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Background: A sudden increase in Salmonella Thompson (S. Thompson) cases distributed
throughout three border regions in the province of Quebec in November 2016 triggered
a provincial investigation to identify a common source of contamination and to put the
appropriate control measures into place.
Objective: To report on the outbreak and to describe the use of genomic sequencing to
identify the salmonella serotype responsible.
Methods: A descriptive survey of all reported cases of Salmonella serogroup C1 that had
occurred between October 1, 2016 and February 15, 2017 was conducted. A case definition
was developed. Pulsed field gel electrophoresis supplemented by analyses of genome
sequences using the single nucleotide variant phylogenomics method were used to demarcate
and manage the outbreak.
Results: Eighteen cases of S. Thompson were identified through whole genome sequencing.
The onset dates of symptoms for the 16 cases that presented enteric symptoms were
November 21—December 2, 2016. Two cases that presented with atypical symptoms were not
reported until February 2017. Among the 18 cases, 16 had eaten or probably eaten chicken
shawarma at the same restaurant chain and nine of these cases ate it at the same restaurant. In
total, five restaurants from this chain, spread throughout three border regions of Quebec, were
identified.
Conclusion: Outbreaks associated with chicken shawarma have been identified in the
past. Efforts must be made to ensure that the owners of this type of restaurant know the
contamination risk associated with this type of cooking and take the necessary steps to reduce
this risk. The use of the genome sequencing method was very useful in defining the outbreak.
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Introduction
Salmonella Thompson (S. Thompson) is a salmonella serotype
belonging to serogroup C1, which occurs sporadically
year-round. Since 2012, an average of 60 to 70 cases are
reported annually in the province of Quebec, corresponding to
between three and six cases a month, according to data from the
mandatory reportable disease system (Maladies à Déclaration
Obligatoire, MADO); however, in November 2016 alone,
12 cases of S. Thompson were reported to the Quebec public
health agencies (Direction de la Santé Publique, DSPublique).

Details of outbreaks associated with S. Thompson have been
published previously (1-4). One outbreak which occurred in
2012 involved 1,149 confirmed cases in the Netherlands, which
was attributed to the consumption of smoked salmon (1).
Other studies have identified various vehicles: bread, possibly
contaminated by a food handler (2); fresh cilantro (3); and rucola
grown in Italy (4). In Canada, two national outbreaks have been
investigated. The first outbreak occurred in 2012 with 105 cases,
29 of which were in Quebec, and the source was not identified.
The second outbreak occurred in 2014 with 59 confirmed cases,
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16 of which were in Quebec, and the most likely source of
contamination was chicken (unpublished data).
On December 2, 2016, DSPublique of Montréal notified the
Bureau de surveillance et de vigie (BSV) of the Ministère de la
Santé et des Services sociaux (MSSS) of a time-place cluster
of five cases of Salmonella serogroup C1 detected in a group
of persons aged 13 to 19 years. The suspected source of
contamination was a fast food restaurant chain serving chicken
shawarma (shish taouk). The serotyping of the initial cases
enabled detection of the Thompson serotype. On December
15, 2016, after cases appeared in other regions of Quebec
surrounding Montréal, the BSV launched and coordinated a
provincial investigation. The objective of the investigation was
to identify the source of the outbreak and adopt the appropriate
control measures.

Methods
Case reporting
In Quebec, salmonellosis is a mandatory reportable disease
(MADO). Infections detected by hospital laboratories are
reported to regional DSPublique agencies. Isolates are then
sent to the Laboratoire de santé publique du Québec (LSPQ) for
detailed characterization. Outbreaks and clusters are surveyed by
regional DSPublique agencies.

Outbreak detection
The Montréal DSPublique conducts a daily watch of MADOs
in its territory. SaTScanTM (version 9.4.2) statistical analysis
software is used to detect time and time-place clusters. Clusters
of enteric diseases are surveyed based on certain criteria,
including the number of cases, the density of the cluster,
demographic factors with an unusual distribution and the
specificity of the pathogen.
A time-place cluster (spatio-temporal permutation method) of
eight cases of salmonellosis was detected on December 2, 2016.
Among these cases, five were serogroup C1, one was serogroup
D and two are pending identification of the serogroup. Excluding
the serogroup D case, the seven remaining salmonellosis cases
were considered part of a potential cluster, which included four
youths aged 13 to 19 years, who were prioritized for surveying
as a common event was suspected. After identifying a restaurant
chain as a probable common source for the outbreak, the
survey was expanded to other age groups. Subsequent surveys
reinforced the suspicion of a common source and the presence
of an outbreak.

Epidemiological surveys
The regional survey forms were used prior to launching the
provincial survey. The BSV, which coordinates the investigation
of provincial outbreaks, asked the DSPublique to survey all cases
of Salmonella serogroup C1 using a hypothesis-generating food
survey form, prior to obtaining the serotype in order to reduce
survey time.
The information gathered on the survey forms was demographic,
clinical and dietary food (consumption in the home or at
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restaurants in the three days prior to the onset of symptoms,
etc.). Once completed, the questionnaires were numbered and
sent to the BSV and the Ministère de l’Agriculture, des Pêcheries
et de l’Alimentation du Québec (MAPAQ). Data analysis was
descriptive in nature. Data were compiled and analyzed using
the EXCEL (Microsoft Office 2010) program. The surveys were
conducted between December 15, 2016 and February 15, 2017.

Laboratory analyses
Salmonella serogroup C1 strains from the regional laboratories
were serotyped at LSPQ. Pulsed field gel electrophoresis (PFGE)
was performed at the LSPQ on several S. Thompson isolates
received in November and December 2016.
In addition, as S. Thompson behaves in a very clonal
manner, whole genome sequencing was used at the LSPQ
on S. Thompson isolates with sampling dates between
September 22, 2016 and February 3, 2017. A phylogenetic
tree, constructed using the maximum likelihood method
with the single nucleotide variant phylogenomics (SNVPhyl)
pipeline, served to determine the level of proximity of isolates,
based on position and the number of robust single nucleotide
polymorphisms (SNP) of genomes, allowing identification of the
strains that caused the outbreak.
A case definition was developed: a case was confirmed for a
resident of, or a visitor to, Quebec who had a S. Thompson
infection, whose onset of symptoms or sampling date was on
or after October 1, 2016 and whose whole genome sequence
was identical or similar (one nucleotide variation). This was
designated ST7.

Food safety investigation
The MAPAQ proceeded to conduct a food safety investigation
at the targeted establishments in collaboration with its
representatives the City of Montréal’s food inspection division
(Division de l'inspection des aliments, DIA) and the Canadian
Food Inspection Agency.
Follow up interviews conducted with regard to cases and
interventions (in-person and by telephone) took place at the
restaurants where the cases had been exposed, from the
Montréal, Lanaudière and Montérégie regions, as well as at the
central kitchen that supplies these restaurants. At the central
kitchen, the Canadian Food Inspection Agency acted as an
intermediary of the MAPAQ for the survey.
During interventions at each of the restaurants, an evaluation of
critical control points was conducted to determine, among other
things, whether the cooking method used for the preparation
of chicken shawarma allowed a safe cooking temperature to
be reached and to check cross contamination risks, storage
temperature and the source of the food. During interventions at
the central kitchen, a check was made of, among other things,
the source of the targeted foods and the method of preparation
of marinated chicken, and the restaurants that had received the
batches of the chicken in question were identified. Food samples
were taken at some of the chain’s restaurants and at the central
kitchen. These samples came from different batches than those
consumed by the cases, as the batches distributed during the
outbreak period were no longer available.
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Results
Descriptive epidemiology
In total, 18 cases were associated with the outbreak, all
corresponding to the confirmed case definition. The cases
resided in the regions of Montréal (thirteen, all in the same
area), Montérégie (three) and Lanaudière (two). Sixteen cases
had enteric symptoms (Figure 1). The symptom onset dates
were between November 21 and December 2, 2016. Two cases,
not reported until February 2017, were found to be associated
with the outbreak following laboratory results confirming the
presence of the outbreak strain in a hemoculture following
osteomyelitis and sampling from an anal abscess.

Figure 1: Epidemic curve according to the date of onset
of enteric symptoms, for the outbreak of Salmonella
Thompson pulsovar 1 in the Province of Quebec,
November-December 2016
7
6
Number of cases

Of the two cases that did not frequent these restaurants, one
had eaten chicken at an Asian restaurant and the other had
purchased bagged raw turkey at a supermarket.

Laboratory analyses
The S. Thompson isolates analyzed by PFGE that were sampled
in November or December 2016 were all pulsovar 1 (Quebec
name) and STHXAI.0002/STHBNI.0015 (Canadian name). This
pulsovar is common for S. Thompson in Quebec. Indeed, out of
440 strains of S. Thompson typed by EGCP at the LSPQ since
2002, 383 strains were pulsovar 1 (87%).
Genome sequencing was used to better distinguish between
strains and to define the outbreak. Among the 25 isolates
of S. Thompson sampled between September 22, 2016 and
February 4, 2017, that were analyzed at the LSPQ using the
SNVPhyl method, 18 had an identical genome sequence
(designated ST7), which was the outbreak strain. The sampling
dates for the 16 cases with enteric symptoms were between
November 22 and December 15, 2016. The two cases with the
less common clinical manifestations (osteomyelitis and anal
abscess) were sampled on January 29 and February 3, 2017.
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Sixteen out of 18 cases reported either having eaten shawarma
at the same restaurant chain in the three days prior to the onset
of their illness or probably having eaten it at the restaurant
chain because they ate there regularly. Three restaurants of the
chain visited are located in Montréal and two restaurants are in
neighbouring regions.

Dates

Note: Two cases with atypical symptoms are not represented on the curve because the onset date
of symptoms could not be clearly established (n=16). The S. Thompson pulsovar 1 was designated
ST7 by whole genome sequencing method

Demographic data were available for all cases. The median age
of cases was 25 years and the average was 27.8 years (range: less
than one year to 69 years). The male-female ratio was 2:1.
Six cases were hospitalized. No deaths were associated with the
outbreak.

Food exposure
In the survey, 13 out of the 16 cases that presented with enteric
symptoms reported having eaten chicken shawarma type food
at restaurants associated with the same fast food chain during
their exposure period, all within the last two weeks of November
2016. Nine cases ate at the same restaurant. A fourteenth
case (out of the 16 cases) reported having consumed chicken
shawarma regularly at one of the restaurants of this chain within
that period, but was not able to specify the date.
The two cases reported in February 2017 did not present
enteric symptoms. It was, therefore, difficult to determine an
exact date of the onset of symptoms and establish an exposure
period. These two cases reported that they probably consumed
shawarma around the end of November at one of the restaurants
identified in the outbreak because they ate there regularly.

The 18 strains of the sequence type designated ST7 had either
no nucleotide variation or only one nucleotide variation between
them, which constitutes a strong genomic similarity (based on
the SNVPhyl method). This cluster of strains is distinct from other
strains of S. Thompson sequenced during the same period,
with between three and 771 SNP variations. The strain with 771
SNP is a strain of S. Thompson acquired on a trip, according to
data from the public health branch in the region where the case
originated.

Food safety investigation
During inspections by Montréal’s DIA and the MAPAQ,
shortcomings were observed in the target establishments,
including storage temperatures, cleaning and sanitation, and
risks of cross contamination.
The restaurant chain in question is supplied by a central kitchen
that distributes, among other things, raw marinated chicken to
its affiliated restaurants. The central kitchen is supplied by three
Quebec abattoirs. The batches of chicken targeted by this survey
were slaughtered at these three abattoirs on November 7 and
8, 2016. They would have been marinated on November 10 and
14 at the central kitchen and sent out to the various restaurants
in the chain between November 17 and 21, 2016. Several
restaurants associated with Chain X, other than those targeted
by the surveys and located in the Montréal, Montérégie, Laval
and Lanaudière regions, would also have received the batches of
chicken involved in the outbreak. According to the food safety
surveys, approximately forty restaurants, including Chain X,
received the batches of the chicken in question.
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DIA inspection of an Asian restaurant, where food was consumed
by a person who later exhibited symptoms of infection by
S. Thompson belonging to the same strain identified in the
outbreak, determined that the chicken supply for the restaurant
came from two of the three abattoirs involved (Figure 2).

Figure 2: Distribution of Salmonella Thompson ST7
cases, according to the place of consumption, Quebec
2016

Table 1: Sampling sites and foods sampled and analysed
for Salmonella Thompson outbreak, Province of
Quebec, 2016* (continued)
Sampling
site

Foods sampled
(# samples)

Restaurant 3 RTE lettuce (3x)

#
Samples

Results of
analyses for
Salmonella
Thompson

11

Absent

4

3 Absent

RTE tomato
Tahini

3 abattoirs

Garlic sauce
Hummus

Central kitchen supplying chain X

RTE turnip
Cooked chicken (2x)

Other restaurants
not belonging to the
chain

Restaurant
A

Restaurant
B

Restaurant
C

Restaurant
D

Restaurant
E

9 cases

4 cases

1 case

1 case

1 case

Other restaurants in
the chain

Supplier
(Asian
restaurant)

Raw marinated chicken
Raw chicken

Note: The S. Thompson pulsovar 1 was designated ST7 by whole genome sequencing method

A total of 33 food samples were taken at the restaurants
identified and at the central kitchen. No strains of S. Thompson
were isolated. One of the samples from the Asian restaurant was
found to be positive for S. enteritidis. A summary of the samples
taken and the results of microbiological analysis are presented in
Table 1.

Table 1: Sampling sites and foods sampled and analysed
for Salmonella Thompson outbreak, Province of
Quebec, 2016*
Sampling
site

Central
kitchen
(supplier of
marinated
chicken to
affiliated
restaurants)
Restaurant 1

Foods sampled
(# samples)

Raw chicken from
Abattoir "1" (2x)

#
Samples

6

Results of
analyses for
Salmonella
Thompson
Absent

Raw chicken from
Abattoir "2" (2x)
Raw marinated chicken
(2x)
Salad

6

Absent

RTE mashed potato
Cooked rice
Cooked chicken
Garlic sauce with
mayonnaise
Hummus
Restaurant 2 Salad

6

Absent

RTE mashed potato
Cooked rice
Cooked chicken
Garlic sauce with
mayonnaise
House vinaigrette
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1 sample positive
for Salmonella
enteritidis

Abbreviations: RET, ready-to-eat; #, number
*
The S. Thompson pulsovar 1 was designated ST7 by whole genome sequencing method

Discussion
In November 2016, the sudden increase in the number of reports
of S. Thompson and their location in the same area of the
Montréal region suggested a common source of contamination.
The outbreak was delimited in time and space, all of the cases
having occurred in three neighbouring regions. Chicken cooked
in the shawarma style (shish taouk) was the common food
eaten or probably eaten in the majority of these cases. Chicken
shawarma is a specialty food that originates in the Middle East
and is prepared by placing marinated meat (chicken, beef or
lamb) on a spit to form a cone shape that is roasted in front of
a grill. The meat around it is sliced off as needed and served in
pita bread or with rice and condiments. This cooking method can
lead to insufficient cooking, especially with chicken (5).
The restaurant chain identified in the survey was supplied by
a central kitchen, which is itself supplied by three abattoirs
in Quebec. It is therefore possible that one batch of chicken
from one or more of these three abattoirs could have been
contaminated by S. Thompson and distributed over the course
of this period throughout this restaurant chain. According to
the food safety surveys, about 40 restaurants received the
batches of chicken in question; however, only five restaurants
were implicated. Shortcomings were observed in the targeted
restaurants during the food inspection.
Animals destined for food, including bird species, naturally carry
pathogens in their intestinal tract that can contaminate raw
meat products during slaughter and processing (6). In Canada,
a recent study conducted from December 2012 to December
2013 demonstrated that the national prevalence of salmonella in
batches of broiler chickens sampled at the abattoir was as high
as 25.6%. Batches from chickens raised in the eastern provinces
were more frequently tainted by salmonella. In processed
products, which are whole chicken carcasses and parts of
carcasses processed in establishments authorized by the federal
government, the prevalence of salmonella reached 16.9% (whole
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chickens) and 29.6% (parts) (6). Similarly, samples of raw chicken
products were taken from supermarket chains, butcher shops
and independent grocers in 33 large cities in Canada. The
prevalence of salmonella was found to be 21% (whole chickens)
and 31.6% (parts) (6).
In the United States, limits of acceptability with regard to
the percentage of chicken contaminated by salmonella were
established by the food inspection agencies in 1996 (7). The
percentage of broiler chicken contaminated by salmonella at
the abattoir can reach a maximum of 20%. The performance
standard is recognized under the Hazard Analysis and Critical
Control Points (HACCP) system (8). Between 10 and 19% of
abattoirs in the United States have been found to exceed this
limit and this percentage is higher for small abattoirs (9-12).
Several salmonella serotypes can be found in chicken and
S. Thompson is part of the group of 12 salmonella serotypes
most often found in raw chicken (13,14).
Although meat-producing chicken is expected to be
contaminated by salmonella, adequate cooking should render
it inactive. This investigation suggests that the cooking method
for making shawarma may represent a risk. Several outbreaks
have been associated with this method of preparation (15-18).
With this method of cooking, the raw meat may be in contact
with the cooked meat. When a restaurant is busy, it is possible
that cooking times may not be adhered to and the meat
served may contain parts that are undercooked. To prevent
cross contamination or undercooking, restaurants of this type
sometimes cook the meat a second time before serving it to
customers. Cross contamination may also have occurred in the
handling of the raw chicken.
Although the foods sampled did not demonstrate the presence
of S. Thompson, the survey strongly suggests a link between
the illness occurring and the consumption of chicken shawarma
at these restaurants. The time between the onset of symptoms
and the reporting of cases to public health authorities is around
10 to 14 days; thus, the chicken sampled at the central kitchen
and in the restaurants did not come from the batch delivered
and consumed during the cases’ exposure period. This delay is
inherent to food outbreak investigations and may explain the
negative results.
The isolates were sent to the LSPQ for PFGE to assess their
degree of similarity; however, this bacterium shows little diversity
and the PFGE pattern 1 is often identified in S. Thompson.
Whole genome sequencing was needed to establish the
genetic similarity between isolates and allow the outbreak to
be delimited. Strains implicated in the outbreak were identical
or had only a single nucleotide variation. The other strains of
S. Thompson analyzed had three or more nucleotide variations
and the epidemiological information available regarding the
cases with these exposures was different. Genome sequencing
has proven to be effective in several outbreaks (19-23). The use
of the whole genome sequencing technique provides additional
powers of discrimination, beyond serotyping and PFGE, to
delimit and investigate an outbreak (20-25). The results of
genome sequencing must be interpreted based on available
epidemiological information. This report represents one of the
first Canadian outbreaks of salmonella to use whole genome
sequencing in the case definition.

A survey reports only laboratory-confirmed cases, and it is likely
that other people were affected but did not consult a physician
or fecal cultures were not obtained. In the mandatory reportable
disease system, only a fraction of actual cases are reported,
which could explain why only five restaurants in the chain were
identified even though the chicken from the same batch was
distributed to more than 40 restaurants. Chicken was identified
as the probable source of contamination as it is the food that is
most likely to have been contaminated with S. Thompson.
In conclusion, we have documented an outbreak of salmonella
associated with the consumption of shawarma meals in a series
of restaurants. Other outbreaks associated with this type of
product have been identified in the past and Health Canada
has issued recommendations to prevent future outbreaks of
enteric illnesses associated with the preparation of shawarma (5).
Additional efforts may assist owners of this type of restaurant to
become more aware of the contamination risk associated with
this method of cooking and take the necessary steps to reduce
the risk. If an outbreak does occur, genome sequencing has
proven to be an important tool for defining the outbreak.
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