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Executive summary 

Background 

Listeriosis is a foodborne disease caused by Listeria monocytogenes -bacteria, which are ubiquitous in the 
environment. After ingestion of L. monocytogenes bacteria via contaminated food, the infection usually leads to a 
mild, self-limiting illness in immunocompetent persons causing gastrointestinal and/or flu-like symptoms after a 
short incubation period of around 24 hours [1]. After an incubation period a couple of days to two weeks, the 
infection may cause severe, life-threatening disease, often manifested as septicaemia and/or meningitis, 
particularly among elderly and immunocompromised persons. Further, L. monocytogenes -infection during 
pregnancy may infect the fetus and lead to miscarriage and stillbirth even after 67 days of ingestion [1]. 
Neonatal infection may occur during the parturition of an infected, pregnant woman. Listeriosis is a rare disease 
but the case fatality can be high at around 20-30% particularly among the elderly patient group [2].  

Many L. monocytogenes infections occur as ‘sporadic’ cases, although small clusters and outbreaks restricted by 
time and location have been reported since the 1980’s [3-6]. Alongside the development of molecular typing 
techniques such as pulsed-field gel electrophoresis (PFGE), many human L. monocytogenes infections of a 
sporadic nature could be linked together through PFGE typing, thus opening the possibility for effective detection 
and investigation of dispersed clusters/outbreaks, some of which spanned over months and years [7-10]. Despite 
standardisation of PFGE and its successful application in foodborne outbreak investigations in many countries, 
signals on increasing incidence of listeriosis were reported in EU in 2007-2009 [11,12]. 

The surveillance of invasive listeriosis was established in the European Union (EU) and European Economic Area 
(EEA) in 2008 when the European Centre for Disease Prevention and Control (ECDC) established the reporting of 
communicable diseases to the European Surveillance System (TESSy). Since 2009, the number of reported 
listeriosis cases has steadily increased in the European Union/European Economic Area (EU/EEA), with significant 
increases notified in several Member States [13,14]. 

Since 2006, considering the potential significant health risk posed by the possible presence of L. monocytogenes 
in ready-to-eat (RTE) food, food safety criteria have been in place for RTE products in the EU to define 
microbiological acceptability of a product placed on the market [15]. In 2009, the highest proportions of official 
samples at retail level, potentially/apparently exceeding the regulatory limits, were in soft and semi-soft cheese 
products (1.1%), RTE fishery products (1.0%), and RTE meat products (0.3%) [16]. 

By request from the European Commission (EC) in 2008, in order to carry out a Coordinated Monitoring 
programme (CMP) in accordance with Article 5 of the EU Zoonoses Directive EC No 2003/99, EFSA published 
technical specifications for an EU-wide prevalence survey on L. monocytogenes in certain RTE food in the EU 
[17]. This CMP, hereafter referred to as a baseline survey (BLS), was co-financed by the European Commission, 
and it was conducted in EU Member States in 2010-2011 [18,19]. The technical specifications requested the food 
National Reference Laboratories for L. monocytogenes (NRLs Lm) to store one confirmed L. monocytogenes 
strain per positive sample for possible further typing studies [17].  

In February 2010, ECDC invited the National Public Health Laboratories (NPHRLs) to start storing all available L. 
monocytogenes isolates with accompanying background data from human cases of listeriosis on a voluntary basis 
until the end of 2011.  

This collaborative study, called ‘the European Listeria Typing Exercise’ (ELiTE), was initiated in 2010 as a multi-
sectorial, multi-centre exercise between ECDC, EFSA, the European Union Reference Laboratory Listeria 
monocytogenes in the area of food safety (EURL Lm)1, National Public Health Institutes, NPHRLs, National Food 
Safety Authorities, National Reference Laboratories (NRLs) in the area of food safety, and indirectly involving local 
and regional public health and food safety authorities. Thus, the present study was based on a dataset of certain 
RTE food isolates from the EU BLS and a dataset of human isolates collected from clinical cases around the same 
time period as the food BLS. 

 
 

1 Regulation (EU) No 2017/625 (replacing Regulation 882/2004/EC) 
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Objectives 
The aim of the study was to describe the molecular epidemiology of L. monocytogenes in humans and food, and 
in particular to: 

• investigate the molecular epidemiology of human listeriosis at the EU/EEA level in 2010-2011 using the 
PFGE method, which was the reference typing method at that time  

• explore the diversity of PFGE patterns (pulsotypes) of L. monocytogenes strains isolated from the three 
RTE food categories and humans in the EU/EEA in 2010-2011 

• evaluate the utility of combined analysis of human and food L. monocytogenes molecular typing (PFGE) 
data at EU/EEA level e.g. for the purpose of detection and investigation of multi-country foodborne 
outbreaks 

• map the PFGE pulsotypes to multilocus sequence typing (MLST) clonal complexes. 

Methods 

In parallel to food BLS, PFGE and attached epidemiological data on human L. monocytogenes isolates were 
collected by ECDC for the years 2010-2011 as part of routine surveillance. These isolates originated from invasive 
listeriosis cases, which are the focus of EU level surveillance, and were collected by national public health 
reference laboratories as part of the national surveillance systems.  

Sampling of food products was done by the National Competent Authorities and analyses were performed by the 
food National Reference Laboratories for L. monocytogenes (NRLs Lm) or another accredited laboratory 
performing official control of L. monocytogenes. The retail food categories surveyed were 1) packaged (not 
frozen) hot or cold smoked or gravad (cured) fish, 2) soft or semi-soft cheeses -excluding fresh cheeses, and 3) 
packaged heat-treated meat products [20]. The L. monocytogenes isolates from the BLS were stored in the NRL 
Lm of each Member State and typed by the NRL itself or sent to the EURL Lm for typing. The strain reference 
was linked to the BLS sample reference published by EFSA (EFSA 2013). The strains not linked to a BLS sample 
were maintained in the study, if the country and the date of isolation were consistent. 

As data on multilocus sequence typing (MLST) clonal complexes (CCs) of L. monocytogenes isolates were 

available from EFSA and ECDC studies [21,22], these data were used for mapping MLST CCs to PFGE cluster 
pulsotypes.  

Results 
After a rigorous cross-curation of anonymised PFGE AscI/ApaI profiles that was performed by Statens Serum 
Institute’s and EURL Lm’s curators, the final dataset comprised of 993 L. monocytogenes isolates, of which 58% 
originated from humans (13 Member States) and 42% from food samples (23 Member States).  

The clustering proportion was high for both human and food isolates, 56.0% and 60.0% respectively. Overall, 
there were 78 unique clusters by pulsotypes corresponding to 573 (57.7%) L. monocytogenes isolates in the 
study dataset. These clusters were divided into human-food clusters (n=21), human-only clusters (n=47) and 
food-only clusters (n=10). The Simpson’s diversity index for the PFGE pulsotype AscI/ApaI combinations was 
0.986. 

Assuming that all human-only clusters are linked to food exposure, the likelihood of detecting L. monocytogenes 
in foods, which cluster with L. monocytogenes in humans, was 26.9% (21/78) in this study. In 21 human-food 
clusters, 111 human L. monocytogenes isolates were linked to 174 isolates from fish products, 18 from meat 
products, and two from cheese products. The high representation of matches between human and fish products 
is partly related to the high number of strains isolated from fish samples in the BLS (n=365/406), although most 
positive findings were isolations at low level contamination (<10 cfu/g). However, for almost 15% of food 
samples with reported enumeration data, bacteria counts exceeded the microbiological criterion of 100 cfu/g. Of 
these, most (87.3%) were fish products.  

Of 78 clusters, 57 (73.1%) comprised up to five individual L. monocytogenes isolates. Of small clusters up to five 
isolates, only three (5.3%) were ‘human-food’ involving at least one human and one food L. monocytogenes 
isolate. Still, there were nine human-food multi-country clusters with over 10 cases and three of these involved 
13,14, and 15 countries. Interestingly, there was one 9-country cluster of 30 L. monocytogenes food isolates and 
no matches with human cases in this study, consistent with various hypotheses including that of substantial 
virulence variation across L monocytogenes strains.  

Of 370 mapped human L. monocytogenes isolates, 109 (29.5%) were MLST CC8 and 79 (21.4%) CC1. Among 
the food isolates, CC121 was the most common CC type (37.3%) followed by CC8 (26.7%). 
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Conclusions 

Considering the rigorous validation step and a good discriminatory power of PFGE in this study, we can conclude 
that the presence of commonly circulating L. monocytogenes strains in food and humans has been demonstrated 
in the EU/EEA.  

The study identified matching PFGE profiles between fish products and humans in seven human-food clusters. Of 
these, three were larger clusters with several countries involved from both sectors. The biggest human-food 
cluster involved 30 human and 56 food L. monocytogenes isolates from 15 countries. This suggests a relatively 
high degree of EU-wide dissemination of certain L. monocytogenes clones in the food chain and in the human 
population. Therefore, these strains may be more likely to appear in cross-border foodborne outbreaks if caused 
by RTE fish products.   

Even excluding double sampling of RTE fishery products, the data suggests frequent detection of L. 
monocytogenes in RTE fish products, albeit at low contamination levels. Whole genome sequence-based typing 
helps identify those strains and clones that have colonised the food processing plants and are most frequently 
linked to human infections, thus opening the possibility to identifying genetic markers and phenotypes that 
correlate with virulent clones.  

Twenty-three MLST CCs were identified among 78 ELiTE cluster pulsotypes, but two of them were clearly more 
prevalent among fish sample isolates than others: CC8 and CC121. Importantly, CC8 was linked to the largest 
human-food PFGE pulsotype cluster in this study (ELiTE01). This indicates that this CC may be common in 
several countries and has potentially been circulating in RTE fish production plants. In contrast, CC121 was linked 
to four ELiTE cluster pulsotypes with very few human isolates, suggesting lower virulence of the strains and 
possibly requiring higher infective dose.  

Despite several challenges along the execution of the study, it stands as a very good example of a successful 
joint scientific exercise and data sharing in the spirit of One Health, bringing together the knowledge and 
expertise from both human and food sectors, and thereby strongly supporting possibilities for unique operational 
added value for public health and food safety in EU/EEA. 

Recommendations 
As infection with L. monocytogenes can lead to severe, life-threatening illness, all human isolates from invasive 
human infections should be sequenced, and sequences compared, to identify persistently circulating strains. 
Since L. monocytogenes infection is acquired through ingestion of contaminated food and about half of these 
cases in Europe are linked to clusters involving more than one country, efforts should be made to investigate the 
clusters which have repeated occurrence of human cases in several countries at the EU level,. Additionally, 
persistent L. monocytogenes strains that are linked to repeated human infections in several countries for a 
prolonged time should be prioritised for further investigation at the EU level. 

Although there was no background information available about consumption/exposure to various types of RTE 
food products, the PFGE matches between human L. monocytogenes isolates and isolates from fish products in 
several distinct clusters, particularly those linked to MLST CC8, warrant further assessment of human L. 
monocytogenes infections attribution to RTE fish products. These assessments should be based on WGS of 
human and food L. monocytogenes isolates and supported by patient interviews of food consumption histories 

and analytical epidemiological studies. In addition, potential contributing factors related to human behaviour, e.g. 
storage of food products at home and the role of catering services for elderly people and other vulnerable 
population groups should be considered.  

The findings in this study suggest that the management of Listeria risk in RTE fish products requires further 
attention.  Almost 50% of L. monocytogenes isolates from fish products clustered with human isolates by PFGE, 
and based on the BLS, fishery products showed high prevalence of L. monocytogenes with the highest proportion 
of samples with bacteria counts exceeding microbiological criterion 100 cfu/g. Therefore, a review of the 
compliance of food business operators with microbiological criteria could be considered, particularly for fish 
products.  

The food L. monocytogenes isolates in this study originated from an EU-wide BLS, L. monocytogenes isolates 
from official control and own-check samples. If these were further sequenced and included in RASFF 
notifications, it could substantially increase the probability of detecting reliable microbiological links between 
human and food L. monocytogenes isolates. This could result in a genetic library of food-associated L. 
monocytogenes isolates against which any human isolate could be compared with in order to maximise the 

speed of source identification in outbreak investigations. This would be particularly important in light of the 
increasing proportion of aged populations and challenges related to exposure assessments in elderly people.  

The molecular typing approaches to investigating relatedness of bacterial pathogens is in a transition phase, 
where the PFGE method is being replaced by WGS. This development is ongoing in both the human and the food 
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sector, but further efforts should be made to foster the transition from PFGE to WGS capacity across sectors. To 

ensure compatibility with historical data, it would be justified to link the historical joint ECDC-EFSA molecular 
typing database with integrated ECDC-EFSA WGS databases that are expected to be operational by June 2022.  

1. Introduction 

1.1 Background 

Listeriosis is a foodborne disease caused by L. monocytogenes -bacteria, which are ubiquitous in the 
environment. After ingestion of L. monocytogenes bacteria via contaminated food, the infection usually leads to a 
mild, self-limiting illness in immunocompetent persons causing gastrointestinal and/or flu-like symptoms after a 
short incubation period of around 24 hours [1]. After a longer incubation period of a few days to two weeks, the 
infection may cause severe, life-threatening disease, often manifested as septicaemia and/or meningitis, 
particularly among elderly and immunocompromised persons. Further, L. monocytogenes -infection during 

pregnancy may infect the fetus and lead to miscarriage and stillbirth even after about 67 days of ingestion [1]. 
Neonatal infection may occur during the parturition by an infected, pregnant woman. Listeriosis is a rare disease 
but the case fatality can be high, up to 20-30% particularly among the elderly patient group [2]  

Over 90% of listeriosis cases are attributable to doses > 10 000 colony forming units (cfu) per serving (average 
of 50 g), corresponding to a mean bacterial count of 2 000 cfu/g food at the time of consumption [13]. This level 
of contamination in food could explain 92% of invasive listeriosis cases [13]. Furthermore, one-third of cases can 
be attributed to growth of Listeria during the storage phase at consumer’s homes [13].     

Many L. monocytogenes infections occur as ‘sporadic’ cases, although small clusters and outbreaks restricted by 
time and location have been reported since the 1980’s [3-6]. Alongside the development of molecular typing 
techniques, like pulsed-field gel electrophoresis (PFGE), many human L. monocytogenes infections of sporadic 
nature could be linked together through PFGE typing, thus opening the possibility for effective detection and 
investigation of dispersed clusters/outbreaks, some of which spanned over months and years [7-10]. Despite 
standardisation of PFGE and its successful application in foodborne outbreak investigations in many countries, 
signals on increasing incidence of listeriosis were reported in the EU in 2007-2009 [11,12]. The surveillance of 
invasive listeriosis was established in the European Union (EU) and European Economic Area (EEA) in 2008 when 
the European Centre for Disease Prevention and Control (ECDC) opened the reporting of communicable diseases 
to the European Surveillance System (TESSy). In 2009, the number of reported listeriosis cases in the EU/EEA 
increased by 19.1%, from 1 381 reported cases in 2008 to 1 645 cases in 2009 [16]. Since 2009, the number of 
reported listeriosis cases has steadily increased in the EU/EEA, with significant increases notified in several 
Member States [13,14].  

Since 2006, considering the potential significant health risk posed by the possible presence of L. monocytogenes 
in ready-to-eat (RTE) food, food safety criteria have been in place for RTE products in the EU to define 
microbiological acceptability of a product placed on the market [15]. The food safety criteria oblige food business 
operators to ensure that specified RTE food products comply with defined qualitative or quantitative limits of L. 
monocytogenes analyses. These criteria offer tools for food business operators to monitor the critical control 
points in their processes and production of food with the aim of contributing to a high level of protection of 
public health. These food chain control data are compliance checks and are collected with the aim to install an 
early warning and initiate control measures. The National Competent Authorities conduct investigations to verify 

whether food business operators correctly implement the legal framework of own-check programmes as well as 
the analyses in the framework of Hazard Analysis and Critical Control Points (process monitoring) according to 
the General Food Law principles [23]. The proportions of these official monitoring samples exceeding the 
microbiological thresholds of L. monocytogenes in food are published annually by EFSA and ECDC in the 
European Union Summary Reports on trends and sources of zoonoses and zoonotic agents and foodborne 
outbreaks, together with the data on zoonotic infections reported in humans (now called European Union One 
Health Zoonoses Report). Own-checks data are seldom reported to EFSA because of data ownership sensitivities.  

In 2008, the European Commission requested the European Food Safety Authority (EFSA) to prepare a proposal 
of technical specifications for an EU-wide prevalence survey on L. monocytogenes in certain RTE food in the EU, 
which EFSA’s Task Force on Zoonoses Data Collection adopted on 22 May 2009 [17]. The report formed the basis 
of the EC decision to form a Coordinated Monitoring Programme (CMP), in accordance with Article 5 of the EU 
Zoonoses Directive European Commission No 2003/99, on the prevalence of Listeria monocytogenes in certain 
RTE foods, later referred to as a ‘baseline survey’ (BLS) [20]. In 2009, the highest proportions of official samples 
at retail level exceeding the regulatory limits for L. monocytogenes were from soft and semi-soft cheese products 
(1.1%), RTE fishery products (1.0%), and RTE meat products (0.3%) [16]. These proportions were the basis for 
defining the food types for the BLS.  

The European Commission decision requested that food National Reference Laboratories for L. monocytogenes 
(NRLs Lm) have to store one confirmed L. monocytogenes strain per positive sample for possible further typing 
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studies [20]. The BLS, co-financed by the European Commission, was conducted in EU Member States in 2010-

2011 [18,19].   

The initiative to perform joint EFSA-ECDC analyses on food and human L. monocytogenes -isolates was first 
discussed in a technical coordination meeting between the EC, EFSA, and ECDC on 29 January 2009. The project 
was presented in December 2009 to the ECDC Advisory Forum, which supported the proposal. The European 
Commission presented the study proposal to the members of the Standing Committee on the Food Chain and 
Animal Health (SCoFCA, later Standing Committee on Plants, Animals, Food and Feed, PAFF), which unanimously 
endorsed the study proposal during its meeting on 12 December 2012.  

The outcome of this groundwork was the development of the collaborative study this report pertains to. Called 
‘the European Listeria Typing Exercise (ELiTE)’, it was initiated in 2010 as a multi-sectorial, multi-centre exercise 
between ECDC, EFSA, the EURL Lm, National Public Health Institutes, National Public Health Reference 
Laboratories, National Food Safety Authorities, food National Reference Laboratories for L. monocytogenes and 
involving indirectly, local and regional public health and food safety authorities. 

This report presents the objectives, methods, results, and conclusions of the study, as well as recommendations 

for further studies.  

1.2 Objectives 

The main purpose of the study was to apply the One Health principle by collecting data retrospectively in the 
same period (2010-2011) on food and human L. monocytogenes isolates, integrate the data , and further 
analyse it for microbiological clusters by a molecular typing method, followed by a description of clusters.   

The objective of the study was to describe molecular epidemiology of L. monocytogenes in humans and food, 
and to: 

• investigate the molecular epidemiology of human listeriosis at the EU/EEA level in 2010-2011 using the 
PFGE method, which was the reference typing method at that time  

• explore the diversity of PFGE patterns (pulsotypes) of L. monocytogenes strains obtained from the three 
RTE food categories and humans in the EU/EEA in 2010-2011  

• evaluate the utility of combined analysis of human and food L. monocytogenes molecular typing (PFGE) 
data at the EU/EEA level e.g. for the purpose of detection and investigation of multi-country foodborne 
outbreaks 

• map the PFGE pulsotypes to MLST clonal complexes. 

2. Methods 

2.1 Governance   
The study involved several stakeholders from the EU and at Member State level; two units from the Directorate-
General for Health and Food Safety2, ECDC Advisory Forum, Standing Committee on Plants, Animals, Food and 
Feed (PAFF) and the expert networks of ECDC, EFSA and the EURL Lm (Figure 1).  

A Steering Group was established to plan and execute the study in close collaboration with the lead 
agencies/institutions. The Steering Group consisted of representatives from ECDC, EFSA and the EURL Lm. A 
specific scientific and technical agreement was prepared and signed between ECDC, EFSA and ANSES, hosting 
EURL Lm, in January 2015. The technical agreement outlined the framework of the study, including analysis, use 
and publication of data, as well as the study principles. According to those, no country specific results nor 
individual isolate results were to be published in the report.  

The Listeria Expert Study Group was established in 2013 to support the analysis and interpretation of the results 
of the study. The original study group consisted of 16 invited experts representing the WHO Collaborating Centre 
for Listeria, microbiological expertise on PFGE typing of Listeria isolates from human and food samples, 
epidemiologists from ECDC Food- and Waterborne Diseases and Zoonoses network (FWD-Net), food safety 
experts from the EFSA Scientific Network on Zoonoses Monitoring Data3, and an expert in Listeria food research. 
Due to a prolonged period between the initiation of the study, signing of the collaborative study agreement and 
the finalisation of the analyses and the report, the expert group composition has changed slightly over the years. 
The study group has met twice: in November 2013 to discuss the analytical approaches and in February 2015 to 
review the preliminary results and outline of the report. The draft report was sent to the study group for a review 

 

 
2 Until 2014, called DG SANCO 
3 Before 2014 called the EFSA ‘Task Force on Zoonoses Data Collection’ 
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in September 2019 and for a consultation to the networks in both sectors (public health and veterinary) in 

October 2020. 

Figure 1. Governance structure of the European Listeria Typing Exercise (ELiTE), 2010-2011 
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2.2 Human L. monocytogenes  isolates 
In February 2010, ECDC invited the NPHRLs to start storing all available L. monocytogenes isolates with 
accompanying background data from human cases of listeriosis on a voluntary basis until the end of 2011. EU-
level surveillance, which was established in 2008, focuses on severe forms of invasive listeriosis and therefore, 
most of these isolates originated from severely ill patients. This convenience-sampling scheme was based on 
existing national surveillance practices and existing isolate/sample referral systems. The countries were invited to 

perform PFGE typing on isolates and collect available epidemiological data of selected background variables 
together with the isolate data (Table 1). The variables were synchronised with the existing data collection in 
TESSy as far as possible. The only variable not included in the routine TESSy data collection was 
‘ClinicalPresentation’ (Table 1).  

In November 2012, countries were invited to submit the molecular typing (PFGE) and related epidemiological 
data to ECDC. The data on MLST CCs for selected human L. monocytogenes  isolates were available at a later 
stage from an EU-wide study on retrospective validation of whole genome sequencing-enhanced surveillance of 
listeriosis in Europe [22].   
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Table 1. Background variables for human listeriosis cases, ELiTE, 2010-2011 

 

2.3 Food L. monocytogenes -isolates  

The EU BLS started on 1 January 2010, following the European Commission Decision on a coordinated 
programme to estimate the prevalence of Listeria monocytogenes in RTE foods with a duration of at least 12 
months [20]. It started with sampling and testing of RTE fish products and semi-soft cheeses. RTE meat 
sampling was added to the survey in October 2010. The sampling period continued until the end of December 

2011.  

Sampling of food products was done by the National Competent Authorities and analyses were performed by the 
food National Reference Laboratories for L. monocytogenes (NRLs Lm) or another accredited laboratory 
performing official control of L. monocytogenes. The retail food categories surveyed were 1) packaged (not 
frozen) hot or cold smoked or gravad (cured) fish, 2) soft or semi-soft cheeses -excluding fresh cheeses, and 3) 
packaged heat-treated meat products [20]. Two samples were taken from every fish batch; one analysed upon 
arrival at the laboratory and the other one at the end of shelf-life. Only one sample per batch of meat product 
and of cheese was taken and analysed at the end of shelf-life. The survey was designed to yield estimates of 
prevalence and levels of L. monocytogenes at the EU level only and not at the Member State level. The total 
number of samples determined at EU level was stratified according to each Member State population. In each 
country, 30 to 400 samples per food category were taken and tested for the presence and quantity of L. 
monocytogenes bacteria.  

The L. monocytogenes isolates from the BLS were stored in the NRL Lm of each Member State and typed by the 

NRL itself or sent to the EURL Lm for typing. The strain reference was linked to the BLS sample reference 
published by EFSA (EFSA 2013). The strains not linked to a BLS sample were maintained in the study, if the 
country and the date of isolation were consistent. 

The MLST CCs for BLS food L. monocytogenes  isolates were available from an EU-wide study on ‘Closing gaps 
for performing a risk assessment on L. monocytogenes in RTE foods’ [21].   

2.4 Characterisation of L. monocytogenes isolates 
For several years, a standardised PFGE typing method has been used for detecting listeriosis outbreaks and 
investigating them by establishing links between apparently unrelated listeriosis cases and suspected food items 
[6,24-26]. PFGE represented an improved discriminatory power compared to phenotyping methods, and in 2010, 
the PFGE method was widely adopted by the majority of national level reference laboratories both in the public 
health and food sector for molecular typing of L. monocytogenes isolates [27,28]. In addition, EURL Lm had 
established a molecular typing database for food L. monocytogenes isolates typed with PFGE [29]. For these 
reasons, the molecular typing methodology based on PFGE was considered appropriate at the time of the study 
for exploring the molecular epidemiology of L. monocytogenes isolates. 

Category Field Description Codes

General RecordID or KEY Unique identifier Unique value

General Country Country ISO 3166-1-alpha-2 code

Epi/clinical DateOfDiagnosis Date of diagnosis ISO 8601 (yyyy-mm-dd)

Epi/clinical Age Age at diagnosis, in years Yy

Epi/clinical Gender Gender F, M, UNK

Epi/clinical ClinicalPresentation Clinical presentation 

Sepsis, Meningitis, Neonatal infection, 

Stillbirth, OTHER

Epi/clinical PregnancyAssociated Pregnancy related N, Y, UNK

Epi/clinical Outcome Outcome Non-fatal, Fatal, UNK

Lab DateOfSampling Date of sampling (preferred) or isolation ISO 8601 (yyyy-mm-dd)

Lab Serotype Serotype

1/2, 1/2a, 1/2b, 1/2c, 4, 4b, OTHER, UNK, 

NT (not typeable)

Lab OtherTyping Other typing data if available Text

Epi CaseRecordId

Optional. The RecordId under which the 

corresponding notified case was submitted 

to TESSy, to be able to link to it later. Text

Epi CaseDataSource

Optional. The DataSource under which the 

corresponding notified case was submitted 

to TESSy. Text
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2.4.1 Typing of human L. monocytogenes  isolates 

Ten countries performed traditional serotyping with commercial antisera, and three countries reported PCR-based 
seroroups [30-32]. One country reported isolates by a serotype or a serogroup.   

Human isolates were further typed with PFGE, using both ApaI and AscI enzymes according to the PulseNet 
International protocol [26]. The PFGE typing with two enzymes was required to enhance the discrimination 
between isolates. Member States performed the PFGE typing themselves, with the exception of Bulgaria, the 
United Kingdom, and Sweden for one of the study-years, when Statens Serum Institute (SSI) in Denmark 
provided the typing services to ECDC and performed the PFGE typing for these three countries.  

2.4.2 Typing of food L. monocytogenes  isolates 

The food isolates were PFGE-typed by the EURL Lm or NRLs Lm (see 2.3) according to the EURL Lm standard 
operating procedure [33], which was based on the PulseNet International protocol with small modifications. The 
potential impact of this modification on comparability of data was assessed in a prior proficiency testing (PT), 

where both SSI and EURL Lm performed the PFGE typing on the same set of isolates, prepared by EURL Lm 
[34]. The SSI and EURL Lm results were indistinguishable in the PT. 

2.4.3 Cross-curation and harmonisation of cluster analysis  

The PFGE data were subjected to curation, which included band normalisation, band assignment and quality 
check. As SSI provided External Quality Assessment (EQA) services to Member States and performed curation of 
PFGE profiles of L. monocytogenes isolates that were submitted to TESSy, it also performed curation of all human 
L. monocytogenes PFGE profiles in the study. EURL Lm performed curation of all food isolates. 

As PFGE typing is subject to high variation in quality and the curation of human and food isolates were 
performed by two separate laboratories representing different sectors, a blinded cross-curation and subsequent 
cluster analysis step was implemented. It aimed at reducing the source of variation due to subjective curation, 
and at ensuring as high quality of the data as possible in the final analyses.  

After collection and validation of isolate-based datasets, the PFGE typing data for the food isolates were sent to 

ECDC and pooled together with the PFGE data from human isolates into a single anonymised BioNumerics 
database. This blinded merged database consisted of a fully random 128 bit isolate identifier, plus the PFGE data 
only, with the key to the original isolate identifiers known to one data management expert in ECDC.  

A blinded cross-curation was subsequently performed: the exact same anonymised dataset was provided 
separately to both the EURL Lm and SSI, who assessed independently the quality of each PFGE gel and lanes 
(ApaI and AscI), and assigned pulsotypes to lanes according to their own procedures and nomenclature. Each 
lane for each enzyme (ApaI and AscI) was classified as ‘Accepted’ (good quality), ‘AcceptedForOutbreak’ 
(intermediate quality), or ‘Rejected’ (poor quality). The EURL Lm made this classification using the quality criteria 
for the EU-wide Listeria food isolate database, but with the exception that non-8-bit images were also allowed for 
curation and not immediately classified as ‘Rejected’ [29,33]. SSI made the classification based on the quality 
criteria used for the TESSy database, with the exception that the ‘AcceptedForOutbreak’ category was also 
allowed for any lane of intermediate quality rather than only for isolates that are part of an ongoing event.  

After cross-curation, the three-tiered quality classification and subsequent pulsotype assignment were compared 
using the partition mapping procedure in BioNumerics. To avoid any impact of the gel quality on the assessment 

of discrepancies in pulsotype assignment, the partition mapping was applied only to isolates which had PFGE 
data classified as ‘Accepted’ by both curators and for both enzymes. The results of the partition mapping can be 
represented in a matrix, where the rows are the pulsotypes assigned by SSI and the columns those assigned by 
the EURL Lm. The concordant cells represent the number of isolates that have the same SSI/EURL Lm 
combination of pulsotypes, and the adjacent cells show the number of isolates with discrepancies between the 
two curators. Figure 2 shows an example of the partition mapping: number one or four in a concordant cell 
represents isolates that have been given a unique but same pulsotype combination by SSI and the EURL Lm. In 
the middle of Figure 2, 17 isolates have been assigned by both curators to a single equivalent pulsotype 
combination but there are five additional isolates that have been assigned differently. The discrepant pulsotype 
combinations were subsequently discussed one by one between both curators to determine the cause of this 
discrepancy and to harmonise the pulsotype assignment. Where no harmonisation was possible, the isolates in 
question were excluded.  
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After the cross-curation analysis, the isolates were defined as category ‘A’ isolates if both curators had assessed 
the quality of lanes with both enzymes as ‘Accepted’ (A-A/A-A). Isolates that had at least one enzyme result 
classified as ‘AcceptedForOutbreak’ by at least one curator, but never ‘Rejected’, were defined as category ‘O’ 
isolates (e.g. A-O/A-A). Any isolates that were ‘Rejected’ for at least one lane by at least one curator, or had a 
missing lane, are referred to as category ‘R’ isolates (e.g. A-O/R-A). Due to time constraints, isolates from the 
Netherlands were only curated by SSI according to the stricter TESSy rules for quality assessment, which resulted 
in the lanes that would have been considered ‘AcceptedForOutbreak’, instead being classified as ‘Rejected’.  

In addition, isolates were rejected if the food types or reporting countries did not match between EFSA and EURL 
Lm databases. The human isolates from Bulgaria, Hungary and the Netherlands were not included in the 
validation since the data from these countries were only available after the cross-curation. The human isolates 
from Bulgaria, the Netherlands and Hungary were curated by SSI, and only their pulsotype assignment was used 
for the final cluster analysis. 

Figure 2. An example of the partition mapping result comparing pulsotype assignments between 
the EURL Lm and SSI, ELiTE, 2010-2011 

 

2.4.4 Mapping of ELiTE PFGE pulsotypes with MLST clonal complexes 

MLST technique detects variations in the internal fragments of seven housekeeping genes [35]. Each MLST locus 
is given an allele number and a combination of seven alleles is assigned to a sequence type (ST). The clonal 
complexes (CCs) are groups of STs that differ by no more than one allele from any other ST in the group in a 
minimum spanning tree (MST) analysis [35]. 

The WGS data of food L. monocytogenes isolates were retrieved from a study commissioned by EFSA [21] and 

the human isolates were retrieved from an EU-wide retrospective validation study coordinated by ECDC [22]. The 
isolates with both PFGE cluster pulsotype and MLST CC were selected. If a PFGE cluster involved more than one 
MLST CC, no CC was assigned to that PFGE cluster pulsotype. The missing MLST CCs were imputed in a PFGE 
cluster if the cluster involved consistent annotations for all isolates with known PFGE and MLST CC. 

2.5 Data analysis 

After the cross-curation and harmonisation of cluster analysis results, the clustering and sporadic A pulsotypes 
were complemented with category O isolates that matched a pulsotype of a category A isolate. These O isolates 
were assigned to the same pulsotype with A isolate(s) and included in further analyses. The category O isolates 
that did not match with any category A isolate(s) and single A isolates were considered to be sporadic. 

A cluster analysis was performed for the isolates of A and O category. A pulsotype and cluster code were 
assigned to a cluster with at least two indistinguishable isolates. The human-food clusters with at least 10 
isolates were further described: human isolates by time, country and person (demographics, isolate serotype/-
group when appropriate); and food isolates by food type and bacterial colony counts when appropriate. All 
country names were anonymised.  

To assess the probability of two unrelated strains being characterised as the same pulsotype AscI/ApaI 
combination, the Simpson’ diversity index was calculated according to Hunter and Gaston, 1988 [36]. 
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To describe the relative proportions of MLST CCs by various fish product types, we tabulated the number of L. 
monocytogenes isolates for each CC by different fish product types. 

3. Results 

3.1 Dataset overview 
Of 30 EU/EEA countries, 25 submitted 1 435 L. monocytogenes isolates to the study. Fourteen Member States 
submitted 926 (64.5%) human L. monocytogenes isolates to ECDC and 25 Member States submitted 509 
(35.5%) food isolates to EURL Lm (Figure 3). 

Of all submitted isolates, 30.8% (n=442) were rejected. Of these, 423 were rejected due to poor quality of PFGE 
profiles (Figure 3). An additional 19 isolates were excluded due to mismatches in EURL Lm and EFSA datasets for 
the reporting country (n=14) and food type (n=3); a further two food isolates had a missing date of sampling.  

Of the human isolates, 580 (62.6%) were included in the study (Figure 3) and they represented 18.1% of the 
3211 listeriosis cases that were reported to TESSy in 2010-2011 (Table 2). Of the 509 submitted food isolates, 
413 (81.1%) were included in the study (Table 3). 

The final dataset comprised of 993 isolates, 58% originating from human (13 Member States) and 42% from 
food samples (23 Member States) (Figure 3). There were no significant differences between rejected and 
accepted human isolates by age groups, gender and clinical outcome.  

Figure 3. Submitted and accepted L. monocytogenes isolates from humans and foods, ELiTE, 
2010-2011 
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Table 2. Number of reported human listeriosis cases, submitted and accepted L. monocytogenes -
isolates and their proportion (%) of reported cases and submitted isolates by country, ELiTE, 
2010-2011 

Country 
No of cases 
reported in 
2010-2011 

Human L. monocytogenes isolates in ELiTE  

No of 
submitted 

isolates 

Submitted % 
of reported 

cases 

No of accepted 
isolates 

Accepted % of 
reported cases 

Accepted % of 
submitted 

isolates 

AT 60 56 93.3 15 25 26.8 

BE* 110 126 114.5 120 109.1 95.2 

BG 8 8 100 8 100 100.0 

CY 3 - - - - - 

CZ 61 - - - - - 

DE 707 15 2.1 15 2.1 100.0 

DK 111 114 102.7 73 65.8 64.0 

EE 8 - - - - - 

EL 20 - - - - - 

ES 220 - - - - - 

FI 114 114 100 55 48.2 48.2 

FR 594 - - - - - 

HU 31 19 61.3 19 61.3 100.0 

IE 17 10 58.8 5 29.4 50.0 

IT 286 63 22 41 14.3 65.1 

LT 11 - - - - - 

LU 2 1 50 0 0 0.0 

LV 14 - - - - - 

NL 159 129 81.1 21 13.2 16.3 

NO 43 - - - - - 

PL 121 - - - - - 

SE 119 97 81.5 86 72.3 88.7 

SI 16 15 93.8 12 75 80.0 

SK 36 - - - - - 

UK 340 159 46.8 110 32.4 69.2 

Total 3211 926 28.8 580 18.1 62.6 

*The data source for reporting of listeriosis cases to TESSy changed between 2010 and 2011. Laboratory received more 
isolates than the number of cases reported in the national surveillance system, which was based on sentinel surveillance. 

Table 3. Number of food samples, submitted and proportion (%) of accepted L. monocytogenes 
isolates by country and food type, ELiTE, 2010-2011 

Country 

Fish samples 
in BL survey* 

(submitted 
isolates) 

Meat samples 
in BL survey 
(submitted 

isolates) 

Cheese 
samples in BL 

survey 
(submitted 

isolates) 

Total 
submitted 

food isolates 

Accepted food isolates** 

N 
% of 

submitted 

AT 256 (3) 123 129 (1) 4 0 0.0 

BE 54 (10) 27 16 10 6 60.0 

BG 90 (16) 39 42 16 16 100.0 

CY 54 (3) 27 (1) 27 4 4 100.0 

CZ 24 (3) 60 60 (2) 5 5 100.0 

DE 948 (43) 915 (11) 829 (1) 55 51 92.7 

DK 120 (11) 60 (2) 49 13 11 84.6 

EE 60 (11) 30 (1) 30 12 12 100.0 

EL 118 60 (2) 58 2 2 100.0 

ES 404 (23) 201 (14) 206 (1) 38 6 15.8 

FI 126 (19) 66 65 19 17 89.5 

FR 782 (32) 389 (4) 415 (1) 37 31 83.8 

HU 122 (10) 62 54 10 10 100.0 

IE 62 (2) 32 (1) 35 3 2 66.7 

IT 778 (99) 403 (7) 398 (4) 110 88 80.0 

LT 60 (9) 30 30 9 9 100.0 

LU 44 26 27 - - - 

LV 58 (4) 30 (3) 29 7 7 100.0 

NL 132 (14) 56 (7) 58 21 17 81.0 

NO 118 (5) 60 59 5 5 100.0 

PL 400 (57) 200 (6) 200 (1) 64 53 82.8 

SE 134 (26) 75 67 26 26 100.0 
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Country 

Fish samples 
in BL survey* 

(submitted 
isolates) 

Meat samples 
in BL survey 
(submitted 

isolates) 

Cheese 
samples in BL 

survey 
(submitted 

isolates) 

Total 
submitted 

food isolates 

Accepted food isolates** 

N 
% of 

submitted 

SI 58 (14) 32 (3) 33 17 16 94.1 

SK 120 (6) 59 59 6 5 83.3 

UK 792 (12) 386 (4) 398 16 14 87.5 

Total 5 914 (432) 3 448 (66) 3 373 (11) 509 413 81.1 

* Source: http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2013.3241/epdf 
** Additional 45 food isolates accepted from the EURL Lm database 

3.2 Cross-curation and harmonisation of cluster analysis  
A dataset of 482 L. monocytogenes isolates with ‘Accepted’ quality assigned by both curators and for both 

enzymes (A-A/A-A) were anonymised and subjected to the cross-curation validation. Among these isolates, the 
partition mapping analysis resulted in 438 fully compatible results by both curators, giving concordance of 
90.9%. After re-evaluation of the discrepant results for 44 isolates by both curators together, 40 isolates could be 
assigned to defined clusters leaving 478 fully accepted (A-A/A-A) L. monocytogenes isolates in the final dataset 
(Table 4). Other accepted L. monocytogenes isolates with combinations of curated PFGE profiles and their quality 
classifications are presented in the Table 4. 

Table 4. Distribution of accepted L. monocytogenes –isolates by quality classification, ELiTE, 
2010-2011 

Quality classification Total 
Human  

L. monocytogenes  
isolates 

Food  
L. monocytogenes  

isolates 

Four1 “A”2 lanes 478 344 134 

Three “A” lanes and one “O”3 lane, any combination 149 72 77 

Two “A” lanes and two “O” lanes, any combination 214 68 146 

One “A” lane and three “O” lanes, any combination 78 38 40 

Four “O” lanes 26 10 16 

Two “A” lanes 41 41 n.a4 

One “A” lane and one “O” lane 7 7 n.a 

Total 993 580 413 

1Four=Two curators accepted two lanes each 
2”A” = Accepted 
3”O”= Accepted for outbreak 
4n.a = Not applicable 

3.3 Description of human data  
Age and gender data were reported for 91.6% of 580 human cases. Of these, 54.0% were males who also 
dominated in the age group between 45 and 74 years (Table 5). In contrast, females presented higher 
proportions than males in the age groups 25-44 and over 75 years. Among females, 73.4% of infections occurred 
at above 54 years of age. The respective proportion of cases in males was 80.8% (Table 5). Fatal outcome of L. 
monocytogenes -infection was reported for 75 cases, representing a case fatality rate of 26.7% among 279 cases 
for which the outcome was reported. While 78.7% of deaths occurred among persons aged over 55 years, 
septicaemia was reported for one 11-year-old and for four pregnancies of mothers aged 23-37 years. The most 
frequently reported clinical manifestation among 351 cases with reported data was septicaemia (239 cases, 
68.1%), followed by meningitis (55 cases, 15.7%). Forty-two cases (10.6%) of 397 were characterised as 
pregnancy-related, including four stillbirths. Twelve neonatal infections were reported. 

http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2013.3241/epdf
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Table 5. Number and proportion (%) of L. monocytogenes strains isolated from humans by age 

group and gender, ELiTE, 2010-2011* 

  Female Male 

Age group (yrs) No of cases % No of cases % 

< 1 10 4.1 14 4.9 

1-24 11 4.5 1 0.3 

25-44 28 11.5 10 3.5 

45-54 16 6.6 30 10.5 

55-64 30 12.3 55 19.2 

65-74 38 15.6 71 24.7 

75-84 79 32.4 73 25.4 

≥ 85 32 13.1 33 11.5 

Total 244 100.0 287 100.0 

*Age/gender not reported for 49 cases 

The two most common serotypes/groups in human isolates, 1/2a/IIa and 4b/IVb, represented 81.1% of all 
isolates with reported data on serotype/group and age (Table 6). The serotype/serogroup proportions followed 
the previously detected prevalences of such groups [13,30]. Serotype/serogroup combinations 1/2a/IIa, 
1/2b/IIb, and 4b/IVb accounted for 87.3% of all cases in the dataset, although 45 isolates had been only 
partially serotyped as ‘4’. Assuming that most of the serotypes ‘4’ were probably of serotype 4b, these three 
serotype/serogroup combinations  account for 97% of all human cases reported in this study.  

Table 6. L. monocytogenes serotypes by age groups, ELiTE, 2010-2011* 

Age group  
(yrs) 

Serotypes   
1/2a or IIa 1/2b or IIb 1/2c or IIc 4 4a 4b or IVb 4e** Total 

< 1 10 4 0 3 0 7 0 24 

1-24 8 0 0 1 0 6 0 15 

25-44 15 1 0 6 0 11 0 33 

45-54 20 4 1 3 0 10 0 38 

55-64 39 2 9 7 1 17 0 75 

65-74 60 5 1 5 0 18 0 89 

75-84 77 9 2 12 0 38 0 138 

≥ 85 32 3 0 8 0 10 1 54 

Total 261 28 13 45 1 117 1 466 

*Serotype/age data not reported for 114 cases.  
**Serotype 4e belongs to serogroup IVb but is presented separately here. 

3.4 Description of food data 

Of 413 accepted food isolates, 365 (88.4%) were isolated from fish, 41 (9.9%) from meat products and seven 
(1.7%) from soft/semi-soft cheese. Almost half of the fish samples were either cold-smoked or gravad (cured) 
fish (Figure 4). For one-third of the smoked fish samples, the actual process (hot or cold smoked) was not 
specified.  
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Figure 4. Distribution of L. monocytogenes isolates in fish products by process type, ELiTE, 2010-

2011 (n=365) 

 

Over half of the meat isolates were from cooked meat products (n=25), six originated from pâté products and 
eight were isolated from sausages (Figure 5). Two L. monocytogenes isolates were isolated from an unknown 
meat type. All 41 positive meat samples were deli meat, most (80.5%) packaged at retail. All seven cheese 
isolates were from soft/semi-soft cheese products.   

Figure 5. Distribution of L. monocytogenes isolates in meat products by process type, ELiTE, 2010-
2011 (n=41) 

 
The country of production was reported for 368 food samples, based on the definition of ‘origin’ in the baseline 
survey. Therefore, the country of last processing/slicing/wrapping may or may not have been the country of 
primary production. Almost all food products (98.4%) were produced in EU/EEA countries and only six L. 
monocytogenes isolates were from food products produced either in a country outside EU/EEA or in an OCT 
country (overseas countries and territories). Of food samples with reported country of production, 67.7% 
originated from six countries in the EU/EEA.   

Of food samples with enumeration results (n=368), 71.7% had very low levels of L. monocytogenes 
contamination, i.e. bacteria counts < 10 cfu/g, and 14.9% of samples (n=55) had L. monocytogenes counts > 
100 cfu/g. Of samples exceeding the microbiological criterion 100 cfu/g, 48 were fish products, six were meat 
products and one was a cheese product (Figures 6 and 7). There were no enumeration data for 45 samples, 
whose isolates were accepted from the EURL Lm database. Of these, 39 isolates were from fish product samples 
and six from meat product samples. 

Of 326 fish products with enumeration data, 73.0% had low L. monocytogenes counts < 10 cfu/g (Figure 6). 
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Figure 6. Distribution of L. monocytogenes counts (colony forming units/g) in fish product samples, 

ELiTE, 2010-2011 

 

Figure 7. Distribution of L. monocytogenes counts (colony forming units/g) in meat and cheese 
product samples, ELiTE, 2010-2011 

 

3.5 Overview of PFGE clusters 

Of 580 accepted human L. monocytogenes isolates, 325 (56.0%) clustered with at least one other isolate 
(human or food) and the other 255 isolates were considered as ‘sporadic’, i.e. had a distinguishable PFGE 
compared with all other isolates in the dataset. Of 325 clustering human isolates, 111 (34.2%) were part of a 
human-food cluster involving at least one food isolate and the remaining 214 L. monocytogenes isolates 
clustered with human isolates only. The human isolates (n=111) in human-food clusters were linked by PFGE to 
isolates from 174 fish samples, 18 meat product samples, and two cheese samples. 

Of 413 food L. monocytogenes isolates, 248 (60.0%) had an indistinguishable PFGE with at least another L. 
monocytogenes isolate. Of these, 194 (78.2%) L. monocytogenes isolates were part of a human-food cluster and 
54 belonged to food-only clusters. Of 365 fish L. monocytogenes isolates, 174 (47.7%) clustered with human 
isolates. 

In the whole dataset, 498 different pulsotypes were identified. Among 573 (57.7%) clustering L. monocytogenes 
isolates, 78 unique pulsotypes with at least two isolates were identified, leaving 420 unique pulsotypes for single 
L. monocytogenes isolates. Of clustering pulsotypes, 21 were human-food, 47 were human-only and 10 were 
food-only clusters (Figure 8). Of 21 human-food clusters, nine had at least 10 L. monocytogenes isolates. These 
clusters are described in more detail. 
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Of 78 clustering pulsotypes, 57 (73.1%) involved up to five L. monocytogenes isolates. Of these small clusters, 

19 included only human and five food L. monocytogenes isolates, and three were human-food clusters. Two of 
these three human-food small clusters had L. monocytogenes isolates from two different countries (Figure 9). 
The Simpson’s diversity index was 0.986 for the AscI/ApaI pulsotype combination. 

Figure 8. Overview of a cluster analysis of L. monocytogenes isolates by PFGE pulsotypes, ELiTE, 
2010-2011 
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Figure 9. Detected clusters by pulsotype, ELiTE, 2010-2011 (n=78*)  

 

*ELiTE59 and ELiTE74 pulsotypes became singletons after data validation 
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3.6 Human-food clusters 
The human-food clusters included 111 human (19.1%) and 194 (47.0%) food isolates of L. monocytogenes 
isolates. An anonymised country-specific overview of human-food clusters is presented in Annex 1. About half of 
the human-food clusters (12/21) were small, with a cluster size of ≤ 5 L. monocytogenes isolates (Figure 10). Of 
these small clusters, 11 were multi-country with a range of two to five countries per cluster (Annex 1 Table A1-
2). Of 21 human-food clusters, 16 (76.2%) involved at least two countries (Annex 1 Tables A1-1 and A1-2). Of 
nine human-food clusters with ≥ 10 L. monocytogenes isolates, the biggest one involved 30 human and 56 food 
L. monocytogenes isolates from 15 countries (Figure 10, Annex 1 Table A1-1). The three largest human-food 
clusters involved over 10 countries each (Annex 1 Table A1-1). Enumeration data was available for 183 food 
samples, whose isolates belonged to the human-food clusters. In two-thirds of the samples (66.1%), L. 
monocytogenes was detected at the level of <10 cfu/g with the highest proportion in fish products (90.1%), 
followed by meat and cheese products by 8.3% and 1.7%, respectively. A representative ApaI/AscI PFGE profile 
of the ELiTE01-cluster is in the Annex 3.   

Figure 10. Distribution of human-food human-food Listeria monocytogenes clusters (n=21) by 

ELiTE pulsotype, ELiTE, 2010-2011 (n=305 L. monocytogenes isolates) 

 

3.6.1 ELiTE01 -cluster (human-food, n=86 L. monocytogenes 
isolates) 

The largest ELiTE01-cluster involved 30 L. monocytogenes isolates from human samples and 56 from food 
samples. There were two reference types according to TESSy pulsotype nomenclature, which were 
indistinguishable and subsequently combined for the final analyses. A representative ApaI/AscI PFGE profile of 
the ELiTE01-cluster is in the Annex 3.   

The human cases in the ELiTE01-cluster originated from nine countries. The number of cases in this cluster was 
higher in 2010 compared with 2011, and temporal clustering of cases by month is more prominent for countries 
‘NN’ and ‘AA’ (Figure 11). 
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Figure 11. Distribution of human listeriosis cases in the ELiTE01-cluster by year and month of 

statistics, and country code, ELiTE, 2010-2011 (n=30) 

 

The age-gender distribution in cases over 40 years was relatively even and there were no major differences by 
gender over the age groups (Table 7).  

Table 7. L. monocytogenes cases in the ELiTE01-cluster by age groups and gender (n=29*) 

Age group (years) Males Females 

< 1 1 1 

1-24 0 0 

25-44 0 0 

45-54 2 1 

55-64 3 5 

65-74 4 2 

75-84 3 5 

≥ 85 1 1 

Total 14 15 

*One case from country ‘MM’ had no gender reported.  

Clinical manifestation was reported for eight cases. Five patients had septicaemia, two had 
meningitis/meningoencephalitis and one neonatal infection. Outcome was known for 13 cases and four of them 
died.  

Of 56 BLS food isolates in the ELiTE01-cluster, 52 (92.9%) were from fish products and four were isolated from 

deli meat samples packaged at retail.  

The fish samples, originating from ten countries, were:  cold-smoked (n=19), gravad (n=5), hot-smoked (n=4), 
and ‘smoked but not further specified’ (n=24). Thirty-six fish samples were positive by qualitative methods only 
and had low L. monocytogenes levels (<10 cfu/g). Six fish samples contained L. monocytogenes colony counts of 
10-100 cfu/g, three 100-1000 cfu/g, and six 1 000 -10 000 cfu/g. Bacterial counts were not reported for one fish 
sample. The four meat products were delicatessen products packaged at retail and originating from four different 
countries. Two meat products had Listeria counts of 370 cfu/g and 380 cfu/g.  

3.6.2 ELiTE02 -cluster (human-food, n=42 L. monocytogenes 
isolates) 

ELiTE02-cluster involved three human and 39 food isolates. The human cases were reported from three 
countries, one each (country codes YY, UU and AA). The representative ApaI/AscI PFGE profile of the ELiTE02-
cluster is in the Annex 3.  

The three human cases (two males and one female) were over 70 years. Two patients had septicaemia and the 
clinical manifestation was not reported for one patient. No deaths were reported. The cases were recorded 
several months apart from each other: one in January 2010 (country YY), one in September 2010 (country UU) 
and one in August 2011 (country AA). 
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Of 39 BLS food samples, 36 were fish samples and three delicatessen (deli) meat product samples packaged at 

retail. The fish samples originated from 12 countries and the meat samples from three countries (one each). Two 
countries that reported one positive meat sample each, did not report any positive fish samples in their BLS 
investigations. The fish isolates were from cold-smoked (n=10), gravad (n=5), hot-smoked (n=6), ‘smoked but 
not further specified’ (n=12), and ‘raw but unspecified’ (n=3) fish types. The bacterial counts were available for 
33 fish samples. Twenty-two samples were positive but showed no quantitative growth (<10 cfu/g). Five fish 
samples contained L. monocytogenes  counts of 10-100 cfu/g, four 100-1 000 cfu/g, one 1 000 -10 000 cfu/g, 
and one >10 000 cfu/g. The two fish samples with the highest bacterial counts were hot smoked mackerels. The 
three meat samples had low bacteria counts; two samples were positive without enumeration, <10 cfu/g, and 
one sample had 10 cfu/g.  

3.6.3 ELiTE03 –cluster (human-food, n=39 L. monocytogenes 
isolates) 

ELiTE03-cluster included 13 human and 26 food isolates. The representative ApaI/AscI PFGE profile of the 

ELiTE03-cluster is in the Annex 3.  

The cases from six countries in this cluster occurred sporadically throughout the two-year period (Figure 12). 

Figure 12. Distribution of human listeriosis cases in the ELiTE03-cluster by year and month of 
statistics, and country code, ELiTE, 2010-2011, n=13 

 

All human cases with available information on age and gender were above 50 years (Table 8).  

Table 8. L. monocytogenes cases in the ELiTE03 -cluster by age groups and gender (n=11*) 

Age group (years) Males Females 

< 1 0 0 

1-49 0 0 

50-59 1 3 

60-69 3 1 

70-79 0 1 

≥80 1 1 

Total 5 6 

*Two cases from country ‘MM’ had no reported age and gender.  

Clinical manifestation was reported for eight cases; five had sepsis, one meningitis and two ‘other’ disease form. 
Of seven patients with information about clinical outcome, three died. 

Of 26 food samples, 21 were from fish and five from delicatessen meat products of which four were packaged at 
retail. The fish isolates originated from nine countries and the meat isolates from three countries. The fish 
isolates were from cold-smoked (n=14), gravad (n=3), hot-smoked (n=1), ‘smoked but not further specified’ 
(n=2), and ‘raw but unspecified’ (n=1) fish samples. The quantitative bacterial results were available for all 21 
fish samples; no detectable quantitative growth (<10 cfu/g) in 12 samples, 10-100 cfu/g in four samples, 100-1 
000 cfu/g in three samples, 1 000-10 000 cfu/g in one sample and over 10 000 cfu/g in one sample. The one fish 
sample with highest bacterial count >10 000 cfu/g was ‘cold-smoked halibuts’. Three meat samples were 
delicatessen pork meat products and had the following enumeration results: two samples with qualitative result 
<10 cfu/g and one sample with low L. monocytogenes count of 60 cfu/g. For two meat samples, enumeration 
data were not available. 
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3.6.4 ELiTE05 -cluster (human-food, n=23 L. monocytogenes 
isolates) 

ELiTE05-cluster comprised of 20 human and three food L. monocytogenes isolates. The human L. 
monocytogenes isolates were reported from seven countries and food isolates from two countries. The 
representative ApaI/AscI PFGE profile of the ELiTE05-cluster is in Annex 3.  

Most cases (16/20) occurred towards the second half of the year 2010 (Figure 13). Country YY was most 
affected with nine cases during the two-year period. 

Figure 13. Distribution of human listeriosis cases in the ELiTE05 -cluster by year and month of 
statistics, and country code, ELiTE, 2010-2011 (n=20) 

 

There were no differences in gender by age groups, except for the age group 20-39 years, where all four cases 
were females, possibly due to pregnancy-associated infections (Table 9). 

Table 9. L. monocytogenes -cases in the ELiTE05-cluster by age groups and gender (n=19*) 

Age group (years) Males Females 

< 1 0 1 

1-9 0 0 

10-19 0 1 

20-39 0 4 

40-49 2 1 

50-59 2 1 

60-69 1 1 

70-79 3 0 

≥80 0 2 

Total 8 11 

*One case from country ‘MM’ had no reported age and gender.  

Clinical manifestation was reported for 18 human case: nine cases had septicaemia, five meningitis and four 
cases were associated with pregnancy. Outcome was reported for 14 cases and three of these were fatal. All fatal 
cases were in those aged over 70. 

The three BLS food samples, reported by two countries, comprised of two cold-smoked fish samples and one 
delicatessen meat product sample. The reported L. monocytogenes bacterial counts for one fish and one meat 
sample were very low, <10 cfu/g and 10 cfu/g respectively. 

3.6.5 ELiTE06 -cluster (human-food, n=20 L. monocytogenes 
isolates) 

The fifth biggest human-food cluster consisted of two human and 18 food L. monocytogenes isolates. The 
human isolates originated from two countries, MM and AA, and occurred sporadically: one in March 2010 and the 

other one in December 2011. The cases were males over 80 years and both were fatal. One case had 
septicaemia, but the clinical manifestation was not reported for the other case. A representative ApaI/AscI PFGE 
profile of the L. monocytogenes isolate in the ELiTE06-cluster is presented in the Annex 3.  
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Seven countries reported 18 BLS food isolates. Of these, 11 were cultured from cold-smoked fish, two from 

gravad fish, three from hot-smoked fish and two were from smoked fish with an unknown process. The bacterial 
counts in the food samples are presented in the Figure 14. The highest bacteria count >10 000 cfu/g was in a 
cold-smoked fish sample (halibut). 

Figure 14. Distribution of L. monocytogenes bacteria counts (colony-forming units/g) in food 
samples in the ELiTE06 -cluster, 2010-2011 (n=16) 

 

3.6.6 ELiTE07 -cluster (human-food, n=19 L. monocytogenes 
isolates) 

ELiTE07-cluster involved two human and 17 food L. monocytogenes isolates. The two human isolates were 
reported by a single country (MM). One case was a 64 year old female and one a 74 year old male. The male 
case developed septicaemia and was fatal. The cases were reported in August and October 2010. A 
representative ApaI/AscI PFGE profile of an L. monocytogenes isolate in the ELiTE07-cluster is in the Annex 3.  

Five countries reported 17 BLS food L. monocytogenes isolates. The isolates were derived from the following 
food samples: seven cold-smoked fish, one gravad fish, two hot-smoked fish, one raw but unknown fish product, 
four smoked fish but with unknown process, and two from pork paté packaged at retail. Most samples (13/17) 
had very low L. monocytogenes levels (<10 cfu/g), two had bacteria counts between 10 and 100 cfu/g and two 
between 100 and 1 000 cfu/g. 

3.6.7 ELiTE12 -cluster (human-food, n=12 L. monocytogenes 
isolates) 

The ELiTE12-cluster involved six human and six food L. monocytogenes isolates. Human isolates were reported 

by three countries. A representative ApaI/AscI PFGE profile of the ELiTE12-cluster is in the Annex 3. 

Four cases, two males and two females, were between 40 and 60 years of age and two cases, both females, 
were 74 and 77 years old. The temporal clustering of cases was towards the end of 2011 (Figure 15).  



European Listeria typing exercise (ELiTE) JOINT REPORT 

23 

Figure 15. Distribution of human listeriosis cases in the ELiTE12-cluster by year and month of 

statistics, and country code, ELiTE, 2010-2011 (n=6) 

 

Six BLS L. monocytogenes food isolates originated from five countries, all isolated from fish samples. The fish 
samples were cold-smoked fish (n=2), gravad fish (n=2), hot-smoked fish (n=1) and smoked fish without known 
process (n=1). One fish sample had 60 cfu/g and one 96 000 cfu/g. The high bacteria count was detected in a 
cold-smoked fish sample.  

3.6.8 ELiTE14 -cluster (human-food, n=10 L. monocytogenes 
isolates) 

ELiTE14-cluster involved three human and seven food L. monocytogenes isolates. Human isolates were reported 
from two countries. Human isolates included one mother-baby-pair, both with positive isolation of L. 
monocytogenes serotype 1/2b. The infant developed sepsis. The third human case was a 70-year old male, who 
also developed septicaemia. The cases were sporadic; the male was reported in December 2010 and the 
pregnancy-associated cases in October 2011. A representative ApaI/AscI PFGE profile of the ELiTE14-cluster is in 
the Annex 3. 

All seven BLS positive food samples were smoked fish but the process was not specified for six samples, which 
had enumeration data available. One fish sample was cold-smoked fish. Bacterial counts ranged from < 10 cfu/g 
in two samples to 40 cfu/g, 360 cfu/g, 2 200 cfu/g and 8 400 cfu/g in one sample each. 

3.6.9 ELiTE15 -cluster (human-food, n=10 L. monocytogenes 
isolates) 

ELiTE15 -cluster included eight human cases from three countries and two food isolates from two countries. A 

representative ApaI/AscI PFGE profile of ELiTE15 cluster is presented in the Annex 3.  

The clinical presentations of human cases were septicaemia (n=3), meningitis (n=1), stillbirth (n=1), other 
(n=1) and unknown for two cases. In addition to one stillbirth, two fatal outcomes were reported. The cases 
clustered in one country during three summer months in 2010 (Figure 16).  
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Figure 16. Distribution of human listeriosis cases in the ELiTE15-cluster by year and month of 

statistics, and country code, ELiTE, 2010-2011 (n=8) 

 

The two BLS food samples were reported in May 2010 and August 2011. One of these was a delicatessen meat 
packaged at retail and the other one cold-smoked salmon. Both samples had low levels of L. monocytogenes 
bacteria counts < 10 cfu/g.  

3.7 Human clusters  

Human-only clusters involved 214 isolates and 47 pulsotypes. Of these pulsotypes, 21 (44.7%) were national 
clusters in six different countries involving 56 (26.2%) isolates (Table 10). Single-country clusters were in general 

very small, up to five isolates per pulsotype, and a majority (14/21) of these clusters included only two cases 
(Figure 17). 

Table 10. Number of L. monocytogenes -isolates in national clusters by country, ELiTE, 2010-2011 

Country code No of isolates  No of clusters 

UU 13 6 

YY 4 2 

II 7 2 

RR 2 1 

AA 7 2 

MM 23 8 

Total 56 21 

Figure 17. Single-country human L. monocytogenes clusters by pulsotypes (n=21) 
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Of 26 multi-country human-only clusters, 11 involved six or more cases and accounted for 70% of all cases in 

the multi-country clusters (Figure 18).   

Figure 18. Multi-country human L. monocytogenes -clusters by pulsotypes (n=26) 

 

Of 26 multi-country clusters, 12 involved two countries during 2010 and 2011 (Table 11). In some clusters, 
certain countries dominated with higher case counts while in other clusters, the cases were more evenly 
distributed across countries. 
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Table 11. Number of human L. monocytogenes -isolates in human-only multi-country clusters, by 

country and by ELiTE pulsotype, ELiTE, 2010-2011 (n=26) 

    Country code 

Pulsotype, cluster size 
No. of 

isolates AA FF HH II MM NN OO RR TT UU XX YY 

ELiTE19, 2-country cluster 8 0 0 0 0 7 0 1 0 0 0 0 0 

ELiTE24, 2-country cluster 5 0 1 0 0 0 0 0 0 0 0 0 4 

ELiTE38, 2-country cluster 4 0 0 0 0 3 0 0 0 0 1 0 0 

ELiTE39, 2-country cluster 4 2 0 0 0 0 0 0 0 0 0 0 2 

ELiTE42, 2-country cluster 3 0 0 0 0 2 0 0 0 0 1 0 0 

ELiTE44, 2-country cluster 3 1 0 0 0 0 0 0 0 0 0 0 2 

ELiTE51, 2-country cluster 3 0 0 0 0 2 0 0 0 0 1 0 0 

ELiTE69, 2-country cluster 2 0 0 0 1 0 0 0 1 0 0 0 0 

ELiTE72, 2-country cluster 2 1 0 0 0 1 0 0 0 0 0 0 0 

ELiTE73, 2-country cluster 2 1 0 0 0 1 0 0 0 0 0 0 0 

ELiTE77, 2-country cluster 2 1 0 0 0 0 0 0 0 0 0 0 1 

ELiTE80, 2-country cluster 2 0 0 0 1 1 0 0 0 0 0 0 0 

ELiTE21, 3-country cluster 6 0 0 0 0 1 0 0 0 0 3 0 2 

ELiTE31, 3-country cluster 5 0 0 0 0 2 0 0 0 0 2 0 1 

ELiTE36, 3-country cluster 4 1 1 0 0 0 0 0 0 0 2 0 0 

ELiTE41, 3-country cluster 3 0 0 0 1 1 0 0 0 0 0 0 1 

ELiTE43, 3-country cluster 3 1 0 0 0 0 1 0 0 0 0 1 0 

ELiTE09, 4-country cluster 13 0 0 0 0 0 0 10 1 1 1 0 0 

ELiTE10, 4-country cluster 13 9 0 0 2 1 0 0 0 0 0 1 0 

ELiTE16, 4-country cluster 9 0 0 0 0 2 0 0 2 2 3 0 0 

ELiTE20, 4-country cluster 7 0 0 0 0 1 4 0 0 1 1 0 0 

ELiTE13, 5-country cluster 10 1 6 0 0 1 1 0 0 0 1 0 0 

ELiTE18, 5-country cluster 8 3 0 0 1 1 0 0 0 0 2 0 1 

ELiTE17, 5-country cluster 9 1 0 0 0 2 0 0 0 1 1 0 4 

ELiTE11, 7-country cluster 12 1 0 1 1 3 0 0 0 1 3 0 2 

ELiTE08, 8-country cluster 16 5 1 1 1 1 0 0 0 2 2 0 3 

Total 158 28 9 2 8 33 6 11 4 8 24 2 23 

3.8 Food clusters 
There were 54 BLS L. monocytogenes -isolates from food samples forming 10 clusters and without 
indistinguishable PFGE profile matching the human isolates. The biggest cluster involved 56% of L. 
monocytogenes isolates originating from nine countries, while the remaining clusters were much smaller with 
four single-country, four two-country and one three-country clusters (Table 12). 

Table 12. Number of L. monocytogenes isolates in food-only clusters, by country and by ELiTE 
pulsotype, ELiTE, 2010-2011 (n=10) 

    Country code 

Pulsotype, cluster type 
No of 

isolates 
AA CC FF GG HH II KK MM NN OO QQ RR TT UU VV XX YY 

ELiTE55, single country 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 

ELiTE58, single country 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

ELiTE70,  single country 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ELiTE71, single country  2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 

ELiTE65, 2-country cluster 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 

ELiTE45, 2-country cluster 3 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 

ELiTE35, 2-country cluster 4 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 

ELiTE29, 2-country cluster 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 

ELiTE37, 3-country cluster 3 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 

ELiTE04, 9-country cluster 30 0 2 0 3 1 13 0 5 0 0 0 0 2 0 1 2 1 

Total 54 2 2 0 6 1 14 2 5 0 0 1 0 7 3 4 3 4 

The positive food samples in the biggest nine-country cluster were: smoked fish but process not specified 
(n=19), cold-smoked (n=7), gravad (n=2), and hot-smoked fish (n=1), and unknown food type (n=1). For the 

27 samples with available data, the Listeria counts were <10 cfu/g in 19 samples, 10-100 cfu/g in five samples, 
100-1 000 cfu/g in two samples and 150 000 cfu/g in one smoked fish sample. 
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3.9 Sporadic human L. monocytogenes isolates 

Of the 420 sporadic L. monocytogenes isolates, 255 (61%) were derived from human cases.  

Serotype or serogroup data was available for 233 (91%) human isolates. Of these, 59% were of serotype 1/2a or 
serogroup IIa (Table 13). 

More sporadic human cases occurred in 2010 than in 2011, particularly during a five-month period June-October 
2010 (Figure 19).  

Figure 19. Distribution of sporadic human L. monocytogenes -isolates by month and year of 
statistics and country, ELiTE, December 2009–April 2012* (n=255)  

 

*While the study period was 2010-2011, few L. monocytogenes isolates were submitted and accepted outside this time period. 

3.10 Sporadic food L. monocytogenes isolates 
There were 165 L. monocytogenes -isolates (39.3%) from food samples with a non-clustering pulsotype. 
Enumeration data were reported for 140 (84.8%) food samples in this category. Of these, 84.3% (N=118) were 
from fish, 12.1% (N=17) from meat, and 3.6% (N=5) from cheese samples. In all three food categories, most 
samples had low Listeria counts <10 cfu/g and the highest count of >100 000 cfu/g was detected in one fish 
sample (Figure 20). In fish products, 11.9% of samples (14/118) exceeded the microbiological criterion 100 cfu/g 
and in meat products, the respective proportion was 4/17 (23.5%).      
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Figure 20. Sporadic food L. monocytogenes isolates by food type and bacteria counts, 2010-2011 

(n=140) 

 

3.11 Mapping of PFGE cluster pulsotypes to MLST clonal 
complexes  
Of 370 mapped human L. monocytogenes isolates, 40 MLST CC types and two STs without CC were found. 
Therefore, these two ST types were not included in the CC analysis, which was the aim of this study. Of human 
isolates with mapped CC (368), 78 (21.2%) were of MLST CC1 and 46 of MLST CC8 (12.4%) (Table 13). Among 
235 food L. monocytogenes isolates, 16 MLST CC types were detected and of these, CC121 was the most 
common CC type (37.0%) followed by CC8 (26.8%) (Table 13). For ELiTE PFGE cluster pulsotypes, we were able 

to map 23 MLST CCs to 56/78 ELiTE pulsotypes (71.8%) (Annex 2).  

Table 13. Ten most common MLST CC types among human and food Listeria monocytogenes 
isolates, ELiTE, 2010-2011 

Human Listeria monocytogenes isolates Food Listeria monocytogenes isolates 

MLST CC 
No. of Lm isolates 

(%) No. of countries MLST CC 
No. of Lm isolates 

(%) No. of countries 

CC1 78 (21.2) 10 CC121 87 (37.0) 16 

CC8 46 (12.4) 10 CC8 63 (26.8) 14 

CC2 35 (9.5) 9 CC9 27 (11.5) 10 

CC7 35 (9.5) 7 CC155 20 (8.5) 7 

CC6 18 (4.9) 8 CC59 7 (3.0) 2 

CC9 18 (4.9) 10 CC204 6 (2.6) 3 

CC155 14 (3.8) 7 CC7 5 (2.6) 2 

CC398 12 (3.3) 5 CC2 5 (2.1) 4 

CC14 11 (3.0) 6 CC193 4 (1.7) 2 

CC18 10 (2.7) 5 CC14 2 (0.9) 2 

Other 91 (24.7) n.a.* Other 8 (3.4) n.a 

Total 368 (100.0) n.a. Total 235 (100.0) n.a 

*n.a = Not applicable 

The most common CCs across all fish product types were CC121 and CC8 containing 77 and 59 food L. 
monocytogenes isolates respectively (Table 14). However, there were only seven human L. monocytogenes 
infections with CC121 compared to CC8, which grouped together 46 human infections. Four CCs were distributed 
across all three fish types (cold-smoked, gravad and hot-smoked): CC8, CC9, CC121 and CC155 (Table 14). 
Among human cases, CC9 and CC155 accounted for 18 and 14 human isolates respectively (Table 13). 
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Table 14. Number of fish L. monocytogenes isolates by MLST CC, ELiTE, 2010-2011 

Mapped MLST 
clonal complex 

Cold-smoked 
fish 

Gravad fish 
Hot-smoked 

fish 

Smoking 
process not 

specified 
Total 

n n n n n 

CC1 0 0 0 1 1 

CC2 2 0 0 1 3 

CC3 1 0 0 0 1 

CC6 1 0 0 0 1 

CC7 1 0 0 4 5 

CC8 22 7 5 25 59 

CC9 14 4 1 2 21 

CC14 0 1 0 1 2 

CC19 1 0 1 0 2 

CC59 1 0 0 6 7 

CC101 0 1 0 0 1 

CC121 26 8 8 35 77 

CC155 11 2 4 2 19 

CC193 4 0 0 0 4 

CC204 0 0 1 3 4 

CC403 0 1 0 1 2 

Total 84 24 20 81 209 

4. Discussion 

4.1 Molecular epidemiology of human listeriosis and L. 
monocytogenes isolates from food by PFGE in the EU/EEA 
This study, mainly based on molecular typing by PFGE, combined the EU/EEA baseline survey (BLS) data on the 
prevalence of Listeria monocytogenes (L. monocytogenes) in food, and the concurrent collection of data from 
human invasive listeriosis cases in 2010-2011. The aim of the study was to describe molecular epidemiology and 
to assess the usefulness of comparing simultaneously collected genotyping data of human and food L. 
monocytogenes isolates through a collaborative study in the spirit of One Health. This study involved BLS food 
data from 23 countries and human data from 13 countries, which represented 18.1% of reported human L. 
monocytogenes infections during the same time period. The demographics of human infection (age group-
gender distributions) followed similar patterns to the ones reported annually for listeriosis, with the highest 
number of notifications in persons over 65 years of age [14,37]. However, the case fatality was higher (26.7%) in 
this study dataset than the average (16.6%) among cases reported annually to ECDC between 2008 and 2017.  

Overall, there were 78 unique clusters by pulsotypes corresponding to 573 (57.7%) L. monocytogenes isolates in 
the study dataset. These clusters were divided into human-food clusters (n=21, including human and food 
isolates), human-only clusters (n=47) and food-only clusters (n=10). The clustering proportion was high for both 
human and food isolates, 56.0% and 60.0% respectively. This finding is in line with a recent retrospective WGS 
validation study for human L. monocytogenes isolates, which showed that about 45% of human isolates 
clustered with at least another human isolate at EU level in 2010-2015 [22]. Since PFGE has lower resolution 
than WGS, the number of clusters of human isolates in EU/EEA may be expected to be higher than 45%. The 
study also showed that the integration of WGS to EU-level surveillance increases the chance to detect multi-
country clusters and outbreaks much earlier than detecting the cluster/outbreak signal at a country level first 
[22].     

Assuming that all human-only clusters are linked to food exposure, the proportion of detected human-food 
clusters in this study was 26.9% (21/78), which is slightly higher than in a recent European-wide study, which 
identified 21.8% (27/124) human-food clusters by single nucleotide polymorphism (SNP) pairwise distance 
analysis [21]. The similarity in cluster detection proportions is to some extent explained by partially overlapping 
datasets in these studies.  
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In 21 human-food clusters, 111 human L. monocytogenes isolates were linked to 174 isolates from fish products, 

18 from delicatessen meat products, and two from cheese products. The high representation of matches 
between human and fish products is partly related to the very high proportion of strains isolated from fish 
samples in the BLS (n=365/406), although most positive findings were isolations at low level contamination (<10 
cfu/g). However, almost 15% of food samples with reported enumeration data exceeded the microbiological 
criterion 100 cfu/g, most of these (87.3%) being fish products. Further, of 365 L. monocytogenes isolates from 
fish products, almost half (47.7%) matched with human isolates, highlighting the preventive potential of 
controlling Listeria contamination in RTE fish products. In addition, as it is generally known that fish products are 
produced by a limited number of manufacturers, prevention and control of Listeria contamination in these 
facilities has a good potential for reducing food contamination and potentially, human illnesses. Indeed, a recent 
study concludes that prevention of L. monocytogenes contamination in fish processing can be enhanced by 
strengthening official control measures and timely correction of food safety violations in the processing plant 
[38]. 

Of nine human-food clusters with at least 10 L. monocytogenes isolates, six also involved a few isolates from 
delicatessen meats on top of the isolates from fish products. All 41 meat isolates were delicatessen products and 
33 (80.5%) were packaged at retail level. The BLS identified the following risk factors for contamination in 
delicatessen meats: ‘type of the meat product’, ‘animal species of the origin of the meat product’, ‘possible 
slicing’, and ‘remaining shelf-life (days between sampling and ‘Use by date’)’ [19]. As the bovine reservoir has 
been suggested as an important source of human L. monocytogenes infections [39], further studies on the role 
of these foods as sources of human infection are warranted. 

Over half of the L. monocytogenes isolates from human cases in the study (n=325, 56.0%) clustered by PFGE 
with at least another L. monocytogenes isolate, and 19.1% (111/580) of human L. monocytogenes isolates 
clustered with at least one food isolate. This leaves about 80% of human isolates without any match to a food 
isolate in the study, thus highlighting the delineated scope of the BLS, PFGE as a typing method, and the number 
of countries providing data on human isolates. Indeed, the sampling and testing of pre-defined three food 
categories in the BLS was aimed at assessing the prevalence of L. monocytogenes in these food products at the 
market level. For example, there were only 16 positive L. monocytogenes findings in 3 393 cheese samples in the 
BLS [18].  

Of 78 clusters, 57 (73.1%) were small, up to five L. monocytogenes isolates. Of small clusters up to five isolates, 
only three (5.3%) were ‘human-food’ involving at least one human and one food L. monocytogenes isolate. This 
could be explained by a limited number of participating countries for human data collection. In addition, the 
heterogeneity of food contamination in time, between the production batches, and within the food matrix, may 
also be responsible for the sporadic nature of human cases. However, the size of clusters would probably be 
larger if more isolates from humans and food would have been typed and compared.  

4.2 Utility of PFGE as a molecular typing method 
The molecular typing method mainly used in this study was PFGE, which has been the gold-standard molecular 
typing method for several foodborne pathogens for many years, with an improved discriminatory power 
compared to phenotyping methods [26]. At the time of the study, this method was still the best available 
standard method for L. monocytogenes genotyping. To increase the validity (repeatability) and comparability of 
the data obtained, we executed a rigorous cross-validation to reduce the bias linked to the curation of the PFGE 
profiles by two independent curators, one for the food and one for the human isolates. The high proportion of 
rejected PFGE profiles (30.8%) reflects the challenges related to achieving good quality PFGE profiles. 
Furthermore, we accepted certain PFGE profiles of lower quality but ‘AcceptedForOutbreaks’, which further 
underlines the difficulty to produce high quality PFGE profiles. The cross-validation showed a relatively high 
concordance of defining PFGE pulsotypes by two separate curators (90.9%), although the ‘risk’ for having L. 
monocytogenes isolates incorrectly assigned was 9.1%. The Simpson’s diversity index in this study was 0.986, 
which indicates a high discriminatory power for combined AscI/ApaI pulsotypes, albeit after time- and resource-
consuming cross-validation process.  

In 2015, EFSA and ECDC set up a joint molecular typing database for PFGE and Multi Locus Variable number 
tandem repeat Analysis (MLVA) results for isolates of three main food-borne pathogenic bacteria, L. 
monocytogenes, Salmonella and verocytotoxigenic Escherichia coli (VTEC) [40]. While the WGS technique is 
currently the recommended method for real-time surveillance of listeriosis [22,41,42] and it is increasingly used 
by reference laboratories, the EU public health and food safety value of PFGE has been in bridging the historical 
national and EU-wide PFGE databases, such as the EFSA-ECDC molecular typing database, to WGS typing for the 
investigation of multi-country L. monocytogenes outbreaks during the transition period. Nevertheless, the PFGE 

method may well serve national surveillance purposes but it is, at present, outdated for investigation of multi-
country foodborne listeriosis outbreaks.  
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While our study confirms the prolonged presence of genetically close strains in the food chain, it does not give 
sufficient information about phylogenetic relatedness of the strains. The phylogeny of several L. monocytogenes 
isolates originating from humans (partly covering same isolates as in this study), food (originating from BLS and 
other food sources), and environment (isolates from food chain) has been studied by Painset et al. in the LiSEQ 
(Listeria SEQuencing) project, funded by EFSA [39]. Their study sheds more light into the molecular 
epidemiology of L. monocyotogenes in the food chain. 

4.3 Clonality of PFGE cluster pulsotypes by MLST clonal 
complexes 

From an EU-level surveillance point of view, three important studies applying whole genome sequencing (WGS) 
were completed for L. monocytogenes isolates since the start of this study. The first one presented a uniform 
approach by core genome Multi Locus Sequence Typing (cgMLST)/whole genome MLST (wgMLST) to investigate 
L. monocytogenes population biology [43]. The approach was further enforced by the PulseNet International 

community [42]. The second study by WGS revealed the circulation of some more persistent L. monocytogenes 
clones in the food chain and in humans, including also BLS food L. monocytogenes isolates data [21]. The third 
study validated a common methodology for surveillance of listeriosis, particularly for the detection and 
investigation of cross-border clusters and outbreaks, applying the recommendations from the first study and 
proposing quality parameters for EU level surveillance of listeriosis [22]. Subsequently, an additional descriptive 
analysis of MLST CCs utilising existing WGS data from human and food L. monocytogenes isolates was deemed 
of added public health and food safety value. 

The most common MLST CC among human L. monocytogenes isolates was CC1 (21.2%), whereas CC121 
(37.0%) dominated among the food isolates. This is in line with the studies showing that CC1 is a hypervirulent 
clone whereas CC121 and CC9 are hypovirulent clones with better capacity to produce biofilm [44,45]. The 
recent French study shows that the CC1 clone is strongly associated with dairy products [44]. The detection of 
only one CC1 food isolate (0.4%) in this study may be due to the low number of cheese-derived isolates, since 
the BLS did not include fresh dairy products. Further, CC121 was linked to four ELiTE cluster pulsotypes but with 
very few human isolates, which is in line with previous studies demonstrating lower virulence due to truncated 

lnlA in CC121 [46]. 

The common occurrence of MLST CC8 in both fishery products and human infections across several countries 
indicates how widely this clone is spread in the EU/EEA. Considering the possibility for long-term persistence of 
Listeria contamination in food processing plants, this could introduce an increased likelihood of detecting strains 
of CC8 in human L. monocytogenes infections. Indeed, multi-country clusters/outbreaks of L. monocytogenes 
CC8/ST8 strains have recently been linked to consumption of RTE fish products in EU/EEA in 2018 and 2019 
[47,48]. A recent Canadian study by Reimer et al. also show also that the genetic relationship between CC8 L. 
monocytogenes isolates may be obscured by prophage acquisition and loss, and thus associated PFGE patterns 
are not monophyletic but rather multiple co-evolving lineages [49].   

In this study, there were nine human-food multi-country clusters with over 10 cases and three of these involved 
13, 14, and 15 countries (Annex 2). The largest human-food ELiTE01 cluster was mapped to MLST CC8 and 
involved 30 human and 56 food L. monocytogenes isolates from 15 countries (Annex 2). This suggests the 
relatively high degree of EU-wide dissemination of certain L. monocytogenes clones in the food chain: for 
instance, ELiTE01 and ELiTE02 clusters included fish and some meat samples from 11 and 13 countries, 

respectively. Similarly, there were at least nine (ELiTE01) and three (ELiTE02) countries with human cases 
involved in these two large clusters. Interestingly, there was one nine-country cluster ELiTE04 (mapped to MLST 
CC121) of 30 L. monocytogenes food isolates and no matches with human cases in this study (Annex 2). All 
single-country clusters were small, again up to five isolates spread temporally, reflecting sporadic nature of 
invasive listeriosis. 

While our study confirms the prolonged presence of genetically close strains in the food chain, it does not give 
sufficient information about their phylogenetic relatedness. The phylogeny of several L. monocytogenes isolates 
originating from humans (partly covering same isolates as in this study), food (originating from BLS and other 
food sources), and environment (isolates from food chain) has been studied by Painset et al. in the LiSEQ 
(Listeria SEQuencing) project, funded by EFSA (ref.). Their study sheds more light into the phylogenetic 
epidemiology of L. monocytogenes in the food chain. 
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4.4 Study limitations 
This study was based on the data collected from three parallel but separate data collection exercises and was 
unbalanced in terms of participating countries for human and food data collection and in terms of country-level 
sample size. ECDC organised both the voluntary collection of Listeria isolates from human cases and the 
molecular typing of these isolates, which resulted in eligible data for the study from 13 Member States. Data 
from the baseline survey on the prevalence of L. monocytogenes in three RTE food categories were used, which 
was based on sampling and testing schemes that were pre-defined according to Member States’ population and 
designed to get statistically robust prevalence results at the EU level, but not at the national level. As a result, 23 
countries contributed with food data versus only 13 countries providing human data.    

While merging the food background data from EFSA BLS database with the PFGE data from L. monocytogenes 
isolates in EURL Lm database, the rejection of L. monocytogenes isolates due to mismatches in food types or 
country codes between EFSA and EURL Lm datasets had little impact on the final number of clusters: one food-
only cluster and one human-food cluster became ‘singletons’ after removals of one L. monocytogenes isolate 
from each, leaving 10 food-only clusters and 21 human-food clusters in the dataset. However, this illustrates the 

challenges in merging two datasets that were collected in two separate instances.  

The rigorous PFGE data validation resulted in marked rejection of 37.4% of human L. monocytogenes isolate 
profiles. This, together with missing data from some countries, led to a representation of 18.1% of reported 
listeriosis cases in the EU/EEA during the study period. The number of human L. monocytogenes isolates 
available for the study was also dependent on voluntary reporting from Member States and the national referral 
systems for isolates or clinical samples and surveillance, which is subject to under-reporting, although case 
ascertainment is high for invasive listeriosis compared to infections caused by other foodborne pathogens. 
Further, not all countries had the capacity to perform PFGE typing, which was one of the factors limiting data 
availability in the study. It is also possible that some level of selection bias may have occurred with respect to 
human L. monocytogenes isolates that were selected for further typing.  

The high number of human-only clusters in this study indicates the limitations of the isolate collection that was 
the basis of this study. As there was no common rationale behind the sampling of human and food isolates, other 
food types such as pre-processed vegetables and fruits, which were not sampled in the baseline survey, can also 

be important sources of human infections. 

One downside of the study was the relatively large amount of missing accompanying data for L. monocytogenes 
isolates. For example, serotypes or serogroups were only reported for human L. monocytogenes isolates, thus 
restricting the overall descriptive analysis of serogroups and types in human-food and food clusters. Further, 
additional information about lengths of shelf-lives of the food types would have been interesting background 
data.  

The use of PFGE as a molecular typing method did not allow any further assessments of L. monocytogenes 
isolates characteristics, in contrast to studies that, by using WGS, can address several study questions in a single 
experiment e.g. virulence, antimicrobial resistance, source attribution and more accurate outbreak delineation for 
effective investigation [39].      

Despite the limitations, we believe that the quality of the data in this study was high and therefore, the analysis 
of genetic relatedness provides reliable proof of methodological concept and results that can be useful as a 
reference to many countries and help to prioritise future studies. Although outdated, PFGE data can be used to 

demonstrate back compatibility with WGS data in investigations of public health signals of clusters and outbreaks 
at local, regional, national and EU/EEA level. 

5 Conclusions 

Considering the rigorous validation step and a good discriminatory power of PFGE in this study, we can conclude 
that the presence of commonly circulating L. monocytogenes strains in food and humans has been demonstrated 
in the EU/EEA.  

The study identified matching PFGE profiles between fish products and humans in seven human-food clusters. Of 
these, three were larger clusters with several countries involved from both sectors. The biggest human-food 
cluster involved 30 human and 56 food L. monocytogenes isolates from 15 countries. This suggests a relatively 
high degree of EU-wide dissemination of certain L. monocytogenes clones in the food chain and in the EU human 
population. Therefore, these strains may be more likely to appear in cross-border foodborne outbreaks if caused 

by RTE fish products.   



European Listeria typing exercise (ELiTE) JOINT REPORT 

33 

Even excluding double sampling of RTE fishery products, the data suggests frequent detection of L. 
monocytogenes in RTE fish products, albeit at low contamination levels. WGS-based typing helps identify those 
strains and clones that have colonised the food processing plants and are most frequently linked to human 
infections, thus opening the possibility to identifying genetic markers and phenotypes that correlate with virulent 
clones.  

Twenty-three MLST CCs were identified among 78 ELiTE cluster pulsotypes but two of them were clearly more 
prevalent in fish product sample isolates than in other samples; CC8 and CC121. Importantly, CC8 was linked to 
the largest human-food PFGE pulsotype cluster in this study (ELiTE01). This indicates that this CC may have 
spread to several countries and has potentially been circulating in fish production plants for some years and has 
become selected in that particular ecological niche. In contrast, CC121 was linked to four ELiTE cluster 
pulsotypes with very few human isolates, suggesting lower virulence of the strains and possibly requiring a 
higher infective dose. The mapping of PFGE cluster pulsotypes to MLST CCs may serve as a good reference for 
countries when clusters of L. monocytogenes /listeriosis are identified and further investigated. Also, the mapped 
PFGE/MLST CC -table has the potential to support hazard identification and control in food processing plants for 
RTE fish products e.g. through introduction of regular sequencing of a proportion of L. monocytogenes isolates 

from own-check programmes.  

As a comprehensive set of PFGE profiles exist for L. monocytogenes in national databases for human and food, 
as well as in the joint ECDC-EFSA molecular typing database, the added value of PFGE remains for screening 
historical isolates for WGS analyses in foodborne outbreak investigations of persistent L. monocytogenes 
clusters/clones, and in the absence of WGS databases of contemporaneous foodborne isolates.   

Despite several challenges along the execution of the study, it stands as a very good example of a successful 
joint scientific exercise in the spirit of One Health, bringing together the surveillance effort, molecular typing 
data, as well as knowledge and expertise from human and food sectors, and thereby strongly supporting 
possibilities for unique operational added value for public health and food safety in EU/EEA.    

6 Recommendations 

Based on the analysis of PFGE clusters mapped with MSLT CCs, large and unravelled clusters may occur in the 
EU/EEA. As infection with L. monocytogenes can lead to severe, life-threatening illness, all human isolates from 
invasive human infections should be sequenced and sequences compared, to identify persistently circulating 
strains. 

Since L. monocytogenes infection is acquired through ingestion of contaminated food and about half of these 
cases in Europe are linked to clusters involving more than one country, efforts should be made to investigate 
clusters which have repeated occurrence of human cases in several countries at the EU level. In addition, since 
many listeriosis cases appear as occurring ‘sporadically’ in a country, while belonging to a microbiological cluster 
involving several countries, pooling of molecular typing and background data from humans and food at the 
EU/EEA level is crucial to understand the epidemiology of these clusters. It is important to note that the country 
reporting food L. monocytogenes isolates is not necessarily the country where contamination occurred, which 
adds to the need for addressing the issue at the EU level.  

Although there was no background information available about consumption/exposure to various types of RTE 
food products, the PFGE matches between human L. monocytogenes isolates and isolates from fish products in 
several distinct clusters, particularly those linked to MLST CC8, warrant further assessment of human L. 
monocytogenes infections attribution to RTE fish products. These assessments should be based on WGS of 
human and food L. monocytogenes isolates and supported by patient interviews of food consumption histories 
and analytical epidemiological studies. In addition, potential contributing factors related to human behaviour, e.g. 
storage of food products at home and the role of catering services for elderly people and other vulnerable 
population groups should be considered.  

As the study period was only two years, the potential persistence of L. monocytogenes strains in the food chain 
beyond this period should be further assessed by WGS. This would be particularly important for the largest 
human-food clusters that were identified in this study. Persistent L. monocytogenes strains that are linked to 
repeated human infections in several countries for a prolonged time should be prioritised for further 
investigation.  

Taking account of the finding in this study that almost 50% of L. monocytogenes isolates from fish products 
clustered with human isolates by PFGE, and the finding based on the BLS that fishery products showed the high 

prevalence of L. monocytogenes with highest proportion of samples with bacteria counts exceeding 
microbiological criterion 100 cfu/g, the management of listeria risk in RTE fish products requires further 
attention. Therefore, a review of the compliance of food business operators with microbiological criteria could be 
considered particularly for fish products.  
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While the food L. monocytogenes isolates in this study originated from an EU-wide BLS, L. monocytogenes 
isolates from official control and own-check samples, if further sequenced and included in RASFF notifications, 
could substantially increase the probability of detecting reliable microbiological links between human and food L. 
monocytogenes isolates. This could result in a contemporaneous genetic library of food-associated L. 
monocytogenes isolates against which any human isolate might be compared, with a view to maximise the speed 
of source identification in an outbreak investigation. This is particularly important in the light of an increasing 
aged population and challenges related to exposure assessments in elderly people.  

The molecular typing approaches to investigating relatedness of bacterial pathogens is in a transition phase, 
where the PFGE method is increasingly being replaced by WGS. This development is ongoing both in human and 
food sectors, but further efforts should be made to foster the transition from PFGE to WGS capacity across 
sectors. In light of changing demographics and the increase of  the elderly population, effective integration of 
WGS to national and EU level surveillance has a high potential to identify strains mostly implicated in foodborne 
illness and risks associated with strains in food and food production, thus enhancing protection of at-risk 
population groups for L. monocytogenes infections from RTE foods.  

Due to the capability of Listeria to persist in the food production environment for years, it would be justified to 
link the historical joint ECDC-EFSA molecular typing database with integrated ECDC-EFSA WGS databases that 
are expected to be operational by June 2022. Finally, a new baseline survey addressing wider scope of RTE food 
categories and utilising WGS would provide invaluable information for the prevention of new infections. 
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Annex 1  

Table A1-1. ‘Mixed’ human-food clusters with ≥ 10 L. monocytogenes isolates by cluster and country codes, ELiTE, 2010-2011 (n=9) 

 

Table A1-2. ‘Mixed’ human-food clusters with < 10 L. monocytogenes isolates by cluster and country codes, ELiTE, 2010-2011 (n=12) 

Pulsotype Origin 

Total No 
of 

countries 

Total No 
of 

isolates AA BB CC DD FF GG HH II JJ KK LL MM NN OO PP QQ RR SS TT UU VV WW XX YY 

ELiTE22, 2-country cluster Human 1 3 0 ─* ─ ─ 0 ─ 0 3 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0 

  Food 1 2 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

ELiTE25, 3-country cluster Human 2 3 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 1 2 ─ ─ 0 ─ 0 0 ─ ─ 0 0 

  Food 1 2 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

ELiTE26, 2-country cluster Human 1 1 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 1 

  Food 1 4 0 0 0 0 ─ 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ELiTE27, 4-country cluster Human 2 2 1 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 1 ─ ─ 0 0 

  Food 2 2 0 0 0 0 ─ 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

ELiTE32, 5-country cluster Human 3 3 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 1 1 0 ─ ─ 0 ─ 0 1 ─ ─ 0 0 

  Food 2 2 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 

ELiTE33, 3-country cluster Human 3 3 0 ─ ─ ─ 1 ─ 0 0 ─ ─ 1 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 1 

  Food 1 1 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

ELiTE34, 4-country cluster Human 3 3 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 1 0 0 ─ ─ 0 ─ 0 1 ─ ─ 0 1 

  Food 1 1 0 0 0 0 ─ 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ELiTE46, 3-country cluster Human 2 2 0 ─ ─ ─ 0 ─ 0 1 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 1 ─ ─ 0 0 

  Food 1 1 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

ELiTE48, 2-country cluster Human 1 1 0 ─ ─ ─ 0 ─ 1 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0 

  Food 1 2 0 2 0 0 ─ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ELiTE60, 2-country cluster Human 1 1 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 1 

  Food 1 1 0 0 0 0 ─ 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

ELiTE68, 1-country cluster Human 1 1 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 1 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0 

  Food 1 1 0 0 0 0 ─ 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

ELiTE75, 2-country cluster Human 1 1 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 1 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0 

  Food 1 1 0 0 0 0 ─ 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 

Pulsotype Origin

Total No 

of 

countries

Total No 

of 

isolates AA BB CC DD FF GG HH II JJ KK LL MM NN OO PP QQ RR SS TT UU VV WW XX YY

ELiTE01, 15-country cluster Human 9 30 9  ─* ─ ─ 0 ─ 1 1 ─ ─ 0 1 12 1 ─ ─ 0 ─ 0 1 ─ ─ 1 3

Food 11 56 6 0 2 0 ─ 1 0 13 1 0 0 0 8 0 0 12 0 0 3 0 1 0 8 1

ELiTE02, 14-country cluster Human 3 3 1 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 1 ─ ─ 0 1

Food 13 39 2 1 0 0 ─ 4 1 9 1 0 0 1 0 0 3 1 3 0 9 1 0 0 1 2

ELiTE03, 13-country cluster Human 6 13 0 ─ ─ ─ 1 ─ 0 3 ─ ─ 0 3 0 0 ─ ─ 1 ─ 0 0 ─ ─ 2 3

Food 8 26 0 0 0 1 ─ 1 0 0 0 1 0 0 0 2 0 7 3 1 9 0 0 0 0 1

ELiTE05, 8-country cluster Human 7 20 1 ─ ─ ─ 1 ─ 0 0 ─ ─ 2 3 0 0 ─ ─ 0 ─ 0 3 ─ ─ 1 9

Food 2 3 0 0 2 0 ─ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

ELiTE06, 9-country cluster Human 2 2 1 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 1 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0

Food 7 18 0 0 0 1 ─ 0 0 0 0 0 2 0 1 2 0 9 0 0 0 0 1 0 2 0

ELiTE07, 6-country cluster Human 1 2 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 2 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0

Food 5 17 2 0 0 0 ─ 1 0 0 0 0 0 0 1 0 0 2 0 0 11 0 0 0 0 0

ELiTE012, 7-country cluster Human 3 6 1 ─ ─ ─ 0 ─ 0 2 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 3

Food 5 6 2 0 0 0 ─ 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0

ELiTE14, 3-country cluster Human 2 3 0 ─ ─ ─ 0 ─ 0 0 ─ ─ 0 0 0 0 ─ ─ 0 ─ 0 2 ─ ─ 0 1

Food 2 7 0 0 0 0 ─ 0 0 6 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

ELiTE15, 3-country cluster Human 3 8 1 ─ ─ ─ 0 ─ 0 1 ─ ─ 0 6 0 0 ─ ─ 0 ─ 0 0 ─ ─ 0 0

Food 2 2 1 0 0 0 ─ 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Country code

*─=no data in the s tudy dataset



European Listeria typing exercise (ELiTE) JOINT REPORT 

39 
 

Annex 2 

Table A2-1. ELiTE PFGE pulsotypes of L. monocytogenes and mapped MLST clonal complexes and 

sequence types, ELiTE, 2010-2011 

ELiTE 
PFGE 
pulsotype 

Origin 
of 
mapped 
isolate 

Mapped 
MLST clonal 
complex 
(CC) 

Mapped 
Sequence 
Type (ST)  

No of 
human 

isolates by 
ELiTE PFGE 
pulsotype 

No of food 
isolates by 
ELiTE PFGE 
pulsotype 

Total No of  
L. 

monocytgenes 
isolates by ELiTE 
PFGE pulsotype 

No of 
countries 
involved 

ELiTE01 Human CC8 ST8 30 56 86 15 

ELiTE02 Human CC121 ST121 3 39 42 14 

ELiTE03 Human CC9 ST9 13 26 39 13 

ELiTE04 Food CC121 ST121 0 30 30 9 

ELiTE05 Human CC2 ST2 20 3 23 8 

ELiTE06 Human CC155 ST155 2 18 20 9 

ELiTE07 Human CC121 ST121 2 17 19 6 

ELiTE08 Human CC1 ST1 16 0 16 8 

ELiTE09 Human CC1 ST1 13 0 13 4 

ELiTE10 Human CC7 ST24 13 0 13 4 

ELiTE11 Human CC1 ST1 12 0 12 7 

ELiTE12 Human CC8 ST8 6 6 12 7 

ELiTE13 Human CC398 ST398 10 0 10 5 

ELiTE14 Human CC59 ST59 3 7 10 3 

ELiTE15 Human CC7 ST7 8 2 10 3 

ELiTE16 Human CC2 ST2 9 0 9 4 

ELiTE17 Human CC18 ST18 9 0 9 5 

ELiTE18 Human CC451 ST451 8 0 8 5 

ELiTE19 Human CC1 ST1 8 0 8 2 

ELiTE20 Human CC6 ST6 7 0 7 4 

ELiTE21 Human CC37 ST37 6 0 6 3 

ELiTE22 n.a* n.a n.a 3 2 5 2 

ELiTE23 n.a n.a n.a 5 0 5 1 

ELiTE24 Human CC1 ST1 5 0 5 2 

ELiTE25 Human CC155 ST155 3 2 5 3 

ELiTE26 Human CC7 ST7 1 4 5 2 

ELiTE27 Human CC14 ST14 2 2 4 4 

ELiTE28 Human CC155 ST155 5 0 5 1 

ELiTE29 Food CC193 ST193 0 4 4 2 

ELiTE30 Human CC8 ST8 5 0 5 1 

ELiTE31 Human CC4 ST4 5 0 5 3 

ELiTE32 Human CC403 ST403 3 2 5 5 

ELiTE33 Human CC101 ST101 3 1 4 3 

ELiTE34 Food CC6 ST6 3 1 4 4 

ELiTE35 Food CC204 ST204 0 4 4 2 

ELiTE36 Human CC1 ST1 4 0 4 3 

ELiTE37 n.a n.a n.a 0 3 3 3 

ELiTE38 n.a n.a n.a 4 0 4 2 

ELiTE39 Human CC14 ST399 4 0 4 2 

ELiTE40 n.a n.a n.a 4 0 4 1 

ELiTE41 Human CC101 ST38 3 0 3 3 

ELiTE42 n.a n.a n.a 3 0 3 2 

ELiTE43 Human CC21 ST21 3 0 3 3 

ELiTE44 Human CC6 ST6 3 0 3 2 

ELiTE45 n.a n.a n.a 0 3 3 2 

ELiTE46 Food CC9 ST9 2 1 3 3 

ELiTE47 n.a n.a n.a 3 0 3 1 

ELiTE48 Human CC204 ST204 1 2 3 2 

ELiTE49 n.a n.a n.a 3 0 3 1 

ELiTE50 n.a n.a n.a 3 0 3 1 

ELiTE51 n.a n.a n.a 3 0 3 2 

ELiTE52 Human CC6 ST6 2 0 2 1 

ELiTE53 n.a n.a n.a 2 0 2 1 

ELiTE54 Human CC5 ST5 2 0 2 1 

ELiTE55 Food CC121 ST121 0 2 2 1 
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ELiTE 
PFGE 
pulsotype 

Origin 
of 
mapped 
isolate 

Mapped 
MLST clonal 
complex 
(CC) 

Mapped 
Sequence 
Type (ST)  

No of 
human 

isolates by 
ELiTE PFGE 
pulsotype 

No of food 
isolates by 
ELiTE PFGE 
pulsotype 

Total No of  
L. 

monocytgenes 
isolates by ELiTE 
PFGE pulsotype 

No of 
countries 
involved 

ELiTE56 n.a n.a n.a 2 0 2 1 

ELiTE57 Human CC59 ST59 2 0 2 1 

ELiTE58 n.a n.a n.a 0 2 2 1 

ELiTE60 Human CC1 ST1 1 1 2 2 

ELiTE61 n.a n.a n.a 2 0 2 1 

ELiTE62 n.a n.a n.a 2 0 2 1 

ELiTE63 Human CC101 ST38 2 0 2 1 

ELiTE64 n.a n.a n.a 2 0 2 1 

ELiTE65 Food CC2 ST145 0 2 2 2 

ELiTE66 n.a n.a n.a 2 0 2 1 

ELiTE67 n.a n.a n.a 2 0 2 1 

ELiTE68 Food CC8 ST8 1 1 2 1 

ELiTE69 Human CC37 ST37 2 0 2 2 

ELiTE70 n.a n.a n.a 0 2 2 1 

ELiTE71 Food CC19 ST173 0 2 2 1 

ELiTE72 Human CC1 ST1 2 0 2 2 

ELiTE73 Human CC1 ST1 2 0 2 2 

ELiTE75 Food CC3 ST3 1 1 2 2 

ELiTE76 Human CC155 ST155 2 0 2 1 

ELiTE77 Human CC1 ST1 2 0 2 2 

ELiTE78 n.a n.a n.a 2 0 2 1 

ELiTE79 n.a n.a n.a 2 0 2 1 

ELiTE80 Human CC4 ST219 2 0 2 2 

Total       325 248 573   
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Annex 3 

Figures A3-a;i. Representative ApaI/AscI PFGE profiles of the Listeria monocytogenes isolates in nine 
mixed human-food ELiTE–clusters, EliTE, 2010-2011 

 
a) ELiTE01 (TESSy references 0142/0026 and 0147/0026) 

 

b) ELiTE02 (TESSy reference 0216/0098) 

 

c) ELiTE03 (TESSy reference  0002/0117) 

 

d) ELiTE05 (TESSy reference 0014/0007) 

 

e) ELiTE06 (TESSy reference 0222/0062) 

 

f) ELiTE07 (TESSy reference 0115/0098) 

 



 
 

 
 

TECHNICAL REPORT European Listeria typing exercise (ELiTE) 
 

 
 

46 

g) ELiTE12 (TESSy reference 0145/0030) 

 

h) ELiTE14 (TESSy reference 0080/0043) 

 

 

i) ELiTE15 (TESSy reference 0354/0038) 
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