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From 24 December to 24 July 2015, 174 cases were 
reported in a nationwide salmonellosis outbreak in 
Sweden: 108 cases were connected to a single res-
taurant. A spice mix, containing dried vegetables from 
the restaurant tested positive for the outbreak strain. 
Additional spice mixes with similar content from dif-
ferent suppliers also tested positive. The outbreak 
investigation suggests there could be a risk of con-
taminated products being also on the market in other 
countries. 

At the end of March 2015, 17 cases of Salmonella 
Enteritidis phage type (PT) 13a had been reported to 
SmiNet, the national surveillance system, from four 
counties in Sweden. The first case included in the 
outbreak was reported with onset of symptoms on 24 
December 2014. By 24 July 2015, a total of 174 cases 
had been reported connected to the outbreak, mak-
ing it one of the largest salmonellosis outbreaks in 
Sweden.   The median age of the cases was 44 years 
(range: 1–93), 83 were female and 91 male, suggest-
ing a food vehicle that could be consumed by a broad 
range of the population. The outbreak is still ongoing.

Epidemiological and environmental 
investigation
An outbreak team was formed at the Public Health 
Agency of Sweden at the end of March 2015. The char-
acteristics of the first 17 cases in terms of age and sex 
did not differ from the distribution in the general pop-
ulation. The local county medical offices conducted 
standardised interviews with the cases using a ques-
tionnaire. The interviews were conducted either by tel-
ephone, face-to-face or the questionnaire was filled in 
by the case. No specific food items stood out in the 
responses. However, in one of the counties, four of 
nine cases had eaten at the same sausage food stand 
and in another county, three of five cases had eaten 

at the same lunch restaurant. In mid-April, the Public 
Health Agency of Sweden initiated regular telephone 
conferences with all the relevant local authorities. The 
teleconferences were held on a weekly basis till the 
end of June to liaise with all relevant actors at national 
and local level and to keep everyone updated. In July, 
the teleconferences were held more often, due to the 
development in Kalmar county (see below).

The initial investigations, summed up at the first tel-
econference on 17 April, suggested that the vehicle 
of infection was most likely a food item with a long 
shelf life, e.g. something frozen, nuts or spices, given 
that the first case had been reported in December. By 
the end of May, the number of cases had risen to 48 
(Figure) and were distributed over 14 counties. When 
interviewing the cases up to this time point, use of 
specific spice mixes containing dried vegetables, buy-
ing food from specialised food stores, consumption 
of chicken stood out as over-represented among the 
cases, but without statistical significance. Various food 
items were analysed for Salmonella spp., including two 
different brands of spice mixes containing dried veg-
etables. Up to the end of June, all tested negative for 
Salmonella spp.

At the beginning of June (week 23), Kalmar county 
reported a case who had fallen ill after eating at a res-
taurant that served many of their dishes on wooden 
boards. Cases continued to be reported and at the end 
of the following week (week 24), a total of six cases 
of salmonellosis had been reported from that same 
county. Interviews showed that all the six cases had 
eaten at the same restaurant in the county within the 
incubation period for symptom onset.   As they all 
shared the outbreak strain, they could be connected to 
the S. Enteritidis PT 13a outbreak. The restaurant had 
served many guests, around 200, during the Swedish 
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midsummer holiday (19–20 June), some of whom were 
from Denmark, Norway and Germany. Local authorities 
reported that the majority of the cases at the restaurant 
had eaten pork tenderloin, served on a wooden board 
together with mashed potatoes. The pork tenderloin 
was one of the first main suspected contaminated food 
sources at the restaurant outbreak; however, analyses 
for Salmonella spp. were negative. 

A municipal environment and health team collected 
additional food items, serving utensils and other 
kitchen utensils for testing from the restaurant. On 9 
July, the laboratory at the National Veterinary Institute 
(SVA) in Uppsala, detected a Salmonella isolate in an 
unopened package of a spice mix collected from the 
restaurant (Brand A) originating from Serbia, contain-
ing dried vegetables, e.g. onions, carrots and parsnips. 
This spice mix had been used in many of the dishes. 
In addition, a pastry bag used for piping mashed pota-
toes servings was found positive for the outbreak 
strain. The mashed potatoes had been seasoned with 
the spice mix (Brand A). In total, 108 cases were con-
nected to the restaurant, including staff members. 
Local authorities reported that many of the cases had 
severe symptoms, including bacteraemia, and were 
hospitalised. The exact numbers hospitalised is cur-
rently not yet verified.

Microbiological investigation
In Sweden, S. Enteritidis is the second most common 
serotype comprising 19 % (97/501) of the domestic 
cases reported in 2014 [1].  The majority of isolates from 
domestic cases (> 90%) are sent to the Public Health 
Agency of Sweden in Solna for subtyping for outbreak 
detection and surveillance purposes. Each year, two to 
five cases with PT 13a are reported. In 2014, four of the 
domestic S. Enteritidis cases were PT 13a [1].

Phage typing has been the gold standard for subtyping 
of S. Enteritidis [2]; however, multiple-locus variable-
number of tandem-repeats analysis (MLVA) [3] was 
recently set up at the Agency, enabling further subtyp-
ing of isolates. Whole genome sequencing as a first-
line tool for typing is under development at the Agency. 
All three methods were used in the current outbreak.

As at 24 July, 174 cases in the outbreak had been labo-
ratory confirmed with salmonellosis. Of these, 123 had 
been further subtyped as S. Enteritidis PT 13a; the addi-
tional 51 salmonellosis cases were epidemiologically 
linked to the outbreak. In addition, 102 human isolates 
and all six environmental isolates had been further 
subtyped by MLVA. Before the onset of the outbreak 
in Kalmar county, three profiles had been identified in 
the national outbreak. According to the nomenclature 
SENT7-SENT5-SENT6-SENT4-SE3 [3], their profiles were 
2-10-7-5-2, 2-12-8-5-2 and 2-11-6-5-2. Cases with the 
same MLVA profile were at that time point more or less 
evenly distributed both in time and place, i.e. there was 
no clustering of a specific MLVA profile in one county or 
on one specific occasion limited in time. In the Kalmar 

county restaurant outbreak the profile 2-11-6-5-2 was 
the only one identified. 

A subset of human isolates (n = 12), four from each 
MLVA profile, was analysed by whole genome sequenc-
ing using the Ion Torrent platform at the Agency. Within 
each MLVA profile, the isolates were identical or dif-
fered by one single nucleotide polymorphism (SNP). 
Between the three MLVA profiles, the isolates differed 
by about 40–50 SNPs. 

All three MLVA profiles were regarded as being part of 
the same outbreak because the particular PT (13a) is 
normally only seen up to five times a year in Sweden. 
Moreover, the scenario that three parallel outbreaks 
(parallel in terms of time and place) of PT 13a infection 
were taking place seemed unlikely. A plausible sce-
nario was that the source of the bacteria was contami-
nated with multiple S. Enteritidis subtypes. All isolates 
from the cases connected to the outbreak in Kalmar 
county that had been typed as at 24 July (n = 43) had 
the same MLVA profile (2-11-6-5-2), as did isolates from 
the Brand A spice mix (n = 3) and the pastry bag from 
the restaurant (n=1).

International aspects
Sweden launched an ‘urgent inquiry’ in the Epidemic 
Intelligence Information System (EPIS) [4], a web-
based communication platform run by the European 
Centre for Disease Prevention and Control (ECDC), on 
2 April 2015. No other country has to date reported 
an increase of this specific subtype of S. Enteritidis. 
However, many European Union Member States only 
subtype S. Enteritidis in outbreak situations or cluster 
investigations and in addition, phage typing or MLVA 
is not performed in all EU countries. Thus, a rela-
tively minor increase in number of cases with this S. 
Enteritidis PT could go unnoticed.

A Rapid Alert System for Food and Feed (RASFF) [5] 
alert (reference 2015.0825) was issued by Austria on 
26 June, in which it was reported that a Salmonella spp. 
had been detected in a spice mix/seasoning Brand B 
from a manufacturer in Croatia, with a similar content 
of dried vegetables as Brand A. Batches of this prod-
uct, which had been distributed to Austria, Germany 
and Slovakia, were voluntarily recalled from the mar-
ket by the manufacturer (announced in a press release 
by the company on 1 July). The specific batch of Brand 
B from which Salmonella spp. had been detected had 
not been distributed to Sweden. The serotype, how-
ever, was S. Oranienburg (not S. Enteritidis PT 13a), 
according to the Austrian Salmonella Reference Centre 
(Christian Kornschober, personal communication, 27 
July 2015).

The Swedish National Food Agency issued a RASFF noti-
fication for information on 9 July (reference 2015.0873), 
after the Brand A spice mix had been found positive for 
Salmonella Enteritidis in the outbreak in Kalmar county. 
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Whole genome sequencing data were shared with 
Public Health England, United Kingdom, which had dur-
ing 2009 to 2014 reported the largest number (48%) 
of S. Enteritidis PT 13a to the European Surveillance 
System (TESSy) [6], the ECDC system for reporting 
data. In addition, comparison with an S. Enteritidis PT 
13a isolate from Luxemburg from 2014, sharing one of 
the MLVA profiles, was compared using whole genome 
sequencing data. No clustering of the isolates indicat-
ing relationship with the Swedish outbreak could be 
seen, as assessed by whole genome sequencing.

Testing of food items
In addition to the S. Enteritidis PT 13a-positive Brand A 
spice mix from an unopened package from the restau-
rant, two more samples (opened packages) of Brand 
A, from two other counties in Sweden tested positive 
for PT 13a in July. These two additional positive sam-
ples of Brand A had the same MLVA profile as the iso-
late from the spice mix from the restaurant in Kalmar 
county (2-11-6-5-2). Two Brand C spice mix samples, 
manufactured in Bosnia and Herzegovina and Serbia, 
which came from opened packages from two differ-
ent households in Sweden, had two different profiles: 
2-10-7-5-2, which is one of the profiles seen in cases in 
the ongoing outbreak, and 2-10-8-8-2, which is a pro-
file that has not been identified in cases in this out-
break. When an opened package is found positive for 
Salmonella spp., this could mean that the spice mix 

had been contaminated after opening. The manufac-
turer of Brand C voluntarily recalled the product on 6 
July as a precaution, after they were informed about a 
possible link of the product to the outbreak. 

During the analysis of the food items, and specifi-
cally the spice mixes, it was observed that a more 
sensitive method than the commonly used Nordisk 
Metodikkommitté för Livsmedel (NMKL) number 71 
method, corresponding to International Organization 
for Standardization (ISO) 6579:2002/Corr 1:4  [7], could 
be   needed. Additional dilution steps and number of 
replicates were often necessary in order to detect and 
isolate Salmonella spp., indicating very low concentra-
tion of the pathogen in the spices.

Background
Salmonella spp. can survive for an extended period 
of time (exceeding one year) in dried products such 
as spices, due to high tolerance to desiccation stress 
[8]. Contamination of spices with Salmonella spp. can 
be from a wide variety of sources, such as soil, water, 
rodents, birds and insects [8]. The United States (US) 
Food and Drug Administration (FDA) have shown a 
wide diversity of Salmonella spp. serotypes in spices 
imported to the US, which may well be a reflection 
of the wide range of the sources of contamination 
[8]. Several outbreaks of Salmonella spp. infection 

Figure 
Number of salmonellosis cases by week number of symptom onset connected to the Salmonella Enteritidis phage type 13a 
outbreak, Sweden, 24 December 2014–24 July 2015a (n = 174)

a Week 52 2014 to week 30 2015.
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associated with spices in Europe identified many dif-
ferent serotypes within the same outbreak [9,10]. 

Spices and herbs contaminated with Salmonella spp. 
have been associated with a variety of food-borne out-
breaks in Europe and North America [11]. The largest 
spice-associated salmonellosis outbreak occurred in 
1993 in Germany, in which it was estimated that there 
were more than 1,000 cases of salmonellosis [9]. A 
variety of Salmonella serotypes were identified dur-
ing the outbreak and Salmonella Saintpaul, Javiana 
and Rubislaw were isolated from paprika and paprika-
powdered potato chips and from patients. Trace-back 
investigations and product testing identified paprika, 
used in seasoning for potato chips, as the contami-
nated food vehicle.

A more recent outbreak associated with spices occurred 
in the United Kingdom in 2013. A total of 413 cases of 
gastroenteritis were associated with a street market 
spice festival [10]. Uncooked curry leaves that were 
contaminated with Salmonella Agona PT40 were the 
source of infection. Additional serotypes, as well as 
other species of Enterobacteriaceae, were isolated from 
patients; however, S. Agona PT40 was predominant. 

Ongoing assessments and conclusion
As at 24 July, the outbreak in Sweden currently 
includes 174 cases, reported from 17 of the 21 coun-
ties in Sweden. No other EU countries have confirmed 
outbreaks or an increase in the number of cases with 
the outbreak strain. In countries with a high number 
of reported cases of S. Enteritidis infection, however, 
a small increase in number of cases with the outbreak 
strain could go undetected. The detection of Salmonella 
spp. in two different brands of spice mixes sold in 
Sweden and the RASFF alert from Austria during the 
outbreak period, however, indicates that there could 
be a common ingredient in these mixes that could be 
contaminated with Salmonella spp. Thus, there is a risk 
that contaminated products are also on the market in 
other countries.

Information and updates about the outbreak have been 
posted on the websites of the Public Health Agency of 
Sweden and the National Food Agency. Press releases 
from local investigators as well as from the national 
authorities have also been issued. The outbreak 
received a lot of media attention in connection with 
the increasing number of cases connected to the res-
taurant in Kalmar county, which has been closed due 
to the outbreak. The national outbreak is still ongoing 
and more spice mixes are being analysed. This out-
break highlights the complexity of a stealth food vehi-
cle (‘stealth foods are those that people may eat but 
are unlikely to remember’ [12]) with a long shelf life.
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