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A total of 56 people were affected with gastroenteri-
tis after attending a one-day meeting in a high-quality 
hotel in the centre of Oslo, Norway, at the end of January 
2011. A complete outbreak investigation was carried 
out. The microbiological investigation confirmed that 
the outbreak was caused by norovirus. All participants 
at the meeting were invited by email to complete an 
online questionnaire asking for information on demo-
graphic data, symptoms and food consumption. The 
results of the epidemiological investigation of the food 
items served were inconclusive and the source and 
transmission route of this outbreak remains unclear. 
However, the environmental investigation highlighted 
several irregularities in the kitchen that may have ena-
bled the spread of the virus. Specific cleaning proce-
dures and rules were set up for the kitchen staff. As a 
consequence of this outbreak investigation, the hotel 
is planning to change its internal routine protocols, for 
example, samples of food items served at every meal 
during an event will be stored.

Introduction 
Noroviruses are a group of RNA viruses belonging to 
the Caliciviridae family that cause gastroenteritis in 
humans. They are highly contagious and as few as 10 
viral particles may be sufficient to infect an individual 
[1]. During outbreaks of gastroenteritis due to norovi-
rus infection, several modes of transmission have been 
documented, the most frequent being food-borne, fol-
lowed by subsequent secondary person-to-person 
transmission [1]. Norovirus is known to be responsible 
for most gastroenteritis outbreaks in winter in industr-
ialised countries [2], such as in the European Union. In 
Norway, it is the most frequently reported suspected 
cause of food-borne outbreaks [3].

On 31 January 2011, the Norwegian Institute of Public 
Health (NIPH) was informed about a possible outbreak 
of gastroenteritis among people attending a one-day 
meeting organised by an international company. The 
meeting was held on 28 January, in a hotel in the cen-
tre of Oslo: it included around 900 participants from 
all over Norway. According to the initial information 

received, at least 30 participants had fallen ill with 
vomiting and diarrhoea after attending the meeting, 
but none required hospitalisation. The Department of 
Infectious Disease Epidemiology of the NIPH, in col-
laboration with the Food Safety Authority and the 
Municipal medical officer of Oslo, decided to carry 
out an outbreak investigation in order to measure the 
extent of the outbreak, identify the source, pathogen 
and the vehicle of transmission, and implement control 
measures to prevent further outbreaks. The investiga-
tion was started on 31 January.

Methods
A retrospective cohort study was conducted among all 
the persons who attended the meeting.

We defined an outbreak case as a person who attended 
the one-day meeting at the hotel in Oslo on 28 January 
2011 and developed diarrhoea and/or vomiting within 
the following three days. The Food Safety Authority 
gathered information on food and drink served dur-
ing the meeting. There were four servings (breakfast, 
lunch, snack and dinner); some of the dishes were 
prepared in the kitchen of the hotel, while others were 
cooked in other places and delivered to the hotel, 
ready to be served.

The NIPH Outbreak Team adapted a standard food-
borne disease Internet-based questionnaire for the 
current outbreak, to be completed by the attendees. 
The questionnaire was partly based on the information 
from the Food Safety Authority on what was served, 
and contained questions on demographic data in addi-
tion to symptoms and food consumption during the 
meeting. On 4 February, a link to the questionnaire 
was sent to all the attendants of the meeting via email 
by the human resources department of the company 
who organised the meeting. One week later, on 10 
February, a reminder was sent to those who had not 
answered yet, to try to increase the response rate. On 
21 February, the online questionnaire was closed. Once 
the data from the participants were collected, we car-
ried out a descriptive and univariate analysis.
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On 31 January, the NIPH contacted the human resources 
department of the company and asked them to encour-
age all people who reported being sick after attending 
the meeting to go to a medical facility to submit a stool 
sample.

The Food Safety Authority went to the hotel on 2 
February to carry out a routine environmental inspec-
tion of the kitchen.

Results

Epidemiological investigation
A total of 880 people from all over Norway attended 
the one-day meeting on 28 January in the hotel. 
The questionnaire was sent to all of them and 391 
replied (response rate: 44%): 358 answered the 
questionnaire within the first week, while 33 replied 
after the reminder. Of the respondents, 206 (53%) 
were female and 64% (n=250) were between 40 and 
59 years old (range: 20–74 years). They included 
people working in various offices around the coun-
try. Regarding symptoms, 90 respondents (23%) 
reported to have had at least one of the symptoms 
listed in the questionnaire (vomiting, diarrhoea, 
nausea, abdominal pain and fever), but only 56 
matched the case definition (attack rate: 14%). One 
person reported to have had diarrhoea during the 
night before the meeting and thus did not meet the 
case definition. Of the 56 cases, 30 reported hav-
ing had only diarrhoea, seven only vomiting and 19 
both symptoms. As seen in Table 1, several cases 
reported having had more symptoms than those 
included in the case definition.

The date and time of onset of symptoms for the 56 
cases are shown in the Figure. The first case became ill 
the same evening as the meeting. Most cases became 
ill 48 hours after the meeting, on 30 January, with most 
falling ill between noon and midnight. The last cases 
reported symptom onset 72 hours after the meeting.

There was no difference in the risk of infection between 
female and male cases. The cases worked in several 
different offices around Norway and there was no clus-
ter of cases from any particular office or city. Those 
aged 60 years and older (n=11) had a higher attack 
rate (34%) and were almost three times more likely to 
have been sick than younger people. Very few cases 
reported having had contact with one or more persons 
who were sick during the meeting or in the four days 
before the meeting (Table 2). Only six cases reported 
having eaten something outside of the hotel during 
the meeting. We did not gather information on whether 
participants had stayed in the hotel the night before or 
the night after the meeting. 

People exposed to seven food items served during the 
meeting had a higher risk of developing symptoms 
(Table 3). Items eaten by most of the cases were those 
eaten during the dinner. However, the results were 
not statistically significant since most of the attend-
ants were exposed to the same foods. The two food 
items leading to the highest attack rate among those 

Table 1
Clinical features of outbreak cases due to norovirus 
infection, one-day meeting, Oslo, Norway, 28 January 
2011 (n=56)

Clinical feature Number

Type of symptoma

Only diarrhoea 30

Only vomiting 7 

Both diarrhoea and vomiting 19

Nausea 30 

Abdominal pain 26 

Fever 21

Duration of symptoms

Less than one day 6 

1–2 days 31

More than 2 days 19

Deaths 0 

Hospitalisation 0 

Went to the doctor 4 

a Symptoms were not further defined in the questionnaire.

Figure
Outbreak cases due to norovirus infection, one-day 
meeting, Oslo, Norway, 28 January 2011 (n=56) 
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exposed and the lowest p value were wraps and sand-
wiches. However, they only accounted for 52% and 70% 
of the cases, respectively (Table 3).

In a second univariate analysis we excluded cases who 
reported having had contact with people who were sick 
before or during the meeting. This was done in order 
to separate cases who were symptomatic or incubating 
the disease before the meeting from those who became 
ill as a result of the meeting. The results of this second 
analysis were similar to those previously calculated in 
the first analysis.

We also considered whether attending only one spe-
cific serving represented a higher risk of becoming 
a case. Results of a stratified analysis by meal were 
inconclusive since almost all the cases had more than 
one meal.

Microbiological investigation
Stool samples were taken from three of the four cases 
who visited a doctor: all were positive for norovirus. 
No further genotyping was carried out. The samples 
were also analysed for Campylobacter spp. Salmonella 
spp., Yersinia spp. and Shigella spp. – such tests are 
routinely performed on faecal samples in Norway. No 
further tests were carried out. No samples were taken 
from the food handlers or other kitchen employees.

It was not feasible to perform a microbiological anal-
ysis of the food items served during the meeting as 
there were no leftovers available when food items at 
the time the outbreak investigation was initiated.

Environmental investigation
The Food Safety Authority found several irregularities 
during their inspection of the hotel’s kitchen. In par-
ticular, they observed incorrect washing routines and 
storage of dishes, there was inadequate management 

and control of the cooling of heat-treated foods, 
only one operative hand-washing point in the whole 
kitchen, and insufficient cleaning or disinfection of 
work surfaces, crockery and cutlery. Following the 
outbreak, the Food Safety Authority gave specific 
orders and rules to the hotel regarding correct meth-
ods of cleaning to be carried out by the kitchen staff. 
None of the food handlers or kitchen staff reported 
having been sick in the days or weeks before to the 
outbreak.

Discussion and conclusion
This outbreak did not have serious public health con-
sequences: the number of people affected was low 
(attack rate: 14%), very few people consulted their doc-
tor, nobody was hospitalised and there was no media 
attention. We carried out a complete outbreak investi-
gation in order to prevent possible future outbreaks, 
since the hotel where the outbreak happened is a very 
popular location for national and international meet-
ings and events. As this hotel also provides accom-
modation for tourists from other parts of Norway and 
other countries, any outbreak occurring in the hotel 
could potentially be of international concern. Although 
these types of outbreaks are preventable, they still 
happen in places where they would not be expected, 
due to supposedly high quality of service, such as in 
this hotel.

The results of the microbiological analysis confirmed 
that the outbreak was caused by norovirus. Although 
we only had three positive stool samples, there were 
no indications that other pathogens were involved. 
Furthermore, most of the cases reported becoming ill 
between 24 and 72 hours after the meeting, which is 
in accordance with the incubation period for norovi-
rus [2,4]. The clinical presentation of the disease also 
matched symptoms previously described for norovirus 

Table 2
Characteristics of outbreak cases due to norovirus infection, one-day meeting, Oslo, Norway, 28 January 2011 (n=56)

a Persons with diarrhoea, vomiting, fever and/or abdominal pain.

Characteristic Number of cases Denominator Attack rate, as 
percentage Relative risk (95%CI)

Sex

Male 25 182 13.7 –

Female 31 206 15.0 1.09 (0.67–1.78)

Age, in years

20–39 16 107 15.0 –

40–59 29 250 11.6 0.75 (0.38–1.44)

60–74 11 32 34.4 2.98 (1.18–7.51)

Contact with sick peoplea

During the four days before the meeting 6 37 16.2 0.98 (0.89–1.08)

During the meeting 4 34 11.8 1.02 (0.94–1.10)

All cases 56 391 14.3 –
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infections [5-7]. Outbreaks of norovirus infection in 
hotels have been reported elsewhere, such as in [8,9].

The specific source of this outbreak remains unclear. 
We know that a common source of infection was 
present during the meeting since the epicurve sug-
gests a point-source transmission pattern, with a sud-
den increase of cases occurring just several hours after 
the meeting. It is not very likely that food served out-
side the hotel played a role in the outbreak since only 
six cases reported having eaten something not served 
during the meeting. Other people could have been 
infected more than 72 hours after the meeting, due to 
person–to-person transmission, which is very common 
in outbreaks due to norovirus [9,10]. However, in the 
questionnaire, we only asked about symptom onset 
during the 72-hour period following the meeting, as 
our main goal was to look for a possible common expo-
sure during the meeting.

One of the main challenges we faced in this investiga-
tion related to the type of menu that was served. Since 
it was a set menu, almost everybody ate the same 
items, so for some of the food items very few people 
were unexposed. Therefore no further stratification and 
multivariable analysis was feasible. The results of the 
univariate analysis did not lead to strong conclusions. 
Those items that were closer to statistical significance 

were the sandwiches served for lunch and the wraps 
served during breakfast. The specific attack rates of 
the different food items were not very high, which sug-
gests that there was not massive contamination of one 
specific food item, but that potentially several differ-
ent items were contaminated. People who developed 
symptoms might have been sitting next to each other 
in the same area where contaminated food was served 
by the same waiter. However, we were not able to check 
this hypothesis.

We did not find any explanation as to why people aged 
60 years and older were more likely to become ill. We 
found no specific food item that was more frequently 
eaten by meeting participants from this age group. It is 
possible that these participants had more underlying 
conditions, making them more prone to infection, as 
has been described previously in norovirus outbreaks 
[11,12], but we did not collect information on this.

We consider that the outbreak was probably caused by 
contaminated food either from food handlers, kitchen 
staff, waiters or meeting participants who were shed-
ding the virus. One person who attended the meeting 
reported having had diarrhoea when they arrived at 
the hotel and might have contributed to the spread of 
the virus. We also have to take into account that some 
of the food items, such as the wraps, were produced 

Table 3
Exposure to foodsa, outbreak cases due to norovirus infection, one-day meeting, Oslo, Norway, 28 January 2011 (n=56)

a Only food items with a relative risk greater than one are shown.
b Calculations were carried out using as the numerator the number of cases who answered that they were sure that they had eaten a specific 

food item and the total number of cases (n=56) as the denominator.

Food itemsa at 
each meal

Food eaten Food not eaten
Relative risk 

(95% CI)
P

value

Percentage 
of cases
exposedb

Number 
of cases

Total 
number of 

participants

Attack 
rate, as 

percentage

Number 
of 

cases

Total 
number  of 

participants

Attack 
rate, as 

percentage

Breakfast

Wraps with 
cheese, ham 
and salad

29 159 18.2 27 229 11.8 1.5 (0.9–2.5) 0.075 51.8

Lunch

Sandwiches 
with cheese 
and salad

39 204 19.1 4 47 8.5 2.3 (0.8–6.0) 0.082 69.6

Borek with 
spinach and  
cheese 

24 144 16.7 6 59 10.2 1.6 (0.7–3.8) 0.236 42.9

Pastries 11 79 13.9 9 84 10.7 1.3 (0.6–3.0) 0.532 19.6

Dinner

Starter: 
pickled cod 54 349 15.5 1 10 10.0 1.5 (0.2–10.1) 0.636 96.4

Main dish:  
reindeer  
médaillons 

54 348 15.5 0 10 0.0 – – 96.4

Dessert: 
chocolate-
flavoured 
liquorice 

53 339 15.6 1 18 5.6 2.8 (0.4–19.2) 0.245 94.6
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outside of the hotel, so the contamination could have 
happened before or during delivery to the hotel.

The irregularities that the Food Safety Authority’s 
inspection found in the kitchen may have enabled the 
spread of the virus. Handling of ready-to-eat foods by 
infected food handlers is commonly identified as a 
contributing factor in outbreaks caused by norovirus 
[13-15]. However, the role of kitchen employees or food 
handlers in the outbreak reported here remains unclear 
since none of those in the hotel reported any symp-
toms to the Food Safety Authority and no information 
was available regarding the health status of the food 
handlers who produced some of the food items outside 
the hotel. The importance of identifying asymptomatic 
food handlers shedding the virus is also well described 
in the literature: such people can also be a contributing 
factor in norovirus outbreaks [16,17]. We do not know 
if asymptomatic food handlers were involved in the 
spread of the virus in this outbreak as the employees 
were not asked to provide stool samples.

We would like to emphasise the importance of per-
forming a complete outbreak investigation, looking at 
all epidemiological, environmental and microbiologi-
cal components, when norovirus outbreaks occur. All 
three are equally important and complementary. In this 
outbreak, the epidemiological investigation of the food 
items served was inconclusive, but the microbiological 
analysis revealed the identity of the pathogen and the 
environmental investigation revealed several irregu-
larities in the kitchen.

Specific recommendations, orders and rules were 
given by the Food Safety Authority for the correct 
cleaning and management of the kitchen. The Food 
Safety Authority followed up with the hotel to ensure 
implementation of the recommendations and to verify 
that all the irregularities had been addressed within 
the deadline proposed. As a consequence of this out-
break investigation, the hotel is planning to change 
their internal, routine protocols, for example, samples 
of food items served at every meal in an event will be 
stored, in case a similar situation happens again and 
analysis of the food is needed.

Food handlers and other personnel who present with 
gastrointestinal symptoms should avoid involvement 
with the preparation of food while they are sympto-
matic in order to prevent spread of the pathogen, and 
they should also adhere to appropiate hygiene and 
hand-washing routines.
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