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• Escherichia coli O26:H11 is the most common serotype in 
human infections after O157:H7 

 

• Main reservoir is cattle :  

 Meat and dairy products are frequently contaminated with 
O26 strains 

 Adulterant in non-intact beef and components  
         (FSIS Notice 47-13; www.fsis.usda.gov) 

 

• Not all E. coli O26 are the same : 
 Non virulent, ETEC, EPEC, STEC / EHEC (+ EHEC-like) 
 

Phylogenetic analysis : 
Extensive investigation into relatedness of STEC O26:H11 
isolated in humans in France, 

Background  STEC O26:H11/H-  



Characterization of EHEC O26:H11/H-  

EHEC O26:H11 can be distinguished from other related strains using a 
set of specific genetic markers 

- wzxO26, fliCH11 

- Stx1a  or stx1a + stx2a 

- eae-beta 

- arcA allele 14 

- espK (OI-50) 

- CRISPRO26 

- Plasmid genes combination 

      ehxA+/KatP+/espP+/etpD- 

 

-  MLST ST21 
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Emergence of a new stx2a O26:H11 clone in Europe  

“New European” clone :  --> different genetic characteristics 

- wzxO26, fliCH11 

 

- Stx2a only 

- eae-beta 

 

- Plasmid genes combination 

      ehxA+/KatP-/esP-/etpD+ 
 

-  MLST ST29 

 

- More virulent  

- Other genetic markers? 

Bielaszewska M et al. Clin Infect Dis 2013, 56(10): 1373-1381 



Evolutionary phylogenetic relationship of EHEC 

O26:H11 based on SNPs 

• Identification of 48 phylogenetically informative SNPs that cluster EHEC 
O26:H11 in 4 Clonal Complexes (CC)  
 

• The “New European” clone belongs to the SNP-CC2 

Bletz S et al., Genome Biol Evol 2013, 5(10): 1807-17 

New 
European 

clone 



Is the new stx2a O26:H11 clone 
(The New European clone ) 

circulating in France ? 

We collected French clinical isolates of EHEC O26:H11 
which are positive for stx2 only. 



The new, highly pathogenic, European EHEC 

O26:H11 clone (stx2a+, ST29) is circulating in France 

• EHEC O26:H11 positive for stx2 alone (n=23) were isolated from pediatric patients with 
HUS between 2010 and 2013 in France. 

•   7 / 23 strains belong to ST21    
• 16 / 23 strains belong to ST29 --> some strains are characteristic of the ‘New European clone’ 

MLST and CRISPR typing of the O26:H11 French clinical isolates   

Delannoy S et al., J Clin Microbiol 2015, 53(2): 486-492   



Delannoy S et al., J Clin Microbiol 2015, 53(2): 486-492   

Plasmid and virulence gene profiles of the O26:H11 French clinical isolates   

12 strains  =   “ New French clone”   

significantly different  

from the  previously described  “European clone”  

Strains submitted to Whole genome Sequencing 



 Identification of 48 phylogenetically informative SNPs that cluster EHEC 
O26:H11 in 4 clonal complexes (CC):  

-  The French strains belong to CC1, CC2, CC3 
-  The new European clone belongs to SNP-CC2 
-  The new French clone belongs to SNP-CC1 

The New French clone (CC1,  ST29,  SP_O26-EPOS)  
The European clone (CC2,  ST29,  SP_O26-ENEG) 

Bletz S. et al., Genome Biol Evol 2013, 5(10): 1807-16 



              A phylogenic analysis distributed the strains in two lineages : 
 
• Both the ST21 strains (SNP-CC3 and SNP-CC4) and the ST29 “new European clone” 

(SNP-CC2) were found to belong to the same lineage.  

• The ST29 “new French clone” (SNP-CC1) was found to belong to a distinct lineage . 
 

Whole-genome SNPs (wgSNP) analysis using CSI Phylogeny 1.2 on the CGE server. 

ST29 “new European clone”  

ST29 “new French clone”  

ST21 EHEC O26:H11 (strain 11368) 

Lineage 
1 

Lineage 
2 

Delannoy et al. Front. Microbiol. 8:1625. September 2017 doi: 10.3389/fmicb.2017.01625 



• The cas gene tree is congruent with the wgSNP analysis.  

• It is not however congruent with the MLST phylogeny (as ST29 is split between the 
two branches). 

• Interestingly, a simple qPCR assay targeting the CRISPR array specific to SNP-CC1 
(SP_O26-E) can distinguish between the two main lineages.  

Evolutionary relationships of the O26:H11 strains based on the 
concatenated ORFs of the eight cas genes.  

 

ST29 “new French clone”  

ST29 “new European clone”  

ST21 EHEC O26:H11  
(strain 11368) 

Lineage 
1 

Lineage 
2 

Delannoy et al. Front. Microbiol. 8:1625. September 2017 doi: 10.3389/fmicb.2017.01625 



The  stx2a gene sequence of ST21 (CC3) and  ST29 (CC1/2)  
are different suggesting separate acquisition events 

stx2d 
stx2a 
CC3 

stx2a 
CC1/2 

Sequence analysis of the stx2 subunits 

- stx2d sequences identical to strain 
06-5231 (O55:H7).  

 
- stx2a sequences from CC3 - ST21 

identical to O157:H- strain 258/98. 
  
- stx2a sequences from CC1/2 - ST29 

identical to the 2011 O104:H4 
epidemic strain.  

Delannoy et al. Front. Microbiol. 8:1625. September 2017 doi: 10.3389/fmicb.2017.01625 



The ‘Mobilome’ accounts for 20% of the genome of E. coli  

Reference Genome O26:H11 – 11368 (accession AP010953) : 
 
• Total size of the Genome (chromosome + plasmids) =  5 855 531 bp 
      including : 

- 21 prophages (810 311 bp) 

- 9  Integrated elements (292 371 bp) 

- 4  plasmids (158 291 bp) 

Genetic Mobile Elements  ( “mobilome” ) 
 

     =  1 260 973 bp 
     =   21.5% of the Genome 

‘Short reads’ sequencing technologies may be problematic to access 
the complete ‘mobilome’ : 
 
Repeated elements                  difficulties to perform the assembly 



Data fragmentation : 
About 200 contigs for a genome of 5.5 Mbp 

Delannoy et al. Genome Announc. 2015, 3(4): 00852-15 

Human strains of EHEC O26:H11, stx2 Positive, circulating in France  

Whole Genome Sequencing of  8 clinical isolates representative of the O26:H11 stx2+ 
circulating in France : 
 

-    Libraries prepared with the Nextera XT kit 
- Illumina Sequencing with the MiSeq (paired-end 2x150bp  or 2x300 bp) 
- Assembly with the CLC Genomic workbench 



Data Fragmentation  =  Mobilome 

Delannoy et al. Front. Microbiol. 8:1625. September 2017 doi: 10.3389/fmicb.2017.01625 

• Mapping the short reads of the French isolates to the reference strain 11368 genome sequence indicated a 
high degree of conservation across the chromosomal backbones of all isolates. In fact, 92–98% of the 
reference genome was conserved 
 

• Most of the divergence appears to be concentrated in mobile genetic elements (MGEs) such as prophages, 
integrated elements, and plasmids 



Long Reads sequencing with the PacBio 

Whole Genome Sequencing of  8 clinical isolates representative of the O26:H11 stx2a+ 
circulating in France : 
 

-    PacBio RSII Sequencing (Get PlaGe Platform – INRA Toulouse) 
- Reads length = 10 kbp  
- Assembly with the CLC Genomic workbench + genome finishing module 
(long reads de novo assembly, mapping Illumina short reads, consensus extraction) 

About 30 contigs for a genome of 5.8 Mbp 



Example: Strain 34827 (O26:H11, stx2a, ST29, CC1) 
 
Illumina Assembly :  
One portion of the phage stx (10 kb) is on an isolated contig 
 
 
 
PacBio Assembly :  
Identification of 2 phages stx with their chromosomic 
environment 

Identification of the duplication of the phage stx 

stx 

stx 



• Many MGEs were identified in each strain, including a large number of prophages 
and up to four large plasmids, representing overall 8.7–19.8% of the total genome 
size.  

 

• Analysis of the prophage pool of the strains shows a great diversity with a complex 
history of recombination.  
 

• Each clonal complex (SNP-CC) is characterized by a unique set of plasmids and 
phages, including the stx-prophages, suggesting evolution through separate 
acquisition events.  
 
 
 
 
 
 
 
 
 

The PacBio sequencing allowed a detailed analysis of the Mobile Genetic 
Elements (MGEs) of the strains.  

Delannoy et al. Front. Microbiol. 8:1625. September 2017 doi: 10.3389/fmicb.2017.01625 

Phylogenetic relationships of the phageome of 
O26:H11/H- strains.  

 
The phage regions of the isolates as determined 
with PHASTER were compared using Gegenees 
2.1 and Mega 6.06.  



• The new, highly pathogenic, European EHEC O26:H11 clone (stx2+, ST29, CC2) is 
circulating in France.  

 

• 12 French EHEC O26:H11 strains differ significantly from the European clone and 
belong to a different lineage and CC = The ‘New French’ clone (stx2+, ST29, CC1) 
 

• There is a congruence  between the CRISPR sequence (SP_O26-E) and the 
phylogenetic background (CC1).  
 

• The PCR test SP_O26-E could be a useful addition for rapid investigation of the new 
French O26:H11 clone. 
 

• First description of the association of stx2d and eae in the same O26:H11 clinical 
strains 
 

• Overall, the MGEs appear to play a major role in O26:H11 intra-serotype clonal 
diversification. 
 

Continuing evolution of EHEC O26:H11 

Conclusions 
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