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Molecular typing EQA’s

Funded by European Centre for Disease Prevention and Control (ECDC)
Organised by Statens Serum Institut, Denmark, since September 2012

Objectives

Serotyping
Assess the ability to assign correct O groups and H types by using either
serological (somatic ‘O’ and flagellar ‘H’ antigens) or molecular typing methods

(PCR or WGS).

Virulence profile

Assess the ability to assign the correct virulence profile.

The presence/absence of stx1, stx2, eae, aaiC and aggR genes and subtyping
of stx genes (stxla, stx1lc and stx1d and stx2a to stx2g).

Molecular typing-based cluster analysis
Assess the ability to detect a cluster of closely related isolates.
Laboratories could perform the analyses using PFGE or derived data from

WGS.
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Assigning the O group
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Virulence profile 2018-2019  SERUM
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STEC stx subtyping
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stx subtypes, Isolate ID.

11 laboratories subtyped all 12 isolates correctly
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Subtyping stx2
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REF4 stx2a and /or stx2c ? el

Mapping:
"and” = half and half

EDD (stx2a) vs. END (stx2c)

J Clin Microbiol. 2012 Sep;50(9):2951-63.
doi: 10.1128/JCM.00860-12. Epub 2012 Jul 3
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Multicenter Evaluation of a Sequence-Based Protocol for Subtyping
Shiga Toxins and Standardizing Stx Nomenclature

Flamming Schoutz,® Loutsa [ Tesd® Lothar Bsutin,® Donts Plarard,® Glann Buvens.? Hedga Karch® Alacandar Mallmann,”

AFrado Capriol.’ Rosangsla Tozzoll! Stefanc Morabito,’ Mancy &. Strockbina? Angela B Malton-Calsa® Mara Sanchez,”

Saren Parszon,® and Allson . Brian®

'WHO Colizborating Canine for Feference and Resaasch on Sscerichi and Heticdn, Uinit of Foodbome Esctenia snd Typing, Deperimant of kicrobiology and Infection
Conincd, Salans Senusm insdiu, Copeniagen, Denmark”, Unifomied Servces Uinversty of the Heslth Soences, Bethesda, Maryland, LEA": Mational Relessncs Laboratony
fow Escheniciior coll, Fedacl institute for Bk Asserement (B, Borlin, Gesmany™; Mational Refesencs: Conter for Shigs Todneroiodn Produdng £ ool, Deparimeant of
Microbiolony, Lnkersitair Fictanh s Brusssl, Brases, Boiglum™ insttute of Hygiene and Mational Consuling Labargiony for Hemoks Lnemic Syncimeme, Lnversty of
MDmser, Mdrsior, Gomany”™; siubo Supanoes: o Sanits, Rome, ki and Matioral FEacheniohio and Shigelia Refersnos UnE, Enlonc Dieses Laboratony Baanch, Mational
Canier for Emanging and Joonotic Infectious Dissss (CDC), Allnks, Gooegla, LEAT

When Shiga toxin-proeducing Excherichia coli (STEC) strains emernged as agents of haman disease, two types of toxin were identi-
fied: Shiga toxin type 1 (Stxl)} (almost identical to Shiga texin produced by Shigefla dysemieriae type 1) and the immmumnelogically
dastinct type 2 (StxZ). Subsequently, nomerous STEC strains have been characterized that express toxins with variations in
amine acid sequence, somie of which confer wmigue biological properties. These variants were groaped within the 32xl or Stx2
type and often assigned names to indicate that they were not identical in sequence or phenotype to the main Stx] or Stx2 type. &
lack of specificity or consistency in toxin nomenclature has led to much confusion in the characierization of STEC strains. Be-
canse serious owtcomes of infection have been attribated to certain Stx subtypes and bess so with others, we sought to better de-
fine the toxin subtypes within the main Stx] and Stx2 types. We compared the levels of relatedness of 285 valid seqoence variants
of Stxl and 5ix? and identified common sequences characteristic of each of three Six/Stx] and seven 5tx2 sabiypes. A novel, sim-
ple PCE subtyping method was developed, independently tested on a battery of 48 prototypic STEC strains, and improved at six
climical and research centers to test the reproducibility, sensitivity, and specificity of the PCE. Using a consistent schema for na-
meendature of the Stx toxins and stx genes by phylogenetic sequence-based relatedmess of the holotoxin proteins, we developed a
typing approach that should obviate the need to bioassay each newly described toxin and that predicts important biological
characteristics.

Holotoxin consensus seguence

Stx2c LS variants

Stx2a 18 vaziant assssnsavsssalece? esarsansanase?inasssnvannssssvaa snsa?a®iianiesrss® ¥ iisasrisnsss®inanasnnsny
Stx2a 3 vaziants ¢) ceveenasncaaaSiii Bl e vaes i e navasanessasarinssssnseasassssse
Stxid 15 variancs cesVesnsraesdBrnncsBevenonoseosncosesetoneescsoenesvel t¥esseePicnanersssnNoncssesnsveacPosve
Stxlb 4 variants coeneuaves RSN DT o e e L W oMb v unneveevaersesveasse sl soaderoalleesdav vneeesseednenosoMeiBviewe
Stxib 1T variants cssesanss e RANS . R S B sl Vodeoalorresioensrncansoases Bl cccnrsnsonsslynscne?er®stiriecasanscllo Aoy
Stx2¢ 4 variants B R R N  E T T TR R R LR T RRa ¢ RPN : ISP . PRRPMPIOR P S RSO . RN
Stx2e 4 variaacs d) ssosscessssseSrecesBisosaTessennscsedessncssnscesrscacsEDNiciceeSeRicaalisidoaccnccsnnasnnaeliN. 8.,
Stxie § variants T T PR TR TR PR S P TR T TP R REPPERREES -1 PRS- SRR PP RTINS 4 P
Stxle-0C-FHI-110€~-10%2 suvvsesesvesedrescelBervoovetressrsescrsssatrsnseratessbODrssvssDierrvactnviecrssrarenusasevesessRoces
Stxet < veziants R N I R A, T TR L PREY 5 T i, RN T R NEURE, T IR GRII Rt SISty 3 AR SO
Position in mature toxin sequence .2E0 290 1 10 «20 .30 .40 .50 + &0


https://www.ncbi.nlm.nih.gov/pubmed/22760050
https://www.ncbi.nlm.nih.gov/pubmed/22760050
https://www.ncbi.nlm.nih.gov/pubmed/22760050
https://www.ncbi.nlm.nih.gov/pubmed/22760050
https://www.ncbi.nlm.nih.gov/pubmed/22760050

STATENS

Cluster analysis (2018-2019)
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Perform a cluster analyses by using PFGE- or WGS-derived data
« Report the isolates identified as being closely related (outbreak)
« Submit distance between one(cluster isolates) and the other test isolates
« Band difference in PFGE (total bands /shared bands)
« SNP distances or allele differences (wgMLST/cgMLST) (WGS)
 If using WGS, the submission should include the fastg- files

Evaluation:

« The abillity to detect a cluster of closely related isolates bases on a pre-
defined categorization by the organizer / (PFGE / WGS)

(mimicking an outbreak situation)

* The submitted raw reads were “evaluated” by the SSI in-house quality
control pipeline

10



Cluster analysis (PFGE)

REF13*

REF14*# 17
REF15 386
REF16*# 17
REF17 20
REF18 20
REF19 17
REF20 17
REF21 17
REF22* 17
REF23 17
REF24* 17
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No
No
No
No
Yes
No
Yes
Yes
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No
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No
No
No
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No
Yes
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Yes

*: Closely related isolates (5 isolates) #: Technical triplicated isolates

(three also performed WGS)
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cluster analysis (WGS) | SERUM

0O103:H2, stxla

Laboratory number

. laboratorynumber |
mmmmmmmmmmmm

REF131F Yes Yes Noog Yes

REF14*# 17 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
REF15 386 No No No No No No No No No No No No
REF16** 17 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No %
REF17 20 No No No No No No No No No No No No
REF18 20 No No No No No No No No No No No No
REF19 17 No No No No No No No No No No No No
REF20 17 No No No No No No No No No No No No
REF21 17 No No No No No No No No No No No No
REF22*# 17 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
REF23 17 No No No No No No No No No No No No
REF24* 17 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Main analysis (cé\plaleL'_fn (cgﬂ(isleT) (CQPlJI?_SIeT) (cgﬂ(EsE:T) SNP (CQPlJI?_SIeT) (cé\nlaleu'fn (cgnueLlseT) (cgnu(ilseT) SNP (cgﬂ(EsE:T) (cgnu(ilseT)

Additional analysis

Cluster-identified ~ Yes ~ Yes  Yes  Yes Yes Yes Yes Yes Yes  Yes

*: Closely related isolates (5 isolates) #: Technical triplicated isolates
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cgMLST (Enterobase Scheme)
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SNP Distance / allele difference

Reported distance + 1

SNP-based analysis
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Quality Control pipeline
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In general the QC of the data were ok

Laboratory number

Pusmotes | Ranges’ |19, 34 |80 | 100 | 108 | 123 | 133 | 134 | 135 | 137 | 139 | 222

Detected species
Species 1 (%)
Species 2 (%)

Unclassified reads (%)

Length at 25 x min. coverage
(Mbp)

Length [0-25] x min.
coverage (kbp)

Number of contigs at 25 x
min. coverage

Number of contigs [0-25] x
min. coverage

Average coverage
Number of reads (x1000)
Average read length
Average insert size
N50 (kbp)

{Ec} or {Sf}

{<100}
{>45 A <58}

(<250}
{>0}

{<1000}
{>50}

Ec Ec/Sf Ec Ec Ec/Sf Ec Ec/Sf
83.1-92.8 56.2-982 76.8-94.9 87.7-96.1 90.8-96.0 83.0-95.6 @ 86.8-96.2 82.0-954  83.0-924 854-96.1 89.6-96.9
0.9-2.7 0.1-13.0 0.8-3.4 0.8-2.3 0.9-1.6 0.7-7.7 0.9-3.2 0.8-2.8 0.7-8.8 1.0-2.5 0.9-2.8 0.8-15
51-121 15410 1.9-189 1.8-7.9 1.9-5.6 2.2-13.3 4.0-20.7 1.8-8.8 2.1-14.0 59-12.9 2.0-9.9 0.8-6.6
5.0-54 5.1-5.5 47-54 51-55 4550 5.1-5.5 5.1-5.5 5.1-5.4 49-5.2 5.1-5.5 5.1-5.4
2.7-187  0.0-155 0.0-6734 0.0-99.9 0.0-20.0 0.0-1.2 (0.0-3843.9 0.0-2.1 9.9-62.4 0.0-2514 0.0-0.0 0.0-2.8
341-534  158-290  124-211  149-225 2417-5182  210-316 185-553  163-247  153-247 829-1008 153-255  343-2122
5-32 0-14 0-74 0-14 0-62 0-3 0-3 6-38 0-236 0-0 0-12
88-168 40-88 37-130 46-145 25,5955 85-136 21-135 36-96 77-108 36-204 45-78 52-266,5
3332-6194 973-2240 741-3094 1087-3397 490-1752 1775-2982 774-3857 1267-3397 2795-3949 2047-10851 1611-2712 963,5-4602
134-141  204-243  252-288  229-243  272-294 232-259 153-238  151-151  142-148 98.5-99.5 151-151 290-326
211-246  265-359  286-418  284-372 NA 255-313 152-269  298-380  342-418 302-355 298-328 NA
30-48 54-166 86-135 86-140 1-3 73-116 88-140 58-135 18-26 82-140 4-40
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- Allele based increased from 73% (2017-2018) to 83% (2018-2019)
- SNP based decreased from 27% to 17% (n=2)

- In general the performance were high ~83% ..... (92%)

- The laboratories that identified the correct cluster, reported similar results as the
EQA provider (allelic difference /SNP distances within the cluster)

- Both SNP and allele based methods seem to be useful for interlaboratory
comparability

* cgMLST results were at a comparable level (very high degree of homogeneity)
within each species, as long it is analyzed with the same scheme

* The two SNP results could be used for interlaboratory comparability and
communication

* The reported results only gives a hint that using only 2360 loci (instead of 2513
as in Enterobase) and perhaps a different allele calling gives this impact on the
conclusions.
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Cluster analysis (PFGE)  SERUM

[ Gsolaterd | ST | 19 [ 90 | i23 | 124 | 127 | 130 | 132 | 222_
REF13* 17 Yes Yes Yes Yes Yes Yes Yes Yes
REF14*# 17 Yes Yes Yes Yes Yes Yes NoX Yes
REF15 386 No No No No No No YeX  No
REF16** 17 Yes Yes Yes Yes Yes NoX NoX Yes
REF17 20 No No No No No No No No
REF18 20 No No No No No No YeX No
REF19 17 No No No No No YeX Yex No
REF20 17 No No No No No YeX YexX No
REF21 17 No No No No No YeX = Yes YeK
REF22% 17 Yes Yes Yes Yes Yes Yes Yes Yes
REF23 17 No No No No No YeX  YeX  No
REF24* 17 Yes Yes Yes Yes Yes Yes Yes Yes
Cluster-identified conclusion Yes Yes Yes Yes Yes No No No

*: Closely related isolates (5 isolates) #: Technical triplicated isolates
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Difference
(Shared no. of bands Xbal)

Difference
(Total no. of bands Xbal)

19 90 123 124 127 130 132 22 19 90 123 124 127 130 132 222
Lahoratory no. Laboratory no.




