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Conventional: 

• Serotyping 

• PCR, Hybridisation 

• VCA 

• Haemolysis 

• PFGE...   

 
 

Whole genome sequencing: 

• Determination of the complete 

DNA sequence of the organism 

at once  

Real-Time Surveillance of 

VTEC using WGS  



Real-Time Surveillance of 

VTEC using WGS  

User-friendly WGS tools 

 

CGE (Center for Genomic Epidemiology) 

http://www.genomicepidemiology.org/ 

Main Service – Pipeline 

CGE (In development) 

Sequence Typing 

MLST (Works) 

pMLST (Works) 

Resistance - Virulence - Plasmids – Pathogen 

ResFinder (Works) 

PlasmidFinder (Works) 

VirulenceFinder (Works) 

PathogenFinder (Works) 

Phylogenetic Tree 

snpTree (Works) 

NDtree (Works) 

TreeViewer (Works) 

Species Finding 

KmerFinder (Works) 

SpeciesFinder (Works) 

TaxonomyFinder (This program is in development) 

Read2Type (This service is not implemented on the new server) 

Tapir (This service is not implemented on the new server) 

Genome Assembly 

Assembler (Works) 

Other 

PanFunPro (in development) 

MGmapper (in development) 

GeneticDiseaseProject (stalled indefinitely) 

NetFCM (in development) 

Restriction-ModificationFinder (in development) 

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


Real-Time Surveillance of 

VTEC using WGS  
Gene Description Variants in 

database 

astA Heat-stable enterotoxin 1 11 

bfpA Major subunit of bundle-forming pili 5 

cba Colicin B  15 

ccI Cloacin 4 

cdtB Cytolethal distending toxin B 14 

celb Endonuclease colicin E2 10 

cfa_c Colonisation factor antigen I 4 

cif Type III secreted effector 4 

cma Colicin M  19 

cnf1 Cytotoxic necrotizing factor 7 

cofA Longus type IV pilus subunit 1 

eae Intimin 45 

eatA Serine protease autotransporters of Enterobacteriaceae (SPATE) 3 

efa1 EHEC factor for adherence 11 

ehxA Enterohaemolysin 12 

epeA Serine protease autotransporters of Enterobacteriaceae (SPATE) 1 

espA Type III secretions system 23 

espB Secreted protein B 14 

espC Serine protease autotransporters of Enterobacteriaceae (SPATE) 3 

espF Type III secretion system 13 

espI Serine protease autotransporters of Enterobacteriaceae (SPATE) 2 

espJ Prophage-encoded type III secretion system effector 2 

espP Putative exoprotein precursor 4 

etpD Type II secretion protein 3 

f17-A Subunit A of F17 fimbrial protein 7 

f17-G Adhesin subunit of F17 fimbriae 9 

fanA Involved in biogenesis of K99/F5 fimbriae 1 

fasA Fimbriae 987P/F6 subunit 1 

fedA Fimbrial protein F107 subunit A 3 

fedF Fimbrial adhesin AC precursor 6 

fim41a Mature Fim41a/F41 protein 2 

gad Glutamate decarboxylase 70 

hlyE Avian E.coli haemolysin 1 

iha Adherence protein 19 

ipaD Invasion protein Shigella flexneri 9 

ipaH9.8 Invasion plasmid antigen 8 

ireA Siderophore receptor 4 

iroN Enterobactin siderophore receptor protein 13 

iss Increased serum survival 14 

K88ab K88/F4 protein subunit  10 

katP Plasmid-encoded catalase peroxidase 1 

lngA Longus type IV pilus 2 

lpfA Long polar fimbriae 11 
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Real-Time Surveillance of 

VTEC using WGS  
Serotype Routine Typing VirulenceFinder MLST Isolate 

O5:H- vtx1c vtx1c ST-447 C750-12 

O26:H11 eae, vtx1a eae, vtx1a ST-21 C696-12 

O27:H30 vtx2b vtx2b ST-753 C770-12 (replicate) 

O36:H- - - - C887-12 

O55:H12 vtx1a vtx1a ST-101 C749-12 

O76:H- vtx1c vtx1c ST-675 C904-12A 

O103:H2 
O103:H- 
O rough:H2 

eae, vtx1a 
 
 

eae, vtx1a ST-17 
ST-1967 
ST-17 

C757-12 
C813-12 
C850-12 

O115:H- eae, vtx2a eae, vtx2a ST-333 C885-12B 
C896-12A 

O117:K1:H7 vtx1a 
 

vtx1a ST-504 C751-12 
C659-12 
C760-12 

O121:H19 eae, vtx2a eae, vtx2a ST-655 C821-12 

O128ab:H2 vtx2b vtx2b ST-25 C748-12 

 
O128abc:H- 

vtx1c, vtx2b vtx1c, vtx2b ST-811 C864-12 

eae, vtx2f 
 

eae, vtx2f ST-20 C820-12 
C862-12 

O145:H- eae, vtx2a 
 

eae, vtx2a ST-32 C816-12 
C857-12 
C884-12 
C886-12 

O146:H21 vtx1c, vtx2b  vtx1c, vtx2b ST-442 
 
 

C874-12 

eae eae C896-12B 
C885-12A 

O157:H7 
(O157:H-) 

eae, vtx1a, vtx2c eae, vtx1a, vtx2c ST-11 C570-12 
C697-12A (replicate) 
C697-12B 

eae, vtx1a C541-12 

eae, vtx1a, vtx2a eae, vtx1a, vtx2a C812-12 
C818-12 
C819-12 
C849-12 
C852-12 
C863-12 

eae, vtx2a eae, vtx2a C894-12 

eae, vtx2c eae, vtx2c ST-2966 C891-12 

O165:H- eae, vtx1a, vtx2a eae, vtx1a, vtx2a ST-119 C905-12 

O180:H- 
 

eae eae 

ST-301 

C641-12A 

eae, vtx2aa eae C641-12B 

O181:H16 vtx1ab vtx1c - C893-12 

OX187:H28 vtx2dc vtx2g ST-200 C892-12 

O rough:- vtx2a  vtx2a ST-678 C895-12 

 

                                                           
a Re-typed to lack vtx2 at SSI 
b Re-typed to vtx1c at SSI 
c Re-typed to vtx2g at SSI 
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Real-Time Surveillance of 

VTEC using WGS  



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?” 

Real-Time Surveillance of 

VTEC using WGS  



SerotypeFinder: O 

• wzx and wzy  
(O-antigen flippase and polymerase) 

• wzm and wzt  
(ABC transporter) 

 

LPS 

LipidA 

Core polysaccharide 

O antigen 
 (polysaccharide) 

outer membrane 

periplasmic space 

inner membrane 

chrom osom e 

ori 

his wca 

O-a n tig en  b io sy n th es is  g en e  c lu s te r  

(O-A g  c lu s te r )  

O-antigen and O-antigen encoding region 

Anna Maria Malberg Tetzschner 
Master student 



O-antigen gene cluster 

 • Cluster on chromosome 

– between galF & gnd, (his & gnd for O8 & O9) 

• Three gene classes: 

– Nucleotide sugar genes 

– Sugar transferase genes 

– O-unit processing genes: wzx, wzy, wzm & wzt 

 

13 wzx wzy 



wzy-dependent 

14 

134 L. Wang et al.

Fig. 6.1 (continued)

wzx 

wzy 



wzy-independent 

15 

134 L. Wang et al.

Fig. 6.1 (continued)

wzt 

wzm 



SerotypeFinder: O-Typing 

Two types are not in 
database:  

O57 
O14 

 
Probably because of a 

deletion of these genes 
 

wzx 

wzy 



SerotypeFinder: -H 

• fliC (flagellin) 

• flkA, flnA, flmA, fllA 



SerotypeFinder 

• Collection of genes with serotype 

information from NCBI 



SerotypeFinder: -H 

All 53 H-types 
represented 

fliC genes 



SerotypeFinder: Evaluation -H 

• 132 isolates  

–serotyped and 

sequenced- tested with 

tool 

• Correct H-type 

assigned (100%) 

 

 

 

 

 

Isolate H type %ID Length 

042_O44H18 H18 100.00 1665/1665 

11128_O111H- H8 100.00 1479/1479 

11368_O26H11 H11 99.93 1467/1459 

12009_O103H2 H2 100.00 1494/1494 

2362-75_O55H6 H6 100.00 1647/1647 

536_O6K15H31 H31 100.00 1668/1668 

53638_O144 H30 100.00 1713/1713 

55989_O104H4 H4 100.00 1050/1050 

86-24_O157H7 H7 100.00 1758/1758 

B7A_O148H28 H28 100.00 1740/1740 

BL21_roughK12 H48 100.00 1497/1497 

C1214-90_O26H11 H11 99.93 1467/1459 

C1244_91_O55H- H7 100.00 1758/1758 

C12-92_O55H7 H7 100.00 1758/1758 

C154-11_O55H7 H7 100.00 1758/1758 

C155_11_O26H11 H11 99.93 1467/1459 

C166_11_O26H- H11 99.93 1467/1459 

C170_11_O128abH2 H2 100.00 1494/1494 

C213_10_O127H40 H40 98.51 1479/1479 

C2139_99_O111H7 H7 100.00 1758/1758 

C238_91_O103H25 H25 100.00 1332/1332 

C260_92_O127K-H40 H40 98.51 1479/1479 

C262_10_O114H49 H49 98.70 1695/1695 

C283_09_O177H- H25 97.04 1332/1316 

C295_10_O55H34 H34 98.96 1638/1638 

C341_10_O128abH- H2 100.00 1494/955 



SerotypeFinder:  

Preliminary validation  of O:H 

Number of genomes 

for 

validation 

with detected 

genes 

with consistent WGS -and conventional  

results 

O-typing 535 507a (~95%) 502b (~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 

(O118/O151(7), O164/O124, O134/O46, O90/O127, O162/O101). 



Co-existence of fliC and non-fliC genes as 

detected using the SerotypeFinder 

fliC  non-fliC  Serotype by phenotypic 

tests 

fliC2 flkA35 O128abc:H35 

  O?:K?:H35 

fliC2 flkA47 OX185:H47 

  O128abc:H47 

fliC11 flkA47 O156:H47 

fliC21 flkA36 O86:H36 

fliC21 flkA47* O86:H47 

fliC21 flmA54* O161:H54 

fliC25 fllA55 O21:H55 

fliC27 flkA36 O26:H36 

  O51:H36 

fliC27 flmA54 O117:H54 

fliC38 fllA55* O75:H55 

  O75:H55 

fliC40 flkA53 O148: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 wzm/wzt  Serotype by phenotypic 

fliC  non-fliC  

 

wzx/wzyO128abc wzm/wztO60 O20:K67:H17 

 

wzyO138 wzm/wztO60 O138:K81:H48 

 

wzx/wzyO20  wzm/wztO60  O 20:H 4 

fliC4 fliC48  

 

wzyO20  wzm/wztO60  O 20:H 4 

fliC4 fliC48  



O:H serotyping 

 



Virulence genes and vtx subtyping 

 



Virulence genes and vtx subtyping 

 



EAggECFinder 

 



MLST typing 



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  

• 3 isolates per type –sequenced and 

serotyped for evaluation 

• Real-time ROUTINE surveillance of 

VTEC within this year 

 



Surveillance before 2014 

• 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) 

 
 

 



LISTERIA – ANALYSIS WORK FLOW  

MiSeq 

data  

MLST in 

BioNumerics 

Extract 

MLST 

Potential 

cluster 

SNP 

analysis 

Extract xMLST 

Yes 

No 

cluster 
MLST 

nomenclature 

Definite 

cluster 

decision 

Cluster 

investigation 

Yes Quality OK 

No No 



xMLST -ADDING FROM CORE GENOME 

Thesis: Emilie Bak 

Increase in discriminatory index when adding one gene at the time 



WGS: 7-LOCI AND 25-LOCI MLST 
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MLST BASED TREE LISTERIA 2013-2014 

ST1 



ST1 GROUP, SNP ANALYSIS 



PATIENTS WITH LISTERIA 2013-14 – ST-TYPES 

Number of patients per month, coloured by ST 



Genome sequencing ties patients to ”rullepølse” 

WGS shows that Listeria from ”rullepølse” & patients are identical 

 



TIMELINE 

28.April 6.May 

Food control inspection 

at Jørn A Rullepølser  

(specimens are cultured) 

Lamb rullepølse 

withdrawn because of Listeria 

Cleaning & self control 

8.Aug 11.Aug 

 evening 

Food control inspection 

at Jørn A Rullepølser  

(5 x 19 specimens are cultured) 

29 Listeria-positive  

specimens from  

10 products 

Jørn A closed 

26.June 16.July 

Isolates from rullepølse (6.May) 

& patients 100% match by WGS 

Outbreak with ST-224 

discussed in the Central  

Outbreak Group 

(4 pts in 2013, 3 in 2014) 

7.July 

9 patiens 

with ST-224 
20 patients 

with ST-224 



MIKAWASIMA  

How can we use WGS in outbreaks? 
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MAXIMUM LIKELIHOOD TREE 

Mikawasima isolates 2005-2013 

500 

2500 

2500 



CLOSELY RELATED ISOLATES 

40 
20 
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SURVEILLANCE FROM 2014 

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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