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Ubersichtsarbeit: )
Friichte und Gemiise als Ursache lebensmittelbedingter Erkrankungen: Ubersicht und
Analyse der von proMEDmail registrierten Félle rohkost-assoziierter Ausbriiche

Magdalena Niesch-Inderbinen, Roger Stephan

Summary Raw food-containing diets have grown in popularity over the last decades since they
correspond with the perception of a healthy lifestyle. However, infections from fruit
and vegetables also represent an important food safety issue. Produce-borne out-
breaks are of concern because of their potentially serious health consequences and
the high socioeconomic costs. This review summarizes outbreaks of bacterial
disease associated with sprouts, salads, vegetables, fruit, fresh herbs, raw nuts and
raw edible seeds registered by proMED-mail during the period between 2011 and
mid-2015. The possible pathways of contamination are examined and discussed,
with special attention to the role of E. coli and Salmonella as cross-domain patho-
gens. Various multidisciplinary approaches aimed at reducing the occurrence of
pathogenic bacteria in fresh produce are discussed, including the enhancement of
surveillance and consumer awareness, improvement of agricultural and trading prac-
tices and the development of novel materials and sanitizing methods in the food
industry.

Thirty-five outbreaks, each associated with a single raw produce were reviewed.
Sprouts and lettuce were the most common produce associated with disease. E. coli,
especially EHEC O157:H7, and Salmonella spp. were the most common pathogens,
causing 42.9 % and 34.3 % of the outbreaks, respectively, while Listeria monocyto-
genes accounted for 14.3 %. Novel vehicles of disease were noted, including water-
cress, strawberries and stone fruit.

Keywords: fresh produce, foodborne diseases, outbreaks, proMEDmail

Zusammenfassung Rohkost (rohes Obst und Gemuse) gilt allgemein als wichtiger Bestandteil gesunder,
ausgewogener Erndhrung. Aus lebensmittelhygienischer Sicht ist der Verzehr roher
oder minimal verarbeiteter Lebensmittel mitunter mit der Gefahr einer Infektion mit
pathogenen Bakterien verbunden. Rohkostbedingte Gruppenerkrankungen (Aus-
briiche) haben gesundheitspolitisch und 6konomisch erhebliche Auswirkungen und
sind deshalb von grosser Bedeutung. Die vorliegende Ubersichtsarbeit beleuchtet
Ausbrlche bakteriellen Ursprungs, welche mit dem Verzehr von Sprossen, Salaten,
Gemdsen, Friichten, frischen Gewlrzen, rohen Nissen und rohen essbaren Samen
in Zusammenhang stehen und zwischen 2011 und Mitte 2015 von proMEDmail
registriert wurden. Kontaminationswege dieser Nahrungsmittel (v. a. von patho-
genen E. coli und Salmonella) werden aufgezeigt und diskutiert. Verschiedene
multidisziplindre I6sungsorientierte Anséatze zur Reduktion von pathogenen Bakterien
in Rohkost werden dargelegt, wie verstarkte Uberwachung, Sensibilisierung der
Konsumenten, Verbesserungen der landwirtschaftlichen Produktions- und Handels-
methoden sowie die Entwicklung neuer Materialien und Reinigungsverfahren fur die
Lebensmittelindustrie.

Es werden insgesamt 35 Ausbrlche diskutiert, wobei jeder Ausbruch auf die
Kontamination eines einzelnen Rohkostproduktes zurlckgefihrt werden konnte. Am
Haufigsten verursachten Sprossen und Kopfsalat Krankheitsausbriiche. Die Mehrheit
der Ausbriiche wurde auf E. coli, vorwiegend EHEC O157:H7, (42.9%) und Salmo-
nella spp (34.3 %) zurlickgeflhrt. Listeria monocytogenes wurde in 14.3 % der Félle
nachgewiesen. Erstmalig wurden Brunnenkresse, Erdbeeren und Steinfrichte mit
lebensmittelbedingten Erkrankungen in Zusammenhang gebracht.

Schliisselworter: Frichte, GemUse, lebensmittelbedingte Erkrankungen, Aus-
briiche, proMEDmail
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Introduction

It is a concept commonly accepted that diets that include
fruit and vegetables contribute to a healthy lifestyle, since
they contain fibre, minerals, vitamins and other phyto-
chemicals that are beneficial to the consumer’s health.
Many health organizations as well as governments (Anony-
mus, 2002; Anonymus, 2009; Anonymus, 2010) successfully
promote the consumption of fresh produce, which may be
home grown, purchased from local providers or obtained
via national and global trade. In developed countries, the
propagation of the consumption of raw produce additional-
ly aims to decrease the burden of chronic diseases, mainly
obesity, and obesity-associated diseases such as type 2
diabetes, cardiovascular diseases (including hypertension
and stroke), cancer, dental diseases and osteoporosis
(Buijsse et al., 2009; Griep et al., 2010; Mozaffarian et al.,
2011), all of which are health problems that affect the po-
pulation of nutrient affluent, post-industrialized nations.
As a result, raw food-including diets have grown in popu-
larity over the last decades.

In addition, changes in socioeconomic factors such as
increased labour market participation of women and
demographic shifts (ageing) are accompanied by changes in
food preparation and eating habits (Fine et al., 1997; Chen-
hall, 2010). Food is to a large extent purchased as pre-
processed convenience products for the home as well as for
food service establishments. One important aspect is the
increase of consumption of cold raw produce, combining
modern needs for convenience with the concept of a
healthy diet. Consequently, the last decades have seen a
dramatic increase in year-round demand of a high variety
of fresh products and a globalization of their production
and distribution.

Notwithstanding the health benefits, the consumption of
raw produce is also an important risk factor in the trans-
mission of bacterial diseases. This is reflected in the number
and dimensions of reported gastroenteritis outbreaks rela-
ted to fresh produce over the last years in many parts of the
world (Lynch et al., 2009). An outbreak is defined as the oc-
currence of two or more cases of similar illness resulting
from the consumption of a common food (Anonymus,
2008). Outbreaks of infections caused by E. coli O157:H7
linked to fresh spinach (Wendel et al., 2009), of E. coli
O157:H7, Salmonella enterica, and Campylobacter jejuni as-
sociated with cantaloupe melons, tomatoes and peppers
(Bowen et al. 2006) and Listeria monocytogenes linked to
cantaloupe (McCollum et al., 2013), as well as the German
outbreak of Shiga-toxin producing E. coli O104:H4 traced
to fenugreek sprouts (Buchholz et al., 2011) illustrate the
vast public health and socioeconomic impact of produce
borne disease. The latter outbreak represents a climax in a
trend registered for Europe between 2008 and 2011, which
consists of an increase in the numbers of reported outbreaks,
cases, hospitalizations and deaths associated with food of
non-animal origin. This trend coincided with a decrease in
the numbers of corresponding reported outbreaks associa-
ted with food of animal origin (Anonymous, 2013d).

Despite increased awareness within the food processing
industry and health care systems, there is so far no evidence
of a decline in the number of annual outbreaks (Callejon et
al., 2015) This indicates that there is still much unknown
about the possibilities to prevent produce-associated disease.

One key element for successful prevention is a public
health infrastructure that conducts continuing surveillance,

detection and reporting of pathogens in the food chain. A
second key element is improvements of production and
distribution line quality. A third factor is consumer beha-
viour, which ultimately determines the extent of produce
related infections.

This article provides a review of reported bacterial food-
borne outbreaks linked to fresh produce that have been
reported since 2011, and discusses the wider implications of
these findings on research, the production industry and
consumer health.

Methods

Search strategy

For this study, the internet-based biosurveillance system
maintained by the International Society for Infectious
Diseases (ISID) as ProMed-mail (Madoff, 2004) was selec-
ted (www.promedmail.org). This database was recently
positively assessed for its system performance with regard
to sources, languages, geographical coverage and especially
its human moderation (Barboza et al., 2014). Further
advantages consist of daily updates, cross-references and
access to archived data.

Additionally, governmental, food safety and public
health sites were searched for information on outbreaks,
including US Centers for Disease Control and Prevention,
CDC (http://www.cdc.gov), the European Centre for
Disease Prevention and Control, ECDC (http://www.ecdc.
europa.eu) the Australian, New Zealand and Japanese
reporting systems (http://www.ozfoodnet.gov.au,
http://foodsafety.govt.nz and http://idsc.nih.go.jp, respec-
tively). PubMed and Google Scholar were searched for
publications relating to the outbreaks registered by pro-
MED-mail.org. Cases or outbreaks reported by the press
or social media and similar nontraditional data sources
were not included. Reports of food recalls were not in-
cluded, if they did not involve diseased persons. Reports
were read to ensure that they constituted outbreaks and
that there was no duplication of outbreak information.
Details of the food vehicle, the causal agent, outbreak date,
and geographic location were noted.

Selection of fruit and vegetables

A variety of salads, vegetables and fruit were selected to
search for. These included produce recommended for raw
or cooked consumption by governmental health guidelines
(Anonymus, 2009). The keywords included in the searches
contained the names of approx. 170 fruit and vegetables as
indexed by the electronic data information source of the
University of Florida (https://edis.ifas.ufl.edu/features/fru-
itvegindex.html), and the bacterial pathogens E. coli, Sal-
monella, Shigella, Listeria, Yersinia, Campylobacter and
Staphylococcus.

Nuts, fresh herbs and edible seeds that are consumed
raw were included in the search, as were sprouts. Mixed
commodities such as French salads or potato salads were
not included, as were vegetable or fruit juices.

Results and Discussion
Reported outbreaks

Identified reports of outbreaks of gastrointestinal infec-
tions associated with sprouts, salads, vegetables, fruit, fresh
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herbs, raw nuts and edible seeds that occurred between
2011 and mid-2015 are listed in Table 1. A total of 35 out-
breaks were reported in the ISID database. This number
probably represents only a fraction of all illnesses caused
by produce-borne bacterial pathogens, since gastrointesti-
nal infections in general are prone to underestimation, due
to characteristics such as self-limitation, mild etiopathology
or lack of access to health care systems (Gibbons et al.,
2014). At the healthcare level, many cases remain unrepor-
ted and are never subjected to investigation (Anonymus,
2008).

Reports were distributed unequally among the world
regions. Data was retrieved from the USA (21 outbreaks),
Canada (6 outbreaks), European countries (8 outbreaks)
and New Zealand (one outbreak). No raw produce-related
outbreaks were detected for other countries, including
African, Mediterranean, and Asian regions. Epidemiolo-
gical intelligence data from African countries, from where
the majority of reports on gastrointestinal infections world-
wide are reported, show that for the most part, reported
outbreaks are linked to water rather than food and that
food as a vehicle goes largely unspecified (Dewaal et al.,
2010). Data on foodborne pathogens communicated by
various governmental health authorities show that, for
example, the Japanese infectious disease surveillance cen-
ter (http://idsc.nih.go.jp) lists bacterial pathogens detected
in food from 2013-2015 without further identification of
the food category. Australia and New Zealand assign im-
plicated food to categories as described by Painter at al.
(2009). Thereby, raw produce is allotted to the subcatego-
ries “leafy, root, sprout or vine-stalk”.

By contrast the US governmental health authorities
(http://www.cdc.gov/ecoli/outbreaks.html) and European
Food Safety Authority (http:/www.efsa.europa.eu/en/zoo-
nosesscdocs/zoonosescomsumrep.htm) report in more de-
tail the precise produce implicated in an outbreak.

While these differences may be explained in part by the
varying degree of sophistication regarding surveillance tools
available to different countries, they also reflect different
perceptions of threats to public health from fresh produce
(Anonymus, 2000). Ultimately, this awareness could be seen
as a characteristic of countries in which highly propagated
raw food-based diets have grown in popularity over the last
decades. Hence, the reported and investigated cases are not
only unrepresentative of the actual rate of contamination
but also of the afflicted countries and regions.

Notwithstanding this obvious bias, the data obtained
give an indication of which produce appears to be prone to
bacterial contamination and which pathogens are likely to
be involved.

Produce associated with outbreaks

Sprouts

Between 2011 and mid-2015, seven outbreaks resulting in
3686 illnesses were associated with the consumption of
sprouts (Tab. 1). The majority of illnesses (3469 cases,
94.1 %) were due to the very large outbreak in Germany
in 2011 (Bielaszewska et al., 2011). Successive outbreaks all
occurred in the USA (5 outbreaks, 71.4 %) or Canada
(1 outbreak, 14.3 %). Outbreaks were most often caused
by enterohemorrhagic E. coli (4 outbreaks, 57 % ), followed
by S. Enteriditis (two outbreaks, 28.5 %) and one (14.5 %)
L. monocytogenes. The latter represents the only outbreak
whose sprout contamination was attributed to unsanitary
conditions in the production line (Anonymus, 2015d).

Lettuce

Between 2011 and 2014, at least one outbreak per annum
occurred due to consumption of contaminated lettuce
(Tab. 1), with none reported by mid-2015. The six reported
outbreaks resulted in a total of 347 illnesses, including four
with hemolytic uremic syndrome (HUS). Four of the
outbreaks (66.7 %) occurred in the USA and Canada and
were caused by E. coli O157:H7. The outbreak in 2011
affected 60 people, two of which developed HUS. Trace-
back analysis indicated pre-harvest contamination (Anony-
mus, 2011a). Further outbreaks in Canada in 2012 and 2013
(Anonymus, 2013c; ProMED-mail, 2012) were associated
with restaurants where food such as hamburgers and tacos
were garnished with romaine lettuce. The latter affected 94
people, whereof two children developed HUS. According
to the ISDS database, the lettuce implicated in the 2013
outbreak in Canada was traced to California and had been
provided by a large North America-based fresh produce
distributor that acquires fresh produce nationwide.

By comparison, outbreaks caused by contaminated
lettuce were rare in Europe and elsewhere, and were not
linked to enterohemorrhagic E. coli. Radicchio rosso lettu-
ce (Ttalian chicory) contaminated with Yersinia enterocoli-
tica caused an outbreak affecting 21 patients in Norway in
2011 (MacDonald et al, 2011). This represents the first and
so far only outbreak of yersiniosis in Norway linked to raw
produce. Finally, a total of 124 cases of infections due to
Yersinia pseudotuberculosis were registered in in New Ze-
aland in 2014. This outbreak was linked to bagged lettuce.

Cucumber

Cucumber was involved in three outbreaks and a total of
367 illnesses during the period reviewed (Tab. 1). They all
occurred in the USA, however two (66.6 %) involved
cucumber imported from Mexico. Outbreaks involving
imported cucumbers were associated with Salmonella
Saintpaul and E. coli O157:H7. The latter outbreak repre-
sents the first to specify cucumber as a vehicle for E. coli
O157:H7 (Anonymus, 2013b). A recent outbreak affected
275 patients infected with Salmonella Newport (Tab. 1).
Genetic analysis by polyamide gel electrophoresis (PFGE)
and epidemiological investigations (Angelo et al., 2015)
revealed that this particular strain had been involved in
previous outbreaks in 2002, 2005 and 2006 linked to
tomatoes grown in the Delmarva region of Maryland and
Virginia (Anonymus, 2007); Bennettet al., 2015). Since the
implicated cucumber originated from the same farming
region, this suggests an environmental reservoir of S. New-
port and its shift to a novel food vehicle (Angelo et al.,
2015).

Spinach

Two outbreaks amounting to 46 cases of disease were
attributed to the consumption of spinach, which included
one produce defined as “leafy green* (Tab. 1). In 2012,
thirty-three patients were infected with E. coli O157:H7
after consuming pre-packaged organic spinach. Thereof,
two developed HUS (Anonymus, 2012a). This outbreak is
the first since the large U.S. multistate outbreak in 2006,
that involved 205 confirmed illnesses and 3 deaths caused
by E. coli O157:H7 infection (Wendel et al., 2009). Further,
13 cases of E. coli O157:H7 infection attributed to ingestion
of leafy greens were registered by the Canadian health
authorities in 2015.
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TABLE 1: Summary of outbreaks registered by ProMEDmail associated with sprouts, salads, vege-

tables, fruit, fresh herbs, raw nuts and raw edible seeds.

monocytogenes (Tab. 1).
Extensive multistate epi-

Year Region No.of Implicated Bacterial Point of contami- References demiologic, trace-t.)ack,
cases  produce pathogen nation/origin and environmental inve-
2011 EU (D) 3842 Fenugreek EHEC O104H4 Seeds Bielaszewska et al. 2011 stlgatlor}s identified . a
USA 25 Alfalfaand spicy sprouts S, Enteridits - Anonymus, 2011b production  farm  with
USA 60 Lettuce EHEC O157:H7 Pre-harvest Anonymus, 2011a contaminated processing
EU(N) A Lettuce Y. enterocolitica - MacDonald et al,, 2011 equipment as well as in-
EU (DK) 43 Tomatoes S. Strathcona Italy Anonymus, 2012¢ sufficient sanitizing and
ggﬁ 1% Ean%a:oupe é.rg)onoqdogenes PGrodtuctio‘n /!\(Ic(ol\um e; 8|1.,1éo13 cooling steps, as the sour-
antaloupe . Panama uatemala nonymus,
USA 15 Strawberries EHEC 0157:H7 Deer feces Laidler et al, 2013 ;813(1\/11:0Ctohllum te‘tl al.,
EU (DK) 4% Basl Shigella - Guzman et al, 2013 )- Further, cantaloupe
USA ) Pine S. Enteriditis Turkey Anonymus, 2011c melons imported from
02 USA 2 Cloverspouts EHEC 026 - Anonyms, 20126 G“ate‘palal. o ?e. UsA
A 18 leftuee EHEC 0157H7 - ProMED-mal, 2012 were implicated 1 an
USA 3 Spinach EHEC O157:H7 - Anonymus, 2012a outbreak involving 20
EU(KD) 63 Watermelon S. Newport Brazl Byme etal, 2014 persons infected with
03 A % lefue EHEC 0157:H7 - ProMED-mal, 2013 Salmonella  Panama in
CA 0 Letue EHEC 015747 Calfornia Anonymus, 2013¢ 2011 (Anonymus, 2011d).
USA 84 Cucumber S, Saintpaul Mexico Anonymus, 2013b Watermelons — contami-
EU (UK) 19 \Watercress EHEC 0157:H7 - Launders etal, 2013 nated with S. Newport
EU (UK) 592 Curry leaves S. Agona ‘ Pakistan Foster 2013 caused a further outbreak
USA 16 Sesame S. Montevideo, Mbandaka - Anonymus, 2013a involving 63 cases in UK
2014 USA 115 Mung bean sprouts S. Enteriditis - Anonymus, 2015b Ireland and Germany.
Hgﬁ 12 aoverts)prouts EHEC 01 ;d ' ﬁnonymus,gg}éfg This is the first melon-
ung bean sprouts . monocytogenes roduction nonymus, iated outbreak in Eu-
cA 2% Benspout EHEC O157:H7 - ProMED-ma, 20143 is)sc;cl(%emc;uet 501 4)u
NZ 124 Lettuce Y. pseudotuberculosis - Anonymus, 2014a P y " :
USA 8 Cucumber EHEC 0157:H7 Mexico ProMED-mail, 2014b )
USA 15 (Cabbage EHEC 0111 - ProMED-mai, 2014c Strawberries
USA 57 Celery EHEC O157:H7 - ProMED-mail, 2014d In 2011, strawberries
EU(DK) 5 Asparagus L. monocytogenes Undercooking ProMED-mail, 2014e emerged as a novel vehi-
USA&CA 37 Apples L. monocytogenes Production Anonymus, 2015a cle for E. coli O157:H7 in-
USA 4 Stone fruit L. monocytogenes Production Jackson et al., 2015 : :
USA 17 Cashew S. Stanley - Anonymus, 2014d felcltlon’ fafffectm(gj 15 fasesci
USA&CA 8 (hia S, Hartford, Newport, - Anonymus, 2014c whereol tour develope
Oranienburg and Saintpaul Anonymus, 2014f HI{jS.hInvehstlgatlon; sho-
N5 USA 75 Cucumber 5 Newpor Prehanest Angelo etal, 2014 e e strawberries
CA 13 Leafygreen EHEC O157H7 - Anonymus, 2015¢ originating trom a smatl-

Abbreviation: EHEC; enterohemorthagic Escherichia coli. ~: unknown
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Other vegetables

Outbreaks associated with vegetables not included in the
preceding categories accounted for five outbreaks (13.9 %)
and a total of 139 illnesses. The majority (3 outbreaks,
60 %) was caused by enterohemorrhagic E. coli (Tab. 1).
Watercress contaminated with E. coli O157:H7 was respon-
sible for 19 cases in the U.K. (EU) in 2013. Although
watercress as a semi-aquatic plant is vulnerable to ingress
by nearby livestock and surface waters, extensive outbreak
investigations could not pinpoint the source of conta-
mination in the environment and the possibility of conta-
mination of the seeds could not be excluded. Notably, this
produce represents a novel vehicle of infection with E. coli
O157:H7 (Launders et al., 2013).

The outbreak involving tomatoes contaminated with a
rare serotype, Salmonella Strathcona (Tab. 1) represents
the first related to this particular salmonella serovar.
According to the investigating Staten Serum Institute
(SSI), the produce was imported from southern Italy (An-
onymus (2012c).

Fruit

Melons

One of the largest foodborne outbreaks in the USA was
related to cantaloupe melons contaminated with Listeria

scale farm in Oregon,
USA, were contaminated
with deer feces that con-
tained the outbreak strain (Laidler et al., 2013).

Apples and stone fruit

In 2014, an outbreak of listeriosis involving 35 diseased
persons in the USA and two cases in Canada was linked to
commercially produced, prepackaged caramel apples.
According to the CDC final report, the outbreak resulted
in seven deaths, three cases of meningitis and one fetal loss
(Anonymus, 2015a). A further outbreak of 4 cases in 2014
involved prepackaged nectarines and peaches contami-
nated with Listeria monocytogenes, representing the emer-
gence of stone fruit as a newly reported vehicle of human
listeriosis (Jackson et al., 2015).

Fresh herbs

Basil

Fresh basil imported from Israel to Norway was held
responsible for an outbreak of Shigella sonnei infections in
2011 (Tab. 1). In total, 46 people fell sick after the consump-
tion of pesto sauce made from the raw leaves (Guzman-
Herrador et al., 2013).

Curry
A large outbreak of 592 cases of salmonellosis occurred
among attendees of a Spice Festival held in Newcastle
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(U.K.) in 2013 (Tab. 1). Extensive outbreak investigations
identified fresh curry leaves that had been consumed
uncooked as the vehicle of infection. Salmonella Agona
phage type 40 was isolated from curry leaves and fecal spe-
cimens from patients. In addition, several fecal specimens
yielded S. Hadar, S. Cero, S. Typhimurium, Shiga-toxin
producing E. coli (STEC) and several serotypes of entero-
aggregative E. coli (EAEC) (Foster, 2013). A retrospective
investigation detected several EAEC serotypes, including
0O104:H4 strains with close phylogenetic relationship to the
EAEC O104:H4 strain associated with the German outbre-
ak in 2011 (Dallman et al., 2014).

Nuts and seeds

Although commonly referred to as nuts, both cashew and
pine nuts are seeds in the botanical sense. Hence, the out-
breaks described in this category are essentially all asso-
ciated with seeds. All outbreaks occurred or originated in
the USA, affecting a total of 158 diseased persons (Tab. 1).
In all cases, infection was caused by Salmonella. Of the
seven serotypes reported, S. Enteriditis was linked to pine
nuts imported from Turkey to the USA (Anonymus,
2011c), S. Stanley was associated with fresh raw cashew
nuts (Anonymus, 2014d) and S. Montevideo and S. Mban-
daka were detected in a tahini paste made from ground
sesame seeds (Anonymus, 2013a). Finally, ground chia
seeds causing an outbreak in 2014 involving 31 persons in
USA and 52 in Canada were found to contain Salmonella
serotypes Newport and Hartford, Oranienburg and Saint-
paul (Anonymus, 2014c; Anonymus, 2014f).

Pathogens involved in produce-borne outbreaks
Pathogenic E. coli
Between 2011 and mid-2015, enterohemorraghic E. coli was
the etiological agent of 15 outbreaks (42.9 %) and 3903 re-
ported illnesses. In total, EHEC O157:H7 caused 11
(31.4 %) of all reported outbreaks during the period under
review (Tab. 1). Although for most of the 11 outbreaks, the
point of contamination could not be established with
absolute certainty, it is well recognized that the primary
reservoir of pathogenic E. coli, in particular EHEC
O157:H7 appears to be cattle, and to a lesser extent, pigs
and deer (Ferens and Hovde, 2011). Pre-harvest contamina-
tion of crops due to ingress from nearby livestock farms or
cattle ranches via surface waters and invasion of crops by
wildlife is thought to contribute to the risk of contaminating
produce with EHEC O157:H7 (Cooley et al., 2007; Ferens
and Hovde, 2011). It has been suggested that contamination
of plants by human pathogens is promoted by the diminis-
hed competition from the endemic non-pathogenic plant-
specific microflora (van Overbeek et al., 2014). Hence, agri-
cultural practices that include fertilization methods that
establish a healthy plant microflora may prove to be a viable
method for reducing the risk of ingress by pathogens.
Notwithstanding these plausible pathways of passive
contamination, studies outlined by Brandl (2006), Deering
et al. (2012), and van Overbeek et al. (2014) provide evi-
dence that enteropathogenic E. coli (as well as S. enterica)
are able to actively assume an epi- and/or endophytic life-
style which enables these pathogens to long-term survival
on and in plants, including their leaves, roots, flowers and
seeds. Studies reviewed by Barak and Schroeder (2012)
and Melotto et al. (2014) suggest that human pathogens
colonize plants and activate defense signaling pathways in
the plant cell. Type three secretion system (T3SS), which

are used by human pathogens to invade mammalian human
cells (Coburn et al., 2007) appear to play an important but
hitherto insufficiently understood role in plant immune
response. The role of EHEC O157:H7 as a cross-domain
pathogen is further demonstrated by its ability to trigger
stomatal closure in the leaf epidermis of Arabidopsis thali-
ana (Roy et al., 2013). Clearly, the molecular mechanisms
of plant responses to human bacterial pathogens represent
a field of research that merits further attention. Identifying
plant species and cultivars with high innate immune
response to human pathogens may provide a step towards
reducing the risk of bacterial produce contamination.

A further important pathogenic E. coli, EAEC O104:H4
is well documented as the etiological agent of the German
outbreak in 2011. Its co-detection with S. Agona in the out-
break associated with fresh curry leaves in 2013 (Tab. 1)
gives further evidence to its pathogenic potential and to its
association with fresh produce.

Salmonella enterica

Salmonella was involved in 12 (34.3 %) produce-related
outbreaks between 2011 and 2015, ranking it the second
most common pathogen after E. coli. In general, Salmonel-
la continues to be a very frequently reported gastrointesti-
nal pathogen. The threat to public health from fresh
produce contaminated with Salmonella is illustrated by the
high number of 1375 diseased persons during the time span
under scrutiny. Currently, S. Enteriditis is responsible for
18 % and 39.5 % of all salmonellosis cases in the USA and
in Europe, respectively (Anonymus, 2014b; Anonymous,
2015¢). Accordingly, three outbreaks (25 %) of produce-
associated salmonellosis were due to this serovar. The data
collected during the period under review show that Salmo-
nella detected in fresh produce is characterized by a wide
variety of serovars, including rare ones. In total, 14 diffe-
rent Salmonella serovars were reported for 12 outbreaks
(excluding one large outbreak involving S. Newport that
went unreported by proMEDmail (Bayer et al., 2014)).
Additionally, several commodities, notably herbs and seeds
were contaminated with up to four different Salmonella
serovars, or combinations of Salmonella and E. coli
(Tab. 1). Fresh herbs and spices are classified into the
ready-to-eat (RTE) category (Regulation EC No.
2073/2005). Hence, consumer awareness of the risks for
Salmonella (and other) infections associated with theses
commodities may be lower than with poultry meat and
eggs. Therefore, adequate handling and food preparation
are food safety issues that currently need to be addressed,
especially in the context of fresh produce imported from
agricultural regions with lower agricultural standards.

Listeria monocytogenes

Produce-associated listeriosis has increased remarkably
during the last few years. A recent review focusing the 12
years between 2004-2012 noted 3 outbreaks caused by
L. monocytogenes in the USA. This corresponded to 2.3 %
of the bacteria-associated outbreaks (Callejon et al., 2015).
By contrast, during the 4.5 years under scrutiny in this re-
view, five outbreaks occurred (14.3 % ). With the exception
of one outbreak that was due to improper handling, all
outbreaks were production related (Tab. 1). This illustrates
the growing importance of L. monocytogenes in the food
production industry. L. monocytogenes is widely distri-
buted throughout the environment and essentially, con-
tamination of produce can occur during pre- peri- or post
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harvest periods. Internalization studies performed by
Chitarra et al. (2014) state that L. monocytogenes, similar
to EHEC O157:H7 is capable of internalization and endo-
phytic persistence in lettuce, particularly at temperatures
around 24 °C. This internalization phenomenon may con-
tribute to its introduction to the processing environment,
since it cannot be readily eliminated by washing. A most
important characteristic of L. monocytogenes in the context
of food safety is the ability to attach to working surfaces in
industrial, commercial and domestic environments (e. g.
stainless steel machinery), to form biofilms and to persist
at refrigeration temperatures (4-5 °C). Poimenidou et al.
(2009) show that L. monocytogenes cells attached to equip-
ment surfaces are able to detach and subsequently multiply
in food products at 5 °C, constituting a significant risk of
cross-contamination in the production lines of food pro-
cessing plants. Thus, novel approaches addressing the
development of new materials merit attention. Wilks et al.
(2006) argue that compared to stainless steel, the use of
copper-base alloys in surfaces and equipment greatly redu-
ces survival of Listeria and E. coli O157. A recent study by
Feng and collaborators (2014) demonstrate that anodized
aluminum surfaces with 15 nm pore diameters significantly
inhibit attachment and biofilm formation of Listeria spp.
and E. coli, and suggest the use of such material for food
processing equipment and biomedical applications. Such
approaches may prove beneficial to production hygiene.

Other pathogens

Three (8.6 %) of the outbreaks reviewed were due to
pathogens other than those mentioned above and concer-
ned Yersinia enterocolitica, Yersinia pseudotuberculosis
and Shigella sonnei. Yersiniosis associated with produce is
rare and is suggestive of cross-contamination or environ-
mental contamination, while the presence of Shigella is
indicative of fecal contamination. No outbreaks associated
with either Campylobacter or Staphylococcus were repor-
ted during the period under review.

Future prospects
Food-borne outbreaks have to be investigated jointly by
food and public health authorities. Public health will
continue to be dependent on continuing surveillance and
monitoring of produce. In addition to traditional surveillan-
ce systems which function mostly at regional or national
levels, nontraditional approaches may gain importance as
social media usage continues to grow worldwide. Recent
studies propose that automated data mining processes can
be developed to identify clusters of disease suggesting
outbreaks (Newkirk et al., 2012; Nsoesie et al., 2014). Thus,
data obtained from online restaurant reports or micro-blogs
such as Twitter have the potential to enhance traditional sur-
veillance. Furthermore, governmental and health organiza-
tions propagating of raw food as a healthy diet need to im-
prove consumer safety by means of additional food-handling
guidelines and by enhancing consumer awareness.
Although the increase of global trade and the removal of
trade barriers may be beneficial from an economic point of
view, the impact on food safety cannot be ignored and me-
asures to control the dissemination of contaminated produ-
ce are of utmost importance. Nations importing produce
from developing countries need to implement a system of
strict preventive controls as well as to provide sustainable
technical and financial assistance to such countries in the
areas of agricultural practices and water hygiene.

Food irradiation by gamma or X-rays is established in
the USA for the non-thermal treatment of a variety of
foods including meat, shellfish, fruit, vegetables and
sprouts. The development of new technologies to supple-
ment conventional postharvest washing and sanitizing
include so-called cold plasma decontamination which
consists of ionized gas that effectively reduces bacterial
populations on food (Niemira, 2012), including fresh
produce (Ziuzina et al., 2014). Further, the application of
bacteriophages in pre-and postharvest produce has the
potential means to control and eradicate pathogenic bac-
teria (Endersen et al., 2014).

Combining the efforts of traditional and innovative
approaches is necessary to develop strategies to improve
produce food safety.

Conclusions

Raw food-based diets have grown in popularity over the
last decades and infections associated with fresh fruit and
vegetables represent a major food safety issue and a
challenge to the producing industry. Reviewing outbreaks
may be conductive to identifying novel vehicles of disease
and to detecting trends in the occurrence of specific patho-
gens causing outbreaks. Thirty-five outbreaks, each asso-
ciated with a single raw produce were examined for this
review. While sprouts and lettuce remain the most common
produce associated with bacterial disease, novel vehicles
have emerged, including watercress, strawberries and stone
fruit. E. coli, especially EHEC O157:H7 and Salmonella
spp. remain the most common pathogens, but L. mono-
cytogenes infections are increasing. Addressing the threat
to human health linked to the contamination of produce
necessitates a holistic, multidisciplinary approach.

Conflict of interest

The authors have no conflict of interest.

References

Angelo KM, Chu A, Anand M, Nguyen TA, Bottichio L, Wise M,
Williams I, Seelman S, Bell R, Fatica M, Lance S, Baldwin D,
Shannon K, Lee H, Trees E, Strain E, Gieraltowski L (2015):
Outbreak of Salmonella Newport infections linked to cucum-
bers, United States, 2014. MMWR Morb Mortal Wkly Rep 64:
144-147.

Anonymus (2000): WHO report on global surveillance of epidemic-
prone infectious diseases. Available at: http://www.who.int/emc

Anonymus (2002): Joint WHO/FAO Expert Consultation on diet,
nutrition and the prevention of chronic diseases. WHO tech-
nical report series; 916.

Anonymus (2007): Multistate outbreaks of Salmonella infections
associated with raw tomatoes eaten in restaurants-United Sta-
tes, 2005-2006. MMWR Morb Mortal Wkly Rep 56: 909-911.

Anonymus (2008): Foodborne Disease Outbreaks: Guidelines for
investigation and control. World Health Oragnization. France.

Anonymus (2009): Food-based dieteary guidelines in Europe.
Available at: http://www.eufic.org/article/en/expid/food-based-
dietary-guidelines-in-europe/. EUFIC Review 10/2009.

Anonymus (2010): Dietary guidelines for Americans 2010. USA
department of agriculture and US department of health and
human services. Dietary guidelines for Americans, 2010. 7th
Edition, Washington, DC.

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe fur imr:livelyzachary

38

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Journal of Food Safety and Food Quality 67, Heft 2 (2016), Seiten 29-60

Ausgabe fur imr:livelyzachary

Anonymus (2011a): Investigation announcement: multistate out-
break of E. coli O157: H7 infections linked to romaine lettuce.
Available at: http://www.cdc.gov/ecoli/2011/ecoliO157/romai-
nelettuce/120711/

Anonymus (2011b): Multistate outbreak of human Salmonella
Enteritidis infections linked to alfalfa sprouts and spicy sprouts.
Available at: http://www.cdc.gov/salmonella/sprouts-enteriti-
dis0611/070611/

Anonymus (2011c): Multistate outbreak of human Salmonella
Enteritidis infections linked to Turkish pine nuts. Available at:
http://www.cdc.gov/salmonella/pinenuts-enteriditis/110311/

Anonymus (2011d): Multistate outbreak of Salmonella Panama
infections  linked to  Cantaloupe. Available at:
http://www.cdc.gov/salmonella/panama0311/062311/

Anonymus (2012a): Multistate outbreak of Shiga toxin-producing
Escherichia coli O157: H7 infections linked to organic spinach
and spring mix blend (final update). Available at: http://www.
cdc.gov/ecoli/2012/0157H7-11-12/index.html?s_cid=

Anonymus (2012b): Multistate outbreak of Shiga toxin-producing
Escherichia coli O26 infections linked to raw clover sprouts at
Jimmy Johns Restaurants. Available at: http://www.cdc.gov/
ecoli/2012/026-02-12/index.html?s_cid=fb1445

Anonymus (2012c¢): Outbreak of Salmonella Strathcona. Available
at: http://www.ssi.dk/English/News/News/2012/2012_01_EPI-
NEWS%204% 20-%202012% 20-% 200utbreak % 200f% 20sal-
monella% 20Strathcona.aspx

Anonymus (2013a): Multistate outbreak of Salmonella Montevi-
deo and Salmonella Mbandaka infections linked to tahini sesa-
me paste (final update). Available at: http://www.cdc.gov/sal-
monella/montevideo-tahini-05-13/

Anonymus (2013b): Multistate outbreak of Salmonella Saintpaul
infections linked to imported cucumbers (final update). Avail-
able at: http://www.cdc.gov/salmonella/saintpaul-04-13/

Anonymus (2013c): Public Health Notice: E. coli O157:H7 illnes-
ses in the Maritimes and Ontario. Available at: http://www.
phac-aspc.gc.ca/fs-sa/phn-asp/2013/ecoli-0113-eng.php

Anonymous (2013d): Scientific Opinion on the risk posed by pa-
thogens in food of non-animal origin. EFSA Journal 11(1): 3025.

Anonymus (2014a): Outbreak source investigation Yersinia pseu-
dotuberculosis 2014. Ministry for Primary Industries, New Ze-
aland. Available at: http://archive.mpi.govt.nz/portals/2/Docu-
ments/food/yersinia/outbreak-source-investigation.pdf

Anonymus (2014b): Foodborne Diseases Active Surveillance
Network (FoodNet): FoodNet Surveillance Report for 2012
(Final Report). Atlanta, Georgia: U.S. Department of Health
and Human Services, CDC.

Anonymus (2014c): Multistate outbreak of Salmonella infections
linked to organic sprouted chia powder (final update). Avail-
able at: http://www.cdc.gov/salmonella/newport-05-14/

Anonymus (2014d): Multistate outbreak of Salmonella Stanley
infections linked to raw cashew cheese (final update). Available
at: http://www.cdc.gov/salmonella/stanley-01-14/

Anonymus (2014e): Multistate outbreak of Shiga toxin-producing
Escherichia coli O121 Infections linked to raw clover sprouts
(final update). Available at: http://www.cdc.gov/ecoli/2014/
0121-05-14/index.html

Anonymus (2014f): Public Health Notice — Outbreak of Salmo-
nella infections related to sprouted chia seed powder. Availabe
at: http://www.phac-aspc.gc.ca/phn-asp/2014/salmonella-nh-
053114-eng.php

Anonymus (2015a): Multistate outbreak of listeriosis linked to
commercially produced, prepackaged caramel apples made
from Bidart Bros. Apples (final update). Available at:
http://www.cdc.gov/listeria/outbreaks/caramel-apples-12-14/

Anonymus (2015b): Multistate outbreak of Salmonella Enteritidis
infections linked to bean sprouts (final update). Available at:
http://www.cdc.gov/salmonella/enteritidis-11-14/index.html

Anonymus (2015¢): Public Health Notice Update — Outbreak of
E. coli infections with possible link to leafy greens. Available at
http://www.phac-aspc.gc.ca/phn-asp/2015/ecoli-eng.php

Anonymus (2015d): Wholesome Soy Products, Inc. Sprouts and
investigation of human listeriosis cases (final update). Avail-
able at: http://www.cdc.gov/listeria/outbreaks/bean-sprouts-11-
14/index.html

Anonymous (2015e): The European Union summary report on
trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2013. EFSA Journal 13.

Barak JD, Schroeder, BK (2012): Interrelationships of food safety
and plant pathology: the life cycle of human pathogens on
plants. Annu Rev Phytopathol 50: 241-266.

Barboza P, Vaillant L, Le Strat A, Hartley DM, Nelson NP, Ma-
wudek AL, Madoff C, Linge JP, Collier NJ, Brownstein S,
Astagneau P (2014): Factors influencing performance of inter-
net-based biosurveillance systems used in epidemic intelligence
for early detection of infectious diseases outbreaks. PLoS One
9:¢90536.

Bayer C., Bernard H., Prager R., Rabsch W., Hiller P., Malorny
B., Pfefferkorn B., Frank C., de Jong A., Friesema I., Stark K.,
and Rosner B. (2014): An outbreak of Salmonella Newport
associated with mung bean sprouts in Germany and the Nether-
lands, October to November 2011. Euro Surveill. 2014; 19.

Bennett SD, Littrell KW, Hill TA, Mahovic M, Behravesh CB
(2015): Multistate foodborne disease outbreaks associated with
raw tomatoes, United States, 1990-2010: a recurring public
health problem. Epidemiol Infect 143: 1352-1359.

Bielaszewska M, Mellmann A, Zhang W, Kock R, Fruth A, Bau-
wens A, Peters G, Karch H (2011): Characterisation of the
Escherichia coli strain associated with an outbreak of haemo-
lytic uraemic syndrome in Germany, 2011: a microbiological
study. Lancet Infect Dis 11: 671-676.

Bowen A, Fry A, Richards G, Beuchat L (2006): Infections asso-
ciated with cantaloupe consumption: a public health concern.
Epidemiol Infect 134: 675-685.

Brandl MT (2006): Fitness of human enteric pathogens on plants and
implications for food safety. Annu Rev Phytopathol 44: 367-392.

Buchholz U, Bernard H, Werber D, Bohmer MM, Remschmidt C,
Wilking H, Deleré Y, an der Heiden M, Adlhoch C, Dreesman
J, Ehlers J, Ethelberg S, Faber M, Frank, C, Fricke G, Greiner
M, Hohle M, Ivarsson S, Jark U, Kirchner M, Koch J, Krause
G, Luber P, Rosner B, Stark K, Kiihne, M (2011): German
outbreak of Escherichia coli O104:H4 associated with sprouts.
N Engl J Med 365: 1763-1770.

Buijsse B, Feskens, E J, Schulze MB, Forouhi NG, Wareham NJ,
Sharp S, Palli D, Tognon G, Halkjaer J, Tjonneland A, Jakob-
sen MU, Overvad K, van der Ah DL, Du HT, Serensen I, Boe-
ing H (2009): Fruit and vegetable intakes and subsequent chan-
ges in body weight in European populations: results from the
project on diet, obesity, and genes (DiOGenes). Am J Clin Nutr
90: 202-209.

Byrne L, Fisher I, Peters T, Mather A, Thomson N, Rosner B,
Bernard H, McKeown P, Cormican M, Cowden J, Aiyedun V,
Lane C (2014): A multi-country outbreak of Sa/monella New-
port gastroenteritis in Europe associated with watermelon from
Brazil, confirmed by whole genome sequencing: October 2011
to January 2012. Euro Surveill 19: 6-13.

Callejon RM, Rodriguez-Naranjo MI, Ubeda C, Hornedo-Ortega
R, Garcia-Parrilla MC, Troncoso AM (2015): Reported food-
borne outbreaks due to fresh produce in the United States and
European Union: trends and causes. Foodborne Pathog Dis 12:
32-38.

Chenhall C (2010): Improving cooking and food preparation skills:
a synthesis of the evidence to inform program and policy deve-
lopment. Public Health Agency of Canada, Ottawa, ON.

Chitarra W, Decastelli L, Garibaldi A, Gullino ML (2014): Poten-
tial uptake of Escherichia coli O157:H7 and Listeria monocyto-
genes from growth substrate into leaves of salad plants and basil
grown in soil irrigated with contaminated water. Int J Food
Microbiol 189: 139-145.

Coburn B, Sekirov I, Finlay BB (2007): Type III secretion systems
and disease. Clin Microbiol Rev 20: 535-549.

Cooley M, Carychao D, Crawford-Miksza L, Jay MT, Myers C,
Rose C, Keys C, Farrar J, Mandrell RE (2007): Incidence and
tracking of Escherichia coli O157: H7 in a major produce pro-
duction region in California. PLoS One 2:e1159.

Dallman TJ, Chattaway MA, Cowley LA, Doumith M, Tewolde
R, Wooldridge DJ, Underwood A, Ready D, Wain J, Foster K,
Grant KA, Jenkins C (2014): An investigation of the diversity
of strains of enteroaggregative Escherichia coli isolated from
cases associated with a large multi-pathogen foodborne outbre-
ak in the UK. PLoS One 9:¢98103.

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary

Journal of Food Safety and Food Quality 67, Heft 2 (2016), Seiten 29-60

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Ausgabe fur imr:livelyzachary

Deering AJ, Mauer LJ, Pruitt RE (2012): Internalization of E. coli
O157: H7 and Salmonella spp. in plants: A review. Food Res
Internat 45: 567-575.

Dewaal CS, Robert N, Witmer J, Tian XA (2010): A comparison
of the burden of foodborne and waterborne diseases in three
world regions, 2008. Food Prot Trends 30: 483-490.

Endersen L, O'Mahony J, Hill C, Ross RP, McAuliffe O, Coffey
A (2014): Phage therapy in the food industry. Annu Rev Food
Sci Technol 5: 327-349.

Feng G, Cheng Y, Wang SY, Hsu LC, Feliz Y, Borca-Tasciuc DA,
Worobo RW, Moraru CI (2014): Alumina surfaces with nano-
scale topography reduce attachment and biofilm formation by
Escherichia coli and Listeria spp. Biofouling 30: 1253-1268.

Ferens WA, Hovde CJ (2011): Escherichia coli O157:H7: animal
reservoir and sources of human infection. Foodborne Pathog
Dis 8: 465-487.

Fine B, Heasman M, Wright J, Brown C (1997): Consumption in
the age of affluence: The world of food. J Econ Lit 35:
1377-1377.

Foster K (2013): Outbreak of Salmonella Agona phage type 40
associated with the street spice festival, Newcastle upon Tyne Fe-
buary/March 2013. Public Health England, Newcastle upon Tyne.

Gibbons CL, Mangen MJ, Plass D, Havelaar AH, Brooke RJ,
Kramarz P, Peterson KL, Stuurman AL, Cassini A, Fevre EM,
Kretzschmar ME (2014): Measuring underreporting and under-
ascertainment in infectious disease datasets: a comparison of
methods. BMC Pub Health 14: 147.

Griep LMO, Geleijnse JM, Kromhout D, Ocké MC, Verschuren
WM (2010): Raw and processed fruit and vegetable consump-
tion and 10-year coronary heart disease incidence in a popula-
tion-based cohort study in the Netherlands. PLoS One 5:¢13609.

Guzman-Herrador BR, Nilsen E, Cudjoe KS, Jensvoll L, Kvamme
JM, Lindegard Aanstad A, Lindstedt BA, Nygard K, Severin-
sen G, Werner-Johansen O, Wester AL, Wiklund M, Vold L
(2013): A Shigella sonnei outbreak traced to imported basil —
the importance of good typing tools and produce traceability
systems, Norway, 2011. Euro Surveill 18.

Jackson BR, Salter M, Tarr C, Conrad A, Harvey E, Steinbock L,
Saupe A, Sorenson A, Katz L, Stroika S, Jackson KA, Carleton
H, Kucerova Z, Melka D, Strain E, Parish M, Mody RK (2015):
Notes from the field: listeriosis associated with stone fruit —
United States, 2014. MMWR Morb Mortal Wkly Rep 64:
282-283.

Laidler MR, Tourdjman M, Buser GL, Hostetler T, Repp KK,
Leman R, Samadpour M, Keene WE (2013): Escherichia coli
O157:H7 infections associated with consumption of locally
grown strawberries contaminated by deer. Clin Infect Dis 57:
1129-1134.

Launders N, Byrne L, Adams N, Glen K, Jenkins C, Tubin-Delic
D, Locking M, Williams C, Morgan D (2013): Outbreak of
Shiga toxin-producing E. coli O157 associated with consump-
tion of watercress, United Kingdom, August to September
2013. Euro Surveill 18 (44):pii=20624.

Lynch MF, Tauxe RV, Hedberg CW (2009): The growing burden
of foodborne outbreaks due to contaminated fresh produce:
risks and opportunities. Epidemiol Infect 137: 307-315.

MacDonald E, Heier B, Stalheim T, Cudjoe K, Skjerdal T, Wester
A, Lindstedt B, Vold L (2011): Yersinia enterocolitica O:9
infections associated with bagged salad mix in Norway, Febru-
ary to April 2011. Euro Surveill 16 (19): pii=19866.

Madoff LC (2004): ProMED-mail: an early warning system for
emerging diseases. Clin Infect Dis 39: 227-232.

McCollum JT, Cronquist AB, Silk BJ, Jackson KA, O'Connor
KA, Cosgrove S, Gossack JP, Parachini SS, Jain NS, Ettestad
P, Ibraheem M, Cantu V, Joshi M, DuVernoy T, Fogg NW,
Gorny JR, Mogen KM, Spires C, Teitell P, Joseph LA, Tarr
CL, Imanishi M, Neil KP, Tauxe RV, Mahon BE (2013):
Multistate outbreak of listeriosis associated with cantaloupe. N
Engl J Med 369: 944-953.

Melotto M, Panchal S, Roy D (2014): Plant innate immunity
against human bacterial pathogens. Front Microbiol 5: 411.
Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB (2011):
Changes in diet and lifestyle and long-term weight gain in

women and men. N Engl J Med 364: 2392-2404.

Newkirk RW, Bender JB, Hedberg CW (2012): The potential
capability of social media as a component of food safety and
food terrorism surveillance systems. Foodborne Pathog Dis 9:
120-124.

Niemira BA (2012): Cold plasma decontamination of foods. Annu
Rev Food Sci Technol 3: 125-142.

Nsoesie EO, Kluberg SA, Brownstein JS (2014): Online reports of
foodborne illness capture foods implicated in official food-
borne outbreak reports. Prev Med 67: 264-269.

Painter JA, Ayers T, Woodruff R, Blanton E, Perez N, Hoekstra
RM, Griffin PM, Braden C (2009): Recipes for foodborne
outbreaks: a scheme for categorizing and grouping implicated
foods. Foodborne Pathog Dis 6: 1259-1264.

Poimenidou S, Belessi CA, Giaouris ED, Gounadaki AS, Nychas
G, Skandamis PN (2009): Listeria monocytogenes attachment
to and detachment from stainless steel surfaces in a simulated
dairy processing environment. Appl Environ Microbiol 75:
7182-7188.

ProMED-mail (2012): E. coli O157 — CANADA (03): (NEW
BRUNSWICK) LETTUCE. Archive Number: 20120629.1184946.
Availabe at: http://www.promedmail.org

ProMED-mail (2013): E. coli EHEC — USA (35): (ARIZONA) RE-
STAURANT, O157, LETTUCE. Archive number 20131130.
2083908. Availabe at: http://www.promedmail.org

ProMED-mail (2014a): E. coli EHEC - CANADA (02): (ALBER-
TA), SPROUTS, O157. Archive Number: 20140803.2655749.
Availabe at: http://www.promedmail.org

ProMED-mail (2014b): E. coli EHEC — USA (31): (COLORA-
DO) 0157, MEXICAN CUCUMBERS, 2013. Archive Num-
ber: 20141210.3024410. Availabe at: http://www.promedmail.org

ProMED-mail (2014c¢): E. coli EHEC — USA (21): (MINNESO-
TA) RESTAURANT, O111, CABBAGE. Archive Number:
20140901.2738567. Availabe at: http://www.promedmail.org

ProMED-mail (2014d): E. coli EHEC - USA (30): (MINNESO-
TA), 0157, (CALIFORNIA) CELERY Archive Number:
20141116.2959790. Availabe at: http://www.promedmail.org

ProMED-mail (2014e): LISTERIOSIS - DENMARK (04):
(SYDDANMARK), FATAL, NOSOCOMIAL, ASPARA-
GUS SOUP. Archive Number: 20140928.2812994. Availabe at:
http://www.promedmail.org

Roy D, Panchal S, Rosa BA, Melotto M (2013): Escherichia coli
O157:H7 induces stronger plant immunity than Salmonella
enterica Typhimurium SL1344. Phytopathology 103: 326-332.

van Overbeek LS, van Doorn J, Wichers JH, van Amerongen A,
van Roermund HJ, Willemsen PT (2014): The arable eco-
system as battleground for emergence of new human patho-
gens. Front Microbiol 20; 5: 104.

Wendel AM, Johnson DH, Sharapov U, Grant J, Archer JR, Mon-
son T, Koschmann C, Davis JP (2009): Multistate outbreak of
Escherichia coli O157:H7 infection associated with consump-
tion of packaged spinach, August-September 2006: the Wiscon-
sin investigation. Clin Infect Dis 48: 1079-1086.

Wilks SA, Michels HT, Keevil CW (2006): Survival of Listeria
monocytogenes Scott A on metal surfaces: implications for
cross-contamination. Int J Food Microbiol 111: 93-98.

Ziuzina D, Patil S, Cullen PJ, Keener KM, Bourke P (2014): Atmos-
pheric cold plasma inactivation of Escherichia coli, Salmonella

enterica serovar Typhimurium and Listeria monocytogenes in-
oculated on fresh produce. Food Microbiol 42: 109-116.

Address of corresponding author:
Prof. Dr. Roger Stephan

Institute for Food Safety and Hygiene
Vetsuisse Faculty University of Zurich
Winterthurerstrasse 272

8057 Zurich

Switzerland

stephanr@fsafety.uzh.ch

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



