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Abstract

In 2005 a large outbreak of verotoxin-producing Escherichia coli (VTEC) occurred in Sweden. Cases were
interviewed and cohort and case–control studies were conducted. Microbiological investigations were
performed using polymerase chain reaction (PCR) to detect the Shiga-like toxin (Stx) genes followed by
cultivation and pulsed-field gel electrophoresis. A total of 135 cases were recorded, including 11 cases of
hemolytic uremic syndrome. The epidemiological investigations implicated lettuce as the most likely source
of the outbreak, with an OR of 13.0 (CI 2.94–57.5) in the case–control study. The lettuce was irrigated by
water from a small stream, and water samples were positive for Stx 2 by PCR. The identical VTEC O157 Stx
2 positive strain was isolated from the cases and in cattle at a farm upstream from the irrigation point. An
active surveillance and reporting system was crucial and cooperation between all involved parties was
essential for quickly identifying the cause of this outbreak. Handling of fresh greens from farm to table must
be improved to minimize the risk of contamination.

Introduction

Infection with verotoxin-producing Es-
cherichia coli (VTEC) has been recognized as a

severe disease with bloody diarrhea and a cause
of hemolytic uremic syndrome (HUS) and neu-
rological symptoms since 1977 (Konowalchuk
et al., 1977). The toxins that cause the disease
were identified in 1982 (O’Brien et al., 1982;
Karmali et al., 1983; O’Brien and LaVeck, 1983).
There are two different cytotoxins that can be

involved in the disease, Stx1 and Stx 2, and their
subtypes or a combination of both. The micro-
organism is known all over the world and
several large foodborne outbreaks have been
linked to many different types of food. About
200 different serotypes are known and of these
O157 has received most attention. VTEC O157
is also generally reported in foodborne out-
breaks although other serotypes are more
frequent in some parts of the world (Karch
et al., 2005). Common sources for VTEC O157
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outbreaks are meat and meat products, unpas-
teurized milk and apple cider, bean sprouts,
and lettuce (Bell et al., 1994; Hilborn et al., 1999,
2000; Breuer et al., 2001; Gillespie et al., 2003).
A large outbreak was reported in the United
States in 2006 where contaminated spinach
was the cause of the outbreak (Anonymous,
2006).

The disease is a zoonosis and cattle are known
to be an important reservoir for VTEC O157.
The infectious dose is low, the incubation time is
usually 3–4 days, and the routes of transmission
are contaminated food or water, direct or indi-
rect contact with infected cattle, and person-
to-person contact (Su and Brandt, 1995). In
Sweden, it has been mandatory to report cases
of VTEC O157 in humans since 1996 and all
serotypes since July 2004. About 200 cases of
VTEC have been reported annually in the
last several years in Sweden and most of
them are of indigenous origin (Swedish Institute
for Infectious Disease Control, http:==www
.smittskyddsinstitutet.se=). Most cases seem to
be sporadic cases or smaller family outbreaks
although a few community outbreaks have been
identified (Ziese et al., 1996; Welinder-Olsson
et al., 2004; Sartz et al., 2007).

It is notable that one subtype of O157:H7 and
its variants have dominated in humans in
Sweden since the late 1990s. This subtype was
first isolated from a patient living on the east
coast of Sweden about 15 years ago, and further
cases were reported during 1995 and 1996. A
more dramatic increase was recognized during
1997, especially on the west coast, and since
then this area has had the highest incidence
among humans. The first isolates from a farm of
this subtype were in connection with a child
who contracted the disease after drinking un-
pasteurized milk and had been playing in a
barn. There have not been as many foodborne
outbreaks detected in Sweden as in other
countries. This may explain why one subtype
and its variants prevail in human cases. This
subtype is also common in cattle on the west
coast of Sweden, where the prevalence is much
higher than in other parts of the country. The
aim of this paper is to describe the source of a
large outbreak of VTEC O157 in the south-
western part of Sweden in 2005 and how it was
determined.

The Start of the Outbreak

During the summer of 2005 more VTEC cases
than expected were reported in the counties of
Västra Götaland and Halland, located on the
west coast of Sweden. However, the epidemio-
logical investigations in early summer did not
reveal any common source except for four per-
sons attending the same party at the end of
June. For the other cases recorded, no common
source was found and the microbiological ana-
lyses showed several different subtypes. Nor-
mally, about 60–70 cases of VTEC per year are
reported from this area, which has 1.8 million
inhabitants.

In late August 2005, the number of reported
cases of VTEC O157 increased substantially. The
cases originated from different areas of the west
coast of Sweden. In early September, the num-
ber of cases had risen to 36 in less than a week
and continued to increase. An intensive inves-
tigation was undertaken by the Departments of
Communicable Disease Control in Västra Gö-
taland and Halland in cooperation with the local
Environmental Health Protection Boards, the
hospital laboratories, and the Swedish Institute
for Infectious Disease Control (SMI) (Söder-
ström et al., 2005).

Materials and Methods

Organization of the outbreak investigative team

As soon as the outbreak was discovered,
an executive group was formed with repre-
sentatives from the different departments and
authorities involved in the epidemiological in-
vestigation. Telephone meetings were initially
arranged every second day for the whole group
and after each meeting information and state-
ments from all involved departments were de-
livered to the public and media. People taking
part in this investigation who were not in the
executive group had the opportunity to join the
phone conferences to get the latest information
and take part in the discussions. Altogether
more than 60 people took part in at least one of
these telephone conferences The early message
to the public from these meetings was to heat
meat and rinse vegetables properly and to avoid
any unpasteurized milk products because the
source of the outbreak was still unknown.
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Case finding and epidemiological studies

The patients were initially identified by the
mandatory reporting system, but as soon as
the outbreak was disclosed in the beginning of
September 2005, active case finding was initi-
ated. All health facilities in the area were in-
formed about the outbreak (by fax and also by
the websites of the Departments of Commu-
nicable Disease Control in Västra Götaland and
Halland) and asked to carry out intensive sur-
veillance and microbiological investigations of
suspected cases. The cases were contacted by
telephone by the Departments for Communic-
able Disease Control and interviewed with a
standardized questionnaire about foods con-
sumed and other relevant epidemiological in-
formation such as travel (domestic and abroad),
contact with farms, outdoor swimming, etc., in
the 7 days before onset of symptoms.

Cohort study. Several cases fell ill after having
lunch at a restaurant on August 25. A cohort
study with 55 people that visited the restau-
rant was performed. Fifty-one of them were
interviewed with a standardized questionnaire
about what food items from the menu they had
consumed at the restaurant, if they had fallen ill,
and type of symptoms. They were also asked to
provide a stool sample for analysis. Stool sam-
ples were collected between September 2 and 5.
Every item in the menu was cross-tabulated
with being positive for VTEC as confirmed by
the laboratory.

Case–control study. A matched case–control
study was undertaken September 8 and 9 with
67 cases and 100 controls. Cases and controls
were interviewed by telephone with a standard-
ized questionnaire where one to three controls
were interviewed for each case. The cases were
asked about symptoms and what they had eaten
the week before onset and controls what they
had eaten the week before the interview. The
questionnaire contained 73 items, including
food products and activities such as visits to
restaurants and at which shops they had bought
their food etc. The controls were matched to
each individual case by � 3 years of age, sex,
and residence in the same geographical area.
Each item was analyzed separately using con-
ditional logistic regression.

Distribution of suspected food items. The distri-
bution of suspected food (from producers to
shops and restaurants) revealed by the initial
telephone interviews with the cases was inves-
tigated. As soon as lettuce was suspected, the
Department of Environmental Health in Go-
thenburg investigated the distribution in the
region from the farms to the different shops and
restaurants by contacting the retailers and then
trace-back investigations were performed.

Microbiological methods

Human. Most samples during the outbreak
were initially analyzed and typed by the Bac-
teriological Laboratory at Sahlgrens University
Hospital in Göteborg and later all isolates were
analyzed by the SMI.

The specimens were analyzed using PCR to
detect bacteria harboring the genes coding for
Stx 1 or 2 (Svenungsson et al., 2000; Welinder-
Olsson et al., 2000, 2002). PCR-positive specimens
were recultured to isolate the bacteria harbour-
ing the Stx genes. Epidemiological typing using
pulsed-field gel electrophoresis (PFGE) analysis
was mainly carried out as previously described
(Swaminathan et al., 2001) by using restriction
enzyme XbaI and a CHEF mapper XA system
(Bio-Rad Laboratories, Inc., Hercules, CA) except
that the runtime was 26 hours at a voltage of 6
V=cm and the linearly ramped pulse time 12.5 to
40 seconds. Some samples were also subtyped by
multiple-locus variable-number tandem-repeat
analysis (MLVA) (Lindstedt et al., 2004); this
method permitted subtyping from patient spec-
imens in which the VTEC bacteria were not
identified by culture.

Water. The lettuce producers were contacted
and samples from the environment at the
farms as well as from the irrigation water were
taken for analysis of VTEC. Water was also
tested for indicator bacteria that would show
the presence of fecal bacteria in the water. In the
beginning of the environmental investigation,
samples were taken from six different irriga-
tion water sources from three different salad
producers.

Altogether 30 water samples were taken from
the stream that was used for irrigation of the
lettuce from the suspected farm. In addition,
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sludge and two sediment samples were also
obtained at the intake of the irrigation plant.

Water samples were analyzed at SMI. Water
samples were filtered and the filters pre-enriched
in buffered peptone water, followed by immu-
nomagnetic separation for E. coli O157 (Dynal
Biotech ASA, Oslo, Norway) and cultivation on
both Sorbitol Mac-Conkey agar (SMAC) and
SMAC supplemented with cefixime and tell-
urite (CT-SMAC). In parallel, the pre-enrichment
broth as well as the magnetic beads and the
culture on the plates were screened by Stx and
PCR (Svenungsson et al., 2000). Attempts to iso-
late Stx-positive E. coli from PCR-positive sam-
ples were made.

Farms and animals. Fecal samples were col-
lected from eight cattle farms situated upstream
from where water was drawn to irrigate the
lettuce involved in the outbreak. A total of 77
pooled samples from these farms, each consist-
ing of 25 g cattle feces, were analyzed at the
National Veterinary Institute (SVA) for VTEC
O157. Analyses were performed according to
Nordic Committee on Food Analysis (NMKL)
method no. 164 (Anonymous, 2005) with a few
modifications (immunomagnetic separation was
performed only once, after 18–24 hours of pre-
enrichment, and plating out was performed on
only one agar medium, CT-SMAC). Isolated Stx-
positive E. coli O157:H7 were analyzed at SMI
using PFGE according to the PulseNet protocol.

Lettuce and other vegetables. Samples were
taken from lettuce both at the farms and in dif-
ferent supermarkets as well as left-overs in the
homes of some of the cases. Lettuce samples
were analyzed at SVA for VTEC O157 according
to NMKL method no. 164 (Anonymous, 2005).

Meteorological and harvest data. Records of
temperature and rainfall data for the area were
supplied by the Swedish Meteorological and
Hydrological Institute (SMHI) and were collected
at a meteorological station situated in Varberg,
13 km north of the implicated farm area.

Statistical methods

Fisher’s exact test was then used to calculate
odds ratios in the cohort study. Odds ratios in

case–control study were calculated by condi-
tional logistic regression (Hosmer and Leme-
show, 2000). A p-value < 0.05 was considered
significant.

Results

Descriptive information

The geographic spread of the cases indicated
a locally manufactured product. The initial in-
terviews did not give any indications of meat,
minced meat, or fermented sausage as the in-
criminated food item. None of the patients had
consumed unpasteurized milk products and at
least one of the cases was a vegetarian. Suspi-
cion that some vegetable was the source of the
outbreak was raised at an early stage. There
were few children and many young women
among the early interviewed cases. In the
questionnaires, several persons reported having
consumed lettuce, either at home or in different
restaurants. Trace-back investigations of the
lettuce consumed implicated a local lettuce
producer. The lettuce producer withdrew his
products from the market on September 8 and
from September 9 no more lettuce was sold.
After the lettuce was withdrawn from the mar-
ket, there were only three more cases and all had
bought lettuce before it was withdrawn (Fig. 1).

Patients

Altogether there were 135 cases that could be
linked to this outbreak. Some of the cases had
fallen ill as early as in the beginning of July (Fig.
1). The mean age was 35.8 (range 0–90) years
and 64% were women (Fig. 2). Most of the pa-
tients had diarrhea with abdominal pain and
blood in the stools. Seven cases were asymp-
tomatic (sampled at trace-back). Eleven cases of
HUS were identified, with a mean stay in hos-
pital of 55 days. There were no deaths. Most of
the cases were from the west coast of Sweden or
had visited this area, but a few cases contracted
the disease in other parts of the country (Fig. 3).
The latter could be traced back to having con-
sumed lettuce from the same producer.

Epidemiological studies

Cohort study. Twenty-one out of 51 persons in-
cluded in the study had had diarrhea, stomach
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FIG. 1. Epidemic curve of a verotoxin-producing Escherichia coli (VTEC) outbreak in Sweden, 2005, for 126 out of 135
cases (for two cases the day of onset of illness is missing and seven cases were asymptomatic). Reporting date is in
general 4–7 days later, sometimes longer. a, August 29: first case reported; b, September 2: cohort study; c, September 2
fax=info physician=clinic; d, September 2 press release; e, September 6 water samples; f, September 8 withdrawal of the
product; g, September 8 case–control study.
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FIG. 2. Age distribution and sex of the cases in a verotoxin-producing Escherichia coli (VTEC) outbreak in Sweden,
2005.
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pain, nausea, and=or vomiting. Nine persons
(20%) out of 45 tested were positive for VTEC.
Many stool samples were taken rather late,
when some of the cases had already recovered.
Most of the persons had eaten the full buffet,
which included bread, pasta salad, lasagne with
seafood, green salad, and cheese. There was no
association between different food items and the
risk of disease as most of the visitors had eaten
the same food items.

Case–control study. Three different food items
were significantly associated with illness in the
case–control study (Table 1), together with a
visit to a restaurant or pizzeria. The strongest
epidemiological link with VTEC infection was
the consumption of iceberg lettuce, with an odds

ratio of 13 (95% CI: 2.9–57.5). To obtain an esti-
mate and confidence interval in this case, how-
ever, it became necessary to restratify, since no
discordant strata were found (i.e., there was no
strata in which a case had not eaten salad and at
least one control had). The new matched strata
were based on sex and birthyear categorized in
5-year intervals; in these new strata it was pos-
sible to have several cases and controls within
each, and discordant strata were included.

The other significant food items, ice cream
and alfalfa sprouts, however, had been eaten by
very few people; for this reason they could not
be considered to be plausible sources of infec-
tion. Most of the people who had eaten at a
restaurant or pizzeria had also consumed ice-
berg lettuce.

FIG. 3. Distribution of the cases in the verotoxin-producing Escherichia coli (VTEC) outbreak in Sweden, 2005.
Counties with cases: O, Västra Götaland; N, Halland; F, Jönköping; E, Östergötland; AB, Stockholm; M, Skåne; X,
Gävleborg; Z, Jämtland; BD, Norrbotten. 1, The implicated lettuce producer; 2, water intake. The farm with identical
VTEC strain as in the human cases was located upstream the water intake.
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Microbiological results

Human. Altogether 108 out of the 135 cases
could be linked to this outbreak by an identical
VTEC strain based on PFGE analysis (Fig. 4). A
further eight patients were judged to be included
in the outbreak for epidemiological reasons to-
gether with the results of MLVA. In 19 cases the
samples were positive according to PCR but the

Stx-producing bacteria could not be identified
by culture. All these cases had an epidemiolog-
ical link to the outbreak (family member or other
close contact with a case or consumption of the
same lettuce as a PFGE-confirmed case).

Water samples. Samples were taken from six
different irrigation water sources from three
different lettuce growers. Later on, when a
specific salad grower was incriminated, water
samples were taken from nine places in the
stream that was used for irrigation of the lettuce
on this farm and one from an inflow to the
stream. They were sampled between September
6 and 22. Some of the samples were taken from
different levels in the stream; altogether, 17
samples were taken. Further environmental
samples were taken from the community sew-
age outlet (two), drainage well (two), sediment
(two), and one sludge sample. Twelve of the
water samples showed more than 24,000 coli-
forms=100 mL and E. coli between 150=100 mL
and > 24,000=100 mL. This means that those
water samples were not potable and most were
not even acceptable for outdoor swimming.

In six water samples from the stream used for
irrigation on the farm (including the point of
intake of irrigation water), Stx 2 was found with
the PCR test. Additionally, Stx 1 was found in
the sewage outlet water and in the inflow water
to the stream. The VTEC bacteria could not be
isolated by culture. All other water samples
were negative for Stx1 and Stx 2.

Farms and animals. In the trace-back investi-
gation, fecal samples from eight cattle farms

Table 1. Odds Ratio (OR) with 95% Confidence Interval (CI) and p-Value for the 10 Items with Smallest

p-Values in the Case–Control Study

Food item=place visit OR 95% CI lower 95% CI upper p-value

Iceberg lettucea 13.0 2.94 57.50 < 0.001
Packaged ice cream 2.4 1.12 5.16 0.0185
Alfalfa sprouts 1.5 1.13 16.30 0.0205
Pizzeria 2.4 0.99 5.68 0.0467
Restaurant 2.0 0.99 4.15 0.0474
Leaf lettuce 1.9 0.98 3.81 0.0557
Herbal spices 2.0 0.92 4.24 0.0737
Unpackaged ice cream 2.1 0.88 4.96 0.0897
Tomato 3.4 0.67 17.30 0.111
Hard cheese 2.5 0.70 8.87 0.132

aBased on different matching (see Results).

FIG. 4. Pulsed-field gel electrophoresis (PFGE) patterns
of E. coli O157 strains. 1, Most common pattern among
human isolates in Sweden; 2, pattern associated with the
outbreak. S.B. is the size standard Salmonella Braenderup
as recommended by PulseNet.
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located upstream from where the water was
taken for irrigation were analyzed. Altogether,
77 fecal samples were collected and 25 were
positive for VTEC O157. These originated from
four different farms. From one farm the PFGE
pattern was exactly the same as among the hu-
man cases in this outbreak. In addition, two
samples from drainage wells were positive for
Stx 2 with PCR. One of the wells was situated in
the area where all the cattle gather before en-
tering the stable and the other well was in a field
with grain earlier fertilized with manure from
the farm. However, this particular farm was not
right next to the stream from which the water
for irrigation was taken, and all four samples
of sludge from this farm were negative. Three
more environmental samples from the farm
where cattle had the same PFGE pattern as the
ill people were also positive (two from walls and
one from a strip of wood).

Lettuce and other vegetables. Twenty-nine
samples were taken from the lettuce at the
implicated farm, three samples from other pro-
ducers, and some samples from different super-
markets in addition to samples from left-overs in
the refrigerators of the cases. Altogether 44 sam-
ples of different types of lettuces and four sam-
ples of broccoli were investigated. VTEC O157
was not detected in any of the analyzed samples.

Weather and lettuce production. Data from the
SMHI showed a dry period with little or no rain
late in June and more rain later on in July and
August (Fig. 5). Several batches of lettuce were
produced during this period and the outbreak
could not be traced back to a single batch.

Discussion

This is the largest outbreak of VTEC ever re-
corded in Sweden. Most of the cases were young

FIG. 5. Data on rainfall during and before the verotoxin-producing Escherichia coli (VTEC) outbreak in Sweden, 2005.
Accumulated precipitation from 3 days interval (mm).
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adults and more women than men were af-
fected. This type of demographic pattern is
common when the source of infection is any
type of vegetable (Ackers et al., 1998; Hilborn
et al., 1999). There were 11 cases of HUS (8%) but
no fatal cases and the relatively few children and
elderly people among the cases could probably
explain these results. Internationally, 2–7% of
the VTEC cases contract HUS but sometimes
up to 30%, and the highest risk is among chil-
dren under the age of 5 years and elderly per-
sons (Akashi et al., 1994; Peacock et al., 2001). In
earlier outbreaks in Sweden, between 0% (We-
linder-Olsson et al., 2004) and 32% (Sartz et al.,
2007) of the cases contracted HUS.

The early interviews and also the later case–
control study showed that the most probable
source of infection was lettuce. The risk of con-
tracting VTEC after eating iceberg lettuce was
13 times higher compared with not having eaten
it. This shows how important it is to conduct
epidemiological studies in combination with
other investigations, particularly if the micro-
organism could not be isolated from the sus-
pected food item. In this outbreak, in spite of the
large amount of lettuce produced and con-
sumed, only 135 cases were reported. The farm
consisted of a 28 hectare field with a production
of 70,000 head of lettuce per hectare. The habit of
rinsing lettuce before consumption might be
efficient in reducing the number of microorgan-
isms but cannot eliminate them (Beuchat and
Ryu, 1997). From the interviews, it seemed more
risky to consume lettuce at restaurants than at
home. This could perhaps be explained by dif-
ferent methods of handling lettuce, which have
been demonstrated earlier in foodborne out-
breaks with lettuce (Kapperud et al., 1995). VTEC
is not routinely looked for in all patients with
diarrhea in Sweden and there could have been
more cases than detected. Patients with mild
symptoms might not have sought medical care.

Tracing the lettuce back to the producer was a
huge task as the lettuce went through several
different wholesalers. In some cases, the same
batch of lettuce could be traced back to different
restaurants and food shops where people had
eaten or bought the lettuce and then fallen ill.
Trace-back of these types of food that are han-
dled by many wholesalers is crucial, can take a
long time, and needs a lot of manpower, and if it

is not done promptly, it can delay the outbreak
investigation substantially. After the lettuce was
withdrawn from the market, new cases more or
less ceased. Only three persons contracted the
disease after the withdrawal and all of them
could be linked to the same lettuce producer.
However, these persons had not received the
information that the lettuce should not be con-
sumed. The outbreak seemed to cease already
before the withdrawal of the lettuce from the
market. An explanation could be that the irri-
gation water was just temporary contaminated.
Another explanation could be the intense media
attention that already focused on lettuce as the
suspected cause before the withdrawal.

The special subtype variant detected in this
outbreak was first recognized in four people in
the beginning of July, all attending a party in the
outbreak area. Other variants of this subtype of
VTEC have been isolated several times from
cattle feces on the west coast. Similar but not
identical strains have been detected in some
smaller outbreaks in 1997 and 1999 in Sweden.
During this outbreak investigation, VTEC O157
was isolated from several cattle farms in this
area but only one had exactly the same pattern
as the outbreak strain.

In spite of great efforts by the different labo-
ratories involved, the bacteria could not be cul-
tured from the lettuce. Earlier investigations of
lettuce show that it is difficult to isolate the
microorganism. The positive PCR samples from
stream water and the intake pipe to the irriga-
tion and the finding of the identical VTEC O157
strain in cattle upstream from the intake streng-
then the hypothesis that the irrigation water was
involved in the contamination of the lettuce in
this outbreak. Isolation of the bacteria was not
possible from the water, probably because of the
high contamination with a lot of different en-
teric bacteria. However, the Stx 2 was detected
by PCR from drainage wells at the farm with
outlets in the stream and three environmental
samples from the suspected farm were also
positive. In addition, the case–control study and
the cessation of the outbreak after withdrawal of
the lettuce gives evidence of the source of this
outbreak.

Irrigation of vegetables with water from local
streams is common in Sweden. On this incrim-
inated farm, some of the lettuce was irrigated
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the day before and the day of harvest, which
might have increased the risk of contamination.
The producer cultivated a lot of lettuce during
the whole season and the question is why this
outbreak happened during the last part of Au-
gust and not earlier. One explanation could be
heavy rain that had caused the manure to be
drained out to the stream, but there was a lot of
rain during the whole summer (Fig. 5). In this
particular area, where the lettuce was grown, it
is known that about 23% of the cattle herds are
carriers of VTEC O157 (Eriksson et al. 2005). This
is a rural area with a lot of cattle farms. The
samples of stream water showed that the water
was highly polluted and not potable, and not
even acceptable for outdoor swimming. A vil-
lage sewage treatment plant as well as private
drains into the stream and several farms with
cattle not far from the stream increase the risk of
fecal contamination, especially after heavy rain.
The responsibility for the quality of the water
used for vegetable production rests with the
producer and at the time of the outbreak there
were no specific recommendations.

According to the Swedish Food Act and EU
legislation, growing vegetables are first re-
garded as a food product after harvesting and
the only restriction is that the water should be
suitable for the purpose. After this outbreak, a
governmental commission was formed to pro-
duce a risk profile of VTEC, identify areas where
knowledge is insufficient, and come up with
measures that can be implemented to reduce the
number of human VTEC cases and follow the
whole chain from stable to table (Anonymous,
2007). Recommendations from the commission
were that the irrigation water for vegetables
should at least be approved as stated for out-
door swimming water.

Outbreaks of foodborne illnesses associated
with consumption of fresh vegetables and fruits
have become more common (Sivapalasingam
et al., 2004; Rangel et al., 2005). These items can
be contaminated in the field from manure or
contaminated irrigation water, during proces-
sing or transport, or through contaminated
storage. This is a challenge as the infectious dose
is low and the consumer cannot eliminate the
bacteria as can be done by heating meat and
meat products. Once a product or food item that
is intended to be consumed raw is contaminated

it is difficult to prevent illness in the consumers.
Handling of these fresh greens from farm to
table must be improved to ensure that the risk of
illness is minimized. The responsibility for this
must be shared by all involved parties, from
growers to distributors, retailers, and restau-
rants and also by the authorities.

This outbreak was detected in late August,
and after about a week the most likely source
was revealed and the lettuce was withdrawn
from the market. There was very good cooper-
ation between all involved departments, and the
fast handling of the outbreak was the result of
great efforts from all people involved.
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