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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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Figure 1. Number of enterohemorrhagic Escherichia coli O80:H2 ] _ o _ _ _ o
Figure 2. Regional 10-year cumulative incidence rates of hemolyfic uremic syndrome cases caused by enterohemorrhagic Escherichia

strains detected annually, France, January 2005—0ctober 2014. coli serotypes O157:HT and OB0:H2, France, January 2005-October 2014. A) Serotype O157:H7. B) Serotype O80:H2. White, <0.5
cases/100,000 children; light gray shading, 0.5-0.7 cases/100,000 children; medium gray shading, 0.8-0.9 cases/100,000 children; dark
gray shading, 1-2 cases/100,000 children; black, =2 cases/100,000 children.

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



Karakteristik af 57 STEC-ExPEC 0O80:H2

69% combination af stx2 subtyper:
stx2c/2d (62%o)

stx2a/2d (7%o)

31% kun en subtype:

stx2a (22%)

stx2d (9%o)

Alle eae-§

87% enterohemolysin ehxA

Alle 57 isolater: >4 gener fra pS88 plasmidet: sitA, cia, hlyF, ompT
98%b i1ss og IroN genes

96% cvaA gene

61% 1ucC og etsC



PS88 plasmidet
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FIG. 1. Circular representation of the Fschenichia coli strain SS£ plasmid (pSS8). Circles display (from the outssde) (1) GC percent deviation
(GC window — mean GC) in a 1,000-bp window, (ii) predicted ORFs transcribed in the clockwise direction. (i) predicted ORFs transcribed in
the counterclockwise direction, (iv) GC skew (G + C/G — C) in a 1,000-bp window. (v) transposable clements (pink), and (vi) coordinates in
kilobase pairs (kbp) from the origin of replication. Genes displayed in circles # and 11 are categornized by color as follows: red, iron uptake systems;
orange, other putative virulence factors; yellow, bacteriocin production and immunity; pink, mobile genetic clements; dark blue, plasmid transfer;
green, plasmid replication; teal. plasmid maintenance; gray, unknown.
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Table 1
Characteristics, conventional virulence gemnes, extraintestinal pathogenic Escherichio coll plasmid pS88-related genes and extended-spectrum f-lactamase produdion of the
studied Belgian E cobf O80:H2

Strain Source  Year  Fatient characerstcs”® Virulence gemnes pS88 related gemes ESBL"

Sex Ape Prov. HUS Gl £ix eae  ehxA da owed el etsC hlyF o froN  iss fuel ompTp  sifA

EH1752 Human 2008 F 1y FB M D stadd  eaef + + 4+ + + + + + + +

EH 1763 2008 F T2y UMK N [ stx2d  eaef + - - + + + + + +

EH 2262 23 F 49y FB M [ stEda eael = - - + + + + + + +

EH 2400 2004 F 61y WEF M [ stx2d  eaef + - - + + + + + + +
EH2436 2004 F TBY WE UNK UMK sixd eoef - - + + + + + + +
FHJ—!SJI-‘J 2M5 F Gy A | B stxla  eaef + - = + +
EH 26443 20015 F 1Tm WEB y [ ste2d  eaef  + - - + + + + + + +
EH27E6 2006 F 2y BCR UNK UMK sixda  eaef + - - + + + + +

EH 2808 20016 F Bly M y UME stxd  eaef + - - + + + + + + +

FhV 36819_3*  Calf 1987 UNK 25m WEB ME [ stxla  eaef + - - + + + + +

FMOV 36819 5% 1987 UNKE 25m WB [ stxla  eaet -

ARSIA 22 2009 UMK UMK L [ ! eael  + - - + + + + +
ARSIA 23 2008 UNE UMK M [ | eaet  + - + + + + +
ARSIA 54 2000 M 1 m Lu [ ! eael  + - - + + + + + + +
ARSIA 150 2m2 M 6am L [ | eaet  + - - + + + + +
ARSLA 212 20013 F 45m L [ ! eael  + - - + + + +
ARSIA 3042 20Mm4 M 16d L [ ! eael  + - - + + + + +
ARSLA 3088 205 M 17d Lu [ | eaet  + - - + + + + +

# Srrains FMY 368493 and FMV 368195 originate from the same call,

B E, Female: M, malke; UNK, unknown: yr, years: m, months: d, days; Prov., Provinee of residence: FB, Flemish Brabant; WE, West Flan ders; WEB, Walloon Brabant; A, Antwerp;
BCR, Brussels Capital Region: N, Namur; L, Liége: Lu, Lusembourg; HUS, haemolytic uraemic syndrome ; N, no; UNK, unknown; ¥, yes; NE, not relevant; Gl gastrointestinal
symptoms; D, diarrhoea: UNK, unknown: BD, bloody diarrboea.

© ESBL, extended spectrum f-lactamase production.
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STEC-ExXPEC 080:H2 1 Danmark

080:H2 sex and age

<1 year 1-4years 5-9years 50-59years 60-69 years =>69 years
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Whole-Genome Characterization
and Strain Comparison of VT2f-
Producing Escherichia coli Causing
Hemolytic Uremic Syndrome

Laura Grande, Valeria Michelacci, Roslen Bondi, Federica Gigliucci, Eelco Franz, Mahdi Askari Badouei,
Sabine Schlager, Fabio Minelli, Rosangela Tozzoli, Alfrede Caprioli, Stefano Morabito

Table 2. Characteristics of VT2f-producing Escherichia coli investigated in a comparative analysis of the virulence profile of strains
isolated from humans with mild and severe disease and from the animal reservoir*

Source and Year Intimin

strain isolated Serotype Phylotype MLST LEE adf efatd cif nled nleB nleC Hiy katP espP  type

Human diarrhea
Ma56 2008 ONT:HG B2 STHA3 + + - + - + + - - - -2
M&5E 2008 O0125H6 B2 STHA3 + + - + - + - - - - -2
MB5S 2009 O113:HB B2 S5T121 + + - + - - - - - - o-2
MEE4 2011 Qo6 H7Y B2 ST28 + + - + + + - - - - B-2
MBE&5s 2011 D132:H34 B2 5TH82 + + - — - + + - - - B-2
Ma00 2012 O145H34 B2 S5T722 + + - - - + - - - - 1
BCW5711 2012 063 HE B2 S5TH83 + + - + + - + - - - o-2
BCW5746 2012 0O63:HE B2 S5THE3 + + - + - - + - - - o-2
BCW5743 2012 O63:HE B2 S5T583 + + - + - - + - - - o-2
BCW&aT39 2012 O63:HE B2 STHA3 + + - + - - + - - - o-2
BCWA717 2012 O63:H6 B2 STHA3 + + - + — - + — — — -2

Pigean
ED360 1947 O45:H2 B1i ST20 + + - + + + + - - - B
ED361 19497 o7 H2 Bi ST20 + + - + + + + - - - B
ED363 1997 D4:H2 B1 LMK + + - + + + + - - - B
ED366 19497 ONT:H2 B1i ST2685 + + - + + + + - - - B
ED369 19497 045 H2 B1 ST20 + + - + + + + - - - B
ED37T 1997 D4:H2 B1 LIME + + - + + + + - - - B
ED430 2000 O4hH2 B1 sST20 + + - + + + + - - - B
ED444 2000 O0128:H2 B1 ST20 + + - + + + + - - - B

HUS

M 0B0:H2 B ST3I01 + + + - o+ o+ o+ o+ - o+ =

EF4 3 C26:-H11 BE1 ST21 + + + + + + + - - B
EF476 2014 055 HS B1 ST301 + + + - + + + + - + £

*Human samiples were diamheal or fecal samples from HUS cases and pigecn samples were feces from asymptomatic birds. LEE, locus of enterocyte
effacement, MLST, multilocus sequence type: UNK, unknown; +, positive; —, negative.

2080 Emerging Infectious Diseases » www.cdc gowvieid « Vol. 22, No. 12, December 2016
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Molecular Characterization and
Comparative Genomics of Clinical
Hybrid Shiga Toxin-Producing and
Enterotoxigenic Escherichia coli
(STEC/ETEC) Strains in Sweden

Xiangning Bai'?, JiZhang?, Anoop Ambikan!, Cecilia Jernberg®, Ralf Ehricht®5,
Flemming Scheutz’, Yanwen Xiong? & Andreas Matussek’®3
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Duration
of stx Ageof
stx sta Sampling | Clinical shedding | patients

Strain | Serotype | subtype | subtype ST | year symptom | (day) (year)
SE572 | O187:H28 | stx2g stad, stas 200 2005 D 11 1
SE573 | O15:Hle | stx2g stad 325 | 2009 D, AR F le 56
SES74 | O36HI2 |stxza | S0 1399 | 2014 N 18 10
SE575 | O100:H30 | stx2e stal 993 | 2017 D — 32

Table 1. Characteristics of STEC/ETEC hybrid strains in this study. D: Diarrhea. AP: Abdominal pain. F: Fever.
N: No symptoms, individual was sampled due to contact tracing around an index case. -:

Unavailable.
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Hybrids of Shigatoxigenic and Enterotoxigenic Escherichia
coli (STEC/ETEC) Among Human and Animal Isolates in
Finland

0. Nyholm', S. Heinikainen?, 5. Pelkonen?, 5. Hallanvuo?, K. Haukka'* and A. Siitonen’

Table 1. STEC/ETEC hybrid strains in Finland

Anti-microbial

Strain number  Crigin kolation year  Serotype str;subtype  stx;subtype(s) eae  escV EHEC-hld  estla  astA  susceptibility®  Sorbitol  PGUA®
H57 218 THL/diarrhioea, age 7.3 years 20 C2:H2T e g + + + 5 +

FESE344 THL/asymptomatic, age 46.1 years 2010 Q2:HI7 SHa + + + 5 +

H53473 THLHUS, age 1.9 years 1997 0101 :H- L7r o + + + + 5 + +
FE102 738 Eviraf/bovine faeces 2002 D2:H27 1w o + + + R {5tr) +

FE102 800 Evirafbovine faeces 2002 02:H27 Sy 5Dy + + + R {5tr) +

FET102810 Evirafbovine faeces 1999 02:H2T Xz Sy + + + 5 +

FE102829 Evirafbovine faeces 2000 02:H2T SXzn Sy + + + 5 +

FE102837 Evira/bovine faeces 2003 O2:HZT SXzy SO0y + + + 5 +

FET102830 Evira/bovine faeces 2003 O2:H27 Xy Sy + + + 5 +

FE102 867 Evira/bovine faeces 20032 02:H27 SiXyy Shiay + + + g +

FE103622 Evirafbovine faeces 2003 02:H2T StXza + + + 5 +

FE102 804 Evirafbovine faeces 1999 02:H2T SXzn Sy + + + 5 +

FE103145 Evira/bovine faeces 1595 O2:H27 e e + + + 5 +

FET102865 Evira/bovine faeces 2003 O15:H1G g + + + 5 + +
FE102873 Evirasbovine faeces 1998 15 H1E g + + + 5 + +
FE102 868 Evirasbovine faeces 2003 O74:H28 Stz + + + 5 + +
FE102851 Evira/bovine faeces 1958 C116:H28 SN Sy + + 5 + +
FET102BE3 Evira/bovine faeces 2003 0128:H8 g + + -+ g + +
FE10Z 2841 Evira/bovine faeces 2003 0136:H12 Sy, S, + + + [{Sul) + +
FET102838 Evira/bovine faeces 2003 0136:H12 L o s o + + + 5 + +
FE103613 Evira/bovine faeces 1558 0136:H12 Sthya + + + 5 + +
FE102813 Evira/moose faeces 2000 0141 :H8 g + + + 5 + +
FE103623 Evira/bovine faeces 2003 C168:HE g + + + 5 + +
FET103612 Evira/bovine faeces 2000 Ox182:H16 SXzg + + 5 + +
FE103621 Evira/bovine faeces 2003 X182 :H- Sthya + + + 5 + +

%5 = Susceptible to tested 12 anti-microbials: ampicillin, chlommphenicol, streptomycin, sulphonamide, tetracycline, trimethoprim, ciprofioxacin, gentamicin, nalidixic acid, cefotaxime, mecillinam and
imipenem. R {5tr) = Resistance to streptomycin and susceptible to the other 11 anti-microbials. 1{5ul) = Intermediate suscepiibility to sulphonamide and susceptible to the other 11 anti-microbials.
*Production of B-glucuronidase.



Hybrid Shiga Toxin-Producing and Enterotoxigenic Escherichia sp.
Cryptic Lineage 1 Strain 7v Harbors a Hybrid Plasmid

Susan R. Leonard,” Mark K. Mammel,* David A. Rasko® David W. Lacher®

Divtsion of Molecular Biclogy, Center fior Food Safety and Applied Mutrition, U S Food and Drug Administration, Laurel, Manland, USA; Departmant of Microbiology and
Immunciogy, nstiute for Genome Sdiences, Sthoo of Medicine, University of Maryland, Baltimoee, Manydand, Usa®

TARBLE 1 Characteristics of the STEC/ETEC hybmd strains inchuoded in this study

Heat-stable Celonization Acresgion no.
Strain® Serotype  Phplogroup Locationfyear  Souwrce Shiga toxin(s) enteroloxin(s) Gdor Plasmid replicon(s) {reference}
v OxHI:  CLI Hong Kong Feces of healthy Sxlg STad" kB8 FIR{APDDIS1EY, AEXDOZD00000 {50
catile FILipSE1T)
EIR591-1 OrHIS  CLI LISA010 Coriander Stx2g* 5Tad %5 FIR{ APDDIS1B), [ZDNOI000000 i this
FIIpSE1T) smdy)
1.I741 OxHI:  CLI Unkmown Bavine Stxla, Stxlg  §Tad, 5Tas kB8 FIR{APDDIS1EY, AEZIOZ000000
FILpSE1T}
FESS1E0 0OxHIS  CLI Barkisa Bovine inlestine Sixla 5Ta5 FIR{ APDDISIB), LFI0 D000 [15)
Faso/2008 FIpSE1T}
Es07 OEH45  CLI Anxdralia Freshwaier Sixla, Stxla  §Ta5 %5 FIR{ APDDIS1B), AETE0I000000 {24)
sediment FINpSEI T}, Call3s
[H53473 OI0EH33 A Finland 20 Infant with HUS Stxla 5T FII(29), X1 LFZHOI000000 { L&)
CPEAMDIERIE  OI0%H4E A ISAS 1999 Pond water Sixla 5Tad KB FIR{ APDDISIB), L0 00030
FIKpSELT), FIC
CPEAMDIERIS  OQI0%H4E A ISAS 1999 Bovine Sixla 5Tad KB FIR{ APDDIS1B), L0 000030
FI{pSEI ), FIC
CVMHNBITIPE O13&HIE A UISA011 Farm environmenst  Stxlg 5Tad kB8 FIIM APDOIS18), DN 200000
FINpSEIN), Call34,
Col{MGBIE),
ColRMNAIL
ColiMGDZ2)
CVMNE29PS O13&HIE A UISA011 Farm environmest  Stxla 5Tad, 5Ta5 kB8 FIIM APDOIS18), T E 01 000000
FIKpSELD), FIC,
ColRMAI
CPEAND2ER4  OIEHIE A USAS 1999 Bovine Sxla 5Tad, 5Ta5 kB8 FIR{APDDISIEY, LW 000000
FILpSE1D), ARC2,
ColRMNAI
CFIANDZER  OI3&EHIE A UISAS1999 Dieer Sla 5Tad, 3Ta5 kB8 FIR{APDDIS1EY, LMD 000000
FILpSE1T}, ASC2,
ColRMAI
51191 OMEHE A Unkmows Pig with edema Stx 2e 5Thl Fl8 FI{pCon), FII, X1, X4, AFEADRDDO000 (51}
disease ILY
KBS OMEHE A China Pig Six 2e 5Thl KB FIR{ APDDISIB), LIRS0 1000000
FIp=E1L),
FllipCoo), FIC, X4,
ILpOUlL,
ColRMAI
UMMFI8 OUTHA A lowal 2007 Pig with diarrhea Six2e 5Tal Fl8 FIlipCon), X1, X4, 11,  AGTIMNI1000000 (7)
ColRMNAI
13906 OUTHA A Unkmows Pig Stx Be 5Tal, 5Tl Fl8 FllipCon), X111, B, ¥ AFABOOO0DOD
[H57218 OEHIT A Finland/1997  Child with diarrhea  StxZa 5Tad FII LFZI0 [ DOG00 [16)
El® OIEEHl D England Pig Stx e 5Tal, 5Tbl Fl8 FllipCon), X1,11, P, [ZXADIDDON00 (12}
ColRMAI
Cla5-0 O7:HIE I Demmark Patient with bloody  Six2d 5Th2 Tt FIR{ APDDISIB), AFDO2 000000 (52)
diarthea FII(29), FLA, 11,
P
307098 QIET:H5 Bl Virgimia/ 1958 Infant with Slc 5Tad FIR{APDDIS1BY, FII AVEHIDX00D {12
diarthea
MDPO4-01392  OQIETHE B Marpland/2004  Cantaloape S lc 5Tad FIB{APDDIS1EY, FII [ZDID 000200 (12)
MDPM-02111  OQIETHE B Michigan/24  Cilaniro Sixlc 5Tad FIB{ APDDIS1BY, FII FZDED 1200000 {17)
MINZ-35 QIETHE Bl Michigan/2M? Patient with bloody  Sixlc 5Tad FIR{ APDDIS1B), FII, [ZDLO1200000 (12)
fiarthea, LM phLI40TY
B5716 QIETH5 Bl Unkmows Raw milk Havarti  Smxle 5Tad FIR{APDDIS1BY, FII [ZDM01 00000 {this
chesse smidy)
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First Isolation of a Hybrid Shigatoxigenic and Enterotoxigenic Escherichia coli
Strain Harboring the stx2 and elt Genes in Korea

Kyung-Hwan Oh', Eunkyung Shin', Su-Mi Jung', Jinsuk Im?, Seung-Hak Cho',
Sahyun Hong', Cheon-Kwon Yoo®, and Gyung Tae Chung'*

Table 1. Identification and characterization of new pathotype E. coli
1solated in Korea

Category Identification/characterization
Toxin type stx2a, elt

Serotype Dl S9:HUT

EHEC virulence factor -

Colonization factor 512

Sequence type sT1T1

Motillity +

Antimicrobial resistance tetracycline
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GRUPPE ST SEROTYPE Sstx_sub

STEC-ipaH ND Shigella flexneri 2a stxla

STEC-EAEC ND O104:H 4 Stx2a
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Enteroaggregative Escherichia coli O78:H10, the Cause of an Outbreak
of Urinary Tract Infection

Bente Olesen,*" Flemming Scheutz,” Rebecca L. Andersen,® Megan Menard,® Nadia Boisen, Brian Johnston,* Dennis 5. Hansen,?
Karen A. Krogfelt,” James P. Nataro,” and James R. Johnson"

L e
. . Genes present in>90% of
;ST outbreak isolates included
& | fimH (type 1 fimbriae);
. fyuA, traT, and iutA
(CC350) (associated with EXPEC);
group D ;
(6) sat, pic, aatA, aggR, aggA, aar,

aaiC, aap, and ORF3
(associated with EAEC)

] EAEE {n = 35) _
B ETEC (n=3) , 577 .-
B EXPEC in = 1) b J[“ .00 group A
. nore of by aboee e |:"1 5}
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Evidence
of Evolving
Extraintestinal
Enteroaggregative
Escherichia coli
ST38 Clone

To the Editor: Several clones
of extended-spectrum p-lactamase
(ESBL)}producing extraintestinal
pathogemc Escherichia coli (EXPEC)
have globally expanded their distribu-
tion, including multilocus sequence
types (MLSTs) ST38, ST131, ST405,
and ST648 (I). EXxPEC infections often
origmate from the patient’s own mtesti-
nal flora. although the degree of overlap
between diarrheagemic E. coli and Ex-
PEC pathotypes 1s unclear Relatively
little 1s known about anttmicrobial drug
resistance in the most common diarrhe-
agemic E. coli groups, including entero-
aggregative E. coli (EAEC). and bacte-
rial gastroenteritis 15 generally managed
without use of antimicrobial drugs.

The ability of diarrheagenic E.
coli to cause extramntestinal mfections

by using a real-tu
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Heteropathogenic virulence and phylogeny reveal
phased pathogenic metamorphosis in Escherichia
coli O2:H6

Martina Bielaszewska™', Roswitha Schiller™', Lydia Lammers', Andreas Bauwens’, Angelika Fruth®,

Barbara Middendorf®, M Alexander Schmidt®, Phillip | Tarr, Ulrich Dobrindt*?, Helge Karch® &

Alexander Mellmann®

A sTEC CZHE D2:HE (skrain 0207041)
{2 HUS-assocaled STEC

{CIMEC

Pupsc 3 HE [stram (B1-DS501)

O2-HE {train 0300304
02 [siraim 08-00855)
O : 121 [siram B2F 1)

Fo]]
R (sirain 0E-0IFOT )

OAN3:HZ [sirain 12008)

Q2EH11 (2irain 11368)

CEIHT (sugin LFA2)
CHMECFAHT (strain UTHE)

111.H= (strain 11128)

i CHERZNHT [strain CFTOTE)

CEEAZHEA [alrain S38)

@ETEC Q200
0157 HT {strain Sakai) CMUSassockaisd STEC
@uic
@MEC
Figure 2. Phylogenetic relationships of STEC 02:H6 to prototy pic UPEC, DETEC
AIEC and most closely related and prototypic HUS-associated STEC based @=EC
on whole genome sequencing. Minimum spanning tree is based on allelic @crec
profiles of 2827 genes present inall strains investigated (see supplementary Table @EAEC
QAEC

51). The different pathotypes are distinguished by colors of the circles and the
serotypes and strain numbers (in parentheses) are given.
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ST131 fimH27 clones, harbouring aggR and AAF/V fimbriae, causes ::ii\"°
bacteraemia in Mozambique children: emergence of new variants

17.5% (57/325) analyzed isolates were EAEC.
— Incidence rate of 45.3 episodes/10° 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
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Non-publiched data by Rita Prager, Helmut Tschape et al.
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Poultry as reservoir for extraintestinal pathogenic Escherichia @Cnmmm
coli 045:K1:H7-B2-ST95 in humans

Azucena Mora®”, Susana Viso?, Cecilia Lopez ?, Maria Pilar Alonso ®,
Fernando Garcia-Garrote °, Ghizlane Dabhi?, Rosalia Mamani ?,
Alexandra Herrera®, Juan Marzoa®, Miguel Blanco®, Jests E. Blanco“,
Maryvonne Moulin-Schouleur ©¢, Catherine Schouler ¢, Jorge Blanco*?

* Department of Microbiology and Parasitology, Faculty of Veterinary Sciences, University of Santiago de Compostela, 27002 Lugo, Spain
B Unit of Microbiology, Hospital Universitario Lucus Augusti, 27003 Lugo, Spain
CIaharatnire de Parhaadnie Ractérenne [NRA TIMR 1287 Infertinlnme or Santé Puhlicie Fo37380 Mauzilli Franee

...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
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Figure 3: Schematic representation of hybrid Escherichia coli pathotypes

STEC: Shiga toxin-producing E. coli, stx: Shiga toxin encoding gene; EIEC:
enteroinvasive E. coli, fal and ipaH: virulence genes necessary for invasion
of the intestinal epithelial cells; EPEC: enteropathogenic E. coli, eae: intimin
encoding gene, bfpA: bundle-forming pili encoding gene; ETEC:
enterotoxinogenic E. coli, estA: heat-stable enterotoxin encoding gene,
eltA: heat-labile enterotoxin encoding gene; UPEC: uropathogenic E. coli,
ExXPEC: extraintestinal pathogenic E. coli, pS88: ExPEC-like virulence
plasmid; EAEC: enteroaggregative E. coli, EAgg: enteroaggregative, aggR:
transcriptional activator encoding gene.
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ETEC-EAEC

aggR, elt

ETEC EAEC

cfa, elt, est
paa, non-fimbrial adhesins,
tia, tibA, etpA Type 1 pili
clyA, eltl, eltip-h, eltil, eltlia-
b, estA, estAp-h, estB

aggR, aggA (AAF/1), aafA (AAE/IT),
agg3A (AAF/I), agg4A (AAE/IV),
agg5A (AAF/V), pet, sepd, sigA, pic,
sat, vat, aar, aatA, aap, eilA, air,
capU

Type 1 pili (Fim), F1C, Afa/Dr
family, P and S fimbriae, ag43a
LPS, CDT, CNF1/2, hlyA
sat, espC-like, pic-like, vat-like,
tsh, lutA, chuA, fyuA, iroN,
kpsMTII-N, 1beA-C, AC/! pili, Vat-
ExEc, Group Il capsules, Type IV
capsule

iroN, iss, hlyA >

The white arrows indicate the transfer of genetic determinants between EAEC and other pathogenic £. co/i. 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 £. coli are shown in black



cfaA:
cfaB:
cfaC:
cfak:
cfaD:

COO0B:
cooD:
cooC:
csoB:
CSOA:

CotB:
COtA:
cotC:
cotD:

Gene alleles (159) for ETEC

Colonisation factor antigen a, CFA/1:
Colonisation factor antigen b, CFA/1:
Colonisation factor antigen ¢, CFA/1:
Colonisation factor antigen e, CFA/1:
Colonisation factor antigen d, CFA/1:
CS1s

Fimbrial subunit B, CS1:

Fimbrial subunit B, CS1:

CS1:

CS1:

CS2:

CS2:

CS2:

CSs2:

CS3 _put_chaperone:
CS3_IpfC: putative outer membrane usher protein
CS3_put_major_subunit:

csaA:
csaB:
csacC:
csaE:
csabD:

csfC:
csfD:
csfE:
csfF:

Periplasmic chaperone-like protein, CS4:
CS4 major fimbriae subunit, CS4:

Usher protein, CS4:

Minor pilin protein, CS4:

Truncated, CS4:

Outer membrane usher protein, CS5:
Minor fimbrial subunit, CS5:

CSb:

CS5:

Offline

i

® 0O ®

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:

eltlAh_1:
eltlAh_2:
eltlAh_3:
eltlAh_4:
eltlAh_5:
eltlAh_7:
eltlAh_8:
eltlAh_9:

eltiAh_10:
eltiAh_11:
eltiAh_12:
eltlAh_13:
eltiAh_14:
eltiAh_15:
eltlAh_16:

eltiBh_1:
eltiBh_2:
eltiBh_3:
eltiBh_4:

~l1+ID. .

Heat-labile enterotoxin A subunit, LT1: Al
Heat-labile enterotoxin A subunit, LT2: A2
Heat-labile enterotoxin A subunit, LT3: A3
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Camilla Hald Nielsen

Ulennet studerende, Mikrobiclogi & Infektionskontrol

Tilfaj

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

Heat-labile enterotoxin A subunit, LT5: A5
Heat-labile enterotoxin A subunit, LT7: A7
Heat-labile enterotoxin A subunit, LT8: A8
Heat-labile enterotoxin A subunit, LT9: A9
Heat-labile enterotoxin A subunit, LT10: A10
Heat-labile enterotoxin A subunit, LT11: A1l
Heat-labile enterotoxin A subunit, LT12: A12
Heat-labile enterotoxin A subunit, LT13: A13
Heat-labile enterotoxin A subunit, LT14: Al14
Heat-labile enterotoxin A subunit, LT15: A15
Heat-labile enterotoxin A subunit, LT16: A16
Heat-labile enterotoxin B subunit, LT1: B1
Heat-labile enterotoxin B subunit, LT2: B2
Heat-labile enterotoxin B subunit, LT3: B3
Heat-labile enterotoxin B subunit, LT4: B4
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Gene content of the
ExPEC database
downloaded from NCBI
and added to the
VirulenceFinder
database.

38 EXPEC specific
genes

*Two sfak and focC alleles were 100%
identical, and are called focCsfaE in the
database

No. from

Gene Description NCBI No. in db
afaA Transcriptional regulator 14 4 STATENS
afaB Periplasmic chaperone 12 6 ?L : #'I“’; uT
afaC Outer membrane usher protein 13 11
afaD Afimbrial adhesin 62 37
afak 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
focl 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 B*
sfas sialic acid-binding adhesin 54 2
sitA Iron transport protein 369 56
tepC 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
yfev Fimbrial protein 768 82
Total 14441 1929
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