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1982 E.coli O157 recognised as a pathogen

1982, USA and Canada
Outbreaks of severe bloody diarrhea associated
with consumption of hamburgers in fast food 
restaurants

No common pathogens, E.coli O157:H7 isolated
from cases and from the hamburgers

E.coli O157:H7: uncommon serotype never
associated with human disease before
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1983 E.coli O157 produces Verocytotoxin

Nearly identical to the toxin of Shigella
dysenteriae tipo 1 (Shiga toxin)
O'Brien et al. E.coli O157:H7 strains associated with haemorrhagic colitis in the 
United States produce a Shigella dysenteriae 1 (SHIGA) like cytotoxin. Lancet. 
1983 Mar 26;1(8326 Pt 1):702. 

Cytopathic effect on Vero cells
Konowalchuk et al. Vero response to a cytotoxin of E.coli. Infect. Immun. 
1977;18:775-9.
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1983 E.coli O157 and HUS

E.coli O157 (and other STEC) is the 
etiologic agent of hemolytic-uremic
syndrome (HUS), the leading cause of 
acute renal failure in childhood.

Karmali, et al. Sporadic cases of haemolytic-uraemic syndrome 
associated with faecal cytotoxin and cytotoxin-producing 
Escherichia coli in stools. 
Lancet. 1983 Mar 19;1(8325):619-20.
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1987 E.coli O157 is a zoonotic pathogen

Healthy ruminants, and in particular
cattle, are the natural reservoir of E.coli
O157 (and other STEC) 
Orskov , et al. Cattle as reservoir of verotoxin-producing 
Escherichia coli O157:H7. Lancet. 1987 Aug 1;2(8553):276.
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E.coli O157 is a nasty bug !!

Life-threatening clinical manifestation

Extremely low infectious dose

Very large

One of the most dangerous foodborne
pathogen !

community outbreaks
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Shiga-toxins

Inhibition of protein synthesis

Cythopatic effect on many cell lines

Particularly active on endothelial cells

Lethal for laboratory animals

A Subunit

B Subunits
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STEC:
MANY SEROTYPES

STEC
ASSOCIATED 
WITH SEVERE 

HUMAN DISEASE
(BD, HUS)

Belong to a restricted 
number of serogroups: 

O157, O26, O111, O103 …. 

Are defined as 
Enterohemorrhagic E.coli

Attaching/Effacing 
adhesion to the 

intestinal mucosa

Stx is not sufficient to cause disease
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E.coli O157 bllody diarrhea
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Attaching/effacing lesion on the intestinal mucosa
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Genetically governed by a Patogenicity Island

Locus of Enterocyte Effacement (LEE)

Attaching/effacing lesion on the intestinal mucosa
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Hemolysin

E-hly

Adhesion

toxB

E.coli O157 virulence factors

Shiga toxin-Production

A1+2
B BB

A1+2
B BB

A1+2
B BB

LEE

Mobile genetic elements:

• Phages

• Genomic islands

• Plasmid
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E.coli O157 chromosome

E.coli K12 sequences

Genomic islands

Integrated prophages

1,387 genes absent
in E.coli K12
Perna et al. Nature, 409: 
529-33, 2001
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Evolution of E.coli O157:H7

Evolutionary analysis by multilocus enzyme 
electrophoresis: 

EHEC O157:H7 is genetically related to EPEC O55:H7
(classical human EPEC associated with worldwide 
outbreaks of infantile diarrhea) 

Whittam et al. Infect. Immun. 61:1619-29, 1993
Feng et al. J. Infect. Dis. 177:1750-3, 1998
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Stepwise evolution of E.coli O157

Feng et al. J. Infect. Dis. 177:1750-3, 1998
Friedrich et al.. J. Clin. Microbiol.42:4697-701, 2004; 
Wick et al. J. Bacteriol. 187:1783-91, 2005

A 1 
O55:H7

EPEC-like ancestor
O55:H7

EPEC O55:H7 

Stx2 
phage

A 2
O55 EHEC

O55:H7 
Stx2+

LEE +
(and many
other PAIs)

Sorbitol +
β-glucuronidase +
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Stepwise evolution of E.coli O157

Feng et al. J. Infect. Dis. 177:1750-3, 1998
Friedrich et al. 2004. J. Clin. Microbiol.; 42
Wick et al. J. Bacteriol. 187:1783-91, 2005

A 2 
O55:H7

Stx2+

Loss of motility
(SOR + German clone)

A 4 
O157:H-

Stx2+

A 3
O157:H7

Stx2+

pO157 
plasmid

E-hly Antigenic shift from
O55 to O157
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Stepwise evolution of E.coli O157

Feng et al. J. Infect. Dis. 177:1750-3, 1998
Friedrich et al. 2004. J. Clin. Microbiol.; 42
Wick et al. J. Bacteriol. 187:1783-91, 2005

A 3
O157:H7

Loss of Sorbitol
fermentation

A 5
O157:H7

SOR-,GUD+
O157:H7

Loss of  
β-glucuronidase

A 6
O157:H7

TYPICAL
SOR-,GUD-

O157:H7
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Stepwise evolution of E.coli O157

Verlust der 
GUD-Aktivität

ET 1
ATCC 35150

ET 2
FDA 413

A6

ET 3
CDC G5101

A5

ET 5
DEC 5

A1
ET 4
493/89

A4

ET 5
USDA 5905

A2

A3

A6

A4

A5

A3

A2

A1

EHEC O157:H7

EPEC O55:H7

Human
reservoir

Bovine reservoir?? reservoir
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E.coli O157 evolution: problems still open

Why E.coli O157 appeared so abruptly in 1982 ??
– E.coli O157 was rarely observed by Reference Laboratories of UK, 

Canada and USA between 1970 and 1982

Why E.coli O157 is so widespread in cattle herds ??

EPEC O55:H7 is a human pathogen: EHEC O157:H7 has
its natural reservoir in ruminants ………
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E.coli O157: changing epidemiology

1980’s
Outbreaks in limited settings (restaurants, 

schools, day care centers)

1990’s
Community-wide outbreaks, in large
geographic areas and long period of times
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USA, E.coli O157 multi-state outbreak, 1993

• Fast food chain, several 
States in the west coast

• Burgers (not properly cooked)
• 4 deaths
• 700 ill
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Central Scotland Outbreak of E.coli O157, 1996 

512 cases
17 deaths

• Contaminated “steak pie”
• Cross contamination with 

raw meat
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Outbreak of E.coli O157, Japan 1996

Radish sprouts in school meal
• 10,000 school children ill
• 8 deaths
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E.coli O157 modes of transmission 

Foodborne Environmental contamination
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USA, 1996 54 cases, lettuce
USA 1996 14 cases, apple cider
USA/Canada 1996 70 cases, apple cider

Michigan, 1997 108 cases, sprouts
Japan, 1997  96 cases, sprouts

Indiana, 1998 27 cases, cabbage
Ohio, 1999 30 cases, cabbage
Oklahoma, 1999 7 cases, apple cider

Outbreak of E.coli O157 associated with vegetables
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E.coli O157 - USA - September 2006

Outbreak associated with fresh spinach
• 192 confirmed cases
• 30 cases of HUS
• 2 deaths
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Waterborne outbreak of E.coli O157, Walkerton Canada, 2000

Contamination of municipal 
drinking water

• Population 5,000
• Ill 2,300
• Deaths 7

http://www.canoe.ca/EcoliTragedy/home.html
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E.coli O157 environmental contamination

Children visiting
• Farms
• Petting zoos
• Fairs
• Camping
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E.coli O157 by direct and indirect animal contact 

“Contact with calves and their environment, hand 
washing protective”
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Prevention of  E.coli O157 infection

School visits to farms
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Animal Waste Pollution in America, an Emerging National ProblemAnimal Waste Pollution in America, an Emerging National Problem

Democratic Staff Report, US Senate Agriculture Committee  (1998)Democratic Staff Report, US Senate Agriculture Committee  (1998)
US Manure Estimates, 1997US Manure Estimates, 1997

•• 5 tons of animal manure / person / year 5 tons of animal manure / person / year 
•• 130 times greater than amount of human waste130 times greater than amount of human waste
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Slaughter house level

Farm level

Retail/catering level

Prevention E.coli O157 infections



Istituto Superiore di Sanità - Dipartimento Sanità Alimentare e Animale
Community Reference Laboratory for E.coli

Correct disposal of manure
Good husbandry practices

Attention to farm visits by school 
children

Cattle colonization cannot 
be avoided at present

E.coli O157 prevention: farm level
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Hygienic dehiding

Changing diet or starvation before 
slaughtering (?)
Visual control of hide fecal contamination

Correct removal of the gastrointestinal tract
Cleaning of the tools

End process treatment (?)
Carcass separation

E.coli O157 prevention: abattoir



Istituto Superiore di Sanità - Dipartimento Sanità Alimentare e Animale
Community Reference Laboratory for E.coli

Hygienic packaging

Segregation of raw - cooked

Training and licensing of personnel

Consumer education (warning in 
labels, education by media) 

E.coli O157 prevention: retail/catering
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Thank you for attention !
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