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SUMMARY

In April 2015, Finnish public health authorities alerted European Union member states of a
possible multi-country Salmonella enteritidis outbreak linked to an international youth ice-hockey
tournament in Latvia. The European Centre for Disease Prevention and Control (ECDC),
Finnish and Latvian authorities initiated an outbreak investigation to identify the source. The
investigation included a description of the outbreak, retrospective cohort study, microbiological
investigation and trace-back. We identified 154 suspected and 96 confirmed cases from seven
countries. Consuming Bolognese sauce and salad at a specific event arena significantly increased
the risk of illness. Isolates from Finnish, Swedish and Norwegian cases had an identical multiple-
locus variable-number of tandem repeats analysis-profile (3-10-6-4-1). Breaches in hygiene and
food storing practices in the specific arena’s kitchen allowing for cross-contamination were
identified. Riga Cup participants were recommended to follow good hand hygiene and consume
only freshly cooked foods. This investigation demonstrated that the use of ECDC’s Epidemic
Intelligence Information System for Food- and Waterborne Diseases and Zoonoses platform was
essential to progress the investigation by facilitating information exchange between countries.
Cross-border data sharing to perform whole genome sequencing gave relevant information
regarding the source of the outbreak.

Key words: International outbreak investigation, MLVA, Salmonella enteritidis PT1, whole genome
sequencing (WGS).

INTRODUCTION

Salmonella is a bacterium that can cause salmonellosis:
a gastrointestinal disease characterised by diarrhoea,
fever, abdominal pain and vomiting. It is transmitted
through contaminated and under-cooked food items,
including eggs, poultry and meat products [1].
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Salmonella is a common cause of outbreaks during
mass-gatherings [2], mass caterings [3]. In addition,
multi-country outbreaks have been previously reported
[4]. During 2010–2012, the reported incidence of sal-
monellosis in the European Union and European
Economic Area (EU/EEA) was 21·5 cases per 100 000
and Salmonella enteritidis was the most frequently
reported serovar [5]. The reported incidence of salmon-
ellosis has been decreasing in theEU/EEAsince 2006 [5]
and this trend has been most accentuated for S. enteri-
tidis [6].

On 14 April 2015, a cluster of six cases of Salmonella
groupD infectionwas identified in a hospital in Finland
among players who had recently participated in the
RigaCup 2015, an international youth ice-hockey tour-
nament in Latvia. The event consisted of five tourna-
ments, which took place during the weekends from 27
March to 26 April 2015. Approximately 5000 partici-
pants (i.e. players, coaches and accompanying persons
such as relatives) from 197 teams representing 19 coun-
tries attended the event. The Riga Cup 2015 matches
took place at four arenas and lunches and dinners
were served at venues for the participants (including
coaches and accompanying persons). Participants
were accommodated in seven different hotels where
they had breakfast [7]. Because of the potential for an
international outbreak, the Finnish National Institute
for Health and Welfare (THL) notified European
Centre for Disease Prevention and Control (ECDC)
and other European countries on 16 April about a
possible outbreak via the Epidemic Intelligence
Information System for Food- and Waterborne
Diseases (EPIS-FWD) [8].

Following the rapid risk assessment [8], additional
cases, fromother tournamentweekends, were identified
in Finland suggesting that the outbreak was still
ongoing. On 24 April, the ECDC together with the
Finnish and Latvian public health institutes initiated
an international outbreak investigation to identify its
extent and source and prevent further cases.

METHODS

Descriptive epidemiology

For case finding, we defined a suspected case as a Riga
Cup 2015 participant with stomach cramps and/or
diarrhoea and/or vomiting during or within 1 week
after their stay in Riga. We defined a confirmed case
as a Riga Cup 2015 participant with a laboratory

confirmed Salmonella sp. infection with symptom
onset during or within 1 week after their stay in Riga.

To find the cases, we acquired each participating
team’s contact person’s e-mail from the organisers of
Riga Cup 2015. On 29 April, the Latvian public
health authorities disseminated the information
regarding the outbreak via e-mail to the team leaders
(excluding teams from Finland and Norway who had
been already contacted by their respective national
institutes). They asked team leaders to report the num-
ber of persons who met the suspected case definition in
their teams. A reminder was sent on 2 May.

In Finland, where the outbreak was detected and
case finding was performed by the Finnish national
public health authority, different case definition was
used. They identified the confirmed Salmonella sp.
infection cases with travel history to Latvia from the
national infectious disease register and by cross-
checking these names with the Riga Cup 2015
attendee list [7]. Suspected cases were identified
through an online survey. A Riga Cup participant
having an onset of diarrhoea on or after 27 March
qualified as a suspected case in Finland [7]. The out-
break team at the Norwegian Institute of Public
Health also used the Norwegian Surveillance System
for Communicable Diseases (MSIS) to identify the
confirmed cases and also contacted the team leaders
to find suspected cases. Both countries then reported
the case numbers to the international outbreak inves-
tigation team.

Analytical epidemiology

For identifying a vehicle of infection, we conducted a
retrospective cohort study. Riga Cup 2015 partici-
pants from the fourth tournament weekend (17–19
April), who had had their meals in the event arenas
were invited to participate. A questionnaire was devel-
oped in English to collect information on demo-
graphic characteristics, symptoms and food history;
the latter included which meals were eaten at what
arena and which specific food items were consumed
at each meal. We acquired the lunch and dinner
menus from the event organisers and constructed the
questionnaire according to the foods served.
National authorities translated the questionnaire into
their respective languages and sent it to the ice-hockey
team leaders who then distributed it to the team mem-
bers, either by e-mail or on paper. We developed a
codebook for uniform data entry between the coun-
tries, the national agencies did the data entry in their
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country, and we then pooled the data. For the cohort
study we defined a case as a Riga Cup 2015 partici-
pant with a laboratory-confirmed Salmonella group
D or O:9 infection or a person with stomach cramps
and/or diarrhoea and/or vomiting with the symptom
onset starting 17 April and no later than a week
after leaving the Riga Cup 2015.

Data analysis

We calculated total number of cases, number of teams
affected and number of cases per country and also
weekly attack rates (ARs) among the teams that had
their meals in the arenas. To explore the associations
between food items and illness, we calculated relative
risks (RRs) with 95% confidence intervals (CIs). The
analyses were performed only for food items that were
served during meals where 510 cases had attended.
Where several food items served at the same meal
were significantly associated with illness in univariate
analyses, we included them in a multivariable model
to adjust for confounding. Generalized linear model
was used to calculate risk ratios and P-values, which
were considered significant if they were <0·05. All ana-
lyses were performed using STATAData Analysis and
Statistical Software version 12 (Stata Corporation,
College Station, TX, USA).

Microbiological investigation

Between 7 and 27 April, National Public Health author-
ities from Finland, Sweden and Norway cross-checked
Salmonella sp. isolates that were notified to respective
national registers with Riga Cup participant lists, in
order to identify positive cases. Salmonella isolates were
analysed by serotyping [9], phage typing [10] and
multiple-locus variable-number of tandem repeats
analysis (MLVA) [11]. In MLVA, the following loci
nomenclature and order was used: SENTR7-SENTR5-
SENTR6-SENTR4-SE3. In order to compare and
confirm the genetic relationship of Finnish and Swedish
outbreak-related isolates with an identical MLVA type,
five Finnish and three Swedish isolates were randomly
selected and subjected to whole genome sequencing
(WGS) by gene-by-gene analysis.

In order to study how common the detected
Salmonella type is in Latvia, epidemiologists in
Latvian institutes purposively sampled a selection of
human and routine food quality-control Salmonella
enteritidis isolates that were unrelated to the Riga
Cup 2015 from the period during March–May 2015

for further investigation. These isolates were sent to
THL in Finland for phage typing and MLVA analysis
and those Latvian strains with identical phage type
(PT) and MLVA type compared with the outbreak
strain were also characterised using WGS in THL.

The genomic DNA for the WGS was isolated
according to the instructions of MaqAttract® kit
(Qiagen, UK). DNA quantity and quality was ana-
lysed using a gel electrophoresis and the Qubit® quan-
tification platform (Invitrogen, USA). Approximately
0·2 ng/μl of DNA from each isolate was used for a
pair-end library preparation (Nextera XT DNA
Library Preparation Kit, Illumina, San Diego, CA,
USA). Sequencing of the strains was performed with
a MiSeq benchtop sequencer (Illumina, San Diego,
CA, USA). The theoretical depth of coverage was cal-
culated as a 100-fold. The schema for an ad hoc
gene-by-gene analysis was defined based on 48 S.
enteritidis complete genomes available at Genbank
using a target definer tool within the Ridom
SeqSphere+ software (Ridom, Münster, Germany).
The sequence paired-end reads of Finnish, Swedish
and Latvian strains were de novo assembled to contigs
using SPAdes genome assembler algorithm (http://
bioinf.spbau.ru/spades) [12]. The imported sequence
reads were trimmed and the adapters of Nextera
library were removed. The genomes of Swedish and
Latvian isolates were compared with Finnish
outbreak-related and non-outbreak related isolates
using the gene-by-gene analysis. The Finnish non-
outbreak isolates chosen for reference represented
the most common S. enteritidis PTs in Finland and
one of these had the same PT and a similar MLVA
type (one locus difference) as the outbreak strain.
Based on genome sequence data, multilocus sequence
type (MLST) of seven house-keeping genes and 3648
core genome target genes were identified. Each of
the target genes have an assigned allele number and
if the target gene was found and was different from
the reference genome or any other queried genome a
new allelic number was assigned to that locus. For
comparison purposes, the allelic differences of the
studied strains were shown as a minimum spanning
tree (MST) that was performed using tools within
the Ridom SeqSphere+ software.

Environmental investigation and trace-back

Initially two event arenas were suspected as the source
of the outbreak. Information based on the interviews
with the first Finnish cluster pointed to arena A and
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an Estonian team with five suspected cases pointed to
arena B [7]. On 16 April, an environmental investiga-
tion was performed in the canteen kitchen in arena A
by specialists from the Centre for Disease Prevention
and Control of Latvia and the Latvian Food and
Veterinary Service. Follow up investigations were per-
formed on 24 and 27 April. The canteen kitchen in
arena B was investigated on 29 April. The specialists
collected environmental, food swabs and stool sam-
ples from the canteen staff from arena A and arena
B. All the samples were tested for Salmonella by cul-
turing. The Latvian Food and Veterinary services
reviewed the purchase receipts from the restaurants
at arena A and B to identify the producers, importers
and the suppliers of the suspected food items (i.e. meat
products and products that did not require heating
before serving).

RESULTS

Descriptive epidemiology

We received replies from 85% (168/197) of the teams,
which represent 83% (4391/5290) of the total partici-
pants. Team leaders and national public health
authorities reported a total of 250 cases (154 suspected
and 96 confirmed) from 48 teams (Figure 1). The AR
over the course of five tournament weekends was 5%
(250/5290). Cases came from: Finland (57 suspected,
81 confirmed), Sweden (56 suspected, 14 confirmed),
United Kingdom (15 suspected), Norway (13 sus-
pected, 1 confirmed), Estonia (5 suspected), Latvia
(4 suspected) and Lithuania (4 suspected). During
the five tournament weekends, 147 teams had their
meals in at least one of the four event arenas. The
rest of the teams were from Latvia and they provided
their own meals. The weekly team AR was the highest
during the fourth tournament weekend (16/29: AR =
55%) and lowest during the fifth tournament weekend
(2/33: AR= 6%).

Analytical epidemiology

On the fourth tournament weekend 29 teams had their
meals in the event arenas. Of these, 15 teams from
four countries (Finland (n= 7), Sweden (n= 6),
Latvia (n = 1), United Kingdom (n= 1)), participated
in the cohort study. Of the 207 responders, 57 were
cases. About half of the cases were <15 years old
(53%) and hockey players (51%). Median duration
of the illness was 5 days (range 1–19). Date of

symptom onset was available for 54 of the 57 cases
(Figure 2). Of the 12 cases with symptom onset during
the first and second day of the fourth tournament
weekend, nine had taken all their catered meals before
symptom onset in arena A.

Of the 20 meals served in the four arenas during the
17–19 April, eight could explain 510 cases. These
included all five meals served in arena A, two meals
served in arena C (17 April) and one meal in arena
B (19 April). Lunch served in arena A on 17 April
could explain 34 of the 57 cases, which was the highest
number of cases explained by a single meal. None of
the food items served in arena B or C were signifi-
cantly associated with being a case. In univariate ana-
lyses, participants who consumed Bolognese sauce or
salad in arena A had significantly higher risk of
becoming ill compared with those who did not con-
sume these food items (Table 1). Having eaten at
least one of these food items (i.e. either salad or
Bolognese sauce or both of them) were mentioned
by 33/57 cases. After inclusion of Bolognese sauce
and salad served on the 17 April lunch in the multi-
variable model, both exposures remained significant:
Bolognese sauce: RR = 3·4, 95% CI 1·5–7·7, P=
0·004; salad: RR= 3·4, 95% CI 1·3–9·8, P= 0·021.

Microbiological investigation

The Swedish (n= 14), Finnish (n= 14) and Norwegian
(n = 1) human faecal isolates typed during the out-
break were characterised as S. enterica serovar
Enteritidis PT1 with MLVA type 3-10-6-4-1. Five
Finnish and three Swedish outbreak-related isolates
were characterised using an ad hoc WGS protocol at
THL. These had identical MLST type ST11 and
showed 21–48 allelic differences to each other in
MST using the results of 3648 core genome genes by
gene-by-gene analysis. These outbreak-related isolates
differed from the Finnish S. enteritidis isolates from
cases without links to the Riga Cup outbreak
(Figure 3).

Six human and four routine food own-control (two
isolates from broiler, one from minced pork, one from
chicken skin) Latvian isolates that were unrelated to
the Riga Cup were sent to THL for further character-
isation. Of these, four human and the minced pork
isolate were characterised as S. enteritidis PT1 with
identical MLVA profile (3-10-6-4-1) and MLST type
(ST11) to the outbreak strain. According to the
gene-by-gene analysis three isolates of human origin
were similar to the Swedish and Finnish outbreak
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Figure 1. Distribution over time of teams with suspected and/or confirmed Salmonella sp. infection cases, by country and
Riga Cup tournament weekend, Latvia, March–April 2015 (n= 48)

Figure 2. Cases of Salmonella sp. infection by date of symptom onset among cohort study participants, Riga Cup, Latvia,
April, 2015 (n= 54)
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strain but the minced pork meat was excluded from
the cluster (Figure 3).

Environmental investigation and trace back

In both investigated arenas, the meals were prepared
in the kitchen on-site. Raw products were bought
1–2 days before the tournament and all leftovers
were discarded in the evenings. Food and Veterinary
Services of Latvia found the following non-
compliances to Latvian food safety regulations in
the catering establishment in arena A: (1) uncovered
raw meat was kept in the same refrigerator as ready
to eat meat products; (2) non-compliances in internal
food traceability procedures (i.e. no time labelling for
products that were frozen on site); and (3) dirty con-
tainer for small cooking equipment.

All the samples collected from the kitchens (n= 41),
from the food (n= 14) and from the staff (n = 12) were
negative for Salmonella sp.

The Bolognese sauce served on 17 April lunch con-
tained minced pork originating from Latvia. Several
ingredients were used in the salads: Chinese cabbage
(Poland), cucumbers (Poland), carrots, onions
(Lithuania), tomatoes, iceberg lettuce (Spain), radish
(Italy, the Netherlands), cabbage (Latvia), and salad
dressing (Latvia).

Control measures

Following the initial investigation in arena A on 16
April, the Latvian Food and Veterinary service
requested the food business operator to improve the
hygiene in the kitchen. Additional control measures

were implemented and are described previously [7].
In addition, participants of the Riga Cup 2015 and
of other ice hockey events that took place in arena
A were informed about the ongoing outbreak. They
were recommended to follow good hand hygiene prac-
tices and consume only heat-treated foods.

DISCUSSION

We investigated a multi-country S. enteritidis outbreak
among participants in a junior ice hockey tournament
in Latvia 2015. Our investigation identified that cases
occurred in association with different tournament
weekends and that only consumption of food items
served in arena A were statistically significantly asso-
ciated with the illness. It suggests that a continuous
point source in arena A caused this outbreak. Our
hypothesis of a common source is further strengthened
by the MLVA and WGS results, which provided a
strong link between the cases from three of the affected
countries. Hence, it is unlikely that cases got infection
on their way to the tournament or from the foods served
in the hotel as different means of transportations and
hotels were used by cases.

Poor hygiene has been observed among food provi-
ders in large-scale events [2]. It is also well known that
inadequate hand hygiene and rise in food production
facilitate the transmission of bacteria and cross-
contamination [2]. Latvian Food and Veterinary ser-
vices identified breaches in hygiene and food storing
practices in the kitchen in arena A. This might have
led to the contamination of the food items served to
the participants. Cases occurred over several week-
ends, indicating a continuously present source in

Table 1. Food exposures significantly increasing the risk of illness in univariate analysis during Salmonella outbreak,
Riga Cup, Latvia, 2015

Arena A

Exposed Unexposed

Cases, n Total, n AR, % Cases, n Total, n AR, % RR 95% CI

17 April Lunch
Spaghetti 24 57 42 5 28 18 2·4 1·0–5·5
Bolognese sauce 23 51 45 5 36 14 3·2 1·4–7·7
Salad 26 56 46 4 27 15 3·1 1·2–8·1

Dinner
Salad 17 28 61 3 17 18 3·4 1·2–10·0

18 April Lunch
Salad 20 29 69 4 21 19 3·6 1·5–9·0

19 April Lunch
Salad 12 26 46 5 27 18 2·5 1·0–6·1

AR, attack rate; RR, relative risk; CI, confidence interval.
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arena A. According to the kitchen staff, all the food
items except spices were purchased only 1–2 days
before each tournament weekend. Salmonella has
been previously identified as the causative pathogen
in several reported outbreaks that were linked to the
consumption of spices [13]. Microbiological investiga-
tion was not performed on spices in this investigation.

The results of our cohort study suggest that during
the Riga Cup 2015 fourth weekend the cases acquired
infection via Bolognese sauce or salad served in arena
A. Five cases had symptom onset already on the first
tournament day, which probably refer to a high-dose
ingestion during the meals. All these five cases had
eaten salad during the lunch in arena A. As
Salmonella incubation period ranges from 6 to 72 h,
there is also a possibility that the cases were infected
before the tournament. This, however, is unlikely as
the cases were from Latvia and Sweden and prior to
the tournament they had no common food exposure.
Bolognese sauce and salad were often consumed
together making the identification of the contami-
nated food item difficult. As preparation of the
Bolognese sauce requires boiling and Salmonella is
eliminated when heat-treated at 70 °C [1], it is more

likely that the bacteria were transmitted via ingredi-
ents in the salad which was served as raw. Salad
could have been cross-contaminated in the kitchen
when handling its ingredients after usage of the
contaminated food product (e.g. meat) without
hand-washing. We have no microbiological evidence
to support the hypothesised cross-contamination, as
none of the food items served during the tournament
weekends were available for testing and Salmonella
was not detected in any of the environmental swabs.
We also cannot rule out that the contamination of
the salad ingredients occurred in the setting where it
was grown and harvested or processed. As the out-
break strain seems to be circulating in Latvia, it
could be that manure used for growing the vegetables
contaminated the cabbage (the only salad ingredient
originating from Latvia). We did not perform any
environmental investigation on the premises of the
cabbage producers.

The lowest AR among the teams was observed dur-
ing the last Riga Cup 2015 weekend, with no
confirmed cases, indicating that recommendations
given to the participants to consume only freshly
cooked food and thereby exclude the salad was

Figure 3. Minimum spanning tree of Finnish (5 human, blue), Swedish (3 human, yellow), 5 Latvian (4 human, 1 minced
pork, red) outbreak related isolates and Finnish (4 human, green) non-outbreak related isolates using gene-by-gene
analysis, Riga Cup, Latvia, 2015.
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effective. The decrease in the number of cases could
also be attributed to the recommendations given to
improve the hygiene in the kitchen in arena A.

Microbiological methods are an important part of
the outbreak investigation to support epidemiological
findings and/or to detect the outbreaks [4]. We used
several methods, including phage typing, MLVA and
WGS to characterise the isolates. The results by all
methods used confirmed that the cases from different
countries were infected with an indistinguishable
strain. Isolates from three non-outbreak-related
Latvian human cases that clustered with the outbreak-
related strains from Finland and Sweden based on
WGS results indicate this strain might be circulating
currently in Latvia. Improper food handling, trans-
portation, poor storage, cross-contamination at a
packaging or shipping facility, etc can give rise to fur-
ther cases occurring. Interview of these sporadic
Latvian cases failed to identify a common food
exposure.

WGS is a rapid way to provide highly discriminat-
ing information on pathogens [14]. It is increasingly
applied in outbreak investigations [15] since it can
generate full length sequences of pathogens in a
short time which, with a high resolution, can deter-
mine the genetic similarity of different isolates found
during an outbreak. A major limitation of WGS is
the lack of validation studies and internationally har-
monised WGS protocols. A model process on how to
routinely analyse the data have been developed by an
ECDC expert group on introduction of next-
generation typing methods for surveillance of food-
and waterborne diseases [16]. Due to the international
scope of food trade and food-borne pathogens, the
relevance of data sharing and cross-border collabor-
ation is highlighted in their report [16].

Detection of outbreaks, especially international
ones, can be complex if the cases are spread out
over time, place and if isolates are not routinely
typed. A cluster of Riga Cup 2015 participants with
S. enteritidis infection that attended the same hospital
in Finland facilitated the early identification of this
outbreak. Substantial coordination with clear roles
and responsibilities is needed in international out-
break investigations [17, 18]. ECDC’s support by
sending staff at short notice to Latvia and also
ECDC’s coordination in this outbreak was important
for facilitating the investigation, because Latvia itself
had no reported cases initially, and the outbreak was
first detected outside the country, making hypothesis
generation difficult in Latvia.

Timely communication and data sharing between
epidemiologists, microbiologists and food safety
authorities is challenging in international investiga-
tions. Regular teleconferences for information
exchange and access to information sharing systems
like EPIS-FWD for data sharing and data pooling
between the affected countries are essential to progress
in this type of investigations. As uploading informa-
tion to EPIS-FWD is additional work for member
states, clear guidance should be given to the countries
on how, when and what data to upload.

There were several limitations in this investigation.
First, we did not include in the questionnaire a ques-
tion on whether the respondent had eaten the salad
served in arena A during dinner on 18 April.
Inclusion of this question might have resulted in stron-
ger associations between the exposure to salad and ill-
ness. Omission of this question was due to the rapid
implementation of the questionnaire without time for
pilot testing. No follow-up questionnaire was distribu-
ted, as contacting the team leaders to distribute ques-
tionnaires once more would have been labour and
time-intensive for an outbreak that had already
ended. Also we would have introduced recall bias in
the results as time had passed from the outbreak
already. Second, some cases might have been double
reported since ice hockey team leaders notified the
aggregated number of suspected cases and national
authorities reported individual data. This was most
likely to have occurred for Swedish cases since
Norwegian and Finnish public health institutes per-
formed case finding by themselves, either by interview-
ing or via a survey. In addition, reliance of the
suspected cases limits the reliability of the results.
Third, we included only cases from the fourth tourna-
ment weekend in our cohort study, limiting the gener-
alisability of the findings for all the Riga Cup 2015
weekends. Knowing that similar menus were used dur-
ing the whole Riga Cup 2015 and salad was the only
raw product served to participants, it is, however, likely
that salad was also the infection vehicle during other
tournament weekends. As known, the longer the time
interval between the event and the assessment, the
higher is the probability to incorrectly recall. Hence,
including participants only from the fourth weekend
limited the possibility of recall bias. Finally, only par-
tial traceback was performed in this investigation due
to limited resources. Details regarding the origin of
the non-outbreak-related isolates and investigation in
the food producers’ premises might have given further
insight to possible routes or points of contamination.
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In conclusion, we investigated a multi-country out-
break ofSalmonella.We identified themost likely source
tobe salad served inarenaA.Cross-contaminationof the
salad might have occurred in the kitchen of this particu-
lar arena. Riga Cup participants were recommended to
follow good hand hygiene and consume only freshly
cooked foods. Furthermore, this outbreak investigation
demonstrated the benefits of EPIS-FWD during inter-
national investigations and we recommend countries to
continue the use of EPIS-FWD during multi-country
outbreak investigations as information sharingplatform.
Harmonising the protocol for WGS among EU coun-
tries would facilitate the comparison of results.
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