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PublicationsPublications ““O157O157””,, ““nonnon--O157O157””,, 
VTEC, STEC & ShigaVTEC, STEC & Shiga--Like Toxin inLike Toxin in 
Title/Abstract inTitle/Abstract in PubMedPubMed (1982(1982 -- 2007)2007)
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NonNon--O157 STECO157 STEC studiesstudies
K. E. Johnson et al. CID 2006;43K. E. Johnson et al. CID 2006;43

16 countries, 198816 countries, 1988--2006 (1,402/2,892)2006 (1,402/2,892) 48%48%
Range 19%Range 19%--100%100%

USA, Canada, UK,USA, Canada, UK, GermanyGermany,, SpainSpain,, ItalyItaly,, CzechCzech RepublicRepublic,, BelgiumBelgium,, FranceFrance,, 
Denmark, Finland,Denmark, Finland, SwedenSweden,, AustraliaAustralia, Chile, Argentina & Japan, Chile, Argentina & Japan 

Netherlands, 2006Netherlands, 2006 80%80%
Australia,Australia, 20042004 64%64%
Belgium, 2006Belgium, 2006 81%81%
Brazil, 2007Brazil, 2007 100%100%
Poland, 2004Poland, 2004 100%100%
Germany, 1998Germany, 1998 88%88%



NonNon--O157O157 STECSTEC surveillancesurveillance
2727 countriescountries; 18,302; 18,302 isolatesisolates

% Non% Non--O157 inO157 in thethe EnterEnter--netnet databasedatabase
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NonNon--O157O157 STECSTEC surveillancesurveillance
2727 countriescountries; 6,480; 6,480 isolatesisolates

O Groups inO Groups in thethe EnterEnter--netnet databasedatabase 
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STECSTEC incidencesincidences inin EuropeEurope

Selected incidences of STEC 
Data from ”The Enter-net database” 
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Detection ratio of STEC in 
counties using molecular 
methods vs "other methods" in 
Denmark 



O22:H8O22:H8
O26:H11O26:H11
O103:H2O103:H2
O103:H25O103:H25
O104:H21O104:H21
O111:HO111:H-- / H2 / H8/ H2 / H8
O113:H21O113:H21

O117:H4O117:H4
O118:H2O118:H2
O119O119
O121:H19 / H21O121:H19 / H21
O128:H2O128:H2
O145:HO145:H­-
O?:H19O?:H19

Citrobacter freundiiCitrobacter freundii

Non-O157 STEC outbreaks 



O103:H25 outbreak in NorwayO103:H25 outbreak in Norway
HUSHUS 
””outbreakoutbreak””
notifiednotified

DateDate ofof onsetonset ofof diseasedisease

HUS casesHUS cases
DiarrheaDiarrhea casescases

20 21 22 23 24 25 26 27 28 29 30  31  1 2 3 4  5 6 7  8 9  10  11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27  28  1 2 3 4  5 6 7 8 9  10  11  12 

JanuaryJanuary FebruaryFebruary MarchMarch
7 8 9 103 4 5 6 

O103 pos /O103 pos / stx2stx2 negneg
stx2stx2 pospos



Source: Sliced, drySource: Sliced, dry 
fermented lambfermented lamb’’ss 
sausagesausage



Product and environmentalProduct and environmental 
samplessamples

O103 positiveO103 positive

Cured meat productsCured meat products 24622462 5353
Sheep meatSheep meat 171171 99
EnvironmentEnvironment 296296 00
Spices, additives, cultureSpices, additives, culture 5757 00
Minced meatMinced meat 10001000 00

All isolates wereAll isolates were stx2stx2 negative &negative & eaeeae pos.pos.
BUT clustered with patient isolates byBUT clustered with patient isolates by 
MLVA (DNA fingerprint)MLVA (DNA fingerprint)



O26:H11O26:H11 
outbreak inoutbreak in 
DenmarkDenmark
stx1 & eaestx1 & eae

2020 cases; all childrencases; all children
median 2 yearsmedian 2 years
Very mild symptomsVery mild symptoms

Discovered by PFGEDiscovered by PFGE
Little media attentionLittle media attention

1717 cases; 15 childrencases; 15 children

1010 with HUSwith HUS
11 child diedchild died
HUS notificationHUS notification
Massive media attentionMassive media attention

O103:H25O103:H25 
outbreak inoutbreak in 
NorwayNorway
stx2 & eaestx2 & eae



LessonsLessons learnedlearned inin NorwayNorway

•• OutbreakOutbreak ddiscoverediscovered due todue to notificationnotification ofof
casescases ofof HUSHUS

•• MethodsMethods inin clinicalclinical laboratorieslaboratories werewere
inadeqauteinadeqaute forfor detectiondetection ofof nonnon--O157 in 5 outO157 in 5 out 
ofof thethe sixsix firstfirst casescases ofof HUSHUS

•• stx2stx2 negativenegative isolatesisolates dominateddominated

•• MLVAMLVA waswas usedused toto identifyidentify cases andcases and thethe
sourcesource



LessonsLessons learnedlearned in Denmarkin Denmark
•• RealReal--time PFGEtime PFGE ofof Danish nonDanish non--O157O157 detecteddetected

aa ””mildmild”” outbreakoutbreak
•• OnlyOnly possiblepossible becausebecause isolatesisolates werewere

availableavailable forfor typingtyping

Source identified usingSource identified using
•• access to purchase recordsaccess to purchase records
•• cooperation with supermarkets searchingcooperation with supermarkets searching 

their central computerstheir central computers



HUS & STECHUS & STEC Australia,Australia, CyprusCyprus, Denmark,, Denmark, GermanyGermany,, 
77 HungaryHungary, Japan,, Japan, PolandPoland

NotificationNotification datesdates from 1998from 1998 –– 20052005

STECSTEC onlyonly Austria, CanadaAustria, Canada,, EstoniaEstonia,, Finland,Finland, 
1313 Greece,IcelandGreece,Iceland,, IrelandIreland, Luxembourg, Malta ,, Luxembourg, Malta , 

New Zealand,New Zealand, NorwayNorway,, SloveniaSlovenia,, SwedenSweden
NotificationNotification datesdates from 1990from 1990 –– 20052005

NotNot mandatorymandatory England & Wales,England & Wales, FranceFrance ††,, ItalyItaly ‡‡,,
77 RomaniaRomania,, SpainSpain,, ScotlandScotland*, South*, South AfricaAfrica

PediatricPediatric-- nephrologynephrology networknetwork sincesince
†† 1996 < 151996 < 15 YrsYrs ‡‡ 1988 < 141988 < 14 YrsYrs
**LaboratoryLaboratory basedbased sincesince midmid--eighteight’’iesies

HUS and STEC notifications 
worldwide 



11stx2cstx2c ++ stx2stx2--activatableactivatable

1919186186TotalTotal

442x2x stx2stx2--activatableactivatable

11stx2stx2 ++ stx2dstx2d
772323stx2stx2 ++ stx2cstx2c

33stx2stx2--variantvariant

22stx2estx2e
3939stx2dstx2d
44stx2dstx2d--activatableactivatable

114949stx2cstx2c
11116060stx2stx2
HUS*HUS*NonNon--HUSHUS **SubtypeSubtype

EthelbergEthelberg et al. 2004 EID; 10et al. 2004 EID; 10

ShigaShiga toxintoxin 2 (2 (stx2stx2)) subtypesubtype andand clinicalclinical presentationpresentation

stx2stx2 OR* 32.5 >OR* 32.5 > stx2cstx2c OR* 4.7 for HUSOR* 4.7 for HUS
*) OR: odds ratio; multivariant*) OR: odds ratio; multivariant analysisanalysis adjustedadjusted for agefor age



VirulenceVirulence profileprofile andand clinicalclinical
manifestation in 559 Danishmanifestation in 559 Danish 
STECSTEC patients 1994patients 1994--20052005 
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Stx1 : 4Stx1 : 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 

A1 A2 BBSP SP 

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

10
0

99989796
 



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 :
77 subtypessubtypes
aa -- gg

35 variants35 variants

A1 A2 BBSP SP 



A1 A2 BBSP SP 

95 AA95 AA 64 AA64 AA

VT2BVT2B ÆÆVT2AVT2A ÆÆ
225225



OnlyOnly 12 Stx212 Stx2 variantsvariants foundfound inin 
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 intime in humanshumans



AttackAttack raterate ofof Stx2 variantsStx2 variants 
associatedassociated withwith HUSHUS

O157O157
Stx2aStx2a--O157O157--EDL933 + Stx2cEDL933 + Stx2c--O157O157--FLY16FLY16 6/236/23 26%26%
Stx2aStx2a--O157O157--EDL933EDL933 3/173/17 18%18%
Stx2cStx2c--O157O157--FLY16FLY16 1/181/18 6%6%
Stx2aStx2a--O157O157--SF + Stx2cSF + Stx2c--O157O157--FLY16FLY16 1/11/1 --
NonNon--O157O157
Stx2aStx2a--O48O48--94C94C 6/206/20 30%30%
Stx1b + Stx2aStx1b + Stx2a--O157O157--EDL933EDL933 1/31/3 --
Stx2aStx2a--O157O157--EDL933 +EDL933 + Stx2cStx2c--O157O157--FLY16FLY16 1/21/2 --
Stx1b + Stx2aStx1b + Stx2a--O48O48--94C94C 1/51/5 20%20%



ConclusionsConclusions
TwoTwo Stx2aStx2a variantsvariants associatedassociated withwith HUSHUS

Stx2aStx2a--O157O157--EDL933EDL933 in NSF O157in NSF O157
(& Stx2(& Stx2--O157O157--FLY16)FLY16)

Stx2aStx2a--O157O157--SFSF in SF O157in SF O157
Stx2aStx2a--O48O48--94C94C inin NonNon--O157O157

NewNew ParadigmParadigm::

HowHow maymay STECSTEC bebe classifiedclassified??

AreAre certaincertain virulencevirulence ””cocktailscocktails”” associatedassociated withwith severesevere
diseasedisease ratherrather thanthan thethe serotypeserotype??



BasedBased on theon the reportedreported occurrence ofoccurrence of serotypesserotypes inin humanhuman diseasedisease, in, in 
outbreaksoutbreaks and/orand/or inin hemolytichemolytic--uremicuremic syndrome (HUS)syndrome (HUS)

Classification of STEC in 5Classification of STEC in 5 SeroSero­-
pathotypespathotypes
KarmaliKarmali et al.et al. , 2003, J. Clin., 2003, J. Clin. MicrobiolMicrobiol.,., 41:493041:4930--4040

SeroSero­-
pathotypepathotype

RelativeRelative 
incidenceincidence

FrequencyFrequency
ofof 

involvementinvolvement 
inin outbreaksoutbreaks

AssociationAssociation 
withwith severesevere 

diseasedisease 
(HUS or HC)(HUS or HC)

SerotypesSerotypes

AA HighHigh CommonCommon YesYes O157:H7,O157:H7, O157:NMO157:NM

BB ModerateModerate UncommonUncommon YesYes O26:H11,O26:H11, O103:H2O103:H2,, 
O111:NM,O111:NM, O121:H19O121:H19,,
O145:NMO145:NM

CC LowLow RareRare YesYes O91:H21, O113: H21,O91:H21, O113: H21, 
O104:H21O104:H21,, othersothers

DD LowLow RareRare NoNo multiplemultiple

EE NonNon humanhuman 
onlyonly

multiplemultiple

NewNew ParadigmParadigm



ProblemsProblems withwith thisthis classificationclassification

AssociationAssociation withwith serotypeserotype and notand not withwith virulencvirulence
profileprofile

•• MoreMore thanthan 120 O:H120 O:H serotypesserotypes havehave beenbeen associatedassociated withwith
HUS (HUS (BergeyBergey’’ss ManualManual ofof SystematicSystematic BacteriologyBacteriology, 2nd ed.), 2nd ed.)

•• ManyMany O:HO:H serotypesserotypes displaydisplay extensiveextensive heterogeneityheterogeneity

InvolvementInvolvement inin outbreakoutbreak maymay rapidlyrapidly changechange

RelativeRelative incidenceincidence
•• isis scewedscewed byby lacklack ofof effecienteffecient detectiondetection methodsmethods
•• willwill varyvary dependingdepending onon thethe epidemiologyepidemiology ofof specificspecific typestypes

NewNew ParadigmParadigm



1.1. HUS inducing STEC and/or an epidemic outbreak potentialHUS inducing STEC and/or an epidemic outbreak potential

•• eaeeae andand stx2astx2a
•• eaeeae negative andnegative and stx2dstx2d ((activatableactivatable))
•• eaeeae andand stx1stx1 Less common but certain O:H serotypes haveLess common but certain O:H serotypes have

been associated with HUSbeen associated with HUS

2.2. DiarrheaDiarrhea inducing in humans!inducing in humans!

•• Many different virulence profilesMany different virulence profiles
•• Capacity to produce Stx and association withCapacity to produce Stx and association with diarrheadiarrhea in humansin humans

3.3. AnimalAnimal--associated STECassociated STEC

•• High prevalence in the animal reservoirHigh prevalence in the animal reservoir
•• Seems to be their natural habitatSeems to be their natural habitat 
•• No human casesNo human cases
•• CandidatesCandidates forfor thisthis groupgroup areare stx2estx2e positivespositives

AlternativeAlternative classificationclassification
NewNew ParadigmParadigm



QuestionsQuestions

ShouldShould management andmanagement and treatmentreatment
ofof patientspatients bebe adjustedadjusted accordinaccording

toto virulencevirulence cocktail?cocktail?

NewNew ParadigmParadigm



DanishDanish PracticePractice sincesince 20002000
ALL patientsALL patients withwith STECSTEC areare excludedexcluded
oror quarantinedquarantined ifif theythey areare

•• ChildrenChildren in institutions andin institutions and dayday carecare
•• StaffStaff ofof healthhealth carecare facilitiesfacilities
•• HospitalHospital staffstaff oror hospitalizedhospitalized patientspatients
•• FoodFood handlershandlers

BackgroundBackground

andand untiluntil theythey have hadhave had twotwo consecutiveconsecutive
STEC negativeSTEC negative stoolstool samplessamples 
ProlongedProlonged sheddingshedding ofof STEC hasSTEC has resultedresulted inin 
hugehuge social problemssocial problems especiallyespecially forfor parentsparents



DanishDanish exampleexample ofof
consequencesconsequencesRevisionRevision ofof guidelines forguidelines for treatmenttreatment oof
Danish patientsDanish patients withwith STECSTEC maymay includinclude
antibioticantibiotic treatmenttreatment ofof asymptomatiasymptomatic
patientspatients withwith

•• eaeeae negative STECnegative STEC
•• eaeeae && stx1stx1 -- exceptexcept somesome serotypesserotypes

AsymptomaticAsymptomatic patientspatients areare likelylikely toto bbe
allowedallowed back in institutions andback in institutions and dayday carcare
afterafter treatmenttreatment

NewNew ParadigmParadigm



•• AdequateAdequate detectiondetection methodsmethods shouldshould includinclude
thethe isolationisolation ofof bacteriabacteria

•• TypingTyping methodsmethods shouldshould bebe standardizedstandardized

•• SubtypingSubtyping methodsmethods for Stx2afor Stx2a variantsvariants 
associatedassociated withwith HUSHUS shouldshould bebe implementedimplemented

•• UrgentUrgent needneed forfor standardizedstandardized nomenclaturenomenclature

RecommendationsRecommendations



QuestionsQuestions
1.1. HowHow muchmuch isis detectiondetection andand surveillancesurveillance

scewedscewed??
2.2. CanCan case definitions for HUS tocase definitions for HUS to bebe

notifiednotified withinwithin thethe PublicPublic HealthHealth systemsystem 
bebe establishedestablished??

3.3. WillWill management andmanagement and treatmenttreatment ofof
STEC patientsSTEC patients dependdepend onon

•• aa casecase--toto--casecase basedbased assessmentassessment?? 
•• anan outbreakoutbreak--toto--outbreakoutbreak approach?approach?
•• locallocal epidemiologyepidemiology??



QuestionQuestion
ShouldShould nonnon--O157:H7O157:H7 STECsSTECs
bebe consideredconsidered toto bebe
adulterantsadulterants asas E. coliE. coli
O157:H7?O157:H7? 

YESYES -- somesome
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