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O’Brien, A. D., M. R. Thompson, J. R. Canty, and S. B. Formal. 
Production of a Shigella dysenteriae-like toxin by pathogenic Escherichia 
coli.  Annual Meeting of the American Society for Microbiology, No. B103
(May 1977).

Discovery of 
Shiga-like toxin (SLT) in E. coli

Demonstrated that some strains of E. coli
produce activity toxic for Hela cells that can be 
neutralized by antibodies against Shigella
dysenteriae type 1 (the type that produces 
Shiga toxin).



Discovery of Vero cytotoxin (Verotoxin) 
in some strains of E. coli

Control Cells Verotoxin produced by E. coli O26:H11

Dec. 1977



The First E. coli O157:H7 Outbreak: McDonald’s
February – March, 1982 (Oregon)

May – June, 1982 (Michigan)

• ≥47 ill, no deaths
• two outbreaks (separated in time) in different states tied to same source
• only previous knowledge of E. coli O157:H7 was one isolate in 1975 from 

a sporadic case of bloody diarrhea

Published March 24, 1983

(CDC)



Discovery that E. coli O157:H7 isolated from an Outbreak of Hemorrhagic Colitis 
in Canada in Nov. 1982 and Sporadic Cases in 1979 and 1980 

mades Vero cytotoxin (Verotoxin) (Ottawa, Ontario).  
Johnson, W.M., H. Lior, and G. S. Bezanson. The Lancet, Jan. 1/8, 1983



Discovery that E. coli 
O157:H7 isolates from 
patients in United 
States make a 
Verotoxin that was 
chemically and 
biologically almost 
identical to Shiga 
toxin and neutralized 
by anti-Stx antiserum; 
named it E. coli
Shiga-like toxin.

O’Brien, A.D., T. A. Lively, M. E. 
Chen, S. W. Rothman, and 
S. B. Formal (Uniformed Services 
University of the Health Sciences and 
Walter Reed Army Institute of 
Research)

The Lancet, Mar. 26, 1983



Change in Name from SLT to Stx

Shigella dysenteriae Type 1

Calderwood, et al.  1996.  ASM News 62:118-9.

EHEC or STEC

Produced by:



Conclusive Association between VTEC (STEC) with HUS

May 1985

Note the O groups; 5 of the 6 listed are adulterants
in raw non-intact beef as declared by USDA-FSIS



J. Infect Dis. 1986 Oct;154(4):712-6.
The pathogenesis of hemorrhagic colitis caused by 
Escherichia coli O157:H7 in gnotobiotic piglets.   Tzipori S,
Wachsmuth IK,  Chapman C, Birden R, Brittingham J,  Jackson C,  
Hogg J.

Infect Immun. 1986 Mar;51(3):953-6.
Infection of gnotobiotic pigs with an Escherichia coli
O157:H7 strain associated with an outbreak of hemorrhagic 
colitis.  Francis DH, Collins JE, Duimstra JR.

Development of Animal Models 
of STEC Disease

Gnotobiotic piglets develop diarrhea as a result of 
colitis; also the bacteria caused attaching-effacing 
lesions.



Sept. 1995

Sept. 1995

EHEC

The outer membrane protein intimin
is required for bacterial attachment
to the host cell (attaching-effacing lesions)

Intimin attaches to Tir (type III secreted protein) 

E. coli
O157:H7 
required 
intimin for 
intestinal 
colonization.



Baker, et al.  Appl. Environ. Microbiol. 2007;73:7338-7346.

Hemorrhagic colitis in gnotobiotic piglet caused by E. coli O157:H7



Koch’s postulates were satisfied, proving that non-O157 
Shiga toxin-producing E. coli infect and cause disease in newborn calves.

Aug. 1986

This study involved an O5:NM, Stx1+
isolate from a calf.



Stx2 is more
likely to cause
blood vessel 

and brain damage 
(stroke-like lesions)

than Stx1.

April 1989



Antibodies against Stx2 protect against blood vessel and brain damage

2nd Intl. VTEC Mtg.
Bergamo, Italy
July 27‐30, 1994

administered anti-Stx 2 serum administered control serum



Tarr et al.  Lancet 2005; 365:1076.

May 1986

Sorbitol-
MacConkey
became the major
culture medium for 
detection of E. coli 
O157:H7.



Borczyk AA, Karmali MA, Lior H, et al. Bovine reservoir for 
verotoxin-producing Escherichia coli O157:H7. (Letter). 
Lancet 1987;1:98. (Jan. 10, 1987)

Orskov F, Orskov I, Villar JA. Cattle as reservoir of 
verotoxin-producing Escherichia coli O157:H7. 
(Letter).Lancet 1987;2:276. (Aug. 1, 1987)

These authors stated that the first record of isolation of E. coli O157:H7 
from a bovine was in Argentina in 1977 from a calf with diarrhea.  This 
information was obtained  from the records of the WHO E. coli Reference 
Laboratory at Copenhagen, Denmark.

First Detection of E. coli O157:H7 in Cattle

These authors reported the isolation of E. coli O157:H7 from a dairy cow 
in Canada.  This was following an outbreak of E. coli O157:H7 in children 
visiting the farm who had consumed unpasteurized milk.



June 1994

• IMS 100-fold more sensitive than direct culture in spiked feces
• 61/84 (73%) of positive samples detected by IMS only



BD BBLTM CHROMagarTM O157

http://www.bd.com/ds/productCenter/214984.asp

E. coli O157:H7 colonies (pink / mauve)

• based on enzymatic activity that differs from
that of other bacteria (proprietary)

• Rainbow agar is a similar type of product and
based on ability of E. coli O157:H7 to produce
β‐galactosidase but not β‐glucuronidase

Optional selection: antibiotics (cefixime + cefsulodin) plus K tellurite:
•cefixime inhibits many Enterobacteriaceae, but especially Proteus 
•cefsulodin inhibits Pseudomonas aeruginosa
•K tellurite inhibits Providencia, Aeromonas and “generic” E. coli

Chromogenic Culture Media more Specific 
than SMAC were Developed in mid-late 1990’s

Antibiotic selection was optimized



Jack in the Box 
Nov. 1992 – Feb. 1993 (4 States)

Morbidity Mortality Weekly Report, April 16, 1993, Vol. 42, No. 14, p. 258 - 263.

State Reported 
Sick

Meeting Case 
Definition

Culture-
confirmed

Hospitalized HUS Died

WA 602 477 477 144 (30%) 30 (6%) 3* (0.6%)

ID 14 14 14 4 (29%) 1 (7%) 0

NV 58 58 1 9 (16%) 3 (5%) 0

CA 34 34 34 14 (41%) 7 (21%) 1 (3%)

Total 708 583 526 171 (29%) 41 (7%) 4 (0.7%)

~272,672 (20%) of the implicated patties were recalled.  This prevented ~800 new cases.

*One patient never ate hamburger; acquired infection secondarily at day-care center.







Foodborne Diseases Active Surveillance Network (FoodNet)

• Established in 1996
• US-DHHS-CDC + USDA-FSIS + US-FDA

+ 10 state health departments
• 47.5 million persons (15.2% of US pop.)



Standardized molecular subtyping (or “fingerprinting”) of foodborne 
disease-causing bacteria by pulsed-field gel electrophoresis (PFGE). 

PulseNet

National network of public health 
and food regulatory agency 
laboratories coordinated by the 
Centers for Disease Control and 
Prevention (CDC)

Network: state health departments, local health departments, and federal 
agencies (CDC, USDA/FSIS, FDA). 



The New York Times, page A20
Aug. 12, 1997

20,000 lbs recalled

However, …Hudson Foods (Nebraska)
Largest Beef Recall in  History at the Time then Occurred

The New York Times, front page
Aug. 22, 1997

25,000,000 lbs recalled



Ten‐year (1993‐2003) cost of 
E. coli O157:H7 

to the Beef Industry
Demand for beef            $1,584,000,000

Boneless beef prices          $172,000,000

Packer expenditures           $850,000,000

(Capital, operating costs, recalls)

Research     $65,000,000

Total  $2,671,000,000

The total above does not include public 
health costs, which at this time were 
estimated at  $989,000,000/year.

Steve Kay, Meat and Poultry magazine



(55%)
(32%)

(4%)

(12%)
(28%)

(66%)
(49%)

(12%)

(10%)
(12%)

From 1982 – 1994: 68% of the E. coli O157:H7 Outbreaks 
were due to something other than Ground Beef

Armstrong, G.L. et al.
(USDA-FSIS)



Where’s the 
beef?

• Contaminated water
• Drinking water
• Swimming pools / 

lakes
• Person-to-person

• Day care centers
• Family members
• Nursing homes

• Direct contact with 
animals- farm and 
petting zoos

• unpasteurized milk

• May 2000  Walkerton, Ontario, 5,000 pop.
• municipal water contamination
• E. coli O157:H7 and Campylobacter jejuni
• 2.300 sick; at least 7 people died
• excessive Spring rainfall
• water runoff from dairy farms
• cracked casings in water wells
• groundwater contamination of municipal water 

supply
• inadequate chlorination of municipal water
• laxity in regulations
• negligence issues by public employees

Walkerton, Ontario
May 2000



Emerging Infectious Diseases 
Vol. 14, No.10, Oct. 2008
Grant, J., A. M. Wendelboe, A. Wendel, B. Jepson, P. Torres, C. Smelser, 
and R. T. Rolfs

In 2006, Utah and New Mexico health departments 
investigated a multistate cluster of Escherichia coli 
O157:H7. A case–control study of 22 case-patients 
found that consuming bagged spinach was significantly 
associated with illness (p<0.01). The outbreak strain 
was isolated from 3 bags of 1 brand of spinach. 
Nationally, 205 persons were ill with the outbreak 
strain.

Spinach-associated Escherichia coli O157:H7 
Outbreak, Utah and New Mexico, 2006



• Cross-sectional study design
• one sample per animal on one day
• June –September 1999
• All feedyards positive for E. coli O157:H7
• All pens positive for E. coli O157:H7
• 719 of 3,162 (23%) cattle positive with only one random sample per animal
• Muddy pens had higher prevalence than pens in normal condition
• Very dry, dusty pens had lower prevalence than muddy, but >normal

2001 Studies conducted in 1999



Longitudinal study 
Research Feedyard

Feces from 100 steers (10 
pens of 10) cultured each 
week 

E. coli O157:H7 recovered 
every week and at least 
once from every animal 

Summer 2000
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Pen 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
309 0 0 0 0 0 0 0 10 0 70 60 60 80 60 50 30 0 30 20

310 0 10 0 0 0 0 0 10 10 30 70 90 90 80 90 40 20 70 40

311 0 0 0 20 10 20 10 33 78 89 89 67 89 67 44 33 0 11 11

312 0 20 50 70 70 40 40 20 80 90 50 100 80 60 70 40 10 30 40

313 0 10 0 10 0 0 0 0 50 100 60 80 90 80 100 60 20 50 30

314 0 10 0 0 0 0 0 0 80 100 80 100 90 40 50 20 0 20 0

315 0 0 10 0 10 0 0 0 90 90 60 100 90 70 80 50 20 20 10

316 0 10 0 0 0 0 0 10 40 100 100 80 80 80 90 50 30 60 40

317 0 20 0 0 0 0 0 0 70 90 70 50 60 10 10 10 0 40 20

318 10 20 0 10 0 0 0 10 10 40 70 60 50 100 60 80 100 90 90

Color key

Prevalence 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100

Khaitsa, et al. J. Food Prot. 2003;66:1972-7.

E. coli O157:H7 causes subclinical epidemics of infection in feedlot cattle



2004

Studies conducted in 1999

Able to detect
high prevalence pens.

Culture 7 ropes instead
of hundreds of steers.

Avoid running steers
through chutes. 



2005
Studies conducted in 2000-2002

Rope-positive pens 
• classified as low and high prevalence
• clustered temporally
• summer > winter
• relationship with positive water tanks
• relationship with air temperature
• relationship with pen condition



E. coli O157:H7 causes A/E lesions in rectal
and colonic mucosal epithelium of adult cattle

Baehler & Moxley. 2000. FEMS Microbiol. Lett 185:239-242.

epithelial
cell

E. coli

epithelial
cell



Naylor, et al.  2003. Infect. Immun. 71:1505-1512. 

½ to 2 ½”

2003

Terminal rectum is major site 
of E. coli O157:H7 colonization in cattle



Vaccination as a strategy to reduce 
shedding of E. coli O157:H7 in cattle 
populations

Stimulate immunity against 
type III secreted proteins 
that mediate bacterial 
attachment to intestinal 
cells

Courtesy Dr. Brett Finlay

Marketed in Canada as Econiche™ by 
Bioniche Life Sciences

EHEC



Anus

Terminal Rectum
RAJ

NK‐SSE

2.5 cm

K‐SSE
(cutaneous zone)

2.5 cm

Collection of terminal rectal cells at the abattoir 
for culture in a vaccine efficacy study



Peer-reviewed randomized controlled vaccine 
efficacy studies –type III secreted protein vaccine
• Potter et al. 2004.  Decreased shedding of Escherichia coli O157:H7 by 

cattle following vaccination with type III secreted proteins.  Vaccine. 22: 
362-369.

• Peterson et al. 2007. Efficacy of dose regimen and observation of herd 
immunity from a vaccine against Escherichia coli O157:H7 for feedlot 
cattle.  J Food Prot. 70(11):2561-2567.

• Peterson et al. 2007. Effect of a vaccine product containing type III 
secreted proteins on the probability of Escherichia coli O157:H7 fecal 
shedding and mucosal colonization in feedlot cattle.  J Food Prot. 70(11): 
2568-2577.

• Smith et al. 2008. A two-dose regimen of a vaccine against Escherichia coli
O157:H7 type III secreted proteins reduced environmental transmission of 
the agent in a large-scale commercial beef feedlot clinical trial. Foodborne
Pathog. Dis. 5(5):589-598.

• Smith et al.  2009. A two-dose regimen of a vaccine against type III 
secreted proteins reduced Escherichia coli O157:H7 colonization of the 
terminal rectum in cattle in a large-scale commercial beef feedlot clinical 
trial.  Foodborne Pathog. Dis.  6(2):155-162.

• Smith et al. 2009. A randomized longitudinal trial to test the effect of 
regional vaccination within a cattle feedyard on Escherichia coli O157:H7 
rectal colonization, fecal shedding, and hide contamination. Foodborne
Pathog. Dis. 6(7):885-892.

• Moxley et al. 2009. Escherichia coli O157:H7 vaccine dose–effect in feedlot 
cattle. Foodborne Pathog. Dis. 6(7):879-884.



Forest Plot of Results of Meta-Analysis 
of UNL T3SP Vaccine Studies

Snedeker et al.  2011.  Zoonoses and Public Health 

This plot includes only analyses of fecal shedding data.



Progress: 44% decrease in number of cases 
of STEC O157 Infections in US from 1996‐98 to 2010

Morbidity Mortality Weekly Report, June 10, 2011, Vol. 60, No. 22.  Vital Signs: Incidence and Trends of Infection with Pathogens 
Transmitted Commonly Through Food – Foodborne Diseases Active Surveillance Network, 10 U.S. Sites, 1996‐2010.

Incidence of STEC O157 
infection has declined 
to reach 2010 national 
health objective target 
of ≤1 case per 100,000.  

This demonstrates  
feasibility of preventing 
foodborne illnesses.

23% decrease in these overall



Progress: 25% decrease in number of cases 
of STEC O157 Infections in US from 1996‐98 to 2011

Incidence was calculated 
by dividing the number of 
laboratory-confirmed 
infections in 2011 by U.S. 
Census estimates of the 
population of the FoodNet
surveillance area.



• improved detection and investigation of STEC O157 outbreaks (PulseNet)
―contaminated products removed before more persons became ill 
―enhanced knowledge about prevenƟng contaminaƟon

• cleaner slaughter methods 
• microbial testing
• better inspections in ground beef processing plants 
• regulatory agency prohibition of contamination of ground beef with STEC 

O157 (beef recalls since STEC O157 declared an adulterant in ground beef in 
1994)

• improvements in FDA model Food Code 
• increased awareness in food service establishments and consumers’ homes of 

risk of consumption of undercooked ground beef

What contributed to decrease in STEC O157 
from 1996‐98 to 2010?

Morbidity Mortality Weekly Report, June 10, 2011, Vol. 60, No. 22.  Vital Signs: Incidence and Trends of Infection with Pathogens 
Transmitted Commonly Through Food – Foodborne Diseases Active Surveillance Network, 10 U.S. Sites, 1996‐2010.



*Adapted from Scallan, E., et al.  2011.  Foodborne illness acquired in the 
United States ― Major Pathogens.  Emerg. Infect. Dis. 17:7‐15.

STEC O157 Non‐O157 STEC Total
All illnesses 92,872 137,502 230,374
Foodborne illnesses 63,153 112,752 175,905
Hospitalizations 2,138 271 2,409
Deaths 20 0 20

Estimated annual number of domestically 
acquired STEC illnesses, hospitalizations 

and deaths in United States.*



On September 20, 2011, the USDA 
declared  these 6 serogroups to be 
adulterants in non-intact, raw beef 
(Federal Register, Vol. 76, No. 182, 
58157-58165).

Human isolates of non-O157 STEC in US 
serotyped by CDC,1983-2002
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O Group
Six O groups  comprising 13 serotypes are responsible for 71% of 
the cases of non‐O157 STEC infection in the US.

Brooks et al.  2005. J. Infect. Dis. 192:1422-9.

Progress: recognition of
major serogroups by CDC;
action taken by USDA‐FSIS



Shiga toxin-Producing Enteroaggregative E. coli O104:H4
• May to July 2011, outbreak in Europe

• in Germany alone: 3,816 cases, including 845 hemolytic-uremic 
syndrome cases and 54 deaths

• food-borne source was fenugreek seeds imported from Egypt

• Like other EAEC, O104:H4 strains lack the LEE genes, but differ, 
among other ways, from typical EAEC in that they have acquired genes 
for Shiga toxin

• culture of fecal samples from 100 cattle on 34 farms in Northern 
Germany, all located near the origin of the STEC O104:H4 outbreak, 
revealed no evidence of these organisms (Beutin, 2011)

• previous studies had not found EAEC bearing the complete virulence 
gene composition of isolates from human cases in any animal species



Shiga-toxigenic Escherichia coli (STEC) in the 
Beef Chain: Assessing and Mitigating the Risk by 
Translational Science, Education and Outreach

UNL Coordinated Agricultural Project (CAP) Grant

USDA National Institute of Food and Agriculture (NIFA)

Co-Project Directors:
Rodney A. Moxley, UNL School of Veterinary Med. & Biomedical Sciences – PD*
Harshavardhan Thippareddi, UNL Dept. of Food Science & Technology*
Randall K. Phebus, KSU Animal Science & Industry, Food Sci Institute*
John B. Luchansky, USDA ARS ERRC*
Daniel L. Gallagher, Virginia Tech, Dept. of Civil & Environmental Engineering*
Curtis Kastner, KSU Food Science Institute
Michael W. Sanderson, KSU Clinical Sciences, CVM
Daniel Thomson, KSU Beef Cattle Institute, CVM

50 collaborators at 12 institutions
Jill Hochstein, UNL – Project Manager
Paula Adams, UNL – Business Associate 

$25 M over 5 years

*Executive Management Team



Extended team resources ‐more collaborators & partners

Center of Excellence in Process Validation



Shiga-toxigenic Escherichia coli (STEC) in 
the Beef Chain: Assessing and Mitigating 

the Risk by Translational Science, 
Education and Outreach

Long Term STEC-CAP Goal:
Reduce occurrence and public health risks from 
STEC‐8 (serotypes O26, O111, O103, O121, O45, 
O145, O157:H7/NM and O104:H4) in beef using a 
quantitative microbial risk assessment platform.



Education & Training Extension & Outreach

Consumer 
Research

Pre-harvest 
Research

Post-harvest
Research

Quantitative Microbial Risk AssessmentQuantitative Microbial Risk Assessment

STEC Coordinated Agricultural Project (CAP)



STEC-CAP Objective 1
DETECTION

LEAD:  Rodney Moxley (UNL)

i. Develop and validate reagents and assays for 
STEC‐8; 

ii. Design valid sampling protocols for cattle and 
beef processing scenarios; 

iii. Optimize and implement rapid, multi‐agent 
detection technologies for pre‐harvest, post‐
harvest and consumer samples.



STEC-CAP Objective 2
STEC BIOLOGY

i. Characterize core microbiology and eco‐
epidemiology of STEC‐7 versus STEC O157; 

ii. Identify modifiable biotic, abiotic and motility 
risk drivers of natural STEC‐7 spikes (“outbreaks”) 
in pre‐harvest, post‐harvest, retail and consumer 
beef settings.

iii. Determine if STEC O104:H4 is potentially present 
in the beef production/processing continuum.

LEAD:  David Renter (KSU)



STEC-CAP Objective 3
INTERVENTIONS

i. Develop and/or validate 
interventions to lessen STEC‐8 
risk from cattle, hides, 
carcasses, ground and non‐
intact beef; 

ii. Compare energy, water and 
economic cost/benefit and 
feasibility of interventions for 
large, small and very small beef 
processors. 

LEAD:  Randall Phebus (KSU)



STEC-CAP Objective 4
RISK ANALYSIS & RISK ASSESSMENT

i. Create beef product pathway probabilistic microbial 
quantitative risk assessment (QRA) models for STEC‐
8 from live cattle to consumption to evaluate risk 
mitigation strategies and their expected public 
health impacts. 

ii. Validate QRA and risk‐based corrective actions via
STEC‐8 inoculated studies in our unique beef 
slaughter/processing biocontainment facility (BRI).

LEAD:  Daniel Gallagher (VTU)



STEC-CAP Objective 5
RISK MANAGEMENT & COMMUNICATION

i. Translate research into user‐friendly food safety 
deliverables for stakeholders; 

ii. Provide and promote useful, broad risk 
assessment participation and understanding by 
non‐experts; 

iii. Develop, pilot‐test, execute and disseminate 
STEC risk assessment and risk management 
deliverables for food safety professionals, 
regulators, educators and consumers. 

LEADs:  Curtis Kastner & Daniel Thomson (KSU)



This STEC CAP is supported by 
Agriculture and Food Research Initiative 
Grant No. 2012-68003-30155 from the 
USDA National Institute of Food and 
Agriculture, Prevention, Detection and 
Control of Shiga Toxin Producing 
Escherichia coli (STEC) from Pre-Harvest 
Through Consumption of Beef Products 
Program –A4101.
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