP (%) 38 3.8 38 38
Se (%) 100 100 100 100
Sp (%) 100 100 48 4
PPV (%) 100 100 7.1 53
NPV (%) 100 100 100 100
PLR ND ND 1.92 1.04
NLR 0 0 0 0

detection, sensitivity and negative prediction value were optimal for
both substrates but Fluorocult E. coli O157:H7 performed better in
terms of specificity, positive prediction value and positive likelihood ratio.

Presence of L. monocytogenes in the enrichment broths was also
detected by specific PCR. More accurately, in both half and full Fraser
of the positive sample L. monocytogenes was detected. On the contrary,
it was not detected in any of the negative samples. In the case on E. coli
0157:H7, the pathogen was not detected by specific PCR in any of the
enrichment broths.

Discussion

In the present study, ALOA and RAPID’L.mono exhibited identical
performance. This was not the case in previous studies [19,23,29] and
thus it may be characterized as unusual and could probably be assigned
to the rather restricted amount of samples examined in the present
study. On the contrary, Fluorocult E. coli O157:H7 and CT-SMAC
performance revealed their weaknesses. More accurately, the increased
number of false positive results may be attributed to deviations in
phenotypic traits of the isolates from what is considered as typical; at
the same time the importance of the confirmatory tests is adequately
highlighted. Another common characteristic of the latter two media
was the absence of false negative results; thus sensitivity and negative
predicting value were optimal. Sensitivity and negative predicting value
are critical parameters for pathogen detection and tests exhibiting high
such values are more suitable [21,30].

The high number of false positive results of Fluorocult E. coli
0157:H7 and CT-SMAC has also been reported by Restaino, et al. [31],
Manafi and Kremsmaier [22] and Hadjilouka, et al. [19] and inevitably
leads to reduced specificity, positive predicting value and positive
likelihood ratio. Therefore, combination with media that provide with
fewer false positive results, such as CHROMagar [32] is suggested in
order to improve the accuracy of the analysis.

In the case of L. monocytogenes, the result obtained by the
application of classical microbiological techniques could be predicted
by specific PCR in both half and full Fraser. However, this was not
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the case for the detection of the pathogen in naturally contaminated
cucumber and rocket samples, in which the inability of such an analysis
to serve as an indication was highlighted [33]. Similarly, specific PCR
failed to detect E. coli O157:H7 not only in the strawberry samples
analyzed in the present study, but also in cucumber and rocket samples
(data not shown).

Conclusions

The accuracy and reliability of L. monocytogenes and E. coli
0157:H7 detection through the classical microbiological approach
may be improved with parallel testing in at least two culture media. In
addition, specific PCR performed after incubation of the enrichment
broths is not recommended as an indicator for the presence of these
pathogens.
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