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ConfusionConfusion illustratedillustrated
vtxvtx2d2d--O91/aO91/a--B2F1B2F1 vtxvtx2vha2vha

vtxvtx2d12d1
stxstx2ha2ha

SLTSLT--IIvhIIvh
SLTSLT--IIvhaIIvha
VT2vhaVT2vha
VT2d1VT2d1
VT2vhVT2vh--aa
VT2vVT2v--aa



ConfusionConfusion illustratedillustrated
vtx2vtx2ff--O128O128--H.I.8.H.I.8. vtxvtx2ev2ev

sltslt--IIvhcIIvhc
sltslt--IIdIId

VT2evVT2ev
VT2vp2VT2vp2
VTevVTev
SLTIIvhcSLTIIvhc
SLTSLT--IId/VT2dIId/VT2d
SLTIIvaSLTIIva



Stx1/VT1 and VT2Stx1/VT1 and VT2

SubtypesSubtypes
Suffixed with small Arabic lettersSuffixed with small Arabic letters
Stx1: Shiga toxin from Stx1: Shiga toxin from ShigellaShigella stx1stx1aa
VT1: VT1: E. coliE. coli VerocytotoxinsVerocytotoxins vtx1vtx1b to b to vtx1vtx1dd
VT2: VT2: vtx2vtx2a to a to vtx2vtx2gg

Variant designationsVariant designations
Subtype Subtype -- first published O group first published O group -- strain No.strain No.
Phylogenetic sequence based nomenclature for the Phylogenetic sequence based nomenclature for the 
combined combined AA-- and Band B--subunits

Main Main groupsgroups

subunits

AA11 AA22 BBSPSP SPSP



vtx2vtx2aa

vtx2vtx2cc

vtx2vtx2dd
vtx2vtx2dd

vtx2vtx2bb

vtx2vtx2bb

vtx2vtx2gg
vtx2vtx2ee

vtx2vtx2ff
stx1stx1aa

vtx1vtx1bb

Stx
slt-1 or VT1

slt-2 or VT2
slt-IIv or e
stx2c or VT2v
stx2vha and vtx2d2

stx2d-O111
stx2d-Ount

stx2f
stx2g

vtx1vtx1cc
vtx1dvtx1d

A1 A2 BBSP SP



Stx1 : 4 Stx1 : 4 subtypessubtypes aa -- dd
77--8 variants8 variants

dd

bb

cc

aaStx1a-S._dysenteriae-3818T

Stx1a-S._sonnei-CB7888

Stx1b-O111-CB168

Stx1b-O157-EDL933

Stx1b-O48-94C

Stx1b-O111-PH

Stx1c-O174-DG131-3

Stx1d-ONT-MHI813

Pairwise (OG:100%,UG:0%) (FAST:2,10) Gapcost:0%
VT1 translated sequences

10
0

99989796

A1 A2 BBSP SP



Pairwise (OG:100%,UG:0%) (FAST:2,10) Gapc os t:0% Disc . unk.
v tx_ TRANS L

10
0

999897969594939291908988878685848382

vtx2d-O157-7279

vtx2d-O174-EC1720a
vtx2d-O91-a-B2F1

vtx2d-O91-b-B2F1

vtx2d-O8-C466-01B

vtx2d-C_freund ii-LM76..

vtx2d-O6-NV206

vtx2d-O22-KY-O19

vtx2d-O73-C165-02

vtx2a-O157-EDL933
vtx2a-O26-FD930

vtx2a-O157-SF

vtx2a-O48-94C

vtx2a-O26-126814

vtx2a-E_cloacae-95MV2

vtx2c-O157-E32511
vtx2c-O157-FLY16

vtx2c-O157-C394-03

vtx2c-O157-469

vtx2c-O174-b-031

vtx2g-O2-7v

vtx2g-O2-S86

vtx2g-Out-S-8
vtx2b-O111-S-3

vtx2b-O96-S-6

vtx2b-O22-3143-97

vtx2b-ONT-5293-98

vtx2b-O118-EH250

vtx2b-O16-6451-98

vtx2b-O174-a-031
vtx2b-O111-PH

vtx2e-O139-412

vtx2e-O22-3615-99

vtx2e-O101-E-D43

vtx2f-O128-T4-97

dd

ff

bb

gg
cc

aa

ee

Stx2 :Stx2 :
7 7 subtypessubtypes

aa -- gg

36 variants36 variants

A1 A2 BBSP SP



SerotypeSerotype Subtype Subtype 32 laboratories32 laboratories

O38:H26O38:H26 Stx1cStx1c 2 negative2 negative
O128ab:H2O128ab:H2 Stx1cStx1c 1 negative1 negative
O154:H31O154:H31 Stx1dStx1d 9 negative9 negative
O103:H25O103:H25 Stx2aStx2a 5 negative5 negative
O38:H26O38:H26 Stx2bStx2b 5 negative5 negative
O128ab:H2O128ab:H2 Stx2b (twice)Stx2b (twice) 3 negative3 negative
O157:H7O157:H7 Stx2a+cStx2a+c 4 negative4 negative
O145:H4O145:H4 Stx2aStx2a 4 negative4 negative
O113:H4O113:H4 Stx2dStx2d 7 negative7 negative
O51:H49O51:H49 Stx2eStx2e 7 negative7 negative

2006 2006 EnterEnter--netnet ringtrialringtrial resultsresults



2007 2007 EnterEnter--netnet ringtrialringtrial resultsresults
SerotypeSerotype Subtype Subtype 35 laboratories 35 laboratories 

O145:H34O145:H34 Stx2fStx2f 23 negative23 negative
= 66%  != 66%  !



Prevalence of Prevalence of vtx2f vtx2f 
Netherlands, 2006Netherlands, 2006 Nationwide surveyNationwide survey
1.4% of 211 stools positive for 1.4% of 211 stools positive for vtx2fvtx2f
O63:H6 O63:H6 eaeeae ++

Denmark Denmark 
20042004 22 O128ab:HO128ab:H-- & O119:H& O119:H--
20052005 22 O145:HO145:H-- & O?:HR& O?:HR
20062006 44 O145:H34 (3) & O128ab:HO145:H34 (3) & O128ab:H--
20072007 22 O145:H34 & O 26:H34O145:H34 & O 26:H34



TypingTyping by RFLPby RFLP



TypingTyping by PCRby PCR--RFLPRFLP
vtxvtx1b1b--O157O157--EDL933/EDL933/
vtxvtx1b1b--O111O111--PHPH
vtxvtx2a2a--O157O157--EDL933EDL933
vtxvtx2c2c--O157O157--E32511/E32511/
vtxvtx2d2d--O91/aO91/a--B2F1B2F1//
vtxvtx2b2b--O174O174--aa--031031
vtxvtx2d2d--O91/bO91/b--B2F1B2F1
vtxvtx2b2b--O111O111--PH/PH/
vtxvtx2c2c--O174O174--bb--031031
vtxvtx2c2c--O157O157--E32511E32511
vtx2vtx2ff--O128O128--H.I.8.H.I.8.SchematicSchematic representationrepresentation showingshowing

the the patternspatterns of of LinLin--allall PCR PCR 
productsproducts restrictedrestricted by by HincHincIIII



TypingTyping by PCRby PCR--RFLPRFLP
MethodMethod PrimersPrimers Restriction Restriction 

enzymeenzyme
Bastian Bastian et al.et al. LinLin HincHincII & II & AccAccII
Tyler Tyler et al.et al. VT2VT2--c/VT2c/VT2--dd HaeHaeIII, III, RsaRsaI & I & NciNciII
PiPiéérard rard et al.et al. VT2VT2--e/VT2e/VT2--ff HaeHaeIII & III & PvuPvuIIII

Test by Ziebell Test by Ziebell et al.et al.::
20 % (49/249 20 % (49/249 strainsstrains) ) contradictorycontradictory resultsresults



A1 A2 BBSP SP

95 AA95 AA 64 AA64 AA

VT2B VT2B VT2A VT2A 
225225



OnlyOnly 12 Stx212 Stx2 variants variants foundfound in in 
Danish patientsDanish patients

Stx2aStx2a

stx2cstx2c

stx2dstx2d

stx2estx2e

stx2gstx2g

stx2bstx2b

Stx2aStx2a--O48O48--94C94C
Stx2aStx2a--O157O157--EDL933EDL933

Stx2cStx2c--O157O157--FLY16FLY16

Stx2dStx2d--O8O8--C466C466--01B01B
Stx2dStx2d--O157O157--72797279

Stx2eStx2e--ONTONT--2672526725--9797
Stx2gStx2g--O2O2--7v7v

Stx2bStx2b--O118O118--EH250EH250
0.010.01

Stx2cStx2c--O157O157--C394C394--0303

Stx2dStx2d--O73O73--C165C165--0202

Stx2eStx2e--O101O101--E43E43

Stx2bStx2b--O111O111--PHPH

New variantsNew variants

FirstFirst time in time in humanshumans



AttackAttack rate of vtx2 variants rate of vtx2 variants 
associatedassociated withwith HUSHUS

O157O157
vtx2avtx2a--O157O157--EDL933 +/EDL933 +/-- vtx2cvtx2c--O157O157--FLY16FLY16 9/409/40 23%23%
vtx2cvtx2c--O157O157--FLY16FLY16 1/181/18 6%6%
vtx2avtx2a--O157O157--SF + vtx2cSF + vtx2c--O157O157--FLY16FLY16 1/11/1 --

NonNon--O157O157
vtx2avtx2a--O48O48--94C +/94C +/-- vtx1b vtx1b 7/257/25 28%28%
vtx2avtx2a--O157O157--EDL933 +/EDL933 +/-- vtx1bvtx1b 1/31/3 --
vtx2avtx2a--O157O157--EDL933 +/EDL933 +/-- vtx2cvtx2c--O157O157--FLY16FLY16 1/21/2 --



stxstx genes detection and typing by PCRgenes detection and typing by PCR
DNA DNA templatetemplate preparationpreparation..

PCR PCR forfor::

stx1stx1
(stx1com(stx1com--F/stx1comF/stx1com--R)R)

IfIf +:stx1 +:stx1 subtypingsubtyping

stx2stx2
(F4/R1/F4f/R1e(F4/R1/F4f/R1e--f)f)

IfIf +:stx2 +:stx2 subtypingsubtyping

stx1cstx1c: : 
LionLion--up/1OX3 up/1OX3 

stx1dstx1d: : 
VT1AvarF/VT1AvarR VT1AvarF/VT1AvarR 

BothBoth PCRsPCRs negative:negative:
stx1stx1

stxstx2, 2, stxstx2c:2c:
GK3/GK4GK3/GK4

stxstx2: Stx22: Stx2--a/Stx2a/Stx2--bb
StxStx2c: Stx2c2c: Stx2c--a/Stx2ca/Stx2c--bb

stxstx2d2d: : VT2cm/VT2f VT2cm/VT2f 

stxstx2e: 2e: 
FK1/FK2 FK1/FK2 

stx2fstx2f: 128: 128--1/1281/128--2 2 

stxstx2g:2g:
209F/781R 209F/781R 

11

22

33

44

55



stxstx genes detection and typing by PCRgenes detection and typing by PCR
DNA DNA templatetemplate preparationpreparation..

PCR PCR forfor::
stx2stx2

(F4/R1/F4f/R1e(F4/R1/F4f/R1e--f)f)
IfIf +: stx2+: stx2 subtypingsubtyping

stxstx2, 2, stxstx2c:2c:
GK3/GK4GK3/GK4

stxstx2: Stx22: Stx2--a/Stx2a/Stx2--bb
StxStx2c: Stx2c2c: Stx2c--a/Stx2ca/Stx2c--bb

stxstx2d2d: : VT2cm/VT2f VT2cm/VT2f 

stxstx2e: 2e: 
FK1/FK2 FK1/FK2 

stx2fstx2f: 128: 128--1/1281/128--2 2 

stxstx2g:2g:
209F/781R 209F/781R 

11

22

33

44

55

All 6All 6 vtx2avtx2a
All 5All 5 vtx2cvtx2c
All 9All 9 vtx2dvtx2d
All 3All 3 vtx2gvtx2g

2/62/6 vtx2avtx2a

All 8 All 8 vtx2bvtx2b

Maybe 2 of 4 Maybe 2 of 4 vtx2e vtx2e ??

vtx2fvtx2f--O128O128--H.I.8.H.I.8.

All 3 All 3 vtx2gvtx2g

All 5All 5 vtx2cvtx2c
& 2& 2vtx2dvtx2d



””SemiSemi”” DraftDraft ProposalProposal
Primer      Primer      SubtypeSubtype vtx2vtx2aa bb cc dd ee ff gg
pairspairs
F4 / R1F4 / R1 ++ ++ ++ ++ ++
F4f / R1eF4f / R1e--ff ++ ++

GK3/GK4GK3/GK4 ++ ++ ++ ++
Stx2Stx2--aa//Stx2Stx2--bb 2/6!!2/6!!
Stx2cStx2c--aa//Stx2cStx2c--bb ++ 2/92/9
VT2cmVT2cm//VT2fVT2f ++
128128--11//128128--22 ++
209F209F //781R781R ++



WhatWhat wouldwould bebe the the useuse??
Association Association betweenbetween eaeeae and VT and VT subtypesubtype

in 524 Danish VTEC in 524 Danish VTEC strainsstrains
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WhatWhat wouldwould bebe the the useuse??
Association Association betweenbetween eaeeae and VT and VT subtypesubtype

in 503 Danish VTEC in 503 Danish VTEC strainsstrains
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WhatWhat wouldwould bebe the the useuse??
eaeeae and VT types in 1,596 VTEC O157 and VT types in 1,596 VTEC O157 strainsstrains

O157O157

00
200200
400400
600600
800800

10001000
12001200

Stx2 + Stx2 + 
eaeeae

Stx1 +Stx1 +
Stx2 + Stx2 + eaeeae

Stx2Stx2 Stx1 + Stx1 + eaeeae Stx1 +Stx1 +
Stx2Stx2

asymptomaticasymptomatic
HUSHUS
bloodybloody diarrhoeadiarrhoea
DiarrhoeaDiarrhoea



WhatWhat wouldwould bebe the the useuse??
VT VT subtypesubtype in 107 Danish VTEC in 107 Danish VTEC strainsstrains

O157
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WhatWhat wouldwould bebe the the useuse??
eaeeae and VT types in 1,859 VTEC nonand VT types in 1,859 VTEC non--O157 O157 strainsstrains

Non-O157
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WhatWhat wouldwould bebe the the useuse??
VT VT subtypesubtype in 375 Danish nonin 375 Danish non--O157 VTEC O157 VTEC 
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