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Non-heat-treated frozen raspberries the most likely vehicle of a
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SUMMARY

In November 2013, the Norwegian Institute of Public Health was notified of a gastroenteritis
outbreak following two meetings held at a conference centre. Identical food and beverages were
served during the meetings. We investigated in order to identify the vehicle of infection and
implement control measures. Meeting participants completed an online questionnaire on
consumption of foods and beverages. We asked symptomatic participants to provide a stool
sample. We defined a case as diarrhoea and/or vomiting in a participant who became ill within 3
days after the meeting. We calculated attack rates (AR) and adjusted risk ratios (aRR) with 95%
confidence intervals (CI) using binomial regression. We conducted environmental investigations.
Overall, 147/168 (88%) participants responded, of which 74 (50%) met the case definition. All five
stool samples provided were norovirus positive. No kitchen staff reported being sick. Risk of illness
was higher in those who consumed raspberry mousse (aRR 3-4, 95% CI 1-4-8-2) and sliced fresh
fruit (aRR 1-9, 95% CI 1-3-2-8). Seventy cases (95%) ate raspberry mousse. Frozen raspberries
used for the mousse were imported and not heat-treated before consumption. Non-heat-treated
frozen raspberries were the most likely outbreak vehicle. Contamination by a food handler could
not be excluded. We recommend heat-treatment of imported frozen berries before consumption.
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INTRODUCTION

Norovirus is a RNA virus of the family Caliciviridae
that frequently causes gastroenteritis in humans [1].
Norovirus are divided into five genogroups (GI-
GYV), but only GI, GII and GIV are known to infect
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humans [1, 2]. Norovirus is highly contagious and the
infectious dose may be as low as 10-100 viral particles
[3, 4]. It is one of the most common causal agents of
non-bacterial gastroenteritis outbreaks worldwide [3,
5]. The main transmission route is faecal-oral, and
norovirus can spread via person-to-person contact,
droplets, fomites (contaminated with vomitus or fae-
cal matter) and the consumption of contaminated food
or water [1, 3]. The incubation period usually ranges
between 12h and 48 h. Symptoms last on average
1-3 days and the most common are vomiting and/or
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watery diarrhoea, although nausea, abdominal pain,
fever and headache can also be seen [6].

Norovirus outbreaks occur most often in the winter
season. Foodborne outbreaks are frequently notified
in large institutions and residential facilities such as
healthcare institutions and daycare centres, cruise
ships, military camps and hotels [3]. In the last 10
years norovirus has been the most frequently sus-
pected agent in foodborne gastroenteritis outbreaks
notified to the Norwegian Institute of Public Health
(NIPH). In order to prevent outbreaks in healthcare
settings, NIPH recommends that healthcare workers
(HCWs) with symptoms of norovirus infection should
wait 48 h after termination of diarrhoea and vomiting
before returning to work [7].

On 11 November 2013, the Municipal Health
Officer (MHO) of Oslo reported to the NIPH an out-
break of gastroenteritis among participants attending
two different 1-day meetings organized at a confer-
ence centre in Oslo, on 4 November. The two meet-
ings were held in different rooms, but all the
participants were served the same selection of foods
and beverages. Considering the time of onset and
symptoms reported by the first reported cases, the
MHO suspected norovirus as the causative agent. A
multidisciplinary outbreak investigation team was
established the day of the outbreak notification with
partners from the NIPH, the Norwegian Food
Safety Authority (NFSA) and the Municipal Health
Services of Oslo. The objective of the outbreak inves-
tigation was to describe the extent of the outbreak and
identify the vehicle of transmission in order to imple-
ment control measures to prevent further outbreaks.
As the participants of one of the meetings were
HCWs, a secondary objective was to explore the com-
pliance of NIPH recommendations for HCWs in case
of gastrointestinal illness.

METHODS
Epidemiological investigation

We conducted a retrospective cohort study including
all the participants of the two meetings by sending
them a standardized web-based questionnaire via
email on 13 November 2013. A reminder was sent
on 18 November and the data collection was closed
on 25 November.

The web-based questionnaire collected information
on demographics, symptoms and consumption of
food and beverages during the meetings. The menu
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was obtained from the conference centre kitchen.
Exposure to food items and beverages was categorized
as follows: ‘ate/drank the food item or beverage’,
‘probably ate/drank it’, ‘probably did not eat/drink
it” and ‘did not eat/drink it’.

The following three meals were served: a welcome
snack buffet, lunch and an afternoon snack buffet.
In the welcome snack buffet whole fresh fruit (not
sliced), muesli, cereals, yoghurt and nuts were offered.
The lunch plate served to every participant included
cured ham, potato salad, sour cream, sliced chicken
fillet, smoked salmon, scrambled eggs, shrimp, cheese,
mixed salad and bread. Raspberry mousse was served
as dessert during lunch. The afternoon snack buffet
contained sliced fresh fruit, nuts, dried fruits and a
carrot cake. Beverages offered during the meetings
were coffee, tea, carbonated beverages, yoghurt
drink, and tap water from a dispenser.

In order to explore the compliance of NIPH recom-
mendations for healthcare in case of gastrointestinal
illness, we asked participants whether they were
HCWs and if they had direct contact with patients,
and collected information on absence from work
related to symptom duration.

Case definition

We defined a case as diarrhoea and/or vomiting in a
participant of either of the two meetings who became
ill from noon on 4 November until midnight on 7
November 2013, without household contacts with
similar symptoms during the week before onset of
symptoms.

Cases for which a date of onset was not given were
excluded from the analysis.

Exposure definition

For analysis purposes ‘exposed’ was defined as those
who answered ‘ate/drank the item’. Those who
answered ‘probably ate/drunk it’, ‘probably did not
eat/drink it’ and ‘did not eat/drink it’ were defined
as ‘unexposed’.

Statistical analysis

We performed a descriptive and univariate analysis by
calculating attack rates (AR) in exposed and unexposed
individuals, risk ratios (RR) with 95% confidence inter-
vals (CI), and percentage of cases exposed to every
food item and beverage. We performed a multivariable
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analysis to identify exposures significantly associated
with illness and to control for possible confounders
and effect modifiers. In the multivariable analysis we cal-
culated adjusted risk ratios (aRR) in a forward binomial
regression including exposures with a P value lower than
0-25 in the univariable analysis. We performed sensitiv-
ity analyses to ensure the robustness of our results, re-
locating the ‘probably exposed/unexposed’. In the first
sensitivity analysis we recoded ‘probably exposed/unex-
posed’ to ‘missing’, and in the second, ‘probably
exposed’ was recoded to ‘exposed’ and ‘probably unex-
posed’ was recoded to ‘unexposed’. Data analysis was
performed with Excel 2010 (Microsoft Corp., USA)
and Stata v. 12 (StataCorp., USA).

Microbiological investigation

In a separate email, we encouraged all participants to
provide a stool sample if they had developed gastro-
intestinal symptoms after the meeting. All faecal sam-
ples were investigated for Salmonella, Shigella,
Campylobacter, and Yersinia by culture and biochem-
ical identification according to standard -clinical
microbiological methods. Due to the characteristics
of the outbreak samples were tested for norovirus by
polymerase chain reaction (PCR). Norovirus-positive
samples were sent to the Department of Virology at
NIPH where the genotyping was done by sequencing
of the PCR product (~350 bp product) [8].

Environmental investigation

NFSA carried out a routine environmental inspection
of the kitchen: sampling food leftovers, interviewing
the kitchen staff and a performing a traceback of the
suspected food items.

RESULTS
Descriptive epidemiology

The questionnaire was sent to all 168 people who had
attended the two meetings. In total, 147 (88%)
responded, of whom 124 (84%) were women and
109 (74%) were in the 40-59 years age group. Most
of the respondents lived in Oslo (58%) and the neigh-
bouring municipality Berum (9%) with the remainder
from 24 other municipalities.

Of the 147 respondents, 85 people (58%) reported to
have become ill, while nine were unsure. A total of 78
(53%) developed diarrhoea and/or vomiting.
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Table 1. Clinical details of cases (n=74). Norovirus
outbreak, Oslo, November 2013

Clinical details n %
Symptoms
Nausea 58 78
Vomiting 51 69
Diarrhoea 50 68
Feeling unwell 47 64
Headache 40 54
Abdominal pain 38 51
Muscular pain 31 42
Fever 23 31
Duration of illness
<6h 0 0
6-12h 3 10
13-24h 25 81
>2 days* 3 10
GP visit 2 3
Norovirus in stool sample S5t 100
Hospitalization 0 0

* Three people reported still being sick at the time they
answered the questionnaire 10 days after the meeting.
T Only five cases provided a stool sample.

Four cases were excluded from further analysis due
to the following reasons: in one case the patient’s symp-
toms developed before 12:00 hours on 4 November; in
one case the date of onset was not given; and two case-
patients had been in contact with sick household mem-
bers in the 7 days before onset of symptoms.

In total, 74 cases met the case definition, resulting in
an overall attack rate of 50% (74/147). Sex, age and
geographical distribution were similar in cases and
non-cases. Nausea and vomiting were the most fre-
quently reported symptoms (Table 1). The date and
time of onset for the cases are shown in Figure 1.
Most of the cases developed symptoms 24-48 h after
the meeting. The frequency of responses to different
exposure categories are shown in Table 2.

Analytical epidemiology

The association between illness and exposure to food
and beverage items calculated in the univariable analysis
is shown in Table 3. People who had eaten raspberry
mousse (RR 34, 95% CI 1-4-8-4), sliced fresh fruit
(RR 18, 95% CI 1-2-2:6) and carrot cake (RR 1-6,
95% CI 1-1-2-3) had a significantly higher risk of illness.

Of the four items remaining in the final multivari-
able model, raspberry mousse (aRR 34, 95% CI
1-4-8-2) and sliced fresh fruit (aRR 1-9, 95% CI 1-3-
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Fig. 1. Date and time of onset of symptoms in 6-h intervals for cases (n = 74). Norovirus outbreak, Oslo, November 2013.

2-8) were the only two exposures significantly asso-
ciated with a higher risk of illness (Table 4); whereas
whole fresh fruit and cheese were not associated
with a higher risk. Of the 74 cases, 70 (95%) ate rasp-
berry mousse and 57 (77%) ate sliced fresh fruit. Of
the 57 cases who reported eating sliced fruit, 55 also
ate raspberry mousse.

In the first sensitivity analysis, where the categories
‘probably exposed’ and ‘probably unexposed’ were
recoded as ‘missing’, the raspberry mousse was the
only significant exposure associated with the disease
(aRR 2-3, 95% CI 1-2-7-2). In the second sensitivity
analysis, where ‘probably exposed’ was recoded to
‘exposed’ and ‘probably unexposed’ was recoded to
‘unexposed’, none of the exposures were significant
in the multivariable analysis but the raspberry mousse
had the smallest P value (aRR 2-4, 95% CI 0-97-6-0,
P =0-060).

A total of 25 (17%) respondents were HCWs, of
whom 11 (44%) met the case definition and worked
in contact with patients. From these 11, seven pro-
vided enough information to explore the compliance
of the NIPH recommendations. The mean duration
of symptoms was 3 days. Five (71%) of those seven
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did not follow the recommendation of staying at
home until 48 h after the end of symptoms.

Microbiological investigation

In total, five participants provided stool samples and
all were positive for norovirus. Three of the specimens
were sent to the Department of Virology of NIPH for
genotyping. All three strains belonged to genogroup
GI serotype 2 (Southampton).

Environmental investigation

The NFSA inspected the kitchen on 11 November, a
week after the meetings took place. No food items
were available for sampling as there were no leftovers
from the meetings at this time. None of the kitchen
staff reported having had symptoms before and/or on
the day of the meeting, but two employees reported be-
coming ill 2 days after (dishwasher and one waitress).
No stool samples were taken from staff members.

All cooked and fresh food items served were pre-
pared in the kitchen of the conference centre. The
raspberry mousse and the sliced fresh fruit were not
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Table 2. Frequency of responses to different exposure categories. Norovirus outbreak, Oslo, November 2013

Probably did
Ate Probably ate not eat Did not eat Missing
Exposure n % n % n Y n % n %
Bread 117 79-6 2 1-4 1 0-7 18 12:2 9 6
Carbonated beverages 88 599 1 0-7 — — 42 286 16 11
Carrot cake 92 62-6 4 27 — — 42 286 9 6
Cheese 74 50-3 20 136 15 10-2 29 19-7 9 6
Coffee 74 50-3 39 265 3 2:0 25 17-0 6 4
Cured ham 118 80-3 7 4-8 1 0-7 12 82 9 6
Dried fruits 15 10-2 7 4-8 16 10-9 100 68-0 9 6
Drink yoghurt 8 5-4 — — — — 111 755 28 19
Mixed salad 117 79-6 11 7-5 3 2-0 7 4-8 9 6
Muesli/cereals 26 17-7 — — 4 2-7 108 735 9 6
Nuts (1st break) 42 286 6 41 7 4-8 83 565 9 6
Nuts (2nd break) 22 150 10 68 16 10-9 90 612 9 6
Potato salad 114 77-6 8 54 3 2-0 13 88 9 6
Raspberry mousse 115 78-2 2 1-4 — — 21 14-3 9 6
Scrambled eggs 129 87-8 1 0-7 2 1-4 6 41 9 6
Shrimp 124 84-4 3 2-0 3 2-0 8 5-4 9 6
Sliced chicken fillet 121 823 8 54 2 1-4 7 4-8 9 6
Sliced fresh fruit 92 62:6 10 68 6 4-1 30 20-4 9 6
Smoked salmon 122 83-0 5 34 1 0-7 10 68 9 6
Sour cream 94 64-0 14 9-5 9 61 21 14-3 9 6
Tap water dispenser 40 272 10 6-8 1 0-7 76 517 20 14
Tea 24 16-3 6 41 1 0-7 94 64-0 22 15
Whole fresh fruit 107 72-8 2 1-4 2 1-4 27 18-4 9 6
Yoghurt 21 14-3 — — 3 2:0 114 77-6 9 6

n, Number of respondents.

Table 3. Univariable analysis results. Food and beverage items with P <0-25. Norovirus outbreak, Oslo, November

2013
Exposed Unexposed

% Cases
Exposure Total Cases AR,% Total Cases AR,% RR 95% CI P value  exposed
Raspberry mousse 112 70 63 22 4 18 3-44  (1-40-8-44)  0-000 95
Sliced fresh fruit 88 57 65 46 17 37 1-75  (1-17-2:63)  0-002 77
Carrot cake 89 56 63 45 18 40 1-57  (1-:06-2-33)  0-012 76
Juice 21 15 71 98 48 49 1-46  (1:04-2:04) 0-061 20
Whole fresh fruit 103 61 59 31 13 42 1-41  (0:91-2-20)  0-090 82
Cheese 72 35 49 62 39 63 0-77  (0-57-1-05)  0-097 47
Nuts (2nd break) 21 15 71 113 59 52 1-37  (0:99-1-89)  0-104 20
Water dispenser 39 24 62 84 40 48 1-29  (092-1-81)  0-150 32
Carbonated drinks 84 46 55 43 18 42 1-31  (0-87-1:96)  0-169 62
Scrambled eggs 125 71 57 9 3 33 1-70  (0-67-4-35) 0-172 96
Drink yoghurt 8 6 75 107 54 51 1-49  (0-96-2-31) 0-180 8
Chicken fillet 117 67 57 17 7 41 1-39  (0-77-2:51) 0213 91
Bread 115 66 57 19 8 42 1-36  (0:79-2:36) 0214 89

AR, Attack rate; RR, risk ratio; CI, confidence interval.
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Table 4. Final multivariable binomial regression model of food and beverage exposures associated with disease.

Norovirus outbreak, Oslo, November 2013

Exposed
Exposure Total Cases AR, % aRR 95% CI % cases exposed
Raspberry mousse 112 70 63 3-36 1-38-8-22 95
Sliced fresh fruit 88 57 65 1-90 1-32-2-76 77
Whole fresh fruit 103 61 59 0-80 0-71-0-92 81
Cheese 72 35 49 0-69 0-52-0-85 47

AR, Attack rate; aRR, adjusted risk ratio.

prepared by the same person. The fresh fruit, both
whole and sliced were of the same kind and purchased
from the same distributor. The raspberry mousse was
prepared with frozen raspberries, powdered sugar,
whipped cream, and gelatin. In the kitchen, the rasp-
berries were puréed in a food processor and pressed
through a sieve to remove the seeds of the berries to
make a coulis. Part of the coulis was heated just
enough in order to melt the gelatin and then mixed
with the remaining coulis and cream.

The NFSA traced the raspberries back to a country
outside of the European Union. A Rapid Alert System
for Food and Feed (RASFF) notification had been
issued from Denmark on berries originating from the
same country just a few weeks after this outbreak.
Norovirus was found in the batch in Denmark, but the
‘best-before’ date was not identical with the batch in
Norway. The batch distributed to Norway was no longer
on the market, as most of it had already been barred by
the distributor due to a labelling error in late summer.
The distributor provided the results of laboratory test
they had for the batch, which were negative for
Salmonella and Listeria. No virus test was provided.

During their inspection in the kitchen, NFSA found
some irregularities regarding hand-washing facilities.
The sink in the kitchen had no paper dispenser and
was located too low.

DISCUSSION

The outbreak investigation indicates that consump-
tion of raspberry mousse made of raspberries con-
taminated with norovirus was the most likely vehicle
of the outbreak. The raspberry mousse was eaten by
95% of the cases and had an attack rate of 63%.
Those who ate raspberry mousse had more than
three times higher risk of becoming ill than those
who did not eat raspberry mousse.
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Cases occurred in participants in two separate
meetings held in different rooms of the conference
centre, served by different staff. Contamination of
the food items and/or beverages therefore probably
occurred before serving. The main symptoms devel-
oped by participants, the incubation period, duration
of symptoms and the positive stool samples support
the theory that the causative agent was norovirus.

In order to address possible recall bias, when allo-
cating the exposure we ran two sensitivity analyses,
re-coding ‘probably exposed/unexposed’ to different
categories. Considering the ‘probably exposed/unex-
posed’ as ‘missing’ reduces the sample size and thus
power, while considering the ‘probably exposed’ as
‘exposed’ and the ‘probably unexposed’ as ‘unex-
posed’ might lead to a misclassification that (in the
worst scenario) could overestimate the risk associated
with a food/drink item. However, the results of the
two sensitivity analyses supported the raspberry
mousse as the main vehicle in this outbreak.

The raspberries used in the mousse were imported
frozen and they were not heat-treated before consump-
tion. Due to the lack of a cell culture model for noro-
virus, surrogates of feline and murine calicivirus have
been used for environmental survival studies [9-11],
showing that norovirus can survive in frozen berries
[11]. In addition, frozen raspberries are a known vehicle
of outbreaks of norovirus [12-16]. Norovirus contam-
ination of berries can happen during production if ber-
ries are irrigated with contaminated water or during
handling of the raspberries when collected and pro-
cessed [17, 18]. Isolation of norovirus from soft berries
is challenging due to methodological challenges and the
heterogeneous distribution of norovirus in berries,
which may lead to false-negative results even with opti-
mized sampling procedures [19].

Four case-patients did not report eating raspberry
mousse. An explanation as to why these four fell ill
could be that they had been in contact with other
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food/s cross-contaminated from the raspberries or that
they were affected by an alternative transmission
route. Even if only two case-patients that ate sliced
fresh fruit did not eat raspberry mousse, sliced fresh
fruit may have been a second vehicle of transmission.
The fresh fruit served in the two breaks was the same.
Whereas the people who ate the whole fresh fruit dur-
ing the first break did not have a higher risk of devel-
oping the illness, people who ate the sliced fresh fruit
during the second break were almost twice as likely to
develop symptoms. The main difference was that in
the second break the fruit was sliced and contamin-
ation could have occurred while cutting the fruit.
However, no kitchen staff reported illness before or
during the meeting and the person who prepared the
raspberry mousse was not the same as the one who
sliced the fresh fruit. Nevertheless, contamination of
food items by food handling cannot be ruled out
as food handlers could have been asymptomatic
carriers [20].

Person-to-person transmission is the most common
mode of transmission for norovirus outbreaks [21],
and two of the participants attending one of the meet-
ings reported having gastrointestinal symptoms on the
day of the meeting. The specific time of onset of the
vomiting and diarrhoea was not available. We cannot
exclude the possibility that norovirus was introduced
by a meeting participant, but this is unlikely to be
the main route of transmission as the two meetings
took place in separate rooms. Regarding compliance
of the NIPH recommendations for HCWs and ab-
sence from work, our results indicate that the recom-
mendations to refrain from working for 48 h after
symptoms subside may not be routinely followed.
However, the sample of HCWs providing sufficient in-
formation is too small to make any conclusions and
further studies are warranted.

CONCLUSIONS AND
RECOMMENDATIONS

Based in the findings of this investigation we con-
cluded that the most likely vehicle of transmission in
this outbreak was the raspberry mousse.

As imported frozen raspberries are a known vehicle
of norovirus, the NFSA recommends boiling
imported frozen berries for 1 min before they are
used in dishes that are not heat-treated [22]. In order
to avoid contamination of berries, it is important to
improve hygiene measures during cultivation and
harvest.
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As the NFSA inspection uncovered irregularities in
kitchen hygiene, contamination of raspberries and
sliced fresh fruit by food handlers in the kitchen of
the conference centre cannot be ruled out. We recom-
mend reinforcing the education of food handlers in
hygienic measures for food preparation, and to pro-
vide hand-washing facilities in the kitchen according
to the recommendations.
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