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ABSTRACT

The molecular typing of Listeria monocytogenes iso-
lates is an important tool for monitoring the spread of 
the strains in food chains, providing evidence for epide-
miological investigations and for the detection of out-
breaks. The demand of European typing data centraliza-
tion, collection and sharing stimulated the generation of 
“EURL L. monocytogenes Database (EURL Lm DB)” in 
2012 led by the European Union Reference Laboratory 
(EURL) for L. monocytogenes (ANSES Maisons-Alfort 
Laboratory for Food Safety, France) in close collabora-
tion with Applied Maths. This database includes the typ-
ing results and epidemiological information on strains 
isolated from food, environmental or animal samples 
and it is in connection with human strains database TES-
Sy (The European Surveillance System) led by the ECDC 
(European Centre for Disease Prevention and Control). 
In total 147 L. monocytogenes isolates were examined by 
PFGE (pulsed field gel electrophoresis) in 2014—2015 
in VFI Dolny Kubin from different sources. Nearly half 
(68) of the 147 isolates in the national Slovak database 

came from milk or dairy products samples and the re-
lated manufacturing environment. In this work, 68 iso-
lates associated with milk were selected and divided into 
27  clusters (95 % similarity level) after combined com-
parison analysis (AscI and  ApaI) by BioNumerics 6.6 
software. Eight clusters included three or more similar 
PFGE profiles.
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ular typing; PFGE 

INTRODUCTION

The molecular typing of bacterial DNA by different 
methods (pulsed field gel electrophoresis — PFGE, multi 
locus variable-number tandem repeat analysis — MLVA, 
whole genome sequencing — WGS) has become a standard 
process of pathogenic foodborne bacteria characterization. 
The PFGE typing of foodborne microorganisms is very im-
portant for surveillance purposes, especially monitoring 
the spread of strains in food chains, ensuring evidence for 
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epidemiological investigations and revelation of national 
or international outbreaks. PFGE is regarded as the “gold 
standard” among typing methods [6]. 

A surveillance network based on PFGE method includ-
ing food and clinical isolates (PulseNet) has been used in 
USA and Canada for many years and it helped to detect 
numerous outbreaks [1, 2, 3]. PulseNet Europe was created 
with the same aim in 2003 [8], but it was cancelled in 2006 
due to lack of funding [9]. In 2012 the European Centre for 
Disease Prevention and Control — ECDC developed a pi-
lot Molecular Surveillance System (MSS) as a component 
of The European Surveillance System — TESSy. The scope 
of this databasing system is to share epidemiological in-
formation and molecular typing data on L. monocytogenes 
strains isolated in cases of human disease [10]. However, 
there was a constant need to collect and share information 
on European L. monocytogenes isolates sourced from food, 
animal and environmental samples. This need was satisfied 
in 2012 by the creation of “EURL L. monocytogenes Data-
base (EURL Lm DB)” led by European Union Reference 
Laboratory (EURL) for Listeria monocytogenes (ANSES 
Maisons-Alfort Laboratory for Food Safety, France).The 
National Reference Laboratories (NRLs) across Europe can 
store and also share their molecular and epidemiological 
data on L. monocytogenes strains isolated from food, animal 
and environmental samples. The principle of data sharing is 
based on internet communication using BioNumerics soft-
ware (Applied Maths Saint-Martens-Latem, Belgium) [5]. 

MATERIALS AND METHODS

In sum, 147 L. monocytogenes isolates from different 
sources were typed by PFGE in NRL for L. monocytogenes 
at the Veterinary and Food Institute (VFI) in Dolný Kubín 
during 2014—2015. However, this study was focused on 68 
isolates from milk, dairy products and related food process-
ing environments. The isolates originated in official control 
samples or from samples of producer’s self-control. All 
L. monocytogenes isolates were analysed according to the 
EURL protocol [7]. Agarose plugs with bacterial DNA were 
prepared and restriction enzymes AscI and ApaI (Thermo 
Scientific, USA) were used for PFGE profiles production. 
Electrophoresis was performed in 1 % agarose (SeaKem 
Gold Agarose, Lonza, USA) on a CHEF Mapper® XA (Bio-
Rad, USA). Salmonella Braenderup H9812 DNA cleaved 

with XbaI enzyme (Thermo Scientific, USA) was used as 
a reference system. The molecular profiles obtained by the 
PFGE procedures were analysed by BioNumerics v6.6 soft-
ware (Applied Maths, Belgium) using the Dice coefficient 
and unweighted pair group method (UPGMA) with arith-
metic mean analysis, with “optimization” and “tolerance” 
settings of 1 %. The inclusion of PFGE profiles into one 
group — cluster — was done according to 95 % similarities 
among ApaI/AscI compared profiles. 

RESULTS

From 2014 to 2015, a  total of 147 L. monocytogenes 
from different sources were examined by PFGE in NRL for 
L. monocytogenes at VFI Dolný Kubín. These milk-associ-
ated isolates (milk, dairy products and related manufacture 
environments) formed nearly half (46.26 %) of all investi-
gated isolates. The combined clustering analysis of 68 ApaI/
AscI profiles resulted in 27 clusters with 95 % similarity. 

Only 8 of the 27 clusters contained 3 or more identical, 
similar or nearly similar PFGE profiles (Fig. 1, Table 1). All 
8 clusters were comprised of 44 isolates in total. The big-
gest cluster IV was composed of L. monocytogenes isolates 
from one specific source — sheep (sheep milk — 2 samples, 
products from sheep milk — 8 samples and specific sheep 
milk processing environments — 2 samples), and from one 
manufacturer. Conventional serotyping classified all 12 iso-
lates into 1/2a serogroup. The epidemiological data of the 
other 7 clusters (I.—II., V.—VIII.) were also investigated in 
detail, but there was no confirmation of either the presence 
of isolates from the same source and time, or the connec-
tion with one manufacturer.

The remaining 19 clusters were formed only by one or 
two isolates per cluster and were comprised of 24 isolates in 
total (data not shown). 

DISCUSSION

A surveillance of the L. monocytogenes spread in food 
chains is an essential part in preventing disease and moni-
toring public health issues. The surveillance may include 
sampling of food or environments for the presence or ab-
sence of the organisms which may contribute to the identi-
fication of the risky food batches or identify colonization of 
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Fig 1. Similarity dendrogram of 8 PFGE clusters identified in the positive samples of milk, 
dairy products and related food processing environments

Combined analysis of AscI and ApaI profiles of 44 L. monocytogenes strains resulted in 8 clusters (I.—VIII.). Cluster IV was composed of 12 L. monocyo-
genes samples isolated from a specific source and one manufacturer. Despite the profiles similarity, all of the other clusters did not show a connection 

either with the source and time of sampling or with one producer



63

Table 1. Detailed epidemiological data concerning the samples of 8 PFGE clusters

Cluster Sample ID
Conventional 

serotype
Source Sample category

Sampling 
date

I.

11485 1/2a Sheep Cheese category not specified 2014-09-30

12275 1/2a Sheep Soft cheese 2014-10-17

2788 1/2a Sheep Cheese category not specified 2014-03-28

II.

10012 1/2a – Food processing environment 2014-08-26

4806 1/2a Sheep Cheese category not specified 2014-05-13

5680 1/2a Sheep Cheese category not specified 2024-05-26

7863 1/2a Sheep Cheese category not specified 2015-07-16

III.

1588 1/2a Bovine Semi soft cheese 2015-03-05

1849 1/2a Sheep Cheese category not specified 2014-03-07

6105 1/2a – Food processing environment 2014-06-03

978 1/2a Bovine Cheese category not specified 2015-02-17

IV.

6282 1/2a Sheep Soft cheese 2015-06-16

6399 1/2a Sheep Cheese category not specified 2015-06-17

6644 1/2a Sheep Soft cheese 2015-06-23

6818 1/2a – Food processing environment 2015-06-24

6820 1/2a – Food processing environment 2015-06-24

6825 1/2a Sheep Milk 2015-06-24

7180 1/2a Sheep Semi soft cheese 2015-07-01

8156 1/2a Sheep Semi soft cheese 2015-07-23

8157 1/2a Sheep Soft cheese 2015-07-23

8670 1/2a Sheep Cheese category not specified 2015-07-29

9575 1/2a Sheep Soft cheese 2015-08-21

9578 1/2a Sheep Milk 2015-08-21

V.

13326 1/2a Sheep Soft cheese 2014-11-10

14578 1/2a Sheep Soft cheese 2014-12-11

3266 1/2a Sheep Cheese category not specified 2015-04-16

4589 1/2a Sheep Soft cheese 2014-05-07

5247 1/2a Sheep Soft cheese 2014-05-20

5893 1/2a Bovine Semi soft cheese 2011-05-28

5894 1/2a Sheep Milk 2014-05-26

6215 1/2a Sheep Soft cheese 2014-06-05

9721 1/2a Bovine Other dairy product 2014-08-25

VI.

450 1/2a Bovine Semi soft cheese 2014-01-28

6200 1/2a Bovine Semi soft cheese 2014-06-05

6729 1/2a Bovine Semi soft cheese 2014-06-17

7237 1/2a Bovine Semi soft cheese 2014-06-25

VII.

1103 4b Bovine Semi soft cheese 2014-02-11

3268 4b Bovine Semi soft cheese 2015-04-16

3797 4b Bovine Semi soft cheese 2015-04-28

9738 4b Sheep Cheese category not specified 2015-08-26

2644 4b Sheep Cheese category not specified 2015-03-30

VIII.

5898 1/2b Bovine Semi soft cheese 2014-05-28

6107 1/2b – Food processing environment 2014-06-03

6110 1/2b – Food processing environment 2014-06-03
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environments (farms) with organism and potential cross-
contamination of the food. Using more advanced tools 
(strains serotyping and molecular typing by PFGE), better 
epidemiologic understanding can be achieved. 46.26 % oc-
currence of milk associated isolates in a total 147 investi-
gated L. monocytogenes isolates is consistent with the fact 
that milk and dairy product are one of the most frequent 
source of listeriosis [4]. The combined analysis of AscI and 
ApaI patterns of 68 L. monocytogenes strains isolated from 
dairy product and related environments resulted in strain 
discrimination into 27 clusters (95 % similarity level). After 
the selection of clusters with 3 or more profiles, 44 sam-
ples were grouped into 8 clusters and one of them (clus-
ter IV) showed the close relationship between samples. All 
12 samples from cluster IV were identified to be from one 
source and one producer. In this case, the subtyping data 
of L. monocytogenes isolates facilitated finding the source of 
L. monocytogenes presence in final dairy products and, of 
course, allowed the producer to optimize the technical and 
sanitation measures to be taken to ensure hygiene of the 
food production.

Moreover, all PFGE profiles were sent for curation pro-
cessing in EURL Lm DB. The majority of them were ac-
cepted and involved in the transnational database for shar-
ing with other European countries.

In Slovakia, there have been only a few similar studies 
focused on solving the secondary contamination problems 
in food producers using modern typing methods. In one of 
them,  V e g h o v a  et al. [11] examined 20 L. monocytogenes 
strains isolated from sheep milk products and related food 
processing environments. In contrast with our results, the 
dominated serogroup in the collection was IIa. The authors 
identified 14 clusters at a similarity level of 100 % without 
confirmation of epidemiological clone ECI-ECIII. This 
high strain similarity suggested the external environment 
as an origin of contamination [11]. Using molecular tools 
on national and international levels one can better under-
stand the potential route of disease transmission through 
the food chains. Databasing system based on PFGE in NRL 
for Listeria monocytogenes in Slovakia is connected with 
European databasing system and enables as to compare 
profiles from all participating countries, not only in the 
case of disease outbreak, but also for surveillance purposes 
and epidemiological investigations.

CONCLUSIONS

L. monocytogenes is a  serious foodborne pathogen in 
human health, and also has important economic influence 
due to its persistence in food processing environments and 
potential food product contaminations. In the case of its 
source and route of contamination detection, suitable ana-
lytical method, such as molecular typing, needs to be used. 
In our surveillance, we referred the potential source and 
route of milk and dairy products contamination by the 
identification a  cluster (cluster IV) of L. monocytogenes 
isolates from a specific source (sheep milk, products from 
sheep milk and related food processing environments) and 
from one producer. However, another 7 clusters mentioned 
in Fig. 1 did not show a connection in the context of source 
and season of contamination or coherence with a specific 
manufacturer. This example points out the importance and 
advantages of molecular typing and creating a  national 
database of molecular profiles. Using national databasing 
systems we were able to search and compare molecular 
profiles collected through the years. Joining the European 
databasing system allows the comparison of molecular data 
with all participating countries and brings benefits during 
disease outbreak detection, epidemiological investigation 
and it is also helpful in the case of monitoring and surveil-
lance programmes. 
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