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



69% combination af stx2 subtyper:

stx2c/2d (62%)

stx2a/2d (7%)

31% kun en subtype:

stx2a (22%)

stx2d (9%)

Alle eae-ξ

87% enterohemolysin ehxA

Alle 57 isolater: >4 gener fra pS88 plasmidet: sitA, cia, hlyF, ompT

98% iss og iroN genes

96% cvaA gene

61% iucC og etsC

Karakteristik af 57 STEC-ExPEC O80:H2



pS88 plasmidet





Har vi STEC-ExPEC O80:H2 i Danmark?



STEC-ExPEC O80:H2 i Danmark



STEC-ExPEC O80:H2 i Danmark







Har vi STEC-ETEC i Danmark?



GRUPPE MLST ST SEROTYPE stx_sub Enterotoxin Total

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

STEC-ETEC 200 O187:H28 stx2g estAp 12

STEC-ETEC 325 O 15:H16 stx2g estAp 1

STEC-ETEC 2353 O  6:H16 stx1a elt 1

STEC-ETEC 5822 H 7 stx2g estAp 2

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

STEC-ETEC 5822 Oru:H 7 stx2g estAp 2

STEC-ETEC 8880 O 13:H23 stx2d estAp 1

Hovedtotal 21

21 STEC-ETEC i Danmark



21 STEC-ETEC i Danmark











GRUPPE ST SEROTYPE stx_sub

STEC-ipaH ND Shigella flexneri 2a stx1a

STEC-EAEC ND O104:H 4 stx2a

Andre crossovers i Danmark?
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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)





Crossovers







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 patienter med O2:(K1:)H6



ST131 fimH27 clones, harbouring aggR and AAF/V fimbriae, causes 

bacteraemia in Mozambique children: emergence of new variants

• 17.5% (57/325) analyzed isolates were EAEC.

– Incidence rate of 45.3 episodes/105 children-years-at-risk among infants

– Case fatality ratio of 14.6% (6/41) 

– 44 EAEC strains were sequenced 

• 72.7% (32/44) harboured the ExPEC genes, iutA, fyuA and traT

• 88.6% (39/44) harbored the aggregative adherence fimbriae type V variant 

(AAF/V)  

• ST-131 O25:H4 accounted for 84.1% (37/44)

• ExPEC ST131 that picked up the EAEC virulence pAA plasmid

– This pAA-ExPEC ST131 strain is highly similar to a Danish ESBL outbreak strain 

(DANMAP) 

• Conclusion: emergence of a new subclone of O25:H4 ST-131 E. coli

harboring both ExPEC and EAEC virulence genes, associated with poor 

outcome in bacteraemic Mozambican children. 

Mandomando et al unpublished



Virulence pAA5 Plasmid in EAEC ST131

Serotype MLST AAF

O125ab:H- ST-10

O125ab:H- ST-10

O166:H15 ST-349 AAF/V

O153:H30 ST-38 AAF/I

Oru:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 86:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

Oru:H 4 ST-131 AAF/V

O 86:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 69:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H- ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O127:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O?:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

Oru:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

O 25:H 4 ST-131 AAF/V

DK EAEC ESBL strain
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3
1

Boisen et al unpublshed



Boll et al unpublished



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 







The white arrows indicate the transfer of genetic determinants between EAEC and other pathogenic E. coli. The solid arrow indicates the acquisition of a Stx-converting bacteriophage. 
The E. coli pathotype represented by each bubble is indicated in red, while the genes identifying the single pathogenic groups or exchanged between groups of E. coli are shown in black 



Gene alleles (159) for ETEC

cfaA:   Colonisation factor antigen a, CFA/1:

cfaB:   Colonisation factor antigen b, CFA/1:

cfaC:   Colonisation factor antigen c, CFA/1:

cfaE:   Colonisation factor antigen e, CFA/1:

cfaD:   Colonisation factor antigen d, CFA/1:

cooB:   CS1:

cooD:   Fimbrial subunit B, CS1:

cooC:   Fimbrial subunit B, CS1:

csoB:   CS1: 

csoA:   CS1:

cotB:   CS2:

cotA:   CS2:

cotC:   CS2:

cotD:   CS2:   

CS3_put_chaperone:

CS3_lpfC:   putative outer membrane usher protein

CS3_put_major_subunit:  

csaA:   Periplasmic chaperone-like protein, CS4:

csaB:   CS4 major fimbriae subunit, CS4:

csaC:   Usher protein, CS4:

csaE:   Minor pilin protein, CS4:

csaD:   Truncated, CS4:

csfC:   Outer membrane usher protein, CS5:

csfD:   Minor fimbrial subunit, CS5:

csfE:   CS5:

csfF:   CS5:

cssA:   Structural subunit A, CS6:

tia:    Invasion determinant:

tibC:   Glycosyltransferase

tibA:

estap:  Heat-stable enterotoxin STa porcine variant:

estb:    Heat-stable enterotoxin STb

estah:   Heat-stable enterotoxin STa Human variant:

eltIAh_1:   Heat-labile enterotoxin A subunit, LT1: A1

eltIAh_2:   Heat-labile enterotoxin A subunit, LT2: A2

eltIAh_3:   Heat-labile enterotoxin A subunit, LT3: A3

eltIAh_4:   Heat-labile enterotoxin A subunit, LT4 and LT6: A4

eltIAh_5:   Heat-labile enterotoxin A subunit, LT5: A5

eltIAh_7:   Heat-labile enterotoxin A subunit, LT7: A7

eltIAh_8:   Heat-labile enterotoxin A subunit, LT8: A8

eltIAh_9:   Heat-labile enterotoxin A subunit, LT9: A9

eltIAh_10:  Heat-labile enterotoxin A subunit, LT10: A10

eltIAh_11:  Heat-labile enterotoxin A subunit, LT11: A11

eltIAh_12:  Heat-labile enterotoxin A subunit, LT12: A12

eltIAh_13:  Heat-labile enterotoxin A subunit, LT13: A13

eltIAh_14:  Heat-labile enterotoxin A subunit, LT14: A14

eltIAh_15:  Heat-labile enterotoxin A subunit, LT15: A15

eltIAh_16:  Heat-labile enterotoxin A subunit, LT16: A16

eltIBh_1:   Heat-labile enterotoxin B subunit, LT1: B1

eltIBh_2:   Heat-labile enterotoxin B subunit, LT2: B2

eltIBh_3:   Heat-labile enterotoxin B subunit, LT3: B3

eltIBh_4:   Heat-labile enterotoxin B subunit, LT4: B4

eltIBh_5:   Heat-labile enterotoxin B subunit, LT5: B5



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 1 1

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 added to the 
VirulenceFinder
database.

38 ExPEC specific 

genes 




