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On 15 August 2012, an increase in the number of
Salmonella Thompson cases was noticed by the
Salmonella surveillance in the Netherlands. A case-
control study was performed, followed by a food
investigation. In total 1,149 cases were laboratory-
confirmed between August and December 2012 of
which four elderly (76—91 years) were reported to have
died due to the infection. The cause of the outbreak
was smoked salmon processed at a single site. The
smoked salmon had been continuously contaminated
in the processing lines through reusable dishes, which
turned out to be porous and had become loaded with
bacteria. This is the largest outbreak of salmonellosis
ever recorded in the Netherlands. The temporary clo-
sure of the processing site and recall of the smoked
salmon stopped the outbreak. An estimated four to
six million Dutch residents were possibly exposed to
the contaminated smoked salmon and an estimated
23,000 persons would have had acute gastroenteritis
with S. Thompson during this outbreak. This outbreak
showed that close collaboration between diagnos-
tic laboratories, regional public health services, the
national institute for public health and the food safety
authorities is essential in outbreak investigations.

Introduction

In the Netherlands, an estimated 35,000 cases of sal-
monellosis occurred in 2009, which equals around
212 cases per 100,000 inhabitants [1]. Overall, based
upon data from the Dutch laboratory surveillance net-
work for gastroenteric pathogens, the incidence of
salmonellosis in the Netherlands has decreased since
1997, with some peaks due to outbreaks [2]. Almost
every year, 15 to 20 outbreaks of salmonellosis are
detected at a regional or national level. The largest
outbreaks recorded in the Netherlands up to the time
of this report, were an excess of 540 confirmed cases
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of Salmonella Enteritidis in 2003 most likely caused by
increased importation of contaminated eggs, during
the avian influenza outbreak [3]; and an outbreak of
S. Typhimurium phage type 561 with 224 laboratory-
confirmed cases due to contaminated hard, raw milk
cheese in 2006 [4]. Whereas S. Typhimurium together
with S. Enteritidis are the most common serotypes
responsible for salmonellosis in the Netherlands,
infections with S. Thompson are rare with zero to seven
cases per year laboratory-confirmed within the labora-
tory surveillance network in the past ten years [2]. In
the literature, the number of reports on outbreaks due
to S. Thompson are limited with distinct implicated
sources as cilantro [5], rucola lettuce [6], bread con-
taminated by an ill food handler [7], roast beef [8], egg
albumen [9], and cow’s milk [9].

On 15 August 2012 (week 33), the National Institute for
Public Health and the Environment (RIVM) noticed an
increase in the number of S. Thompson cases in the
Dutch laboratory surveillance network. That week, 11
cases and two weeks earlier four cases were detected
at the RIVM, scattered over the country. This prompted
an outbreak investigation to identify the source, in
order to take subsequent actions to prevent further
cases. In October 2012, as the outbreak was ongoing,
a preliminary report was published [10]. In this final
report, all available data were combined to describe
the complete outbreak.

Methods

Laboratory surveillance network

The Dutch laboratory surveillance network, established
in 1987, is based on 16 regional public health labora-
tories, which send Salmonella isolates from patients
to the RIVM for further typing, covering ca 64% of the



Dutch population [11]. Each isolate is accompanied by a
standardised completed request form with information
about the submitting laboratory, basic demographics
of the patient and the isolate. At the RIVM, the iso-
lates are serotyped and the results and background
information are filed in the laboratory registry system.
Additionally, during this outbreak, Dutch diagnostic
laboratories outside the surveillance network, were
encouraged to submit Salmonella group C isolates, to
which S. Thompson belongs, in order to get a more
complete picture of the outbreak.

Epidemiological investigation

Cases were defined as residents of the Netherlands with
an S. Thompson isolate cultured from any sample type,
confirmed at the RIVM between August and December
2012. Between 16 August (week 33) and 28 September
(week 39) when the source was identified, the regional
public health services were requested once a week to
contact the new cases of that week within their region
after obtaining consent from the doctor in attendance,
to administer an extensive questionnaire. This ques-
tionnaire covered consumption of different meats, fish,
dairy products, vegetables and fruits, snacks, estab-
lishments where food was purchased, contact with a
person with diarrhoea and contact with animals during
the seven days before onset of illness. Furthermore,
information about the symptoms, onset of illness and
hospitalisation was asked. An adapted questionnaire
was also sent to controls from the general population
in the same period (week 33-39). From the database
with a random sample of the Dutch population avail-
able at the RIVM, four controls from the same or neigh-
bouring municipality with comparable year of birth,
and sex were drawn. The control questionnaire was
sent by mail. An envelope with a freepost number was
included to return the questionnaire.

On 28 September (week 39) the source was found,
namely smoked salmon, and a recall was started to
remove the product from the market. As the number of
submitted isolates kept rising after the recall, a sup-
plemental study was performed between 19 October
and 22 November (week 42-47), in order to monitor the
course of the outbreak and to check whether smoked
salmon was still the cause. Cases with a first date of
illness after 5 October 2012 (more than one week after
the start of the recall) or unknown onset of illness were
contacted with a short questionnaire. The cases were
asked when they fell ill, whether they had eaten fish
or seafood and if so, where they had bought or eaten
it, when, and what type of fish or seafood. Cases were
also requested to indicate whether they had been in
contact with another patient with similar symptoms in
the week before falling ill.

Food and trace-back investigations

The Dutch Food and Consumer Product Safety Authority
(NVWA), which is responsible for product tracing during
foodborne outbreaks in the Netherlands, performed a
trace-back investigation based on the results of the

case—control study. Subsequently, samples were taken
at the processing site of a Dutch producer of smoked
salmon that emerged from this investigation as a likely
source of the outbreak.

Microbiological investigation

Salmonella isolates submitted to the RIVM were sero-
typed based on O- and H-group antigens according to
the World Health Organization (WHO) Collaborating
Centre for Reference and Research on Salmonella [12]. A
subset of isolates of Salmonella enterica subsp. enter-
ica Thompson from patients and food samples were
subjected to molecular typing by means of pulsed-field
gel electrophoresis (PFGE) according to the PulsNet
International protocol [13]. Restriction enzyme Xbal was
used for digestion of DNA. The banding patterns, i.e.
DNA fingerprints, were compared using BioNumerics
6.6 (Applied Maths, Sint-Martens-Laten, Belgium) with
tolerance and optimisation both set at 1%. To confirm
our PFGE analysis, strains were sent to Centers for
Disease Control and Prevention (CDC) in Atlanta for
DNA fingerprinting.

International inquiry

An urgent inquiry was sent out by the RIVM on 23
August 2012 to European Union (EU) Member States
via the Epidemic Intelligence Information System
(EPIS), managed by the European Centre for Disease
Prevention and Control (ECDC). Member States were
asked to report any increase in the number of cases of
S. Thompson in their countries. On 1 October a notice
was sent to all National Focal Points in Europe via the
Early Warning and Response System (EWRS).

Statistical analyses

All statistical analyses were performed using SAS 9.2
(SAS institute Inc., USA). In the case-control analysis,
variables with a p-value of less than o.20 in the uni-
variate logistic regression were entered into the mul-
tivariate analysis. A final model was determined by
backward elimination of variables, until all variables in
the model had reached significance (p<o.05), adjusted
for age and sex, and the model was significant. Day
of onset was mainly available for the cases complet-
ing the extensive questionnaire or the supplemental
questionnaire, and only rarely for the other cases via
the form accompanying the Salmonella isolate pre-
sented for serotyping. The epidemic curve of the fre-
quencies of cases by dates of onset was biased, as the
questionnaires were completed at the beginning of the
outbreak (extensive questionnaire) or at the end of the
outbreak (supplemental questionnaire). Therefore, for
cases without known day of onset but with a date of
sampling, an estimated day of onset was calculated
based on the median number of days between date of
onset and sampling for the cases in the same period
(whereby the time of the outbreak was divided in three
periods: beginning, middle and end). This time span
between onset and sampling was estimated using data
from cases with both dates available.
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Results

Descriptive epidemiology

In total 1,149 cases were laboratory-confirmed at the
RIVM between August and December 2012 of which 812
within the national surveillance network laboratories
and 337 within Dutch diagnostics laboratories outside
the surveillance network, which had been encour-
aged to submit Salmonella group C isolates. Two men
and two women aged between 76 and 91 years were
reported to have died due to the S. Thompson infec-
tion. The Figure shows the epidemic curve according
to reported and estimated day of disease onset. The
first isolates of the outbreak arrived at the RIVM on
27 July (week 30), and the last isolates arrived on 27
and 28 December (week 52). Serotyping at the RIVM
lasted between two and 21 days (median seven days),
although the preliminary results (before being checked
and made available by RIVM) were frequently ready up
to two days earlier than the median seven days. The
peak of isolate entries was in week 41. Reported dates
of disease onset ranged from 20 June to 10 November
with a peak in week 40. However, when an estimation
of the date of onset for the cases without a known date
of illness onset was also taken into account, the peak
shifted to week 39.

For the 1,079 outbreak cases for which sex was known,
696 (65%) were female (Table 1). Age information was
available for all cases (n=1,149) and the median age
was 45 years (range: 0-95 years). For comparison,

FIGURE

the median age of the other 1,624 cases of salmonel-
losis reported to the RIVM in 2012 was 29 years, and
53% were female. Strikingly, five outbreak cases were
younger than six months and thus most likely not eat-
ing solid foods yet, three of them had family members
with a confirmed infection. The youngest case was two
days-old when tested, and was most likely infected
during birth as the mother also tested positive. The
mother of another baby who had become ill at the age
of one month, had been positive two days before giv-
ing birth. A three-month-old baby had a 23-month-
old sister who was ill. Another nine family clusters
could be identified among the 1,149 confirmed cases:
mother—child (n=3), siblings (n=3) and partners (n=3).
In the extensive questionnaire, 7% (8/112) reported to
have had contact with a person with diarrhoea in the
week before falling ill. In the supplemental study, this
question was added later with seven cases of 27 hav-
ing had such contact.

The extensive questionnaire was completed by 112
respondents (response 63%). As expected, diarrhoea
was the most important symptom (108/112, 96%;
Table 2) with a median duration of seven days (range:
1-21 days). About one-quarter of the cases (29/104)
recorded blood in their stool. Fever (>38.0°C) was men-
tioned by 63 (62%) of 101 cases, and 39 of 112 cases
(35%) were hospitalised for a median of four days
(range: 1—15 days). The median age of the hospitalised
cases was 70 years (range: 7-91 years).

Number of Salmonella Thompson outbreak cases according to reported and estimated day of disease onset , the

Netherlands, 18 June-30 December (n=1,027)*

Recall of contaminated smoked salmon
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2 Although a total of 1,149 laboratory-confirmed cases were part of the outbreak, only 1,027 are depicted in this Figure because for 122 cases
the day of disease onset could not be determined due to missing information.
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For cases with known dates of illness onset and sam-
pling, the delay between date of onset and sampling
for diagnostics appeared to increase during the out-
break, especially toward the end (Table 3). The time
between sampling and arrival of the isolate at the RIVM
remained stable with a median of seven days, and 98%
(967/983) within 14 days. Consecutive second and
third positive isolates were sent in at a later point in
time for 43 cases and three cases, respectively. When
excluding the cases with the second sampling on the
same day as the first sampling, median number of
days between both sampling moments was nine days,
with a range of 1 to 76 days (n=30 cases). Twenty-one
cases of which repeated samples were submitted were
55 years of age or older. Information on hospitalisation
was available for seven of these cases, and all seven
were admitted to hospital.

Case-control study

Every time completed questionnaires were returned,
the case-—control statistical analysis was repeated,
and results of possible outbreak sources were com-
municated with the NVWA. Analyses indicated several
potential sources, namely minced meat (10 September),
ready-to-eat raw vegetables (17 September), ice cream
(18 September) and smoked fish (24 September).
Another result of the analyses was that cases more fre-
quently reported to shop at certain supermarket chains
affiliated with one purchasing coordinating organisa-
tion. The odds ratio (OR) for smoked fish was 6.4 (95%
confidence interval (Cl): 3.3-12.5) in the final multi-
variate analysis with all available questionnaires (108

TABLE 1

Characteristics of the reported Salmonella Thompson
outbreak cases, the Netherlands, August-December 2012
(n=1,149)

Characteristics of cases N (%)

Sex®

Female 696 (65)*
Male 383 (35)°
Unknown 70 (6)
Age group in years®

0-9 124 (12)
10-19 173 (15)
20-29 154 (13)
30-39 75(7)
40-49 94 (8)
50-59 147 (13)
60-69 165 (14)
70-79 130 (11)
>80 87 (8)

2The percentages of males and females are calculated from the
1,079 cases, for which Information on sex was available.

® The age of all cases was known and the median age of cases was
45 years (range: 0-95).

cases and 198 controls). Fifty-seven per cent of the
cases reported consumption of smoked fish (62/108),
mostly smoked salmon, compared to 52 of 198 (26%) of
the controls. Other risk factors were buying at super-
market chains affiliated with the purchasing organisa-
tion (OR: 3.5; 95% Cl: 1.9-6.8), buying at supermarket
chain A (OR: 2.3; 95% Cl: 1.2—4.5), and consumption of
ready-to-eat raw vegetables (OR: 3.3; 95% Cl: 1.3-8.4)
and ice cream (OR: 2.3; 95% Cl: 1.2—4.7). No significant
interaction terms were found between the supermar-
kets and the food products.

Food and trace-back investigations

The NVWA followed up each of the four possible
sources identified by the case-control study. Where
possible, supermarkets and patients were contacted
and food samples were taken. Ready-to-eat vegeta-
bles were quickly ruled out, as they included a large
variety of vegetables from many different sources and
producers. The purchasing organisation informed the
NVWA that ice cream and vegetables were not procured
at one single producer. However, when the case-con-
trol analysis pointed toward smoked fish consumption,
particularly smoked salmon, the purchasing organisa-
tion indicated that all smoked salmon originated from

TABLE 2

Symptoms and hospitalisation as reported by Salmonella
Thompson outbreak cases in the extensive questionnaire,
the Netherlands, August-December 2012 (n=112)

Characteristic n/N? (%)

Diarrhoea 108/112 (96)

29/104 (28)
Nausea 67/112 (60)
44/111 (40)
88/111 (79)
63/101 (62)
Tremors 58/101 (57)
39/112 (35)

Blood in stool

Vomiting

Abdominal pain

Fever (>38.0 °(C)

Hospitalisation

2Some symptoms were not reported by all the questionnaire
respondents.

TABLE 3

Days between date of illness onset and date of sampling,
Salmonella Thompson outbreak, the Netherlands, August-
December 2012 (n=340)

Period within ~ Number Median time between date of illness

the outbreak  of cases onset and date of sampling (range)

Week 31-372 74 5 days (0—80 days)

Week 38-43?2 234 5 days (0—92 days)

Week 44-52° 32 17 days (0-83 days)

2 Refers to the week number in 2012 in which the isolate arrived
at the National Institute for Public Health and the Environment
(RIVM).
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one Dutch producer. Supermarket chain A also bought
a part of its smoked salmon at the same producer as
the purchasing organisation. The day after this find-
ing, 26 September, the NVWA visited the Dutch fish
producer and collected samples from different batches
of smoked salmon products, as did the fish producer.
S. Thompson was detected by the NVWA in four of nine
sampled batches. Subsequently, all smoked salmon
from this producer was recalled, starting Friday 28
September (week 39) and a public warning was pub-
lished. A trace-back analysis by the fish producer
showed that the positive batches all were produced
on certain production lines in the Greek processing
plant of this company. There, the fish is processed
before being transported to the Netherlands for further
distribution. In week 4o, other products containing
possibly contaminated smoked salmon, such as ready-
to-eat salads, were also recalled. Information given by
the producer also indicated that smoked salmon was
exported to countries in Europe, North America and
Central America. An alert was sent out on 1 October
via the Rapid Alert System for Food and Feed (RASFF;
2012.1382) to inform these countries of the recall and
the ongoing outbreak. This notification did not lead to
reports of cases. Furthermore, the Greek authorities
(EFET: Helenic Food Authority) were informed about the
problem in the Greek production facility of the Dutch
fish producer. Based on this alert notification and
additional information, EFET temporarily closed the
Greek production site of the Dutch fish producer (3-11
October). After analysis of the production process in
Greece, the Dutch producer concluded, that the con-
tinuing contamination of smoked salmon must have
been caused by cross contamination from dishes on
which the salmon was transported within the process-
ing lines. These reusable dishes were the most recent
main adaptation in the production process and where
known to be porous. The dishes were introduced in the
production process in Greece in February 2012. Indeed,
research conducted by the fish producer showed that
the inner layer of the dishes appeared to be filthy and
was contaminated with bacteria, including Salmonella.
Additional research conducted by the Netherlands
Organisation for Applied Scientific Research (TNO)
showed that the inner layer of the dishes was highly
porous and absorbing the Salmonella [14]. How the
dishes initially got contaminated remains unknown.

Supplemental study

Between week 42 and 47, a total of 178 cases pre-
sented with first date of illness either after 5 October
2012 (n=14) or unknown (n=164), according to the
laboratory request form. The regional public health
services contacted these cases with the short ques-
tionnaire asking for date of disease onset, fish con-
sumption and possible contact with an ill person with
similar symptoms: 87 cases reported a date of illness
before 5 October, 43 cases had a date of onset after g
October, and for 48 cases it remained unknown. For 29
of the 43 cases, consumption of contaminated salmon
purchased before the recall or contact with another
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S. Thompson case was known or likely. For the remain-
ing cases, the information was insufficient or did not
point in the direction of salmon or contact with another
S. Thompson case; these cases were mostly younger
than 10 years (n=6) or older than 70 years (n=5) of age.
The results of this supplemental study did not indicate
that any contaminated salmon remained on the mar-
ket or that another source was contributing to the out-
break. Furthermore, the number of new cases per week
decreased steadily during these weeks.

Microbiological investigation

The majority (93%, n=1,064) of first positive samples
from cases were faeces samples. Other sources were
urine (50; 4%), blood (24; 2%), and other or unknown
(11; 1%). PFGE was done for isolates of 60 outbreak
cases, 16 salmon samples and five non-related strains
of previous years. All outbreak strains and salmon iso-
lates presented the same pattern. This finding was
confirmed by the typing laboratory of CDC in Atlanta.
The strains belonged to pulse type JP6Xo1.0001. The
non-related strains of S. Thompson showed a different
pattern.

International inquiry

Eighteen EU Member States responded to the urgent
inquiry and reported no significant increase. Three
countries reported cases with a PFGE pattern matching
the current outbreak strain prior to this outbreak. One
of them was a Scandinavian outbreak of S. Thompson in
2004 caused by rucola salad [6]. Furthermore, Sweden
reported one domestic case and Germany reported
three domestic cases with a PFGE pattern similar to
the outbreak strain and dates of illness onset during
the outbreak, but without a link to the Netherlands or
salmon. A Belgian truck driver with an S. Thompson
infection who had been in the Netherlands several
times in the week before falling ill, probably got
infected in the Netherlands. At the same time, a clus-
ter of S. Thompson infections was investigated in the
United States (US) (personal communication, Dr Laura
Gieraltowski and Dr Peter Gerner-Smidt, CDC, US;
October 2012 and April 2013). No particular exposure
was identified. First microbiological results indicated a
similar PFGE pattern, but later significant differences
between the strains were detected by whole genome
sequencing. No connection was found between these
concurrent outbreaks.

Discussion

This outbreak of S. Thompson is the largest outbreak
of salmonellosis ever recorded in the Netherlands, with
1,149 confirmed cases. However, this number is likely
to present only the tip of the iceberg. Dutch population
studies provided the multipliers to estimate total num-
bers of Salmonella cases based on the cases sent in
by the laboratories within the Dutch laboratory surveil-
lance network [1,11]. Knowing that 812 outbreak cases
were submitted within this network, an estimated
23,000 persons would have had acute gastroenteritis
with S. Thompson in the general population, of which



650 would have been hospitalised and ca 24 persons
may have died from this infection within two years
after their infection.

Although a case—control study was started immedi-
ately after detection of the outbreak, it took several
weeks before the cause could be identified. The main
reason for the delay in identifying the source was the
low number of cases in the beginning of the outbreak
and consequently the low number of completed ques-
tionnaires, both from cases and controls, available
for analysis. A number of other possible sources were
suggested before the analysis led to salmon. This was
most likely caused by the relatively low number of
cases reporting consumption of smoked fish (62/108,
57%). This can be due to recall bias, but also because
the salmon was incorporated in other products, for
example pre-sale ready-to-eat salads or as part of a
menu in the catering industry.

The incriminated producer had a large market share
for smoked salmon. Based upon information pro-
vided by randomly selected respondents in a survey
conducted among the general population done by the
Epidemiology and Surveillance Unit of the RIVM, 47%
of the Dutch population consumed smoked salmon in a
four weeks period (data not shown). Considering a mar-
ket share of 50 to 80% for the company, 3.9 to 6.2 mil-
lion Dutch residents would have been possibly exposed
to contaminated smoked salmon in four weeks’ time.
The reach of one product of one producer with a high
market share is huge with consequently large possible
implications for the 16 million Dutch population.

Research into the specific origin of the contamina-
tion within the processing site in this outbreak proved
to be difficult. In the Netherlands, the NVWA is the
legal body to perform such source investigation, and
is authorised to take active measures in case a source
is detected. However, their mandate is limited to the
Netherlands and the contaminated production site was
in Greece. Via the RASFF system, the NVWA informed
the Greek authorities about the problem in the Greek
production site of the Dutch fish producer. However,
information from the Greek investigation was scarcely
available during the Dutch outbreak investigation, thus
it was a challenge for the NVWA to quickly reconstruct
in an objective way what had gone wrong in the pro-
duction process in Greece. No objective information
was available on whether the contamination possi-
bly had spread through (other) production processes
in Greece or to the Dutch production site. The NVWA
mostly relied on information provided by the fish pro-
ducer. Many important details have been published
in a study of the Dutch safety board (Onderzoeksraad
voor Veiligheid [14]) and are included in this paper.
However, it must be noted that some of the information
known to the NVWA cannot be disclosed due to judicial
restrictions, and thus cannot be presented here.

The smoked salmon in the production line had been
continuously contaminated through reusable dishes in
the production process, which turned out to be porous
and became loaded with bacteria, as the cleaning and
disinfecting regime turned out to be not sufficient to
kill bacteria on the inside of the plates. In the report
of the Dutch safety board [14] data are presented on
the trend lines of the number of Enterobacteriaceae
in the production process in the Greek production
facility, as measured by the fish producer. These
data show a small, but not disquieting increase in
Enterobacteriaceae levels after implementing the reus-
able dishes; between June and the end of September,
when the source of the outbreak was found, the trend
line started to strongly fluctuate. The fluctuation was
caused by the alternating growth of bacteria in the pro-
duction process followed by extra cleaning procedures.
Circumstances in Greece were favourable for Salmonella
to proliferate. First, the bacteria were present in the
inside of the porous reusable dishes, out of range of
the cleaning and disinfection procedures. Second, the
temperature in the non-refrigerated storing room was
running up during the hot Greek summer, reaching val-
ues favourable for outgrowth of Salmonella. However,
how the first dish got contaminated remains unknown.
The reused dishes were introduced in the production
process in Greece in February 2012, and were immedi-
ately replaced by single-use dishes after being identi-
fied as the source of the contamination. A remarkable
feature in the epidemic curve is the relative stable
number of cases falling ill up to week 35, before the
steep increase. This supports the hypothesis that the
level of contamination at the production site was low
at the onset, increasing over time and at a certain point
in time increased exponentially. However, the outbreak
received more attention as it progressed. Before the
recall of the smoked salmon, knowledge of the out-
break was mostly limited to the professionals involved
in the outbreak response, but the outbreak received
a considerable amount of media attention after the
recall. This probably led to more patients visiting their
physician, physicians requesting more laboratory test-
ing and more laboratories apart from the surveillance
laboratories submitting strains, which all could have
affected the epidemic curve. The increase of time lag
between date of onset and sampling date at the end of
the outbreak is supportive for this.

The peak of cases, based upon date of onset, was in
week 39 with a rapid decline in the number of cases
afterwards. As the recall of smoked salmon started at
the end of week 39, it is very plausible that the decline
in cases is the result of this recall. As the number of
cases was increasing rapidly in the weeks prior to the
recall, it is very likely that it would have continued to
rise if the smoked salmon had not been withdrawn
from the Dutch market. Nevertheless, the outbreak
did not stop immediately after week 39. Possible rea-
sons are the recall starting at the end of week 39, and
an additional recall for products containing smoked
salmon starting in week 4o. Furthermore, not everyone
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may have noticed the recall immediately or would
have thrown away the smoked salmon already bought.
Finally, because of the high number of cases person-
to-person transmission could have prolonged the out-
break. Before the start of the outbreak, zero to seven
infections with S. Thompson per year were confirmed
at the RIVM. Comparison of the PFGE of isolates prior
to the outbreak revealed a different pattern compared
to the outbreak strain. Although the strain appeared to
be new in the Netherlands, several European countries
had previously reported cases affected by a strain of
similar pattern, including an outbreak in Norway and
Sweden in 2004 [6]. Therefore, the strain does not
appear to be new, even though it is unknown how well
PFGE discriminates between the different S. Thompson
strains.

Salmon is a rare cause of foodborne outbreaks of sal-
monellosis. Two outbreaks of S. Montevideo occurred
in 1984 in a restaurant in the United Kingdom due to
salmon, most likely contaminated by personnel after
the cooking process [15]. Further, two different out-
breaks of S. Enteritidis occurred after consumptions of
salmon in 1999 in Denmark and in 2000 in the US, how-
ever in both outbreaks salmon dishes also contained
eggs which could have been the cause of the outbreaks
[16,17]. Reports of outbreaks due to S. Thompson are
also scarce, and have not been linked to salmon before
[5-9]. The cause of the current outbreak of S. Thompson
was determined to be smoked salmon, based on the
epidemiological case—control analyses, food investi-
gation and product tracing, and microbiological confir-
mation. It is the largest outbreak of salmonellosis ever
recorded in the Netherlands. The temporary closure
of the Greek production site and recall of the smoked
salmon prevented further cases. This outbreak showed
that close collaboration between diagnostic laborato-
ries, regional public health services, the national insti-
tute for public health and the food safety authorities
is essential in outbreak investigations. Furthermore,
outbreak investigations should start with an extensive
questionnaire, as an outbreak can have an unexpected
source.
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