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Foodborne illnesses are a substantial yet largely preventable health burden worldwide. We previously reviewed food safety in
the United States[1] and harked back to the classic book, The Jungle, which portrayed the unsanitary conditions and practices
prevalent in industrialized American cities in the early 1900s.[2] While this had a significant impact on reformation of the
meatpacking industry, how far have we come since the conditions reported by Upton Sinclair? One indicator of progress is
whether we have adequately responded to the lessons learned. In this context, we will focus specifically on foodborne
Escherichia coli infections.

E coli Outbreaks and Renewed Efforts for Safety

In 1993, an E coli outbreak in four states affected more than 700 people and was associated with 171 hospitalizations,
including four deaths in children, attributed to hemolytic-uremic syndrome (HUS); the common source of their illnesses was
traced to Shiga toxin–producing E coli (STEC) serogroup O157–contaminated hamburgers sold at Jack in the Box
restaurants.[3,4]

This dramatic, widely publicized case series served to increase public awareness and concern about unsanitary practices in the
fast-food industry.[5] That outbreak, in part, spurred significant improvements in efforts to ensure safe food, including enhanced
federal food safety regulations, more stringent industry practices, and intensified policies by the Centers for Disease Control and
Prevention (CDC), the US Department of Agriculture (USDA), and the US Food and Drug Administration (FDA).[6] This has
been accompanied by advances in food science and by more rapid and precise pathogen detection, food monitoring, and
surveillance.[7-9]

Key efforts to improve food safety have included the following[6]:

E coli O157:H7 was declared an adulterant in ground beef, and other non-O157 STECs have been added to the list of
adulterants;

E coli O157:H7 was raised to reportable disease status at all state health departments;

The CDC developed pulsed-field gel electrophoresis (PFGE) to detect and track bacterial isolates; PulseNet became the
national molecular subtyping network for foodborne disease surveillance[8,10];

Research was undertaken to determine ways to reduce E coli in cattle and slaughterhouses;

Testing for E coli O157:H7 in ground beef was initiated;

Consumer education programs about potential dangers in ground beef and instructions for safe handling and optimal
cooking were created;

The recommended temperature for cooking ground beef was increased by the FDA; and

Safe production facilities via the USDA Food Safety and Inspection Service (FSIS) and the Hazard Analysis and Critical
Control Point (HACCP) were ensured.[11]

Infections caused by E coli serogroup O157 declined after targeted interventions to reduce contamination of ground beef were
implemented.[8] So, where do we stand in regard to food safety policy and in the detection and prevention of illness due to E
coli in the United States?

We will specifically review the history of infection due to STEC O157:H7; however, we will also discuss serogroups of STEC
other than serogroup O157 (eg, STEC O26:H11), which are highly pathogenic, capable of causing HUS, and have been
associated with foodborne bacterial gastrointestinal illnesses and outbreaks in the United States.[9,12-14]

Food Safety Policy: Where Do We Stand?

The Foodborne Diseases Active Surveillance Network (FoodNet) conducts active, population-based surveillance at 10 US
geographic areas sites for laboratory-confirmed infections commonly transmitted through food and monitors trends in enteric
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illnesses and identifies their sources. According to FoodNet, the incidence of STEC O157 declined in 2014 compared with
previous survey years.[13,15,16] However, despite ongoing food safety efforts, the incidence of infection remains high, indicating
that further prevention measures are needed to make food safer and to achieve national health objectives.

Tracking Outbreaks

To develop effective prevention measures, it is important to understand the percentage of foodborne illnesses associated with
specific foods. Three federal agencies—the CDC, the FDA, and the USDA-FSIS—teamed up to create the Interagency Food
Safety Analytics Collaboration (IFSAC). The goal is to improve coordination of federal food safety analytic efforts and to
address cross-cutting priorities for food safety data collection, analysis, and use.[17] This includes foodborne illness source
attribution (ie, approximating common food sources responsible for specific foodborne illnesses) and providing timely estimates
of the food sources of four priority foodborne pathogens: Salmonella, E coli O157, Listeria monocytogenes, and Campylobacter.

A Cookie Monster

Neil and colleagues[18] investigated a multistate outbreak of E coli O157:H7 infections in May 2009. Outbreak-associated cases
were identified using serotyping and molecular subtyping procedures as well as traceback investigation and product testing.
Ultimately, 77 patients with E coli infection were identified from 30 states; 35 were hospitalized and 10 developed HUS. Of
note, 66% of affected persons were younger than 19 years and 71% were female. In a matched case-control study, 94% had
consumed ready-to-bake commercial prepackaged raw cookie dough, compared with 11% of control subjects; no other
reported exposures were significantly associated with this illness. The FDA and the CDC notified the manufacturer of the
investigation of this product in the reported E coli O157:H7 illnesses.

The investigation led to a voluntary recall in June 2009 of 3.6 million packages of cookie dough by Nestlé USA, product
reformulation, and institution of procedures to enhance quality-assurance protocols (eg, testing ingredients prior to use, rigorous
environmental sampling).[19,20] This STEC outbreak associated with consuming uncooked ready-to-bake commercial
prepackaged cookie dough also indicated the need for more effective consumer education about the risks of eating unbaked
cookie dough.

Recipe for Disaster?

One lingering issue in this outbreak was that the exact source and route of product contamination remained undetermined.
However, in June 2016, the FDA, along with the CDC and state and local officials, investigated an outbreak of infections that
once again illustrated the dangers of eating raw dough—but this time they were able to more precisely pinpoint the source.

This outbreak of STEC serogroup O121 and O26 infections was linked to contaminated flour.[21] Fifty-six cases were identified
in 24 states. Univariable exact conditional logistic regression models found that one flour brand and the tasting of unbaked
homemade batter or dough were significantly associated with infection. Outbreak strains were isolated using laboratory testing
on flour samples, and whole-genome sequencing revealed that the isolates from clinical and food samples were genetically
closely related to one another. A common flour production facility was identified using traceback investigation.[21,22]

STEC was identified as one of a group of pathogens that can contaminate raw flour.[13,21,22] Contamination can occur at any
step in the process of transferring food from the farm to the dining table (ie, production, processing, distribution, or
preparation).[23] Flour is a raw, minimally processed agricultural product and is not processed to kill bacteria. Pathogenic
microorganisms associated with animal feces could contaminate the field and thus travel with the harvested grain. The usual
bactericidal processes applied during food preparation or processing (eg, boiling, baking, roasting, microwaving) are not
applicable to flour and raw dough.[21,22]

Contaminated Romaine Lettuce

At present, most outbreak-associated illnesses are being linked to seeded vegetables (eg, cucumbers, tomatoes), pork, and
vegetable row crops (leafy vegetables).[9,24] In 2011, Slayton and colleagues[12] identified 58 cases of E coli infection in 10
states; 67% were hospitalized and 6.4% developed HUS. This multistate outbreak of STEC O157:H7 infections was associated
with consumption of romaine lettuce. Unfortunately, we did not heed the lessons learned from this experience. There have been
several similar outbreaks since that time. Most recently, in late 2017, the CDC, along with the FDA, multistate outbreak of
Shiga toxin–producing E coli O157:H7 infections in 15 states linked to romaine lettuce.[25] The type of E coli implicated was
similar to that implicated in an outbreak in Canada, in which the Public Health Agency of Canada identified romaine lettuce as
the source.[26] These outbreaks indicate the challenges associated with leafy vegetable harvesting, distribution, and in
home/restaurant preparation—and the opportunities for improvement.

Detection and Prevention

New detection modalities and improved understanding of the epidemiologic features of foodborne STEC infections can inform
food safety and other prevention efforts.[27]

Polymerase chain reaction (PCR) and genome sequencing approaches facilitate surveillance and enhance the response to
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outbreaks of non-O157 STEC.[14]

Culture-independent diagnostic tests (CIDTs), which are increasingly used by clinical laboratories to detect enteric infections,
provide timely information for clinical management of foodborne infections.[28] However, the increasing use of highly sensitive
CIDTs creates logistical issues regarding interpretation of public health surveillance and monitoring data.[13,27,28] Ideally, CIDT-
positive specimens should be reflex-cultured to obtain isolates for determining pathogen subtypes and antimicrobial resistance,
to monitor trends, and to detect outbreaks.[13,27,28]

For the detection of both O157 and non-O157 STEC infections, clinical laboratories should test all stool specimens submitted
for diagnosis of acute community-acquired diarrhea for O157 STEC and for Shiga toxin; isolates should be sent to a public
health laboratory for serotyping and subtyping.[27]

The concept of prevention is not new, but there is an intensified federal focus on strategies to improve food safety and to
reduce foodborne disease.

Regulations from the FDA and the USDA—the Food Safety Modernization Act (FSMA) are designed to reduce contamination of
produce.[29,30] The FSMA granted the FDA power to improve the safe production and harvesting of produce by creating
standards for environmental factors, including staff hygiene, microbial levels in agricultural water, uses of animal waste in
growing foods, and equipment sanitation.[29,30] Produce regulations establish standards for growing, harvesting, packing, and
storing produce on farms in the United States, including requirements for water quality, employee health and hygiene, and
manure and compost use. In addition, under the FSMA, the FDA has the authority to recall a hazardous food product.

The Bottom Line

As in the days of The Jungle, a universal goal must be to provide safe, nutritious food. We are all accountable; individuals,
families, schools, industry, and the government can do more to keep food safe and to act promptly to protect consumers'
health.

The CDC offers common-sense tips for safe food handling in the home (eg, avoid ingestion of raw meat; cook products at
proper temperatures; wash hands, work surfaces, and utensils). Food industries can prevent or limit the size of outbreaks by
making food safety a core part of their culture; their goal must be to meet or exceed food safety regulations and standards.[30]

Measures to improve food safety should include maintaining records to enable the rapid tracing of foods and the use of
suppliers who apply best practices to food processing.

Let us not repeat the history of E coli tragedies.

Follow Medscape on Twitter: @Medscape

Detection and Prevention

References

1. Balistreri WF. Unsafe at any lunch? February 8, 2016. Medscape Gastroenterology Article Accessed March 22, 2018.

2. Sinclair U. The Jungle. New York, NY: Doubleday, Jabber & Company; 1906.

3. Centers for Disease Control and Prevention. Preliminary report: foodborne outbreak of Escherichia coli O157:H7
infections from hamburgers—western United States, 1993. MMWR Morb Mortal Wkly Rep. 1993;42:85-86. Abstract

4. Centers for Disease Control and Prevention. Update: multistate outbreak of Escherichia coli O157:H7 infections from
hamburgers—western United States, 1992-1993. MMWR Morb Mortal Wkly Rep. 1993;42:258-263. Abstract

5. Benedict J. Poisoned: The True Story of the Deadly E. coli Outbreak That Changed the Way Americans Eat. Inspire
Books; 2011.

https://www.fda.gov/Food/GuidanceRegulation/FSMA/
https://www.cdc.gov/foodsafety/keep-food-safe.html
https://twitter.com/Medscape
http://www.medscape.com/viewarticle/858296
http://www.medscape.com/medline/abstract/8429811
http://www.medscape.com/medline/abstract/8459795


Adobe AudienceManager

https://www.medscape.com/viewarticle/895308_print[2018/05/03 8:29:20]

6. Raymond R. 25 years marked by change. Food Safety News. March 6, 2018. Article Accessed March 22, 2018.

7. Nguyen VD, Bennett SD, Mungai E, et al. Increase in multistate foodborne disease outbreaks-United States, 1973-2010.
Foodborne Pathog Dis. 2015;12:867-872. Abstract

8. Centers for Disease Control and Prevention. PulseNet. Accessed March 22, 2018.

9. Interagency Food Safety Analytics Collaboration. Foodborne illness source attribution estimates for 2013 for Salmonella,
Escherichia coli O157, Listeria monocytogenes, and Campylobacter using multi-year outbreak surveillance data, United
States. GA and DC: U.S. Department of Health and Human Services, CDC, FDA, USDA-FSIS. 2017.

10. Ribot EM, Fair MA, Gautom R, et al. Standardization of pulsed-field gel electrophoresis protocols for the subtyping of
Escherichia coli O157:H7, Salmonella, and Shigella for PulseNet. Foodborne Pathog Dis. 2006; 3:59-67. Abstract

11. United States Department of Agriculture. Food Safety and Inspection Service. HACCP. Accessed March 22, 2018.

12. Slayton RB, Turabelidze G, Bennett SD, et al. Outbreak of Shiga toxin-producing Escherichia coli (STEC) O157:H7
associated with romaine lettuce consumption, 2011. PLoS One. 2013;8(2):e55300.

13. Crim SM, Griffin PM, Tauxe R, et al. Preliminary incidence and trends of infection with pathogens transmitted commonly
through food--Foodborne Diseases Active Surveillance Network, 10 US sites, 2006-2014. Morb Mortal Wkly Rep.
2015;64:495-499.

14. Dallman TJ, Byrne L, Launders N, et al. The utility and public health implications of PCR and whole genome sequencing
for the detection and investigation of an outbreak of Shiga toxin-producing Escherichia coli serogroup O26:H11.
Epidemiol Infect. 2015;143:1672-1680. Abstract

15. Centers for Disease Control and Prevention. Foodborne Diseases Active Surveillance Network (FoodNet). FoodNet 2016
preliminary data. Accessed March 22, 2018.

16. Henao OL, Jones TF, Vugia DJ, Griffin PM; Foodborne Diseases Active Surveillance Network (FoodNet) Workgroup.
Foodborne Diseases Active Surveillance Network--2 decades of achievements, 1996-2015. Emerg Infect Dis.
2015;21:1529-1536. Abstract

17. Centers for Disease Control and Prevention. Interagency Food Safety Analytics Collaboration (IFSAC). Accessed March
22, 2018.

18. Neil KP, Biggerstaff G, MacDonald JK, et al. 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. Clin Infect Dis. 2012;54:511-518. Abstract

19. Nestlé. Nestlé USA announces safety enhancement for Nestlé Toll House refrigerated cookie dough. January 13, 2010.
Press release Accessed March 22, 2018.

20. Rothschild M. Flour prime suspect in 2009 cookie dough outbreak. Food Safety News. Article Accessed March 23, 2018.

21. Crowe SJ, Bottichio L, Shade LN, et al. Shiga toxin-producing E coli infections associated with flour. N Engl J Med.
2017;377:2036-2043. Abstract

22. Gieraltowski L, Schwensohn C, Meyer S, et al. Notes from the field: multistate outbreak of Escherichia coli O157:H7
infections linked to dough mix-- United States, 2016. MMWR Morb Mortal Wkly Rep. 2017;66:88-89. Abstract

23. Centers for Disease Control and Prevention. How Food Gets Contaminated – The Food Production Chain. November 20,
2017. Article Accessed March 22, 2018.

24. National Center for Emerging and Zoonotic Infectious Diseases. Division of Foodborne, Waterborne, and Environmental
Diseases. Surveillance for Foodborne Disease Outbreaks, United States, 2015: Annual Report. Accessed March 22,
2018.

25. Centers for Disease Control and Prevention. Update: multistate outbreak of E coli O157:H7 infections. January 10, 2018.
Press release Accessed March 22, 2018.

26. Government of Canada. Public health notice—outbreak of E coli infections linked to romaine lettuce. Article Accessed
March 23, 2018.

27. Gould LH, Mody RK, Ong KL, et al. Increased recognition of non-O157 Shiga toxin-producing Escherichia coli infections
in the United States during 2000-2010: epidemiologic features and comparison with E coli O157 infections. Foodborne
Pathog Dis. 2013;10:453-460. Abstract

28. Marder EP, Cieslak PR, Cronquist AB, et al. Incidence and trends of infections with pathogens transmitted commonly

http://www.foodsafetynews.com/2018/03/a-silver-anniversary-marked-by-change/#.Wp6WV4eWxes
http://www.medscape.com/medline/abstract/26284611
https://www.cdc.gov/pulsenet/index.html
http://www.medscape.com/medline/abstract/16602980
https://www.fsis.usda.gov/wps/portal/fsis/topics/regulatory-compliance/haccp
http://www.medscape.com/medline/abstract/25316375
https://www.cdc.gov/foodnet/reports/prelim-data-intro-2016.html
http://www.medscape.com/medline/abstract/26292181
http://www.cdc.gov/foodsafety/ifsac/index.html
http://www.medscape.com/medline/abstract/22157169
https://www.nestleusa.com/media/pressreleases/nestle-tollhouse
http://www.foodsafetynews.com/2011/12/flour-was-prime-suspect-in-cookie-dough-outbreak/#.WrUbUYgbNPY
http://www.medscape.com/medline/abstract/29166238
http://www.medscape.com/medline/abstract/28125572
https://www.cdc.gov/foodsafety/production-chain.html
https://www.cdc.gov/foodsafety/pdfs/2015FoodBorneOutbreaks_508.pdf
https://www.cdc.gov/media/releases/2018/s0110-update-ecoli.html
https://www.canada.ca/en/public-health/services/public-health-notices/2017/public-health-notice-outbreak-e-coli-infections-linked-romaine-lettuce.html
http://www.medscape.com/medline/abstract/23560425


Adobe AudienceManager

https://www.medscape.com/viewarticle/895308_print[2018/05/03 8:29:20]

Medscape Gastroenterology © 2018 WebMD, LLC

Any views expressed above are the author's own and do not necessarily reflect the views of WebMD or Medscape.

Cite this article: E coli and Food Safety: It's a Jungle Out There - Medscape - Apr 23, 2018.

through food and the effect of increasing use of culture-independent diagnostic tests on surveillance--Foodborne
Diseases Active Surveillance Network, 10 US sites, 2013-2016. MMWR Morb Mortal Wkly Rep. 2017;66:397-403.
Abstract

29. US Food and Drug Administration. Food Safety Modernization Act (FSMA). Final rule on produce safety. Article
Accessed March 22, 2018.

30. Crowe SJ, Mahon BE, Vieira AR, Gould LH. Vital signs: multistate foodborne outbreaks--United States, 2010-2014.
MMWR Morb Mortal Wkly Rep. 2015;64:1221-1225. Abstract

http://www.medscape.com/medline/abstract/28426643
http://www.fda.gov/Food/GuidanceRegulation/FSMA/ucm334114.htm
http://www.medscape.com/medline/abstract/26540483

	e

