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Abstract

Objectives: An Escherichia coli O157:H7 outbreak occurred in 2013 that was associated with the consumption
of beef and veal tartares in the province of Quebec. This report describes the results of the ensuing investigation.
Materials and Methods: As the outbreak was identified, all individuals in the province of Quebec affected with
the same strain of E. coli O157:H7 as defined by pulsed-field gel electrophoresis were interviewed using a
standardized questionnaire. Cases reported from other provinces in Canada were interviewed by their public
health authorities and the results were reported to the Quebec public health authorities. Microbiological and
environmental investigations were conducted by the Sous-ministériat a la santé animale et a 1’inspection des
aliments du Ministere de 1’ Agriculture, des Pécheries et de 1’ Alimentation du Québec, by the Ville de Mon-
tréal’s Food Inspection Branch, and by the Canadian Food Inspection Agency at the restaurants, suppliers, and
slaughterhouses identified.

Results: In total, seven individuals in three different Canadian provinces became ill following infection with the
same outbreak strain of E. coli O157:H7. Two cases were hospitalized and one had severe hemolytic uremic
syndrome. No deaths were reported. Two restaurant locations serving different tartare meals including, beef,
veal, salmon, tuna, and duck were identified as potential sources of the outbreak. No deficiencies at the
restaurant locations were observed during inspections by food inspectors.

Conclusions: The risk of consuming tartare can be lowered when basic hygienic rules are followed, temperature
is strictly controlled, and fresh meat is used. However, even if handling, chopping, and temperature control
during storage of the meat are considered adequate, tartare is a raw product and the risk of contamination is
present. Consumers should be advised that consuming this product can lead to serious illness.

Introduction beef and other beef products contaminated with STEC. Other
important vehicles for STEC infection include raw milk
products and uncooked vegetables, but beef products remain

the most common source of STEC (Rangel er al., 2005;

HIGA TOXIN—PRODUCING EScHERICHIA coLI (STEC) is a
bacterial pathogen that can cause a range of symptoms

from uncomplicated diarrhea to bloody diarrhea (hemor-
rhagic colitis) and that may progress to the life-threatening
condition known as hemolytic uremic syndrome (HUS). One
third of STEC cases require hospitalization (Scallan et al.,
2011; Page et al., 2013) and 5-15% of cases may progress to
HUS (Karch et al., 2005).

A large number of human illness outbreaks have been
traced worldwide to consumption of undercooked ground

Hussein, 2007; Ravel et al., 2009; Kozak et al., 2013). Per-
son-to-person transmission may also occur.

Reports of the involvement of steak tartare in STEC out-
breaks have been documented (Doorduyn et al., 2006;
Greenland et al., 2009). Other pathogens such as Salmonella
Typhimurium and Salmonella Newport were associated with
the consumption of beef tartare (CDC, 2002b; Ethelberg
et al., 2007; Kivi et al., 2007). Steak tartare is a meat dish
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made from finely chopped or minced raw beef prepared most
commonly from ‘‘filet mignon.”” The outer surface of the filet
mignon is generally removed or trimmed and the remaining
meat is chopped or minced. By removing the outer surface of
the meat, the risk of exposure should be reduced. Cross-
contamination remains possible.

Steak tartare is often served with onions, capers, and sea-
sonings; however, raw eggs and mustards have also been
documented ingredients in this type of dish. According to a
report of the World Health Organization (WHO), the risk of
bacterial infection is considered low when basic hygienic
rules are followed and fresh meat is used (WHO, 2009). This
report describes the results of an investigation of a STEC
outbreak associated with beef tartare.

Background

On December 19, 2013, the Bureau de Surveillance et de
Vigie (BSV) at the Ministere de la Santé et des Services
sociaux (MSSS) in the Province of Quebec, Canada, which is
responsible for the management of provincial outbreak in-
vestigations, was notified of four E. coli O157:H7 (STEC)
cases from three different regions in the province. All four
cases had consumed various forms of minced raw (tartare)
products prepared from beef, salmon, veal, duck, or tuna,
between December 3 and 6 at two restaurants located in the
same city. Symptom onset dates were between December 7
and December 12, 2013. The age of patients varied from 17 to
43 years old. Two cases were hospitalized and one of them
developed HUS. This prompted an epidemiological and mi-
crobiological investigation.

Materials and Methods
Epidemiological investigation

Case definition. A case was defined as a Quebec resident
or someone who had visited the Province of Quebec during
the incubation period (which was maximum 10 days) and
experienced diarrhea and/or vomiting after the date of No-
vember 15, 2013, and:

e tested positive when cultured for E. coli O157:H7 with
the same pulsed-field gel electrophoresis (PFGE) pro-
file, or

e had a HUS without positive stool culture and an epi-
demiological link with a confirmed E. coli O157:H7
case involving the outbreak strain.

The detected outbreak PFGE profile was designated as EC
PFGE 1005 according to the Quebec nomenclature and EC-
XAL0248/ECBNI.0215 according to the PulseNet Canada
nomenclature.

STEC is a reportable disease in Quebec and Canada. Each
case is reported by regional laboratories to provincial public
health authorities and then to the Public Health Agency of
Canada. During the last 5 years, an average of 120 cases of
foodborne STEC were reported annually in Quebec, gener-
ally involving different PFGE profiles. An outbreak investi-
gation is usually started when three or more STEC cases
involving the same PFGE profile are reported to public health
authorities during the same time frame. The public health
network (including public health authorities and laboratories)
is then alerted and investigation procedures are initiated. To
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facilitate case-finding during this outbreak, a public health
alert was posted on a secure Internet-based platform that
reaches across Canada. All communications contained in-
formation about the investigation, the symptoms of illness,
general risk factors, and the necessity to notify public health
authorities if new cases were identified.

After the identification of the initial cluster of four cases,
the three subsequent E. coli O157:H7 cases were interviewed
before the PFGE profiles became available. Telephone in-
terviews were performed by nurses or physicians from re-
gional public health authorities. A standardized questionnaire
was used to assess the demographic data, date and time of
onset, duration of illness and complications, as well as to
identify food and drink items consumed during the incubation
period and any other exposures (restaurants, contact with
animals, etc.) All the cases were classified after receiving the
results of PFGE profile as either meeting or not meeting the
case definition. Cases reported in other provinces were in-
terviewed by their local public health units and the infor-
mation was reported to Quebec’s public health authority.
Cases went to the restaurant with companions or family
members, some of whom consumed tartare meals as well. No
meal companions or family members were sick. They were
interviewed about their meal consumption and can be seen as
a convenience sample. However, comparisons must be
looked upon with caution, since the number of cases was
small and in some cases, some food was exchanged between
the cases and the companions. For this reason, comparisons
will be presented, but no statistical test will be done. De-
scriptive analysis was conducted using the software Micro-
soft Excel, version 2010 (Microsoft Corp., Redmond, WA).

Laboratoire de Sante Publique du Quebec (LSPQ)

The identity of bacterial isolates from patients as E. coli
O157:H7 was determined as follows: Isolates were confirmed
as E. coli by biochemical testing with the API 20E, (bio-
Mérieux), sorbitol negative on sorbitol-MacConkey agar plate
(March et al., 1986) and in Andrade sorbitol 0.5% broth
(Farmer et al., 1980; Clark et al., 1984) and as O157:H7 by
slide agglutination assay positive with the O157 and H7 using
the latex agglutination Wellcolex kit as per the manufacturer’s
instructions (Remel Europe Ltd., UK). Molecular character-
ization was performed by PFGE (CDC, 2002a) using the
enzymes Xbal and Binl. The interpretation of the profiles was
done according to Tenover’s criteria (Tenover et al., 1995).
PFGE profiles were designated using BioNumerics and then
submitted for comparison to the PulseNet Canada database.

Confirmed E. coli O157:H7 strains were sent to the National
Microbiology Laboratory in Manitoba, which conducted a
multiple-locus variable-number tandem repeat analysis
(MLVA) (Hyytia-Trees et al., 2006, 2010).

Food safety inspections

Food safety inspections were conducted by Ministere de
I’ Agriculture, des Pécheries et de I’ Alimentation du Québec
(MAPAQ) in collaboration with Ville de Montréal, Division
de I’inspection des aliments’s inspectors and Canadian Food
Inspection Agency (CFIA) inspectors.

Two restaurant locations were identified as a potential
source of the outbreak. Ville de Montréal’s food inspectors
started their activities on December 19, 2013, and continued
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intermittently between December 21, 2013 and January 31,
2014. They visited the restaurant and did a complete review of
food preparation, handling, chopping, and cooling practices.

Food samples were collected using official MAPAQ pro-
cedures (MAPAQa, 2013), and were sent to either the Di-
rection du Laboratoire d’Expertise d’ Analyses Alimentaires,
which is MAPAQ’s food analysis laboratory or the City of
Montreal’s food inspection service laboratory, depending on
the specimen’s origin and the availability of the respective
laboratories. Standardized procedures were used to detect and
identify STEC in both laboratories. MAPAQ’s laboratory
used their published methods (MAPAQ, 2007; MAPAQD,
2013) and the City of Montreal’s food laboratory used MFLP-
82 (Health Canada, 2014) to detect E coli O157:H7 followed
by MFLP-80 for identification (Health Canada, 2008).

If E. coli O157:H7 was identified by culture from food
samples, isolates were sent to the LSPQ for characterization
and for comparison to human isolates.

MAPAQ and CFIA’s inspectors conducted a traceback
investigation of suspected products.

Results
Epidemiological investigation

A total of seven cases from which E. coli O157:H7
(EC1055) was isolated were identified as part of this out-
break: five cases in Quebec and two cases (from two other
Canadian provinces) that had visited Quebec during the in-
cubation period. Symptom onset dates ranged from Novem-
ber 26, 2013 to December 15, 2013. The median age was 25
years old (range: 1743 years). Two cases were hospitalized
and one case developed HUS requiring dialysis. The average
incubation period was 5 days (range 1-10 days). There were
no deaths.

dates of consumption
2013-11-15
2013-11-16 |
2013-11-17
2013-11-18
2013-11-19
2013-11-20
2013-11-21
2013-11-22
2013-11-23
2013-11-24
2013-11-25
2013-11-26
2013-11-27
2013-11-28
2013-11-29
2013-11-30
2013-12-01
2013-12-02
2013-12-03 |

beef only |

17 days apart

veal only |
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All cases reported eating a variety of tartares at either site
Al or A2 between November 16, 2013 and December 10,
2013 (Fig. 1). None of the individuals reported eating tartare
elsewhere. No other E. coli O157:H7 cases were reported in
Quebec during this period of time. Five cases consumed
tartares at site A1 and two at site A2. Overall, there were 24
days between the consumption of the first and the last case.
The common item to each menu consumed by the E. coli
O157:H7 cases was beef, except for one case who only ate
veal tartare (Table 1).

As represented in Table 1, meal companions ate different
tartares. The proportion of cases who ate veal tartare is higher
for cases versus meal companions but only one E. coli
O157:H7 case consumed only veal tartare. In two situations,
cases shared the same plate with their meal companions. One
case shared a tartare tasting plate with one meal companion
and one case shared a combination of tartare including sal-
mon, beef, and duck with three companions. Information
about the quantity of tartare consumed for each case or meal
companions was not available. None of the meal companions
were sick. No statistical tests were performed because the
number of cases and meal companions were limited and
cross-contamination is possible because mixed tartares are
served in the same plate, which may confound results.

Tartares could be served with different seasonings as per
customer choice, that is, once the meat or fish was chosen
from the menu, the customer could select from seasoning
options. The same seasonings may be added to each of the
tartares; however, green onions were the only probable
common ingredient among possible seasonings. Green onions
were excluded from further investigation beyond the initial
epidemiological analysis because if green onions were con-
taminated, we would have had significantly more cases.
Furthermore, cases occurred over a 1-month period, which

FIG. 1. Tartares consumed by Escherichia coli
O157:H7 cases and dates of consumption, in the
Shiga toxin—producing Escherichia coli outbreak
in the Province of Quebec, November—December
2013, N=7.

2013-12-04

| veal, beef, salmon, duck, tuna |

2013-12-05 veal, beef, sal duck, tuna

2013-12-06 veal, beef, salmon, duck, tuna I

beef, duck, tuna |

2013-12-07
2013-12-08
2013-12-09
2013-12-10 |
2013-12-11
2013-12-12
2013-12-13

beef only
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TABLE 1. CONSUMPTION OF TARTARES BY ESCHERICHIA
coL1 O157:H7 CASES AND THEIR MEAL COMPANIONS,
DECEMBER 2013, PROVINCE OF QUEBEC

Tartares Cases (n=7) Meal companions (n=13)
Beef 6 (85.7%) 6 (46.1%)

Veal 4 (57.1%) 1 (7.6%)

Duck 4 (57.1%) 4 (30.7%)
Salmon 4 (57.1%) 3 (23.1%)

Tuna 3 (42.9%) 4 (30.7%)
Scallops 0 1 (7.6%)

means that different lots of green onions would have been
involved or different brands. Finally, if green onions were
involved, there would be an extremely low probability of a
delay of 17 days between the first 2 cases.

LSPQ

From December 16, 2013 to December 27, 2013, 4 E. coli
0157 isolates were sent to LSPQ. These isolates had been
collected between December 9, 2013 and December 14,
2013. The isolates all had the same PFGE profile, EC1005
(ECXAILO0248/ECBNI.0215). This profile had not been previ-
ously identified in either Quebec or Canada. The isolates also
had the same MLVA profile (15-7-11-2-4-7-8-7), confirming
the specificity of the strain. This cluster was posted on Pulse-
Net Canada on December 23, 2013. One case associated with
this cluster had HUS, but E. coli O157:H7 could not be isolated
from the case’s stool culture. Analysis by LSPQ of the HUS
stool specimen confirmed the presence of Shiga toxin genes by
polymerase chain reaction, but no STEC were isolated.

Food safety investigation

Food inspectors focused their activities at a restaurant that
had two sites (Al and A2) because no other E. coli O157:H7
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cases with the same PFGE profile were reported in the
province during this period. Both sites have the same owner
and share the same tartares menu. Because beef and veal were
identified as the common item among cases, food inspectors
focused their inspection on those food items.

The owner ordered beef and veal meat every 1-2 weeks or
when needed. According to food inspectors, beef and veal are
delivered to site Al in cryovac packaging (i.e., vacuum-
packaged) and stored in a refrigerator until the cryovac
package is opened. There was no electronic thermometer or
alarm in the refrigerator to monitor temperature. When
opened, the outer surface of the meat is removed and the
remaining meat is chopped or minced. The chopped meat is
divided into 100-g portions that are shaped and stored in a
refrigerator for a maximum of 3 days. The date of chopping is
clearly identified on each 100-g container. There is no other
handling until the tartare is ordered. When ordered, season-
ings are added to the meat and served to the customer. When
needed, prepackaged 100-g portions of meat can be delivered
to site A2 where only seasonings are added prior to serving.
There is no meat chopping at site A2.

Beef and veal turnover from November 3 to December 2
only are summarized in Table 2. Cryovacs delivered to the
restaurant are not necessarily opened the same week they
were delivered. Thus, cryovacs may accumulate week after
week. If there is enough product in cryovac accumulated to
support an usual volume of tartare served during a week, the
owner will not order more. The shelf life of these products in
a cryovac is about 90 days, following Canadian regulations
(Government of Canada, 1990).

When ordered, each crate of beef contained three cryovac
packages of beef filet and each crate of veal contained one
cryovac package of veal filet. Each single package with a filet
of beef can provide up to 50 portions of 100 g and each single
package with a filet of veal can provide 40 portions of 100 g.

Different portions of tartare are available on the restaurant
menus. Clients may order 50-, 100-, 150-, or 200-g portions.

TABLE 2. TURNOVER IN THE MANAGEMENT OF BEEF AND VEAL AND CONSUMPTION OF TARTARES AT BOTH SITES
(A1 AND A2), DURING THE TIMEFRAME OF THE SHIGA TOXIN-PRODUCING ESCHERICHIA COLI OUTBREAK
IN THE PROVINCE OF QUEBEC, NOVEMBER-DECEMBER 2013

Cryovac of veal and beef delivered

at site Al and portions

Veal and beef tartares ordered
by site (portions of 100 g)

Site Al Site A2
No. of cryovac Portions
Weeks starting: Veal and beef bags of 100 g Beef Veal Beef Veal Total
November 3 3 crates of beef 9 450 na na
2 crates of veal 2 80 na na
November 10 4 crates of beef 12 600 217 241 458
3 crates of veal 3 120 53 29 82
November 17 0 270 226 496
58 41 99
November 24 3 crates of beef 9 450 209 264 473
4 crates of veal 4 160 23 34 57
December 2 4 crates of beef 12 600 216 237 453
4 crates of veal 4 160 51 39 90

One crate of beef contains 3 cryovac bags; 1 crate of veal contains 1 cryovac bag; 1 cryovac bag of beef filet contains approximately 50
portions of 100 g; 1 cryovac bag of veal filet contains approximately 40 portions of 100 g.

na, not available.
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In a tartare tasting plate, 50 g of each meat or fish product
is served. Only one food handler is responsible for chopping
or mincing the meat and this is done only at restaurant Al.
There were no employees at either site who had reported
symptoms of diarrheal disease and thus, no stool samples
were requested.

Preparations of beef and veal tartare (chopped meat with
spices) were requested by food inspectors, and samples made
for specifically for testing were collected. Beef and veal
samples directly from the cryovac format were also collected
and tested for E. coli O157:H7. In total, 11 food samples were
submitted for analysis. No samples from lots of beef or veal
consumed by the cases were available for testing. A total of
nine environmental samples were collected (knives, work
tables, freezer, etc.) at site Al. All food and environmental
specimens tested negative for E. coli O157:H7. The kitchen is
cleaned every day.

Traceback activities done by MAPAQ and Ville de Mon-
tréal food inspectors identified only one supplier/distributor
that delivered beef and veal under cryovac format to site Al
during this period. As the meat is already in a cryovac format,
there is no meat manipulation at this level. Chopped beef
and veal meat are delivered to site A2 from site A1 when
needed. CFIA’s food inspectors identified two slaughter-
houses that provided beef and veal in a cryovac format to
this distributor. Beef meat came from slaughterhouse A,
which slaughters >4500 animals a day, and veal meat came
from slaughterhouse B, which slaughters <400 animals a
day (80,000 annually).

Records of both slaughterhouses were reviewed by CFIA’s
food inspectors, and no deficiencies were observed during the
period of time around the outbreak. No trim samples tested
positive for E. coli O157:H7 during this timeframe. Most of
the time, only trims are tested for E. coli O157:H7 because
trims are intended to make ground beef. Beef filet is rarely
tested unless needed.

CFIA’s inspectors checked the distribution of beef and
veal filets during the identified timeframe. Slaughterhouse A
distributed their product to >80 restaurants or markets in 8
regions in Quebec. Slaughterhouse B distributed their prod-
uct to <10 clients in 4 regions in the province of Quebec.
Both slaughterhouses distributed these products across Ca-
nada, and no other cases of E. coli O157:H7 EC1055 were
reported and associated with other restaurants or institutions
according to the provincial surveillance program results.

Discussion

Investigation of this outbreak of E. coli O157:H7 focused
on contaminated beef or veal from site Al as the most likely
cause of the outbreak. All of the cases had consumed beef or
veal tartare prepared at site Al. No other common ingredients
were identified as a potential source of E. coli O157:H7.

No food handlers at site Al reported being sick. No defi-
ciencies while handling, chopping, and cooling the meat at
site Al were identified. Cases were exposed over a 24-day
period, making it unlikely for an asymptomatic foodhandler
to be responsible for this outbreak. Since no major defi-
ciencies were observed in food handling at this restaurant, it
seemed probable that the initial cause of the outbreak was
contaminated meat purchased by the restaurant. STEC is a
common part of the microflora of the gastrointestinal tract of
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cattle and calves, and is shed in the feces (Hancock et al.,
1994; Van Donkersgoed et al., 1999; Gannon et al., 2002;
Murinda et al., 2002). At the slaughterhouse, the contami-
nation of beef or veal carcasses with STEC can occur during
removal of the hide and evisceration (Elder et al., 2000;
McEvoy et al., 2003; Hussein, 2007; Stanford et al., 2013).
STEC on carcass surfaces can then be transferred to primal
cuts during subsequent processing of the carcass.

However, beef and veal products from slaughterhouses A
and B, which supplied site Al, were broadly distributed
across the province of Quebec and Canada and no other
STEC infections involving the same PFGE profiles were re-
ported during this period. Even in the context of a low level of
the organism being present on the meat, handling and storage
conditions may have provided an opportunity for E. coli to
replicate in this specific environment. If beef product is of
normal pH (<5.9) and remains under vacuum, there is no
potential for growth of E. coli O157. Once vacuum packaging
is opened, the environment becomes aerobic and growth of E.
coli is limited only by temperature (USDA, 2003; Gill and
Gill, 2010). Growth of E. coli has not been reported at 4°C,
the stated temperature of storage, but the potential for growth
cannot be excluded if the temperature fluctuates to 6°C or
higher (Jones et al., 2004, 2013). This scenario is possible if
the storage temperature had not been accurately recorded or
the temperature in the refrigeration unit fluctuated throughout
the day in response to the compressor cycle and workers
periodically opening the unit. Pieces of meat chopped for
tartare were kept in the refrigerator between several hours
and up to a maximum of 3 days without electronic or alarm
monitoring. In this outbreak, it was impossible to know the
length of time between preparation and serving of the meat
that any of individual cases consumed. As seen in Table 2, the
turnover of beef and veal products was high. Because there is
a possibility of bacterial growth once the cryovac is opened
(if bacteria are already present) and tartares are consumed
raw, this meal should be served as fresh as possible to limit or
avoid any bacterial growth.

An alternative possibility is the transfer of E. coli O157:H7
from some initially contaminated product (such as beef from
cryovac) to an unidentified environmental niche (cutting
board, knives, etc.) where the bacterium could replicate and
be a source for ongoing contamination (for example, con-
tamination of veal). This scenario could explain the case that
consumed only veal and the presence of the same PFGE
profile in all cases. Another possibility that might explain the
case that consumed only veal would be that beef was served
instead veal. This might have been possible since both meats
look similar when prepared as they were at site Al.

In summary, the first 2 cases consumed tartare 17 days
apart and the period between the second and the seventh cases
was 7 days. The delay between the consumption of tartare by
cases may be consistent with the delivery of more than one
cryovac of meat from the same shipment or different ship-
ments contaminated with E. coli O157:H7 of the same PFGE
pattern. Contamination of meat from a persistent source or
unidentified niche within the restaurant is also possible.
Bacterial growth in the refrigerator represents another pos-
sible hypothesis, since meat is chopped and may be kept in
the refrigerator for a period as long as 3 days.

Even though we can only formulate hypotheses about
product contamination, given that none of the tested samples
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were E. coli O157:H7 positive, this outbreak raised many
concerns regarding the preparation and consumption of raw
food products, particularly that of meat.

Recommendations

Consumers should be advised that tartares made from raw
meat are products associated with a potential risk of serious
infectious disease, and even death. Even if handling, chop-
ping, and cooling of the meat are done properly, they cannot
reduce the contamination of meat if already present, and may
provide an opportunity for cross-contamination and pathogen
replication. Additionally, because temperature fluctuations
create a potential for the replication of E. coli under refrig-
eration, meat for raw meat products should be chopped and
eaten as soon as possible after preparation, most preferably
within the same day.

Acknowledgments

We wish to thank Ville de Montréal’s food inspectors and
the staff from the laboratories (Laboratoire d’Expertises et
d’Analyses Alimentaires from the Sous-ministériat a de la
Santé Animale et a I’Inspection des Aliments of MAPAQ and
City of Montreal’s food laboratory) and Laboratoire de Santé
Publique du Québec for their participation in this investiga-
tion as well as CFIA’s food inspectors. We also thank Dr.
Danielle Auger, the Chief Medical Officer of Health in
Quebec, the BSV team at MSSS, the communications team at
MSSS for their involvement in this investigation, Dr. Eric
Levac for his epidemiological expertise, and partners from
the British Columbia Center for Disease Control and Public
Health Ontario for their collaboration. Finally, we also wish
to thank colleagues at the Bureau of Microbial Hazards, Food
Directorate, Health Canada for their assistance in the prep-
aration of the manuscript.

Disclosure Statement

No competing financial interests exist.

References

[CDC] Centers for Disease Control and Prevention. Standar-
dized Laboratory Protocol for Molecular Subtyping of Es-
cherichia coli O157:H7 by Pulsed Field Gel Electrophoresis
(PFGE), Standardized Molecular Subtyping of Foodborne
Bacterial Pathogens by Pulsed Field Gel Electrophoresis.
Atlanta, GA: CDC, 2002a.

CDC. Outbreak of multidrug resistant Salmonella Newport,
United States, January—April 2002. MMWR 2002b;51:545—
548.

Clark WA, Hollis DG, Weaver RE, Riley P. Identification of
Unusual Pathogenic Gram-Negative Aerobic and Faculta-
tively Anaerobic Bacteria. Atlanta, GA: Centers for Disease
Control, 1984.

Doorduyn Y, de Jager CM, van der Zwaluw WK, Friesema IH,
Heuvelink AE, de Boer E, Wannet WJ, van Duynhoven YT.
Shiga toxin—producing Escherichia coli (STEC) O157 out-
break, The Netherlands, September-October 2005. Euro
Surveill 2006;11:182-185.

Elder RO, Keen JE, Siragusa GR, Barkocy-Gallagher GA,
Koohmaraie M, Laegreid WW. Correlation of enterohemor-
rhagic Escherichia coli O157 prevalence in feces, hides, and

617

carcasses of beef cattle during processing. Proc Natl Acad Sci
U S A 2000;28:97:2999-3003.

Ethelberg S, Sorensen G, Kristensen B, Christensen K, Krusell L,
Hempel-Jorgensen A, Perge A, Nielsen EM. Outbreak with
multi-resistant Salmonella Typhimurium DT104 linked to car-
paccio, Denmark, 2005. Epidemiol Infect 2007;135:900-907.

Farmer J III, Asbury MA, Hickman FW, Brenner DJ. The En-
terobacteriaceae study group Enterobacter sakazakii: A new
species of ‘“Enterobacteriaceae’ isolated from clinical spec-
imens. Int J Syst Bact 1980;30:569-584.

Gannon VP, Graham TA, King R, Michel P, Read S, Ziebell K,
Johnson RP. Escherichia coli O157:H7 infection in cows and
calves in a beef cattle herd in Alberta, Canada. Epidemiol
Infect 2002;129:163-172.

Gill AO, Gill CO. Packaging and the shelf life of fresh red and
poultry meats. In: Food Packaging and Shelf Life: A Prac-
tical Guide. Robertson GL (ed.). Boca Raton, FL: Taylor &
Francis Group, 2010, pp. 259-277.

Government of Canada. Justice laws website. Meat Inspection
Regulations, 1990, articles 94. Available at: http://laws-
lois.justice.gc.ca/eng/regulations/SOR-90-288/page-25.html,
accessed January 8, 2015.

Greenland K, de Jager C, Heuvelink A, van der Zwaluw K,
Heck M, Notermans D, van Pelt W, Friesema 1. Nationwide
outbreak of STEC O157 infection in the Netherlands, De-
cember 2008-January 2009: Continuous risk of consuming
raw beef products. Euro Surveill 2009;14:pii:19129.

Hancock DD, Besser TE, Kinsel ML, Tarr PI, Rice DH, Paros
MG. The prevalence of Escherichia coli O157.H7 in dairy
and beef cattle in Washington State. Epidemiol Infect 1994;
113:199-207.

Health Canada. Health Products and Food Branch. MFLP-80,
isolation of E. coli O157:H7 or NM in foods. In: The Com-
pendium of Analytical Methods Volume 3: Laboratory Pro-
cedures for the Microbiological Analysis of Foods. Ottawa,
Canada: Health Canada, 2008.

Health Canada. Health Products and Food Branch. MFLP-82.
Detection of E. coli 0157 using Singlepath® E. coli O157 kit
from Merck. In: The Compendium of Analytical Methods
Volume 3: Laboratory Procedures for the Microbiological
Analysis of Foods. Ottawa, Canada: Health Canada, 2014.

Hussein HS. Prevalence and pathogenicity of Shiga toxin—
producing Escherichia coli in beef cattle and their products.
J Anim Sci 2007;85(13 Suppl):E63-E72.

Hyytia-Trees E, Smole SC, Fields PI, Swaminathan B, Ribot
EM. Second generation subtyping: A proposed PulseNet
protocol for multiple-locus variable-number tandem repeat
analysis (MLVA) of Shiga toxin—producing Escherichia coli
0157 (STEC 0157). Foodborne Pathog Dis 2006;3:118—131.

Hyytia-Trees E, Lafon P, Vauterin P, Ribot E. Multi-laboratory
validation study of standardized multiple-locus VNTR anal-
ysis (MLVA) protocol for Shiga toxin—producing Escherichia
coli 0157 (STEC O157): A novel approach to normalize
fragment size data between capillary electrophoresis plat-
forms. Foodborne Pathog Dis 2010;7:129-136.

Jones TH, Vail KM, McMullen LM. Filament formation by
foodborne bacteria under sublethal stress. Int J Food Micro-
biol 2013;165:97-110.

Jones T, Gill CO, McMullen LM. The behaviour of log phase
Escherichia coli at temperatures that fluctuate about the
minimum for growth. Lett Appl Microbiol 2004;39:296-300.

Karch H, Tarr PI, Bielaszewska M. Enterohaemorrhagic Es-
cherichia coli in human medicine. Int J Med Microbiol
2005;295:405-418.



618

Kivi M, Hofhuis A, Notermans DW, Wannet WJ, Heck ME,
Van De Giessen AW, Van Duynhoven YT, Stenvers OF,
Bosman A, Van Pelt W. A beef-associated outbreak of Sal-
monella Typhimurium DT104 in The Netherlands with im-
plications for national and international policy. Epidemiol
Infect 2007;135:890-899.

Kozak GK, MacDonald D, Landry L, Farber JM. Foodborne
outbreaks in Canada linked to produce: 2001 through 2009.
J Food Prot 2013;76:173-183.

MAPAQ. Direction des laboratoires d’expertises et d’analyses
alimentaires. 01-M-142: Isolation and identification of E. coli
O157:H7 by immunocapture. Internal document. 2007.
Quebec, Canada: MAPAQ. (In French.)

MAPAQa, Direction des laboratoires d’expertises et d’analyses
alimentaires. Collection techniques for food and water sam-
ples for microbiological analysis. Internal document. 2013.
Quebec, Canada: MAPAQ. (In French.)

MAPAQDb, Direction des laboratoires d’expertises et d’analyses
alimentaires. LEAA-M-MIC-146: Detection of E. coli O157
using a rapid tool kit. Internal document. 2013. Quebec,
Canada: MAPAQ. (In French.)

March SB, Ratnam S. Sorbitol-MacConkey medium for detec-
tion of Escherichia coli O157:H7 associated with hemor-
rhagic colitis. J Clin Microbiol 1986;23:869-872.

McEvoy JM, Doherty AM, Sheridan JJ, Thomson-Carter FM,
Garvey P, McGuire L, Blair IS, McDowell DA. The preva-
lence and spread of Escherichia coli O157:H7 at a com-
mercial beef abattoir. J Appl Microbiol 2003;95:256-266.

Murinda SE, Nguyen LT, Ivey SJ, Gillespie BE, Almeida RA,
Draughon FA, Oliver SP. Prevalence and molecular charac-
terization of Escherichia coli O157:H7 in bulk tank milk and
fecal samples from cull cows: A 12-month survey of dairy
farms in east Tennessee. J Food Prot 2002;65:752-759.

Page AV, Liles WC. Enterohemorrhagic Escherichia coli in-
fections and the hemolytic-uremic syndrome. Med Clin North
Am 2013;97:681-685.

Rangel JM, Sparling PH, Crowe C, Griffin PM, Swerdlow DL.
Epidemiology of Escherichia coli O157:H7 outbreaks, Uni-
ted States, 1982-2002. Emerg Infect Dis 2005;11:603-609.

GAULIN ET AL.

Ravel A, Greig J, Tinga C, Todd E, Campbell G, Cassidy M,
Marshall B, Pollari F. Exploring historical Canadian food-
borne outbreak data sets for human illness attribution. J Food
Prot 2009;72:1963-1976.

Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson
MA, Roy SL, Jones JL, Griffin PM. Foodborne illness ac-
quired in the United States—Major pathogens. Emerg Infect
Dis 2011;17:7-15.

Stanford K, Koohmaraie M, Gill CO. Relationship between the
numbers of Escherichia coli and the prevalence of Escher-
ichia coli O157:H7 on hides of carcasses at a large beef
packing plant. J Food Prot 2013;76:1250-1254.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray
BE, Persing DH, Swaminathan B. Interpreting chromosomal
DNA restriction patterns produced by pulsed-field gel elec-
trophoresis: Criteria for bacterial strain typing. J Clin Mi-
crobiol 1995;33:2233-2239.

[USDA] United States Department of Agriculture. Pathogen
Modeling Program (PMP). E. coli O157 does not grow at low
temperature. 2003. Available at: http://pmp.errc.ars.usda.gov/
PMPOnline.aspx, accessed August 29, 2014.

Van Donkersgoed J, Graham T, Gannon V. The prevalence of
verotoxins, Escherichia coli O157:H7 and Salmonella in the
feces and rumen of cattle at processing. Can Vet J 1999;40:
332-338.

[WHO] World Health Organization. Risk characterization of
microbiological hazards in food, guidelines. Food and Agri-
culture Organization of the United Nations, 2009. Available at:
http://whqglibdoc.who.int/publications/2009/9789241547895_
eng.pdf, accessed July 17, 2014.

Address correspondence to:

Colette Gaulin, MD, MSc

Ministere de la Santé et des Services Sociaux
1075 Chemin Ste-Foy, Québec

Province de Québec G1S 2M1, Canada

E-mail: colette.gaulin@msss.gouv.qc.ca



