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A/EEC:A/EEC: AttachingAttaching and and effacingeffacing (A/E) (A/E) E. coliE. coli
EPEC:EPEC: Enteropathogenic Enteropathogenic E. coliE. coli
ETEC:ETEC: Enterotoxigenic Enterotoxigenic E. coliE. coli
EIEC:EIEC: Enteroinvasive Enteroinvasive E. coliE. coli

VTEC:VTEC: Verotoxin Verotoxin producingproducing E. coliE. coli
STEC:STEC: Shigatoxin Shigatoxin producingproducing E. coliE. coli
SLTEC:SLTEC: ShigaShiga--likelike toxintoxin producingproducing E. coliE. coli

EHEC:EHEC: Enterohaemorrhagic Enterohaemorrhagic E. coli  E. coli  -- subgroupsubgroup
EAggEC:EAggEC: EnteroAggregative EnteroAggregative E. coliE. coli
DAEC:DAEC: DiffuselyDiffusely AdherentAdherent E. coliE. coli

ExPECExPEC:: ExtraintestinalExtraintestinal pathogenicpathogenic E. coliE. coli

DIARRHOEAGENIC DIARRHOEAGENIC E. coliE. coli (DEC) & (DEC) & 
EXTRAINTESTINAL PATHOGENIC EXTRAINTESTINAL PATHOGENIC E. coli E. coli ((ExPECExPEC))



ClinicalClinical detectiondetection ofof E. coliE. coli in Denmarkin Denmark
-- MethodsMethods

ColonyColony dotdot blot hybridisation blot hybridisation withwith DNA DNA 
polynucleotidepolynucleotide probesprobes in pools:in pools:

POOL 1:POOL 1: vtxvtx1, 1, vtxvtx2, 2, ipaipaHH VTEC & EIECVTEC & EIEC

eaeeae EPEC &EPEC & A/EECA/EEC

POOL 2:POOL 2: LT, STLT, SThh, ST, STpp ETETECEC



E. coli multiplex-PCR: specificity
E. coliE. coli groupgroup Virulence Virulence gene(sgene(s))

ETECETEC enterotoxigenic enterotoxigenic E. coliE. coli eltIeltI and/and/oror
eestAp stAp / e/ estAhstAh

heatheat--labile enterotoxin labile enterotoxin 
heatheat--stable enterotoxinstable enterotoxin

A/EEC A/EEC 
EPECEPEC

attaching and effacing attaching and effacing E. coliE. coli
enteropathogenic enteropathogenic E. coliE. coli

eaeeae intiminintimin

VTECVTEC verocytotoxinverocytotoxin producing producing E. coliE. coli vtx1vtx1 and/or and/or vtx2vtx2 verotcytooxinverotcytooxin 11
verocytotoxinverocytotoxin 22

EIECEIEC enteroinvasive enteroinvasive E. coliE. coli ipaHipaH invasive plasmid antigeninvasive plasmid antigen
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PHENOTYPIC TYPING PHENOTYPIC TYPING ofof E. coliE. coli

•• O:H serotypingO:H serotyping
•• CompleteComplete serotyping : O:K:H; Fserotyping : O:K:H; F
•• AdherenceAdherence patternspatterns
•• HaemolysinHaemolysin productionproduction
•• HaemagglutinationHaemagglutination patternspatterns
•• ToxinToxin productionproduction
•• PhagePhage typingtyping
•• BiochemicalBiochemical reactionreaction patternspatterns



vtxvtx1, 1, vtxvtx2 2 oror eaeeae positive positive 
coloniescolonies areare live slidelive slide
agglutinatedagglutinated withwith OK OK 
antisera antisera againstagainst commoncommon
VTEC and EPECVTEC and EPEC
O O groupsgroups::

VTEC/EPECVTEC/EPEC
Pool 1:Pool 1: O26, O103, O111, O145 & O157O26, O103, O111, O145 & O157
SupplemetedSupplemeted by:by: single antiserum  O121 & O45single antiserum  O121 & O45
EPECEPEC
Pool 2:Pool 2: O55, O119, O125ac, O127, O128abO55, O119, O125ac, O127, O128ab
Pool 3:Pool 3: O86, O114, O126,     O142, O158O86, O114, O126,     O142, O158

All All strainsstrains shouldshould bebe serotyped and serotyped and characterisedcharacterised



O O groupinggrouping
BoiledBoiled cultureculture mixed mixed withwith O antiserum O antiserum 
in microtiterplate in microtiterplate oror in tubesin tubes



Serotyping Serotyping ofof E. coliE. coli

O antigenO antigen LipopolysaccharideLipopolysaccharide; LPS; LPS 181181

K antigenK antigen AcidicAcidic polysaccharidepolysaccharide capsulescapsules ~ 60~ 60

H antigenH antigen Protein;Protein; FlagellaFlagella 5353

CompleteComplete serotypeserotype:   O:K:H; F:   O:K:H; F



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 2. . 2

O antigenO antigen LipopolysaccharideLipopolysaccharide; LPS; LPS

DividedDivided intointo Antiserum in Antiserum in troughtrough

AcidicAcidic

andand

Neutral Neutral 

++ --



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 3. . 3

O antigenO antigen LipopolysaccharideLipopolysaccharide; LPS; LPS

Official Official numbernumber is 181is 181 ActualActual: 175: 175

RemovedRemoved:: O31O31
O47O47
O67O67 ((CitrobacterCitrobacter))
O72O72 ((CitrobacterCitrobacter))
O93 ? O93 ? ((WasWas an O8 an O8 strainstrain))
O94O94 ((CitrobacterCitrobacter))
O122O122 ((CitrobacterCitrobacter))

New O antigens:New O antigens: O174O174 (= OX3)(= OX3)
O175O175 (= OX7)(= OX7)
(OX182 (OX182 -- OX186)OX186)



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 4. . 4

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

DividedDivided intointo OK antiserum OK antiserum 

Group IGroup I
&& IVIV

andand

Group IIGroup II
&& IIIIII

++ --



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 5. . 5

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

Group I:Group I:
Only found in O groups O8, O9, O20 Only found in O groups O8, O9, O20 ogog O101O101

Amino sugar free;  Structural resemblance to Amino sugar free;  Structural resemblance to CPS CPS 
from from KlebsiellaKlebsiella spp.spp.

•• K28K28 = = KlebsiellaKlebsiella K54K54
•• K30 K30 = = KlebsiellaKlebsiella K20K20
•• K55K55 = = KlebsiellaKlebsiella K5K5

Group IV:Group IV:
Amino sugar containing; No structural Amino sugar containing; No structural resemblance resemblance 
to CPS from other to CPS from other bacteriaebacteriae

•• K9K9 = O104= O104 K84 =  O93 !!K84 =  O93 !!
•• K85K85 = O141= O141 K41??K41??
•• K87K87 = O32= O32 K38K38??==??O178, K43O178, K43??==??O179O179??, K101, K101??==??O174O174??



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 6. . 6

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

ManyMany groupgroup IV K antigens IV K antigens areare boundbound to to lipidlipid AA

BecauseBecause theythey areare heatheat--stable stable thethe ””covercover”” thethe O O 
antigen, antigen, thusthus makingmaking thethe O determination O determination 
appearappear negative.negative.

EitherEither youyou needneed to to autoclaveautoclave thethe cultureculture oror to to 
isolateisolate K minus forms:K minus forms:



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 8. . 8

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

K minus formK minus form



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 9. . 9

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

Group II:Group II:

FoundFound in in manymany O O groupsgroups

Structural resemblance to CPS from GramStructural resemblance to CPS from Gram--positivespositives
2020--50% of the 50% of the sidechainssidechains are are lipidboundlipidbound

Subgroup:Subgroup: I/II or IIII/II or III

K2a, ac, (K62); K3; K10; K11; K19; K54; K96 ?; K98 (?)K2a, ac, (K62); K3; K10; K11; K19; K54; K96 ?; K98 (?)



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 10. . 10

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

Group II:Group II:

Structural resemblance to CPS from GramStructural resemblance to CPS from Gram--posistivesposistives
K2a, ac, (K62) Neisseria meningitidis H
K1 (~K92) Neisseria meningitidis C

Pasteurella haemolytica A2
Moraxella nonliquefacius

K7, (56) Streptococcus pneumonia type 3
K14 Neisseria meningitidis 29-e
K18a, ab ~Haemophilus influenzae type b
K92 Neisseria meningitidis C
K93 Neisseria meningitidis A

Bacillus pumilus
K100 ~Haemophilus influenzae type b



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 11. . 11

K antigenK antigen CapsularCapsular polysaccharidepolysaccharide; CPS; CPS

Official Official numbernumber is 101is 101

ActualActual numbernumber is 60is 60

i. e. i. e. IF IF groupedgrouped by by backbonebackbone polysaccharidepolysaccharide
structurestructure

NOTE: NOTE: TheThe B antigens B antigens areare obsolete!obsolete!



Escherichia coliEscherichia coli KK--determination determination withwith phagephage crosscross--brushbrush

10 10 µµl l ofof phagephage suspensionsuspension

Negative Negative reactionsreactions

*)*) Positive Positive controlcontrol strainsstrains::
Original No.Original No. SerotypeSerotype

K1K1 U 9U 9--4141 O2:K1:H4O2:K1:H4
K5K5 Bi8337Bi8337--4141 O10:K5:H4O10:K5:H4

Positive Positive controlcontrol**Positive Positive controlcontrol**

BacterialBacterial cultureculture 11
BacterialBacterial cultureculture 22
BacterialBacterial cultureculture 33
BacterialBacterial cultureculture 44
BacterialBacterial cultureculture 55
BacterialBacterial cultureculture 66

IncubationIncubation for 4 for 4 hourshours

BacterialBacterial cultureculture 11
BacterialBacterial cultureculture 22
BacterialBacterial cultureculture 33
BacterialBacterial cultureculture 44
BacterialBacterial cultureculture 55
BacterialBacterial cultureculture 66

Positive Positive controlcontrol**

Positive Positive reactionsreactions



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 13. . 13

H antigenH antigen FlagellaFlagella, protein , protein structurestructure

Official Official numbernumber is 56is 56

ActualActual numbernumber is 53is 53

RemovedRemoved: : H13H13
H22H22
H50H50 (= H10) (= H10) 



Serotyping Serotyping ofof E. coliE. coli todaytoday . . 14. . 14

H antigenH antigen FlagellaFlagella, protein , protein structurestructure

AfterAfter passage in semipassage in semi--
solid agar solid agar itit isis
importantimportant to to maintainmaintain
motilitymotility in a rollingin a rolling
brothbroth!!
6 6 hourshours at 37at 37ººCC



Typing of pathogenic E. coli
strains using flagellar (H)-

antigens: serotyping vs fliC-
polymorphisms

TypingTyping of of pathogenicpathogenic E. coliE. coli
strainsstrains usingusing flagellarflagellar ((H)H)--

antigensantigens: serotyping : serotyping vsvs fliCfliC--
polymorphismspolymorphisms
Rita Prager, Ute Strutz, 

Angelika Fruth and H. Tschäpe
Rita Prager, Ute Rita Prager, Ute StrutzStrutz, , 

Angelika Angelika FruthFruth and H. and H. TschTschääpepe



PCR-products derived from
the

fliC-gene PCR using
different primers

PCRPCR--productsproducts derivedderived fromfrom
thethe

fliCfliC--genegene PCR PCR usingusing
different different primersprimers

1        2       3       4       5       S      6       7       1        2       3       4       5       S      6       7       8       9      S8       9      S

20002000
15001500

10001000

((bpbp))

500500
700700

laneslanes::

11 O7:H4O7:H4 fliCfliC--FF
22 O15:H9O15:H9 fliCfliC--FF
33 O92:H33O92:H33 fliCfliC--FF
44 O8:H19O8:H19 fliCfliC--FF
55 O164:HO164:H-- fliCfliC--FF
66 O157:H12O157:H12 fliCfliC--MM
77 O118:H16O118:H16 fliCfliC--MM
88 O111:H2O111:H2 fliCfliC--MM
99 O7:H4O7:H4 fliCfliC--MM
S S molecularmolecular standardstandard



20002000

10001000
700700

1    2   3   4   5   6    7  8   9  10 11 12 13 14 15 16 17 18 11    2   3   4   5   6    7  8   9  10 11 12 13 14 15 16 17 18 19 9 

300300

200200

100100

((bpbp))

Some RsaI restriction profiles
of amplified fliC-genes

according to Fields et al

SomeSome RsaRsaII restrictionrestriction profilesprofiles
of of amplifiedamplified fliCfliC--genesgenes

accordingaccording to Fields to Fields et alet al
laneslanes:: fliCfliC--RFLPRFLP typetype
22 O26:H11O26:H11 11
33 O157:H7O157:H7 22
44 O156:H9O156:H9 22--11
55 O157:H45O157:H45 33
66 O157:H12O157:H12 44
77 O91:H14O91:H14 55
88 O46:H21O46:H21 66
99 O128:H2O128:H2 77
1111 O118:H16O118:H16 88
1212 Ont:HOnt:H-- 88--11
1313 O22:H8O22:H8 99
1414 O115:H16O115:H16 1010
1515 O126:HO126:H-- 1111
1616 O164:HO164:H-- 1212
1717 O76:H19O76:H19 1313
1818 O121:H19O121:H19 1313--11
1, 10, 19 = 1, 10, 19 = molecularmolecular standardstandard



Summary of fliC(F) restriction pattern
and their genetic distance

SummarySummary of of flifliCC(F(F)) restrictionrestriction patternpattern
and and theirtheir geneticgenetic distancedistance

fli
C

fli
C -

- FF
ty

pe
ty

pe

2727 88 5757 3535 3838 3838 6161 4040 2323 3737
1616

-- 11 1616 4343 2121 5858 77 2929 3939 4949 6767 5555 4545 2020 1515 6161 4646
1919

-- 11 6464 5151 4545 3030 22 2424 1212 5656 2727 1111 3232 2626 6060 4242 1010 5959 6666 1818 3131 3636 99
66 --

11 66 2525 55 2828 1919 1414 6262
2828

-- 11 4141 3434 44 4444 3333 5252 6565



Diagram Diagram fliCfliC

VV C2C2C1C1

540540 1755175514141414

FF

R1+R2R1+R2
PCRPCR
SequenceSequence
primerprimer

SequenceSequence
UpUp to to 
800 bp800 bp

450 bp450 bp



Nucleotide Substitutions (x100)
0

52.6
1020304050

Test H9
Test H19

Test H26
Test H20
Test H46

Test H15
Test H30
Test H32

Test H37
Test H41
Test H14

Test H31
Test H28

Test H23
Test H51

Test H7
Test H1

Test H12
Test H45

Test H18
Test H6
Test H34

Test H33
Test H39

Test H42
Test H5

Test H56
Test H38
Test H55

Test H29
Test H25

Test H17
Test H4

Test H52
Test H10

Test H43
Test H48

Test H24
Test H21
Test H47
Test H27

Test H8
Test H40

Test H11
Test H35

Test H2
Test H3
Test H16

E. coliE. coli test test strainsstrains

DENDROGRAMDENDROGRAM

basedbased onon partialpartial sequencingsequencing
ofof 450 bp in 450 bp in thethe central central 
variable region variable region ofof fliCfliC



Comparison of partial Comparison of partial fliCfliC molecular molecular 
typing with previous studiestyping with previous studies

phenotype Genotypes

Antigen
H1
H3
H17
H35
H36
H40
H44
H47
H53
H54
H55

fliC (F)
12
16

n.a.
35
37
40
44

16-1
n.a.
n.a.
55

fliC (M)
12-1
16
17
35
71
8-2
17

47a
53
54
55

Partial fliC c
1/12/16

16
4
11

n.a.d
40

2 Bands e/38 
21/11/12/2

n.a.f
n.a./10/11

38

RFLP a
Entire fliC b

1
16
4
11

n.a. 
8
4
21

n.a.
21
38

Sequencing

n.a. no PCR amplification; a Typing of fliC by Restriction Fragment Length Polymorphism 
by Prager et al.; b Sequences obtained by Wang et al.; c This study; d Four strains tested;
e Two strains tested; f Three strains tested



NonNon--O157 VTEC O157 VTEC causingcausing outbreaksoutbreaks

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



•• LTLT heatheat--labile labile toxintoxin
•• STSTpp heatheat--stable stable toxintoxin ((porcineporcine))
•• STSThh heatheat--stable stable toxintoxin (human)(human)
•• CFACFA colonizationcolonization factorsfactors
•• invinv enteroinvasive enteroinvasive E. coliE. coli
•• ipaHipaH invasion invasion plasmidplasmid antigenantigen
•• saasaa STEC STEC autoagglutinatingautoagglutinating

adhesinadhesin
•• EAggEAgg aggregativeaggregative adherenceadherence
•• DADA diffuse diffuse adherenceadherence
•• lpflpf LongLong Polar Polar FimbriaeFimbriae
•• cnfcnf Cytotoxin Cytotoxin necrotisingnecrotising factorfactor

•• EAFEAF EPEC EPEC adherenceadherence
factorfactor

•• bfpbfpAA BundleBundle formingforming piluspilus
•• LEELEE locuslocus for for enterocyteenterocyte

effacementeffacement genesgenes
•• eaeeae attachingattaching and and effacingeffacing
•• ehxehxAA enterohaemolysinenterohaemolysin
•• hlyhlyAA haemolysinhaemolysin
•• astastAA EAST1EAST1
•• chuchuAA OMP OMP ironiron uptakeuptake
•• vtxvtx11 verocytotoxin 1verocytotoxin 1
•• vtxvtx22 verocytotoxin 2verocytotoxin 2

VIRULENCE FACTORS IN VIRULENCE FACTORS IN E. coliE. coli
-- onon chromosomechromosome (Pathogenicity Islands)(Pathogenicity Islands)

-- plasmidsplasmids, , transposonstransposons & & phagesphages



GENE SUBGENE SUB--TYPINGTYPING
SpecificSpecific PCRPCR
RFLP: RFLP: restrictionrestriction fragment fragment lengthlength polymorphismpolymorphism
SequencingSequencing

eg eg fliCfliC
vtxvtx



DNA TYPING DNA TYPING oror FINGERPRINTINGFINGERPRINTING
•• PFGE:PFGE: PulsedPulsed Field Gel Field Gel ElectrophoresisElectrophoresis
•• RiboPrintingRiboPrinting: : AutomatedAutomated rRNArRNA typingtyping
•• RAPD: RAPD: RandomRandom AmplifiedAmplified PolymorphicPolymorphic DNADNA
•• BoxBox--ERICERIC:: EnterobacterialEnterobacterial RepetitiveRepetitive IntergenicIntergenic

ConsensusConsensus sequencesequence
•• RepRep--PCRPCR:: RepetitiveRepetitive ExtragenicExtragenic PalindromicPalindromic

sequencesequence PCRPCR
•• VNTR:VNTR: Variable Variable NumberNumber ofof Tandem Tandem RepeatsRepeats
•• MLVA:MLVA: MMultipleultiple--llocusocus vvariable ariable numbernumber ofof

tandem tandem repeatsrepeats AAnalysisnalysis
•• MLST: MLST: MultiMulti--locuslocus SequenceSequence TypingTyping
•• SSR: SSR: Simple Simple SequenceSequence RepeatsRepeats

PolymophismPolymophism
•• Variation at Variation at MononucleotideMononucleotide RepeatRepeat LociLoci





PFGE types PFGE types ofof Danish O157Danish O157

•0

•1

•2

•3

•4

•5

•6

•7

•8

•9

•mar •apr •maj •jun •jul •aug •sep •okt •nov •dec •jan •feb •mar •apr •maj •jun •jul

•2003 •2004

•EXHX01.0032
•EXHX01.0020
•EXHX01.0003
•EXHX01.0005
•EXHX01.0017
•EXHX01.0016
•EXHX01.0015
•EXHX01.0006
•EXHX01.0012
•EXHX01.0001
•EXHX01.0010
•EXHX01.0009
•EXHX01.0033
•EXHX01.0007
•EXHX01.0008
•EXHX01.0013
•EXHX01.0004
•EXHX01.0018
•EXHX01.0019
•EXHX01.0002
•EXHX01.0011

•County •(Alle)

•Antal

•År •Date of isolation

•PFGE type

PFGE-profiles within O group O157 (21 profiles, 55 isolates)



PFGE PFGE profilesprofiles ofof farmfarm--relatedrelated
VTEC VTEC isolatesisolates

Pearson correlation (Opt:1.00%) [0.0%-98.3%]
PFGE-XbaI
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Multiple Locus Variable number Multiple Locus Variable number 
repeats Analysis (MLVA)repeats Analysis (MLVA)

RepetetiveRepetetive DNA sequencesDNA sequences

Linked to modulation of gene expression in bacteriaLinked to modulation of gene expression in bacteria
From 1bp repeatsFrom 1bp repeats
Number of repeat units varies from strain to strain Number of repeat units varies from strain to strain 
because of because of mispairingmispairing during replication that results during replication that results 
in introduction or deletion of repeat unitsin introduction or deletion of repeat units
Areas where there is variation called Variable Number Areas where there is variation called Variable Number 
of Tandem Repeats (VNTR)of Tandem Repeats (VNTR)

Combined Combined analyseanalyse of several VNTR areas called MLVAof several VNTR areas called MLVA
MLVA developed for O157 using 7 VNTR areasMLVA developed for O157 using 7 VNTR areas
LindstedtLindstedt et alet al. 2003. 2003



Minimum Minimum spanningspanning treetree

AA

AB

ACAD

AE

AF

AG

AH

AI

AJ

AK

AL

AM

AN

AO

AP

AQ

AR

AS

AT

AU

AV

AW

AX

AY

AZ

A0

A1

A2

A3

A4

A5

A6

A7

A8

A9

BA

BB

BC

BD

BE

BF

BG
BH

BI

BJ

BK

BL

BM

BN

BO

BP

BQ

BR

BS

BT

BU

BV

BW

BX

BY

BZ

B0

B1

B2

B3

B4

B5

B6

B7

B8

B9

CA

CB

CC

CD

CE

CF

CG

CH

CI

CJ

CK

CL

CM

CN

CO

CP

CQ

CR

CS

CT

CU

CV

CW
CX

CY

CZ

C0

C1

C2

C3

C4

C5

C6

C7
C8

C9

DA

DB

DC

DD

DE

DF

DG



Vhec1 Vhec2

MLVA

Vhec4 Vhec5 Vhec6 Purification
1
1
2
2
3
3
4
4
5
5
6
6
1
1
2
2
2
3
3
3
4
4
4
5
5
5
6
6
6
7
7
8
8

A
B
A
B
A
B
A
B
A
B
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PFGE XbaI

Patient 1

Vhec3

Patient 2

Vhec7 Isolate#
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4
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PFGE and MLVA results from siblings involved in the milk associated O157:H- outbreak
MLVA types that differ from the epi-type are indicated with colours.
PFGE types that differ are shown with coloured numbers.



PFGE and MLVA results for five isolates from one patient with an O157:H7 infection.
Different MLVA alleles are shown in colours
PFGE types are shown in coloured numbers
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NomenclatureNomenclature ofof
VerocytotoxinsVerocytotoxins

vtxvtx’’ss

&&
VTECVTEC



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--subunitssubunits

MainMain groupsgroups

AA11 AA22 BBSPSP SPSP



114114
vtx1vtx1 genesgenes 408408

vtx2vtx2 genesgenes



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-Ount
stx2d-O111

stx2g
stx2f

vtx1vtx1cc
vtx1dvtx1d

A1 A2 BBSP SP



vtx2a-O157-EDL933

vtx2c-O157-E32511

vtx2d-O91-b-B2F1

vtx2d-O91-a-B2F1

vtx2b-O118-EH250

vtx2b-O111-PH

vtx2g-O2-7v

vtx2e-O139-412

vtx2f-O128-H.I.8
Stx1a-S. dysenteriae-3818T

vtx1b-O157-EDL933

slt-IIv or e

Stx
slt-1 or VT1

slt-2 or VT2

stx2c or VT2v

stx2vha and vtx2d2

stx2d-Ount
stx2d-O111

stx2g

stx2f

vtx1c-O174-DG131-3
vtx1d-ONT-MHI813

A1 A2 BBSP SP



stx1a-S. dysenteriae-3818T

stx1a-S. sonnei-CB7888

vtx1b-O111-PH

vtx1b-O157-EDL933

vtx1b-O48-94C

vtx1b-O111-CB168

vtx1d-ONT-MHI813

vtx1c-O174-DG131-3

8 vtx18 vtx1 variant designationsvariant designations



vtx2a-O48-94C
vtx2a-O26-126814

vtx2a-O157-SF
vtx2a-O157-EDL933

vtx2a-O26-FD930

vtx2c-O157-FLY16
vtx2c-O157-469
vtx2c-O157-C394-03

vtx2c-O157-E32511
vtx2c-O174-b-031

vtx2d-O8-C466-01B
vtx2d-O91-b-B2F1

vtx2d-O157-7279
vtx2d-O91-a-B2F1
vtx2d-O174-EC1720a
vtx2d-O6-NV206
vtx2d-O73-C165-02

vtx2b-O96-S-6
vtx2b-O111-S-3

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

vtx2b-O16-6451-98
vtx2g-O2-7v
vtx2g-O2-S86
vtx2g-Out-S-8

vtx2e-O139-412
vtx2e-O101-E-D43

vtx2e-O22-3615-99
vtx2f-O128-H.I.8

vtx2a-E cloacae-95MV2

vtx2b-O22-3143-97
vtx2b-ONT-5293-98

vtx2b-O118-EH250

34 34 vtx2vtx2 variant variant 
designationsdesignations

vtx2d-C fre
undii-L

M76

vtx2a

vtx2c

vtx2d

vtx2b

vtx2e

vtx2g

vtx2f



+ + MajorityMajority

300300 310310 320320

EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--O48O48--94C94C
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--O157O157--SFSF
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--O26O26--126814126814
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--O157O157--EDL933EDL933
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--O26O26--FD930FD930
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2avtx2a--E cloacaeE cloacae--95MV295MV2
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2cvtx2c--O157O157--E32511E32511
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2cvtx2c--O157O157--C394C394--0303
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2cvtx2c--O157O157--FLY16FLY16
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2cvtx2c--O157O157--469469
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ FF LL YY TT TT GG KK838838 vtx2cvtx2c--O174O174--bb--031031
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O91O91--aa--B2F1B2F1
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O91O91--bb--B2F1B2F1
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O157O157--72797279
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE841841 vtx2dvtx2d--C freundiiC freundii--LM76LM76
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O174O174--EC1720aEC1720a
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O6O6--NV206NV206
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O8O8--C466C466--01B01B
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2dvtx2d--O73O73--C165C165--0202
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O118O118--EH250EH250
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O22O22--31433143--9797
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--ONTONT--52935293--9898
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O96O96--SS--66
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O111O111--SS--33
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O111O111--PHPH
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O174O174--aa--031031
EE SS NN TT AA AA AA FF LL NN RR RR AA HH SS LL NN TT SS GG EE838838 vtx2bvtx2b--O16O16--64516451--9898
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2gvtx2g--O2O2--7v7v
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2gvtx2g--OutOut--SS--88
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2gvtx2g--O2O2--S86S86
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2evtx2e--O139O139--412412
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ SS LL YY TT TT GG EE838838 vtx2evtx2e--O101O101--EE--D43D43
EE SS NN TT AA AA AA FF LL NN RR KK SS QQ PP LL YY TT TT GG EE838838 vtx2evtx2e--O22O22--36153615--9999
EE AA NN TT II AA AA LL LL NN RR KK PP QQ DD LL TT EE PP NN QQ838838 vtx2fvtx2f--O128O128--HH--I.8I.8

vtx2d
Activatable tail



vtx2a-O48-94C

vtx2a-O26-126814

vtx2a-O157-SF

vtx2vtx2a variant designationsa variant designations

O157O157-- SorbitolSorbitol fermentingfermenting

NonNon--O157 VTECO157 VTEC

If nucleotide sequence is used:
vtx2a-O157-SF (ns)
vtx2a-O48-94C (ns)
for nucleotide sequence



SerotypeSerotype vtx1vtx1 32 laboratories32 laboratories

O38:H26O38:H26 vtx1vtx1cc 2 negative2 negative
O128ab:H2O128ab:H2 vtx1vtx1cc 1 1 neagtiveneagtive
O154:H31O154:H31 vtx1vtx1dd 9 negative9 negative
O157:H7O157:H7 vtx1 vtx1 negativenegative 1 positive1 positive
O145:H4O145:H4 vtx1 vtx1 negativenegative 1 positive1 positive
O113:H4O113:H4 vtx1 vtx1 negativenegative 2 positive2 positive

2006 2006 EnterEnter--netnet ringtrialringtrial resultsresults



SerotypeSerotype vtx2vtx2 32 laboratories32 laboratories

O103:H25O103:H25 vtx2vtx2aa--O157O157--EDL933EDL933 5 negative5 negative
O38:H26O38:H26 vtx2vtx2bb--O111O111--PHPH 5 negative5 negative
O128ab:H2O128ab:H2 vtx2vtx2bb--O111O111--PH PH 3 negative3 negative

vtx2vtx2bb--O118O118--EH250EH250 3 negative3 negative
O154:H31O154:H31 vtx2vtx2 negativenegative 4 positive4 positive
O157:H7O157:H7 vtx2vtx2aa--O157O157--EDL933EDL933 4 negative4 negative

vtx2vtx2cc--O157O157--FLY16FLY16
O145:H4O145:H4 vtx2vtx2aa--O48O48--94C94C 4 negative4 negative
O113:H4O113:H4 vtx2vtx2dd--O157O157--72797279 7 negative7 negative
O51:H49O51:H49 vtx2vtx2ee--ONTONT--2672526725--9797 7 negative7 negative

2006 2006 EnterEnter--netnet ringtrialringtrial resultsresults



vtx2A vtx2A vtx2B vtx2B 

vtx2vtx2 subtypingsubtyping

PCRPCR
++

RFLPRFLP

PCRPCR
++

sequencingsequencing

620 620 bpbp fragmentfragment

Søren Persson’s Ph.D.

491 491 nucleotidenucleotide sequencessequences translatedtranslated intointo
aminoacidsaminoacids werewere usedused for for comparisoncomparison and and 
phylogenetic phylogenetic treestrees

95 AA95 AA 64 AA64 AA

vtx2A vtx2A vtx2B vtx2B vtx2A vtx2A 

VT2B VT2B VT2A VT2A 
225225



Phylogenetic tree of Phylogenetic tree of vtxvtx2 subgroups 2 subgroups 
found in Danish patientsfound in Danish patients byby

alignmentalignment ofof thethe 159 159 aaaa (491 (491 bpbp) fragment) fragment
vtx2a

vtx2c

vtx2d

vtx2b

vtx2e

vtx2g

Søren Persson’s Ph.D.

95 amino acids of 
C-terminal part of 
subunit A
64 amino acids of 
the N-terminal 
part of subunit B



TheThe 12 12 vtx2 vtx2 genes genes foundfound in in 
Danish patientsDanish patients

vtx2avtx2a

vtx2cvtx2c

vtx2dvtx2d

vtx2evtx2e

vtx2gvtx2g

vtx2bvtx2b

vtx2vtx2aa--O48O48--94C94C
vtx2vtx2aa--O157O157--EDL933EDL933

vtx2cvtx2c--O157O157--FLY16FLY16

vtx2dvtx2d--O8O8--C466C466--01B01B
vtx2dvtx2d--O157O157--72797279

vtx2vtx2ee--ONTONT--2672526725--9797
vtx2gvtx2g--O2O2--7v7v

vtx2bvtx2b--O118O118--EH250EH250
0.010.01

B1 (I)B1 (I)

C (IV)C (IV)

IIII

B2 (III)B2 (III)

vtx2cvtx2c--O157O157--C394C394--0303

vtx2dvtx2d--O73O73--C165C165--0202

vtx2evtx2e--O101O101--E43E43

vtx2bvtx2b--O111O111--PHPH

Søren Persson’s Ph.D.

New variantsNew variants

FirstFirst time in time in humanshumans



PrevalencePrevalence ofof vtx1vtx1 subtypessubtypes & & 
vtx2vtx2 variants in 102  O157variants in 102  O157

vtx1vtx1b + b + vtx2vtx2cc--O157O157--FLY16FLY16 2727
vtx1vtx1b + b + vtx2vtx2cc--O157O157--C394C394--0303 1414
vtx1vtx1b + b + vtx2vtx2aa--O157O157--EDL933EDL933 11
vtx1vtx1c + c + vtx2vtx2cc--O157O157--FLY16FLY16 11

vtx2vtx2aa--O157O157--EDL933 + EDL933 + vtx2vtx2cc--O157O157--FLY16FLY16 2323
vtx2vtx2aa--O157O157--EDL933EDL933 1717
vtx2vtx2cc--O157O157--FLY16FLY16 1818
vtx2vtx2aa--O157O157--SF + SF + vtx2vtx2cc--O157O157--FLY16FLY16 11



PrevalencePrevalence ofof vtx1vtx1 subtypessubtypes & & vtx2vtx2
variants in 183 variants in 183 eae eae positive nonpositive non--O157O157

vtx1vtx1bb 129129
vtx2vtx2aa--O48O48--94C94C 2020
vtx2vtx2aa--O157O157--EDL933EDL933 1616
vtx1vtx1b + b + vtx2vtx2aa--O48O48--94C94C 55
vtx1vtx1b + b + vtx2vtx2aa--O157O157--EDL933EDL933 33
vtx2vtx2cc--O157O157--FLY16FLY16 33
vtx2vtx2aa--O157O157--EDL933 +EDL933 + vtx2cvtx2c--O157O157--FLY16FLY16 22
vtx1vtx1cc 11
vtx1vtx1dd 11
vtx2vtx2dd--O8O8--C466C466--01B01B 11
vtx2vtx2ee--ONTONT--2672526725--9797 11
vtx2gvtx2g--O2O2--7v 7v 11



PrevalencePrevalence ofof vtx1vtx1 subtypessubtypes & & vtx2vtx2
variants in 144 variants in 144 eaeeae negative nonnegative non--O157O157

vtx1vtx1bb 3232
vtx2vtx2bb--O111O111--PHPH 1818
vtx1vtx1c c 1717
vtx1vtx1c + c + vtx2vtx2bb--O118O118--EH250EH250 1515
vtx1vtx1b + b + vtx2vtx2bb--O118O118--EH250EH250 1010
vtx1vtx1c + c + vtx2vtx2bb--O111O111--PHPH 88
vtx1vtx1dd 66
vtx1vtx1b + b + vtx2vtx2bb--O111O111--PHPH 55
vtx2vtx2aa--O48O48--94C94C 44
vtx1vtx1c + c + vtx2vtx2bb--O111O111--PH + PH + vtx2vtx2bb--O118O118--EH250EH250 44
vtx2vtx2cc--O157O157--FLY16FLY16 44
vtx2vtx2dd--O157O157--7279 7279 33
vtx1vtx1b + b + vtx2vtx2bb--O118O118--EH250 + EH250 + vtx2vtx2bb--O111O111--PHPH 22
vtx2vtx2ee--ONTONT--2672526725--9797 22

vtx1vtx1b + b + vtx2vtx2dd--O157O157--72797279 11
vtx1vtx1b + b + vtx2vtx2cc--O157O157--FLY16FLY16 11
vtx1vtx1b + b + vtx2vtx2aa--O48O48--94C94C 11
vtx1vtx1b + b + vtx2vtx2aa--O48 + O48 + vtx2vtx2bb--O111O111--PHPH 11
vtx1vtx1c + c + vtx2vtx2aa--O157O157--EDL933 + EDL933 + vtx2vtx2--O118O118--
EH350EH350 11
vtx2vtx2aa--O48O48--94C + 94C + vtx2vtx2dd--O157O157--72797279 11
vtx2vtx2ee--O101O101--EE--D43D43 11
vtx2vtx2bb--O118O118--EH250EH250 11
vtx2vtx2bb--O111O111--PH + PH + vtx2vtx2bb--O118O118--EH250 EH250 11
vtx2vtx2cc--O157O157--FLY16 + FLY16 + vtx2vtx2dd--O8O8--C46601BC46601B 11
vtx2vtx2dd--O73O73--C165C165--0202 11
vtx2vtx2aa--O48O48--94C94C + vtx2vtx2dd--O8O8--C466C466--01B01B 11

vtx2vtx2dd--O8O8--C466C466--01B01B 11
vtx2vtx2gg--O2O2--7v7v 11



AttackAttack rate rate ofof vtx2vtx2 variants variants 
associatedassociated withwith HUSHUS

O157O157
vtx2vtx2aa--O157O157--EDL933 + EDL933 + vtx2vtx2cc--O157O157--FLY16FLY16 6/236/23 26%26%
vtx2vtx2aa--O157O157--EDL933EDL933 3/173/17 18%18%
vtx2vtx2cc--O157O157--FLY16FLY16 1/181/18 6%6%
vtx2vtx2aa--O157O157--SF + SF + vtx2vtx2cc--O157O157--FLY16FLY16 1/11/1 --
NonNon--O157O157
vtx2vtx2aa--O48O48--94C94C 6/206/20 30%30%
vtx1vtx1b + b + vtx2vtx2aa--O157O157--EDL933EDL933 1/31/3 --
vtx2vtx2aa--O157O157--EDL933 +EDL933 + vtx2cvtx2c--O157O157--FLY16FLY16 1/21/2 --
vtx1vtx1b + b + vtx2vtx2aa--O48O48--94C94C 1/51/5 20%20%
vtx1vtx1bb 1/1291/129 0.8%0.8%



V irulenceprofi le of 101 Danish eae negative non-O157 
V TEC and clinical manifestation

0%

20%

40%

60%

80%

100%

vtx1 vtx1c vtx2-
O111-

PH

vtx1 +
vtx2-
O118

vtx1c +
vtx2-
O118

vtx1c +
vtx2-
O111-

PH

vtx1d vtx1 +
vtx2-
O111-

PH

O ther

D

PD

BD

PBD

Other: Asymptomatic carriers and nonOther: Asymptomatic carriers and non--diarrhoeal symptomsdiarrhoeal symptoms
D: DiarrhoeaD: Diarrhoea
PD: Persistent diarrhoea (more than 2 weeks)PD: Persistent diarrhoea (more than 2 weeks)
BD: Bloody diarrhoeaBD: Bloody diarrhoea
PBD: Persistent bloody diarrhoea (more than 2 weeks)PBD: Persistent bloody diarrhoea (more than 2 weeks)



ConclusionsConclusions
ThereThere is is nono definitive definitive typingtyping methodmethod for VTECfor VTEC

Standard Standard methodsmethods::
O O groupinggrouping
O:H serotypingO:H serotyping
ViruloVirulo--typingtyping
SeroSero--pathovarpathovar typingtyping
PFGEPFGE
MLVAMLVA

AreAre thesethese adequateadequate??



ConclusionsConclusions
SubtypingSubtyping ofof vtx2vtx2 genes has genes has shownshown thatthat::

TwoTwo vtx2vtx2aa variants variants associatedassociated withwith HUS:HUS:

vtx2vtx2aa--O157O157--EDL933EDL933 (&(& vtx2vtx2--O157O157--FLY16)FLY16) in NSF O157in NSF O157
vtx2vtx2aa--O157O157--SFSF in SF O157in SF O157
vtx2vtx2aa--O48O48--94C94C in in NonNon--O157O157

New New ParadigmParadigm::
MayMay VTEC VTEC bebe categorisedcategorised differentlydifferently??
ShouldShould preventionprevention and and controlcontrol focusfocus onon thethe
reservoir(sreservoir(s) and transmission ) and transmission ofof thesethese
particularparticular vtx2vtx2a a subtypessubtypes??



ConclusionsConclusions
CertainCertain virulencevirulence ””CocktailsCocktails”” includingincluding eaeeae positive positive oror
negative, and negative, and vtx vtx subtypessubtypes/variants /variants seemseem to to bebe associatedassociated
withwith specificspecific clinicalclinical manifestations manifestations 

ShouldShould management and management and treatmenttreatment bebe adjustedadjusted
accordingaccording to to virulencevirulence cocktail?cocktail?

HowHow is is detectiondetection and and surveillancesurveillance scewedscewed by by thethe
lacklack ofof specificspecific detectiondetection and and typingtyping ofof variants?variants?



Is EHEC obsolete?Is EHEC obsolete?
Wide clinical spectrum regardless of serotypeWide clinical spectrum regardless of serotype
Evident in personEvident in person--toto--person transmissionperson transmission
There is increasing evidence that even within the There is increasing evidence that even within the 
same serotype, O157:H7/NM included, there are same serotype, O157:H7/NM included, there are 
differences in the clinical outcome. This seems to be differences in the clinical outcome. This seems to be 
much closer related to the virulence profile than to much closer related to the virulence profile than to 
the serotype.the serotype.
Animals will often carry types that have been Animals will often carry types that have been 
referred to as EHEC without any clinical symptoms. referred to as EHEC without any clinical symptoms. 
The clinical course of disease is therefore host The clinical course of disease is therefore host 
associated and the term EHEC misleading. associated and the term EHEC misleading. 
Furthermore, there is no internationally accepted Furthermore, there is no internationally accepted 
definition of EHEC and it is therefore used very definition of EHEC and it is therefore used very 
differently in many countriesdifferently in many countries



1.1. HUS inducing and outbreak associated VTEC (HI/OA VTEC/STEC)HUS inducing and outbreak associated VTEC (HI/OA VTEC/STEC)

-- eaeeae and and vtx2vtx2aa
-- eaeeae negative and negative and vtx2vtx2d (d (activatableactivatable))
-- eaeeae and and vtx1vtx1 in this group are less common but O103:H2, O111:[H8],in this group are less common but O103:H2, O111:[H8],
O115:H10, O118:H16, O145:[H28], O26:H11, O2:H44, O5:NM, O18:NM,O115:H10, O118:H16, O145:[H28], O26:H11, O2:H44, O5:NM, O18:NM,
O55:H? and O91:NM have been associated with HUS. We have publishO55:H? and O91:NM have been associated with HUS. We have publisheded
Significant HUSSignificant HUS--inducing capacity plus significant epidemic outbreak inducing capacity plus significant epidemic outbreak 
potential or capacitypotential or capacity

2. 2. HUS inducing, NOT outbreak associated (HI VTEC/STEC)HUS inducing, NOT outbreak associated (HI VTEC/STEC)
VTEC with significant HUSVTEC with significant HUS--inducing, but low epidemic inducing capacity! inducing, but low epidemic inducing capacity! 
No outbreaks detected with these many heterogeneous types.No outbreaks detected with these many heterogeneous types.

3.3. Diarrhoea inducing (in humans!) VTEC (DI VTEC/STEC)Diarrhoea inducing (in humans!) VTEC (DI VTEC/STEC)
Many different virulence profiles and by far dominated by Many different virulence profiles and by far dominated by vtx1vtx1 strains. strains. 
There is no one common denominator for this group except the capThere is no one common denominator for this group except the capacity to acity to 
produce VT and observations of clinical cases of diarrhoea in huproduce VT and observations of clinical cases of diarrhoea in humans.mans.

4.4. AnimalAnimal--associated VTEC (AA VTEC/STEC)associated VTEC (AA VTEC/STEC)
VTEC that are widely spread out and exclusively found in the aniVTEC that are widely spread out and exclusively found in the animal mal 
reservoir; yet they don't show up in human cases. Seems to be threservoir; yet they don't show up in human cases. Seems to be their eir 
natural habitat.natural habitat.

New New nomenclaturenomenclature
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