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TOPICS
A Epidemiology

B Diagnostics, Typing & Phylogenetics

C Genetics & Virulence Factors

D Pathogenesis, Host Response and Animal Models

E Animal Reservoir & Food, Environmental Contamination & Transmission

F Prevention, control and treatment: animal and human

1. STEC Epidemiology & Risk Assessment

2. Experimental models 

3. Diagnostics and typing

4. Ecology of STEC and of Stx-Phages

5. STEC Genomics

6. STEC & the agri-food chain

7. Pathogenesis and pathophysiology of STEC HUS 

8. Treatment of STEC infections



STEC Epidemiology & Risk Assessment

Level Trait Potential for:

1 stx2a + eae or aggR D/BD/HUS

2 stx2d D/BD/HUS**

3 stx2c + eae D/BD

4 stx1a + eae D/BD

5 Other stx subtypes D^

*Depending on other factors; eg: host, antibiotic, etc
** Depend on Stx2d variant, strain background, other factors 

^ Some subtypes caused BD/HUS on rare occasions; depend on host

STEC virulence genes – potential for D, BD & HUS*

+ eae (O80:H2)



STEC Epidemiology & Risk Assessment

Level Trait Potential for:

1 stx2a + eae or aggR, LAA, LIC… D/BD/HUS

2 stx2d D/BD/HUS**

3 stx2c + eae D/BD

4 stx1a + eae D/BD

5 Other stx subtypes D^

6 stx2c + ??? gastroenterologist?

*Depending on other factors; eg: host, antibiotic, etc
** Depend on Stx2d variant, strain background, other factors 

^ Some subtypes caused BD/HUS on rare occasions; depend on host

STEC virulence genes – potential for D, BD & HUS*

+ eae (O80:H2)



O26:H11 (stx2a highly virulent):
Italy, Ireland, France, Italy, Japan, Latin America, 

New Zealand, Scotland

O80:H2 (stx2a, stx2a2d, stx2c2d, stx2d, eae ξ)
France, Switzerland, Belgium, USA, Germany, Croatia, 

Denmark

O145:H28 Ireland

O55:H7 South of England

STEC Epidemiology & Risk Assessment



Lineage Ib Lineage IIa

Lineage IIb Rare lineages



Bacteriophages

Stx2f bacteriophage has gone into tEPEC

O63:H6, O128:H2 ….

..,. and it is having a party!



Stx phage life cycles



Stx1- and Stx2-encoding phages display some differences

stx1A 1BQ S R

pR’ pstx1

High Iron (Fur)

Low Iron

+Q

- Q

Stx1 could be expressed 

by phage induction or 

independently by iron 

depletion

Why does E. coli accumulate so many prophages?

Why these differences?

Stx1 phages

stx2A 2BQ S R

pR’

+Q

- Q

Stx2 could ONLY be 

expressed by phage 

induction

Stx2 phages

Calderwood and Mekalanos, 1987. J. Bact; Neely and Friedman, 1998. Mol.Micro; Grau-Leal  et al., 2015.  Environ 

Microbiol

-
+
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stx2d

stx2b
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O111:H-
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O174:H8

O118:12
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O174:H21

O139:K12:H1
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STEC Genomics

• Identification signatures of hypervirulent Stx producers provide 

attractive targets for improved biosurveillance, risk assessment 

and development of novel therapeutic anti-Stx suppression 

strategies

• Genotype not always phenotype

O26:H11
415 years ago but entry of stx2a only during the past 60 years!

HARMONIZATION!



STEC

eae

EHEC

O157:H7

Stx producing bacteria

EPEC

Stx

(470+ serotypes)

a,b,g, etc. ~45Stx2a Stx2b Stx2c Stx2d 

Stx2e Stx2f Stx2g

Stx2h Stx2i Stx2k Stx2l

Stx1a Stx1c Stx1d Stx1e

E. cloacae

C. freundii

Shigella 

Spp.

EAEC
O104:H4

eae (-) 

EHEC

O113:H21

O91:H21
Acineto-

bacter

ETEC

Aeromo-

nas
ExPEC
O80:H2

Tozzoli 2014

E. albertii



Continuous changes



Suppression of immunity after the first infection is making cattle 

more prone to persistent colonization after re-infection

In vivo local administration of lactoferrin at the recto-anal junction 

was capable of completely clearing E. coli O157:H7

Proposed that insect, especially house fly management should be 

incorporated into pre- and postharvest food safety strategies to 

minimize the public health risk

STEC Cattle reservoir



• tEPEC O63:H6, O128:H2 Stx2f

• O55:H7 NSF but beta-glucuronidase positive

• O104:H4 EAEC-STEC

STEC human reservoir?



The environment

Increasingly not meat-borne

FLOUR??



Complexity of supply chains

Traceback outbreaks



1st Food Safety Law in America

1784 - State of MA: 

“..against...sell...diseased, 

corrupted, contagious or 

un-wholesome 

provisions…”

•“….punishment by fine, 

imprisonment, standing in 

the pillory…..”



Japan

Lessons from the 1996 outbreak were used to 

overcome jurisdictional challenges between

prefectures



The Netherlands enforcement policy



Bioinformatics  – Reg. application

 Raw goat’s milk cheese - stx1, eae. stx1a, g-eae, O111:H8       

(big 6; HC, HUS) high risk

 Baby red romaine lettuce - stx1, eae. stx1a, a-eae, O98:H21     

(no severe illness). low risk

 Raw goat’s milk cheese - stx1,stx2. stx1a, stx2b, O91:H14

(no severe illness) low risk.  

 Microgreen - stx2.  stx2a, O91:H21 (HC, HUS) high risk

 Pea protein pellets - stx1, eae. stx1a, e-eae, O103:H2                

(big 6; HC) high risk

 Flour. stx2. stx2a, O8:H19 (HUS in EU but strain was stx2f + eae). 

low risk (serotype not = pathotype)

Scientific decision – subjective & case-by-case basis



STEC Epidemiology & Risk Assessment

1. Lanark Blue Cheese Batch E24, ONT:H20 stx2d ST1308

2. Corra Linn Cheese Batch F27A, O8:H9 stx2e ST23

3. Corra Linn Cheese Batch E23A, ONT:H14 stx2b ST7010

4. Corra Linn Cheese Batches H1A, G7A, G20A, G25A, O157:H42

stx not detected ST7077

5. Corra Linn  Cheese Batch B17A, O153-O178:H7 stx1c ST278

6. Raw milk bulk tank: O15:H16; vtx2g,  STa ST325

7. Raw milk: O150:H2; vtx1a vtx2a, eae P3223



Only the guy who isn't rowing has time to rock 

the boat



Provide a multidisciplinary forum for exchanging 

information, disseminating new knowledge, and 

highlighting state-of-the art scientific advances within a 

collegial atmosphere; 

Striving to achieve a synthesis between art, science, 

culture, and humanity

Mission and philosophical underpinning



Prevalence of diarrheagenic 

Escherichia coli in Latin America

Torres AG. Pathog Dis. 2017; 75(2)

Torres AG. PLoS Pathog. 

2017;13:e1006047

ETEC: Enterotoxigenic E. coli

EPEC: Enteropathogenic E. coli

EAEC: Enteroaggregative E. coli

EIEC: Enteroinvasive E. coli

EHEC: Enterohemorrhagic E. coli

STEC animals, sporadic human cases

EHEC/HUS cases, STEC in animals



Time for contemplation




