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

E.coli O157:H7: uncommon serotype never
associlated with human disease before
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1983 E.coli 0157 produces Verocytotoxin

Cytopathic effect on Vero cells

Konowalchuk et al. Vero response to a cytotoxin of E.coli. Infect. Immun.
1977,18:775-9.

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.
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1983 E.coli 0157 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.coll
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 community outbreaks

One of the most dangerous foodborne
pathogen !
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Shiga-toxins

Inhibition of protein synthesis
Lethal for laboratory animals
Cythopatic effect on many cell lines

Particularly active on endothelial cells

A Subunit

B Subunits
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Stx I1s not sufficient to cause disease

Attaching/Effacing

adhesion to the
STEC | mucosa

ASSOCIATED
WITH SEVERE
HUMAN DISEASE

(BD, HUS)

Belong to a restricted

STEC:
number of serogroups:
MANY SEROTYPES 0157, 026, 0111, 0103 ....

Are defined as
Enterohemorrhagic E.coli
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E.coli O157 bllody diarrhea
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Attaching/effacing lesion on the intestinal mucosa
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Attaching/effacing lesion on the intestinal mucosa

Genetically governed by a Patogenicity Island

Locus of Enterocyte Effacement (LEE)

35.6 Kb
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Intimin Secreted proteins

Type 111 Secretion System
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E.coli O157 virulence factors

o

Mobile genetic elements:

* Phages
» Genomic islands

toxB

 Plasmid

Shiga toxin-Production
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E.coli O157 chromosome
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7 o N My Genomic islands

Integrated prophages

N e WA 1,387 genes absent
s :‘;*'L* ta:% k in E.coli K12
N e N Perna et al. Nature, 4009:
AR 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

EPEC-like ancestor

O55:H7
LEE + / \
(and many
other PAIS) O55-H7
Stx2+

Sorbitol + :
\_/\

B-glucuronidase +

EPEC O55:H7

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
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Stepwise evolution of E.coli O157

Antigenic shift from
O55 to 0157

pO157
plasmid

Loss of motility
(SOR + German clone)

N
i

O157:H-
Stx2+

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
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Stepwise evolution of E.coli O157

Loss of Sorbitol
fermentation

(3] T~
O157:H7 SOR-,GUD"‘

\/ O157:H7

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
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Human |
resqrvoir |

Stepwise evolution of E.coli O157

?7? reservoir
—

\ A6
493/89
ETS5

Bovine reservolr

EHEC O157:H7

ET 2
FDA 413

ET 3
CDC G5101
ET 4

USDA 5905

ETS

K EPEC 055:H7
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E.coli O157 evolution: problems still open

EPEC O55:H7 Is a human pathogen: EHEC O157:H7 has
Its natural reservoir in ruminants .........

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 ?7?
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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

e Fast food chain, several
States In the west coast

 Burgers (not properly cooked)

e 4 deaths
e 700 il

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



Central Scotland Outbreak of E.coli O157, 1996

512 cas

€S . Contaminated “steak pie”

17 deaths . cross contamination with

raw meat
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Outbreak of E.coli O157, Japan 1996

N1 WORLD
SN NEWS

CHNM com .-
STORY P A G E

Health officials search
for the zource of the

. . outbreak f 1
Radish sprouts in school meal
* 10,000 school children ill g delootbaters | Giappone |
i _ _ ! ‘siaggrava
Llepidernia ha gid contagiato Smiilapersonz e 3 bambini sono morti Bli oidemi
« 8 deaths " Unbatteriokiller | meagrns
ccideigiapponesi

- 1l batterio piega il Giappone
8mila contagiati tra bimbi e anziani. 4 morti
LAPIU CRAVEEPDENAEOSTRATRATAINGE = e
Giappone, settemila bumbiniintossicati
(Chiuse scuole e piscine, ma il contagio non si ferma
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E.coli O157 modes of transmission
Environmental contamination

Foodborne
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Outbreak of E.coli O157 associated with vegetables

® USA, 1996 54 cases, lettuce
e USA 1996 14 cases, apple cider
e USA/Canada 1996 70 cases, applecider
® Japan, 1997 96 cases, sprouts
e Michigan, 1997 108 cases, sprouts
® Indiana, 1998 27 cases, cabbage
e Ohio, 1999 30 cases, cabbage
[/ cases, apple cider

® Oklahoma, 1999
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E.coli O157 - USA - September 2006

Outbreak associated with fresh spinach
e 192 confirmed cases

30 cases of HUS

e 2 deaths

"I'I"III MMWR Dispatch
k ‘ l ‘ ‘ A Vol. 55!5&pten:::raﬂﬁ, 2006

Morbidity and Mortality Weekly Report

Ongoing Multistate Outbreak of Escherichio coli serotype O157:H7
Infections Associated with Consumption of Fresh Spinach —
United States, September 2006

On September 13, 2006, CDC officials were alened by FIGURE 1. Mumber of confirmed ceses (N= 183)" of Escherichia

epidemiologists in Wisconsin and Oregon thar fresh spinach ;gg;::mng“?:m nfactiom, by wisls — Linitad Stales,

was the suspected source of small dusters of Escherfchea coli
serotype (137:H7 infections in those stars. On the same
day, New Mexico cpjllrj::iu'.ug‘]:l: contacied Wisconsin and
Oregen epidemiclogiss sbout & cluster of £ esff O157:H7
infections in New Mexico associated with fresh spinach con-
sumption. Wisconsin public health officials had first reporeed
& cluster of E colf 0157:H7 infections w CDC on Seprem-
ber B. On Seprember 12, CDC PulseNer had confirmed tha
the E coff Q157:H7 surains from infecred patents in Wis-
consin had mavching pulsed-field gel elecurophoresis (PFGE)
patierns and identified the same pawemn in patient isolates
from other states. This report describes the joing investigation
and outbreak-control messures undenaken by swe public
health officials, CDC, and the Food and Drug Adminisira-

tion (F] . This investipation and additional case finding * Confirmed cases reparted a5 of 100 pom. EOT on Santemser 25, 2006
L;lVERI:)%O bon. (FLR, 1 B tnding G reparted o p 5 8, 200
” = . . . N . . N . .
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Waterborne outbreak of E.coli O157, Walkerton Canada, 2000

E. coli ]'HAGE!__W

Walkerton

Contamination of municipal
drinking water

THE GLOBE AND MAIL
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* Population 5,000 e |
o |l 2,300 g is Coul(LEgRE e cn prefented.

e Deaths 7

s Desperately ill children
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http://www.canoe.ca/EcoliTragedy/home.html

E.coli O157 environmental contamination

Chlldren visiting

—arms
e Petting zoos
e Fairs

Camping
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E.coli O157 by direct and indirect animal contact

The New England
Journal of Medicine

NUMEBER 8

Copyright © 2002 by the Massachuserts Medieal Society
VOLUME 347 AugusT 22, 2002

AN OUTBREAK OF ESCHERICHIA COLI O157:H7 INFECTIONS
AMONG VISITORS TO A DAIRY FARM

JoHn A. Crump, M.B., CH.B., D.T.M.&H., ALana C. Suka, M.P.H., Apam J. Lancer, D.V.M., CHAD ScHasen, M.P.H.,

Anita S, CriELLY, M.S., RoserT Gace, M.S.P.H., MicHAEL BAvsINGER, B.S., Maria Mow, M.D., GiseLa WiTHers, M.S.,

Denise M. Toney, PH.D., Susan B. Hunter, M.S., R. MicHAEL HoeksTra, PH.D., SterHaniE K. Woneg, D.V.M., M.P.H.,
Patricia M. GriFrin, M.D., anD THOMAS J. VAN GiLoer, M.D., M.P.H.

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

School visits to farms

Health Tips

for Teachers Leading e
School Visits to Farms s

Before the visit

Check that the farm is authorised for school visits and has suitable
washing facilities - soap, very warm water and clean towels (preferably
disposable) or blow-driers.

19343 7./2007

Ensure there is an adequate number of supenvising adults, taking
into account the age and stage of development of the pupils.

Explain to the pupils that they cannot be allowed to eat or drink

& anything, including crisps, sweets etc. while touring the farm, because
C o I of the risk of infection.
®

During the visit
SChOOlS |nfoert|Oﬂ pQCk If pupils are in contact with, or feeding, farm animals, warn them not

to place their faces against the animals or put their hands in their own
mouths afterwards.

Keep pupils away from sick animals.

After contact with animals and particularly before eating and drinking,
ensure all pupils wash and dry their hands thoroughly. If young children
are in the group, hand washing will require to be supervised.

Meal breaks or snacks should be taken well away from areas where
animals are kent and niinile warnad nnt tn aat anthing wikink kas
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Animal Waste Pollution in America, an Emerging National Problem

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

5 tons of animal manure / person / year

130 times greater than amount of human waste

Cattle Fattened on Grain and Concentrates and Sold: 1997

United States Total
27,328,190

S
Source: 1947 Census of Agricuthure

a7-M193
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Prevention E.coli O157 infections

* Farm level

e Slaughter house level

* Retall/catering level

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



E.coli O157 prevention: farm level

Cattle colonization cannot
be avoided at present

e Good husbandry practices

e Correct disposal of manure

e Attention to farm visits by school
children
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E.coli O157 prevention: abattoir

e Changing diet or starvation before
slaughtering (?)

e Visual control of hide fecal contamination

e Hygienic dehiding

e Cleaning of the tools
e Correct removal of the gastrointestinal tract

® Carcass separation
e End process treatment (?)
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E.coli O157 prevention: retail/catering

e Segregation of raw - cooked
e Hygienic packaging
e Training and licensing of personnel

e Consumer education (warning in
labels, education by media)
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Thank you for attention !
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