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Objectives

Specific objectives of this session:

1. Learn about in silico serotyping of Salmonella and E. coli isolates

2. Learn about in silico virulence profiling of E. coli
3. Learn how to apply SerotypeFinder, SeqSero and VirulenceFinder

4. Interpret typing results

Related to the course objectives:

A. Process sequencing data (from wgs data to results)

B. Extract relevant information from processed data

C. Perform basic analysis supporting epidemiological investigations, including 
interaction with public databases
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Outline

This session consists of the following elements

1. Introduction to in silico serotyping of Salmonella
2. SeqSero

3. Introduction to in silico serotyping and virulence profiling of E. coli
4. SerotypeFinder

5. VirulenceFinder

6. Issues regarding in silico typing

7. Introduction to exercise

8. Group exercise integrating in silico tools for serotyping of E. coli and Salmonella
and virulence profiling of E. coli

9. Group discussion of results
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Surveillance at SSI

Surveillance flow from hospital to SSI and back
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Serotyping of Salmonella
• Based on O and H antigens

• O:H phase 1:H phase 2 

• Subspecies enterica is named 

after host, disease or 

geographical place of isolation

• Other subspecies after antigen 

formula

Examples:

• Serotype: Salmonella enterica 
subspecies enterica serotype 

London (S. London)

• Antigen profile: 3,10:l,v:1,6

• Serotype: Salmonella enterica
subspecies salamae serotype

• II 58:a:z6
5

Salmonella

bongori enterica

enterica salamae arizonae diarizonae indicahoutenae

2637 serotypes

22 serotypes

White-Kauffmann-Le Minor scheme
O and H antigens

Host, disease, place of isolation

species

subspecies

I II IIIa IIIb IV VI



Sequence typing – new nomenclature

• Multi Locus Sequence Typing - MLST
• Seven conserved genes

• Genetic relatedness

• eBG – eBurstGroup
• Closely related ST´s

• Correlates to serotypes
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Serotypes and sequence types
Serotypes

• Pros

• Well known nomenclature

• Can provide information on properties like 
disease and host specificity

• Cons

• Not necessarily genetic related

ST and eBG

• Pros

• Information on genetic relatedness

• Cons

• No information on properties

Replacement for serotyping? – or a 
combination of both
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Minimal spanning tree (MSTree) of MLST data on 4257 isolates of 
S. enterica subspecies enterica by Achtman et al. (2012) 

Enteritidis or 
Gallinarum

Newport

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380943/figure/ppat-1002776-g002/
https://pubmed.ncbi.nlm.nih.gov/22737074/


Interpretation of Salmonella serotype results

• Same antigen formula - different subspecies

• Biotypes/variants – same antigen formula – different phenotypes

• Additional biochemical test

• Paratyphi B and Paratyphi B var. Java

• Differentiated by fermentation of d-tartrate

• Enteritidis/Gallinarum

• Genotypic serotype looks like Enteritidis – non-expressed H phase

• Phenotypic serotype looks like non-motile Enteritidis

• Additional biochemical test

• Gene sdf missing in Gallinarum and present i common Enteritidis – but is not exclusive….

• See http://denglab.info/SeqSero2/supple or 
https://www.pasteur.fr/sites/default/files/veng_0.pdf for further details
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http://denglab.info/SeqSero2/supple
https://www.pasteur.fr/sites/default/files/veng_0.pdf


SeqSero2

• Input

• Raw reads

• Assemblies

• Output

• Detected O and H antigenes

• Predicted antigen formula

• Predicted serotype

• Predicted species and subspecies

• Potential inter-serotype contamination

• Notes
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SeqSero2 vs SeqSero1

• Faster – k-mer workflow

• Identify species and subspecies

• Additional genetic markers

• Differentiate Paratyphi B and variant Java (D-tartrate fermentation)

• +/- sdf gene in Enteritidis – indication of variant Gallinarum (sdf negative)

• O5 negative mutation (-O5) – variant of Typhimurium

• Differentiation of O22 and O23 in the O13 group

• Inter-serotype contamination

• Can determine more than one O antigen and more than 2 H antigens –
indication of contamination
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Alternatives

• SISTR

• Serotype prediction from MLST and extended MLST schemes (rMLST and 
cgMLST)

• https://doi.org/10.1371/journal.pone.0147101

• Enterobase

• Seqsero2, SISTR and predicted type after ST/eBG

• https://enterobase.warwick.ac.uk/
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https://doi.org/10.1371/journal.pone.0147101
https://enterobase.warwick.ac.uk/


Serotyping of E. coli
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• Based on O and H antigens

• Typical single O and H antigens

• Named according to antigen formula

Example:

• O157:H7



E. coli pathotypes

• Diarrheagenic E. coli (DEC)

• STEC - Shiga toxin-producing

• EPEC - Enteropathogenic

• ETEC - Enterotoxigenic

• EIEC - Enteroinvasive

• EAEC - Enteroaggregative

• Extraintestinal E. coli (ExPEC)

• UPEC - Uropathogenic
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Characterized by 
virulence genes



E. coli typing

• Previous STEC typing at SSI:

• Serotyping

• Resistance profiling

• Test for hemolysin, β-glucuronidase, indole production

• PCR and Hybridization to detect virulence genes (eae, vtx1, vtx2…)

• PFGE for suspected outbreak isolates

• Replaced by WGS analysis
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SerotypeFinder & VirulenceFinder

• Developed as online CGE tools

• Select database

• Select ID/Coverage (default 85%, 60%)

• Select data type

• Upload data

• Blast-based, KMA for raw data

• Also available command-line

• At SSI - integrated databases (not 
the whole tool) in our pipeline 
(with mapping)
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SerotypeFinder: in silico O and H-typing

• 187 known E. coli O-antigens (O1-O187) 

• More added now

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

• wzm and wzt (ABC transporter)

• All 53 known H-types

• fliC, flkA, flnA, flmA, fllA
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SerotypeFinder results

• Input
• Raw reads

• Assemblies

• Output
• O - combined wzx/wzy

• H - flagellin genes

• Sequence identity, coverage and positions

• Reference sequence

• Examine alignments

• Command line output more messy and needs to be sorted
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VirulenceFinder
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• Initially 76 virulence genes – and growing….



VirulenceFinder

• Detection of pathotype-specific genes 

• STEC

• eae - 45 variants

• stx1 - 14A,18B variants

• stx2 - 114A,43B variants

• stx subtypes 

• Important for HUS associated types
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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 SPATE 3 
efa1 EHEC factor for adherence 11 
ehxA Enterohaemolysin 12 
epeA SPATE 1 
espA Type III secretions system 23 
espB Secreted protein B 14 
espC SPATE 3 
espF Type III secretion system 13 
espI SPATE 2 
espJ Prophage-encoded t3SS 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 13 



VirulenceFinder results

• Input

• Raw reads

• Assemblies

• Output

• Sequence identity, coverage and positions

• Reference sequence

• Examine alignments

• Sort in relevance of genes

20



Issues to be aware of

• Data quality

• Sequence bias
• Undetected/partly detected genes

• Non-expressed genes
• Phenotype vs genotype problem

• New variants and multiple variants of same gene

• Serotypes do not always correlate with phylogeny
• Combine with MLST
• Enterobase is good for overview of serotypes and ST´s

• Consider coverage, ID, and positions

• Much output for VirulenceFinder
• Sort and select relevant genes
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Introduction to exercise

• Salmonella
• MLST

• Serotype – Seqsero2

• E. coli
• Serotype – SerotypeFinder

• Virulence - VirulenceFinder

• Note the results in sheets and discuss in group

• Any problems?
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Results - Salmonella
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Strain ID ST Species Subspecies Serotype O antigen H1 antigen H2 antigen Antigen profile Comments

SRR27241771 50 enterica enterica Saintpaul 4 e,h 1,2 4:e,h:1,2 No notes

SRR27241772 198 enterica enterica Kentucky 8 i z6 8:i:z6 No notes

SRR27944993 3226 enterica enterica

Paratyphi C or 

Choleraesuis or 

Typhisuis

7 c 1,5 7:c:1,5

The predicted serotypes share 

the same general formula: 

7:c:1,5 and can be 

differentiated by additional 

analysis

Biochemical test necessary for 

differentiation – important to 

determine since Paratyphi C can 

cause invasive disease (enteric 

fewer) and Choleraesuis is host 

adapted to pigs and Typhisuis is 

host restricted to pigs 

SRR27944994 86 enterica enterica Paratyphi B 4 b 1,2 4:b:1,2

Detected the SNP in gene 

STM3356 that is associated 

with the d-tartrate 

nonfermenting phenotype 

characteristic of the typhoidal 

pathotype

Paratyphi B (d-tartrate negative) 

can cause enteric fewer and the 

Java variant (d-tartrate 

fermenting/positive) is less 

pathogenic and cause 

gastroenteritis



Results – E. coli
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Strain ID O H Serotype eae genes stx genes stx subtype Repeated genes Comments

STEC-EQA-11-BB-10 O187 H28 O187:H28 none stx2g-Out-S-8 stx2g gad, terC, traT
traT – multiple variants in database 

and/or multiple copies of genes

STEC-EQA-11-BH-1 O80 H2 O80:H2 eae-e07-xi
stx2d-O55-5905

stx2d-OR-TS06-08
stx2d

afaB, cia, etsC, 

gad, iss, mchF, 

nleB, nleC, ompT, 

shiA, terC, traJ

O80 is only detected in wzx –

and with low coverage 

(812/1221) and ID% (96,43%). 

Additional analysis needed to 

determine the O-type.

afaB – bug (same reference 

sequence)

cia, etsC, iss, mchF nleB, nleC, ompT, 

shiA - multiple variants in database 

and/or multiple copies of genes

traJ – same gene with different 

reference sequences – clean up in 

database.

STEC-EQA-11-strain0017 O157 H7 O157:H7 eae-g01-gamma
stx1a-O157-FLY16, 

stx2c-O157-FLY16
stx1a, stx2c

astA, gad, nleB, 

tccP, terC

astA, nleB, tccP - multiple variants in 

database and/or multiple copies of 

genes

gad and terC – found in almost all E. coli - disregard 



Further reading and references

• Salmonella serotyping and MLST
• White-Kauffmann-Le Minor serotype classification scheme White-Kauffmann-Le 

Minor Scheme (https://www.pasteur.fr/sites/default/files/veng_0.pdf)

• SeqSero2 – http://denglab.info/SeqSero2, https://doi.org/10.1128/AEM.01746-
19

• SeqSero1 – http://www.denglab.info/SeqSero, 
https://doi.org/10.1128/jcm.00323-15

• Sequence bias SeqSero - https://doi.org/10.1128/AEM.00614-20

• MLST and eBG - https://doi.org/10.1371/journal.ppat.1002776

• Enterobase - https://enterobase.warwick.ac.uk/

• SISTR - https://doi.org/10.1371/journal.pone.0147101
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Further reading and references

• E. coli serotyping and virulence

• Pathotypes review - https://doi.org/10.1093%2Ffemsre%2Ffuac031

• SerotypeFinder - https://cge.food.dtu.dk/services/SerotypeFinder/, 
https://journals.asm.org/doi/10.1128/jcm.00008-15

• VirulenceFinder - https://cge.food.dtu.dk/services/VirulenceFinder/,  
https://doi.org/10.1128/jcm.03617-13, https://doi.org/10.1128/jcm.01269-
20
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