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Definition of hybrid 

 

1: an offspring of two animals or plants of different races, breeds, varieties, 

species, or genera a hybrid of two roses 

2: a person whose background is a blend of two diverse cultures or traditions 

3a: something heterogeneous in origin or composition : COMPOSITE  

hybrids of complementary DNA and RNA strands 

a hybrid of medieval and Renaissance styles 

3b: something (such as a power plant, vehicle, or electronic circuit) that has two 

different types of components performing essentially the same function  

drives a hybrid that gets really good mileage 

https://www.merriam-webster.com/dictionary/genus
https://www.merriam-webster.com/dictionary/heterogeneous
https://www.merriam-webster.com/dictionary/composite


GROUP 

MLS

T ST SEROTYPE stx_sub Enterotoxin Total 

STEC-ETEC 200 O187:H28 stx2g estap 12 

STEC-ETEC 5822 H 7 stx2g estap 2 

STEC-ETEC 5822 Orough:H 7 stx2g estap 2 

STEC-ETEC 5822 O?:H 7 stx2g estap 1 

STEC-ETEC 58 O  8:H 9 stx2e estap 1 

STEC-ETEC 325 O 15:H16 stx2g estap 1 

STEC-ETEC 2353 O  6:H16 stx1a elt 1 

STEC-ETEC 8880 O 13:H23 stx2d estap 1 

STEC-ipaH Shigella flexneri 2a stx1a 1 

STEC-EAEC O104:H 4 stx2a pic, sigA 1 

Total         23 

Crossovers 

E. albertii eae, stx2f  1 



21 STEC-ETEC in Denmark 

Unpublished 





Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 9, September 2016 

48/53 (91%) had HUS; Median age for these 48 patients was 1.2 years 



69% combination af stx2 subtypes: 

stx2c/2d (62%) 

stx2a/2d (7%) 

31% only one subtype: 

stx2a (22%) 

stx2d (9%) 

All eae-ξ 

87% enterohaemolysin ehxA 

All 57 isolates: >4 genes from pS88 plasmid: sitA, cia, hlyF, ompT 

98% iss og iroN genes 

96% cvaA gene 

61% iucC og etsC 

Characteristics of 57 STEC-ExPEC O80:H2 





STEC-ExPEC O80:H2 in Denmark? 

Unpublished 



STEC-ExPEC O80:H2 in Denmark 

Unpublished 





Crossovers 



Unpublished 



Unpublished 



NA 15 

D 13 

Bacteraemia 9 

UTI 3 

BD 3 

Meningitis 1 

Bacteraemia, recurrent; second 1 

PD 1 

Bacteraemia, recurrent; index 1 

Endocardit 1 

BD; Long term carrier 1 

49 patients with O2:(K1:)H6 

Unpublished 



Extraintestinal 

pathogenic E. coli   
ExPEC 

Groups 

 



E. coli  associated with 

extraintestinal infections in 

humans 
 

 

 

 

• ExPEC: Extraintestinal pathogenic E. coli  

 

 

• UPEC: Uropathogenic E. coli  

 

• MNEC: Meningitis E. coli (Neonatal) 

 
• APEC: Avian pathogenic E. coli 



C.-D. Köhler, U. Dobrindt / International Journal of Medical Microbiology 301 (2011) 642– 647 



Criteria for extraintestinal 

pathogenic E. coli (ExPEC) 

• exhibits ≥2 

• pap (P fimbriae) 

• sfa/foc (S/F1C fimbriae) 

• afa/dra (Dr binding adhesins), 

• iutA (aerobactin receptor) 

• kpsMT II (group 2 capsule synthesis) 

Johnson, J. R., A. C. Murray, A. Gajewski, M. Sullivan, P. Snippes, M. A. 

Kuskowski, and K. E. Smith. 2003. Isolation and molecular characterization of 

nalidixic acid-resistant extraintestinal pathogenic Escherichia coli from retail 

chicken products. Antimicrob.Agents Chemother. 47:2161-2168 



Alternative definition for 

extraintestinal pathogenic E. coli 

(UPEC) 
• presence of ≥3 

• chuA (heme binding) 

• fyuA (yersiniabactin receptor) 

• vat (vacuolating toxin) 

• yfcV (putative fimbrial subunit)  

Spurbeck, R. R., P. C. Dinh, Jr., S. T. Walk, A. E. Stapleton, T. M. Hooton, L. K. 

Nolan, K. S. Kim, J. R. Johnson, and H. L. Mobley. 2012. Escherichia coli 

isolates that carry vat, fyuA, chuA, and yfcV efficiently colonize the urinary tract. 

Infect.Immun. 80:4115-4122. 



Whole genome sequence (WGS)-based prediction of antimicrobial 

resistance in clinical Escherichia coli from one day in Denmark 

Non-biased snapshot of the E. coli available from that day 

(January 2018) in the clinical settings in Denmark. 

170 isolates: 

• 148 (87.1%)  urine 

•     8 (  4.7%)  blood 

•   14 (  8.2%)  other sources including urethral and tracheal 

  swabs, pus, faeces and abscess 

Findings: 

• ST-73  (n=22; 12.9%) 

• ST-69  (n=19; 11.2%) 

• ST-131  (n=13;   7.6%) 

• ST-95  (n=10;   5.9%) 

• other STs represented by six or less isolates each 



Whole genome sequence (WGS)-based prediction of antimicrobial 

resistance in clinical Escherichia coli from one day in Denmark 

• All ST-131 (n=13) serotype O25:H4 

• 7 (53.8%) were resistant to 3rd generation 

cephalosporins, attributed either to blaCTX-M-15 

(n=5) or blaCTX-M-27 (n=2) 

• These isolates correspond to 70% of all 3rd 

generation cephalosporin-resistant isolates 

observed in this study (n=10). 











O1:K1:H7 

O6:K2:H1 

O2;F10,F48 

O1:K1:H7 

* No. of Virulence Factor (VFs) scores: ExPEC ≥ 10 
 

pap sfa/foc focG iha hlyD sat iroN fyuA ireA iutA kpsM II K1 traT ompT iss usp malX H7 

* 

* 

* 

* 









DANMAP 2017 

“The observation of close phylogenetic 

relations in ST131 CMY-2-producing E. 

coli and ST429 CMY-2-producing E. coli 

from animal origin and human 

bloodstream infections indicating a 

possible zoonotic spread should be 

noted. Occurrence and evolution of these 

ST/pAmpC combinations need to be 

monitored closely in the future.” 



ExPEC as a zoonotic agent? 

 24% (396/1648) of foods samples E. coli positive: 

  9 % in miscellaneous foods (=”non-meat”) 

 69% in beef / pork 

 92% in poultry 

 

 ExPEC AMR  

 Miscellaneous foods : 4% 27% 

 Beef / pork : 19% 85% 

 Poultry: 46% 94% 



dermatitis 

septicaemia 

colonisation 

colonisation 

septicaemia 

meningitis 

E. coli  O45:K1:H7  

causing an outbreak 

of neonatal meningitis 

and sepsis in Germany 

Non-publiched data by Rita Prager, Helmut Tschäpe et al. 



 

…The most prevalent and highly pathogenic O45:K1:H7-B2-ST95 shows a 

successful persistence since the 90s to the present, with parallel evolution 

both in human and poultry … 

… In conclusion, poultry could be acting as a reservoir of O45:K1:H7-B2-

ST95 and other pathogenic ST95 serotypes in humans  

 





Crossovers 

Genes present in>90% of 

outbreak isolates included 

fimH (type 1 fimbriae);  

fyuA, traT, and iutA  

(associated with ExPEC); 

 

sat, pic, aatA, aggR, aggA, aar, 

aaiC, aap, and ORF3 

(associated with EAEC) 



Gene Description 
No.  from 

NCBI 
No. in db 

afaA Transcriptional regulator 14 4 

afaB Periplasmic chaperone  12 6 

afaC Outer membrane usher protein 13 11 

afaD Afimbrial adhesin 62 37 

afaE Adhesin protein 42 30 

cea colicin E1 132 23 

chuA Outer membrane hemin receptor 423 79 

cia colicin ia 259 37 

cib colicin ib 24 6 

clbB Hybrid nonribosomal peptide / polyketide megasynthase 270 77 

cvaC microcin C 166 10 

etsC Putative type I secretion outer membrane protein 169 18 

focC S fimbrial/F1C minor subunit 710 2* 

focG F1C adhesin 9 2 

focI S fimbrial/F1C minor subunit 5 1 

fyuA Siderophore receptor 465 98 

hlyF Hemolysin F 287 21 

hra Heat-resistant agglutinin 132 8 

ibeA Invasin of brain endothelial cells;  369 66 

irp2 High molecular weight protein 2 non ribosomal peptide synthetase 1033 346 

iucC Aerobactin synthetase 335 47 

iutA Ferric aerobactin receptor 350 71 

kpsE Capsule polysaccharide export inner-membrane protein 54 21 

kpsM Polysialic acid transport protein 94 82 

mcbA Bacteriocin microcin B17 949 2 

neuC Polysialic acid capsule biosynthesis protein 961 68 

ompT Outer membrane protease (protein protease 7) 3564 314 

papA Major pilin subunit 116 29 

papC Outer membrane usher P fimbriae 786 40 

sfaD S fimbrial/F1C minor subunit 18 10 

sfaE S fimbrial/F1C minor subunit 3 3* 

sfaS sialic acid-binding adhesin 54 2 

sitA Iron transport protein 369 56 

tcpC Tir domain-containing protein 24 3 

terC Tellurium ion resistance protein 126 25 

traT Outer membrane protein complement resistance 1386 200 

usp Uropathogenic specific protein 19 6 

yfcV Fimbrial protein 768 82 

Total   14441 1929 

*Two sfaE and focC alleles were 100% 

identical, and are called focCsfaE in the 

database  

Gene content of the 
ExPEC database 
downloaded from NCBI 
and to be added to the 
VirulenceFinder 
database.  
 
38 ExPEC specific 

genes  



Conclusions 

• DEC are important causes of diarrhoea 

• eae positive E. coli (EPEC, STEC, AEEC) 

are primarily affecting children < 5 years 

• The ST and/or the serotype cannot be 

taken as a proxy for virulence potential 

• E. coli  crossover pathotypes poses 

diagnostic and clinical challenges 

• ExPEC are the main cause of UTI and 

bacteraemia 

• What is the zoonotic potential of 

APEC/ExPEC? 

 

 



 



Thank you 


