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Abstract
In June-July 2013, six counties notified the Swedish Institute for Communicable Disease Control of 
enterohaemorrhagic E.coli (EHEC) infections among attendees at a hotel in Dalarna, Sweden. An outbreak 
control team investigated to identify the source and implement control measures.

We included individuals who attended the hotel between June 19th-25th in a cohort. We asked them about 
animal contact, swimming, and consumption of food items during this time using a questionnaire. A confirmed 
case was an EHEC O157:H7 outbreak strain positive individual who developed abdominal pain or diarrhoea 
between June 20th-July 2nd. We described the outbreak in time, place and person, calculated risk ratios (RR) 
and 95% confidence intervals (CI). We investigated the kitchen, tested and traced back implicated food items.

172 individuals responded. We identified 19 confirmed cases (Median age: 17 years, 64% female) with symptom 
onset between June 22nd-27th. Eating green salad on June 20th was associated with illness (RR:3.7;CI:1.3–11). 
The kitchen mixed green salads without records and destroyed leftovers immediately. Hence we could not 
conduct trace-back or obtain microbiological confirmation.

Green salad contaminated before entering the kitchen was the likely outbreak source. We recommended early 
collaboration with food agencies and better restaurant records to facilitate future investigations.

Funding Statement
This investigation was carried out as part of routine activities. No additional funding was received. The authors 
have declared that no competing interests exist.

Introduction
Infections with enterohaemorrhagic Escherichia coli (EHEC), of which E.coli O157 is the most common strain1, 
occur worldwide2. The majority of cases are sporadic2. In 2012, among European Union countries, laboratory 
report rates of E.coli O157 infection ranged from <0.01/100,000 to 8.99/100,0003. Severity of EHEC infection 
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ranges from being asymptomatic to abdominal cramps, bloody diarrhea, haemolytic uraemic syndrome (HUS) 
and death1. The median incubation period is 3-4 days2. A review of 90 confirmed outbreaks of EHEC infections 
from different parts of the world between 1982 and 2006 indicated that 54% of outbreaks were foodborne. 
Animal contact (8%) water (7%) and other environmental sources (2%) were less common4. In 29% of the 
reviewed outbreaks no source of infection was found4. In addition, 20% of outbreak cases on average resulted 
from secondary transmission4. Undercooked meat (especially beef), fermented meat products, milk and milk 
products, apple juice, grapes, coleslaw, lettuce, spinach, radishes, alfalfa sprouts, melons, and drinking or 
swimming in contaminated water have all been associated with EHEC infection outbreaks5.

In 1996, EHEC infection became a notifiable disease in Sweden. Half of the 350-500 annually reported cases are 
domestically acquired6. In 2005, a lettuce-associated outbreak of EHEC infection affected 135 people in 
Southwestern Sweden. Contaminated irrigation water was the likely source of infection7. Between 2010 and 
2012, the reported rate of domestic cases increased and in 2012, 2.5 domestic EHEC infections per 100,000 
population were reported6. E.coli O157 was the most common serogroup6.

On June 27th 2013, the office for communicable disease control (SME) in Dalarna notified the Swedish Institute 
for Communicable Disease Control (SMI) of an EHEC infection in an individual who ate at hotel X in Rättvik, 
Dalarna County, Sweden. Hotel X welcomes private guests as well as large youth groups on a regular basis. On 
June 28th, Dalarna SME reported three additional individuals with EHEC infection who ate at the same hotel. On 
July 1st, Stockholm SME reported four individuals with EHEC infection who were part of a group that stayed at 
hotel X. Dalarna SME asked SMI to coordinate a national outbreak investigation. On July 5th, SMI posted 
information about the outbreak on its website. An outbreak control team investigated to estimate the 
magnitude of the outbreak, identify the source of infection and initiate control and preventive measures.

Methods
The outbreak control team included SMEs from the six affected counties, Rättvik municipality environmental 
team, the National Food Agency (SLV), the National Board of Health and Welfare and members of the SMI 
epidemiology and food and waterborne disease units. The investigation was exempt from ethical committee 
review as it constituted an outbreak investigation response.

Descriptive epidemiology

To constitute a cohort, we reviewed hotel and restaurant bookings and listed individuals who attended hotel X 
between June 19th and June 25th, including staff. Each cohort participant received an email explaining about 
the outbreak, why we were asking them questions about their stay at the hotel, and explicitely stating replying 
to the questionnaire was voluntary. We included all individuals who consented and who attended the hotel 
during this time, from the moment of attendance to the hotel. We identified cases among respondents by cross 
checking name and age with SMI’s notification database.

Case definition

We defined a possible case as a hotel X cohort participant who developed abdominal pain, watery diarrhea or 
bloody diarrhea between June 20th 2013 and July 2nd 2013.

We defined a confirmed case as a possible case with a laboratory-confirmed infection with EHEC O157:H7, 
Verotoxin 2 positive, Verotoxin 1 negative and E.coli attaching and effacing (eae) positive.

We defined an asymptomatic infection as a hotel X cohort participant with a laboratory-confirmed infection with 
EHEC O157:H7, Verotoxin 2 positive, Verotoxin 1 negative and eae positive and who was not a possible case.

We defined a secondary case as an individual who developed abdominal pain, watery diarrhea or bloody 
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diarrhea after July 2nd 2013 with a household member who was a possible, confirmed or asymptomatic case.

Case finding

We searched for cases among hotel X attendees, using telephone interviews and an online questionnaire. We 
reviewed EHEC infections notified to SMI during the outbreak period for any links with hotel X. We encouraged 
possible cases to see a general practitioner and leave stool specimens. Some counties asked relatives of cases 
to provide a stool specimen. Additionally, on July 3rd, the National Board of Health and Welfare used the 
European Early Warning and Response System (EWRS) to send a message to nine countries from which tourists 
had visited hotel X during the outbreak period, encouraging them to report any EHEC infections in these tourists 
to SMI.

Data analysis

We described the distribution of cases by time, place and demographic characteristics. We identified days and 
meals the cases had attended to formulate hypotheses.

Analytical epidemiology

Data collection

Using an online questionnaire, we collected information among cohort participants regarding age, sex, 
symptoms, travel history, symptoms among household members, contact with animals, swimming and 
consumption of food items served at breakfast, lunch or dinner according to menu served to individuals and 
groups. We excluded individuals with no internet access.

Data analysis

Among cohort participants, we first compared individuals who attended the hotel on a specific day with others 
in terms of attack rates (confirmed cases only) through the calculation of risk ratios (RR) and their 95% 
confidence intervals (95% CI), using Mantel-Haenszel methods. We progressively restricted the analysis to days 
we suspected contamination had taken place, comparing individuals with specific exposures of interest with 
others. We used stratification to adjust for multiple exposures.

Microbiological investigations

We confirmed positive EHEC results and further characterized strains. We identified the outbreak strain using 
real time PCR8 and Multiple-Locus Variable Number Tandem Repeat Analysis (MLVA)9 and compared the 
identified MLVA profile with SMI’s database of strains previously identified in clinical isolates, in addition to a 
limited number of food isolates. We asked the National Veterinary Institute (SVA) to check for the outbreak 
MLVA profile in their database of previously isolated EHEC strains from Swedish farms and cattle. We collected 
fecal specimens from all kitchen staff.

Environmental investigations

We collected information from kitchen staff to identify food handlers and the meals they prepared using a 
questionnaire. We identified food items with a potential role in the outbreak from the lists of food items 
delivered to the hotel between June 12thto 24th.

On June 28thRättvik environmental health section collected specimens of food items that were in storage in 
hotel X (i.e., tomatoes, cucumber, green salad, salad mix and minced meat) and sent them to SLV for analysis. 
At time of specimen collection, the hotel had discarded leftovers from the outbreak period and had switched 
vegetable suppliers. In addition, approximately 100 L of tap water was ultra-filtered and analysed for presence 
of E.coli and EHEC O157:H7.
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vegetable suppliers. In addition, approximately 100 L of tap water was ultra-filtered and analysed for presence 
of E.coli and EHEC O157:H7.
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On July 15th, we visited hotel X to observe kitchen layout, food preparation and storage.

On July 21stSLV collected and analysed salad specimens and 50L samples of irrigation water from two local 
salad producers that supplied hotel X.

Results
Descriptive epidemiology

We identified 19 confirmed and 9 possible cases. Of these 28 cases, 18 (64%) were female. The median age 
was 17 years (range 8-67). We also identified one secondary case and 10 individuals with asymptomatic EHEC 
infections. Out of 28 possible and confirmed cases, 10 (36%) were private guests, 11 (39%) were part of a 
group and 7 (25%) were employed at hotel X, but none as a food handler. Cases originated from six counties 
(Figure 1). No cases in other European Union countries were identified through EWRS. Of the 19 confirmed 
cases, 16 (84%) responded to the questionnaire and were included in the cohort.

Each of the six counties sent questionnaires to their residents, although not all kept a record of questionnaires 
sent. While the exact number of questionnaires sent was unclear, we estimated that 200-250 persons received 
the questionnaire. 172 individuals answered, of which 25 were confirmed or possible cases (overall attack rate= 
14%). The median age of respondents was 25 years and 113 (65.7%) were female. Of the 16 confirmed cases 
who answered the questionnaire, 11 (69%) reported having diarrhea, 11(69%) abdominal pain and 6 (38%) 
bloody diarrhea. One case developed HUS.
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Fig. 1: Distribution of confirmed cases per county, Sweden, June-July 2013

The earliest confirmed case occurred on June 22nd, the outbreak peaked on June 24th and the latest confirmed 
case occurred on June 27th (figure 2). The shape of the epidemic curve (figure 2) suggested a point source 
outbreak.
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Fig. 2: Distribution of cases by date of onset, Dalarna, Sweden, June-July 2013

The confirmed cases attended between 1 and 16 meals during the outbreak period. Of the 16 confirmed cases 
who answered the questionnaire, 14 (88%) had eaten at least one meal on June 20th (figure 3), of which 11 only 
had one meal (either breakfast, lunch or dinner). All cases had eaten at least one meal between June 19th and 
June 21st. No single meal was attended by all cases.
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Fig. 3: Proportion of confirmed cases attending each day at hotel X, Dalarna, Sweden, June 2013

Regarding non food-related exposures, no cases reported contact with farm animals and 4/16 confirmed cases 
(25%) reported swimming in the lake adjacent to the hotel.

Since most cases attended a meal on June 20th, we hypothesized this was the most likely time of exposure. This 
date was also compatible with an outbreak peak on June 24th given the median incubation period for EHEC 
infections.

Analytical epidemiology

Cohort members who attended Hotel X on June 20th were more likely than others to be a confirmed case (RR 
5.2, 95%CI 1.2-22, table I). 71% of confirmed cases were attributable to attending hotel X on this day. No 
specific meal was associated with being a confirmed case on that date (table 1). Swimming in the nearby lake 
was not associated with being a confirmed case (RR 0.52, 95% CI 0.17-1.5)
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Table 1. Attack rate of EHEC according to days attended at Hotel X and meals eaten, Dalarna, 
Sweden, June 2013

On June 20th, Hotel X served a similar tex-mex buffet twice: once for lunch to private guests and once for dinner 
to groups. Individuals who ate chicken, beans, green salad or pineapple at the tex-mex buffet were more likely 
to be confirmed cases (RR 7.2, 3.0, 7.3 and 3.0 respectively, table 2). However, there was no association 
between eating chicken, beans or pineapple and being a confirmed case among those who ate green salad. 
Eating green salad at any meal on June 20th was associated with being a confirmed case (RR 3.7, 95% CI 1.3-
11, table 2). Of 23 individuals who ate green salad, 9 were confirmed cases (AR= 39 %) and 51% of confirmed 
cases attending hotel X on June 20thwere attributable to eating green salad. Bean and lentil salad, pea salad 
and onion were also associated with being a confirmed case (Table 2) but their consumption only explained few 
cases. In addition, cases who ate these items also ate green salad. After adjusting for salad consumption, the 
risk ratios for all these items decreased (table 2) and when consumption of any of these items was treated as 
one exposure, individuals eating them were not at increased risk of being a case after adjusting for salad 
consumption (OR 5.3, 95%CI 0.72-39).
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Table 2. Attack rate of EHEC according to consumption of selected items on June 20th 2013 
among guests attending these meals, Dalarna, Sweden

Laboratory investigations

29 cases and asymptomatic individuals were laboratory confirmed with the EHEC outbreak profile. All shared 
the same MLVA profile: 6-7-13-4-6-6-6-4. This profile had not been previously seen in human, cattle, farms or 
food isolates in Sweden. Hence this was the first occurrence of this MLVA profile in Sweden. Routine surveillance 
identified two EHEC notifications in individuals with symptom onset on June 27th and July 5th with the same 
MLVA profile but who did not attend hotel X during the outbreak period. The rare MLVA profile suggested a link 
between these two individuals and the outbreak.

Environmental investigations

Staff screening

Of the 10 asymptomatic individuals, 5 were staff members. Of those, 3 handled food. Compared with others, 
individuals who ate meals prepared by any of the asymptomatic foodhandlers were not at higher risk of being a 
confirmed case (table 3).
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Table 3. Attack rate of EHEC by consumption of meals prepared by specific food handlers among 
individuals who attended hotel X on the relevant days, Dalarna, Sweden, June 2013

Hotel inspection

Youth groups and other guests ate in a separate dining room with separate menus. Staff could eat breakfast, 
lunch and dinner at the hotel. Hotel X had a single kitchen, with distinct areas for hot and cold food. There was 
a designated area to chop vegetables, but chopping board and knives were shared for all vegetables. 
Vegetables were often chopped at the same time for several meals, up to 48 hours in advance and stored in 
boxes in a refrigerated area. Different types of green salad were chopped and mixed together on the premises. 
Hotel X received whole and pre-chopped salads, but did not keep records of which types of salad were mixed 
and served on specific days. Food handlers wore gloves and washed salad prior to consumption. Salad was 
served in bowls, each with its own tongs. Unfinished salad bowls were stored in a refrigerated room and re-
served at the next meal.

Food trace-back and analysis

Hotel X received different types of green salad from one supplier, the local branch of a nationwide vegetable 
supplier providing vegetables in the whole of Sweden from 6 regional delivery centers. This supplier in turn 
bought salad from one wholesaler as well as two local salad producers. The supplier pre-chopped salad at its 
head office in Stockholm. The hotel regularly received different types of green salads (iceberg, mixed leaves 
and Provence salad, both whole and pre-chopped), originating from France, Sweden and the Netherlands. 
Invoices documented all vegetables delivered to hotel X in terms of country of origin. In the absence of hotel 
records regarding the use of different green salads during specific meals, further trace back was not possible.

EHEC could not be detected in any of the food and water specimens from hotel X, or from salad specimens and 
irrigation water from the local salad producers.

Analysis of cases unrelated to the cohort

We interviewed the two individuals infected with EHEC with the same MLVA pattern but who did not attend 
hotel X.

The first person, with symptom onset on June 27th, lived more than 270 km away from hotel X. She had eaten 
lettuce and vegetables from her work canteen a few days before she fell ill although she could not remember 
the exact date or what type of salad. A different regional branch of the same vegetable wholesale company 
supplied the canteen, which was only one out of four places in the city where the company delivered vegetables.

The second person, with symptom onset on July 5th, lived more than 470 km away from hotel X area. We could 
not identify any potential link between this case and the hotel X outbreak.
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Discussion
Eating green salad on June 20th 2013 was associated with being a confirmed case. A number of elements 
suggest that green salad was the most likely vehicle for this outbreak. First, eating green salad remained 
associated with being a confirmed case after adjustment for other exposures. Second, a high proportion of 
cases could be explained by eating salad and a high proportion of those who ate salad were confirmed cases. 
Third, green salad is a biologically plausible vehicle, having been identified as a vehicle for EHEC in at least 
seven outbreaks. between 2005 and 2013,7,10,11,12,13,14,15,16. Salads were prepared in advance and served 
from the same container over several meals around June 20th, and salad leftovers were re-served the following 
meal, which could explain a prolonged exposure over several meals/days. Hotel staff who were cases had dates 
of onset in the same time period as hotel guests. Hence they were likely infected at the same time from the 
same source.

Eating pea salad, bean/lentil salad or onions did not increase the risk of being a case after taking salad 
consumption into account. Additionally, we could not identify EHEC outbreaks linked to these food items. It is 
possible however that some of these items were contaminated in the kitchen when salads were prepared, since 
all cold salads were prepared in the same area, using the same utensils.

The vegetable supplier specified the origin of all vegetables supplied to hotel X, complying with EU regulation 
178/2002 which requires the ability to trace and follow a food, feed, food-producing animal or substance 
intended to be, or expected to be incorporated into a food or feed, through all stages of production, processing 
and distribution17. However, in the EU, there is no statutory requirements for restaurants to keep a record of 
which salad was used in which meal. As such, we could not identify the salads used in each meal.

The salad distributor for hotel X was a nationwide chain that sourced salads locally and from abroad. An 
imported contaminated product distributed through a national distribution chain would have likely caused a 
higher number of sporadic cases across Sweden. Only two sporadic cases were however identified. Therefore, 
salad producers local to hotel X were the more likely source since there were only two cases out of the hotel X 
area. However, we could not link any specific salad producer to the outbreak.

Routine typing of all EHEC specimens has greatly facilitated the identification of the outbreak strain and of 
cases linked to the outbreak, highlighting the benefits of close collaboration between epidemiology and 
microbiology during outbreak investigations. In Sweden, foodborne outbreaks are routinely discussed via a 
central outbreak group bringing together epidemiology, microbiology and food safety services, facilitating such 
collaborations during outbreaks.

A salad batch brought contaminated to the hotel is the most likely outbreak source. The lack of food leftovers 
and the lack of record of which salad products were used in which meals prevented the identification of a more 
specific source. Trace-back in food produce associated outbreaks is a recurrent challenge. In 2012, in the EU, 
6.3% of 5363 outbreaks investigated had the same causative agent identified in the food vehicle or food chain 
and in human cases3 . For fresh produce, microbiological confirmation is especially challenging given the short 
shelf life and rapid distribution and consumption, leading to loss of trace-back evidence18 . In addition, locally 
available produce may be globally sourced, and available in many other locations through wide distribution 
from one production area, complicating trace-back investigations18 . Successful trace-back requires an 
immediate alert and strict record keeping for specific food ingredients. In Sweden, these needs have not yet 
been translated into policy change.

On June 28th, environmental health services ordered the closure of hotel X. On July 5th, Hotel X reopened after 
disinfecting the kitchen and voluntarily changing meat and vegetables suppliers. On July 24th, after no new 
EHEC notifications with the same MLVA profile, SMI declared the outbreak over19. On the basis of our 
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which salad was used in which meal. As such, we could not identify the salads used in each meal.

The salad distributor for hotel X was a nationwide chain that sourced salads locally and from abroad. An 
imported contaminated product distributed through a national distribution chain would have likely caused a 
higher number of sporadic cases across Sweden. Only two sporadic cases were however identified. Therefore, 
salad producers local to hotel X were the more likely source since there were only two cases out of the hotel X 
area. However, we could not link any specific salad producer to the outbreak.

Routine typing of all EHEC specimens has greatly facilitated the identification of the outbreak strain and of 
cases linked to the outbreak, highlighting the benefits of close collaboration between epidemiology and 
microbiology during outbreak investigations. In Sweden, foodborne outbreaks are routinely discussed via a 
central outbreak group bringing together epidemiology, microbiology and food safety services, facilitating such 
collaborations during outbreaks.

A salad batch brought contaminated to the hotel is the most likely outbreak source. The lack of food leftovers 
and the lack of record of which salad products were used in which meals prevented the identification of a more 
specific source. Trace-back in food produce associated outbreaks is a recurrent challenge. In 2012, in the EU, 
6.3% of 5363 outbreaks investigated had the same causative agent identified in the food vehicle or food chain 
and in human cases3 . For fresh produce, microbiological confirmation is especially challenging given the short 
shelf life and rapid distribution and consumption, leading to loss of trace-back evidence18 . In addition, locally 
available produce may be globally sourced, and available in many other locations through wide distribution 
from one production area, complicating trace-back investigations18 . Successful trace-back requires an 
immediate alert and strict record keeping for specific food ingredients. In Sweden, these needs have not yet 
been translated into policy change.

On June 28th, environmental health services ordered the closure of hotel X. On July 5th, Hotel X reopened after 
disinfecting the kitchen and voluntarily changing meat and vegetables suppliers. On July 24th, after no new 
EHEC notifications with the same MLVA profile, SMI declared the outbreak over19. On the basis of our 
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conclusions we recommend that (1) hotels and restaurants voluntarily keep a record of specific ingredients used 
in salad mixes and when they are served; (2) when suspecting food poisoning or an outbreak, hotels and 
restaurants immediately contact the food safety authorities before taking any measures such a disposing of 
food leftovers; In the absence of a regulatory framework, authorities at the local and central level could 
encourage catering businesses, hotels and restaurants to voluntarily implement these recommendations.
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