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Conventional: Whole genome sequencing:

o ' « Determination of the complete
SerOtyplng_ _ _ DNA sequence of the organism

 PCR, Hybridisation at once

« VCA

« Haemolysis

* PFGE...




Real-Time Survelllance of
VTEC using WGS

Main Service — Pipeline
CGE (In development)

User-friendly WGS tools Sequence Typing

MLST (Works)
v pMLST (Works)
g Resistance - Virulence - Plasmids — Pathogen
S ResFinder (Works)

What it is ; PlasmidFinder (Works)
ol VirulenceFinder (Works) _
Tt e now el PathogenFinder (Works)
= Phylogenetic Tree
snpTree (Works)
NDtree (Works)
TreeViewer (Works)
What is alrndy known? SpeCieS Flndlng
RO, ¥ i o KmerFinder (Works)
b ‘ . SpeciesFinder (Works)
Allergens TaxonomyFinder (This program is in development)
What is novel? Read2Type (This service is not implemented on the new server)
@i?.fi’{?f.‘;‘s ) Tapir (This service is not implemented on the new server)
oo et Genome Assembly
SNPs Assembler (Works)
____________ ’ Other
PanFunPro (in development)
MGmapper (in development)
GeneticDiseaseProject (stalled indefinitely)

NetFCM (in development)

CGE (Center fOF GenomIC Epldemlology) Restriction-ModificationFinder (in development)
http://www.genomicepidemiology.org/

Raw DNA Sequences

Rough assembly
and compression

Fine Assembly

Identification

Gene finding
Gene annotation
Comparison

SERVER SIDE



http://www.genomicepidemiology.org/
http://cge.cbs.dtu.dk/services/CGE
http://cge.cbs.dtu.dk/services/MLST
http://cge.cbs.dtu.dk/services/pMLST
http://cge.cbs.dtu.dk/services/ResFinder
http://cge.cbs.dtu.dk/services/ResFinder
http://cge.cbs.dtu.dk/services/PlasmidFinder
http://cge.cbs.dtu.dk/services/VirulenceFinder
http://cge.cbs.dtu.dk/services/PathogenFinder
http://cge.cbs.dtu.dk/services/snpTree
http://cge.cbs.dtu.dk/services/NDtree
http://cge.cbs.dtu.dk/services/TreeViewer-1.0/treeviewer.php
http://cge.cbs.dtu.dk/services/KmerFinder
http://cge.cbs.dtu.dk/services/SpeciesFinder
http://cge.cbs.dtu.dk/services/TaxonomyFinder
http://www.cbs.dtu.dk/services/Read2Type-1.0/
http://tapir.cbs.dtu.dk/
http://cge.cbs.dtu.dk/services/Assembler
http://cge.cbs.dtu.dk/services/PanFunPro
http://cge.cbs.dtu.dk/services/MGmapper
http://cge.cbs.dtu.dk/services/GeneticDiseaseProject
http://cge.cbs.dtu.dk/services/NetFCM
http://cge.cbs.dtu.dk/services/Restriction-ModificationFinder
http://cge.cbs.dtu.dk/services/Restriction-ModificationFinder
http://cge.cbs.dtu.dk/services/Restriction-ModificationFinder
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VirulenceFinder 1.2

Gene  Description Variants in
database
astA Heat-stable enterotoxin 1 11
bfpA Ma{o.r subunit of bundle-forming pili es _a Browse b 4 qf Clear
cba Colicin B
ccl Cloacin
cdtB  Cytolethal distending toxin B e 14
celb  Endonuclease colicin E2 10 Uplozds
cfa_c Colonisation factor antigen 4
cif Type Il secreted effi “ 4
cma icin 19
of r Oflking THOTO" 7
L pilus subunit il
‘ Intyin 45
al Serine protease autotransporters of Enterobacteriaceae (SPATE) 3
6 efal EHEC factor for adherence 11
ehxA Enterohaemolysin 12 Total files: 0O I:NJ'."-\)
epeA  Serine protease autotransporters of Enterobacteriaceae (SPAT! il ]

espA  Type lll secretions system 23
espB Secreted protein B 14
espC Serine protease autotransporters of Enterob: ace; 3
espF Type lll secretion system 13

espl Serine protease autotr: orte) pterobacteM@ceae (SPATE) 2

esp) Prophage-en d ty) C| ieﬁencr b1

espP. Pu(a(ive‘xo in r 4

etpD T Il secretionf@irotein 3

74 ul it Agf F17 fimbrial protein 7
- ﬁin:mmt of F17 fii:riae ts 9 EﬂterOCOCCUS
s Involved in biogenesis )/ ri 1 5. aureus

fasA Fimbriae 987P/ES sf i:‘
ubulit A

View the version history of this server.

fedA Fimbriajggrde€ 0! 3
fedF Firgialiad| ‘ecursor
fimala  MatSR@fim41a/F41 protein P -
gad Glutamate decarboxylase ‘ 70
hlye Avian E.coli haemolysin 1 SE |ECt th rEShDId f{)r %ID
iha Adherence protein g 19 98 % -
jpaD  Invasion protein @id®la flexneri
anfigen P

iss ‘eased serum survival

‘\ " .

K88ab  K88/F4 protein subuni 10

katP  Plasmid-encoded @l ;ae \a
IngA Longus type IV pilus

IpfA Long polar fimbriae 6 q

9
ipaH9.8 Invasigh aslfd ‘sg Select type of your reads
=2 s or RS ° “ o Assembled Genome/Contigs™ -
iroN ol siderophore receptor protejy a 13 “

| Submit || Clear fields
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Virulence -E. c
Virulence | . : uery/HSP Positio : . Accession
IS | tengtn m o Hnenen number

efxA 99.97 g; ! contigD0053 17315..20310 Enterohaemolysin AB011549

L
:

contig00095 28023095 Increased serum survival

Shiga toxin 2, subunit A,

contig00123 44 1002 A

AB015057

|I\III Eg III‘II\IIIIIIIIEEIII
: :
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Serotype Routine Typing VirulenceFinder MLST lIsolate
oss12 victa vexta srao1 cras 12 £757-12
- 2 .
cren. = e ‘ e EE?E { 3 O103:HI*(3T-17)*
. C820-12
g o “ p £330.15 - OlifabeH-(3T-20)
“ O146:H21 (3T-442
e s R ; o C896-12 ‘H21(3T-442)
& ‘v T €D04-13
240.15
w £, q Eég‘g t 3
FEE
T wexte ez ot vozh srann csa2 — _,g_ -12
o itz Eg-ﬁg- { 2
G413 - Ol22ab:H2ET211*
€857-12 - =
oo 80313
A4, bt S C750-12
0157:H7 eae, vtxla, vtx2c eae, vtxla, vtx2c ST-11 C570-12 -
€697-12A (replicate) -
(0157:H-) C697-128 (Ca41-124
eae, vtxla C541-12 114 _
eae, vtxla, vtx2a eae, vtxla, vtx2a C812-12 FR0T.1
€818-12 :
C819-12 3
C849-12 — 2
2
€852-12 2 u T "
& 2 OLST:HT*(ET-11)
0165:H- eae, vtxla, vtx2a eae, vixla, vtx2a ST-119 €905-12 2
otsiis vorteh oot caos 12 3 = 0145:H-(3T-33)
oxasrza - Vot sr200 .13 |
o . = g 12
12 R
-12
-
13 ]— OL17:K1:HT (&3T-504)

* Re-typed to lack vix2 at Ss
* Re-typed to vix1c at SsI
©Re-typed to vix2g at S5/

STATENS
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RAPID COMMUNICATIONS

A verocytotoxin-producing E. coli outbreak with a

surprisingly high risk of haemolytic uraemic syndrome,
Denmark, September-October 2012

} O103:HZ*(ET-17)*

B Soborg (bot@ssi.dk)**, S G Lassen®, L Muller?, T Jensen?, S Ethelberg™+, K Mplbak?, F Scheutz* - Cl23abe:H-(5T-20)

1. Department of Infectious Disease Epidemiology, Statens Serum Institut, Copenhagen, Denmark

2. European Programme for Intervention Epidemiology Training (EPIET), European Centre for Disease Prevention and Control,
(ECDO), Stockholm, Sweden

3. The Danish Veterinary and Food Administration, Copenhagen, Denmark

4. Department of Microbiology and Infection Control, Statens Serum Institut, Copenhagen, Denmark

O146:H21 (3T-442)

Citatlon style for this article:
Soborg B, Lassen SG, Miiller L, Jensen T, Ethelberg 5, Mplbak K, Scheutz F. Averocytotoxin-producing E. coli outbreak with a surprisingly high risk of haemaolytic } O12%ab:H2 (ST-SI 1)*

uraemic syndrome, Denmark, September-October 2012 . Eure Surveill. 2013;18(2):pii=20350. Available online: http:/ fwww.eurosurveillance.org/ViewArticle.
aspx7Articleld=20350

Article submitted on 17 December zo12 / published on 10 ]anuary zo13
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Real-Time Whole-Genome Sequencing for Routine Typing,
Surveillance, and Outbreak Detection of Verotoxigenic Escherichia coli

Eatring Grimsinap Joansan, " Flamming Schoutr,” Ola Lund," Hanrk Hasman," Roll 5. Kaas,™® Eva ML Nislon,™ Frank M. Aarestrup™
Fartiomal Food imafuie, Civiion o E arel Macroiial Gincmics, Tewbe el Univeruiy of D, Kongees Lyngby, Dermed’ Deparimens: of Mcrokickooy
ard e Cosrol, Stawm S Imifiu, Coprsbann, Drnmad, Cesrr o ool tequescr s, Drparizem of Sy, Biokogy, Techneal Unvendy o

Coermark, GonoenLsngy, Deremade

Fast and acoursie ientification and ty ping of pathogens ere essenilal for effective survetllance and cotbreak detection. The car-
rent ronting procedure is based om a variety of teched LM the proceduare laborious, Bme-consuming, and expensve.
w:llhﬂmk-;ennm:uqnmd.u.ai'ﬁ'GSII:-et{nmlng:hr;r.lthn nppnlmﬂdlnmhdummgluluwﬂmg
The aim of this stody was to perfiorm a real-time evalnation of WiGS for reatine typing and sorvelllance of verocyiotexn-predoc-
ing; Excherichia call { VTEC). In Denmark, the Sialens Serum Institot {5510 rontinely recetves all suspeciad VTEC 1solates. During
a 7-week periad in the fall of 2012, all Incoming isolates were concurrently sobjeciad o WGS nsing lenTorrent PGAM. Real-time
bioinformatics analysis was performed mmbm-:m.ammlmﬂﬁumnbgqulhlpeﬁudﬂﬂmum, multilocns
mn:m:ﬂrp-e Luurr:q- Ing, and determination of relationship, and & specific VirnlenceFinder for detection of £

virulence genes was ng:peds.lplﬂufunﬂ y. I total, 46 sus quckbumchmmmpﬂnﬂddmng
the study. ¥irnlenceRAnder proved socoessful in detecting virulence genes incloded in routine typing, explicithy veroorioloxin |
{wexd), verecyintoxin 2 (vexX), and intimin (eael, and also detecied additional virulence genes. VirulenceFinder is also a robust
methad for ssigning verocytoboxin (vex) sobtypes. A real-time dustering of isolaies in sgreement with the epidemiclogy was
establiched from WiGS, enabling discriminaiion between sporsdic and outbreak solates. Orverall, WGS typing produoced resulis
faster and a1 a lower cost than the mrrent routine. Therefore, W o?pmgknmdmmmmmmmﬂnmltrpﬂn;mm-
whes. This appreach may also be applied bo typing and saree lance.

BJCI:I'I.I| pathogens stll pose 2 major threst o public health,
and in order tn lim ther spread and prevent Infiections dis
easz ceatbreaks, accarate and rapld disgnostics and dassitfication
of isclates are of greal tmporiance. In current roubine practice,
tsalation and identification are mosily performed at dinical mi
crebiological laboratories, and werification and further character-
tration are performed for a few selected pattogens at national, or
megioal, reference |lzhoratorics, wsing 3 variety of species- spulﬁ.
methods. Typing and sarveilance of bacterial pathogens rely
mainly om well eablished, sandardized phenctypic and molec.
ralar typing methnds, sack as serofyping and pulsad ﬁl:ldfel e
trophorests {(FRGE) {1, 21 However, fio obtain sufficient

tration between isolates, ® & typlally necesary to mmhlnl:
typing results from several different typing tachmiquus, both phie
motyplc and genotypic. As 3 resalt, It Is bborioas, time-consum
ing, and expensive bo perform proger typing for survelllance and
catbrezk detection.

Asthe mst of whole-genome sequencing (WG} Bas decreased
and benchinp sequencing machings erable fast bamarmand, 1 has
become Increasingly attractive for e in routine diagnostics and
typing, and the approach has aiready been frand wcb in retro:
specttve cutbreak treestigations (3,41

Although WGE provides detafied Information that wil, in the:
oy, enable dagnostics and typing solely on the basis of the fa
turas in the bacterial genome, & is 2 chalienge tn defineand extract
thea riate information from the large smount of noe
data ETTIE generated. Thos, o failnate f m:\l’“ﬂ.—&“:?lul;ﬁcf
routine diagnostics, tpping, and survelllance, 1t Is fmportant
the sequence data cn be satomaticlly and quickly comeerted 1o
chm\:’_‘v rekovant Information thas cn be casthy interprcted by
phsictars and peblic health profissionals with Bmited hiotndor.

Moy A4 Volere 57 Murber §

ool of Chiniral Wicroitickoy  p T501- 1510

matics skilis. To achieve tas, the Center for Genomic Epidemial
ogy | CGE) provides pablic, nser- friendly web-tools for rapid kan
dling of WS data and extraction of relevant informaticn, msefial
for diagnostics, sarvelllance, and catbrezk Investigations for the
global medical society (www.genomicepidemiology.crgh.

In this smdy, & 2 proof of conczpt, we demonstrale Se nsefol
ness of WS for roating fyping, surveiliance, and cutbreak detec
tion of verocytofoxin-prodacing Fscherichiz ool (WTEC) Infiac
Hons in Denmrark. WTEC, s known 2 Shige ionn-prodocing B
il (STEC), & 2 gestromntestingl patbogen, which Is typically
spread by Ingestion of contaminated food or water or person-to-
persan contact Rapld and relable dagnestics and detection of
outhreak chisers are of nimost tmportance for matrol ¥TEC
Infecticns. cxase bloody diarthes and in some cses Bemelytic
nremk syndrome{ HUS), which s characterirad by kidney falhre,
thrombocytopents, and micreangiopathic hemolytic anemi, and
can be fatal o young children. ¥TEC pathogenicity is facil

Rscoives 1 Soruory 04 Bsturmed for rodifation 5 F ey 004
Aerapiec 185 rinny 204

Putiishec st of ponk 3 Fatrsry 7014

RoiorK. . Cancll

At

e g1 B | &
s et o i s oy b frauncl 2 iz doioeg 101 138
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Reviewer comment:

“It appears that VTEC serotype was
determined solely by conventional
agglutination methods. Could the
investigators add "molecular
serotyping” to the WGS output by
using the flagellar and O-antigen
associated genes?”
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e WzX and wzy

(O-antigen flippase and polymerase)
LPS O antigen

(polysaccharide)

e Wzm and wzt

(ABC transporter)

Core polysaccharide
LipidA
outer membrane

periplasmic space

WMWW nner membrane

Anna Maria Malberg Tetzschner
Master student



O-antigen gene cluster =77

* Cluster on chromosome

— between galF & gnd, (his & gnd for O8 & 0O9)
 Three gene classes:

— Nucleotide sugar genes

— Sugar transferase genes
— O-unit processing genes: wzx, wzy, wzm & wzt
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Wzx/Wzy
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SerotypeFinder: O-Typing

el
el
R

Two types are not in
database:

057

014

Probably because of a
deletion of these genes
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Tip Hook
D

Filament

L-ring
Rod
P-ring

Junction

Quter membrane
s

Periplasmic
space

- fliC (flagellin)
. fIkA, fInA, fimA, flIA

N
Inner membrane

M5-ring
C-ring

Type lll
secretion system
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SerotypeFinder

* Collection of genes with serotype
iInformation from NCBI

- ;. 0 |
|| /Tools/services/rest/muscle/result/muscle-120140427-161904-0520-23050532-pg/aln-clustalw D e B I = T x
File Edit Select View Format Colour Calculate Help
20 30 40 a0 =10 70 an an

MG _E6_AYZS0027_H5{1-1812
MC_E_ABOZESE_HSI 1-1818
MA_1_ABZEIFT_HE51-1862
MA_Z ABIESFFO_HIL-17E5
MC_13_AYZE00Z0_HII1-1680
MC_26_AYIS0008_H2E1-1674
AC_Z85 AYIITIEI_HIGN-1674
MG _B1_ABOZESTE_H2E-1TET
MC_S0_AYIS0023 HISA-1F07
AC_I0_AGAIO00038_HTE-1506
MC_S1_AYIE007_H3IFA-1686
AnA_Z CPOOZI_HIRA-1529
MC_203 LOFTIBT_HIAM-1788
MC_04_ABO2ES7I_HIA-1782
MC_F7_ABOZESTE_H1E1-1782
MC_27E AYIIFITI_HIZN-17EE
MC_B3_AFXO{O00055_H{21-1788
MC_275 AYIIFITI_HI2M-17ER
MC_F0_AYZE00S_HIZ1-1713
MC_312_AYIE00_HIWI-1793
MC_Sd_AYIIFIEE_HA1-1758
AC_95 MHEITIE0_HT{-1758
MG _97_KBO0OF2Y_HF-1752
AC_99_KBOOFIS0_HF1-1753
AC_100_AOESOI000028_H7A-1758
AC_108_KEOOETIS_HFA-1752
AC_01_SHITEE0_HTA-1758
MG V6 AFZ228487_HEM-1758
MC_2d_AFZ28496_H1-1753
AC_23 AFZ28495 HI1-1753
AiC_98_AB3ISTE_HA1-1758
MC_25 ABIISTI_HFA1-1758
MG 22 AFZ28494 HAM-1758
AC_19_AFZ28499_HI1-1753
MC_20_AFZ228492 HI1-1753
MC_21_ABOZESTI_HF1-1758
AC_89_AYIIIIIE_HI4-1653
MG 03 AVEIEO02E_HIH-1695
MC_5_ABOZESE0_HIR1-1693
AC_162_AMIIO{00003d_H7-1683
AC_317_AF3IISE50_HI4-1638

Consensus

4

Seguence 7 ID: fiiC 285 A 83 H2

Nucleotide:

1|D 1|DD 1|1D 1|20

L L | L | L h L | L | L | L | L | L L L L
lf-\TGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGCTTGCGTATTAACAG CGLEAAGSE

ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTICTATCGAGCGTCTGTCTTCTGGCTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAGAACAACATCAACAAAAACCAGTCTTCAATGTCTACTGCCATTGAGCGTCTGTCTTCCGGTCTGCGTATCAACAGCGLAARAAG
ATGGCACAAGTCATCAATACCAACAGCCTCTCGCTGATCACCCAGAACAACATCAACAAAAACCAGTCTTCAATGTCTACTGCCATTGAGCGTCTGTCTTCCGGTCTGCGTATCAACAGCGCAAAAG
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE

-

ATGGLACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCOAGTTICTATCGAGCETCTGTCTTCTGGOTTGCGTATTAACAGCGLGAAGS ¢

ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTICTATCGAGCGTCTGTCTTCTGGCTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAGAACAACATCAACAAAAACCAGTCTTCAATGTCTACTGCCATTGAGCGTTITGTCTTCCGGTCTGCGTATCAACAGCGCAAAAG
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGLGLTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGLGLTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGLGLTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGLGCTGTCGAGTTICTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGLGCTGTCGAGTTICTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGLCGLG AAGE
ATGGECACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTICTATCGEAGCGTCTGTCTTCTGGCTTGCGTATTAACAGCGLG AAGE

ATGGCACAAGTCATTAATACCAACAGCCTCTCGCTGATCACTCAAAATAATATCAACAAGAACCAGTCTGCGCTGTCGAGTTCTATCGAGCGTCTGTCTTCTGGOTTGCGTATTAACAGCGLG AAGE

denine (1)
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SerotypeFinder: Evaluation -H

Isolate H type %D Length
. 042_044H18 H18 100.00  1665/1665
P 132 I S O I at eS 11128 _O111H- H8 10000  1479/1479
11368_026H11 H11 99.93  1467/1459
12009_0103H2 H2 100.00  1494/1494
_S e r O t e d an d 2362-75_055H6 H6 100.00 1647/1647
y p 536_06K15H31 H31 100.00 1668/1668
i 53638_0144 H30 100.00 1713/1713
S e u e n C ed j te S t e d W I t h 55989_0104H4 Ha4 100.00  1050/1050
q 86-24_0157H7 H7 100.00 1758/1758
B7A_O148H28 H28 100.00  1740/1740
to O I BL21_roughk12 H48 100.00  1497/1497
C1214-90_026H11 H11 99.93  1467/1459
C1244 91 O55H-  H7 100.00 1758/1758
C12-92_055H7 H7 100.00 1758/1758
) CO r r eCt H _ty p e C154-11_O55H7 H7 100.00  1758/1758
C155 11 _026H11  H11 99.93  1467/1459
2 C166_11_O26H- H11 99.93  1467/1459
aS S I g n ed (100%) C170_11_0128abH2 H2 100.00  1494/1494
C213_10_O127H40 H40 98.51  1479/1479
C2139 99 O111H7 H7 100.00 1758/1758
C238_91_0O103H25 H25 100.00  1332/1332
C260_92_0127K-H40 H40 98.51  1479/1479
C262_10_0114H49 H49 98.70  1695/1695
C283_09_O177H-  H25 97.04  1332/1316
C295_10_O55H34  H34 98.96  1638/1638

C341_10_0128abH- H2 100.00  1494/955



=

SerotypeFinder: rod
Preliminary validation of O:H
Number of genomes
for with detected  with consistent WGS -and conventional
validation genes results
O-typing 535 5072 (~95%) 502° (~99%)
H-typing 437 436 (~100%) 434 (~100%)

a) In 43 genomes, genes were either found by reference mapping, or only one gene was
used for prediction.
b) b) 11 predictions were ambiguous between the two O-processing genes

(0118/0151(7), O164/0124, O134/046, O90/0127, 0162/0101).



Co-existence of fliC and non-fliC genes as
detected using the SerotypeFinder
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fliC non-fliC Serotype by phenotypic
tests
fliC2 flkA35 0128abc:H35
O7?:K?:H35
fliC2 flkA47 OX185:H47
O128abc:H47
fliC11 flkA47 0156:H47
fliCc21 flkA36 086:H36
fliCc21 flkA47* O86:H47
fliC21 flmA54* 0161:H54
fliC25 flIAS5 0O21:H55
fliC27 flkA36 026:H36
O51:H36
fliC27 flmA54 O117:H54
fliC38 flIAS5* O75:H55
O75:H55
fliC40 flkA53 0148:H53

* Previously described combinations



Co-existence of wzx/wzy and wzt/wzm (and fliC
and non-fliC) genes as detected using the

SerotypeFinder

wzx/wzy
fliC

wzx/wzyO128abc
wzyO138

wzx/wzyO20
fliC4

wzy0O20
fliC4

wzm/wzt
non-fliC

wzm/wztO60

wzm/wztO60

wzm/wztO60
fliC48

wzm/wztO60
fliC48

Serotype by phenotypic

O20:K67:H17
0O138:K81:H48

O 20:H 4

O 20:H 4

A
Al
<

=
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O:H serotyping

Home Services Instructions Output OV;:’;:S’: - Article abstract

SerotypeFinder-1.0 Server - Results

Serotype | | dentity Query/HSP Position in Predicted Accession
gene length contig serotype number

fiic 99.94 }gg" NODE_2_length_16121_cov_14.234663  4979..6625 AY249991

Serotype %ldentity Query/HSP Position in Predicted Accession
gene ° length contig serotype number

Predicted Serotype: O5002:H6

Results as text | | Results tab separated | | Hit in genome seguences | | Serotype gene seguences

Selected %ID threshold: 85.00 %

Selected minimum length: 60 %
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Virulence genes and vitx subtyping =

SETTINGS:
Selected %ID threshold: 85.00

Virulence - E. coli

Virulence | , | Query/HSP Position in . . Accession

Enterobactin
_ 2178 siderophore
iroN 9968 2110 NODE_206_length_14143_cov 15210423 11838 14015 A CP000034
protein
2045 | Cytotoxic
enft 99 97 o NODE_395_length_28846_cov_16.705471 17648 20692  necrotizing CP002167
factor
iss 97.28 2 NODE_325 length 6410 cov_14.389079 20552348 e 22 CP001509
. 294 — = — — = o serum survival =

960 / Shiga toxin 2,
Stx2A 95.96 560 NODE_161_length_64579_cov_15.699051 55526.56485  subunit A, AJ313015
variant b

P-related
882/ fimbriae
pifB 99.89 887 NODE_168_length_118197_cov_16.083166 7635377234 regulatory CUe51637
gene

stx - Holotoxin

Virulence % Query/HSP Contia Position in Protein Accession
factor Identity length contig function number

022

stx2 99.19 lggg ! NODE_161_length_64579_cov_15.699051 55526.. 56761 3143-97, AJ313015
variant b
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Virulence genes and vitx subtyping ===
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stx2: WARNING, Identity: $9.19%, Query/HSP: 1236/1236, Contig name: NODE 9 length 64883 cov 15.6995%67, Position: 55830..57065

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:

Virulence gene seq:
Hit in genome:
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EAggECFinder

Center for Genomic Epidemiology

Home Services Instructions Output

VirulenceFinder-1.3 Server - Results

SETTINGS:
Selected %ID threshold: 85.00

EAEC database

Virulence 'ﬁr Query/HSP POSItlﬂl'l in Accession

aaiC 9971 ooy NODE_251_length_69439 _cov_17.582914  17113.17796 ;}’Dﬁ‘zlx' secretion Cp003301
capU 99 82 lggg" NODE_252_length 27346 _cov 21620201  5062.6150 ;'g:gfggmnsm""se AFRH01000016
| extended output |
| Results as text | ‘ Results tab separated ‘ | Hit in genome sequences | | Virulence gene sequences |

Input Files: PRI-HRD4-77-11_S12_L001_R1_001.fastq PRI-HRD4-77-11_S12_L001_R2_001.fastq

CONTIGS INFO

Technology: lllumina Paired Ends Reads
N50: 51806

DOWNLOAD CONTIGS




MLST typing

Center for Genomic Epidemiology

Home Services Instructions

MLST-1.7 Server - Typing Results
Sequence Type: ST-141

MLST Profile: ecoli

Organism: Escherichia coli#1

Input Files: €532-11_S1_L001_R1_001.fastq C532-11_S1_L001_R2_001.fastq

CONTIGS INFO

Technology: /llumina Paired Ends Reads

N50: 64374

DOWNLOAD CONTIGS
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Conclusion

 In combination with other available WGS-typing tools,
E. coli O:H serotyping can be performed solely from
WGS-data

 Faster and cheaper than current routine typing
procedures

« WGS-typing Is already a superior alternative to
conventional typing strategies.



SerotypeFinder: Further Evaluation

« 3isolates per type —sequenced and
serotyped for evaluation

* Real-time ROUTINE surveillance of
VTEC within this year
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Survelllance before 2014
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* Real-time typing of human isolates:

— Salmonella
« Serotyping, antimicrobial resistance and MLVA (WGS, PFGE
and phage typing ad hoc)
— VTEC

- Serotyping, virulence profiling, PFGE and WGS (SNP, O-/H-
serotyping, virulence finder)

— Listeria

* Molecular serotyping, WGS (PFGE)
— Campylobacter

* None (PFGE, flaA and MLST ad hoc)
— Yersinia

 None (PFGE ad hoc)

— Shigella
 None (PFGE ad hoc)
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LISTERIA — ANALYSIS WORK FLOW i

Extract
MLST

Quality OK SNP

analysis Definite
cluster

decision

Potential
cluster

MLST in
BioNumerics

P No
cluster
MLST

nomenclature

Cluster
investigation
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Thesis: Emilie Bak
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WGS: 7-LOCI AND 25-LOCI MLST




STATENS

MLST BASED TREE LISTERIA 2013-2014 Rt

.:“"u,,nnnnsynusuzznunas Ky Fatiert-nr
— 20130820 o1z
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200 20140031 030
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ST1 GROUP, SNP ANALYSIS ety

4 patients
19 weeks 1 patient
1 SNPs 14 weeks
(12 entries) 3 SNPs
SNP
o 2 S S Key Patient-nr
I — 20140942 932
20130661 888
{ B 20130741 903
20140089 938
20130580 867
| Same pat 20130576 865
| Same pat 20130695 893
- Cluster 20130694 892
_— I Cluster 20130762 904
85 SNPs W Cluster 20130797 910
W Cluster 20130715 896
20140940 931




PATIENTS WITH LISTERIA 2013-14 — ST-TYPES v T

Antal patienter

20

18

16

=
N

=
o

00

STATENS

Number of patients per month, coloured by ST

Sekvens type
W andre
w1
W 399

391
m 37
w8
W6

® untyped

224

Prgvedato
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Genome sequencing ties patients to “rullepglse” v BT

» WGS shows that Listeria from "rullepglse” & patients are identical

. Y&

RU||ep¢|SEI TCGCCACGAACCTIGCGGICGICGGGCTTTGGC(CTIGTCAGTACCTGAAGCACTTTA|IG
Patient 1: TCGCCA[CGAACCTIGC|GGICGICGGGCTTTGGCTIGTCAGTACCTGAAGCACTTTA|IG Hu

Patient 2: IEICGCCAEIGAACCIEIGCIEIGAACGGGCTTTGGCEIGTCAGTACCTGAAGCACTT I‘TG
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Food control inspection

at Jagrn A Rullepglser

(5 x 19 specimens are cultured)
29 Listeria-positive
specimens from
10 products

Jorn A closed

Food control inspection
at Jgrn A Rullepglser
(specimens are cultured)

Lamb rullepglse
withdrawn because of Listeria

Cleaning & self control

8.Aug 11.Aug
7.July evening
9 patiens

with ST-224

28.April 6.May

20 patients
16JU|y with ST-224

26.June
Outbreak with ST-224 Isolates from rullepglse (6.May)
discussed in the Central & patients 100% match by WGS
Outbreak Group
(4 pts in 2013, 3 in 2014)
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How can we use WGS in outbreaks?

14

12
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m Cases
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PFGE

2012
2012

2012

N
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MIKX01.0013.DK
MIKX01.0013.DK
MIKX01.0004.DK
MIKX01.0001.DK
MIKX01.0001.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0006.DK
MIKX01.0007.DK
MIKX01.0008.DK
MIKX01.0008.DK
MIKX01.0008.DK
MIKX01.0008.DK
MIKX01.0008.DK
MIKX01.0008.DK
MIKX01.0003.DK
MIKX01.0003.DK
MIKX01.0003.DK
MIKX01.0009.DK
MIKX01.0010.DK
MIKX01.0011.DK

Africa
Africa
No Travel
No Travel

No Travel
No Travel
No Travel
No Travel
No Travel

No Travel
No Travel
No Travel
No Travel
No Travel
No Travel
No Travel
No Travel
No Travel
No Travel
Spain

No Travel
No Travel

No Travel
Spain

No Travel
Turkey
No Travel
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MAXIMUM LIKELIHOOD TREE U

Mikawasima isolates 2005-2013
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CLOSELY RELATED ISOLATES U
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SNP TREE
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10 SNPs
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2013
2013
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2009
2009
2009
2009

STATENS
SERUM
INSTITUT

MIKX01.0008.DK

MIKX01.0008.DK

MIKX01.0009.DK
MIKX01.0001.DK
MIKX%E6T0082.DK

IKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK

MIKX01.0006.DK

MIKX01.0003.DK
MIKX01.0011.DK
MIKX01.0001.DK

IKX01.0002.D
MIKX01.0002.DK
MIKX01.0002.DK
MIKX01.0002.DK




INTERNATIONAL DIMENSIONS

I DK 2009
}' DK & UK 2012

- DK, UK & SE 2013
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SURVEILLANCE FROM 2014 serun [

» Real-time typing of human isolates:

- Salmonella

« Serotyping, antimicrobial resistance and MLVA (PFGE and WGS ad
hoc)

- VTEC
« WGS from 2015
- Serotyping, virulence profiling and PFGE ad hoc
- Development of WGS based O-/H-typing and virulence finder
- Listeria
« WGS
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