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From 20 September through 5 October 2012, the
largest recorded food-borne outbreak in Germany
occurred. Norovirus was identified as the causative
agent. We conducted four analytical epidemiological
studies, two case–control studies and two surveys (in
total 150 cases) in secondary schools in three different
federal states. Overall, 390 institutions in five federal
states reported nearly 11,000 cases of gastroenteritis. They were predominantly schools and childcare
facilities and were supplied almost exclusively by one
large catering company. The analytical epidemiological studies consistently identified dishes containing
strawberries as the most likely vehicle, with estimated
odds ratios ranging from 2.6 to 45.4. The dishes had
been prepared in different regional kitchens of the
catering company and were served in the schools two
days before the peaks of the respective outbreaks. All
affected institutions had received strawberries of one
lot, imported frozen from China. The outbreak vehicle
was identified within a week, which led to a timely
recall and prevented more than half of the lot from
reaching the consumer. This outbreak exemplifies the
risk of large outbreaks in the era of global food trade.
It underlines the importance of timely surveillance
and epidemiological outbreak investigations for food
safety.

Introduction

Infection with norovirus is the most common cause of
acute infectious gastroenteritis in European countries
[1,2], usually manifesting with self-limiting symptoms
of vomiting and diarrhoea, with sudden onset and
short duration [3]. Large protracted outbreaks of norovirus gastroenteritis are often recognised in institutions such as hospitals and homes for the elderly [4],
with person-to-person transmission predominating.
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Food-borne norovirus outbreaks are common, but still
under-recognised [5,6].
In Germany, outbreaks of acute infectious gastroenteritis are notifiable to the local public health departments according to the Protection Against Infection
Act of 2001. The health departments conduct epidemiological investigations and take control measures.
They also transmit outbreak information electronically
to the public health authority of the respective federal
state and, subsequently, to the Robert Koch Institute
(RKI) on the national level [7]. On request of the state
health authorities, the RKI assists in outbreak investigations, including analytical epidemiological studies.
On mid-day of 27 September 2012, the public health
authority of the federal state of Brandenburg informed
the RKI about several outbreaks of gastroenteritis
in schools and childcare facilities in Brandenburg
amassing to at least 500 cases. Diarrhoea or vomiting in affected individuals had started on the evening before. All affected institutions offered lunch
provided by Caterer X, a company operating across
Germany, and a food-borne outbreak was suspected.
According to the public health department of one of the
affected counties, Caterer X was already aware of gastroenteritis cases in four other German federal states
(Berlin, Saxony-Anhalt, Saxony and Thuringia). The
RKI informed the two national food safety authorities,
the Federal Institute for Risk Assessment (BfR) and the
Federal Office of Consumer Protection and Food Safety
(BVL), and the public health authorities of the other 15
federal states about the situation and requested information on similar outbreaks. By the evening of the
same day, the RKI had knowledge of more than 4,000
cases relating to outbreaks in schools and childcare
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facilities supplied by Caterer X in four neighbouring
federal states in the east of Germany.
This report focusses on the epidemiological investigations to identify the outbreak vehicle and to prevent
further cases. Details of the laboratory investigations
are presented elsewhere [8].

Methods
Descriptive analysis

In daily teleconferences, the public health authorities
of the affected federal states and the RKI exchanged
information on the number of affected institutions
(including aggregated case numbers) and on laboratory results from human samples taken in the context of the outbreak. For the descriptive analysis, we
defined a case as a person with diarrhoea or vomiting
from 19 September through 7 October 2012, who did
not test positive for any pathogen other than norovirus
and who attended an affected institution. An institution
was considered to be affected if it offered meals by any
external caterer and if at least 10 cases had occurred in
that institution (or, in small institutions, if 10% of persons were cases). We did not restrict affected institutions to those supplied by Caterer X to remain sensitive
to the potential involvement of other caterers in this
outbreak.

Analytical studies

On the individual level we conducted two case–control
studies (CCS) and two surveys in affected secondary
schools in three federal states. For the CCS, we interviewed pupils directly at their schools, for the surveys,
a web-based (Survey 1) and an email (Survey 2) questionnaire were used. Exposure histories were recorded
for menu items offered in these schools for lunch (as
listed on weekly menu plans) and other food items
available in the school, e.g. in the cafeteria. The canteens of all four schools had been supplied by different
regional kitchens of Caterer X.
The causative agent was unknown at the start of all four
studies, but was suspected to be norovirus or bacterial
toxins, based on reported symptoms and the sudden
and almost simultaneous occurrence of disease within
the institutions. Thus, the relevant period of exposure
was considered to be the three days before the start of
the outbreaks in these institutions (the dates were not
identical at the four study sites). In all four studies, we
investigated whether eating at the school canteen was
associated with illness. We restricted the calculation of
food-specific associations to individuals who reported
having had lunch at the school canteen on any of the
days of the exposure period. Pupils who reported
gastroenteric illness in the family in the week before
the outbreak period were excluded from the analysis
because they could have been secondary cases of illness in their household. We compared cases and controls regarding their food exposures, calculated odds
ratios (ORs) and 95% confidence intervals (CI), and
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assessed statistical significance using Fisher’s exact
or other appropriate tests. If several food items were
associated with disease in univariable analyses with
an OR>1, a p value <0.2 and an exposure reported by
at least 25% of cases, multivariable logistic regression
analysis (exact method for the surveys) was performed
with a manual forward selection of variables (cut-off:
p<0.2). Statistical analyses were conducted in R [9] for
the CCS and Stata [10] for the surveys.
Case–control study 1
CCS1 was conducted on 1 and 2 October in School A in
a city in Saxony. The school had experienced a sudden
surge of gastroenteritis cases during calendar week
39 (24–30 September) with a peak on Wednesday, 26
September, and had been closed on 28 September due
to the outbreak.
We restricted the study to pupils from grades 5 to 7
(10–13 year-olds) because these age groups were predominantly affected in this school. We defined a case
as a pupil with onset of vomiting or diarrhoea from 24
to 30 September (outbreak period for CCS1). Of the
approximately 70 cases, we selected two thirds for the
study using systematic random sampling. Eligible controls were all pupils from three school classes who did
not report vomiting or diarrhoea during the outbreak
period. The classes were arbitrarily chosen by the deputy head of the school. Assuming an exposure prevalence of 70% among cases, a case-to-control ratio of
1 would have allowed us to detect an OR of 4 with a
power of 86% at a significance level of 5%.
We collected information on the participants’ age and
sex, symptoms, date of symptom onset and on food
exposures at the school’s canteen during calendar
week 39, as indicated by the canteen’s menu plan,
which listed four meal choices daily. For data entry and
immediate univariable analysis on site, we used the
Linelist tool, a spreadsheet file developed at the RKI,
to assist in the epidemiologic investigation of local
outbreaks [11].
On 2 October, we conducted a sub-study restricting the
study population to those who had reported eating at
the school canteen on Monday 24 September. Cases
with symptom onset after 28 September were excluded
from the analysis. In this sub-study, participants were
explicitly asked for the consumption of strawberry
compote because it had not only been part of one
main meal but also been offered as a dessert with two
of the other three meal choices. The information was
collected in an aggregate fashion during a congregation of cases and controls in the school auditorium,
by sending each pupil to one of four corners depending on the pupils’ outcome and exposure status (a live
2x2 table). The children were first split into two groups
based on presence of symptoms, and these groups
were divided further based on their recollection of having eaten strawberries. Pupils were explicitly told not
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to walk with their friends, but according to their recollection of symptoms and food consumption.

pupils with onset of diarrhoea and/or vomiting from 24
through 28 September.

Case–control study 2
CCS2 was conducted on 4 October in School B in the
state of Thuringia. The school had not been closed
in response to the outbreak. The aim of the study
was to investigate whether the results of CCS1 were
reproducible in a different geographical region. The
methodology was identical to CCS1 with the following
exceptions: Pupils from grade 8 (14 years-old) were
additionally included, the outbreak period was from 24
through 27 September, and eligible controls came from
five arbitrarily chosen classes. Because strawberry
compote was offered as dessert with several meal
choices, even on the same day, we asked for this food
item in an additional question.

Food trace-back investigations
The German Task Force on Food and Feed safety, consisting of food safety authorities of affected states
and at the national level, convened on 29 September.
The task force coordinated food safety investigations,
which also included epidemiological product tracing
investigations.

Study participants were recruited through a letter, distributed by teachers and addressed to the parents of
all pupils of grades 5 to 8 (n=451) present at the school
on 5 October. It informed about the aims of the study
and invited participation in an online survey. The questionnaire was accessible (password-protected) from 5
October through 8 October. It contained questions on
demography (age, sex, grade), potential disease history (symptoms, time course) and food exposure history from 20 through 27 September (choice of three
main components and around 10 sides and desserts
daily). We defined a case as a pupil with onset of
vomiting or diarrhoea from 20 through 29 September.
Cases with an onset date 20–23, 24–26 and 27–29
September were defined as first-, second- and thirdwave cases, respectively.
Survey 2 (email questionnaire)
This study was conducted at School D in Berlin. On 5
October, 38 cases of gastroenteritis had been notified to the local health department by the head of the
school. Because school holidays had just begun at the
start of the study, face-to-face interviews were not feasible. We therefore developed a questionnaire covering,
in addition to demographic and symptom information,
meals served between 24 and 28 September (choice
of four dishes daily plus salad buffet). This questionnaire was emailed to the parents of all pupils under the
age of 18 years (approximately n=900). Questionnaires
could be returned to the RKI via electronic or regular
mail between 1 and 5 October. Cases were defined as

Descriptive analysis

A total of 390 institutions in five federal states in East
Germany were reported as affected during the outbreak
period. The earliest outbreak in an institution started
on 20 September, the latest on 5 October, and most
started between 25 and 28 September with a peak
on 27 September (n=108 institutions, 28%) (Figure 1).
A median of 21 children were affected per institution
(inter-quartile range (IQR): 12–37).
The majority of affected institutions were schools
(244/390, 63%) and childcare facilities (140/390, 36%),
three were facilities for disability care, two were homes
for the elderly and one was a rehabilitation clinic.
A total of 10,950 persons, mostly children and teenagers but also staff members, were reported ill in the
affected institutions. The median proportion of cases
among regular attendees was 14% (IQR: 10–22) across
all affected institutions, and 18% (IQR: 12–27) in childcare facilities. At least 38 (0.3%) people required hospitalisation; the majority of illnesses were of short
duration and self-limiting. Figure 2 shows the incidence
of illnesses among persons under the age of 18 years
by district. The federal states of Saxony, Brandenburg
and Berlin were predominantly affected, which also
reflects the distribution of affected institutions (n=130,
129 and 88, respectively).

Figure 1
Number of affected institutions by date of onset of first
case in the respective institution, multistate outbreak of
norovirus gastroenteritis, Germany, 2012 (n=309a)
Aﬀected institutions

Survey 1 (web-based questionnaire)
This study was conducted at School C located in Saxony
using an online questionnaire. The school had experienced a sudden surge of gastroenteritis cases during
the last two weeks of September and, in response to
the outbreak, had been closed on Friday 28 September.
Lunches consisted of a main component (e.g. chicken
wings), pre-ordered by the pupils and dispensed by
canteen staff, and side dishes, salads and desserts for
a self-service buffet cart.

Results
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Date of onset of first case was available for 309 institutions.
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As of 8 October 2012, 555 human specimens (339 from
ill persons, and a convenience sample of 216 staff members of Caterer X with unknown disease status) were
reported by the health authorities of four of the five
affected federal states. Of those, 32% were positive for
norovirus (40% of ill persons, 20% of staff members).
No other viral or bacterial pathogens or bacterial toxins
were reported from the respective health departments
in connection with the outbreak.

Analytical studies

All four analytical studies, comprising 150 cases and
274 controls, identified dishes containing strawberries
as vehicles of infection (either strawberry compote or
strawberry fruit quark) (Table).

Case–control study 1
We included 43 cases and 54 controls (median age
for each: 11 years), three potential secondary household cases were excluded. Symptom onset was from
24 through 30 September, with a steep increase
and a peak of the epidemic curve on Wednesday 26
September (n=16 cases) suggesting a point source
(Figure 3A).
Most cases, and a higher proportion of cases than
controls, had eaten at the school’s canteen on Monday
24 and Tuesday 25 September (see Table), but not on
the following two days (when a substantial proportion
of cases were already sick). The only dish offered on
one of these two days that was positively associated

Figure 2
Cases per 100,000 population under the age of 18 years by districts, and locations of analytical study sites, multistate
outbreak of norovirus gastroenteritis, Germany, 2012 (n=10,950)
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CI: confidence interval; OR: odds ratio.
Only exposures positively associated with disease occurrence with p<0.2 and explaining at least 25% of cases are shown.
a
Not considered for multivariable analysis.
b
Not part of the final multivariable model, i.e. p≥0.2.
c
Results from a sub-study (‘live 2x2 table’).
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Case–control study 2
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Semolina pudding and strawberry compote
Strawberry compote
Tue 25 Sep
Pasta Bolognese
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Survey 1
First wave
Thu 20 Sep: Strawberry fruit quark
Thu 20 Sep: Fresh plums
Second wave
Mon 24 Sep: Strawberry compote
Tue 25 Sep: Peas and carrots
Tue 25 Sep: Red cabbage
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Mon 24 Sep: Semolina pudding
Tue 25 Sep: Boiled potatoes
Third wave
Wed 26 Sep: Strawberry quark dessert
Mon 24 Sep: Fruit yoghurt
Tue 25 Sep: Plain yoghurt
Survey 2
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Wed 26 Sep: Semolina pudding and strawberry compote
Wed 26 Sep: Strawberry compote (with any dish)
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Case–control study 1
Mon 24 Sep
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Table
Results of univariable and multivariable risk factor analyses, multistate outbreak of norovirus gastroenteritis, Germany, 2012 (n=424)
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with illness with a p value <0.1, was semolina pudding,
which had been served on Monday with a choice of
cherries, sugar and cinnamon, or cold strawberry compote (Table).
Of the 36 cases, 26 reported to have chosen the semolina pudding. However, on that day strawberry compote
had been offered with three of the four meal choices.
We therefore compared cases and controls regarding
the choice of any meal containing strawberry compote.
Cases had chosen significantly (p<0.05) more often a
strawberry compote-containing dish than controls. In
the sub-study including those who had eaten at the
canteen on Monday 24 September, 28 of 37 cases but
only 11 of 40 controls reported to have eaten strawberry compote (OR=8.20; 95% CI: 2.66–26.03; p<0.01).
Having identified a dish served on Monday 24
September as the likely vehicle of infection, we estimated a median incubation period of two days (IQR:
2–6 days; onset data only available by full days).

Figure 3
Time course of the norovirus outbreak: number of
cases included in the four analytical studies, by date of
symptom onset, Germany, 2012 (n=148)
16
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For the cases in the second wave, we found a significant association with having eaten at the school canteen on 24 September (multivariable analysis: OR=11.1;
95% CI: 1.38–88.4; p<0.05). Of the 35 items served on
that and the following day, six were associated with
disease and included in the multivariable analysis, in
which strawberry compote (OR=33.80; 95% CI: 3.41–
∞; p<0.01) and carrots and peas (OR=23.66; 95% CI:
2.22–∞; p<0.01) remained significant.
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Most cases, and a higher proportion of cases than
controls, had eaten at the school’s canteen on Monday
24 and Tuesday 25 September (see Table), but not on
the following two days (when a substantial proportion of cases were already sick). On both days, the
consumption of one dish was significantly associated
with illness: semolina pudding with strawberry compote, sugar and cinnamon on Monday, and pasta with
Bolognese sauce on Tuesday (Table). Again, the strawberry compote had been offered with two of the four
dishes on Monday, and the association between consumption and illness was even stronger when analysing compote as a separate variable. In multivariable
analyses including the exposure variables strawberry
compote on Monday and pasta on Tuesday, only the
consumption of strawberry compote remained significantly associated with illness (OR=16.87; 95% CI:
5.23–54.4; p<0.01).
Survey 1 (web-based questionnaire)
We included 54 cases and 75 controls (median age
of each: 12 years) in the analysis (participation rate:
29%). The epidemic curve showed three peaks of dates
of symptom onset (Figure 3C). Overall, the proportion
of persons having had lunch at the school canteen
from 20 through 27 September was significantly higher
in cases than in controls (98% vs 76%, OR=16.7; 95%
CI: 2.4–710.1; p<0.01).

12

0

Case–control study 2
We included 39 cases and 73 controls in the analysis
(median age: 11 and 12 years, respectively), excluding again three potential household secondary cases.
The epidemic curve showed an even steeper increase
in case numbers with 36 of 39 of cases with symptom
onset on Tuesday 25 (n=17) or Wednesday 26 (n=19)
September (Figure 3B).

For cases in the third wave, the univariable analysis
showed three different food items to be associated
with occurrence of disease. In the multivariable analysis only strawberry quark remained statistically significant (OR=45.42; 95% CI: 3.31–2,944.92; p<0.01).
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Survey 2 (email questionnaire)
We received 86 completed questionnaires (response
10%). 14 participants were classified as cases, 72 as
controls. Median age of cases and controls was 12
years (range: 9–16 and 9–17, respectively). Onset times
peaked on the afternoon of 27 September and the following morning (Figure 3D).
The proportion of persons having eaten at the school’s
canteen from 24 through 28 September was significantly higher in cases than in controls. Of all dishes
on offer during that period, only semolina pudding
with strawberry compote resulted in a statistically
significant positive association with disease in the
univariable analysis (Table). Strawberry compote was
also offered as a dessert alongside China vegetables,
but only one pupil reported to have chosen this dish.
The strongest association was found when asking
specifically for the consumption of strawberry compote (independent of main course). The median incubation period, calculated from the most likely time of
exposure to strawberries (13:00 on 26 September) and
the individual times of symptom onset, was 35 hours
(range: 12–40 hours).
Food trace-back investigations
Frozen strawberries had been used in regional kitchens of Caterer X. They were part of a lot of 22 tonnes
imported by Company Y in Saxony from a company in
China, packaged in 2,201 boxes of 10 kg each. Of the
institutions with available information, 98% (368/377)
were supplied by regional kitchens of Caterer X, the
remainder were supplied by two smaller catering companies. All three caterers were supplied by the same
company (Company Y). All affected institutions had
received products containing the implicated frozen
strawberries. Starting on 5 October, the date of a joint
press release by RKI, BfR and BVL, Company Y began
withdrawing the lot of frozen strawberries from their
customers (the company had already stopped further delivery of the strawberries before that date).
Overall, delivery stop and recall ensured that at least
1,136 boxes (more than 11 tons) of strawberries from
the incriminated lot did not reach the consumer. The
remaining 1,065 boxes (ca 10.7 tons) had either already
been used or were destroyed under the supervision of
the local food safety authorities after the recall. On Oct
8, Saxony’s State Health Laboratory detected norovirus in a sample obtained from an unopened box of the
incriminated lot of frozen strawberries [12].

Discussion

We report here the largest recorded food-borne outbreak in Germany. It affected several hundreds of
institutions supplied almost exclusively by one large
caterer and was associated with strawberries imported
frozen in a large lot from China. Norovirus was identified as the causative agent. Although the individual
clinical courses of disease were mild, the overall disease burden was considerable. The high number of
cases caused substantial distress and impairment of
www.eurosurveillance.org

the daily routine in affected institutions and families,
considerable concerns about food safety in canteens
for children, and nationwide media interest.
The epidemiological studies provided strong evidence
for strawberries as the vehicle of infection. Conducted
in different geographical regions and using various
designs, they consistently and exclusively showed statistically significant associations between illness and
the consumption of strawberry dishes. Furthermore,
in all studies, affected institutions offered strawberry
dishes two calendar days before the peak of illnesses,
and in one instance, several strawberry-containing
dishes, served on different days, caused several waves
of illnesses.
Epidemiological evidence guided food safety investigations on the local, state and national level [12]. Early
identification of the vehicle of infection led to a timely
withdrawal of more than half of the lot. Assuming a
similar level of contamination in the part of the lot that
was withdrawn, at least 11,000 cases were averted by
the withdrawal, probably even more, seeing as only a
fraction of the delivered strawberries had been prepared for consumption. According to the report of the
German Task Force on Food and Feed Safety, some of
the involved regional kitchens of Caterer X reported not
to have heated the strawberries during preparation of
the implicated dishes whereas others stated that they
had, which may in part explain that not all institutions
supplied by the involved regional kitchens reported
cases of gastroenteritis [12].In response to this outbreak, recommendations in Germany for institutions
catering for vulnerable populations (including schools
and child care facilities) have been amended and now
specifically include the advice to heat frozen berries
[13]. Furthermore, from 1 January 2013, a European
Union (EU) regulation requires 5% of consignments of
frozen strawberries imported from China into the EU to
be tested for norovirus [14].
Infectious disease outbreaks due to contaminated
produce have gained importance in the recent past
[15], including norovirus outbreaks in Europe linked
to frozen raspberries [16-22] or blackberries [23] and
the multistate outbreak of hepatitis A due to mixed
frozen berries [24]. Also strawberries have repeatedly
been incriminated in large hepatitis A outbreaks in the
United States [25,26] and in Europe [27]. Germany has
recently faced a number of outbreaks caused by contaminated vegetables or fruits including sprouts and
watermelons [28-30]. The original contamination of
the food vehicles or relevant ingredients occurred in
countries that were not known to be affected by outbreaks, which complicated or even prevented thorough
source investigations. In none of these outbreaks,
including this one, was the mode of contamination
elucidated. Undoubtedly, transnational source investigations pose particular challenges [31]; political and
economic issues may sometimes hamper effective collaboration. A better understanding of how the berries
7

became contaminated is crucial for developing longterm prevention measures upstream of the retailer.
Several different norovirus genotypes of genogroups I
and II were detected in the strawberries [8] (and also in
human samples) [32]. Together with the large scale of
the outbreak, this lends support to the hypothesis that
the use of contaminated water in the production of the
strawberries was responsible for the outbreak.
This report exemplifies the risk of large outbreaks in
the era of global food trade. Today, unprecedented
volumes of produce (here 22 tonnes) are distributed
to a large number of markets throughout the world
[33], thereby increasing the risk for food safety. Public
health surveillance needs to adapt to these challenges,
e.g. be able to detect outbreaks caused by widely disseminated foods. Surveillance using molecular subtyping information allows establishing links between
disease occurrences in different regions, usually
seemingly sporadic cases or small clusters [34]. The
outbreak described here appeared as an accumulation of concurrent local outbreaks in several adjacent
states. Thus, in addition to molecular surveillance,
rapid communication of local outbreaks to the state
level, as it happened in the outbreak-detecting state of
Brandenburg, enables rapid recognition and investigation of supra-regional events even before the aetiology
is known, and should be implemented in routine infectious disease surveillance.
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