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A Novel Vehicle for Transmission of Escherichia
coli O157:H7 to Humans: Multistate Outbreak of
E. coli O157:H7 Infections Associated With
Consumption of Ready-to-Bake Commercial
Prepackaged Cookie Dough—United States, 2009

Karen P. Neil,2 Gwen Biggerstaff.2 J. Kathryn MacDonald,? Eija Trees,2 Carlota Medus,* Kimberlee A. Musser,®
Steven G. Stroika,2 Don Zink,5 and Mark J. Sotir2

"Epidemic Intelligence Service, Office of Workforce and Career Development, and 2Division of Foodborne, Waterborne, and Environmental Diseases,
National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia; 3Communicable Disease
Epidemiology, Washington State Department of Health, Shoreline; “Foodborne, Vectorborne, and Zoonotic Diseases, Acute Disease Investigation and
Control, Minnesota Department of Health, St Paul; ®Bacteriology Laboratory, Wadsworth Center, New York State Department of Health, Albany; and
60ffice of the Center Director, Center for Food Safety and Applied Nutrition, US Food and Drug Administration, Silver Spring, Maryland

Background. Escherichia coli O157:H7 is a Shiga toxin—producing E. coli (STEC) associated with numerous
foodborne outbreaks in the United States and is an important cause of bacterial gastrointestinal illness. In May 2009,
we investigated a multistate outbreak of E. coli O157:H7 infections.

Methods.
Traceback investigation and product testing were performed. A matched case-control study was conducted to

Outbreak-associated cases were identified using serotyping and molecular subtyping procedures.

identify exposures associated with illness using age-, sex-, and state-matched controls.

Results.  Seventy-seven patients with illnesses during the period 16 March—8 July 2009 were identified from
30 states; 35 were hospitalized, 10 developed hemolytic-uremic syndrome, and none died. Sixty-six percent of patients
were <19 years; 71% were female. In the case-control study, 33 of 35 case patients (94%) consumed ready-to-bake
commercial prepackaged cookie dough, compared with 4 of 36 controls (11%) (matched odds ratio = 41.3; P <.001);
no other reported exposures were significantly associated with illness. Among case patients consuming cookie dough,
949% reported brand A. Three nonoutbreak STEC strains were isolated from brand A cookie dough. The investigation
led to a recall of 3.6 million packages of brand A cookie dough and a product reformulation.

Conclusions. This is the first reported STEC outbreak associated with consuming ready-to-bake commercial
prepackaged cookie dough. Despite instructions to bake brand A cookie dough before eating, case patients
consumed the product uncooked. Manufacturers should consider formulating ready-to-bake commercial
prepackaged cookie dough to be as safe as a ready-to-eat product. More effective consumer education about the
risks of eating unbaked cookie dough is needed.

Escherichia coli O157:H7 and other Shiga toxin—
producing E. coli (STEC) strains are an important
cause of bacterial gastrointestinal illness in the
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United States. Illness can be severe, especially in
young children or the elderly, and hemolytic-uremic
syndrome (HUS) occurs in 4%—-13% of patients [1].
E. coli O157 infection is the most common cause of
HUS in children [2, 3].

Since the mid-1990s, E. coli O157 has been associated
with >180 reported foodborne outbreaks in the United
States [4]. Ground beef, leafy green vegetables, and
unpasteurized dairy products have been frequently im-
plicated in outbreaks [4—12]. Other implicated foods
include sprouts, unpasteurized apple cider, melons and

Outbreak of E. coli O157:H7 Infections e CID 2012:54 (15 February) e 511



other fruits, and salami [4, 13—15]. Direct animal contact,
drinking or swimming in contaminated water, contaminated
environments, and person-to-person transmission have also
been linked with outbreaks [16-22].

The reservoir for E. coli O157 is the intestinal tract of healthy
ruminant animals (eg, cattle, deer, goats, and sheep). Foods
typically are contaminated through the slaughter of colonized
cattle and beef processing, shedding of pathogens from colo-
nized cattle into milk, use of contaminated soil or contaminated
irrigation water in produce production, or cross-contamination.
Because kill steps are often used in food processing, processed
foods containing cooked meat or produce are thought to be at
lower risk for contamination.

We report the investigation of a multistate outbreak of E. coli
0157 infections that identified a novel vehicle for foodborne
transmission of STEC to humans: ready-to-bake commercial
prepackaged cookie dough.

METHODS

Detection of the Outhreak

On 19 May 2009, PulseNet, the national molecular subtyping
network for foodborne disease surveillance, identified a cluster
of 17 cases of E. coli O157:H7 infections with indistinguish-
able pulsed-field gel electrophoresis (PFGE) patterns (Xbal:
EXHXO01.0224/BInl: EXHA26.0536) submitted from 13 states.
All 17 isolates were submitted in May, exceeding the baseline
average of 67 isolates submitted each month from 2004 to
2008. State and local public health officials and the Centers for
Disease Control and Prevention (CDC) initiated a multistate
investigation of the outbreak.

Case Definition

A case was defined as diarrheal illness with onset from 1 March
2009 to 31 July 2009 in a US resident yielding the outbreak strain:
E. coli O157:H7 or E. coli serotype pending with PFGE pattern
Xbal: EXHX01.0224/BInl: EXHA26.0536 and either a multiple-
locus variable-number tandem repeat analysis (MLVA) pattern
indistinguishable from the primary MLVA outbreak pattern or
a MLVA pattern differing at a single locus (of 8) by 1 repeat from
the primary MLVA pattern.

Case Finding

PulseNet was used to detect cases; CDC also queried in-
ternational PulseNet databases in Canada, Latin America, and
the Caribbean. PFGE of human E. coli O157 isolates was per-
formed at PulseNet-affiliated public health laboratories using
standardized methods [23]. PFGE patterns were submitted to the
national PulseNet database and compared. Isolates with PFGE
patterns indistinguishable from the first 17 isolates were sent to
CDC for MLVA testing using standardized protocols [24].

Hypothesis Generation

Investigators used an iterative approach to generate hypotheses
about the exposure vehicle. Early in the investigation, inves-
tigators in several states interviewed patients or their proxies
with enteric disease questionnaires. A standardized targeted
questionnaire was administered to patients; this questionnaire
focused on exposures commonly associated with previous E. coli
0157 outbreaks, including ground beef, raw dairy products, leafy
green vegetables, and animal contact. Later in the investigation,
when a clear hypothesis had not emerged, a single interviewer
conducted conversational open-ended interviews with 5 patients
from Washington State to obtain detailed qualitative exposure
histories and identify unusual exposures.

Case-Control Study

To test exposure hypotheses, the investigation team conducted
a matched case-control study. Controls were enrolled from state
health department databases containing patients with non—E. coli
enteric illnesses (eg, Salmonella, Campylobacter), starting with the
most recently reported and working backward in time by onset
date; persons reporting international travel during the time period
of interest (the week before onset of illness in the matched case
patient) were not eligible to be controls. Controls were matched
1:1 with case patients by age group (1—4 years, 5-14 years,
15-19 years, 20-39 years, 40-59 years, =60 years), sex, and state of
residence.

The study questionnaire focused on 20 food items identified
during hypothesis generation, including ready-to-bake cookie
dough, ground beef, strawberries, apples, cantaloupe, and
chocolate chips. The questionnaire also solicited brand and
other detailed product information. Verbal consent from pa-
rents or guardians was obtained before interviews with persons
<18 years of age; parents or guardians were interviewed as
proxies for all children <15 years of age. State and local public
health officials administered the questionnaire by telephone.

Data from questionnaires were entered into an electronic
database. SAS 9.1 software (SAS Institute) was used to calculate
matched odds ratios (ORs), exact 95% confidence intervals
(ClIs), and exact P values. A P value of =.05 was considered
statistically significant.

Traceback and Environmental Investigation

Product information, including lot numbers and use-by dates
(UBDs), from packages of epidemiologically implicated foods
obtained from case patient households were provided by state
investigators and the CDC to the US Food and Drug Adminis-
tration (FDA) for traceback investigations. FDA inspected 2 fa-
cilities (plants A and B) involved in the manufacture of the
implicated food product and tested samples collected from
closed packages of retained finished product, product linked
to consumer complaints, raw ingredients used to make the im-
plicated product, in-line production samples, water samples, and
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Outbreak-associated Escherichia coli 0157 cases by state of residence, United States, 1 March—31 July 2009 (n = 77).

environmental samples. FDA investigators also inspected a mill
supplying flour to plant A (mill A); samples from the mill and its
premises (eg, wheat storage areas) were also collected.

Product Testing

Testing of opened packages of implicated food product collected
from patient residences and unopened packages from retail stores
was performed by investigators at 11 public health laboratories
(local, state, and CDC) and 1 private laboratory that works with
a state health department. FDA laboratories tested product col-
lected during inspections of manufacturing facilities. Testing
protocols for E. coli O157:H7 and other STEC strains varied by
laboratory; culture and several other methods were used, including
immunomagnetic separation, polymerase chain reaction, Shiga
toxin (Stx) enzyme immunoassay, and O157 latex agglutination.
State public health laboratories performed PFGE and Stx testing
on STEC isolated from open product. STEC isolated by FDA
laboratories was sent to CDC for PFGE and Stx testing. E. coli
0157:H7 isolates were sent to CDC for MLVA testing [24].

RESULTS

Case Patients

Seventy-seven cases from 30 states met the case definition
(Figure 1); illness onsets ranged from 16 March 2009 to 8 July
2009 (Figure 2). The median age of patients was 15 years (range,
2-65 years); 66% were <19 years of age. Seventy-one percent
were female. Patients aged 5-19 years comprised 55% of patients,
and females predominated in all but 1 age group (Figure 3).
Thirty-five of 64 (55%) patients with available information were

hospitalized and 10 of 57 (18%) developed HUS; none died.
No outbreak-associated infections were identified outside the
United States. Of 21 cases with Stx test results, 19 were positive
for Stx 2 only, 1 for both Stx 1 and 2, and 1 was Stx positive,
type undetermined.

Hypothesis Generation

Review of general enteric and targeted questionnaires available
on 12 June 2009 revealed that consumption of several food items
were reported at relatively high frequency (=70%) among case
patients: poultry, strawberries, ground beef, apples, and leafy
greens or lettuce (patients reported a variety of lettuce types).
Prepackaged lettuce, spinach, sprouts, melons, unpasteurized
dairy products, apple cider, and pepperoni/salami were each
reported by <40% of patients.
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Figure 2. Outbreak-assaciated Escherichia coli 0157 cases by week of
iliness onset, United States, 1 March—31 July 2009 (n = 70)%. ®Onset date
missing for 7 patients.
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Figure 3. CQOutbreak-associated Escherichia coli 0157 case patients by
age and sex, United States, 1 March-31 July 2009 (n = 74)%. ®Age
missing for 1 patient and sex missing for 2 patients.

During open-ended interviews conducted 13—16 June with 5
Washington patients, all reported consumption of ready-to-bake
commercial prepackaged cookie dough (“cookie dough”). Four
reported consuming brand A cookie dough. These data were
presented to the investigative team, and investigators from
several other states reported that patients mentioned eating
cookie dough during earlier interviews.

Case-Control Study

From 17 to 19 June 2009, 36 case patients and 36 matched
controls from 18 states were enrolled into the matched case-
control study. Cookie dough consumption was the only re-
ported exposure significantly associated with illness: 33 of 35
case patients (94%) versus 4 of 36 controls (11%) reported
consuming cookie dough during the 7 days before illness onset
(matched OR = 41.3 [95% CI, 7.37—>999.99]; P < .001)
(Table 1). Brand A cookie dough consumption was reported by
31 of the 33 case patients (94%) who reported cookie dough
consumption. Among these 31 patients, 26 (84%) consumed
solely a chocolate chip variety, 3 (10%) consumed chocolate
chip and another flavor, and 2 (6%) did not know the flavor;
none reported consuming only a non—chocolate chip flavor.
None of the 4 controls reporting cookie dough consumption
named brand A cookie dough.

Traceback and Environmental Investigation

Based on the evidence from the epidemiologic investigation, FDA
conducted a traceback of brand A cookie dough products. UBDs
from 4 open packages of brand A cookie dough from patients’
homes ranged from 23 June to 11 August 2009. Plant A manu-
factured all but 2 varieties of brand A cookie dough; the remaining
2 were manufactured at plant B, located in another state. Product
from plant A was shipped to many locations throughout the
United States; no product from this plant was shipped to Canada
or other countries. Brand A represented approximately 40% of the
US prepared cookie dough market [25].

An FDA inspection team inspected plant A during 18 June-9
July 2009. Cultures of all ingredients, in-line production, water,
and environmental samples collected from the plant and tested
by EDA failed to yield E. coli O157. The FDA did not identify
a source, vehicle, or production process that contributed to
E. coli contamination of the cookie dough at plant A. In addi-
tion, FDA did not substantiate any link between flour mill A or
plant B and the outbreak; cultures of environmental samples
from mill A were negative for E. coli O157, although a non-O157
STEC (O26:H11, Stx 1) was isolated from animal droppings
found on mill grounds.

Product Testing

One hundred sixty-one samples of brand A cookie dough were
tested; 157 of these were unopened market samples with UBDs
ranging from 15 April 2009 to 29 September 2009. All 157 were
negative for E. coli O157. Four samples of open product from
confirmed case-patient residences in Minnesota, New York City,
Oklahoma, and Washington were tested. All 4 were negative for
E. coli O157, but 2 yielded Stx 2—producing non-O157 STECs:
E. coli O8:H19 from product purchased in Minnesota (UBD: 23
June 2009) and E. coli 08,060:H7 from product purchased in
New York City (UBD: unknown).

FDA tested 50 product samples associated with the plant A
inspection in 5 laboratories: 46 retained finished product sam-
ples and 4 samples linked to consumer complaints. One retained
sample with a UBD of 10 June 2009 (manufactured 10 February
2009) yielded E. coli O157:H7 (Stx 2); all other samples cultured
were negative for any STEC. Testing performed by CDC
revealed that the E. coli O157:H7 isolate from the retained
sample had a different PFGE and MLVA pattern than the
outbreak strain. No human isolates submitted to PulseNet in
2009 had PFGE patterns matching those of the food sample
STEC isolates.

Product Recall and Public Health Impact

Company A halted cookie dough production at plant A on 18
June 2009. On 19 June 2009, company A voluntarily recalled all
6], which included 47
products and 3.6 million packages of cookie dough. On 7 July

brand A cookie dough products [2

2009, after implementing an enhanced ingredient, product, and
environmental testing program, company A restarted cookie
dough production at plant A [27]. Packaging was relabeled to
display more prominent warnings against consuming unbaked
cookie dough. On 13 January 2010, company A announced that
2 additional samples of finished product had tested positive for
nonoutbreak strains of E. coli O157:H7 under its testing pro-
gram; no product had been shipped to stores [28]. Company A
also announced plans to convert to using heat-treated flour in
cookie dough production during the week of 25 January 2010 to
enhance product safety [28].
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Table 1.
17-19 June 2009°

Reported Frequency of Food Item Consumption by Case Patients and Controls Included in the Matched Case-Control Study,

Cases (n = 36)%, Controls (n = Matched OR

Food Item Exposure No. (%) No. (%) (95% Cl) P Value
Ready-to-bake cookie dough® 3 (94)° 4(11) 41.3 (7.37->999.99) <.001
Ready-to-bake cookie dough, chocolate chip variety® 30 (94 3(9) 37.0 (6.56->999.99) <.001
Chocolate chips, other® 6 (30 2 (34) 0.8 (.16-3.72) 1.00
Ground beef 27 (87 26 (74) 3.5(.67-34.53) 18
Strawberries 18 (60 14 (40) 2.2 (.70-8.08) .21
Ice cream/frozen desserts not containing cookie dough 11 (69 26 (79) 0.3(.01-2.53) .38
Hotdogs 7 (44 15 (50) 0.5 (.08-2.34) .51
Bologna 3(17 7 (21) 0.5 (.05-3.49) .69
Mandarin oranges 2 (11 6 (17) 0.5 (.05-3.49) .69
Smoothies 2 (N 5 (14) 0.5 (.05-3.49) .69
Bacon 10 (56 10 (29) 1.7 (.32-10.73) .73
Raw carrots 9 (47 17 (49) 0.7 (.14-2.81) .75
Fruit Roll-Ups 9 (26 6 (18) 1.5 (.36-7.23) .75
Apples 18 (67 19 (68) 1.4 (.38-5.59) 77
Cantaloupe 5 (26 6 (17) 1.3 (.23-9.10) 1.00
Cucumbers 7 (35 13 (38) 0.8 (.11-4.43) 1.00
Grapes 12 (60 17 (50) 1.0 (.27-3.74) 1.00
Milk 20 (91 29 (81) 2.0 (.10-117.99) 1.00
Raspberries 3 (14 5 (14) 1.0 (.07-13.80) 1.00
Smoothies from smoothie shop 2 (11 2 (6) 1.0 (.07-13.80) 1.00
Watermelon 5 (25 6 (18) 1.5 (.17-17.96) 1.00

Abbreviations: Cl, confidence interval; OR, odds ratio.

@ Denominator for case patients ranged from 16 to 35, and denominator for controls ranged from 30 to 36 and was dependent on how many provided information

on a particular exposure; matched case patients and controls were from 18 states.

b Consumption of ready-to-bake commercial prepackaged cookie dough. One case reported “‘maybe’’ to raw cookie dough consumption and was excluded from

the analysis for this variable (n = 35).

¢ Consumption of chocolate chips in a chocolate chip variety of ready-to-bake commercial prepackaged cookie dough. Variable created for analysis based on cookie

dough flavors reported by study participants.

9 Chocolate chips that were not consumed as part of brand A cookie dough (ie, consumed in homemade products using chocolate chips, non-brand A baked

chocolate chip cookies, chocolate chip ice cream, granola bars).

DISCUSSION

We report a nationwide outbreak of E. coli O157 infections
associated with consumption of ready-to-bake commercial
prepackaged cookie dough. This outbreak is the first time ready-
to-bake commercial prepackaged cookie dough or a similar
product has been implicated as a vehicle for STEC infections. The
case-control study found a strong association between con-
sumption of ready-to-bake cookie dough and illness, and patients
almost exclusively reported consuming brand A chocolate chip
cookie dough disproportionate to the brand’s market share. The
geographic distribution of cases and the product distribution
aligned with the epidemiologic findings: no product was
shipped to Canada or any other country, and no cases were
identified outside the United States. In addition, STEC strains
were obtained from the product, revealing that STEC can con-
taminate and survive in these processed products. There was
no evidence to suggest that the nonoutbreak strains of STEC

recovered from cookie dough were linked to human infections.
The strong epidemiologic evidence implicating brand A cookie
dough as the vehicle for the infections led to a voluntary na-
tionwide recall of all brand A cookie dough.

Despite extensive traceback and environmental investigations
and testing by regulatory agencies and company A, the source
and route of product contamination remains undetermined.
Possible means of contamination include introduction of
a contaminated ingredient during processing, a lapse in plant
biosecurity measures, intentional contamination, or cross-
contamination with another food processed in the plant. Al-
though the manufacturing plant is located in a rural area in
the mid-Atlantic United States, investigators did not observe
any obvious breach in biosecurity that would facilitate in-
troduction of E. coli 0157 into the facility from the outside.
No significant food handling or safety violations were iden-
tified at the plant that could result in cross-contamination
within the plant. Intentional contamination of food with
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pathogens has been linked to past local, but not national,
foodborne outbreaks [29-31]. Although the possibility of
intentional contamination was considered early in the in-
vestigation, no evidence of it was found.

A more likely source of contamination is that a contaminated
ingredient was used in the product. Ready-to-bake cookie dough
is not a ready-to-eat food and contains several ingredients, in-
cluding flour, pasteurized eggs, chocolate chips, molasses, sugar,
margarine, baking soda, and vanillin/vanilla extract. The eggs
used in brand A products were pasteurized, making eggs a less
likely vehicle unless there was a pasteurization failure; this
was not identified during the investigation. Molasses, sugar,
baking soda, and margarine, which undergo pathogen kill steps
during processing, were also considered less likely sources of
contamination.

The possibility of contaminated chocolate chips was consid-
ered, because most patients reported consuming chocolate chip—
containing varieties of brand A cookie dough. Although chocolate
has never been linked to past E. coli O157 outbreaks, it has been
implicated in Salmonella outbreaks [32-34], and Baylis et al [35]
documented survival of E. coli O157 in artificially contaminated
chocolate for up to 366 days. However, because chocolate chip
varieties comprise the majority of cookie dough sales, it would not
be unusual that chocolate chip varieties were reported by most
patients. The chocolate chips that company A uses in its ready-
to-bake cookie dough and the brand A chocolate chips sold to
consumers for home baking are manufactured in the same
facility, but there was no evidence of an E. coli O157 outbreak
among consumers using these chocolate chips. Study results
also support that chocolate chips were not the source of con-
tamination: consumption of a chocolate chip variety of cookie
dough was less strongly associated with illness compared with
consumption of any cookie dough, whereas consumption of
chocolate chips in non—cookie dough products was not signif-
icantly associated with illness.

Flour, a raw agricultural product (ie, does not undergo pro-
cessing to kill pathogens), was also considered as a possible
source of contamination. Low levels of Salmonella contamination
can occur in wheat flour, and flour and flour-based mixes have
been implicated in foodborne Salmonella outbreaks [36-39].
Generic E. coli species have also been found in flour [36, 39]; 1 US
study found E. coli in 12.8% of commercial wheat flour samples
examined [39]. Although our investigation found no conclusive
evidence that contaminated flour was the source of this outbreak,
contaminated flour remains a prime suspect for introducing the
pathogen to the product. Because flour is frequently purchased in
large quantities by manufacturers for use in food products, if
contaminated flour were responsible, a single purchase of con-
taminated flour might have been used to manufacture multiple
lots and varieties of dough over a period of time. This would
be consistent with UBDs on packages obtained from patients

(23 June—11 August 2009), suggesting that product contamination
occurred over several weeks.

This outbreak highlights the consequences of risky eating
behaviors among consumers, specifically the health risks asso-
ciated with eating unbaked products that are intended to be
cooked before consumption. Consumption of cookie dough
appears to be a popular practice, especially among adolescent
females. A study of risky eating behaviors among college stu-
dents revealed that 53% consumed unbaked homemade cookie
dough [40]. In our case-control study, 11% of controls reported
eating cookie dough. During interviews, several patients re-
ported that they bought the dough with the intention of only
eating it unbaked; they had no plans to actually bake cookies.
More effective public health messaging is needed to educate
consumers about the health risks of this practice and encourage
behavior change that will prevent illnesses such as those de-
scribed in this report.

Linking this type of processed food product to an outbreak of
E. coli O157 infections has implications for the food industry and
emphasizes that the possibility of contamination of processed
ready-to-cook and ready-to-bake foods by human pathogens
remains an ongoing risk to public health. The FDA has been
advised by several cookie dough manufacturers that they have
implemented the use of heat-treated flour for their ready-
to-bake cookie dough products. However, all manufacturers
should consider formulating ready-to-bake commercial pre-
packaged cookie dough to be as safe as a ready-to-eat food item.
Foods containing raw flour should be considered as possible
vehicles of infection of future outbreaks of STEC or Salmonella
infections. Food processors should consider the use of pas-
teurized flour in ready-to-cook or ready-to-bake foods that
are likely to be consumed without cooking or baking, even
though label statements may warn against consuming un-
cooked product.

Notes

Acknowledgments. The authors thank the following local, state, and
federal public health and regulatory officials for their contributions to the
epidemiologic, laboratory, and environmental investigations during this
outbreak: Arizona: Joli Weiss and Clarisse Tsang; Arkansas: Linda Gladden;
California: Akiko Kimura, Jeffrey Higa, Bela Matyas, Dawn Norton, Amy
DuBois, Sara Cody, Laura Tang, Barbara Baldwin, Lou Anne Cummings,
Jeff Farrar, Benson Yee, Pat Kennelly, Will Probert, Janice Lidgard, Sharon
Crowley, Annie Kao, and Ali Fernandez; Colorado: Alicia Cronquist and
Nicole Comstock; Connecticut: Quyen Phan and Sharon Hurd; Delaware:
Susan Shore; Florida: Kathleen VanZile; Georgia: Cherie Drenzek and Hope
Dishman; Idaho: Chris Hahn and Leslie Tengelson; Illinois: Connie Austin
and Laurie Saathoff; Iowa: Ann Garvey, Diana VonStein, Meghan
Harris, Gina Kline, and Larry Holcomb; Kentucky: Robert Brawley, Tracy
Vaughn, and Sandy Kelly; Maine: Vicki Rea; Maryland: Alvina Chu, Amanda
Palmer, and David Blythe; Massachusetts: Barbara Bolstorff, Emily Harvey,
and Franny Elson; Michigan: James Collins, Katie Sheline, Sally Bidol, and
Susan Bohm; Minnesota: Kirk Smith, Carrie Rigdon, Matt Forstner, Selina
Jawahir, Fe Leano, and Charlott Taylor; Missouri: Jo Ann Rudroff and
Harvey Marx; Montana: Howard Reid; Nebraska: Alison Keyser Metobo;

516 e CID 2012:54 (15 February) e Neil et al



New Jersey: Kelly Miller, Lisa McHugh, and Michelle Malavet; New
Hampshire: Elizabeth Daly; New York City: Heather Hanson; Nevada:
Virginia Chiu, Devin Barrett, Richard Sowadsky, and Linda Verchick; North
Carolina: David Bergmire-Sweat and Lorri Taylor; Ohio: Scott Nowicki;
Oklahoma: Laurence Burnsed; Oregon: Hillary Booth, Julie Hatch, and
William Keene; Pennsylvania: George Han and Andre Weltman; South
Carolina: C. P. Kanwat and Julie Schlegel; Texas: Linda Gaul and Venessa
Cantu; Utah: Marilee Poulson; Virginia: Jun Yang and Seth Levine;
Washington: Erin Chester; West Virginia: Suzanne Wilson; Wisconsin:
James Mack, John Archer, and Rachel Klos; CDC Division of Foodborne,
Waterborne, and Environmental Diseases: Cheryl Bopp, Peter Gerner-Smidt,
Gerardo Gomez, Mike Hoekstra, Mike Humpbhrys, Patricia Lafon, Michele
Parsons, Deborah Talkington, Patricia Griffin, Ian Williams, and Rob
Tauxe; US Food and Drug Administration: Morris Potter; US Department
of Agriculture: Kristen Holt.

The findings and conclusions in this study are those of the authors and
do not necessarily represent the views of the Centers for Disease Control
and Prevention.

Potential conflicts of interest. All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Griffin PM, Mead PS, Sivapalasingam S. Escherichia coli O157:H7 and
other enterohemorrhagic E. coli. In: Blaser MJ, Smith PD, Ravdin JI,
Greenberg HB, Guerrant RL, eds. Infections of the gastrointestinal
tract. New York, NY: Lippincott Williams & Wilkins, 2002: 627-42.

. Siegler R, Oakes R. Hemolytic uremic syndrome; pathogenesis, treat-
ment, and outcome. Curr Opin Pediatr 2005; 17:200.

3. Banatvala N. The United States national prospective hemolytic uremic
syndrome study: microbiologic, serologic, clinical, and epidemiologic
findings. J Infect Dis 2001; 183:1063.

. Rangel JM, Sparling PH, Crowe C, Griffin PM, Swerdlow DL. Epide-
miology of Escherichia coli O157:H7 outbreaks, United States, 1982—
2002. Emerg Infect Dis 2005; 11:603-9.

. Ackers ML, Mahon BE, Leahy E, et al. An outbreak of Escherichia coli
0157:H7 infections associated with leaf lettuce consumption. J Infect
Dis 1998; 177:1588-93.

. Bell B, Goldoft M, Griffin P, et al. A multistate outbreak of Escherichia
coli O157:H7-associated bloody diarrhea and hemolytic uremic syn-
drome from hamburgers: the Washington experience. JAMA 1994;
272:1349.

. Espié E, Vaillant V, Mariani-Kurkdjian P, et al. Escherichia coli 0157
outbreak associated with fresh unpasteurized goats’ cheese. Epidemiol
Infect 2005; 134:143—6.

. Grant J, Wendelboe AM, Wendel A, et al. Spinach-associated Escherichia
coli O157:H7 outbreak, Utah and New Mexico, 2006. Emerg Infect Dis
2008; 14:1633-6.

. Hilborn ED, Mermin JH, Mshar PA, et al. A multistate outbreak of

Escherichia coli O157:H7 infections associated with consumption of

mesclun lettuce. Arch Intern Med 1999; 159:1758—64.

Jay MT, Garrett V, Mohle-Boetani JC, et al. A multistate outbreak of

Escherichia coli O157:H7 infection linked to consumption of beef tacos

at a fast-food restaurant chain. Clin Infect Dis 2004; 39:1-7.

Keene W, Hedberg K, Herriott D, et al. A prolonged outbreak of

Escherichia coli O157:H7 infections caused by commercially distributed

raw milk. J Infect Dis 1997; 176:815-8.

Wendel AM, Johnson DH, Sharapov U, et al. Multistate outbreak of

Escherichia coli O157:H7 infection associated with consumption of

packaged spinach, August-September 2006: the Wisconsin in-

vestigation. Clin Infect Dis 2009; 48:1079-86.

Besser RE, Lett SM, Weber JT, et al. An outbreak of diarrhea and

hemolytic uremic syndrome from Escherichia coli O157:H7 in fresh-

pressed apple cider. JAMA 1993; 269:2217-20.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Conedera G, Mattiazzi E, Russo F, et al. A family outbreak of Escher-
ichia coli O157 haemorrhagic colitis caused by pork meat salami. Ep-
idemiol Infect 2007; 135:311-4.

Ferguson DD, Scheftel J, Cronquist A, et al. Temporally distinct
Escherichia coli 0157 outbreaks associated with alfalfa sprouts linked
to a common seed source—Colorado and Minnesota, 2003. Epidemiol
Infect 2005; 133:439-47.

Crump JA, Braden CR, Dey ME, et al. Outbreaks of Escherichia coli
0157 infections at multiple county agricultural fairs: a hazard of
mixing cattle, concession stands and children. Epidemiol Infect 2003;
131:1055-62.

Crump JA, Sulka AC, Langer AJ, et al. An outbreak of Escherichia coli
0157:H7 infections among visitors to a dairy farm. N Engl ] Med 2002;
347:555-60.

Olsen S, Miller G, Breuer T, et al. A waterborne outbreak of Escherichia
coli O157:H7 infections and hemolytic uremic syndrome: implications
for rural water systems. Emerg Infect Dis 2002; 8:370.

Verma A, Bolton FJ, Fiefield D, et al. An outbreak of E. coli O157
associated with a swimming pool: an unusual vehicle of transmission.
Epidemiol Infect 2007; 135:989-92.

Howie H, Mukerjee A, Cowden J, Leith J, Reid T. Investigation of an
outbreak of Escherichia coli O157 infection caused by environmental
exposure at a scout camp. Epidemiol Infect 2003; 131:1063-9.

Varma JK, Greene KD, Reller ME, et al. An outbreak of Escherichia coli
0157 infection following exposure to a contaminated building. JAMA
2003; 290:2709-12.

O’Donnell JM, Thornton L, McNamara EB, Prendergast T, Igoe D,
Cosgrove C. Outbreak of Vero cytotoxin-producing Escherichia coli
0157 in a child day care facility. Commun Dis Public Health 2002;
5:54-8.

Ribot E, Fair M, Gautom R, et al. Standardization of pulsed-field gel
electrophoresis protocols for the subtyping of Escherichia coli O157:
H?7, Salmonella, and Shigella for PulseNet. Foodborne Pathog Dis 2006;
3:59-67.

Hyytia-Trees E, Lafon P, Vauterin P, Ribot EM. Multilaboratory vali-
dation study of standardized multiple-locus variable-number tandem
repeat analysis protocol for Shiga toxin-producing Escherichia coli O157:
a novel approach to normalize fragment size data between capillary
electrophoresis platforms. Foodborne Pathog Dis 2010; 7:129-36.
Associated Press. Fears of E. coli prompt recall of cookie dough.
Available at: http://www.washingtonpost.com/wp-dyn/content/article/
2009/06/19/AR2009061903353.html. Accessed 2 November 2011.
Nestlé USA Corporation. Nestlé USA’s baking division initiates vol-
untary recall. Available at: http://www.nestle.com/Media/Statements/
Pages/toll-house-voluntary-withdrawal.aspx. Accessed 2 November 2011.
Nestlé USA Corporation. Toll House update (6). Available at: http://
www.nestle.com/Media/Statements/Pages/ TollHouseisbackUpdate6.aspx.
Accessed 2 November 2011.

Nestlé USA Corporation. Nestlé USA announces safety enhancement
for Nestlé TOLL HOUSE refrigerated cookie dough. Available at:
http://www.nestleusa.com/Media/press-releases/nestle-tollhouse.aspx.
Accessed 2 November 2011.

Phills J, Harrold A, Whiteman G, Perelmutter L. Pulmonary in-
filtrates, asthma and eosinophilia due to Ascaris suum infestation in
man. N Engl ] Med 1972; 286:965.

Kolavic SA, Kimura A, Simons SL, Slutsker L, Barth S, Haley CE. An
outbreak of Shigella dysenteriae type 2 among laboratory workers due
to intentional food contamination. JAMA 1997; 278:396-8.

Torok TJ, Tauxe RV, Wise RP, et al. A large community outbreak of
salmonellosis caused by intentional contamination of restaurant salad
bars. JAMA 1997; 278:389-95.

Gill O, Sockett P, Bartlett C, et al. Outbreak of Salmonella napoli
infection caused by contaminated chocolate bars. Lancet 1983;
1:574-7.

Kapperud G, Gustavsen S, Hellesnes I, et al. Outbreak of Salmonella
typhimurium infection traced to contaminated chocolate and caused by

Outbreak of E. coli O157:H7 Infections ® CID 2012:54 (15 February) e 517


http://www.washingtonpost.com/wp-dyn/content/article/2009/06/19/AR2009061903353.html
http://www.washingtonpost.com/wp-dyn/content/article/2009/06/19/AR2009061903353.html
http://www.nestle.com/Media/Statements/Pages/toll-house-voluntary-withdrawal.aspx
http://www.nestle.com/Media/Statements/Pages/toll-house-voluntary-withdrawal.aspx
http://www.nestle.com/Media/Statements/Pages/TollHouseisbackUpdate6.aspx
http://www.nestle.com/Media/Statements/Pages/TollHouseisbackUpdate6.aspx
http://www.nestleusa.com/Media/press-releases/nestle-tollhouse.aspx

34,

35.

36.

a strain lacking the 60-megadalton virulence plasmid. J Clin Microbiol
1990; 28:2597-601.

Werber D, Dreesman J, Feil F, et al. International outbreak of Salmo-
nella Oranienburg due to German chocolate. BMC Infect Dis 2005; 5:7.
Baylis CL, MacPhee S, Robinson AJ, Griffiths R, Lilley K, Betts RP.
Survival of Escherichia coli O157:H7, O111:H- and O26:H11 in artificially
contaminated chocolate and confectionery products. Int J Food
Microbiol 2004; 96:35-438.

Sperber WH. Role of microbiological guidelines in the production and
commercial use of milled cereal grains: a practical approach for the 21st
century. ] Food Prot 2007; 70:1041-53.

37.

38.

39.

40.

Zhang G, Ma L, Patel N, Swaminathan B, Wedel S, Doyle MP. Isolation
of Salmonella typhimurium from outbreak-associated cake mix. ] Food
Prot 2007; 70:997-1001.

New Zealand Food and Safety Authority. Flour batch believed linked to
Salmonella outbreak. Available at: http://foodsafety.govt.nz/elibrary/industry/
Flour_Batch-Investigations_Into.htm. Accessed 2 November 2011.

Richter KS, Dorneanu E, Eskridge KM, Rao C. Microbiological quality
of flours. Cereal Foods World 1993; 38:367-9.

Byrd-Bredbenner C, Abbot J, Wheatley V, Schaffner D, Bruhn C,
Blalock L. Risky eating behaviors of young adults—implications for
food safety education. ] Am Diet Assoc 2008; 108:549-52.

518 e CID 2012:54 (15 February) e Neil et al


http://foodsafety.govt.nz/elibrary/industry/Flour_Batch-Investigations_Into.htm
http://foodsafety.govt.nz/elibrary/industry/Flour_Batch-Investigations_Into.htm

