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Abstract 
In January 2001, 231 persons from the staff of an administrative department in The 
Netherlands fell sick with diarrhea and vomiting after a buffet lunch, which was served and 
prepared at a restaurant. Eighteen restaurant employees also reported illness. A 
questionnaire was e-mailed to all staff members of the department and returned 
electronically, and employees from the restaurant were interviewed. Stool samples were 
collected from the staff of the department and from the restaurant and tested for bacterial 
pathogens and Norwalk-like viruses. Analyses of the questionnaires implicated rolls in 
general with the risk of illness increasing with the number of rolls eaten. Investigations 
revealed that the bakery staff had been ill and the baker had vomited in the bakery sink at 
the time of the preparation of the rolls. Norwalk-like virus with an identical sequence was 
detected in the stool samples of the staff of the department, the restaurant, and the bakery. 
Using electronic questionnaires led to considerable timesaving. 

Introduction 
In January 2001, a Municipal Health Service (MHS) was informed that more than 80 
persons from the staff of a large administrative department in The Netherlands had 
reported ill at work that morning with symptoms of diarrhea or vomiting. Two days earlier, 
800 to 900 departmental staff, including the cases, had attended a reception with a buffet 
lunch. The reception took place at a hall of a restaurant, and the food was served and 
prepared by employees from this restaurant. During the day the outbreak was reported, the 
number of reported ill persons increased to more than 200, and a number of employees 
from the restaurant, including food handlers, also reported illness. 

Immediate action was taken by the MHS to investigate and control the outbreak. The MHS 
invited the National Institute of Public Health and the Environment (RIVM) to collaborate 
in the epidemiological investigation. The aim of the epidemiological investigation was to 
find the source of this outbreak and investigate possible modes of transmission of the 
pathogen. The investigation focused on the reception as the place of transmission of the 
infection, because the canteen where the staff of the department had eaten the day before 
the reception was also used by a different department in which there was no unusually high 
number of ill persons. 

Since the development of an RT-PCR for the detection of Norwalk-like viruses, it has 
become clear that these viruses are the major cause of outbreaks of gastroenteritis in The 
Netherlands, especially in the winter season [1]. Many of these outbreaks occur in 
institutional settings, and transmission usually occurs through direct person-to-person 
contact or through vehicles like food or surfaces [2-5], 
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Methods 

Epidemiological investigations 

A list of the food and drinks served during the lunch buffet was obtained. The lunch 

consisted mainly of rolls with a variety of different fillings: cheese, brie, ham, beef, tuna 

salad, salmon salad, egg salad and raisin rolls, and several types of drinks: coffee, tea, 

milk, buttermilk, champagne and orange juice. A questionnaire was designed based on this 

list, to gather information on the clinical picture, time and date of onset of illness, the items 

consumed and the quantity, and possible secondary cases. On the day the outbreak was 

reported, 20 ill and 20 non-ill persons that had attended the reception were asked to submit 

a stool sample. Also, all persons that had handled the food or food products for the lunch 

were interviewed and asked to submit stool samples, as were all other staff from the 

restaurant that had fallen ill. Additional questions were asked regarding food preparation 

and food handling procedures for the lunch. 

Three days after the reception but within 24 hours after the outbreak was reported, an 

Excel-file (Microsoft Corp., Redmond WA, USA) containing the questionnaire was e-

mailed to all approximately 1000 employees of the department. They were asked to 

complete the questionnaire electronically and return it by e-mail. Only employees that had 

attended the reception were asked to complete the questionnaire. The questionnaire 

information was merged and analyzed in STATA 5 (Stata Corp, Texas, USA). Since the 

response of cases was much higher than that of controls, the data were analyzed as a case-

control study, assuming that the controls were a random selection of the non-ill members 

of staff. We first performed a univariate analysis calculating odds ratios for different food 

items and amount eaten, testing for significance with chi-squared tests. We then performed 

multiple regression analyses to control for confounding. A backwards multiple logistic 

regression analysis was performed, at first including all variables in the model. Removal of 

variables was based on the log-likelihood ratio. The final model included all variables that 

attributed to the log-likelihood ratio at a significance level of 0.05. 

Microbiological testing 

The persons that were interviewed handed in stool samples to the regional laborator)' 

where the samples were tested for bacterial pathogens {Salmonella, Campylobacter, 

Shigella, Yersinia and Bacillus cereus). Part of every stool sample was sent to the National 

Institute of Public Health and the Environment (RIVM) to test for viral pathogens. Since 

the clinical picture and the season were indicative for Norwalk-like viruses (NLV), these 

tests were performed first. This was done by Reverse Transcriptase-Polymerase Chain 

Reaction (RT-PCR) and confirmed by hybridization. Genotyping was done by Reverse 

Line Blotting and was confirmed by sequencing of a fragment of the polymerase gene [6]. 
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Environmental investigations 

The Food Inspection Service (FIS) inspected the kitchen of the restaurant and the 
ingredients for the foods served at the lunch. No leftovers from the food could be tested, so 
only samples from the leftover ingredients were taken. These were tested for bacterial 
pathogens at the FIS. 
Mineral water samples were analyzed for the presence of NLV from a bottle opened at the 
time of the outbreak and a sealed bottle from the same batch. 
During the inquiries it turned out that a guest at the restaurant had become ill during a visit 
to the restaurant seven days before the buffet lunch and had vomited in the halls of the 
restaurant. The vomit was cleaned by a member of the kitchen staff and other staff from 
the restaurant had walked through it. The vomiting guest could not be traced. Therefore, 11 
days after the reception, swabs were taken from the location where the guest had vomited 
and tested for NLV. Swabs were dipped in PBS and brushed against the walls and floors. 
For NLV-testing, swabs were diluted in RNA extraction buffer and processed as fecal 
suspensions. 

To control the outbreak the sick food handlers from the restaurant were not allowed to 
work until 48 hours after recovery and general hygiene measures were reinforced by the 
FIS. 

Results 
Within 6 hours of mailing the questionnaires to the staff, 150 completed questionnaires 
were returned and included in preliminary analyses. These preliminary results implicated 
rolls with ham and cheese as possible sources and were communicated to the FIS and 
MHS. By the deadline (10 days after the reception), 505 completed questionnaires had 
been returned. 

Illness 

A case was defined as a member of the departmental staff with diarrhea (3 or more loose 
stools a day) or vomiting within 72 hours after the reception. Among the staff of the 
department, 231 persons reported diarrhea or vomiting on the questionnaires or in personal 
interviews. This corresponds with the estimate of the company physician, and gives an 
overall attack-rate in those attending the reception (800 to 900 employees) of 26-29%. The 
median time from the reception to the onset of symptoms was 31 hours (figure 1). Most 
cases (76%) reported both vomiting and diarrhea, 12% reporting just diarrhea and 12% just 
vomiting. Of the 231 cases, 141 reported to be recovered at the time of completing the 
questionnaire. Among these, the median duration of symptoms was 2 days. There was no 
difference in age or gender between cases and non-cases (median age for both 39 years; 
cases 43% female, non-cases 47% female). 
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Figure 1. Epidemic curve showing number of cases of diarrhea or vomiting among departmental staff and 

restaurant employees following a buffet lunch, by date and time of onset. The Netherlands, January 2001. 

Food preparation 

The rolls had been filled in the morning of the reception with fillings prepared in the 

restaurant the day before. The rolls had been baked and also sliced by the bakery staff. All 

ingredients for the fillings were factory-packed or canned. 

Of the 8 food handlers, 5 reported ill. The first case among the food handlers became ill 6 

hours after the reception. Among the staff of the restaurant not involved with food 

handling, 13 became ill, of which 2 before the reception (2 days and 1 day before). These 

two were not willing to submit a stool sample. 

Exposure 

Univariate analyses of exposure information showed a significant positive association of 

disease with the consumption of champagne, and rolls with salmon salad, tuna salad, ham 

and cheese (table 1). Additionally, an increased risk was found with an increasing number 

of rolls eaten. A multivariate model showed a clear association of illness with the number 

of rolls eaten. Each additional roll was associated with a doubling of the risk. Raisin rolls 

were negatively associated with risk. Coffee also seemed negatively associated with risk. 
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Table 1. Consumed foods and drinks among ill and non-ill respondents attending the reception, numbers and 

percentages, odds ratios, univariate and multivariate based on logistic regression. 

Number ill number of ORuniv. 95% CI OR 95% CI 

(%) non-ill (%) multiv 
(n=231) (n=274) 

coffee 5(2) 17(6) 
tea 5(2) 9(3) 
milk 66 (29) 66(24) 
butter milk 35(15) 39(14) 
orange juice 122 (54) 137(50) 
champagne 122(54) 1 15 (42) 
cheese 1 10(52) 110(42) 
brie 36(16) 40(15) 
ham 80(38) 76 (29) 
beef 53 (23) 55(20) 
tuna salad 89(40) 80(29) 
salmon salad 20(9) 12(4) 
egg salad 65 (29) 62 (23) 
raisin roll 77 (34) 101 (37) 
number of rolls* 
0 0(0) 19(7) 
1 25(12) 55(21) 
2 89 (44) 109(42) 
3 67(33) 67 (26) 
4+ 21 (10) 11(4) 

0.3 
0 

1-0.9 

2-2.0 

9-1.9 

7-1.8 

8-1.6 

1-2.3 

1-2.2 

7-1.8 

0-2.2 

8-1.9 

1-2.4 

0-4.5 

9-2.1 

6-1.3 

6-2.4 

0.4 

0.5 

2.0 

0.1-0.8 

0.3-0.8 
1.5-2.5 

number of rolls was included in the logistic regression model as a continuous variable 

Microbiological analysis 

Bacterial analyses of the food items were all negative. NLV was not detected in the 
environmental samples of the restaurants, nor in the mineral water samples. 
Bacterial analyses of stool samples and foods were all negative. However, the majority of 
stool samples of ill persons from the department as well as from the restaurant was positive 
for NLV (10/11 and 14/16 respectively) (table 2). All ten cases whose samples were also 
sequenced were infected with the same strain of NLV, which was different from all 
available NLV-polymerase sequences in the RIVM-database (n>l 100) and in the genbank. 
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ill 11 10(4) 

not ill 12 0 

ill 7 6(5) 

ill 4 4(1) 

ill 4 3(0) 

not ill 1 1(0) 
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Table 2. Results ofNL V testing of stool samples of staff from the department and the restaurant, January 

2001. 

nr. of nr. NLV pos 

samples (nr sequenced*) 

staff department 

food handlers 

other staff restaurant (not eaten food from reception) 

other staff restaurant (eaten food from reception) 

nr. = number 

* all sequences were identical 

Further investigations based on the results 
Because the analyses of exposure data revealed that several rolls were associated with 
illness as were rolls in general, it was unlikely that a specific filling was contaminated with 
NLV. The food handlers all reported becoming ill after the reception. This suggested that 
the rolls were contaminated before arriving at the restaurant. Therefore, the bakery that 
supplied the sliced rolls was traced and its staff interviewed. The baker reported to have 
been ill at the time of the preparation of the rolls. He became ill on the night two days 
before the reception but nonetheless went to work. He vomited in the bakery sink on 
arrival at the bakery on the morning he baked the rolls, but reported to have disinfected the 
sink with chlorine. After that, he started preparing and baking the rolls on the two days 
until the reception, but had little physical contact with the rolls. The baker took the baking 
tray with the baked rolls out of the oven and placed it on a counter. His staff took the rolls 
from the tray, sliced them, and put them in the transport crates. The slicing was done on the 
day before the reception and the morning before the reception. The raisin rolls were 
prepared and baked separately from the other rolls, in the night and morning before the 
reception. The baker reported not to have taken any additional hygiene measures because 
of his illness, apart from disinfecting the sink in which he vomited. All three persons that 
had helped slice the rolls became ill on the day of the reception. Fifteen days after the 
reception, stool samples were collected from the baker and two of the staff that had sliced 
the rolls. They all tested positive for NLV and the sequence was identical to that found in 
the cases of the department. The NLV in the stools of the other staff could not be 
genotyped, because the PCR-product was not pure enough. 

Discussion 
This large outbreak of NLV-gastroenteritis was most likely caused by a single person. Our 
results emphasize that improper hygiene during food preparation can result in illness in 
hundreds of cases. 
This investigation also illustrated that electronically administered questionnaires can result 
in a significant improvement of the efficiency and timeliness of the outbreak investigation. 
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Since NLV were detected in almost all ill persons who submitted samples and the viral 
sequences were identical for cases and the baker. NLV is considered to be the causing 
pathogen of this foodborne outbreak, most likely attributable to contamination of rolls by 
the baker. 

The strain of virus detected (a genogroup II strain) had not been detected previously in The 
Netherlands. Surveillance of gastroenteric viruses in The Netherlands suggest that several 
outbreaks of the same virus strain occurred in the six months following this outbreak, 
raising the possibility of this outbreak being a seeding event. 

Statistical analyses implicated rolls as the vehicle by which the virus spread and that 
consumption of rolls led to the infection in staff of the department. The negative 
association of raisin rolls with illness, suggests that these were not contaminated, which 
might be due to the fact that they were prepared a day later than the other rolls. The 
infection of the staff of the restaurant was probably partly caused by handling or 
consumption of infected rolls and partly by person-to-person spread. Although secondary 
transmission might also have accounted for cases among the departmental staff, it is not 
likely that this was a route of importance in the cases included in the analyses, since 93% 
of cases reported onset of symptoms between 15 and 50 hours after the reception, which is 
the incubation period for NLV [7]. Furthermore, most cases stayed home during illness and 
will therefore not have spread the infection at work. This is supported by the shape of the 
epidemic curve which strongly suggests a point source. 

On epidemiological grounds, it is most likely that the source of infection lies at the bakery. 
All food handlers at the restaurant reported illness after the reception. The baker was ill 
when preparing the rolls and might have contaminated the bakery when vomiting in the 
sink. Although the sink was cleaned with chlorine, it has been shown before that NLV are 
relatively resistant to environmental disinfection [4]. Contamination of the rolls may have 
occurred directly from contaminated hands of the baker or his staff. However, the baker 
had little physical contact with the rolls and the staff became ill after the preparation. 
Therefore, it is likely that contamination of the rolls may have occurred through 
contaminated surfaces or implements. It has been argued that it is likely that enormous 
amounts of viral particles can be disseminated during vomiting, and can spread over 
considerable distances and be detectable for months on surfaces [3,7]. However, 
presymptomatic shedding of the virus by cases cannot be ruled out and has been described 
previously [2]. It is also difficult to exclude the possibility that food handlers from the 
restaurant might have infected the rolls in a presymptomatic stage of their illness. 
However, spread of the virus is much more likely from symptomatic cases, since excretion 
is likely to be higher and hygiene is harder to maintain when suffering from diarrhea or 
vomiting. Furthermore, it is likely that food handlers from the restaurant became infected 
with this strain from the rolls, whereas it is not likely that the bakery staff were infected 
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with the same genotype of NLV and not be otherwise linked to the outbreak. The only 
indication that the pathogen was already circulating in the restaurant before the delivery of 
the rolls is that there were 2 cases reporting illness during the previous weekend. However, 
no stool samples were submitted and it is likely that these were background infections of 
an unrelated pathogen. 

The bakery staff works according to the general hygiene code for bakers in the 
Netherlands, and regular checks were performed by the FIS. The fact that such a large 
outbreak can be caused by the illness of a single food handler, implies that current hygiene 
measures are not sufficient or are not sufficiently complied to to stop transmission of NLV. 
Vomiting is not mentioned explicitly in the hygiene code and might not be recognized as a 
symptom of a food-transmittable disease. Reports by the FIS on causes of foodborne 
outbreaks show that in the majority of foodborne outbreaks growth of the pathogens on the 
food is associated with mismanagement in temperature [8], This might be true for bacterial 
infections. However, because NLV do not grow in food, different actions pose a risk. In 
winter months, foodborne infections with NLV are very common and more 
information/education to food handlers might be necessary to prevent these outbreaks in 
the future. 

The possibility of using electronic questionnaires and reaching all exposed through the 
intranet of the department made it possible to have the first results within hours and final 
results within days. These quick results allowed rapid formulation of new hypotheses and 
the possibility to trace the baker while he was still shedding and advise him, on how to 
prevent further contamination of the bread. 
Contacting exposed persons at the office, posed the risk of missing cases that were absent 
from work due to their illness. However, NLV is a short-lasting illness and most persons 
will have returned to the office within the 10 days after the onset of the outbreak. 
This outbreak demonstrates how NLV can very easily cause large outbreaks of disease, yet 
how use of modem epidemiological, technological and virological techniques can find the 
source of contamination rapidly and shed light on the epidemiology of this agent. 
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