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Inter-relationships between Diarrheagenic E. coli 

Donnenberg M., 2002. 



Whittam TS et al. 2005 J Bacteriol 

Originated from Enteropathogenic E. coli (EPEC), another Diarrheagenic E. 

coli group, through the acquisition of Vtx-phage. 

EHEC O157- origin 

Donnenberg M., 2002. 



STEC Pathogenicity: Empiric Vision (‘87)  

STEC  
>100 serogroups 
In the reservoir 

STEC 

ASSOCIATED WITH THE MOST 
SEVERE FORMS (HC, HUS) 

ADDITIONAL VIRULENCE FEATURES 

Attaching/Effacing adhesion 

O157 O26, O111, O103, O145 cause 90% of 
HUS cases occurring in the EU each year 

Courtesy of Prof. Helge Karch 



 

3,842 cases 

 

2987 non-HUS 

 

18 Deaths (0.6%) 

 

855 HUS 

 

35 Deaths (4.1%)  

May-June 2011: Germany is struck by the 
largest STEC outbreak ever seen in the EU 



Enteroaggregative Haemorrhagic E. coli (EAHEC) 

German outbreak 
E. coli O104:H4: 
4000 human cases 

850 HUS  
50 deaths 

Atypical virulence combination between Enteroaggregative E. coli and VTEC 

Stacked-brick adhesion Vtx-phages 

Highly 
pathogenic!! 
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EAHEC are an emerging pathogroup! 

Enteroaggregative Haemorrhagic E. coli (EAHEC) 

2013 
Italy 

EAHEC O127:H4 
4 HUS 

EAHEC O86:NM 
1 HUS 

2000 
Japan 



Whole genome comparison of Vtx-phages from EAHEC 
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20 years time-span: two events of Vtx-phage acquisition 
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Whole genome comparison of Vtx-phages from EAHEC 

At least TWO Vtx-phages were able to infect EaggEC recipients 

EAHEC O111:H10 
8 HUS 

- Whole genome sequence of EAHEC O111:H21  -> short reads archive; 

- Vtx contig is 8 Kb-long, hindering the genomic comparison of the 
phages; 

- The alignment of short reads of EAHEC O111:H21 against the whole 
sequence  of the EAHEC O111:H2 Vtx-phage showed homology only in 
the vtx-gene region; 



Vtx1-phage 
Vtx2-phage 
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Vtx-phage insertion sites 
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Vtx-phages: EAHEC vs VTEC 

Identification of two regions peculiar to EAHEC Vtx-phages 

EAHEC 

VTEC 



EAHEC-specific regions 

1.   1,500 bp-long fragment coding hypothetical protein; 
2.   900 bp-long fragment coding tail-fibers. 

- Tail fibers -> host-pathogen recognition process: mutations at this level 
block phage adsorption; 

- Differents tail fiber could define the phage tropism for different E. coli 
strains; 

- The EAHEC-specific tail fiber is partially conserved in a Shigella boydii 
strain (possible origin of Vtx-phages)… 



Spreading of Vtx-phages 













ETEC H10407 (ref) 

ETEC CB553_5 

MG1655 K12 

In 2012 an ETEC O166 strain has been sent out for the 4° ECDC 
EQA/PT10 of the EURL VTEC 

The ETEC strain was isolated from a Danish patient with mild diarrhea 

The ETEC strain was positive to stx2d subtype 





VT-encoding contig in CB553_5 ETEC strain 

Part of prophage common also in E. coli K12 Part of stx-phage 

No significant similarities with BLAST 
on GenBank db… 



Inter-relationships between Diarrheagenic E. coli 

Donnenberg M., 2002. 
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Conclusions I 

vtx genes spread to E. coli strains (Lytic phages) 

All the DEC groups have been spotted as producing Vtx “into the wild” 

(excluding EIEC, so far, but including ExPEC); 

 Even other bacterial species have been described (E. cloacae, E. albertii); 

 Such “unusual” VTEC cause disease; 

 In some cases we observe stabilization of new pathogenic groups with 

augmented virulence potential (EAHEC); 

In some cases they might be spread with food; 

Beside “typical VTEC” (zoonotic), for unusual VTEC (human-borne) food 

seems to be an accidental vehicle; 



Conclusions II 

Food contamination with human-borne E. coli occurs (food handling) 

EAHEC O104:H4 in sprouts, EIEC in vegetables… 

Although the detection of such unusual VTEC in food 
appears to be not useful in the routine controls, we, as the 
E. coli Network in the framework of 882/2004 Regulation 

must be prepared to apply the methods for their detection 
in support to the epidemiologyical investigation, in case an 

outbreak or sporadic cases linked to food occur 


