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SUMMARY 
The scope of this Scientific Report of EFSA is to provide a fast-track assessment of the exposure of 
the consumer to STEC through consumption of raw vegetables, and to suggest possible mitigation 
options. 

The German outbreak strain seems to share virulence characteristics of STEC and EAEC strains. 
STEC strains usually have an animal reservoir, while EAEC have a human reservoir. Infections in 
humans caused by similar strains (same serotype, same phylogroup, same MLST type, and with 
similar virulence gene array) have been reported in the past, and as such, the strain could not be 
regarded as “new”. However this outbreak strain is rare, and until now it has never been found to be 
responsible for the rate of infection and severity of disease seen during the current outbreak. Sequence 
analysis and comparative genomics will be able to show if the outbreak strain is an EAEC that 
acquired EHEC virulence determinants, or vice versa. The antimicrobial resistance genotype of the 
outbreak strain, and the molecular typing of the blaCTX-M-15-containing plasmid, could provide some 
clues on the epidemiology of this pathogen. 

Regarding the Exposure Assessment, many different types of foods have been identified as a 
potential source of STEC. These are usually raw or undercooked foodstuffs contaminated with faeces 
from ruminants, either during primary production (e.g. slaughtering, milking, fertilised vegetables) or 
further processing and handling. Data on STEC are reported annually on a mandatory basis by EU 
Member States to the European Commission and EFSA. When interpreting this data it is important to 
note that they are not directly comparable due to differences in sampling strategies and applied 
analytical methods. In the scientific literature, outbreaks of STEC infection are becoming increasingly 
recognised as associated with vegetables, particularly contaminated sprouting seeds and green leafy 
salad vegetables. Outbreaks may have more than one exposure route involved. For example, primary 
human infection may originate from consumption of contaminated food or direct contact with an 
animal carrying STEC, while secondary infection may occur by the faecal-oral route, after 
contamination of food through handling by an infected person shedding the bacteria. As a result, 
especially during the late stages of an outbreak multiple exposure routes are likely. Contamination of 
fresh produce with STEC is rare but has been linked to some severe outbreaks. In some outbreaks, the 
origin of contamination was suspected to be contaminated irrigation water and access of farm animals 
to the immediate environment of fresh-produce. In most outbreaks however, the origin of 
contamination was not elucidated. Contamination of vegetables with STEC can occur in different 
steps of the food chain: during primary production; during harvest and post-harvest including 
handling and processing, at marketing and retail and during catering and in the care of the consumer 
after sale during transport and in domestic settings. Bacterial contamination of vegetables occurs 
mostly on the surface of the tissues of the plants but it may also be internal. Although there is no 
conclusive data, in theory internalisation of STEC would result in increased survival both in pre-
harvest and post-harvest due to protection from exposure to UV and desiccation, as well as increased 
protection to surface decontamination treatments. Pre-harvest contamination can derive from infected 
farm animals. The possible routes of contamination are irrigation water contaminated with animal 
waste as well as sewage, application of organic fertilizers of animal and/or human origin and direct 
contact of animals with fresh produce growing fields. There is considerable debate on the possibility 
of STEC being present internally in leafy vegetables, particularly if exposed during the pre-harvest 
phase. It should be noted that internalisation of E. coli in plants has been only shown in experimental 
laboratory conditions specially in the case of root inoculations with very young plants and using high 
inoculation doses. Processing of vegetables involves many points of contact with people, surfaces, 
water and the environment (soil, dust) and this represents potential opportunities for contamination 
with food-borne pathogens. Minimally processed vegetables and sliced fruit exhibit a characteristic 
high humidity. This fact, together with the high number of cut surfaces, can provide ideal conditions 
for microbial growth, including that of food-borne pathogens and spoilage micro-organisms. Cutting 
practices increased the chance of bacterial cross-contamination and can result in increased 
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susceptibility of bacterial attachment. There is scarce information on the prevalence and quantity of 
STEC in vegetables both from surveillance and outbreak investigations. It is currently not possible to 
estimate the relative exposure to humans from pre-harvest or post-harvest contamination of vegetables 
by STEC. At the same time, scarcity of data also hampers the estimation of the relative significance of 
surface or internal contamination of vegetables by STEC for human exposure.  

Regarding Mitigation Options, the use of Good Agricultural Practices (GAPs), Good Manufacturing 
Practices (GMPs), and Hazard Analysis and Critical Control Point (HACCP) in the fresh fruit and 
vegetable industry provide the basic framework for safe products for the consumer. GAPs describe 
preventive measures implemented in farming operations to reduce product contamination and provide 
guidance for food-safety practices in the field. Implementing HACCP programs in processing and 
packaging facilities is a requisite for food safety. Since there is evidence of asymptomatic carriers of 
STEC in humans, screening of humans involved in food handling is relevant. The monitoring and/or 
exclusion of STEC carriers from food handling could be considered as a mitigation option. In 
reference to Pre-harvest mitigation options: the application of mitigation strategies reflected in GAPs 
in line with codes available from international organisations is recommended. In particular, to avoid 
access of farm animals (in particular ruminants) to the immediate environment of fresh produce; to  
use of irrigation and of agricultural water which are of adequate microbiological quality; and to 
control the sourcing, handling and treatment of manure and slurry that are to be used for fertilising 
fields intended to grow produce for human consumption. In reference to Post-harvest mitigation 
options: current technologies or practices do not effectively eliminate any microbiological hazard 
acquired during post-harvest processing of fresh vegetables. Therefore the main focus should be on 
prevention of contamination both during pre-harvest and post-harvest. The only effective method of 
eliminating STEC from foods is to introduce a bactericidal treatment, such as heating (e.g. cooking or 
pasteurization) or irradiation. Adhesion of pathogens to surfaces and internalisation of pathogens 
limits the usefulness of conventional processing and chemical sanitizing methods in preventing 
transmission from contaminated produce. The application of mitigation strategies reflected in GMPs 
and GHPs in line with codes available from international organisations is recommended. In particular, 
the use of water of adequate microbiological quality during further processing; to ensure basic 
training on food hygiene practices to food handlers; to ensure adequate design and hygiene 
management of food premises including pest control plans and the correct management of cold chain 
seems of particular importance for those products processed for ready-to-eat consumption (e.g. cut 
vegetables, unpasteurised vegetable juices). In reference to catering and home: GHPs when preparing 
food e.g. wash hands before and after preparing foods, wash all fruit and vegetables with potable 
running water, avoid cross-contamination, keep storage temperatures low for food. Peeling or cooking 
fruit and vegetables can also remove microbes. Although these measures have been proven to be 
useful they cannot completely eliminate the risk.  
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 
An increase in the number of human cases of Haemolytic Uremic Syndrome (HUS) was reported by 
Germany to the European Centre for Disease Prevention and Control (ECDC) on 22 May 2011. Since 
then, the Commission has been following closely this outbreak caused by Shiga-toxin producing 
Escherichia coli- bacteria (STEC), serotype O104:H4. The STEC outbreak is already responsible for 
several fatalities in Germany. Other Member States (UK, Sweden, Denmark, the Netherlands and 
France) have reported human cases as well. All these were associated with travel in Germany.  

The epidemiological investigations carried out by German authorities seem to link the current 
outbreak with raw vegetables. The strain identified in this outbreak had previously not been 
associated so far with significant health problems in the EU and seems to have a different 
epidemiology than STEC causing human disease so far in the EU. 

Taking into account the characteristics of this new strain STEC O104:H4, questions could be raised 
on the potential initial source contamination of the food chain and possible resulting food safety risks. 

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 
Therefore, in accordance with Article 31 of Regulation (EC) No 178/2002, the European Commission 
asks the European Food Safety Authority (EFSA) to provide scientific assistance and urgent advice on 
the following questions related to the current outbreak caused by STEC:    
 
1. What is the relative exposure of humans by: 
 

• surface contamination of vegetables;  

• internal contamination of vegetables;  

• routine handling steps such as processing, packaging and distribution in the possible 
contamination of vegetables; 

 
2. Given the identified risk, to recommend risk mitigation options. 
 

Clarification of the Terms of Reference 

The following was further clarified with the European Commission: 

• The scope covers all pathogenic STEC strains; 

• “Relative exposure” refers to the comparison between exposure to vegetables 
contaminated in the pre-harvest stage vs. vegetables contaminated in the post-harvest 
stage as well as differentiation between externally- and internally- contaminated 
should be made. 
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ASSESSMENT 

1. Introduction 

On 21st May 2011, Germany reported an ongoing outbreak of Shiga-toxin producing Escherichia coli- 
bacteria (STEC4), serotype O104:H4. Epidemiological information on the outbreak is maintained and 
periodically updated by the European Centre for Disease Prevention and Control (link: 
http://ecdc.europa.eu/en/healthtopics/escherichia_coli/epidemiological_data/Pages/Epidemiological_u
pdates.aspx), and the World Health Organisation (link: http://www.euro.who.int/en/what-we-
do/health-topics/emergencies/international-health-regulations/ehec-outbreak-in-germany). In the past 
STEC O104:H4 had been isolated in humans twice in Germany in 2001 (Mellmann et al., 2008) and 
once in Korea in 2005 (Bae et al., 2006). In addition, according to the information reported to ECDC, 
a total of 10 persons were infected with STEC O104 in the EU Member States from 2004 to 2009. 

Currently available epidemiological information on this STEC outbreak in Germany suggests that 
STEC-contaminated food is the vehicle of infection. A case control study carried out in Hamburg 
identified consumption of contaminated raw tomatoes, cucumbers and /or leafy salad as significant 
risk factors (Frank et al., 2011). However, at this stage the specific food vehicle(s) have not been 
identified. 

The possible involvement of fresh produce as the source of this outbreak led the European 
Commission to address an urgent request to EFSA in order to provide scientific assistance and urgent 
advice on human exposure via vegetables and mitigation options. 

The scope of this Scientific Report of EFSA is to provide a fast-track assessment of the exposure of 
the consumer to STEC through consumption of raw vegetables, and to suggest possible mitigation 
options. 

2. Hazard identification and characterisation 

2.1. Description of the German outbreak strain 

 
The German outbreak strain is a Shiga toxin producer Escherichia coli (STEC) that belongs to 
serotype O104:H4, and has been microbiologically characterized (for details see the link 
http://www.rki.de/cln_178/nn_217400/EN/Home/EHEC__O104__H4,templateId=raw,property=publi
cationFile.pdf/EHEC_O104_H4.pdf) as follows: 

o Shigatoxin 1 negative 

o Shigatoxin 2 (stx2a) positive 

o Intimin (eae gene) negative 

o Enterohemolysin  negative 

o EAEC (enteroaggregative E. coli) virulence plasmid: 

 aatA positive (ABC-transporter protein gene)   

 aggR positive (master regulator gene of Vir-plasmid genes) 
                                                      
4  Also known as Verocytotoxin-producing Escherichia coli (VTEC) 
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 aap positive  (secreted protein dispersin gene) 

 agg positive (AAF/I-fimbral subunit-gene) 

 aggC positive (AAF/I-fimbral operon-gene) 

o MLST Sequence Type: ST678 (adk 6, fumC6, gyrB 5, icd 136, mdh 9, purA 7, recA 7).  

o Antimicrobial resistance profile: Resistant to ampicillin, amoxicillin/clavulanic acid, 
piperacillin/sulbactam, piperacillin/tazobactam, cefuroxime, cefuroxime-axetil, cefoxitin, 
cefotaxime, cetfazidime, cefpodoxime, streptomycin, nalidixic acid, tetracyclin, 
trimethoprim/sulfamethoxazol. 

o The strain carries plasmid-borne blaCTX-M-15 and a blaTEM-1 genes. 

An E. coli O104:H4 with a MLST ST678 was previously observed about 10 years ago  in Germany in 
a Haemolytic Uremic Syndrome (HUS) case (Mellmann et al., 2008). This strain belonged to clonal 
group B1. Like the current outbreak strain, this isolate was stx2-positive and eae-negative. Several 
differences are found to date between the 2011 outbreak strain and the previously reported O104:H4 
strain in 2001 in Germany (HUSEC 041, further details available at: 
http://www.ehec.org/index.php?hid=43&lang=de&pid=HUSEC), namely: 

o Fimbriae expressed by HUSEC 041 are of type AAF/III5. 

o The macrorestriction-PFGE-pattern (XbaI) of the current EHEC O104:H4 is different 
compared to HUSEC041 (Robert Koch Institute, Personal Communication).  

In conclusion, the STEC O104:H4 outbreak strain shows an unusual combination of virulence factors 
of STEC and EAEC which has only been reported sporadically in humans before (Morabito et al., 
1998). 

2.2. E. coli characteristics 

 
E. coli is a normal inhabitant of the intestines of most animals, including humans. Some E. coli strains 
can cause a wide variety of intestinal and extra-intestinal diseases, such as diarrhoea, urinary tract 
infections, septicaemia, and neonatal meningitis.  

E. coli is a bacterium, which very easily and frequently exchanges genetic information through 
horizontal gene transfer (e.g. by conjugation, transformation or transduction) with other related 
bacteria, such as other E. coli strains, Salmonella, Shigella. Therefore, E. coli strains may exhibit 
characteristics that have been acquired from a wide variety of sources. 

A recent review describes the population structure of commensal E. coli, the factors involved in the 
spread of different strains, how the bacteria can adapt to different niches, and how a commensal 
lifestyle can evolve into a pathogenic one (Tenaillon et al., 2010). 

All humans and animals carry E. coli in their intestines as they are part of the normal gut flora and 
usually harmless. However, there are several types of E. coli strains that may cause gastrointestinal 
illness in humans. These strain types can be divided into several pathogroups:  Enteropathogenic 

                                                      
5  Poster by Prager, Fruth and Tschäpe presented at the EHEC Workshop 2007, Bayern, Germany 
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(EPEC), Enterotoxigenic (ETEC), Enteroinvasive (EIEC), Enterohaemorrhagic (EHEC6), and 
Enteroaggregative (EAEC). 

2.3. Enterohaemorrhagic E. coli (EHEC) 

Some E. coli strains are capable of producing toxins, which are very similar to toxins that are 
produced by Shigella dysenteriae. Two types of toxins have been described: Shiga toxin 1 (Stx1) and 
Shiga toxin 2 (Stx2). These strains are referred to as STEC (Shiga toxin-producing) or also VTEC 
(verocytotoxin-producing) E. coli. STEC causes a spectrum of illnesses in humans from asymptomatic 
infection, to diarrhoea, severe bloody diarrhoea, hemorrhagic colitis (HC) and haemolytic uremic 
syndrome (HUS). Infection can be food-borne as well as transmitted via other humans, direct or 
indirect contact with animals (particularly ruminants) or through contaminated water. EFSA’s 
BIOHAZ Panel  issued a Scientific Opinion addressing the monitoring of STEC and the identification 
of human STEC types (EFSA, 2007). 

Humans can act as a reservoir for infection by asymptomatically carrying the bacteria in the intestinal 
tract (Silvestro et al., 2004; Stephan et al., 2000; Vincent et al., 2010). Nevertheless, ruminants are 
recognised as the main natural reservoir for STEC: cattle being the animal source which contributes 
with most of the STEC that are virulent to humans (Caprioli et al., 2005). Both domestic and wild 
animals are rarely diseased by the bacteria, and thus they act as asymptomatic carriers. It can be 
concluded that STEC strains have most commonly an animal reservoir. 

Pigs have been found as carriers of STEC, but less frequently (Bonardi et al., 2003; Borie et al., 1997; 
Heuvelink et al., 1999; Johnsen et al., 2001). Prevalence of STEC in European-reared poultry seems 
to be also low compared to ruminants (Dipineto et al., 2006; Schouten et al., 2005). Some studies in 
Europe and elsewhere have reported findings in other animal species, including turkeys, rodents, 
birds, insects and molluscs (Doane et al., 2007; Literak et al., 2009). 

STEC strains are a good example of the evolution and emergence of pathogenic E. coli. Unknown 
before the late 1970s, these bacteria are a major cause of hemorrhagic colitis and haemolytic uremic 
syndrome, worldwide. The production of verocytotoxins is the main virulence feature of STEC but 
cannot be solely responsible for pathogenicity. STEC associated with severe human disease are 
usually capable of colonizing the intestinal mucosa with a characteristic attaching-and-effacing 
mechanism, genetically governed by the locus of enterocyte effacement (LEE), and possess other 
mobile genetic elements carrying additional virulence genes such as plasmids, phages, and 
pathogenicity islands (e.g., O-I 122). An overview of the STEC virulence factors, including their 
genetic basis is provided by Bolton (Bolton, 2010). 

The major virulence factors of STEC strains are the Shiga toxins, products of the locus of enterocyte 
effacement, and products encoded by the EHEC-hemolysin plasmid. Molecular analysis shows that 
STEC acquired the majority of these virulence factors by horizontal transfer of genetic material. In the 
case of Shiga toxins, phages encoding them are probably responsible for this transfer. For the locus of 
enterocyte effacement, however, it is not clear how often this transfer took place and which parts of 
the locus were involved in this transfer. The large EHEC-hemolysin plasmid is clearly a mosaic 
structure, which arose from multiple recombination events with foreign DNA (Boerlin, 1999).

                                                      
6  EHEC are a subset of STEC consistently associated with severe human disease. 
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It is not possible at the present time to fully define human pathogenic STEC. However, the concept of 
seropathotype has evolved which classifies STEC into groups based on empirical knowledge about 
the typical clinical outcome of STEC infections combined with knowledge about serotype, stx 
subtypes and presence of additional virulence factors. STEC strains have been divided into 5 
seropathotypes (Gyles, 2007; Karmali et al., 2003): 

A, including the O157 strains that are common causes of outbreaks and HUS in most 
countries; 

B, non-O157 strains that cause occasional outbreaks but are fairly common isolates from 
sporadic cases and HUS (examples: O26:H11, O103:H2, O111:NM, O121:H19, O145:NM); 

C, non-O157 strains associated only with sporadic cases; 

D, strains associated with diarrhoea, not more severe symptoms; and 

E, strains not associated with human disease. 

E. coli O157:H7 is the dominant STEC serotype in humans in many parts of the world. However, 
multiple reports have shown that other STEC, including serogroups O26, O111, O103, and O118, 
frequently cause sporadic cases in humans and have been implicated in numerous outbreaks. A 
detailed review has been produced by Kaspar and colleagues (Kaspar et al., 2009).  

A comparison of E. coli O157:H7 genomes has revealed the extent and significant impact of 
horizontal transfer on the evolution of virulence (Hayashi et al., 2001; Perna et al., 2001). 
Furthermore, microarray comparisons have shown divergence in gene content among closely related 
O157 strains (Wick et al., 2005). 

STEC are zoonotic pathogens with domestic and wild ruminants representing their main natural 
reservoir. 

2.4. Enteroaggregative E. coli (EAEC) 

Enteroaggregative E. coli (EAEC) are defined as E. coli  that do not secrete heat-labile or heat-stabile 
enterotoxins and adhere to mucosal cells in an aggregative pattern (Nataro et al., 1998). EAEC have 
been implicated as a cause of persistent diarrhea in children and acquired immunodeficiency 
syndrome−associated diarrhea, as well as acute diarrhea in travelers. Not all EAEC strains have been 
shown to cause diarrhea in humans. The EAEC are a heterogeneous group of bacteria that display a 
wide array of virulence factors. The relative contribution to disease for each one of these virulence 
factors is unclear. Furthermore, the interaction between the host immune response and heterogeneity 
of virulence factors of EAEC is complex. Outbreaks of diarrhoeal illness due to EAEC have been 
reported and linked to the ingestion of food which was contaminated by food handlers. In addition, it 
has been shown that EAEC carriage by humans is possible (Huang et al., 2003; Huang et al., 2006).  

Most enteroaggregative E. coli (EAEC) strains harbour a 60- to 65-MDa plasmid called pAA which 
has been shown to encode the aggregative adherence fimbriae AAF/I and AAF/II; the enterotoxin 
EAST1 and Pet, a serine protease which has been described as causing enterotoxic and cytotoxic 
effects. Another serine protease denominated Pic, encoded by a chromosomal gene displaying 
mucinolytic activity, serum resistance, and hemagglutination, has also been associated with EAEC 
strains (Moon et al., 2005). 

EAEC have rarely been identified in animals, suggesting that they are not zoonotic, but exclusive to 
humans as a pathogen (Cassar et al., 2004). 
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2.5. Typing of E. coli 

The purpose of microbial typing is to determine characteristics of isolates at the subspecies level in 
order to identify relatedness and/or to allow source tracking/attribution. For these purposes several 
methods are available. The principles on which these methods are based on, and their discriminatory 
power, are very different, which greatly influences the choice of method according to the intended 
use. Phenotypic tests (e.g. serotyping) are relatively easy to perform, but lack discriminatory power. 
Within serotypes, many different genetically-related clusters of isolates can occur that can be 
identified by genotyping methods. 

Strains of E. coli are serotyped by an internationally-recognised and evolving scheme comprising over 
180 O-types (lipopolysaccharide) and 56 H-types (flagella). Several of the most recently designated 
types include STEC strains. Full serotyping is generally performed in national reference laboratories 
although antisera for some common STEC O-groups are available commercially. 

Many STEC strains that cause human illness show specific combinations of O- and H-types (e.g. 
O157:H7, O26:H11, O91:H21). Data collected by Enter-Net7 indicate that the distribution of STEC 
serotypes between countries is not uniform but this may be strongly influenced by the detection 
methods used and criteria applied for testing. Molecular ‘serotyping’ methods attempt to avoid the 
dependency on antisera and make serotype characterisation more widely available. Methods have 
targeted various genes involved in the biosynthesis of the O antigen by identifying sequences unique 
to O groups such as O157, O26, O111, O113 and O145 for specific Polymerase Chain Reactions 
(PCRs). PCR-RFLP (PCR restriction fragment length polymorphism) and PCR combined with 
sequencing have also been used. Determination of H-type has been directed mainly at the fliC gene 
that is present even if the isolate is non-motile. The large number of O-types of E. coli means that in 
the short to medium term, DNA-based tests are unlikely to replace conventional serotyping in the 
reference laboratory setting for comprehensive characterisation of isolates. 

Over 200 O:H serotypes producing STEC have been identified from all sources (Scheutz and 
Strockbine, 2005), although many lack the full complement of known virulence factors found in 
strains that cause serious disease; however over 100 have been associated with disease in humans.  

The role of some putative virulence factors is still uncertain and they may be detected as markers of 
particular strains rather than contributing to the disease process. There are substantial gaps in 
knowledge about the interaction between STEC and their hosts; some STEC, including O157, may be 
carried asymptomatically by both adults and children. The definition of pathogenic strains has been 
based on phenotypic properties and the linkage of certain serotypes to serious illness.  

Phylogenetic analysis has shown that E. coli is composed of four main phylogenetic groups (A, B1, 
B2, and D) and that virulent extra-intestinal strains mainly belong to groups B2 and D (Clermont et 
al., 2000). STEC strains normally belong to phylogenetic groups D, B1 and to a lesser extent A. The 
majority of STEC O157 belong to group D, while other STEC serotypes belong to groups B1 and A 
(Ziebell et al., 2008). 

Characterisation of STEC with respect to the presence of a range of virulence properties may further 
identify markers that confer the capacity to cause serious infections and so identify strains with 
increased risk of causing disease.  

Pulsed-filed-gel-electrophoresis (PFGE) is a band-based molecular technique with generally a high 
discriminatory power. It allows identification of lineages or clusters of epidemiologically related 
isolates within serotypes. It is intended for tracing outbreaks in a limited time period and less suitable 
for performing phylogenetic analyses. Multi-locus-sequence typing (MLST) is a sequence-based 
method targeting 5-7 highly conserved genes. This method has generally less discriminatory power 
                                                      
7  http://www.hpa.org.uk/AboutTheHPA/WhatTheHealthProtectionAgencyDoes/InternationalWork/EnterNet/ 
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than PFGE or MLVA but is the most reliable method to determine genetic relatedness of 
epidemiologically-unrelated isolates. As an example, E. coli are currently assigned by MLST to a 
certain sequence type (ST), and within those STs diverse clusters can be detected by PFGE. 

2.6. Epidemiologically relevant features linked to antimicrobial resistance in the outbreak 
strain 

As mentioned above, the outbreak strain is an ESBL (extended spectrum ß-lactamase) producer and it 
carries a blaCTX-M-15 gene on a conjugative plasmid. 

Since the early 2000s the CTX-M group of genes, named after their ability to produce enzymes 
capable of hydrolysing cefotaxime, emerged in human isolates. These genes were also located on 
highly transmissible plasmids, thus facilitating fast and efficient spread of resistance (Bonnet, 2004; 
Canton and Coque, 2006; Canton et al., 2008; Hunter et al., 2010; Livermore and Hawkey, 2005; 
Pitout et al., 2005a; Pitout and Laupland, 2008). Bacteria that express CTX-M enzymes are also 
commonly co-resistant or multiresistant, exhibiting resistance to multiple antimicrobials including 
quinolones (Jacoby et al., 2006).  

In the last decade the epidemiology of ESBLs in humans has changed. Successful international 
bacterial clones harbouring members of the CTX-M family have emerged and spread globally. As a 
result the CTX-M-ß-lactamases have become the most prevalent ESBLs in human Enterobacteriaceae 
worldwide (Livermore et al., 2007; Pitout et al., 2005a; Pitout et al., 2005b). The epidemiology of 
bacteria that produce CTX-M enzymes has also changed. Since the early 2000s, E. coli producing 
CTX-M enzymes (specifically CTX-M-15) have increasingly been found in the community in 
uncomplicated and complicated (including bacteraemias) community-acquired urinary tract 
infections, as well as in serious intra-abdominal and skin and soft-tissue infections (Canton et al., 
2008; Livermore et al., 2007; Peirano et al., 2010; Pitout and Laupland, 2008; Rodriguez-Bano et al., 
2008; Rodriguez-Bano et al., 2004; Rodriguez-Bano et al., 2006; Woodford et al., 2004).  

In the last few years some ESBLs relevant to human medicine have been described in isolates from 
animals. By far the most common genes associated with this resistance have been those encoding 
CTX-M enzymes (the most commonly identified ESBL). The ESBL enzymes associated with animals 
correspond to CTX-M (-1, -2, -9, -14, -32). Sporadic reports of CTX-M-15 in animals also exist. 

The knowledge that some plasmid types are prevalent in resistant populations is useful for tracing 
their global spread among enterobacterial populations from humans, animals and the environment. 

Highly transmissible IncFII plasmids or multireplicons of Inc FII associated with Inc FIA and FIB 
plasmids, and carrying blaCTX-M-15 are of particular interest as they are globally spread among E. coli 
populations from humans and animals (Carattoli, 2009). 

A recent study (Mshana et al., 2009) reported on the emergence of a cluster of CTX-M-15 producers 
in Germany exclusively associated with a conjugative 145.5 kb IncFI replicon-type plasmid in 
nosocomial settings. This was the first report of a CTX-M-15 occurrence in Germany associated with 
an exclusive IncFI replicon-type. The study furthermore illustrated that the prevalence of CTX-M-15 
is not due to spread of a single clonal type but is associated with the spread of related E. coli isolates. 
Dissemination of the ESBL phenotype was linked to the lateral transfer of highly adapted IncF1 
conjugative plasmid.  

It is currently unknown what the replicon type and molecular fingerprint of the plasmid/plasmids 
present in the German outbreak strain are, but this information could give additional molecular 
markers to trace the outbreak strain. 
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2.7. Discussion on the possible origin of the strain based on the genetic elements and 
resistance pattern of the outbreak strain 

• The German outbreak strain seems to share virulence characteristics of STEC and EAEC 
strains. STEC strains usually have an animal reservoir, while EAEC have a human reservoir. 

• Both the current outbreak strain and the historical O104:H4 strain (HUSEC 041) belong to 
phylogenetic group B1. The most common STEC E. coli O157:H7, belongs to group D, and 
many extraintestinal pathogenic E. coli (ExPEC) are found to belong to groups B2 or D. 
Generally, groups B1 and A are more associated with non-O157 STEC and with commensal 
E. coli. Because of the common feature of horizontal gene transfer in E. coli, these are just 
trends, and general interpretations of results should be made with caution. 

• Infections in humans caused by similar strains (same serotype, same phylogroup, same MLST 
type, and with similar virulence gene array) have been reported in the past, and as such the 
2011 outbreak strain could not be regarded as “new”. However the German outbreak strain 
is rare, and until now it has never been found to be responsible for the rate of infection and 
severity of disease seen during the current outbreak. 

• The PFGE restriction profiles of the historical O104:H4 strain (HUSEC 041), and that of the 
2011 outbreak strain are different. Without a better knowledge of the background genetic 
diversity that is present among serotype O104 strains, it is difficult to draw definitive 
conclusions on the significance of such differences. 

• Sequence analysis and comparative genomics will be able to show if the German outbreak 
strain is an EAEC that acquired EHEC virulence determinants, or if it is the other way 
around. 

• Traditionally, STEC strains do not present a high level of resistance to antimicrobials 
(especially in the case of O157:H7), although there are occasional reports of resistant strains, 
including ESBL-producers. The antimicrobial resistance genotype of the outbreak strain, and 
the molecular typing of the blaCTX-M-15–containing plasmid, as well as of any other co-resident 
plasmids could provide some clues on the epidemiology of this pathogen. 

3. Exposure Assessment 

3.1. Human exposure routes 

Figure 1 shows the four routes through which humans can become exposed to STEC and potentially 
infected. These have been reviewed by EFSA in a previous Scientific Opinion (EFSA, 2007).  

 

Figure 1:  STEC human exposure routes. 
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Outbreaks may have more than one exposure route involved. For example, primary human infection 
may originate from consumption of contaminated food or direct contact with an animal carrying 
STEC, while secondary infection may occur by the faecal-oral route, after contamination of food 
through handling by an infected person shedding the bacteria. As a result, especially during the late 
stages of an outbreak multiple exposure routes are likely.  

3.1.1. Food sources of STEC and EU monitoring data 

Many different types of foods have been identified as a potential source of STEC (Caprioli et al., 
2005). It usually involves raw or undercooked foodstuffs contaminated with faeces from ruminants, 
either during primary production (e.g. slaughtering, milking, fertilised vegetables) or further 
processing and handling (e.g. cross contamination during processing, human-to-food contamination 
via food handlers).  

Data on STEC are reported annually on a mandatory basis by EU Member States to the European 
Commission and EFSA based on Zoonoses Directive 2003/99/EC8. Most Member States have 
provided data on their STEC investigations in the past years. When interpreting this data it is 
important to note that data from different investigations are not directly comparable due to differences 
in sampling strategies and applied analytical methods. In fact the most widely used analytical method 
only aims at detecting STEC O157, whereas fewer investigations have been conducted with analytical 
methods aiming at detecting all or selected serotypes of STEC. 

3.1.1.1. Meat, milk, cattle and sheep 

Most reported data on STEC are from animals (mainly ruminants) and meat and milk thereof, since 
these are considered to be main sources of human infections. These data are summarised in the 
Community and EU Summary Reports on zoonoses and food-borne outbreaks in 2004-2009 (EFSA, 
2005, 2006; EFSA and ECDC, 2006, 2007, 2009, 2010, 2011). 

During the years 2007-2009, overall 0.3% - 2.3 % of fresh bovine meat samples were found positive 
for STEC in the reporting Member States,  and 0.1% - 0.7%  of these samples were positive  for 
STEC O157 (see Table 1). The proportion of positive samples varied widely between the Member 
States, from 0% to 14.9%.  Some data were also reported on fresh sheep meat, where 0.7% - 3.2% of 
the samples were positive for STEC at EU level and no samples were positive for STEC O157. The 
proportion of positive sheep meat samples ranged between the Member States from 0% to 10.5%.  In 
addition, STEC was also reported from some samples of raw cow’s milk during the years.  

In cattle during the years 2007-2009, STEC was reported in animal samples at levels of 2.2% - 6.8 % 
at EU level, and STEC O157 was found from 0.5% - 2.9 % of these samples. The prevalence of STEC 
in cattle varied between the Member States from 0% to 48.5%.  In sheep overall 0.9% - 20% of the 
animal samples were found STEC positive in the reporting Member States and 0.3% - 1.6% of these 
samples STEC O157 positive in 2007-2009. The prevalence of STEC in sheep varied also widely 
between the Member States from 0% to 70.5%.  However, the number of reporting Member States 
was low in case of sheep.  The specimens taken from animals varied between the Member States and 
included faeces, ear, hide and fleece samples.  

 

 

                                                      
8  Directive 2003/99/EC of the European Parliament and of the Council of 17 November 2003 on the monitoring of zoonoses 

and zoonotic agents, amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC. OJ L 325, 
12.12.2003 p. 31-40. 
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Table 1:  STEC in fresh bovine and sheep meat, cattle and sheep in EU, 2007-2009 (Community 
and EU Summary Reports)* 

Animal/ food 
category 

No MSs 
  

2007 2008 2009 
N STEC STEC 

O157 
N STEC STEC 

O157 
N STEC STEC 

O157 
Fresh bovine meat  13-14 14,115 0.3% 0.1% 14,598 0.3% 0.1% 9,285 2.3% 0.7% 
Fresh sheep meat 4-5 285 1.8% 0% 1,263 0.7% 0% 248 3.2% 0% 
Cattle (animals)  9-11 5,154 3.6% 2.9% 5,368 2.2% 0.5% 5,555 6.8% 2.7% 
Sheep  (animals) 4 533 0.9% 0.4% 671 3.1% 1.6% 324 20% 0.3% 
*Only investigations with > 25 samples included; N= number of samples ;  No MSs=  Number of Member States reporting 

data 
 

3.1.1.2. Vegetables and fruits  

During the years 2004-2009, 14 Member States tested for and reported data on STEC in fruits, 
vegetables and products thereof (Table 2). In total 5,910 such samples were examined and out of them 
only 11 were found positive for STEC (0.19%) and 8 of these samples were identified as  STEC O157 
(0.14%). Most of the positive findings were from vegetables, where 0.50% of the samples tested 
positive for STEC. In 2008, the STEC positive samples were found from the following investigations 
carried out by the Member States: five STEC O157 positive samples were reported out of 947 
samples of vegetables tested; one STEC non-O157 positive sample was detected from pre-cut ready-
to-eat fruits and vegetables from catering and two STEC positive samples were found out of 23 
vegetable samples investigated. In 2009, the positive samples were detected from an investigation 
covering 57 vegetable samples where three STEC O157 positive samples were observed. 

Table 2:  STEC findings in fruits and vegetables and products thereof as reported by the Member 
States in accordance with Directive 2003/99/EC in 2004-2009. 

Food category  Number of samples STEC positive STEC O157 positive 
Fruits and  vegetables 691 1a    (0.14%) 0 
Vegetables  2,019 10 (0.50%) 8  (0.40%) 
Fruits 2,774 0 0 
Juice 317 0 0 
Sprouts 104 0 0 
Spices and herbs 3 0 0 
Ready-to-eat salads 2 0 0 
  aSTEC non-O157   
 
 

3.1.2. Role of vegetables in the food-borne route 

Raw vegetables are an important component of the human diet. Details on production and trade data 
are presented in Appendix A9, while consumption data are presented in Appendix B for the up to now 
identified suspect food vehicles (sprouts, tomatoes, lettuce and cucumber) in the German STEC 
outbreak.  

In the scientific literature, outbreaks of STEC infection are becoming increasingly recognised as 
associated with vegetable products, particularly contaminated sprouting seeds (Breuer et al., 2001; 
Ferguson et al., 2005; Michino et al., 1999; Mohle-Boetani et al., 2001), and green leafy salad 

                                                      
9  EUROSTAT data on sprouts were not readily available. 
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vegetables (Ackers et al., 1998; CDC, 2006; Friesema et al., 2008; Grant et al., 2008; Hilborn et al., 
1999; Söderström et al., 2005; Wendel et al., 2009). 

The Standing Committee on Veterinary Measures Relating to Public Health issued an Opinion on 
verotoxigenic E. coli, and identified among others fresh produce, in particular sproutes and 
unpasteurised fruit and vegetable juices as of particular public health concern (SCVPH, 2003). These 
food categories have also been recently reported in the EFSA STEC-related Scientific Opinion as an 
important mode of transmission within the food-borne route (EFSA, 2007).  

Contamination of vegetables can occur in different steps of the food chain: 

1. during primary production including harvest; 

2. during post-harvest including handling, transport and processing;  

3. at marketing and retail;  

4. during catering and in the care of the consumer after sale during transport and in domestic 
settings.  

Taking E. coli O157:H7 as an example of STEC, different routes have been identified as possible 
sources of contamination for fresh produce (Beuchat and Ryu, 1997; FAO and WHO, 2008). These 
are summarised in Figure 2.  

 

 

Figure 2:  Potential routes involved in the contamination of vegetables at the different steps of the 
food chain. 
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3.1.2.1. Pre-harvest contamination 

Possible routes of contamination 

Pre-harvest contamination can derive from infected farm animals. The possible routes of 
contamination are: irrigation water contaminated with animal waste as well as sewage, application of 
organic fertilizers of animal and/or human origin and direct contact of animals (wild or domestic) 
with fresh produce growing fields. Flooding, if contaminated cattle farms are close to produce fields 
can also be a potential contamination route. A number of outbreaks have been traced to the use of 
contaminated water in irrigation. Cases of STEC O157:H7 in Sweden in 2005 were traced back to 
lettuce irrigated with water from a stream contaminated with cattle faeces (Söderström et al., 2005). 
An investigation on environmental factors related to irrigation water that may have contributed to the 
contamination of spinach in the 2006 USA multistate STEC O157:H7 outbreak suggested that depths 
to groundwater and groundwater-surface water interactions may pose risks to ready-to-eat crops 
(Gelting et al., 2011). A study of an outbreak of STEC O157:H7 associated with lettuce consumption 
in Montana, suggested that the most likely sources of contamination were the manure used as a 
fertilizer, runoff from fields containing cattle faeces, and contaminated irrigation water. These 
suggestions were not confirmed, however, as the investigators found no evidence of STEC O157:H7 
in samples of lettuce, water, manure, or cattle faeces 2 to 3 weeks after the outbreak (Tyrrel et al., 
2006). 

The route of spinach contamination for the 2006 E. coli O157:H7 outbreak linked to baby spinach in 
USA was considered to be through the transfer of E. coli O157:H7 from a cattle ranch near the field 
via infected wild pigs that found access to the crop through a broken fence. Yet, it is noteworthy that a 
survey found a high prevalence of E. coli O157:H7 within the area of Salinas valley, suggesting the 
actual route could have been via contaminated irrigation water (Warriner et al., 2009). These findings 
underline the complexity of the pre-harvest environment and the ease with which plant tissue can 
become contaminated with food-borne pathogens. 

Contamination of vegetables 

Bacterial contamination of vegetables occurs mostly on the surface of the tissues of the plants but it 
may also be internal.  

Three basic modes of bacterial interaction with growing plants could be considered: (a) attachment of 
bacteria to the surface of plants (epiphytes), (b) access of bacteria to the plants through natural 
openings (stomata) or damaged tissue, and (c) internalisation via root colonization (Warriner et al., 
2003). 

a) Attachment of bacteria to the surface of plants.  

Three leaf attachment mechanisms have been described in STEC O157 (Berger et al., 2010). 
First, STEC O157:H7 adhere strongly to tomato skin, spinach leaves and roots of alfalfa 
sprouts. Adhesion to these surfaces is mediated by curli (Jeter and Matthysse, 2005). Second, 
it has been shown that adhesion of STEC O157, as well as the related enteropathogenic E. 
coli (EPEC), to a variety of salad leaves is mediated by the filamentous type III secretion 
system (T3SS), which is composed of EspA filaments (Knutton, 1995; Shaw et al., 2008). 
Finally, flagella also play a role in STEC O157 leaf attachment as deletion of fliC encoding 
flagellin reduced the level of adhesion (Xicohtencatl-Cortes et al., 2009).  

b) Internalisation via the leaves.  

The study of the internalisation of microorganisms (i.e. bacteria and viruses) in vegetables is 
not a novel research area as such but rather a specialisation of phytology research (Ryall and 
Pentzer, 1982). Evidence of experimental penetration of STEC 0157:H7 in growing 
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vegetables, has been extensively reported in literature (Cooley et al., 2003; Itoh et al., 1998; 
Solomon et al., 2002a; Solomon et al., 2002b; Takeuchi and Frank, 2000) 

It has been conclusively proved that human pathogens can enter both stomata and cut edges of 
fresh produce (Warriner et al., 2009).  Like Salmonella, STEC O157 can also reach the sub-
stomatal cavity and the spongy mesophyll and survive in this environment (Franz et al., 2007; 
Itoh et al., 1998; Jablasone et al., 2005; Solomon et al., 2002b; Wachtel et al., 2002; Warriner 
et al., 2003; Xicohtencatl-Cortes et al., 2009). Thus, under appropriate conditions, enteric 
pathogens, such as STEC O157:H7 will grow on and invade the plant tissue, following 
contamination of fresh produce.  

Plant injury can influence colonization of lettuce by E. coli in the field. Mechanically 
damaged lettuce increased the persistence of generic E. coli as well as STEC O157:H7 in the 
field, and although E. coli populations decreased on lettuce in the field, harvested lettuce that 
was mechanically damaged did support growth of STEC O157:H7. Soft rot also supports the 
growth of STEC O157:H7. Access to plant nutrients and exudates positively affects the 
survival and growth of STEC O157:H7 on produce (Critzer et al., 2010).  

c) Internalisation via roots.    

The possibility of pathogens such as STEC O157 to become internalised into the vascular 
system of growing plants has received significant attention. The transmission of STEC 
O157:H7 from manure-contaminated soil and irrigation water to lettuce plants was 
demonstrated using laser scanning confocal microscopy, epifluorescence microscopy, and 
recovery of viable cells from the inner tissues of plants.  

Root inoculation leads to contamination of the entire plant, indicating that the pathogens are 
capable of moving on or within the plant in the absence of competition. STEC O157:H7 in 
contaminated water can enter the vascular system of lettuce and reach the edible parts of the 
plant (Erickson et al., 2007b; Solomon et al., 2002b). Inoculation with green fluorescent 
protein-labeled STEC O157:H7 showed invasion of the roots at lateral root junctions in 
Arabidopsis thaliana, a small flowering plant largely used as a model organism in plant 
biology. Survival of STEC O157:H7 on this soil-grown plant declined as the plants matured, 
but the pathogen was detectable for at least 21 days (Cooley et al., 2003). Another study 
indicated that internalisation of STEC O157 via leafy plant roots in the field is rare and when 
it does occur, STEC O157 does not persist 7 days later (Erickson et al., 2007a). 

Even though internalisation of STEC has been reported mainly in leafy plants, an internalisation of E. 
coli O157 in tomatoes was described by Ibarra-Sanchez and colleagues (Ibarra-Sanchez et al., 2004). 
The presence of viable enterohaemorrhagic E. coli O157:H7 was demonstrated not only on the outer 
surfaces but also in the inner tissues and stomata of cotyledons of radish sprouts grown from seeds 
experimentally contaminated with the bacterium (Itoh et al., 1998).  

Internalisation of E. coli O157:H7 and Salmonella into the leaf tissue was experimentally 
demonstrated in seedlings grown in soil amended with inoculated non-composted fresh manure (Franz 
et al., 2007; Solomon et al., 2002b). E. coli O157:H7 was also isolated from young lettuces after 
experimental exposure to low numbers of this bacteria (Mootian et al., 2009). However, the internal 
presence of pathogens was never demonstrated in mature leafy vegetables (Jablasone et al., 2005). In 
fact, other studies reported STEC O157:H7 internalised in cress, lettuce, radish and spinach seedlings 
but it was not recovered within the tissues of mature plants (Jablasone et al., 2005; Warriner et al., 
2003). With a laboratory simulated lettuce production chain, where E. coli O157:H7 was allowed to 
decline to levels of 102 cfu/g in manure-amended soil, this pathogen could not be detected on lettuce 
plants grown in the used substrate (Franz et al., 2005). Similarly, the transmission of E. coli O157:H7 
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from natural and experimentally inoculated manure-amended soil to lettuce could not be demonstrated 
(Johannessen et al., 2005; Johannessen et al., 2004). 

Survival of STEC on vegetables 

Despite the varied environmental conditions, some works reported survival for several weeks on 
plants of STEC (and other enteric pathogens). Survival of STEC O157 has been demonstrated for 177 
days when sprayed directly onto parsley (Islam et al., 2004), and for 30 days on lettuce (Solomon et 
al., 2003). However, these studies typically were conducted with relatively high inoculum densities, 
which may not be consistent with what would presumably occur in a natural soil contamination 
scenario. In contrast to the above works, survival for only a few days after irrigation of spinach with 
water containing a high number of STEC O157 was reported (Ingram et al., 2011). In case of low 
contamination, STEC O157 was no longer detected 24 h after irrigation (Ingram et al., 2011).  

Both pathogen-related and host-related factors leading to the internalisation of the bacteria into plant 
tissues are still in need of further research, including the likelihood of occurrence under natural 
conditions (Johannessen et al., 2005) and the role of the plant in human pathogen-plant interactions is 
currently being noticed as a research need in the US (Barak and Ivey, 2011). 

There is considerable debate on the possibility of pathogens being present internally in leafy 
vegetables. It should be noted that internalisation of E. coli in plants has been only shown in 
experimental laboratory conditions, and in the case of root inoculations with very young plants and 
using high inoculation doses.  

3.1.2.2. Harvest and post-harvest contamination 

As described in Figure 2, after the growing and harvesting step there are many different opportunities 
for STEC to contaminate fresh produce both at pre- and post-harvest, such as the packing, fresh cut 
processing, storage, distribution to retail, marketing, consumer handling or catering facilities. 

Harvest, handling and processing 

Leafy vegetables and herbs may be harvested by hand or harvested mechanically. The harvested 
leaves or plants may be hand sorted, they may undergo some minor processing such as removal of 
outer wrap leaves or coring, washing or spraying, and they may be placed in bulk containers or packed 
ready for dispatch in boxes or covered with plastic film. These processes involve many points of 
contact with people, surfaces, water and the environment (e.g. soil, dust) and represent potential 
opportunities for contamination with food-borne pathogens. Packing may take place in the open field 
or in a designated packing house. The location of the packing station or packing house (which may be 
no more than a shed with a roof and open or limited walls) in or very near the growing fields may 
result in exposure to dust and wildlife carrying food safety hazards. Other operations in the packing 
house include sorting, trimming, washing and drying, grading, packing, pre-cooling and storage. The 
sources of microbiological contamination in the packing house include the raw material, personnel, 
handling tools and equipment, packing house physical environment and water or ice. 
E. coli has been found on transport bins, conveyor belts and cooler surfaces used for processing 
cabbages in packing houses (Prazak et al., 2002) and in another study the contamination with E. coli 
on cabbages increased from a mean count of 0.7 log10 cfu/g to 0.86 cfu/g as they moved from the 
conveyor belt to the final box (Johnston et al., 2006). 

Water is used widely in packing houses for cleaning (produce, equipment and surfaces), transport, 
cooling and packing. As leafy vegetables and herbs may be ready-to-eat at this stage or further 
processing may not remove contamination, the use of potable water is required. 
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During processing, leafy vegetables and herbs may be exposed to microbial contamination and 
microorganisms may persist and grow. Of particular concern during processing is the contact between 
the leafy vegetables and herbs and the multiple surfaces in the factory environment; the 
microbiological status of water; and the potential for tissue injury during primary preparation. Some 
processes have the potential to reduce microbial risks (e.g. disinfection), control microbial growth 
(e.g. chilling) and protect the product from further exposure (e.g. packaging). 

Contamination of leafy vegetables during processing after harvesting, including an increase in E. coli 
numbers has been reported (Johnston et al., 2006). Cooling crops to 4ºC or less will slow or prevent 
the growth of pathogens including E. coli O157:H7. Leafy greens are generally cooled under forced 
air, vacuum cooling may be used, but passive storage under refrigeration is still a widely used method.  

Internalisation has been experimentally reported in the literature through practices such as vacuum 
cooling or modified atmosphere packaging. These can experimentally promote the internalisation of 
E. coli O157:H7 into lettuce, probably favoured by low temperatures (Li et al., 2008; Takeuchi et al., 
2001). It has also been shown that E. coli O157:H7 can grow on iceberg lettuce held at refrigeration 
temperatures (Koseki and Isobe, 2005).  

Cutting practices increase the chance of bacterial cross-contamination and can result in increased 
susceptibility of bacterial attachment (Garrood et al., 2004). E. coli O157:H7 populations have been 
shown to increase 4, 4.5 and 11-fold within four hours on romaine lettuce that received mechanical, 
physiological, and disease-induced lesions respectively whereas a two-fold increase occurred on 
leaves that were left intact (Brandl and Amundson, 2008). In this study the influence of leaf age was 
also investigated; the E. coli O157:H7 population on young leaves was 27-fold greater than on 
middle-aged leaves. These findings highlight the potential for low numbers of this pathogen to rapidly 
increase to levels that present a significant human health concern. 

Marketing and retail 

Handling practices in distribution facilities as well as during transport could pose an additional risk 
for introduction of food-borne pathogens in fresh produce (FAO and WHO, 2008). Cross 
contamination opportunities may also exist during marketing and retail. 

Catering and home 

Cross-contamination during transport from the retailer to catering establishments and for domestic use 
can occur. The food-handler or even the consumer can potentially contaminate or cross-contaminate 
vegetable products at any stage after sale. Contamination may also occur via faecal contact from an 
asymptomatic infected food handler. Cross contamination may also occur between raw animal 
products and ready-to-eat vegetables during food preparation for example via food contact surfaces or 
hands.  

3.1.3. Evidence for source-attribution of STEC in the EU  

Food-borne infections (including STEC and other zoonotic agents) associated with salad vegetables 
have been reported in recent years, and were attributed in part to higher consumption rates and to the 
increases in ready-to-eat vegetable food types (Sivapalasingam et al., 2004; Warriner et al., 2003). 
Increased processing and handling of produce may increase cross-contamination. Cutting/shredding 
operations will release plant nutrients which, combined with the high humidity maintained by the 
packaging, is likely to both increase survival and allow growth of bacteria. Ready-to-eat fresh 
vegetable and fruits demand has continuously increased over the last decades reflecting the 
consumer's preference for fresh and healthy foods with minimal preparation. Minimally processed 
vegetables and some sliced fruit belong to the low-acid foods, and exhibit a characteristic high 
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humidity. These facts, together with the high number of cut surfaces, can provide ideal conditions for 
microbial growth, including that of food-borne pathogens and spoilage micro-organisms.  

A total of 211 food-borne outbreaks and 13 (drinking) water-borne outbreaks caused by pathogenic 
E.coli including STEC was reported by the EU Member States in 2007-2009 (see Table 3). Out of 
these, detailed data was available from 57 outbreaks and the food vehicle was identified in 40 
outbreaks. The implicated food vehicle was meat in 16 outbreaks, dairy product in 9 outbreaks and 
other food in 15 outbreaks. None of the outbreaks were reported to be caused by fruits or vegetables.   

For the years 2004-2006, when the reporting of food-borne outbreaks was not yet harmonised in EU, 
the data is less comparable and therefore more difficult to interpret. However, for these years, 
together 195 food-borne outbreaks caused by E. coli were reported by the Member States (see Table 
3). In three of these outbreaks vegetables and salads were reported as the food vehicle (two outbreaks 
in Sweden in 2005 and 2006 and one in Portugal in 2006). The Swedish outbreak in 2005 affected 
135 persons, the source was lettuce and the location of exposure both restaurants and private 
households. The other Swedish outbreak in 2006 included 10 persons, was caused by vegetables and 
took place in a kindergarten10.  The outbreak in Portugal affected 10 persons and it occurred at an 
institutional canteen11.  In addition, one outbreak in Denmark in 2006 was associated with herbs and 
spices (pesto sauce and imported basil was implicated) and covered 250 human cases and took place 
in a school. 

These data on outbreaks are summarised in the Community and EU Summary Report on zoonoses and 
food-borne outbreaks in 2004-2009 (EFSA, 2005, 2006, 2007, 2009; EFSA and ECDC, 2010, 2011). 

Table 3:  Reported food and water-borne E. coli outbreaks (EFSA, 2005, 2006, 2009; EFSA 
and ECDC, 2006, 2007, 2009, 2010, 2011) in accordance with Directive 2003/99/EC, 2005-2009 

 
EHEC/STEC outbreaks  2009 2008 2007 2004-2006 
Food-borne outbreaks 75 75 61 195 
Water-borne outbreaks 5 4 4 5 
Human cases in food-borne outbreaks  595 339 479a  2,345b 
Human cases in water-borne outbreaks  12 22 62 26 

a Includes only verified outbreaks; b Information from some outbreaks missing.  
  
EFSA’s BIOHAZ Panel recommended in 2007 that monitoring should concentrate on STEC O157 
since this serotype is most frequently associated with severe human infections (including HUS) in the 
EU. Monitoring should then be extended to other serotypes (e.g. those of O26, O103, O91, O145 and 
O111) that are identified by periodical analysis of European human disease and epidemiological data 
as most frequently causing for human infections (EFSA, 2007). 
 
Improved surveillance programmes have resulted in food-borne outbreaks being more readily 
identified, with fresh produce now increasingly likely to be considered a vehicle of infection and 
therefore included in any investigation (Heaton and Jones, 2008). 

In the European Union an outbreak of STEC O157 occurred in 2007 simultaneously in the 
Netherlands and Iceland. The most probable cause of this international outbreak was contaminated 

                                                      
10  The Report referred to in Article 9 of Directive 2003/ 99/ EC of Sweden on trends and sources of zoonoses and zoonotic 

agents in humans, foodstuffs, animals and feedingstuffs in 2006.                                                                  
Available at: http://www.efsa.europa.eu/en/reportingonzoonoses/zoonosescomsumrep.htm  

11  Report referred to in Article 9 of Directive 2003/ 99/ EC of Portugal  on trends and sources of zoonoses and zoonotic 
agents in humans, foodstuffs, animals and feedingstuffs in 2006.                                                              
Available at: http://www.efsa.europa.eu/en/reportingonzoonoses/zoonosescomsumrep.htm  
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lettuce, shredded and pre-packed in a Dutch food processing plant. However, the only epidemiological 
link between the cases in the Netherlands and in Iceland was the implicated Dutch processing plant 
(Friesema et al., 2008).  

In addition, nine confirmed cases of STEC O157 infection have been identified in Aberdeen, Scotland 
in 2007, where the most likely vehicle of infection based on descriptive epidemiology was the salad 
component of cold meat salad platters and smoked and poached salmon platters (Webster et al., 
2007).  

In Sweden in 2005 another outbreak of STEC O157 VT2 infections affected 120 people and was 
associated with consumption of iceberg lettuce using a case control study (Söderström et al., 2005).  

In March 1997, an outbreak of STEC O157 infection occurred amongst holidaymakers returning from 
Canary Islands staying in four hotels. Three of the four hotels were supplied with water from a private 
well which appeared to be the probable vehicle of transmission and a case-control study showed 
illness was associated with consumption of raw vegetables which may have been washed in well 
water (Pebody et al., 1999).  

A retrospective cohort study was also conducted after 2 confirmed and 8 probable cases of STEC 
0157 occurred in a school-group from Somerset (England) following a trip to France. Despite its low 
statistical power, due to small numbers, this study suggested the most likely vehicle of infection was 
cucumber salad. The cucumbers were purchased from Belgium but it was not possible to trace them 
back to source (Duffell et al., 2003).  

However, it should be noted that the strength of evidence of the above mentioned European outbreaks 
is limited as it is only based on descriptive epidemiological evidence. 

Vegetables and fruits have been incriminated in outbreaks of food-borne diseases inside and outside 
the EU caused by Escherichia coli O157:H7 (Beuchat and Ryu, 1997; Trias et al., 2008). In the USA 
produce-related outbreaks caused by STEC12 have been limited to leafy greens, predominantly lettuce 
and spinach. An outbreak of STEC O157:H7 infections linked to consumption of pre-packaged 
spinach occurred in 2006 across 26 states in the USA, resulting in 183 confirmed infections and three 
deaths (Wendel et al., 2009). In this US outbreak of STEC O157 infections associated with pre-
packaged spinach, trace-back and environmental investigations determined that one ranch in 
California’s SalinasValley was the likely source of the outbreak. The patterns produced by pulsed-
field gel electrophoresis (PFGE) and multilocus variable number tandem repeat analysis (MLVA) 
from the strains involved in the outbreak matched those from isolates recovered from local feral swine 
and cattle faeces (Jay et al., 2007). However, the manner in which the spinach became contaminated 
was not determined.  

The largest STEC O157 outbreak to date, in 1996 centred in Sakai City, Osaka, Japan, was traced to 
consumption of white radish sprouts (Michino et al., 1999). 

Food items frequently implicated in outbreaks of STEC O157:H7 infections were lettuce and apple 
cider. In addition, a multistate outbreak of infection with a E. coli O6 strain was associated with carrot 
consumption in Rhode Island and New Hampshire, and an outbreak of STEC O11:H43 infections was 
associated with pineapple consumption in the US (Sivapalasingam et al., 2004). 

There is scarce information on the prevalence and quantity of STEC in vegetables both from 
surveillance and outbreak investigations. It is currently not possible to estimate the relative exposure 
to humans from pre-harvest or post-harvest contamination of vegetables by STEC. At the same time, 

                                                      
12  VTEC, STEC and EHEC are frequently used as synonyms to identify this particular group of bacteria. Currently, the 

accepted nomenclature for reporting of this food-borne pathogen in the EU is VTEC. 
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scarcity of data also hampers the estimation of the relative significance of surface or internal 
contamination of vegetables by STEC for human exposure.  

In addition, since the food source of the current German outbreak has not yet been determined, it is 
currently not possible to make conclusions on the human relative exposure to STEC based on the 
consumption data presented in Appendix B. For illustration purposes this appendix provides data for 
the food commodities that have up to now been identified as suspect vehicles given the 
epidemiological investigations of this outbreak. 

4. Mitigation options for the vegetable food-borne route 

The WHO/FAO (FAO and WHO, 2008) have thoroughly reviewed in a meeting report 
microbiological hazards occurring in fresh leafy vegetables and herbs, including advice on mitigation 
options. At the same time, a Code of Hygienic practice for fresh fruits and vegetables has been 
previously published by the Codex Alimentarius Commission (CAC, 2003). 

The use of Good Agricultural Practices (GAPs), Good Manufacturing Practices (GMPs), and Hazard 
Analysis and Critical Control Point (HACCP) in the fresh fruit and vegetable industry provide the 
basic framework for safe products for the consumer. Good Agricultural Practices (GAPs) describe 
preventive measures implemented in farming operations to reduce product contamination and provide 
guidance for food-safety practices in the field. Implementing GAPs provides some assurance to the 
retailer that product is as safe as reasonably possible.  

Training and awareness on hygiene practices throughout the food chain is essential. In addition, and 
since there is evidence of asymptomatic carriers of STEC in humans, screening of humans involved in 
food handling is relevant (Silvestro et al., 2004; Stephan et al., 2000). The monitoring and/or 
exclusion of STEC carriers from food handling should be considered as a mitigation option. 

Minimal processing of fruits and vegetables presents unique challenges, because cutting and slicing 
remove the natural protective barriers of the intact plant and thus may increase the risk by creating 
more favourable conditions for survival and growth of STEC. Thus, implementing HACCP programs 
in processing and packaging facilities is a requisite for food safety (James, 2006). However it has to 
be noticed that in particular HACCP may be a risk management tool difficult to implement as no true 
Critical Control Point for fresh produce can be identified, unless methods permitting an important 
pathogen reduction on fresh fruits and vegetables such as irradiation (EFSA, 2011) would be used. 

In the European Union various Member States have developed guides for the application of GAPs, 
GMPs and HACCP. In addition to that there are also some guides for hygiene practices for the 
production of ready-to-eat vegetables or for the application of the HACCP principles, in accordance 
with Article 9 of Regulation (EC) No 852/2004 of the European Parliament and of the Council on the 
hygiene of foodstuffs. In line with that, implementation of traceability systems is currently a “must” in 
the food industry (Regulation (EC) No 178/2002 of the European Parliament and of the Council on 
laying down the general principles and requirements of food law, establishing the European Food 
Safety Authority and laying down procedures in matters of food safety); by these means the life of a 
product can be followed in both ways: backwards and forwards. Under the “precautionary principle” 
industries should develop all necessary measures to prevent/diminish/avoid the risk of contamination, 
and so they should have documentation in place to demonstrate compliance with the above mentioned 
principle (e.g. analysis of produce, of water, preservation of witness samples in the warehouse). 

An EU Process Hygiene Criterion for E. coli in ready-to-eat vegetables has been established through 
Regulation (EC) No 2073/2005 on microbiological criteria for foodstuffs. Surveillance is based on a 
3-class sampling plan. Sampling frequencies even if not prescribed require appropriate coverage to 
the nature and size of the food business, providing that the safety of foodstuffs will not be 
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endangered. It applies during the manufacturing process and in case of unsatisfactory results it 
requires improvements in production hygiene and selection of raw materials. It does neither require 
typification of the strain(s) involved nor withdrawal of the product from the market.  

4.1. Pre-harvest 

Traditional means of controlling infectious agents, such as eradication or test and removal of carrier 
animals, do not appear to be feasible for STECs. Nevertheless, good farm management practices—
especially those related to maintenance and multiplication of the agent in feed and water—may 
provide practical means to substantially reduce the prevalence of these agents in cattle on farms and at 
slaughter plants.  

In general, the application of mitigation strategies reflected in GAPs in line with codes available from 
international organisations is recommended (CAC, 2003; FAO and WHO, 2008). Of particular 
importance at this stage may be, to: 

• avoid access of farm animals (in particular ruminants) to the immediate environment of fresh 
produce; 

• use irrigation and agricultural water which are of adequate microbiological quality; 

• control the sourcing, handling and treatment of manure and slurry that are to be used for 
fertilising fields intended to grow produce for human consumption; 

4.2. Post-harvest 

4.2.1. Harvest and processing 

Poor hygiene practices during handling has been suspected as source of contamination in some 
investigations of food-borne outbreaks associated with leafy vegetables and herbs (FAO and WHO, 
2008). 

Susceptibility of non-O157 STEC to various intervention techniques is probably similar to that of 
other E. coli, although there are known differences among strains in acid tolerance and sensitivity to 
some other agents. Current technologies or practices do not effectively eliminate any microbiological 
hazard acquired during post-harvest processing of fresh vegetables. Therefore the main focus should 
be on prevention of contamination both during pre-harvest and post-harvest (FAO and WHO, 2008). 

The only effective method of eliminating STEC from foods is to introduce a bactericidal treatment, 
such as heating (e.g. cooking or pasteurization) or irradiation.  

Although various disinfectants can be used to reduce the microbial load on fruits and vegetables, their 
efficacy is variable and none are able to ensure elimination of pathogens (WHO, 1998). The inner 
tissues of fruits and vegetables are usually regarded as sterile. However, bacteria can be present in 
low numbers as a result of the uptake of water through certain irrigation or washing procedures and if 
these waters are contaminated with human pathogens these may also be introduced (European 
Commission, 2002). Adhesion of pathogens to surfaces and internalisation of pathogens limits the 
usefulness of conventional processing and chemical sanitizing methods in preventing transmission 
from contaminated produce. 

It has to be considered that washing may also aid the spread of contamination and internalisation of 
bacteria (WHO, 1998). Irradiation has been reported as a possible alternative to chemical disinfection 
(EFSA, 2011). 
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Again the application of mitigation strategies reflected in GMPs and GHPs in line with codes 
available from international organisations is recommended (CAC, 2003; FAO and WHO, 2008). Of 
particular importance at this stage may be, to: 

• use water of adequate microbiological quality during further processing; 

• ensure basic training on food hygiene practices to food handlers; 

• ensure adequate design and hygiene management of food premises including pest control 
plans; 

4.2.2. Marketing and retail 

Guidelines from the WHO/FAO and the Codex Alimentarius Commission should be taken into 
account (CAC, 2003; FAO and WHO, 2008).  

Of particular importance, beyond general GMPs and GHPs including hygiene practices of the staff 
handling the foodstuff, adequate management of the cold chain seems important. This is of particular 
interest for those products processed for ready-to-eat consumption (e.g. cut ready-to-eat vegetables, 
juices originating from vegetables that are not pasteurised).   

4.2.3. Catering and home 

GHP and GMP, including education and training are important to be followed under catering settings 
in order to control STEC in fresh vegetables. 

Consumers are advised to follow GHPs when preparing food e.g. wash hands before and after 
preparing foods, wash all fruit and vegetables with potable running water, avoid cross-contamination, 
keep storage temperatures low for food. Peeling or cooking fruit and vegetables can also remove 
microbes. Some more hardy items such as root vegetable may be brush-washed to scrub surfaces for 
the physical removal of soil and microorganisms. This is often done in conjunction with a detergent 
followed by a rinse of potable water. Although these measures have been proven to be useful they 
cannot completely eliminate the risk.  

Other routine hygiene practices such as washing hands after using the bathroom or after changing 
diapers are also important.  
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CONCLUSIONS 
General Conclusions 

• The German outbreak strain seems to share virulence characteristics of STEC and EAEC 
strains. STEC strains usually have an animal reservoir, while EAEC have a human reservoir. 

• Infections in humans caused by similar strains (same serotype, same phylogroup, same MLST 
type, and with similar virulence gene array) have been reported in the past, and as such, the 
strain could not be regarded as “new”. However the German outbreak strain is rare, and until 
now it has never been found to be responsible for the rate of infection and severity of disease 
seen during the current outbreak. 

• Sequence analysis and comparative genomics will be able to show if the German outbreak 
strain is an EAEC that acquired EHEC virulence determinants, or if it is the other way 
around. 

• Traditionally, STEC strains do not present a high level of resistance to antimicrobials. The 
antimicrobial resistance genotype of the outbreak strain, and the molecular typing of the 
blaCTX-M-15 –containing plasmid, could provide some clues on the epidemiology of this 
pathogen. 

Answer to the Terms of Reference 

Answer to ToR1 

Regarding the Exposure assessment, 

• Many different types of foods have been identified as a potential source of STEC. These are 
usually raw or undercooked foodstuffs contaminated with faeces from ruminants, either 
during primary production (e.g. slaughtering, milking, fertilised vegetables) or further 
processing and handling. 

• Data on STEC in food and animals are reported annually on a mandatory basis by EU 
Member States to the European Commission and EFSA. When interpreting this data it is 
important to note that they are not directly comparable due to differences in sampling 
strategies and applied analytical methods. The most widely used analytical method only aims 
at detecting STEC O157, whereas fewer investigations have been conducted with analytical 
methods aiming at detecting all or selected serotypes of STEC. 

• In the scientific literature, outbreaks of STEC infection are becoming increasingly recognised 
as associated with vegetables, particularly contaminated sprouting seeds and green leafy salad 
vegetables. 

• Outbreaks may have more than one exposure route involved. For example, primary human 
infection may originate from consumption of contaminated food or direct contact with an 
animal carrying STEC, while secondary infection may occur by the faecal-oral route, after 
contamination of food through handling by an infected person shedding the bacteria. As a 
result, especially during the late stages of an outbreak multiple exposure routes are likely.  

• Ready-to-eat fresh vegetables and fruits demand has continuously increased over the last 
decades reflecting the consumer's preference for fresh and healthy foods with minimal 
preparation. 
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• Contamination of fresh produce with STEC is rare but has been linked to some severe 
outbreaks.  

• In some outbreaks, the origin of contamination was suspected to be contaminated irrigation 
water and access of farm animals to the immediate environment of fresh-produce. In most 
outbreaks however, the origin of contamination was not elucidated. 

• Contamination of vegetables with STEC can occur in different steps of the food chain: during 
primary production; during harvest and post-harvest including handling and processing, at 
marketing and retail and during catering and in the care of the consumer after sale during 
transport and in domestic settings.  

• Bacterial contamination of vegetables occurs mostly on the surface of the tissues of the plants 
but it may also be internal. Three basic modes of bacterial interaction with growing plants 
could be considered: (a) attachment of bacteria to the surface of plants (epiphytes), (b) access 
of bacteria to the plants through natural openings (stomata) or damaged tissue, and (c) 
internalisation via root colonization  

• Although there is no conclusive data, in theory internalisation of STEC would result in 
increased survival both in pre-harvest and post-harvest due to protection from exposure to UV 
and desiccation, as well as increased protection to surface decontamination treatments.  

• Pre-harvest contamination can derive from infected farm animals. The possible routes of 
contamination are: irrigation water contaminated with animal waste as well as sewage, 
application of organic fertilizers of animal and/or human origin and direct contact of animals 
with fresh produce growing fields. 

• There is considerable debate on the possibility of STEC being present internally in leafy 
vegetables, particularly if exposed during the pre-harvest phase. It should be noted that 
internalisation of E. coli in plants has been only shown in experimental laboratory conditions 
specially in the case of root inoculations with very young plants and using high inoculation 
doses.  

• Processing of vegetables involves many points of contact with people, surfaces, water and the 
environment (soil, dust) and this represents potential opportunities for contamination with 
food-borne pathogens.  

• Minimally processed vegetables and sliced fruit exhibit a characteristic high humidity. This 
fact, together with the high number of cut surfaces, can provide ideal conditions for microbial 
growth, including that of food-borne pathogens and spoilage micro-organisms.  

• Cutting practices increased the chance of bacterial cross-contamination and can result in 
increased susceptibility of bacterial attachment. 

• Some practices (e.g. vacuum cooling) used in the leafy greens industry can promote the 
internalisation of E. coli O157:H7 into lettuce. However, it has also been shown that E. coli 
O157:H7 can grow on iceberg lettuce held at refrigeration temperatures, even if the bacterium 
has only been applied externally, on the surface of the leaves. 

• There is scarce information on the prevalence and quantity of STEC in vegetables both from 
surveillance and outbreak investigations. It is currently not possible to estimate the relative 
exposure to humans from pre-harvest or post-harvest contamination of vegetables by STEC. 
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At the same time, scarcity of data also hampers the estimation of the relative significance of 
surface or internal contamination of vegetables by STEC for human exposure. 

 

Answer to ToR2 

Regarding mitigation options, 

• The use of Good Agricultural Practices (GAPs), Good Manufacturing Practices (GMPs), and 
Hazard Analysis and Critical Control Point (HACCP) in the fresh fruit and vegetable industry 
provide the basic framework for safe products for the consumer. Good Agricultural Practices 
(GAPs) describe preventive measures implemented in farming operations to reduce product 
contamination and provide guidance for food-safety practices in the field. Implementing 
HACCP programs in processing and packaging facilities is a requisite for food safety. 

• Since there is evidence of asymptomatic carriers of STEC in humans, screening of humans 
involved in food handling is relevant. The monitoring and/or exclusion of STEC carriers from 
food handling should be considered as a mitigation option. 

• Pre-harvest mitigation options: the application of mitigation strategies reflected in GAPs in 
line with codes available from international organisations is recommended. In particular, to: 

o avoid access of farm animals (in particular ruminants) to the immediate environment 
of fresh produce; 

o use irrigation and agricultural water which are of adequate microbiological quality; 

o control the sourcing, handling and treatment of manure and slurry that are to be used 
for fertilising fields intended to grow produce for human consumption. 

• Post-harvest mitigation options:  

o Current technologies or practices do not effectively eliminate any microbiological 
hazard acquired during post-harvest processing of fresh vegetables. Therefore the 
main focus should be on prevention of contamination both during pre-harvest and 
post-harvest. 

o The only effective method of eliminating STEC from foods is to introduce a 
bactericidal treatment, such as heating (e.g. cooking or pasteurization) or irradiation. 

o Adhesion of pathogens to surfaces and, when it occurs, internalisation of pathogens 
limits the usefulness of conventional processing and chemical sanitizing methods in 
preventing transmission from contaminated produce. 

o The application of mitigation strategies reflected in GMPs and GHPs in line with 
codes available from international organisations is recommended. In particular, 

 To use of water of adequate microbiological quality during further 
processing; 

 To ensure basic training on food hygiene practices to food handlers; 
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 To ensure adequate design and hygiene management of food premises 
including pest control plans; 

 The correct management of cold chain seems of particular importance for 
those products processed for ready-to-eat consumption (e.g. cut vegetables, 
unpasteurised vegetable juices). 

o Catering and home: 

 GHPs when preparing food e.g. wash hands before and after preparing foods, 
wash all fruit and vegetables with potable running water, avoid cross-
contamination, keep storage temperatures low for food. Peeling or cooking 
fruit and vegetables can also remove microbes. Although these measures have 
been proven to be useful they cannot completely eliminate the risk.  
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APPENDICES 

A.  EU PRODUCTION AND TRADE DATA OF TOMATOES, LETTUCE AND CUCUMBERS 
1. Production data (Tables 1 to 3) 
According to production data downloaded from the Eurostat “food_in_pagr5” database13:  

• Spain, the Netherlands and Poland were the main cucumber producers in the EU with harvest 
accounting for 682,900, 430,000 and 390,700 tonnes respectively in 2010 (Table 1); 

• Spain was the main producer of lettuce in the EU in 2010 with 809,200 tonnes. Data of 2008 
production indicate that Italy and France are also important producers with 467,700 and 
316,900 tonnes respectively (Table 2);  

• Italy followed by Spain are the main tomato producers in the EU; their harvest accounted for 
6,382,700 and 4,749,200 tonnes respectively in 2009 (Table 3).  

 
2. Trade Data  
Trade data (imports and exports) were downloaded from the Eurostat Comext database14.  
 
2.1. Intra EU trade (Tables 4 to 9). 

• Commodity “fresh or chilled cucumbers and gherkins”; Table 4 demonstrates exports from 
each MS to other MSs in 2010; Spain and the Netherlands are the main exporters with 
433,017 and 376,628 tonnes respectively. Table 5 displays imports of each MS from other 
MSs in 2010; Germany and the Netherlands are the main importers with 495,956 and 151,374 
tonnes respectively.  

• Commodity “lettuce, fresh or chilled (excluding cabbage lettuce)”; Spain and the Netherlands 
are the main exporters in the EU with 184,077 and 59,364 tonnes respectively (Table 6), 
whereas Germany and the UK are the main importers with 166,752 and 77,255 tonnes 
respectively (Table 7). 

• Commodity “tomatoes, fresh or chilled”; the Netherlands and Spain are the main exporters in 
the EU with 874,085 and 720,717 tonnes respectively (Table 8), whereas Germany and the 
UK are the main importers with 678,151 and 362,735 tonnes respectively (Table 9). 

2.2. Imports from third countries (Tables 10 to 12). 

• EU imports of the commodity “cucumbers and gherkins, fresh or chilled” from third countries 
accounted for 37,263 tonnes in 2010 (Table 10); Turkey was the main country of origin with 
23,693 tonnes.  

• EU imports of the commodity “lettuce, fresh or chilled (excluding cabbage lettuce)” from 
third countries accounted for 5,319 tonnes in 2010, with the main exporter being Tunisia with 
1,552 tonnes (Table 11). 

• EU imports of the commodity “tomatoes, fresh or chilled” from third countries (accounted for 
496,997 tonnes in 2010 (Table 12). The main exporters into the EU in 2010 were Morocco 
and Turkey with 307,783 and 108,813 tonnes respectively.  

 

                                                      
13  http://epp.eurostat.ec.europa.eu/portal/page/portal/food/data/database 
14  http://epp.eurostat.ec.europa.eu/portal/page/portal/external_trade/data/database 
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Table 1:  Cucumber production in the EU by MS.  

 Annual production of cucumbers  
(1000 tonnes) 

Member State 2010 2009 2008 2007 
Spain 682.9 (p) : : 558.8 
Netherlands 430.0 435.0 425.0 430.0 
Poland 390.7 (p) 180.3 (e) 190.7 209.9 
Greece : : 124.2 160.2 
France : : 115.6 113.2 
Germany 58.2 86.9 73.7 72.0 
Romania 80.8 95.9 98.8 71.1 
Italy : : 66.7 64.4 
Hungary 26.4 (e) 36.3 55.4 51.7 
United Kingdom : : : 49.4 
Bulgaria 63.7 61.7 53.2 48.5 
Sweden 27.0 22.7 20.5 31.3 
Finland 31.8 29.4 31.4 29.2 
Austria 28.9 26.4 24.3 24.9 
Belgium : 19.8 19.2 20.3 
Cyprus 15.3 (p) 15.7 (p) 13.8 15.4 
Lithuania 25.1 8.1 6.3 6.8 
Estonia 0.0 : 5.6 5.7 
Latvia 7.2 0.6 0.8 4.5 
Czech Republic 3.9 5.0 4.4 3.5 
Slovakia 3.6 3.8 3.2 2.7 
Slovenia : 3.4 2.6 2.1 
Malta : 0.7 0.9 0.7 
Luxembourg 0.0 0.0 0.0 0.0 
Denmark 15.4 (p) : : : 
Ireland : : : : 
Portugal : : : : 

Notes: MSs are shorted in the first column according to the production figures of 2007; data extracted on 30/5/2011 from 
Eurostat “food_in_pagr5” database. (e): estimated value; (p): provisional value; (:) not available.  
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Table 2:  Lettuce production in the EU by MS  

 
Annual production of lettuce 

(1000 tonnes)
Member State 2010 2009 2008 2007 
Spain 809.2 (p) : : 947.6 
Italy : 330.0 467.7 485.5 
France : : 316.9 347.8 
Germany  169.5 193.9 180.9 197.8 
United Kingdom : : : 117.0 
Greece : : 90.4 94.8 
Netherlands 83.0 86.0 90.5 85.5 
Belgium : 69.4 76.1 76.4 
Austria 38.6 44.5 47.0 51.7 
Sweden 24.1 28.5 28.5 26.6 
Poland 27.8 (p) 14.8(e) 14.4 20.5 
Hungary 17.2(e) 8.4 7.5 7.6 
Slovenia 5.9(p) 8.7 8.5 7.0 
Finland 4.5 6.4 5.8 5.0 
Bulgaria 3.0 3.3 2.1 3.6 
Malta : 3.7 3.6 3.6 
Cyprus 2.1 (p) 2.0(p) 1.7 1.5 
Romania 1.3 1.3 1.1 1.1 
Lithuania 1.4 0.3 0.3 0.2 
Luxembourg 0.1 0.1 0.2 0.2 
Slovakia 0.3 0.4 0.5 0.2 
Latvia 0.0 0.1 0.1 0.1 
Czech Republic 0.0 : : : 
Denmark 11.5 (p) : : : 
Estonia 0.0 : : : 
Ireland : : : : 
Portugal : : : : 

Notes: MSs are shorted in the first column according to the production figures of 2007; data extracted on 1/6/2011 from 
Eurostat “food_in_pagr5” database. (e): estimated value; (p): provisional value; (:) not available.  
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Table 3:  Tomato production in the EU by MS  

 
Annual production of tomatoes 

(1000 tonnes)
Member State 2010 2009 2008 2007 
Italy : 6382.7 5982.1 6528.0 
Spain 4312.7 (p) 4749.2(p) 3847.8 (p) 4081.5 
Greece : : 1338.6 1423.9 
Portugal : 1346.7 1147.6 1236.2 
Netherlands 815.0 800.0 730.0 685.0 
France : : 714.6 679.6 
Romania 381.6 470.9 536.3 407.1 
Poland 677.6 (p) 265.3 (e) 257.4 277.4 
Hungary 131.5 (e) 192.8 206.0 227.6 
Belgium : 232.1 226.2 222.6 
Bulgaria 112.4 104.2 134.1 133.2 
United Kingdom : : : 85.6 
Germany  73.3 66.6 65.1 62.6 
Austria 44.2 41.5 42.1 44.9 
Finland 39.2 38.4 40.5 38.2 
Cyprus 25.7(p) 26.5 (p) 23.4 29.4 
Slovakia 10.5 25.9 30.6 29.2 
Sweden 13.8 13.6 16.2 16.4 
Malta : 11.6 15.7 14.8 
Czech Republic 7.9 14.5 9.9 9.2 
Slovenia 4.0 (p) 4.3 4.7 4.4 
Lithuania 13.0 1.5 1.3 1.5 
Estonia 0.0 : 1.3 1.3 
Latvia 5.3 0.0 0.0 0.3 
Luxembourg 0.1 0.1 0.1 0.1 
Denmark 15.0 (p) : : : 
Ireland : : : : 

Notes: MSs are shorted in the first column according to the production figures of 2007; data extracted on 1/6/2011 from 
Eurostat “food_in_pagr5” database. (e): estimated value; (p): provisional value; (:) not available.  
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Table 4:  2010 exports of “fresh or chilled cucumbers and gherkins”as reported by the MSs of the first column to other MSs  

Exporter EU27 AT BE BG CY CZ DE DK EE ES FI FR GB GR IE IT LT LU LV MT NL PT RO SE SI SK PL HU 

EU27 973943 23744 11696 2580 75 78374 440459 23497 4079 1246 10428 58278 125324 1591 5478 9996 6699 1586 4631 121 81696 3208 3945 26517 3391 11997 25157 8143 

ES 433017 4796 3832 72   48153 142771 12955 2225  4459 34114 53551 4 1148 8156 3587 85 1981  64827 3174 656 17821 428 3124 16848 4252 

NL 376628 3386 6432 9 4 9380 237803 9673 459 571 3051 14425 70505 1330 3622 383 1398 52 657 34  9 26 7169 7 504 5114 616 

BE 34920 129  2   187 17141   3 0 7124 53    10  1271   8752     2 247   

DE 29216 4720 1237 38   5395  680 397 138 2654 1836 1    908 102 18 0  6800 1  1017 1 489 861 1924 

GR 19857 1311 2 2339 66 1591 12390 148     12    193     114  1026   253 388 23 

AT 11783   26 0   437 8662 3  0  519 0 0   88    2 1018  0 90 458 18 158 305 

RO 11441 6918  113 0 2521 488   1       5     6     3 682 706 

BG 10861 14     4411 4997   0  18  214    178      1011       18 

HU 10183 149     2094 5292      0  0        748  599 877 424   

CZ 10165 1       3543   91    0   0     4  199 4  6064 172 88 

PL 8953 3 3  0 3219 2919 2 338 4   77  40 1 1024  602   1 23 225  470   4 

IT 5986 2208 12 7 0 320 626 4  5 3 110 15 31 51  1 0  85 2 9 244 2 1891 178 38 144 

FR 5830 98 134    109 3800 29 1 112 0  725 0 105 224  149 0  87 13 9 5 7 4 218 0 

LT 1454          0 150 29   17  20    1229  4       5   

LV 677     6   0  455 19    11    184           3   

SK 642 11     557 3     2  1 0      3  2  0     63 

GB 514       1 0 1  6  3   492 5     4 1  0        

EE 402          0   15       225  162             

IE 353         7      342         3           

SE 247          2   245                      

DK 230         2   24  16 0         4   184        

PT 229         0   207  11       11              

SI 143 0          36       26     68     12   2 

LU 134   19      13     102                     

FI 54           54           0             

CY 26         0     0 26  0         0        

MT                                     
Notes: Product by HS: 070700-cucumbers and gherkins, fresh or chilled; Quantities in tonnes; data extracted on 30/5/2011 from Eurostat Comext database. Example: Spain (ES) reported exports of 

433,017 tonnes to the EU MSs and 4,796 tonnes to Austria (AT) in 2010. EU27: total exports to MSs. 
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Table 5:  2010 imports of “fresh or chilled cucumbers and gherkins”as reported by the MSs of the first column to other MSs  

Importer EU27 AT BE BG CY CZ DE DK EE ES FI FR GB GR IE IT LT LU LV MT NL PT RO SE SI SK PL HU 

EU27 1133217 12179 31703 9563 51 11735 69253 267 523 468644 68 6527 2573 27378 411 7694 1358 58 1098 23 452206 203 4959 1154 56 2647 15116 5770 

DE 495956 5867 14985 3904 26 4300  17  177140  3181 370 17297 8 612  0 1 23 262730  20     3986 1489 

GB 151374  56 190     4235   71821  763   399 5 49    73847       10   

NL 81776 737 8838   0 61 9894 5  61912  222 68 5 4 20        3      7 

CZ 75088 383 286 4710     16808   23226  161 7 2790   195     13377  2008 577  2483 5700 2379 

FR 68074 951 6185       4127 0  40906   139    103  57   15589 9      9   

BE 50514         1286   4641  168 11 79   15  1   44313           

DK 33494  3       1627   20460  118  136   7     11027   67    48   

PL 31278 1248 26     664 3901 10  17667  587  98   229     5182  1432   8   225 

SE 27024  3       1109 126  15228 11 0     0     10536       9   

AT 24496  61 0 6 0 8517   5196  182  2069   4343     3642  95  11 2 0 374 

SK 15602 18 2     6244 3365  3 1526  2  328   43     579    1   3248 243 

IT 13914 2083 19 2     2709   8091  259  164       0 293  249  44   0   

HU 13140 276      95 7496   2371  490 852 3   2     303  1105   146 3   

FI 10375         2641  12 4475       2     2751   495        

LT 10163  19 182     266  291 4128  0     2   362  3569  6 12    1326   

IE 5616  4       537   982  150 846    15 15    3057       9   

EE 4428         443   2305 57       233  714  382       293   

LV 4057           216 1584 0       1059    763       435   

RO 3732 0  323   71 54   863  0  1720   183     68     3 11 436 

SI 3576 615        1   533  7  4   1810     3     5   600 

PT 3528  4       0  0 3506  13     1     5           

BG 2665     2 7    68    2574        7  8         

LU 1479  1214       12   15  165     0     63 11          

ES 1272       294 145 108    58 280    15 2  21  82 183 36 0 0   30 18 

GR 381 1  253 17   81          25     4           

CY 143               0 111        32           

MT 75                   71     4           
Notes: Product by HS: 070700-cucumbers and gherkins, fresh or chilled; Quantities in tonnes; data extracted on 30/5/2011 from Eurostat Comext database. Example: Germany (DE) reported imports of 

495,956 tonnes from the EU MSs and 5,867 tonnes from Austria (AT) in 2010. EU27: total imports from the MSs. 
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Table 6:  2010 exports of “fresh or chilled lettuce”as reported by the MSs of the first column to other MSs  

Exporter EU27 AT BE BG CY CZ DE DK EE ES FI FR GB GR HU IE IT LT LU LV MT NL PL PT RO SE SI SK 

EU27 355316 16689 12488 160 372 5551 98065 14447 311 5400 6545 53601 33797 1755 4052 3897 33456 1726 1926 508 201 25142 11173 1720 1630 14337 4850 1472 

ES 184077 4628 3727 94   2515 51484 2535 36   2430 44358 25976 391 2077 399 16299 249 40 10   13150 5299 1426 272 6493 9 180 

NL 59364 735 5611   331 592 21573 3132 209 1954 2577 1178 3290 500 205 704 10319 1343 66 81 102   1346 2 104 3121 2 242 

IT 38880 2395 2090 4 8 389 15459 1626 49 414 79 3306 2457 818 293 316   103 0 159 100 3138 742 106 482 567 3736 46 

DE 34808 6762 430 29   1501   6543 0 1279 646 2088 102 44 62 4 4435 1 51 11   3699 3493 6 51 3452 64 55 

FR 11799 46 630     19 6297 514 2 938 0   1454 1 0 104 804 6 314     457 16 158   39 1   

BE 10700 14   10   511 2296     94 61 2172 12 1     31 1 1454 2   4036 1 0   0   5 

AT 4055     1   7 655     0   0 0 0 1389   771         2 140 0 3   1038 49 

GB 3321       0 9 41     70   124       2369 38         649 0 22       0 

HU 2589 2087         4     1                         20   477     0 

PT 1428           7 2   644   375 395                 4       1     

DK 1273           128   12   8 1 69       384         6       665     

CZ 1266           75     5         2   277         0 14         892 

SE 941             96     744                       102           

LT 250                 2     0     1 0     246   2             

SI 204 7         3                   97         0     97       

GR 104     22 29   11                   1               41       

BG 102                                               102       

PL 65 15     5 6 20       1             14             2     4 

IE 50           11           40                               

SK 25 0       1 1               23   0           0           

LV 11               2                 9                     

CY 2                       2 1                             

FI 2               2                     0                 

RO 1     0                     1                           

LU 0   0       0         0                                 

EE 0                   0                                   

MT                                                         
Notes: Product by HS: 070519-lettuce, fresh or chilled (excluding cabbage lettuce); Quantities in tonnes; data extracted on 1/6/2011 from Eurostat Comext database. Example: Spain (ES) 

reported exports of 184,077 tonnes to the EU MSs, of which 4,628 tonnes to Austria (AT) in 2010. EU27: total exports to MSs. 
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Table 7:  2010 imports of “fresh or chilled lettuce”as reported by the MSs of the first column to other MSs  

Importer EU27 AT BE BG CY CZ DE DK EE ES FI FR GB GR HU IE IT LT LU LV MT NL PL PT RO SE SI SK 

EU27 452574 2391 21942 0 0 1469 28118 595 28 240652 8 40980 2234 726 800 946 61434 28 6 69 0 43848 1312 2955 104 1801 74 56 

DE 166752 516 5489         50   95816   14975 400 700 80 1 33465   1     15004 257 0         

GB 77255   92   0   2222 15   51839   12040   0   945 4975 1       4354 0 771         

NL 45066 0 7305     4 5201 9   29867   694 282 5 1 0 1453 1 0   0         244     

FR 34726 3 6627       1544     23721     114       1446   0     883   388         

AT 22681   4     0 8350     6324   345   2 17   6920         664 5     0 48 1 

BE 22573           833     5705   5299         3246   4     7479   5     3   

DK 17802   4       4205     8021   1922 0       1232         2380       38     

IT 11613 163 47       166     5348   977 32 1       1       4618 16   2 230 12   

ES 10548   1294       353 6       3861 142       1692         1410   1789     1   

PL 7934   59     380 2595 1   2267   176   4 43   991         1399       20     

SE 5165   12       103 491   3001   19 163       741         635   1         

HU 4935 949       328 420     3148             77         7 5   0     1 

CZ 4248 10 95       404     1793   1 12   28   309         794 748         54 

SI 3914 654         28         10         3221         2             

LT 3311         0 0 24 19 615   1         283     53   2198 116     4     

IE 3036 0 0       446     489   369 1084       12         635             

FI 2686   20       714   2 122   0         155         410 0     1262     

PT 2230   98       5   0 1905   121 5       96         1             

SK 2052 93 2     670 313     201         4   186         438 146       0   

RO 1228 4       88 86         0   0 627   404         4 4       10   

LU 1002   792       12     28   169         0             1         

GR 923   0 0     109     264             327         220 5           

BG 296           8     167       1     1         7 10   102       

EE 249           1     7 8 3         22     16   192       0     

LV 205   1       0   6 5 0           118 25       47       2     

CY 78                         13     2         64             

MT 66             0   1           0 61         5             
Notes: Product by HS: 070519-lettuce, fresh or chilled (excluding cabbage lettuce); Quantities in tonnes; data extracted on 1/6/2011 from Eurostat Comext database. Example: Germany (DE) 

reported imports of 166,752 tonnes from the EU MSs, of which 516 tonnes from Austria (AT) in 2010. EU27: total imports from the MSs
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Table 8:  2010 Exports of “fresh or chilled tomatoes”as reported by the MSs of the first column to other MSs  

Exporter EU27 AT BE BG CY CZ DE DK EE ES FI FR GB GR HU IE IT LT LU LV MT NL PL PT RO SE SI SK 
EU27 2291331 42930 59888 5186 955 85896 715671 36571 9181 115311 21852 230298 346843 17318 18989 28405 89958 20409 5340 10690 1251 164220 95044 31898 17322 76925 13265 29673 
NL 874085 9924 25023 165 682 28312 373921 20363 5021 20968 13421 36134 163956 8981 3901 21200 38178 7454 424 6295 587   28968 92 2168 50362 2983 4558 
ES 720717 5591 16136 507   24893 156903 8775 1868   5143 127064 136482 246 5813 4494 23708 9389 93 1564 28 101354 36550 31398 1348 15201 1455 4719 
BE 178081 983   1 4 8727 60979 45 46 3985 53 50055 9139 3635 359   4482 10 3491 45   25949 3025     112 565 2392 
FR 174946 1792 17177 21   11315 62635 2148 574 12123 542   11244 46 1110 315 14647 229 1129 532   15816 16188 406 105 4445 70 338 
IT 122133 19007 1002 159 74 2509 40855 3816 18 325 2 8852 11539 2365 2361 48   81 34 50 633 9588 4790   6733 246 6430 617 
PT 80698           2     76468   2082 1910 0     20   70       146           
PL 38275 876 1 19 4 6358 4730 33 633 704 444 1778 10756 1322 701 49 458 1681   412   931     2589 2249 5 1545 
DE 27956 3903 258 25   811   1008 122 317 2207 2441 35 291 9   7357   100 34   3302 2983 2 207 2543   1 
AT 21384   107 0   1110 12378 3   1   523 19 0 2204   177       4 1562 819   0 444 1735 299 
CZ 13776 14         23     15         78   0         35 90   165     13357 
SI 7832 340       14 1104 44   157     696   10   411         4665 75   206     110 
HU 6133 251       124 1544     169     19     0 29 19       693 254   1268   22 1739 
GR 4940   133 3705 182 4 214   0     56 10   10             11 411   205       
BG 4433         35 283         56   411 23     618   91     589   2326       
SK 4273 251       1654 39     22         2306 0             1   2   1   
GB 3427   0       22     1   821       2298           279 6           
LV 1709       9   0   732         20       916       1 32           
LT 1603             0   24     3     0       1576                 
DK 1488           1     5   152         1         7       1321     
RO 1334     584   29 0     10         104   489           118         0 
IE 1073           4     19     1037                 13             
SE 365           4 336     9                     16             
LU 364   50       31         283                                 
FI 172               169                     1           2     
EE 136             0     32             13   90                 
CY 1                         1                             
MT                                                         

Notes: Product by HS: 070200-tomatoes, fresh or chilled; Quantities in tonnes; data extracted on 1/6/2011 from Eurostat Comext database. Example: The Netherlands (NL) reported exports of 
874,085 tonnes to the EU MSs, of which 9,924 tonnes to Austria (AT) in 2010. EU27: total exports to MSs. 
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Table 9:  2010 Imports of “fresh or chilled tomatoes”as reported by the MSs of the first column to other MSs  

Importer EU27_INTRA AT BE BG CY CZ DE DK EE ES FI FR GB GR HU IE IT LT LU LV MT NL PL PT RO SE SI SK 

EU27 2314564 10702 143608 2617 39 9476 74878 2073 387 692055 198 144370 12354 8563 2788 1003 109279 1479 606 1979 37 941694 32759 111074 463 386 3014 6682 

DE 678151 6519 41572 76 7     8   134796   52406 18 164 1525 35 38730   93 1 30 399235 2229       709   

GB 362735   5583       9916     136471   9094       949 13089         174675 12519 439         

FR 224523 146 43626       3063 1   130552     840       8280   156     34854 1620 1385         

NL 156082 148 25997   25 116 5571 95   100408 14 12669 2970 11 129 18 6020     0     466 52 4 35 1337   

ES 142866   3140     207 6301 4       6111 783   20   278 181   39   15996 692 108962   12 141   

PL 90869 6 3135 19   105 6129 2 1 33645   10653 5 262 210   5100 8     1 31466   108 14 1   3 

CZ 87232 628 8949 38     6797     21098   10470 95 5 131   2039         27094 6476   6   6 3401 

IT 86849 404 3501       8574 1   20824   13108 0 1             1 39573 675 22 21   146   

SE 85437   52       2599 1955   15465 13 3351         283         61207 512           

BE 74617           2141 1   17071   17266 61 6     1087   357   1 36469 156         1 

DK 47466   20       1057     16960   3002 0 16     4164         21885 52     310     

AT 45839   712       9194     4687   1034     105   17761         10916 631       522 277 

LT 43783   3 575     28   263 7086   249 141   39   329     1051   31440 2544 24     12   

IE 29774 1 37       777     5303   227 7239       25 1       16153 10           

PT 28776   1       39   22 28278   389 14                 33             

SK 26584 34 2252     8835 2821     5496   344 92   436   1001         3985 1276       14   

FI 22788   41       2542 7 30 5649   540         2         13460 489     29     

SI 12324 1516 537       0     625   70   59 58   5841         3496 107         15 

HU 12036 1283       25 2246     2303   1207 97 94     411         1210 175   0     2985 

LV 12001   46 16     28   71 2210 1 574         13 1288       7412 341           

EE 10652   40       9     1633 171 430         13     889   6818 638 11         

GR 9716   1033 45 2   4907     11   1         1510         2084 121   4       

RO 8770 17 19 1848   174 55     1149   40   315 135   2718       5 1191 980       126   

BG 8614   0   6 17 8     324   42   7432     123         209 39   415       

LU 5182   3312       79     10   1094         52         564   72         

CY 507                         200     90         205 13           

MT 389 0                           2 323         64             
Notes: Product by HS: 070200-tomatoes, fresh or chilled; Quantities in tonnes; data extracted on 1/6/2011 from Eurostat Comext database. Example: Germany (DE) reported imports of 

678,151 tonnes from the EU MSs, of which 6,519 tonnes from Austria (AT) in 2010. EU27: total imports from the MSs
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Table 10:  2010 EU imports of cucumbers and gherkins from third countries 

Country of origin 
 

Quantity 
(in tonnes) 

EU27_EXTRA 37263 
Turkey 23693 
Former Yugoslav Republic Of Macedonia 4360 
Jordan 3480 
Morocco 2350 
Bosnia And Herzegovina 761 
Serbia  684 
Albania 591 
Syrian Arab Republic (Syria) 573 
Egypt 263 
Israel  157 
Ukraine 111 
Lebanon 70 
Croatia 62 
Iran, Islamic Republic Of 41 
Switzerland  33 
Dominica 14 
Dominican Republic 11 
Countries And Territories Not Specified Within The 
Framework Of Trade With Third Countries 5 
India 2 
Kenya 2 
Thailand 2 
Countries And Territories Not Specified In The 
Framework Of Intra-Community Trade 1 
Saudi Arabia 1 

 
Notes: Product by HS: 070700-cucumbers and gherkins, fresh or chilled; Quantities in tonnes; data extracted on 30/5/2011 

from Eurostat Comext database. EU27_EXTRA: total EU imports from third countries
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Table 11:  2010 EU imports of lettuce from third countries 

 
Country of origin 

 
Quantity 

(in tonnes) 
EU27_EXTRA 5319 
Tunisia 1552 
United States 1254 
Egypt 944 
Morocco 904 
Turkey 355 
Israel  186 
Norway  34 
Former Yugoslav Republic Of Macedonia 25 
Argentina 22 
Switzerland  18 
Countries And Territories Not Specified Within 
The Framework Of Trade With Third Countries 8 
Lebanon 4 
Croatia 4 
Albania 4 
Korea, Republic Of (South Korea) 3 
China  2 

Notes: Product by HS: 070519-lettuce, fresh or chilled (excluding cabbage lettuce); Quantities in tonnes; data extracted on 
1/6/2011 from Eurostat Comext database. EU27_EXTRA: total EU imports from third countries 
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Table 12:  2010 EU imports of tomatoes from third countries 

Country of origin 
 

Quantity 
(in tonnes) 

EU27_EXTRA 496997 
Morocco 307783 
Turkey 108813 
Israel  23080 
Former Yugoslav Republic Of Macedonia 19254 
Tunisia 9850 
Senegal 8706 
Jordan 6925 
Egypt 3680 
Albania 3194 
Serbia  2297 
Syrian Arab Republic (Syria) 1284 
Dominican Republic 964 
Occupied Palestinian Territory (West Bank -
Including East Jerusalem And Gaza Strip) 244 
Norway 209 
Moldova 163 
Switzerland  92 
Croatia 88 
Colombia 66 
Kosovo 50 
South Africa  37 
Russian Federation (Russia) 28 
Countries And Territories Not Specified Within 
The Framework Of Trade With Third Countries 28 
Brazil 23 
Mayotte 20 
Montenegro 20 
Bosnia And Herzegovina 20 
Costa Rica 20 
Panama  16 
China  14 
Belarus  6 
Ukraine 6 
Peru 4 
Algeria 4 
India 3 
Suriname  2 
Bangladesh 1 
Saudi Arabia 1 
Thailand 1 
Ecuador 1 

Notes: Product by HS: 070200-tomatoes, fresh or chilled; Quantities in tonnes; data extracted on 1/6/2011 from Eurostat 
Comext database. EU27_EXTRA: total EU imports from third countries
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B.  EU CONSUMPTION DATA OF ALFALFA SPROUTS, TOMATOES, LETTUCE AND CUCUMBERS 

Table 1:  EU consumption data by age category and gender for alfalfa sprouts cucumbers, lettuce (two type groups) and tomatoes expressed in average 
grams per day. Data retrieved from the EFSA comprehensive European Food Consumption Database. Full details on variables and survey methodology 
available at EFSA, 2010. Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment. EFSA Journal, 9(3):2097, 1-34. 
url: http://www.efsa.europa.eu/en/efsajournal/pub/2097.htm. 

Age category Gender Alfalfa sprouts, fresh 
(Medicago sativa) 
 

Cucumbers 
(Cucumis sativus) 

Iceberg-type lettuce Lettuce, excluding 
Iceberg-type lettuce 
(Lactuca sativa) 

Tomatoes 
(Lycopersicum 
esculentum) 

Grand Total 

Infants Female 0 20.5 - 25.0 13.8 18.3 
  Male 0 19.1 -  12.2 14.5 
Toddlers Female 0.000144113 19.1 6.6 8.0 22.6 16.2 
  Male 7.20565E-05 19.4 6.3 12.0 22.2 17.4 
Other children Female 0.004397489 25.9 12.3 11.8 29.8 22.4 
  Male 0.001259107 27.9 10.2 12.6 29.6 22.4 
Adolescents Female 0.002083333 22.5 11.6 20.0 43.0 27.2 
  Male 0.000160875 26.1 9.4 20.0 45.3 28.8 
Adults Female 0 23.5 16.7 20.1 48.5 28.5 
  Male 0.108977979 24.3 15.9 20.3 50.9 29.3 
Elderly Female 0.054488989 28.8 19.2 101.0 47.3 53.6 
  Male 0 26.8 25.6 21.0 51.8 32.0 
Very elderly Female 0 26.5 17.0 22.6 42.1 28.6 
  Male 0 23.2 19.6 22.6 52.0 31.1 
Grand Total   0.007441681 24.7 14.0 23.6 38.8 27.2 
- = No data available 


