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This report presents the results of the ninth round of the external quality assessment (EQA-9) scheme for typing of
Salmonella enterica subsp. enterica organised for public health national reference laboratories (PH NRLs) in ECDC's
Food- and Waterborne Diseases and Zoonoses network (FWD-Net). Since 2012, the EQA scheme has covered
molecular typing methods used for EU-wide surveillance. The EQA-9 scheme was arranged by the Section for
Foodborne Infections at the Statens Serum Institut (SSI) in Denmark.

Salmonellosis was the second-most commonly reported zoonotic disease in EU in 2017, with a notification rate of
19.7 cases per 100 000 population. From 2008 to 2017, a decreasing trend of confirmed salmonellosis cases was
observed for 25 countries that consistently reported during the period. However, during the last five years (2013—
2017), the overall EU/EEA trend did not show any significant increase or decrease [3]. Since 2007, ECDC's Food-
and Waterborne Diseases and Zoonoses programme has been responsible for EU-wide surveillance of
salmonellosis, including facilitating the detection and investigation of food-borne outbreaks. Surveillance data,
including certain basic typing parameters, are reported by Member States to the European Surveillance System
(TESSy). In 2012, more advanced and discriminatory molecular typing data were incorporated into TESSy to
improve surveillance of food-borne infections.

The effective molecular typing-enhanced surveillance relies on the capacity of PH NRLs in the FWD-Net to produce
comparable typing results. Currently, molecular typing data from pulsed-field gel electrophoresis (PFGE) and
multiple-locus variable number of tandem repeat analysis (MLVA) are collected in TESSy. The previous EQA
schemes from EQA-4 to EQA-8 included assessment of the PFGE typing methods for all Sa/monella serovars and
MLVA for Salmonella Typhimurium (STm). In the present scheme, the PFGE part was modified to address the
cluster detection. This round (EQA-9) contained, as in EQA-8, an assessment of the ability of the laboratories to
perform MLVA for S. Enteritidis (SE) and their ability to identify a cluster based on molecular typing by PFGE, MLVA
and/or whole genome sequencing (WGS) derived data.

The objectives of the EQA-9 scheme were to assess the quality and comparability of molecular typing data
produced by PH NRLs in FWD-Net. Test isolates for the EQA were selected to cover isolates currently relevant for
public health in Europe. Three sets of 10 to 12 isolates were selected, including S. Typhimurium and S. Enteritidis
isolates for the two MLVA methods and a mixture of different sequence types (ST) in the cluster analysis.

Twenty-six laboratories signed up and 23 completed the exercise despite some only completing part of the
methods for which the laboratory had signed up for. This is a minor decrease compared with EQA-8 (N=24), but a
larger decrease of 12% in overall participation compared with EQA-7. It is unknown if the removal of the PFGE part
(gel quality and analysis) was the cause of this. A minority (35%) of participants completed the full EQA scheme
(MLVA and molecular typing-based cluster analysis). In total, 10 (43%) participated in both MLVA methods (STm
and SE) and 21 (91%) in the molecular typing-based cluster analysis. Twelve (52%) laboratories submitted WGS-
based typing results for cluster analysis.

For the STm MLVA schemes, a lower performance was obtained compared with previous years, as only two laboratories
out of 10 (20%) reported correct allelic profiles for all test isolates. In the MLVA part for S. Enteritidis, a higher
performance was seen compared with last year (EQA-9, 98% vs. EQA-8, 92%). Only three participants reported
incorrect results for one isolate each.

Out of the 23 laboratories participating in EQA-9, 21 (91%) performed molecular typing-based cluster analysis. The
idea of the cluster analysis part of the EQA was to assess the PH NRL's ability to identify a cluster of genetically
closely related isolates given the fact that a multitude of different laboratory and analytical methods are used as
the primary cluster detection approach in Member States. This part of the EQA was atypical in the sense that the
aim was to assess the participants’ ability to reach the correct conclusion, i.e. correctly categorise cluster test
isolates, not the ability to follow a specific procedure.

The cluster of closely related monophasic S. Typhimurium ST34 isolates could be identified by PFGE, MLVA and
WGS-derived data. The expected cluster was based on a predefined categorisation by the organiser and contained
a minimum of four and up to nine isolates based on PFGE, six isolates by MLVA and four if the identification was
based on WGS-derived data. All four cluster isolates had been part of a national outbreak linked to meatloaf [7].

Thirteen laboratories used PFGE for cluster analysis and for nine, PFGE was the only cluster identification method.
Despite an extended cluster, four laboratories (31%) did not identify the correct cluster using PFGE. Two
laboratories used MLVA for cluster analysis and both also performed cluster analysis based on WGS data. None of
the laboratories identified the correct cluster using MLVA, however one laboratory included one isolate with only
one-locus variation based on a routine procedure for cluster identification.
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Performance was high using WGS-derived data for cluster analysis, with 10/12 (83%) of the participants correctly
identifying the cluster of four closely related isolates. The participants were free to choose their preferred analytical
method for WGS-based cluster identification. The majority 10/12 (83%) of participants preferred an allele-based
method, using cgMLST or wgMLST and only 2/12 (17%) using single nucleotide polymorphism (SNP-based)
analysis as the main method for cluster analysis. Allele-based and SNP methods seemed equally suitable for cluster
identification and useful for inter-laboratory comparability and communication. A very high degree of homogeneity
in the results were shown using a cgMLST standard scheme (e.g. Enterobase).

Comparison and communication between laboratories is challenging because many laboratories still use PFGE and
will probably not switch to WGS in the near future, however laboratories seem to be moving towards replacing S.
Typhimurium MLVA with WGS.
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1. Introduction
1.1 Background

The European Centre for Disease Prevention and Control is an EU agency with a mandate to operate dedicated
surveillance networks. The mission of ECDC is to identify, assess and communicate current and emerging threats to
human health from communicable diseases. ECDC shall foster the development of sufficient capacity within the
European Community’s network for diagnosis, detection, identification and characterisation of infectious agents
that may threaten public health. ECDC shall maintain and extend such cooperation and support the implementation
of quality assurance schemes [1].

External quality assessments (EQA) are an essential part of laboratory quality management. An external evaluator
assesses the performance of laboratories on test samples supplied specifically for the purpose.

ECDC's disease networks organise a series of EQAs for EU/European Economic Area (EEA) countries. EQAs aim to
identify areas for improvement in laboratory diagnostic capacities relevant to epidemiological surveillance of
communicable diseases as set forth in Decision No 1082/2013/EU [2] and ensure the reliability and comparability
of results generated by laboratories across all EU/EEA countries.

The main objectives of the EQA schemes are to:

assess the general standard of performance (‘state-of-the-art’)

assess the effects of analytical procedures (method principle, instruments, reagents, calibration)
evaluate individual laboratory performance

identify and justify problem areas

provide continuing education

identify needs for training activities.

Since 2012, the Section for Foodborne Infections at the Statens Serum Institut (SSI) in Denmark has been the EQA
provider for the typing of S. enterica subsp. enterica, Shiga toxin/verocytotoxin-producing Escherichia coli
(STEC/VTEC) and Listeria monocytogenes. In 2016, SSI was also granted the new round of tenders (2017 to 2020)
for all three pathogens. The contracted EQA-9 scheme for Sa/monella covers MLVA typing of both S. Typhimurium
and S. Enteritidis and molecular typing-based cluster analysis. This report presents the results of the Sa/monella
EQA-9.

1.2 Surveillance of non-typhoidal salmonellosis

In 2017, non-typhoidal salmonellosis (later ‘salmonellosis’) was the second-most commonly reported zoonotic
disease in the EU, with a total of 91 662 cases reported by 28 EU Member States (EU notification rate of 19.7 cases
per 100 000 population), the lowest number of cases since 2013 (87 753). As in previous years, the most
commonly reported Sa/monella serovars were S. Enteritidis, S. Typhimurium, monophasic S. Typhimurium, and S.
Infantis. In contrast to 2016, when S. Derby was among the top five, 5. Newport was reported in fifth place this
year [3].

Since 2007, ECDC's Food- and Waterborne Diseases and Zoonoses programme has been responsible for EU-wide
surveillance of salmonellosis and facilitating the detection and investigation of foodborne outbreaks. One of the key
objectives of the programme is to improve and harmonise the surveillance system in the EU and increase scientific
knowledge of aetiology, risk factors and the burden of FWD. The surveillance data, including some basic typing
parameters for the isolated pathogen, are reported by Member States to the European Surveillance System
(TESSy). In addition to the basic characterisation of the pathogens isolated from human infections, there is a public
health value in using more discriminatory typing techniques in the surveillance of foodborne infections. In 2012,
ECDC initiated enhanced EU-level surveillance by incorporating molecular typing data into reporting. Three priority
food- and waterborne pathogens were selected for the pilot: Salmonella enterica subsp. enterica, L.
monocytogenes and STEC/VTEC. The overall aims of integrating molecular typing data into EU-level surveillance
are to:

. foster rapid detection of dispersed international clusters/outbreaks

o facilitate the detection and investigation of transmission chains and relatedness of strains across EU/EEA
Member States and contribute to global outbreak investigations

. detect emergence of new evolving pathogenic strains

. support investigations to trace-back the source of an outbreak and identify new risk factors

. aid the study of a particular pathogen’s characteristics and behaviour in a community of hosts.
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Molecular typing-enhanced surveillance gives Member State users access to EU-wide molecular typing data for the
pathogens included. It also provides users with the opportunity to perform cluster searches and cross-sector
comparability of EU-level data to determine whether isolates characterised by molecular typing at the national
level(s) are part of a multinational cluster that may require cross-border response collaboration.

EQA schemes are targeted to public health national reference laboratories (PH NRL) already expected to be
performing molecular typing-enhanced surveillance or who are implementing it to their surveillance at the national
level.

1.3 Objectives

1.3.1 Multiple locus variable number of tandem repeats analysis
typing of S. Typhimurium and S. Enteritidis

The Salmonella EQA-9 aimed to determine and support the assessment of analytical results quality (reproducibility)
and comparability of S. enterica subsp. enterica serovar Typhimurium and serovar Enteritidis MLVA results in the
participating laboratories. The MLVA part covered both the laboratory procedure and subsequent data analysis
(calibration of raw data into correct MLVA alleles according to the nomenclature [4-5]).

1.3.2 Molecular typing-based cluster analysis

The objective of the molecular typing-based cluster analysis of Sa/monella EQA-9 was to assess the ability of
laboratories to detect a cluster of genetically closely related isolates. Laboratories could perform the analyses using
PFGE, MLVA and/or derived data from WGS.
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2. Study design

2.1 Organisation

The Salmonella EQA-9 was funded by ECDC and arranged by SSI following the requirements in ISO/IEC
17043:2010 [6]. The EQA-9 included MLVA of S. Typhimurium and S. Enteritidis and molecular typing-based cluster
analysis using either PFGE and/or WGS-derived data. From EQA-8 to EQA-99 a change was made to exclude the
quality assessment part with PFGE. EQA-9 was conducted between June 2018 and October 2018.

Invitations were emailed to ECDC contact points in FWD-Net (26 countries, which nominated laboratories to
participate in the EQA rounds 2017-2020) by 31 May 2018, with a deadline to respond of 8 June 2018. In addition,
invitations were sent to EU candidate and potential candidate countries Serbia, Turkey, and Kosovo', which signed
up to the Salmonella EQA rounds in 2017-2020. Each laboratory was asked to fill in the reason for participating or
non-participating.

Twenty-six PH NRLs in the EU/EEA and EU candidate countries accepted the invitation to participate, but only 23
submitted results (Annex 1). In Annex 2, details of participation in EQA-8 and EQA-9 are listed to give an overview
of the trend in the number of participants.

EQA test isolates were sent to the laboratories from 26—29 June 2018. The participants were asked to submit their
results to an SSH File Transfer Protocol (SFTP) site and complete the online form by 1 October 2018 (Annex 19).

EQA submission protocol, Excel sheets for the MLVA reference isolates and MLVA allele calling were available at the
online site.

2.2 Selection of test isolates

Seventy Salmonella test isolates were selected to fulfil the following criteria:

represent commonly reported isolates in Europe

remain stable during the preliminary test period at the organising laboratory
include repeat isolates from EQA-4 through 9

include closely related isolates.

The 70 selected isolates were analysed using the methods in the EQA before and after having been re-cultured. All
candidate isolates remained stable using these methods and the final test isolates were selected. For the MLVA
part, 10 S. Typhimurium and 10 S. Enteritidis were selected to cover common and various MLVA profiles (Annexes
5-6). The 12 isolates for cluster analysis were selected to include isolates with different (or varying) relatedness
and comprised different multilocus sequence types (ST19, 34 and 2212). The cluster contained six isolates if based
on PFGE derived data at the time for selection, six if based on MLVA derived data and four isolates (one technical
duplicate) if based on WGS-derived data. After reviewing the submitted PFGE data the cluster definition was
changed and subsequently the cluster contained a minimum four and up to nine isolates based on PFGE derived
data (see 3.3.1 and Annex 6). The characteristics of the test isolates and reported results are listed in Annexes 4-
18.

Table 1. Serovars of test isolates

MLVA Typhimurium/monophasic Typhimurium

S. Typhimurium *STm4 (3-13-NA-NA-211), *STm8 (3-12-9-NA-211)

MLVA 10 Enteritidis 5
S. Enteritidis **SE3 (3-11-4-4-1), *SE10 (1-10-7-3-2)

Cluster identification 12 S. Typhimurium (ST19 and ST2212) 6-18

monophasic S. Typhimurium (ST34)

*: repeat isolates included in EQA-4 to 9.
*X: repeat isolates included in EQA-9.
NA: designates a locus not present (-2 by submission, Annex 4 and 5).

" This designation is without prejudice to positions on status, and in line with UNSCR 1244/99 and the ICJ Opinion on the Kosovo
Declaration of Independence.
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2.3 Carriage of isolates

All test isolates were blinded and shipped on 26 June 2018. The protocol for the EQA exercise and a letter stating
the unique isolate IDs were included in the packages and distributed individually to participants by e-mail on 26
June as an extra precaution. Sixteen participants received their dispatched isolates within one day, nine within
three days and only one participant received the isolates late (13 days) after shipment. The parcels were shipped
from SSI labelled as UN 3373 Biological Substance. No participants reported damage to the shipment or errors in
the unique specific isolate IDs.

On 5 July 2018, instructions to the submission of results procedure were e-mailed to the participants. This included
the links to the online uploading/downloading site and submission form.

At the site, participants could download four Excel sheets; a compensatory table for MLVA reference isolates and a
sheet for the subsequent calculation of MLVA alleles for both S. Typhimurium and S. Enteritidis (MLVA part).

2.4 Testing

In the MLVA part, the 10 S. Typhimurium and 10 S. Enteritidis test isolates were tested to assess the participants’
ability to obtain the true number of repeats in each of the five MLVA loci for each scheme. The participants were
instructed to use ECDC's laboratory standard operating procedure for MLVA of Salmonella enterica serotype
Typhimurium [4] and MLVA of Sa/monella enterica serotype Enteritidis [5]. The distributed Excel sheets could be
used to convert the measured fragment sizes to true allele numbers based on the results obtained for the 33 S.
Typhimurium and 16 S. Enteritidis reference isolates. The allelic profiles should be submitted using the online
submission form, -2 was used instead of NA when a locus was missing [4-5].

In the cluster analysis part, the participants could choose to perform the laboratory part using PFGE, MLVA and/or
WGS derived data among 12 test isolates. The cluster test isolates were pre-categorised by the EQA provider.

The participants were instructed to report the IDs of the isolates included in the cluster of closely related isolates
by method. A pdf version of the online form was also available for the participants. (Annex 19). If PFGE analysis
was conducted, the participant reported the total number of bands in each isolate and the number of shared bands
with an isolate that was found as a representative of the cluster. If MLVA was performed, the participants were
instructed to report the MLVA scheme used and the number of repeats in each of the loci per isolate.

Based on PFGE (Xbal profiles), the EQA provider defined a cluster of a minimum four and up to nine monophasic
S. Typhimurium ST34 isolates: REF1, REF2, REF5, REF6, REF7, REF9, REF10, REF11 and REF12 (REF2 and REF7
were technical duplicates). The nine isolates grouped into three categories: A, B and C (Annex 6-7).

Based on MLVA-derived data, the cluster consisted of six monophasic S. Typhimurium ST34 isolates, REF1, REF2,
REF5, REF6, REF7 and REF12 with the MLVA profile 3-11-11-NA-211 (Annex 8). One isolate, REF8 (3-13-11-NA-
211), differed from the cluster MLVA-profile with two repeats in one locus (STTR5). The last five test isolates had
variation in two to four loci (Annex 8).

Laboratories performing WGS could use their own analysis pipeline for the cluster analysis, e.g. SNP-based or allele
based and were asked to submit the isolates, identified as a cluster of closely related isolates, based on the
analysis used. The laboratories could report results from up to three analyses (1 main and 0 to 2 additional), but
the detected cluster had to be based on results from the main analysis. The laboratories reported SNP distance or
allelic differences between a selected cluster isolate and each test isolate, and uploaded the raw reads (FASTQ
files). In this EQA, the laboratories had the possibility to submit the sequence type (ST) of isolates in the cluster
analysis and were also asked to report the number of loci in the used allelic scheme and the name of the used SNP
pipeline.

Based on WGS-derived data, the cluster consisted of four monophasic S. Typhimurium ST34 isolates: REF2, REFS5,
REF7 and REF12 (Annex 9). The analysis for categorisation was an allele-based cgMLST [9] and an SNP analysis
(NASP [10]). The EQA provider found 0-1 allele differences and a distance of 0—2 SNPs between any two isolates
in the cluster. The rest of the cluster test isolates were additional ST34 (6), ST19 (1) and ST2212 (1).

2.5 Data analysis

As the participating laboratories submitted their results, the MLVA and cluster analysis results, as well as the
participants’ uploaded raw reads, were imported to a dedicated Salmonel//la EQA-9 BN database.

No errors were identified in the submission process, however one participant needed BioNumerics software
support. In addition, few participants were reminded to upload the raw reads.

The MLVA results were evaluated according to the percentage of correctly assigned allelic profiles generating a
score from 0 to 100% correct profiles.
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The cluster analysis part was evaluated according to correct or incorrect identification of the cluster of closely
related isolates based on a predefined categorisation by the EQA provider.

The EQA provider’s PFGE results were based on Xbal profiles and included after expansion of up to nine (section 3.
3.1 and annex 6) of the 12 test isolates (REF1, REF2, REF5, REF6, REF7, REF9, REF10, REF11 and REF12; REF2
and REF7 were technical duplicates). The EQA provider’s MLVA results were based on the S. Typhimurium scheme
[5] and included six monophasic S. Typhimurium ST34 isolates: REF1, REF2, REF5, REF6, REF7 and REF12 with the
MLVA profile 3-11-11-NA-211. The EQA provider’s cluster analysis on WGS-derived data was based on an allele-
based (cgMLST, [9]) and SNP analysis (NASP, [10]). The correct number of closely related monophasic S.
Typhimurium isolates were four out of the 12 isolates (REF2, REF5, REF7 and REF12) and all four were part of a
national S. Typhimurium outbreak [7]. The EQA provider found at most a 0—1 allele difference or 0—2 SNP
distances between any two isolates in the cluster. The rest of the cluster test isolates were an additional six ST34
isolates, one ST19, and one ST2212.

Individual evaluation reports were distributed to the participants in the beginning of February 2019 and certificates
of attendance in March 2019. If WGS data were used, the evaluation report included a quality assessment made by
the EQA provider’s in-house quality control pipeline (e.g. coverage, N50, sequence length and number of contigs).
The evaluation report did not include an evaluation based on quality thresholds.
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3. Results
3.1 Participation

The laboratories could participate in either the full EQA scheme or one part only (MLVA S. Typhimurium, MLVA S.
Enteritidis and/or molecular typing-based cluster analysis based on PFGE, MLVA and/or WGS-derived data). Out of
the 26 participants who signed up for the EQA, 23 managed to complete and submit their results. Only one of
three laboratories who did not sign up at all gave a reason (lack of laboratory capacity) for not participating.

Eight laboratories completed MLVA (STm and SE) and molecular typing-based cluster analysis (PFGE, MLVA and/or
WGS). Ten (43%) laboratories participated in the MLVA part, in both S. Typimurium and S. Enteritidis. Twenty-one
laboratories (91%) participated in the cluster analysis part and most of them (13, 62%) reported cluster analysis
based by PFGE and 12 laboratories (57%) reported based on WGS-derived data. Two participants (10%) among
these reported cluster identification using both PFGE and WGS derived data and two participants reported the
cluster using all three methods (Table 2). Laboratories mainly reported ‘Laboratory policy to enhance the typing
quality” as the reason for participating, but also accreditation needs, and institute/national policy were reported
(See Annex 3 for details).

Table 2. Number and percentage of laboratories submitting results for each method

T
STm and SE m ‘gﬁ? PFGE+ WGS |PFEG + MLVA + WGS
Number of 10 10 9 8 2 2 N 23

participants

Percentage of

participants 100% 43* 43% | 38% 10% 10% 91%*

*: Percentage of the total number of participating laboratories (23)
STm: S. Typhimurium
SE: S. Enteritidls.

3.2 Multiple locus variable number of tandem repeats
analysis

For the second time in an ECDC EQA, MLVA for S. Enteritidis was included. In total, 10 laboratories (43%)
participated in the MLVA part of the EQA and all in both MLVA for S. Typhimurium and for S. Enteritidis (Annex 4
and 5).

3.2.1 MLVA for S. Typhimurium

Ten out of the 23 participants in EQA-9 (43%) performed the MLVA typing of S. Typhimurium, however only two
(20%) of these reported the correct allelic profiles for all ten test isolates (Figure 1).

Laboratory 55 had the most errors, reporting a fragment in an absent loci (STTR10) in five of the test isolates
(STm4, 7, 8, 9 and 10) and reported incorrect all five times the allele number of 28. For two isolates (STm4 and 9),
laboratory 55 assigned an incorrect allele number in STTR3 and for STm1 a wrong allele number in STTR6 was
assigned too.

Laboratory 134 had two errors, reporting a fragment in absent loci (STTR6 and STTR10) in two different test
isolates (STm4 and 9). Six other laboratories had reported an incorrect allelic profile for only one test isolate
(Annex 4). The errors were various and in four different isolates. Laboratory 19 reported the same profile for STm1
and 7, but only the result for STm1 was correct.
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Figure 1. Participant scores for MLVA typing of the 10 S. Typhimurium test isolates
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Arbitrary numbers represent the participating laboratories. Bars represent the number of correctly assigned MLVA profiles.

The results for each test isolate are summarised in Figure 2. The correct MLVA profile was reported for three of the
10 S. Typhimurium test isolates by all participants. No common isolate characteristics caused the problems (Annex
4) as the 14 incorrect MLVA profiles concerned seven different isolates (STm1, 2, 4, 7, 8, 9 and 10). Only one
identical error occurred as both laboratory 142 and 147 did not report a present fragment (STTR5) for STm2.

Figure 2. Average percentage scores of the 10 S. Typhimurium test isolates
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Bars represent the percentage of MLVA profiles correctly assigned by the participants.
#: repeat Isolates (STm4 and STm8) in EQA-4 to 9.
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To follow the development of individual laboratory performance, two isolates with different allelic profiles were
included in EQA-4 through 9: isolate STm4 (3-13-NA-NA-211) and STm8 (3-12-9-NA-211). Figure 3 shows the
individual performance by the laboratories of these two repeated isolates during the six EQAs. The majority of
participants (6/10; 60%) performed at the same or a better level than the last time they participated. Four of the
errors in this EQA were in repeat isolate STm4 (Figure 2) and most caused by identifying an absent fragment in
STTR6 or STTR10.

Two laboratories 129 and 134, which obtained incorrect results in EQA-9, had not previously generated errors on
the repeated isolates. Laboratory 135 reported incorrect result for the same isolate in EQA-6, however not the
same loci. Laboratory 55 had error in both repeat isolates and was the only laboratory reporting incorrect for STm8
(Figure 2).

The MLVA results on the repeated isolates show a decreased performance among the participants compared with
previous years.

Figure 3. Correct MLVA typing of two repeated S. Typhimurium isolates from EQA-4 to 9

2
1
08 129 135 142 144 147 148 149 1

19 36 49 55 88 100 1 134 50
Laboratory no.

EQA-4
®EQA-5
7 EQA-6
mEQA-7
mEQA-8

EQA-9

Arbitrary numbers represent the participating laboratorfes. Bars represent the number of correctly assigned allelic profiles for the
two repeated isolates (STm4 and STm8).
*: laboratory not participating in this round of EQA.
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3.2.2 MLVA for S. Enteritidis

Ten out of the 23 participants (43%) in EQA-9 performed the MLVA typing of S. Enteritidis and seven (70%) of
these reported the correct allelic profiles for all ten test isolates (Figure 4).

Figure 4. Participant scores for MLVA typing of the 10 S. Enteritidis test isolates
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Laboratory no.

Arbitrary numbers represent participating laboratories. Bars represent number of correctly assigned MLVA profiles.

Three laboratories 135, 142 and 147 had one error each in different isolates (Annex 5). Laboratory 135 and 147
missed a present fragment in SENTR5 (isolate SE5) and in SENTR7 (isolate SE10), respectively, and laboratory 142
reported an incorrect allele number in SENTR? for isolate SE6.

Figure 5. Average percentage score of the 10 MLVA S. Enteritidis test isolates
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0
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SE10

X
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Bars represent the percentage of MLVA profiles correctly assigned by the participants.
#: repeat Isolates (SE3 and SE10) in EQA-8 and 9.
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To follow the development of individual laboratory performance, two isolates with different allelic profiles were
included in EQA-8 and EQA-9: isolate SE3 (3-11-4-4-1) and SE10 (1-10-7-3-2). Figure 6 shows the individual
performance by the laboratories of these two repeated isolates during the two EQAs. The MLVA results on the
repeated isolates show stability and high performance among the participants.

All participants performed at the same or a better level than the last time they participated. Laboratory 147 missed
both in EQA-8 and EQA-9 a fragment present in locus SENTR?7 for repeat isolate SE10. Laboratory 148, which
obtained incorrect results in EQA-8, did not participate in EQA-9.

Correct MLVA typing of two repeated S. Enteritidis isolates from EQA-8 to 9

mEQA-8 EQA-9

2

0 * *
19 55 100 108 129 134 135 142 144 147 148 149

Laboratory no.

Arbitrary numbers represent the participating laboratories. Bars represent the number of correctly assigned allelic profiles for the
two repeated isolates (SE3 and SE10).
*: laboratory not participating in this round of EQA.

In this part of the EQA, the participants should correctly identify a cluster of closely related isolates among 12 test
isolates by using either PFGE, MLVA and/or WGS-derived data. The cluster test isolates were pre-categorised by
the EQA provider.

After reviewing the submitted data, the EQA provider noticed large difference among the participant number of
closely related isolates and especially divergent results for the two technical duplicates (REF2 and REF7). All data
are available in Annexes 6, 7 and 10-11.

The EQA provider asked the participants to share their TIFF files with the EQA provider, not to evaluate the TIFF
quality but in order to elucidate the issues of the technical duplicates. In addition, two participants were asked to
return their stored isolates of REF2 and REF7 to the EQA provider. Despite the fact that all EQA isolates during the
stability testing at the EQA provider, were sub-cultured before storage, the EQA provider could easily find five
different PFGE profiles when repeating the PFGE analysis with 10 single colonies from the storage tube of
REF2/REF7 (see Figure 7, marked in green). Also, the isolates returned by the participants showed different PFGE
profiles (See Figure 7, marked in grey). The band variation was between 110-160kb and one profile suggested a
band size of 40kb.

12
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Figure 7. Different colonies of REF2/REF7
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Green box indicates the band with variation.

The EQA provider sent four of the isolates/colonies (Figure 7, marked in bold) to be sequenced by Nanopore
MinION and by Illumina NextSeq (both at SSI). Nanopore and Illumina data were combined in a hybrid assembly
using Unicycler (v0.4.7). Visualisation of the hybrid assembly in Bandage (v.0.8.1) showed that each isolate
contained a chromosome of approx. 4957-4989kb and an additional genetic element of approx. 8kb (Annex 6).
Bandage shows this element as a circular element; however this is incorrect and caused by a duplicated sequence
of 820bp that Unicycler erroneously assumes is an overlap. Visual analysis in CLC genomics workbench (v10.1.1)
by BLAST-mapping of nanopore reads longer than 10kb to the assembly revealed that the ‘circular’ element is in
fact a tandem repeat (Annex 6 for details).

Based on these findings the cluster definition of closely related isolates based on PFGE (Xbal profiles), was
extended with three profiles (REF1, REF6 and REF11) and divided into three categories (A, B and C).

A: REF5, REF9, REF10 and REF12 with indistinguishable PFGE-profile as a minimum
B: REF2 and REF7 with 0-1 band difference to the PFGE-profile in A
C: REF1, REF6 and REF11 with up to 2 band differences to the PFGE-profile in A.

Thirteen (57%) participants performed the cluster analysis using PFGE-derived data. Nine (69%) of the
participants correctly identified the cluster of closely related isolates. Table 3 provides an overview of the isolates
each participant included (Yes) or excluded (No) in their cluster identification. Laboratory 128 did not report REF12
as one of the four minimum required. REF10 was also part of the four in category A, but laboratory 144 and 145
did not included REF10 in the PFGE cluster. One laboratory (140) identified incorrectly REF8 as part of the cluster
based on PFGE and included all ST34 in the cluster (Annex 10).

13
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Table 3. Results of cluster identification based on PFGE-derived data

| lsoltero.  taory [ |
mmmmmmmmmmm
REF1#C No No Yes Yes Yes

REF2##8 34 Yes No No No No Yes Yes Yes Yes No No No Yes
REF3 2212 No  No No No No No No No No No No No No
REF4 19 No No No No No No No No No No No No No
REF5tA 34 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
REF6t¢ 34 No No No No No No No Yes Yes No No No No
REF7##8 34 Yes Yes No Yes No Yes VYes Yes Yes Yes Yes Yes Yes
REF8 34 No No No No No No No No ' Yes No No No No
REF9 A 34 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
REF10A 34 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No Yes
REF11t¢ 34 No No No No No No Yes Yes Yes No No No Yes
REF12tA 34 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Cluster-identified Yes Yes Yes Yes Yes No Yes Yes No Yes No No Yes

#: closely related isolates (in grey)

#: technical duplicate isolates (in bold)

A: REF5, REFS, REF10 and REF12 with indistinguishable PFGE-profile as a minimum
B: REF2 and REF7 with 0-1 band difference to the PFGE-profile in A

C: REF1, REF6 and REF11 with up to 2 band differences to the PFGE-profile in A

3.3.2 MLVA-derived data

Two participants (10%) performed cluster analysis using MLVA-derived data and both selected the S. Typhimurium
scheme and reported the loci in the correct order: STTR9, STTR5, STTR6, STTR10 and STTR3.

Performance was low, with both participants not identifying the correct cluster of closely related isolates (MLVA
profile: 3-11-11-NA-211) defined by a pre-categorisation by the EQA provider among the 12 cluster test isolates.
Table 4 shows the overview of the isolates each participant included (Yes) and excluded (No) in their cluster
analysis. Figure 8 shows a dendrogram of the reported MLVA results. All data are available in Annexes 8, 13 and
14.

Table 4. Results of cluster identification based on MLVA-derived data

T ooy
Isolate number MLVA-proflIe “_

REF1# 3 - NA - 211

REF2# 34 3 - 11 - 11 - NA - 211 Yes No
REF3 212 '3 - 19 - 11 - NA - 311 No No
REF4 19 '3 - 14 - 13 - 2 - 31 No No
REF5¢ 3 3 - 1 - 11 - NA - 211 Yes Yes
REF6¢ 3 3 - 11 - 11 - NA - 211 Yes No
REF7# 3 3 - 11 - 11 - NA - 211 Yes Yes
REF8 3 3 - 13 - 11 - NA - 211 Yes No
REF9 3 3 - 14 - 9 - NA - 211 No No
REF10 34 3 - 12 - 9 - NA - 21 No No
REF11 3 3 - 12 - 8 - NA - 21 No No
REF12¢ 3 3 - 11 - 11 - NA - 211 Yes No
Cluster-identified 3 - 11 - 11 - NA - 211 No No

#: closely related isolates (in grey)
#: technical duplicate isolates (in bold)
NA: designates a locus not present (-2 by submission, Annex 14).

Laboratory 19 reported the correct MLVA profile for all 12 test isolates but included one additional isolate (REF8)
with one locus variation (STTR-5) in the cluster based on MLVA-derived data. Laboratory 147 included only three
isolates (REF1, REF5 and REF7) in the cluster and missed three isolates. For REF6 and REF12 laboratory, 147 did
not identify a fragment in locus STTR3, and for REF2, the laboratory missed a fragment in both STTR6 and STTR3.
Furthermore, laboratory 147 reported missing fragments (Figure 8) for two isolates outside the MLVA cluster (REF4
and REF10).
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Figure 8. Reported MLVA results of each test isolate
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Dendrogram from BioNumerics of MLVA profiles reported by laboratories 19 and 147. Each of the 12 test isolates has a different
colour.
REF1 to REF12: results from EQA provider.

3.3.3 WGS-derived data

Reported results from participants

Twelve participants (52%) performed cluster analysis using WGS-derived data. Only one laboratory reported using
external assistance for sequencing. Different sequencing platforms were listed among the participants: one
MiniSeq, seven MiSeq, one HiSeq, two NextSeq and one Ion Torrent. All reported using commercial kits for library
preparation. Of the 12 participants, nine (75%) used Illumina’s Nextera kit. Two reported volume changes from the
manufacturer’s protocol (Annex 14).

Performance was high in cluster analysis with WGS-derived data, with 10 (83%) participants correctly identifying
the cluster of closely related isolates defined by a pre-categorisation by the EQA provider among the 12 test
isolates.
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Ten laboratories correctly reported ST of all 12 isolates and only two laboratories (148 and 142) used the
submission field for Enterobase [5] level cluster codes or did not report at all.

Table 5. Results of cluster identification based on WGS-derived data

Laboratory ID
'solate number | ST | 19 | 36 | 49 [108] 129 | 134 | 142 | 144 | 147 | 148 | 149 |150]
No No No No es No No No No No No No

REF1 34 Y
REF2# 34 Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes
REF3 2212 No No No No No No No No No No No No
REF4 19 No No No No No No No No No No No No
REF5% 34 Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes
REF6 34 No No No No Yes No Yes No No No No No
REF7# 34 Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes
REF8 34 No No No No Yes No No No No No No No
REF9 34 No No No No Yes No No No No No No No
REF10 34 No No No No Yes No Yes No No No No No
REF11 34 No No No No Yes No No No No No No No
REF12¢ 34 Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes
Main analysis Allele . Allele . Allele SNP . Allele . Allele Allele Allele Allele Allele Allele  SNP
(cgMLST) (“cgMLST”) (cgMLST) (“wgMLST”) (cgMLST) (cgMLST) (cgMLST) (cgMLST) (cgMLST) (cgMLST)
Additional analysis 1 (wﬁ\,'n'ﬁ'fsT (“wgll\l/lel.lgT”) SNP SNP
Additional analysis 2 SNP SNP
Identified cluster Yes Yes Yes  Yes No Yes No Yes Yes Yes Yes  Yes

* closely related isolates (in grey)
# . technical duplicate isolates (in bold)
"cgMLST” / "wgMLST": assigned by provider based on reported information (Table 7)
ST: sequence type
Allele: allele-based analysis
SNP: single-nucleotide polymorphism analysis.

Laboratories were instructed to report the data analysis used for cluster identification and select a representative
isolate in the cluster for reporting SNP distance or allelic differences between the selected isolate and each test
isolate included in analysis. Laboratories could report results from up to three analyses (one main and 1 to 2
additional), but the detected cluster had to be based on results from the main analysis. Laboratories 19, 36, 49 and
148 reported additional analyses.

Of the six participants using SNP analysis, two (laboratory 108 and 150) used SNP as the main analysis for cluster
detection, two (laboratory 49 and 148) reported SNP as an additional analysis and laboratory 19 and 36 reported
SNP-based analyses as a third analysis. All used a reference-based approach with different S. Typhimurium isolates
as reference. Three used an in-house pipeline to the SNP analysis and three reported use of NASP, BioNumerics
and PHE-NIX, respectively. As read mapper, three used Burrows-Wheeler Aligner (BWA), two used Bowtie and one
used CLC. Two laboratories reported the use of GATK as variant caller, SAMtools (two laboratories), VarScan and
CLC were also used.

Tables 6 and 7 show the overview of the submitted data. For laboratory reported SNP distance/allelic differences by
isolate, see Annex 16.
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Table 6. Reported results of SNP-based cluster analysis
SNP-based

Distance Distance outside
Laboratory SNP pipeline Approach Read mapper |Variant caller W|th| n cluster

Provider NASP Reference-based REF2 GATK 27-269 (795-1 170)
. NASP +

Provider recombination flter Reference-based REF2 BWA GATK 0-2 25-105 (614-750)

19* NASP Reference based ST34 SSI_AA530 BWA GATK 0-2 23-248 (782-1153)

36* in-house Reference based STM LT2 (NC_003197.2) BWA-MEM  Varscan 0-2 22-67 (548-746)

49* BioNumerics Reference based ST34 and isolate ID 5327 Bowtie SAMtools 0-2 25-192 (888-893)
cLe CLC assembly

108 in-house pipeline  Reference based in-house strain resp ST assembly cell cell 442 0-2 25-270 (not reported)
v44.2 o

148* In-house Reference based ST34 TW-Stm6 CP019649 Bowtie2 SAMtools 0-9 31-72 (599-670)

gi|16445344|gb|AE006468.1|
150 PHE-NIX Reference based Samonelia enterica subsp. WA GATK 0-2 24-73 (675-844)

enterica serovar Typhimurium
str. LT2, complete genome

*: additional analysis
= reported differences to ST34 (non-ST734). For detailed data, see Annex 16.

Of the 10 participants using an allele-based analysis, all selected the method as the main analysis for cluster
detection. Seven of 10 (70%) used only an assembly-based allele calling method and two (20%) used both
assembly- and mapping-based allele calling methods. Five used SPAdes as the assembler and four used Velvet. The
remaining laboratory (10%) used only a mapping-based allele calling method.

Eight of 10 laboratories (80%) reported using Enterobase (cgMLST) as the scheme for analysis. One laboratory
(36) reported the use of cgMLST in an ad hoc scheme for Sa/monella enterica based on 2.143 core loci and
laboratory 129 used wgMLST (1.423 core and 2.055 accessory loci). Furthermore, two laboratories reported an
additional analysis by wgMLST, laboratory 19 using Enterobase/Applied Math (15.867 loci) and laboratory 36 using
in-house scheme (2.143 core and 2.201 accessory loci).

Table 7. Reported results of allele-based cluster analysis

AIIeIe based analysis

Allelic calling le'ference le'ference

Provider

BioNumerics

Assembly- and

SPAdes

Applied Maths

15-38 (292-341)

mapping-based (cgMLST/Enterobase)
. . Assembly based and Applied Math 3002 .
19 BioNumerics mapping based Spades (cgMLST/Enterobase) 0-1 15-37 (293-340)
" . : Assembly based and Applied Math g B
19 BioNumerics mapping based Spades (WgMLST/Enterobase) 15 867 0-2 21-62 (450-515)
36 SeqSPhere  Mapping based only - Other 3 i pouse scheme based on g 10-28 (197-241)
36+ SeqSPhere  Mapping based only - Other 2143 core *+ 2201 accessoy g, 21-58 (440-533)
. . Assembly based and Applied Math 3002 .
49 BioNumerics mapping based SPAdes (cgMLST/Enterobase) 0-1 15-38 (294-342)
§ Ad hoc scheme for
. Salmonella enterica based on
129 SeqSPhere  Mapping based only  Velvet Other 1.423 core and 2.055 0-17 (137-168)
accessory loci “(wgMLST”)
134 SeqSPhere  Mapping based only  Velvet Enterobase (cgMLST) S 002 0-1 14-59 (285-337)
142 Enterobase  Mappingbasedonly  SPAdes  Enterobase (cgMLST) © 018 0-5 8-37 (286-333)
144 SeqSPhere  Mapping based only  Velvet Enterobase (cgMLST)  © 002 0-2 14-37 (286-339)
147 SeqSPhere  Mappingbasedonly 31 Enterobase (cgMLsT) > 202 0-1 15-38 (288-340)
148 Enterobase ~ Mapping based only  SPAdes Enterobase (cgMLST) 3000 Not reported
149 SeqSPhere  Mapping based only ~ Velvet Enterobase (cgMLST) 3002 0-1 14-37 (288-335)

*: additional analysis
& modified from submitted information

& reported differences to ST34 (non-ST734). For detailed data, see Annex 16.
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Eight of the ten laboratories (80%) using an allele-based analysis as the main method could identify the correct
cluster of four closely related ST34 isolates (Figure 9). All these eight laboratories performed cgMLST and they
reported an allele difference within the cluster at 0—2. However, one laboratory (148) did not report allelic
differences between a selected isolate and each test isolate included in the analysis as described in the protocol,
and instead laboratory 148 reported Enterobase [5] level cluster codes in the field for ST submission. The lack of
reported distances affected the data presented in this report and both the discussion and conclusion, as the
reported [5] level cluster codes complicated the comparison.

Furthermore, the two laboratories (19 and 36) performing an additional allele-based analysis reported 0-2 allele
difference using wgMLST.

Six other test isolates (REF1, REF6, REF8, REF9, REF10 and REF11) were also ST34, but not predefined by the EQA
provider as part of the cluster. The eight laboratories performing cgMLST with correct cluster identification reported
allele differences to the selected cluster isolate at 10-59 for this group of isolates (difference outside cluster),
though laboratory 148 did not report as instructed for these isolates neither.

Laboratory 129 did not identify the correct cluster and used wgMLST ‘in house’ scheme of 1423 core and 2055
accessory loci. The laboratory reported 0—-17 allele difference within the identified cluster and included all six
additional ST34 isolates along with the four correct isolates. For the four isolates defined by the EQA provider as
the correct cluster the laboratory reported 0-1 allele difference and 6-17 allele differences were reported for the
additional six ST34 isolates.

Laboratory 142 did not identify the correct cluster using Enterobase (cgMLST) for the allele analysis. The laboratory
reported a cluster of six isolates with 0-5 allele difference but reported non allele difference within the correct
cluster of four isolates defined by the EQA provider. The two additional isolates had a reported allele difference of 2
(REF10) and 5 (REF6). For the last four ST34 isolates the reported allele differences were 8-37 and these isolates
were not including in the cluster.

Of the eight laboratories using the cgMLST scheme by Enterobase, laboratories 142 and 148 were the only two
reporting directly analysing data in Enterobase (Table 7), while the other six laboratories analysed in BioNumerics
or SeqSPhere.
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Figure 9. Reported SNP distances or allele differences for each test isolate to selected cluster
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Ninth external quality assessment scheme for Sa/monella typing

The two laboratories (108 and 150) performing SNP analysis as main analysis both identified the correct cluster of
closely related isolates (Figure 9). Four other laboratories (19, 36, 49 and 148) that identified the correct cluster of

closely related isolates by cgMLST (main analysis) also performed SNP analysis as additional or third analysis.

The reported SNP distances within the cluster were 0-2 for laboratories 19, 36, 49, 108 and 150. Laboratory 148

reported the SNP distances within the cluster as 0-9. High variation in the SNP distance was reported outside the

cluster and the reported distance was 22-270 for the non-cluster ST34 isolates. The EQA provider performed two
SNP analyses both with and without recombination filter (Table 6) and identified mainly one region of 154 SNP

linked to recombination. The highlighted recombination branch in Figure 10, were reduced from 161 to 7 SNP when
applying the recombination filter.
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Figure 10. Maximum parsimony tree of provider data based on SNP distances
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Analysis of raw reads uploaded by participants

In addition to the reported cluster identification, participants submitted their FASTQ files to be evaluated by the
EQA provider. The data were initially evaluated using the EQA provider’s QC pipeline [11] and FASTQ files were
uploaded to an Applied Maths calculation engine for allele calling (cgMLST/Enterobase, [9]).

The overall cgMLST analysis by the provider, shown in the minimum spanning tree (MST, Figure 11) and based on
submitted raw reads from 12 laboratories, shows clear clustering of the results for each test isolate. Only data from
laboratory 108 are separated (or removed) from the other results.
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Figure 11. Minimum spanning tree of core genome multilocus sequence typing, participant FASTQ
files

Lab108

’

38 REF &

REF 1
REF 10
REF 2
REF7
REF 5
REF 11
REF 6
REF 12
REF 3
REF 4
REF O
EQA Provider

Lab108

23

% Q’ Lab108

% > Y—uu
adl) %

* @

/.LaD‘IOB

OO EEEEfdPEm

La 0108

LaD1 08

Lab108

12

Lab108

12

S e

Lab108

Minimum spanning tree (MST) in log scale of core genome multilocus sequence typing (cgMLST, [9]) based on submitted raw
reads (FASTQ files).

Fach REF1-REFI1? test isolate has a different colour.

REF results from the EQA provider are in grey.

For each laboratory, cgMLST was performed on the submitted raw reads (FASTQ files) applying Applied Maths allele
calling with the Enterobase scheme [9]. For each laboratory, a hierarchical single linkage clustering was performed
on the submitted data along with the EQA provider’s reference isolates. Figure 12 shows the allele differences
between each submitted sequence and the corresponding reference. As seen in Figure 11, the provider isolates
REF6 and REF8 are both one allele removed from most of the participant isolates.
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Figure 12. Participant allele difference from reference result (EQA provider) for each test isolate
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Allele difference of participant isolates from the corresponding REF isolates (EQA-provider) based on the submitted raw reads
(FASTQ files).

For 130 of 144 results (90%), 0-1 differences were identified (Figure 12). For two results, a difference of two
alleles from the REF isolate was calculated. For 12 results (8%), a difference of 24-40 alleles was seen, all by
laboratory 108.

Separately, the laboratories responded to QC parameters used to evaluate their data. As seen in Table 8, both
coverage and confirmation of genus was the most widely used QC parameter with 91% and 82% of the
laboratories using this parameter. Different thresholds of coverage ranging between 20-60X coverage were used.
Many different programs were used for the contamination cheek. Number of good cgMLST loci was used by 73% of
laboratories with a threshold ranging between 95-99%. Q score and genomic size were used by 55% and 45%,
respectively. A few laboratories reported additional parameters (Annex 17) and the full QC evaluation of all isolates
can be seen in Annex 18.
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Table 8. Summary of selected QC parameters reported by participants

Confirmation of genus Q score (Phred No. of good cgMLST loci

Minimum per site Assembly length as . )
19 Kraken database coverage of assembly no of contigs < 200 expected for Salmonella BloNumencsS(gC character
>25 >4.500.000
36 KRAKEN 20x No No % good targets
49 No >=30 N50 45t06.5MB Core percent
Dynamic core genome
108 No 20x In-house ~97% No
Avg. Coverage
129 SISTR (Assembled) >40 Perc. Good Targets >95% No No

length of contigs cgMLST alleles found and

134 MLST 2 No assembleds €122 alees called>95%
142 Kraken 30 No No >95%

) percentage of good cgMLST
144 PathogenFinder (DTU) >40 SeqSphere+ No targets >99%
147 JSpecies 60x No No % good targets (98% min)

N50 + contigs number +

148 BLAST 50x Genome length 4,5-5,1 MB No
149 KRAKEN No No No % good cgMLST loci >95%
% of
':sbig;a:ﬁg'zsc 82% 91% 55% 45% 73%
parameter

For each laboratory, the submitted raw reads (FASTQ files) were evaluated by the EQA provider’s in-house quality
control pipeline [11]. Table 9 shows the QC parameters and range of QC values per laboratory. For the full QC
evaluation of all isolates, see Annex 18. Overall, the coverage of the raw data was high when evaluated by the EQA
provider “s QC pipeline.

Table 9. Results of participants’ raw sequence data evaluated by EQA provider’s QC pipeline

I Laboratoy No.

| Parametors | Ronges | 19 | 36 | s | 106 | 125 | %4 | te2 | a4 | 1e7 | faa | 149 |
Number of genera

detected {1} 1 1 1 1 1 1 1 1 1-3 1 1 1
Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
He’;ﬂgs(ﬁ/'of;ed 1431 13254 0561 1838 0271 0682 0539 0444 14362 0525 1136 04-40
Length at 25 x 457

minimum <5'3} 485 | 4951 4951 485 4951 015 4251 4951 051 475 | 4951 385
coverage (Mbp) )

Length [0-25] x

minimum. {<0.25} 0 0-0,1 0 0 0 0-4,8 0-0,6 0 0-4,7 0-0,1 0 0-1,1
coverage (Mbp)

Number of contigs

at 25 x minimum {>0} 75-149 | 60-115 = 48-124 285-492 63-109 1597 | 52-106 5368 = 7-208 = 74-168 5166 = 54-87
coverage

Number of contigs

[0-25]x minimum = {<1000} =~ 25 | 046 0 0 03 | 0156 0-38 = 04 | 0515 030 04 014
coverage

Average coverage {>50} | 77-125 | 56-142  42-129  66-136 54-118 = 2279 = 3373 | 39127 1581 | 60-144 102174 32-82
Number of reads 13712 6824 4271 10382 9292 3911 o0, 4631 1941 10902 11302 800-2
(x1000) 282 778 | 598 136 060 397 482 112 997 | 005 @ 055

No. of trimmed 13632 660-1 4121 965 9142 3881 .o .o. 457-1 1761 10812 10784 800-2
reads (x1 000) 258 | 711 555 998 | 023 387 453 077 | 962 | 932 | 055

:‘é'ﬁ;'tﬂ‘“m read 151 301 301 | 30359 151 151 251 251 301 151 301 101

Mean read length 140-144 | 200-216 | 214-255 202226 144-147  144-148  230-238 216-227 189-227 | 146-148  226-252 99-100
Read insert size 322-367 293-316 294-530  NA  410-483 324-444  424-629 301-374 263-418 320-405 316-380 346-401
Insert size StdDev 128-146 137-142 | 121-185  NA  158-172 128-171 169-209 112-147 109-189  77-106 ' 136-159 173-198
N50 (kbp) 61-167 | 91-271 75283 17-32  90-232 58247 = 61-283 181283 15-150  50-174  192-283 129-239
N75 (kbp) 33-87 | 53102 42178 918 | 53-102 28102  36-135 85175 859 | 26-81 91150 82-104

*: indicative QC range
Se: Salmonella enterica
NA: not analysed.
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4. Discussion

The total number of participants decreased from 26 in EQA-7, 24 in EQA-8 to 23 in EQA-9. Among the 23

participants, one (laboratory 132) was participating again after a break last year. Two other laboratories (106 and
130) participated in both EQA-7 and EQA-8 but not in EQA-9. Laboratory 106 participated in both the cluster part
by WGS and in the quality assessment of PFGE, while laboratory 130 only participated in the PFGE part of EQA-8.

4.1 Multiple-locus variable number of tandem repeats
analysis

Ten laboratories (43%) participated in the MLVA part of both S. Typhimurium and for S. Enteritidis. MLVA for S.
Enteritidis was included in the EQA for the second time and the relatively high number of participants confirms that
it was relevant to include this method, but again this year the number of participants in MLVA for S. Typhimurium
was lower than in previous years, decreasing from 15 participants in EQA-4 to 10 participants in this EQA-9. This
can reflect a trend, where more laboratories are switching to WGS-based surveillance and outbreak detection using
WGS instead of MLVA.

Only two laboratories (20%) obtained a total score of 100% for S. Typhimurium and reported the correct MLVA
types for all 10 test isolates. The overall performance in this round was 86%, which was lower compared with
previous years. From EQA-4 to EQA-9, the overall performance in each round was 92%, 96%, 96%, 96%, 97%
and 86%, respectively. There were no obvious reasons for the decrease in this round, however one laboratory (55)
participated for the first time in MLVA for S. Typhimurium and caused 43% of the incorrect results. The overall
performance without the results from laboratory 55 was 92% and still lower compared with the previous four
years.

The MLVA results of the two repeated S. Typhimurium isolates from EQA-4 through EQA-9 showed good
performance by the participants. The majority of participants (60%; 6/10) performed at the same level as the last
time they participated, however several of the laboratories had unusual incorrect result for one of the repeat
isolates leading to general lower performance in EQA-9.

Mistakes in the MLVA for S. Typhimurium were mainly caused by reporting alleles in a locus with no fragment
present, but also by assigning an incorrect allele in a present fragment. No common characteristics of the isolates
caused problems among the participants, however laboratory 55 seemed to make a systematic error reporting
allele number 28 for S. Typhimurium in locus STTR10 several times and the error by laboratory 19 was probably
caused by analysing or reporting the same isolate twice.

For MLVA of S. Enteritidis, seven laboratories (70%) obtained a total score of 100% and the overall performance
was 98% which was higher compared with EQA-8 (92%). The few mistakes in the MLVA for S. Enteritidis were
twice reporting absent alleles where fragments were present and once an incorrect allele assigning in a present
fragment.

The reasons for identifying the presence of an absent locus or vice versa (false negative allele number for a
present locus) could be from not using a freshly prepared primer mix. An unbalanced primer mix could result in
very different peak heights and background noise could be identified as a signal or a correct signal could
mistakenly be recognised as background noise. Furthermore, amplification signals (peaks) decrease as the primer
mix gets older and the use of control/reference isolates should indicate whether the primer mix produces readable
signals. The lower performance in general may suggest a decreased use of the MLVA method combined with
reduced maintenance of quality and skills while implementing WGS as routine method.

4.2 Molecular typing-based cluster analysis

In the present EQA scheme, a molecular typing-based cluster analysis was included for the second time.
Participants were free to choose their preferred method between PFGE, MLVA and/or WGS-derived data and the
identified cluster depended on the method used. Four of the 12 test isolates formed a cluster of closely related
isolates according to WGS-derived typing results obtained by the EQA provider, whereas the remaining isolates
clearly were genetically more distant. If MLVA was used as the single typing method, six isolates were
indistinguishable, whereas the profiles of the remaining isolates had small or large differences to the cluster profile,
and by PFGE a broad cluster definition was used in the evaluation of PFGE derived data and up to nine isolates
could be included in the PFGE cluster.
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The adjustment of the EQA scheme by adding cluster identification seem much more accepted by Member States
compared with last year (Annex 2). Twenty-one of the 23 laboratories (91%) participated in the cluster part using
PFGE-, MLVA- and/or WGS-derived data which was higher comparable with EQA-8 (54%). This year’s adjustment,
where the PFGE part with gel quality and analysis assessment was excluded, increased the number of laboratories
participating in cluster identification using PFGE from 4 to 13. Five of the laboratories participating in the PFGE part
last year did not switch to perform PFGE in the cluster part. Two of these five laboratories participated in the
cluster part with only WGS, while three of these laboratories did not participate in the cluster part or in the EQA-9
at all.

Two new laboratories participated in the cluster part using WGS and only one laboratory performing WGS last year
did not report WGS based results this year, thus the number of participants only performing WGS-based cluster
analysis was almost the same in EQA-8 and EQA-9 (respectively 8 and 7 laboratories).

Only two laboratories participated in cluster identification using MLVA and both also participated in cluster
identification using PFGE and WGS. The number of laboratories only performing PFGE-based cluster analysis
increased markedly from two to nine and the high number of laboratories only performing PFGE shows that the
method is apparently still an important and needed routine method for many laboratories.

The allele difference and SNP distances calculated from the cluster defined by PFGE or MLVA were much higher
than in the true’ WGS defined cluster. The allele differences within the cluster defined by PFGE were up to 18
(cgMLST by provider) using the minimum PFGE cluster definition of four isolates (category A), or up to 38 allele
differences using the extended PFGE cluster definition of nine isolates. The SNP distance within the cluster defined
by PFGE was 27 (provider result with recombination filter) for category A isolates and up to 55 using the extended
PFGE cluster definition of nine isolates.

The identification of closely related isolates by MLVA included two additional isolates and the allele differences
within the MLVA cluster were up to 24 (cgMLST by provider). If the isolate (REF8) with variation in one locus
(STTR5) was included, the genetic distance within the cluster would increase to 38 allele differences. The SNP
distance within the cluster defined by MLVA was 41 (provider result with recombination filter) and 105 if the one
locus variation was included.

This shows the difficulties of inter-laboratory comparability between Member States regarding surveillance and
outbreak investigation when different methods are used. Despite the increasing use of WGS as a typing tool for
large outbreaks, many laboratories still use PFGE for their primary surveillance and outbreak investigation. PFGE
can still have a value for investigating outbreaks at the national level and it can support bridging the historical
national databases from human and veterinary sector for case finding and hypothesis generation by WGS.

Of the 23 laboratories, 13 (57%) performed cluster analysis using PFGE-derived data. During the evaluation of the
data from the participants, the EQA provider obtained additional knowledge regarding the chromosomal
composition of the isolate REF2/REF7 and band variation was seen inside the cluster of four isolates defined on
WGS. The PFGE cluster was extended from six up to nine isolates and differences up to two bands inside the PFGE-
cluster were accepted.

Nine laboratories (69%) correctly identified the cluster. Despite the very broad PGFE cluster definition four
laboratories (31%) did not identify the cluster of up to nine isolates. Three laboratories did not include all four
isolates with indistinguishable PFGE-profile. Two of the laboratories probably incorrectly included a band below
33kb and one laboratory accepted a clearly unrelated profile as being part of the cluster. One laboratory that failed
in the PFGE cluster identification managed to identify the correct cluster by WGS, while the additional three
laboratories with incorrect result did not performed WGS or MLVA.

The results highlight one of the challenges of using PFGE for cluster identification, as small biological events like
the genetic element shown in REF2/REF7 can influence the PFGE output and conclusions. This genetic element was
not detectable by the normal WGS analysis.

Performance was low as none of the two participating laboratories correctly identified the cluster of six closely
related isolates using MLVA-derived data, but both laboratories identified the correct cluster by PFGE and WGS.

One of the laboratories (19) included a single-locus variant in fast-changing loci (STTR5). In routine cluster analysis
and in some outbreak situations it can be relevant to accept changes in these loci [14], therefore the EQA provider
acknowledged a MLVA cluster definition including a one-locus variant (REF8; 3-13-11-NA-211). However, the true
genetic distance within the cluster increased markedly if REF8 was included.
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The other laboratory (147) reported several incorrect MLVA profiles and the results were not useful to make a
correct cluster identification. However, in the MLVA part of this EQA, laboratory 147 identified correct MLVA profiles
for three isolates which had the same profile as reported incorrect in the cluster part using MLVA analysis.

As in EQA-8, no laboratories were only using MLVA for the cluster analysis and the number of laboratories
performing MLVA decreased from four to two. This could, as in the S. Typhimurum MLVA part of this EQA, indicate
an ongoing decrease in the use of the method.

Twelve of 23 laboratories (52%) performed cluster analysis using WGS-derived data. This was a slightly higher
participation compared with EQA-8, where 11 of 24 laboratories (46%) performed cluster analysis using WGS-
derived data. Performance was again high, as 10 (83%) correctly identified the cluster of closely related isolates.

The majority of laboratories (11/12) reported the use of an Illumina platform and all reported using commercial
kits for library preparation. Only one laboratory reported the use of external assistance for sequencing, which is a
change compered with EQA-8, where three laboratories had sequencing performed externally.

Ten laboratories (83%) reported using an allele-based method as the main analysis and two (17%) reported using
SNP analysis. Compared with EQA-8 this is an increase in the use of allele-based analysis, where 64% reported
using an allele-based method for the main analysis and 36% reported using SNP analysis.

If only evaluating the main analysis of the laboratories reporting the correct cluster, the number of allele
differences reported using cgMLST were 0-2 inside the cluster and using SNP-based analyses, the distances
reported were 0-2 inside the cluster.

As seen in EQA-8, the two approaches to analyse WGS-derived data (allele- and SNP-based analysis) showed
comparable results, however in EQA-9, more incorrect results were observed using allele-based analysis, where
two laboratories did not identify the correct cluster. Last year, all laboratories identified the right cluster using
allele-based analysis and the two laboratories not identifying the correct cluster this year reported use of the same
method/scheme in EQA-8 as in EQA-9. Results from laboratory 148 are not included in the discussion, as distances
are not reported.

High similarity was seen for the reported results using cgMLST/Enterobase (3002 loci) as the scheme for analysis,
when analysed in BioNumerics or SeqSPhere. One of the laboratories (142) with incorrect result also used the
cgMLST/Enterobase scheme but reported analysing directly in Enterobase and use of 3018 loci. Laboratory 142 had
less allele differences for some of the ST34 isolates outside the cluster, making the cluster identification unclear.
The laboratory accepted an isolate with five allele differences as part of the cluster, while an isolate with eight
allele differences was not included. The EQA provider analysed by cgMLST the raw reads from laboratory 142
which showed expected results (Figure 11). In addition, raw reads from the EQA provider were submitted for an
analysis directly in Enterobase, and viewed in Grapetree (data not shown), which showed similar results as
obtained from the analysis by the provider in BioNumerics. The reason for the incorrect results from laboratory 142
remains unclear.

A similar result with markedly lover number of allele differences between the ST34 isolates was seen for the other
laboratory (129) not identifying the correct cluster. This laboratory used an in-house wgMLST scheme and used a
‘cut-off’ at 17 allele differences for the cluster definition. In general, monophasic Sa/monella Typhimurium is highly
related and therefore low cut-off values are recommended for assigning clusters in ST34 [15]. The allelic
differences are affected by the loci included in the scheme, the number of loci and analysing approach.

Laboratory 19 and 36 also used wgMLST as additional analysis and had a similar result as seen for the laboratories
with correct result using cgMLST/Enterobase. The wgMLST schemes used by laboratory 19 and 36 had higher
number of loci (15.867 and 4.344 respectively) compared with laboratory 129, which only reported 3.478 loci in the
used wgMLST scheme. The results highlight the advantage and need for standardisation of schemes used for inter-
laboratory comparisons.

The reported SNP results were largely comparable to allele-based results. Only one laboratory (148) reported a
higher SNP distance than 0-2 within the cluster (as additional analysis), however compared with last year, the
cluster identification for laboratory 148 was clear with many SNPs between the isolates inside and outside the
cluster.

In general, the SNP distances were very variable for the ST34 isolates outside the cluster, but for all laboratories
the distance between the cluster isolates and the non-cluster ST34 were large, which made the cluster
identification clear. The variation in the reported SNP distances outside the cluster was probably caused by an area
with recombination and depending on whether the analyses were performed with or without filtration.

The main reported QC parameters were coverage, cgMLST allele calls and genus/species confirmation, which are
all essential for the end use of the data.
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The EQA provider’s analysis of the submitted raw data showed that when using a standardised cgMLST analysis a
very high concordance was obtained (Figure 11). Only laboratory 108 had allele differences ranging from 24-40 for
all isolates. This laboratory provided Ion Torrent data for which the EQA provider’s analysis is not optimised,
making correct assembly difficult. Thus, the observed allele differences may be method artefacts, however the use

of Ion Torrent data can complicate the communication and investigation of multi country outbreaks if only allelic
method is used.
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Twenty-three laboratories participated in the EQA-9 scheme: 10 (43%) performed MLVA and 21 (91%) cluster
identification. Eight laboratories (35%) completed both parts of the EQA.

In the EQA-9, a change was made excluding quality assessment of PFGE. The molecular typing-based cluster
analysis using either PFGE, MLVA and/or WGS-derived data which was for the first time included in EQA-8, also
continued in EQA-9. Incorporating molecular typing-based cluster analysis by WGS is up to date with the
development of surveillance methods used by PH NRLs in Europe.

This adjustment of the EQA seemed better accepted by Member States as the number of laboratories which
participated in the cluster identification increased in EQA-9. In particular, the number of laboratories performing
PFGE increased, probably because the PFGE quality assessment part was removed and only three of laboratories
participating in the PFGE part of EQA-8 did not switch to the cluster part using PFGE and/or WGS.

Again, in EQA-9, participation in the MLVA part was possible for both S. Typhimurium and S. Enteritidis, but the overall
number of participants decreased. The performance level was high for S. Enteritidis: seven laboratories (70%)
reported correct allelic profiles for all test isolates. In the S. Typhimurium MLVA, the performance was lower and
only two laboratories (20%) reported correct allelic profiles for all test isolates, the errors were various except for
one laboratory reporting the same fragment incorrect several times.

Thirteen laboratories participated using PFGE for cluster analysis and nine participated solely using PFGE-derived
data for analysis. Despite broad cluster definition, four did not identify the correct cluster using PFGE either missing
one of the isolates with indistinguishable PFGE profile (three laboratories) or including non-cluster isolate (one
laboratory). The several incorrect results together with the challenges of the PFGE method, highlight the problem
that many laboratories still use and probably will use the PFGE method for several years. The added value of PFGE
is to bridge the historical PFGE databases with WGS data. This offers a good tool for selecting isolates for WGS
analysis on the national level and offers a chance to identify relevant non-human isolates for a joint WGS analysis
to develop a hypothesis of the vehicle/source of infection.

Twelve laboratories performed cluster analysis using WGS-derived data. The performance was very high, 10 (83%)
of the participants correctly identified the cluster of closely related isolates. Ten of 12 (83%) preferred an allele-
based method and only 37% (2/12) used SNP as the main reported cluster analysis. This was a decrease of SNP
analyses compared with the previous EQA-8. The two laboratories with incorrect result used both an allele-based
method.

The use of a standard cgMLST scheme (e.g. Enterobase) showed a high degree of homogeneity in the results,
despite different approaches for analysing. Although different methods were probably used (different thresholds for
allele calling, including or not including missing alleles in the analysis, assembly based and/or mapping based allele
calling etc.), the results show that the use of a standardised cgMLST scheme leave little room for error, resulting in
good performance. However, one of the laboratories (142) using Enterobase (cgMLST) did not identify the correct
cluster without an obvious reason for the incorrect result.

The other laboratory (129) with incorrect cluster identification, did the analyses using an in-house wgMLST scheme
and the result highlighted challenges for comparison and communication between laboratories, if different schemes
and different number of loci are applied. Furthermore, the current EQA also showed deviation comparing Illumina
and Ion Torrent data using cgMLST, leading to lower inter-laboratory comparability across sequencing platforms.

SNP analyses can provide valid cluster detection at the national level and can be used for communication about
cluster definitions, however, few laboratories performed SNP analysis in EQA-9. The recombination area of 154 SNP
had no importance for the cluster identification and only showed variations in the SNP distances outside the cluster
depending of the SNP analysis performed.

The current EQA scheme for typing of Salmonella enterica subsp. enterica is the ninth organised for laboratories in
FWD-Net. The molecular typing-enhanced surveillance system implemented as part of TESSy relies on the capacity
of FWD-Net laboratories to produce analysable and comparable typing results into a centralised database. WGS-
based typing for surveillance is increasingly used in EU. In 2019, ECDC has opened the possibility to submit WGS
data for Sa/monella to TESSy to be used for EU-wide surveillance and cross-sector comparison.
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6. Recommendations

6.1 Laboratories

Laboratories with repeated or several errors in the MLVA part could use the possibility of repeating the MLVA
analysis and submit the results for troubleshooting.

S. Enteritidis and S. Typhimurium are the two most common serovars in Europe and MLVA typing provides high
discrimination within isolates of both serovars. Less than half of the participants (43%) performed MLVA for S.
Typhimurium and S. Enteritidis. Laboratories, not moving towards the use of WGS at this stage, can benefit from
using MLVA because of its low-cost and easy analysis. However, the results of this EQA-9 showed that it is
important to continuously maintain the routine and expertise in the laboratory, e.g. the calibration needed by the
use of standardisation strains [4].

The laboratories are encouraged to submit their high-quality typing data to TESSy as close to real time as possible.

The laboratories are recommended to use the EQA provided data and isolates to validate their analysis methods
when incorrect results (e.g. EQA) are obtained or when implementing new methods and procedures.

6.2 ECDC and FWD-Net

ECDC is working actively with FWD-Net to improve the quality of sequence data generation and analysis through
appropriate means like EQA schemes, expert exchange visits and workshops.

ECDC is encouraging more participants to take part in the new molecular typing-based cluster analysis, also
participants who have not previously participated in the PFGE gel analysis or MLVA part.

ECDC will to conduct an EQA feedback survey among participants.

6.3 EQA provider

On the coming EQA round the EQA provider will evaluate the possibility to modify the cluster analysis to mimic a
more realistic microbiological investigation by including genome sequences for the WGS analysis. This part is
designed to be a simulation of an outbreak situation in a country to detect genetically closely related isolates and
to compare the original cluster with genomes produced in other laboratories, which might be using different
procedures and equipment.
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Annex 1. List of participants

Laboratory

National institute

Austria
Belgium
Czech
Republic
Denmark
Estonia
Finland
France
Germany

Hungary
Iceland
Ireland

Italy

Latvia
Lithuania
Luxembourg
Norway

Romania
Serbia
Slovak
Republic
Slovenia

Sweden

the
Netherlands
UK

NRC Salmonella Austria
National Reference Centre Salmonella

National Reference Laboratory for Salmonella

Diagnostic and Typing of Gastrointestinal Bacteria
Laboratory of Communicable Diseases

Expert Microbiology

CNR Escherichia coli, Shigella and Salmonella

National Reference Centre for Salmonella and

Other Bacterial Enteric Pathogens

Department of Phage-Typing and Molecular Epidemiology
Landspitali University Hospital

National Salmonella, Shigella and Listeria Reference
Laboratory

Department of Food Safety, Nutrition and Veterinary Public
Health

National Microbiology Reference laboratory

National Public Health Surveillance Laboratory
Epidemiology and Microbial Genomics

National Reference Laboratory for Enteropathogenic
Bacteria

Molecular Epidemiology Laboratory

Laboratory for Molecular Microbiology

NRC for Salmonelloses

Department for Public Health Microbiology

Microbiology

Centre for Infectious Diseases Research, Diagnostics and
Screening

Gastrointestinal Bacterial Reference Unit

Institute for Medical Microbiology and Hygiene Graz, AGES
Scientific Institute Public Health

The National Institute of Public Health

Statens Serum Institut

Health Board

National Institute for Health and Welfare
Institut Pasteur

Robert Koch Institute

National Public Health Institute
Micro- and virology

University Hospital Galway

Istituto Superiore di Sanita

Infectology Centre of Latvia
Nacionaline Visuomenes Sveikatos Prieziuros Laboratorija
Laboratoire National de Sante

Norwegian Institute of Public Health

Cantacuzino National Institute of Research
Public Health Institute Of Serbia, Center for Microbiology

Public Health Authority of the Slovak Republic

National Laboratory of Health, Environment and Food, Centre for
Medical Microbiology
Folkhalsomyndigheten

National Institute for Public Health and the Environment

Public Health England
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Annex 2. Participation overview EQA-8 and 9

2017 to 2018 (EQA-8) 2018 to 2019 (EQA-9)
Participation | ' Cluster Participation ' Cluster
Laboratory (min. 1 part) ‘ MLVA (min. 1 part) | [ MLVA |
19 X X X X X X X X X X X X X X
36 X X X X X X X
49 X X X X
55 X X X X X X X X X
88
92 X X X X X X
96 X X X X
100 X X X X X X X X
106 X X X X
108 X X X X X X X X X
127 X X X X
128 X X X X X
129 X X X X X X X X
130 X X X
132 X X
134 X X X X X X X X X X X
135* X X X X X X
138 X X X X
140 X X X X
142 X X X X X X X X X X X X X
144 X X X X X X X X X
145 X X X X
147 X X X X X X X X X X X X
148 X X X X X X
149 X X X X X
150 X X X X
Total number 24 17 1 12 12 4 4 1 23 10 10 13 2 12
of participants

*: previously laboratory 77

32



TECHNICAL REPORT Ninth external quality assessment scheme for Sa/monella typing

Annex 3. Reason(s) for participating in EQA

. ~__MLVA (STm and SE Cluster :
Accreditation Institute National Enhance Accreditation Institute National Enhance
needs policy policy typing needs policy policy typing
quality quality
36 *Not relevant to our laboratory X X X
49 *Not relevant to our laboratory X X
. I ‘
92 *Not routinely used as a typing method/ X X
lack of financial means/no experience
96 *Don’t perform MLVA method X X
100 X X X *Lack of laboratory capacity
108 X X
127 *Lack of laboratory capacity X
128 *Lack of laboratory capacity X
129 | X | | X X X
132 *Lack of laboratory capacity X
134 X X
135# X X X X
138 *Lack of laboratory capacity X
140 *Lack of laboratory capacity X
142 X X
144 X X X X X X X X
145 *Lack of laboratory capacity/ X X
Lack of financial means
147 X | X | | X X X X
148 *Not relevant to our laboratory X X X
149 *Lack of financial means X X X
150 *Not relevant to our laboratory X X
Number of 5 6 2 7 10 9 3 20
participants

*: Reasons given when not participating.
#: Laboratory 135 did not submit results for the cluster analysis despite the laboratory had signed up.
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Provider
19
55
100
108
129
134
135
142
144
147

Annex 4. Scores of MLVA results S. Typhimurium

211 6 9212 4 412 8211
6 9212 4 412 821
- 4 412 821
211 6 9212 4 412 8211
211 6 9212 4 412 8211
211 6 9212 4 412 8211
211 6 9212 4 412 8211
211 6 9212 4 4 12 8211
211 6 9212
4 412 821
211 6 9212 4 2 12 8211

N RN DD DD DD NN DN

22
22
22
22
22
22
22
22
22
22
22

212 3 13 -2
212
212
212 3 13 -2
212 3 13 -2
212

212
212
212 3 13 -2

212 3 13 -2
212 3 13 -2

2211
2 211

2211
2211
2 211

W W W W W W W W W wWw w

19
19
19
19
19
19
19
19
19
19
19

Test isolates no./allel

W W W W W W W W W W w

14
14
14
14
14
14
14
14
14
14
14

22 311
22 311
22 311
22 311
22 311
22 311
22 311
22 311
22 311
22 311
22 311

3

W W W W W W W Ww

12

12
12
12
12
12
12
12
12

17
17
17
17
17
17
17
17

2211
2211
2 211
2 211
2211
2 211
2 211
-2 211

312 9 2211
312 9 -2211
312 9 2211
312 9 2211
312 9 2211
312 9 2211
312 9 2211
312 9 2211
312 9 221
312 9 2211

313 1
3 13 11

313 1
313 1
3 13 11

313 1
313 1
313 1
3 13 11

2 211
-2 211

2 211
2 211
-2 211

2 211
2 211
2 211
-2 211

31N
3111

31N
31N
31N
31N
31N
31N
31N
31N

2 211
-2 211

2211
2211
2 211
2 211
2211
2211
2211
2 211

Purple: repeat strains in EQA-4 to -9

Pink: incorrect,




Annex 5. Scores of MLVA results S. Enteritidis

Test isolates no. /allel

Provider 21111 512112 6 1 311 44139541316 55 235531271271 210 83 2 214 7 3 2 110 7 3 2
19 21111 512112 6 1 311 4413954131655 2 3553127127121 8 3 2 214 7 3 2 110 7 3 2
55 21111 512112 6 1 311 44139541316 55 23553127127 1210 83 2 214 7 3 2 110 7 3 2
100 21111 512112 6 1 311 44139541316 55 23553127127 1210 83 2 214 7 3 2 110 7 3 2
108 21111 512112 6 1 311 4413954131655 2 3553127127121 8 3 2 214 7 3 2 110 7 3 2
129 21111 5121112 6 1 311 44139541316 55 23553127127 1210 8 3 2 214 7 3 2 110 7 3 2
134 21111 512112 6 1 311 4413 95 41316 55 2 3553127127121 8 3 2 214 7 3 2 110 7 3 2
135 21111 51 21112 6 1 311 4 4 13 9 5 4 1_‘ 3 5531271271210 8 3 2 214 7 3 2 110 7 3 2
142 21111 512112 6 1 311 4 413 95 4131 5 5 2_ 2 712 71 210 8 3 2 214 7 3 2 110 7 3 2
144 21111 512112 6 1 311 4 413 9541316 55 2 3553127127121 8 3 2 214 7 3 2 110 7 3 2
147 21111 512112 6 1 311 4413 95 41316 55 2 3553127127 1210 8 3 2 214 7 3 2_

Purple: repeat strains in EQA-8 and -9

Pink: incorrect,
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Annex 6. Genetic element analysis

Each isolate had a different copy nhumber of this genetic element, from 18 copies down to 4.7 copies. When
comparing the band size from Figure 8 and the calculated size of the fragment, it seems to be comparable. Isolate
'_1'"that had a large band at around 130-140kb, had repeats of the 8kb element in 18 copies as shown in the
Figure 8. 7942bp x 18.0 copies = 143kb. Isolate *_8" which had a band at around 110-120kb, had repeats of the
8kb element in 14.7 copies which gives 7942bp x 14.7 copies = 117kb. Isolate *_5" which had a band at 40-50kb,
had repeats of the 8kb element in 4.7 copies which gives 7942bp x 4.7 copies = 37kb. The 140-160kb size of the
band of “Isolate _6" does not match well with the calculated size of the sequence 7942bp x 16.6 copies = 132kb.
However, in each DNA purification more than one colony is purified, which if different affects the calculation of the
coverage and thereby the copy number.

Figure A. Assembly of the sequences (Nanopore and colonies of REF2/REF7

EQA_provider_REF2/REF7_6 EQA_provider_REF2/REF7_1
7g 3 ? al i e
wazdh
16,6x%

, oY

1
4.968.937 bp
1,00x

Genetic element: 7942kb x 16.6 = 132kb Genetic element: 7942kb x 18=143kb
Band size: 140-160kb Band size: 130-140kb
EQA_provider_REF2/REF7_8 EQA_provider_REF2/REF7_5

a

@
: P - 4,70x
1850 x

Genetic element: 7942kb x 14.7=117kb Genetic element: 7942kb x 4.7 = 37kb
Band size: 110-120kb Band size: 40-50kb

In addition, the genetic element of Isolate *_5’ was blasted against the nanopore reads, which showed that the
genetic element was placed in the chromosome in multiple copies. Figure 9 shows the nanopore long-reads,
marked with the anchoring part of the chromosome, and the sequence of the genetic element found in this
between 4-5 times. In each side of the genetic element 820bp repeats (transposase) are positioned.

Figure B. Blast of genetic element against nanopore long reads ( _5)

35.000 s0.000 45000 s0.000 55,000 0000

'
left anchod right anchor’

CCo—
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Annex 7. EQA provider cluster analysis based

on PFGE-derived data

PFGE_Xbal PFGE_Xbal

o o
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P ClusterPFGE
I ClusterPFGE
I ClusterPFGE
I ClusterPFGE
I ClusterPFGE
[ ClusterPFGE
B ClusterPFGE

ST34
ST34
ST34
ST34
ST34
ST34
ST34
ST34
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nonClusterPFGE ST2212

nonClusterPFGE ST19
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Annex 8. EQA provider cluster analysis based
on MLVA-derived data

VNTR_ST_vals (<All VNTR_ST vals

[(=7] Te] (=] E o«
o o o o o
o [ [ = = =
o o o o = = = = =
T T, e T 2] 2] 2] 2] 2]
3 11 11 2 211 . ClusterMLVA ST34 REF1
3 11 11 2 211 . ClusterMLVA ST34 REF2
3 11 11 2 211 . ClusterMLVA ST34 REF7
3 11 11 2 211 . ClusterMLVA ST34 REF5
3 11 11 2 211 . ClusterMLVA ST34 REF6
3 11 11 2 211 . ClusterMLVA ST34 REF12
— 3 13 11 20 211 nonClusterMLVA  ST34 REF8
3 12 8 2 211 nonClusterMLVA  ST34 REF11
3 12 9 2 211 nonClusterMLVA  ST34 REF10
3 14 9 2 211 nonClusterMLVA  ST34 REFS
3 19 11 2 311 nonClusterMLVA  ST2212 REF3
3 14 13 22 311 nonClusterMLVA  8T19 REF4

Annex 9. EQA provider cluster analysis based
on WGS-derived data

wgMLST (Core Enterobase)

180
160
140
}120
100
80
60
40
TEU
-0

. ClusterWGS ST34 REF2
. ClusterWGS ST34 REF7
. ClusterWGS ST34 REFS
. ClusterWGS ST34 REF12
nonClusterWGS ST34 REF10
nonClusterWGS ST34 REF6
nonClusterWGS ST34 REF9
- nonClusterWGS ST34 REF1
nonClusterWWGS ST34 REF11
nonClusterWGS ST34 REF8
nonClusterWGS $ST2212 REF3
nonCluster'WWGS ST19 REF4

Single linked dendrogram of core genome multi-locus sequence typing (cgMLST) profiles of Salmonella EQA-9 isolates (cgMLST,
EnteroBase, https.//enterobase.warwick.ac.uk).

Analysed in BioNumerics: maximum distance of 200 exceeded] results clipped.

Dark grey: cluster isolates

Light grey: outside cluster isolates.
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Annex 10. Reported cluster of closely related
isolates based on PFGE-derived data

Laboratory Reported cluster Corresponding REF isolates Correct
Provider A: REF5, REF9, REF10, REF12
B: REF2, REF7
C: REF1, REF6, REF11
5080, 5785, 5033, 5982, 5365, 5164 REF9; REF5; REF10; REF2; REF12; REF7 Yes
5073, 5398, 5423, 5595, 5892 REF9; REF5; REF7; REF12; REF10 Yes
5388, 5401, 5457, 5784 REF12; REF5; REF9; REF10; Yes
5010, 5071, 5093, 5205, 5651 REF9; REF10; REF12; REF5; REF7 Yes
5251, 5775, 5920, 5965 REF10; REF5; REF12; REF9 Yes
5352, 5624, 5684, 5754, 5847 REF5; REF10; REF9; REF2; REF7 No
5233, 5266, 5413, 5416, 5621, 5823, 5864, 5791 REF?;1REF7; REF9; REF12; REF10; REF2; REF1; Yes
REF
5109, 5159, 5166, 5192, 5207, 5631, 5644, 5807, 5857 EEE? EEE;1 REF6; REF12; REF10; REF9; REFS; Yes
5090, 5165, 5336, 5377, 5512, 5548, 5896, 5919, 5950, 5976 REF1,2; REF5; REF10; REF6; REF1; REF11; REF9; No
REF7; REF2; REF8
5146, 5342, 5552, 5596, 5626 REF5; REF12; REF9; REF7; REF10 Yes
5143, 5045, 5955, 5389 REF9; REF5; REF12; REF7 No
5128, 5232, 5374, 5773 REF12; REF9; REF5; REF7 No
147 5308, 5313, 5346, 5456, 5668, 5728, 5776, 5843 EEES REF10; REF7; REF12; REF1; REF11; REF2; Yes

A.! REF5, REF9, REF10 and REF12 with indistinguishable PFGE-profile as a minimum
B.: REF2 and REF7 with 0-1 band difference to the PFGE-profile in A
C.: REF1, REF6 and REF11 with up to 2 band differences to the PFGE-profile in A
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Annex 11. Reported PFGE band differences

Laboratory ID

number
15 16 15 15 15 15 14 15 15 15 13 15 15

REF1# 34
REF2:# 34 14/15 14 15 15 15 15 13 | 15 15 15 13 15 15
REF3 2212 Clearly unrelated profile ' 9999 = 14 = 14 = 10 = 11 12 14 11 14 11 14 14
REF4 19 Clearly unrelated profile 15 13 15 14 | 14 14 | 14 14 14 12 13 15
REF5¢ 34 14 14 14 14 14 14 13 14 14 14 12 14 14
REF6: 34 15 6 15 15 15 15 5 | 15 15 15 13 15 15
REF7# 34 1415 15 14 15 14 15 13 1 15 15 14 12 14 15
REF8 34 13 13 13 | 13 13 | 13 2 13 13 13 13 13 13
REF9: 34 14 14 14 14 14 14 13 0 14 14 14 12 14 14
REF10¢ 34 14 14 14 14 14 14 13 1 15 14 14 13 15 14
REF11% 34 16 16 16 | 16 16 16 15 | 16 16 16 14 16 16
REF12: 34 14 14 14 14 14 14 13 0 14 14 14 12 14 14
R R e
number
REF1# 14 14 12 14 14 14 13 13 14 13 14 12 14 12

REF2# 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14

REF3 2212 Clearly unrelated profile ' 9999 = 8 = 10 9 0 11 10 9 7 9 8 9 99
REF4 19 Clearly unrelated profile 6 6 6 14 8 13 8 7 7 9 9 4 999
REF5¢ 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14
REF6* 34 13 13 13 14 13 13 14 7 13 13 12 9 13 99
REF7:# 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14
REF8 34 12 1212 10 12 12 13 10 12 12 12 10 12 99
REF9t 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14
REF10¢ 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14
REF11¢ 34 14 14 14 14 14 14 13 11 14 14 14 12 14 1
REF12t 34 14 14 14 14 14 14 12 13 14 14 14 12 14 14

#: cluster identification of closely related isolates (based on PFGE-derived data)
#: technical duplet
ST: sequence type.

: not reported

Annex 12. Reported sequencing details

Sequencing performed  Protocol (library preparation) Commercial kit Sequencing platform

In own laboratory Commercial kits Nextera XT DNA Sample Preparation Kit (lllumina)* HiSeq 2500

In own laboratory Commercial kits Nextera XT MiSeq

In own laboratory Commercial kits Nextera XT DNA Library Preparation Kit MiSeq

In own laboratory Commercial kits [llumina Nextera XT MiSeq

In own laboratory Commercial kits Nextera MiSeq

In own laboratory Commercial kits NexteraXT (lllumina) NextSeq

In own laboratory Commercial kits SureSelect QXT Library Prep Kit (Agilent) MiSeq

In own laboratory Commercial kits Nextera-XT kit lllumina** MiniSeq lllumina
In own laboratory Commercial kits lon Xpress TM Plus Fragment Library Kit lon Torrent S5XL
Externally Commercial kits [llumina Nextera XT MiSeq

In own laboratory Commercial kits Kapa HyperPlus (KapaBiosystems) MiSeq

In own laboratory Commercial kits NexteraXT NextSeq

*: In term of deviation, library prep has been optimised on the robotics for half volume Nextera XT sample Prep reagents instead
of the full volume.
**: We use half the volume of reagents for each step of the protocol
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Annex 13. Reported cluster of closely related
isolates based on MLVA-derived data

Laborato

147 5308 5346 5668

Reported cluster

PR 5785 5164 5982 5599 5365 5326 5470

Corresponding to REF isolates
REF1, REF2, REF5, REF6, REF7, REF12
REF5, REF7, REF2, REF1, REF12, REF6, REF8
REF5, REF7, REF1

Annex 14. Reported MLVA profile data

Isolate number ST
REF1# 34
REF2# 34
REF3 2212
REF4 19
REF5¢ 34
REF6# 34
REF7# 34
REF8 34
REF9 34
REF10 34
REF11 34
REF12¢ 34

MLVA scheme
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium
S. Typhimurium

Provider
3-11-11-NA-211
3-11-11-NA -211
3-19-11-NA -311
3-14-13-22-311
3-11-11-NA -211
3-11-11-NA -211
3-11-11-NA -211
3-13-11-NA -211
3-14-9-NA -211
3-12-9- NA -211
3-12-8- NA -211
3-11-11-NA -211

Laboratory ID

3-11-11-NA -211
3-11-11-NA -211
3-19-11-NA -311
3-14-13-22-311
3-11-11-NA -211
3-11-11-NA -211
3-11-11-NA -211
3-13-11-NA -211
3-14-9- NA -211
3-12-9- NA -211
3-12-8- NA -211
3-11-11-NA -211

#: cluster identification of closely related isolates (based on MLVA-derived data)

#: technical duplet
ST: sequence type

NA: designates a locus not present (-2 submitted by participants).

Annex 15. Reported cluster of closely related
isolates based on WGS-derived data

Laboratory

L0 5164, 5982, 5785, 5365
[ 5040, 5122, 5334, 5581
B 5327, 5461, 5679, 5860
I IR 5672, 5727, 5838, 5495

Reported cluster

n 5052, 5088, 5127, 5153, 5418, 5426, 5478, 5571, 5844, 5871

I EE 5072, 5079, 5237, 5430

[ L7 5146, 5342, 5596, 5804, 5626, 5689

[ I8 5045, 5116, 5389, 5955
5308, 5346, 5456, 5776
LR 5021, 5142, 5578, 5710
I LEE 5095, 5226, 5211, 5654
[ | 5341, 5669, 5719, 5874

147
3-11-11-NA -211
3-11-NA-NA-NA
3-19-11-NA -311
3-14-13-NA-NA
3-11-11-NA -211
3-11-11-NA-NA
3-11-11-NA -211
3-13-11-NA -211
3-14-9-NA -211
3-12-9-NA-NA
3-12-8-NA -211
3-11-11-NA-NA

Corresponding to REF isolates

REF2, REF5, REF7, REF12
REF7, REF2, REF5, REF12
REF7, REF2, REF12, REF5
REF7, REF2, REF5, REF12
REF2, REF7, REF12, REF5

REF8, REF9, REF1, REF6, REF7, REF5, REF12,

REF10, REF11, REF2
REF2, REF12, REF5, REF7

REF5, REF12, REF7, REF2, REF10, REF6

REF5, REF2, REF7, REF12
REF5, REF7, REF12, REF2
REF12, REF2, REF7, REF5
REF2, REF7, REF5, REF12
REF12, REF7, REF5, REF2

Correct

No
No

Correct

Yes
Yes
Yes
Yes

No

Yes
No
Yes
Yes
Yes
Yes
Yes
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Annex 16. Reported SNP distance and allelic
differences

SNP distances

Laboratory ID

Provider + Provider
34 41 195 37

REF1 217 153 242 51 43
REF2# 34 0= 0= 0= 0 0 0= 9 2
REF3 2212 614 795 782 548 888 9999 599 675
REF4 19 750 1170 1153 746 893 9999 670 884
REF5¢ 34 2 2 2 2 2 2 8 0"
REF6 34 25 33 23 22 25 25 37 24
REFT7# 34 0 0 0 0" 0" 0 8 2
REF8 34 105 269 248 67 192 270 72 73
REF9 34 27 181 203 23 136 226 31 30
REF10 34 27 27 26 24 30 29 36 29
REF11 34 55 209 230 46 162 253 59 56
REF12¢ 34 2 2 2 2 2 2 0" 2

Allelic differences

Laboratory ID

T ey
" soltemumber | ST | “provier | 19 | 19" | % | 3| 4o | 129 | 134 | 182 | 1 | 147 | 148 | 14|
34 24 25 35 18 33 25 11 44 14 23 24 23

REF1 9999
REF2# 34 0 0 1 0 0 0 0 0 0 1 19999 1
REF3 2212 292 293 450 197 440 294 137 285 286 286 288 9999 288
REF4 19 341 340 515 241 533 342 168 337 333 339 340 9999 335
REF5* 34 1 1 0" 0 1 1 0 1 0= 0 19999 0r
REF6 34 17 1% 21 10 21 16 6 26 5 15 30 9999 15
REF7# 34 0" 0® 2 o= 0~ 0= 0 O 0 2 19999 1
REF8 34 38 37 62 28 58 37 17 58 37 36 36 9999 36
REF9 34 18 18 23 14 22 18 7 28 8 17 17 9999 17
REF10 34 15 15 24 11 23 15 7 14 2 14 15 9999 14
REF11 34 38 37 47 25 47 38 16 59 18 37 38 9999 37
REF12¢ 34 1 1 0 0 2 1 1 1 0 0 0= 9999 0

*: additional analysis

*: closely related isolates

# technical duplicate isolates

=! [solate used as cluster representative by the participant

9999: results not reported by the participant, however instead of reporting the 7 loci MLST the participant reported Enterobase
bf5] level cluster codes. Cluster isolates had 134479.

ST: sequence type.
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Annex 17. Additional reported QC parameters

Lab ID 3

No threshold- Usually

No threshold but Number of multiple alleles ~ No threshold but normally

NS0 >100,000 for Salmonella Y9 Quality always aim for >=30 (NFBAF multple) be <10
Genome size +/-20%
Avg. Read Length
144 N50 >130000 (Processed, >225
Unassembled)
per base sequence
147 FastQC quality, per base
sequence content, per
sequence quality score
m Contamination Kraken (<3%)
Kmer ID, look at similarity
Minimum Read Length >50 aft_er tnmmmg with Minimum Read count >10,000 Assessment_of l?actenal and_ refere_noe genome, ‘I)t is
trimmomatic contamination rejected if there is >10%
unexplained similarity
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Annex 18. Calculated
qualitative/quantitative parameters

Laboratory 19

Rarameters Ranges* 5033 | 536 | sass | stee | saes | saro | s7as | sss | ssee | s1a9 | sem2 |
Number of genera detected {1} 1 1 1 1 1 1 1 1 1 1 1 1
Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 3.1 3.14 1.81 1.44 2.0 1.98 2.82 2.25 1.86 2.82 2.59 1.83
Length at 25 x min. coverage >45A
(Mbp) <53} 49 5.0 5.0 49 49 49 48 49 49 4.9 5.0 49
Length [0-25] x min. coverage (<0.25)
(Mbp) : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Number of contigs at 25 x )
minimum coverage 95 106 125 144 87 112 138 75 87 149 125 100
Number of contigs [0-25] x (<1000}
minimum coverage 4 3 4 3 2 4 4 2 5 4 5 2
Average coverage {>50} 97.1 1254 765 936 175 1056 1002 1241 1154 1175 1008 1054
Number of reads (x1 000) 1747 2282 1371 1684 2111 1884 1787 2236 2058 2173 1867 1882
Number of trimmed reads (x1
000) 1726 2258 1353 1662 2087 1860 1764 2211 2036 2150 1845 1857
Maximum read length 151 151 151 151 151 151 151 151 151 151 151 151
Mean read length 1424 1422 1441 1433 1428 1435 1419 1425 1420 1401 1419 1442
Read insert size 36577 3231 3621 3670 3239 3645 3628  337.8 3452 3221 3499 3636
Insert size StdDev 1421 1299 1284 1388 1418 1401 1458 1451 1427 1420 1457 1352
N50 (kbp) 1068 8838 81.7 610 1335  88.1 612  167.1 92.6 65.4 80.2  100.9
N75 (kbp) 56.3 518 438 346 729 470 344 86.9 56.5 327 47.0 50.7
Laboratory 36
Number of genera detected {1} 1 1 1 1 1 1 1 1 2 1 1 1
Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 2.22 3.23 2.32 7.23 1.83 1.92 134 2535 1008 203 1.63 2.52
) 45
Length at 25 x min. coverage (Mbp)  * 55 49 50 49 50 49 49 50 50 49 50 49 51
Length [0-25] x min. coverage {<0.25)
(Mbp) : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01 0.0 0.0 0.0
Number of contigs at 25 x )
minimum. coverage 63 115 74 82 82 72 70 74 61 68 60 78
Number of contigs [0-25] x
minimum coverage {1000} 0 0 1 0 0 0 0 4 0 8 0
Average coverage {>50} 72.6 108.0 62.5 56.4 106.2 60.9 70.5 68.2 121.0 1422 126.6 128.0
Number of reads (x1 000) 9207 13428 8105 6817 12931 7741 9151 11559 17457 17775 15796 16824
Number of trimmed reads (x1 000) 890.3 12894 7817 6603 12527 7430 8847 11145 16900 17110 15283 1623.0
Maximum read length 301 301 301 301 301 301 301 301 301 301 301 301
Mean read length 2041 2155  199.6 2159 2137 2047  201.0 2063 2111 2117 2089  203.7
Read insert size 2957 3119 2938 3162 3063 2986 2926  301.0 3052 3002 2998 2956
Insert size StdDev 1374 1398 1397 1416 1387 1381 1389 1388 1411 1371 1397 1415
N50 (kbp) 2706 911 1924 1352 1353 1531 1724  169.0 2264 1812 1917 2233
N75 (kbp) 1024 526 81.6 69.2 728 88.6 85.6 86.8 9.7 86.8 86.9 82.3
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Laboratory 49

B e T T
T e s L on Lo e o s L Lo o L son

Number of genera detected {1} 1

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 0.51 2.02 1.3 3.73 0.97 6.1 1.33 2.88 1.9 05 1.0 117
Length at 25 x min. coverage (Mbp) {><4553}A 50 50 49 50 49 49 49 49 51 49 49 50
(Lﬁ?,gth [0-25] x min. coverage {<0.25)

p) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
:ﬂ?ﬁﬁ:ﬁlﬁ%ﬁg;: 1o >0} 72 92 78 A YR 7 67 68 78 52 48 65
2%”.“33%"2332:?59[0 2 {<t000p 0 0 0 0 0 0 0 0 0 0 0
Average coverage {>50} 93.8 974 92.9 122.0 55.3 789 79.8 75.6 128.9 421 435 59.2
Number of reads (x1 000) 1076.0 11777 1066.2 14223  564.0 909.6 918.7 829.4 15982  427.3 459.7 601.3
Number of trimmed reads (x1 000) 10383 11079 1023.0 13769 5505 8780  869.7  800.0 15548 4121 4369 5855
Maximum read length 301 301 301 301 301 301 301 301 301 301 301 301
Mean read length 228.3 223.5 2275 2254 252.3 228.3 229.7 234.9 214.4 251.5 247.3 254.9
Read insert size 337.9 3326 341.0 325.6 429.0 335.3 351.2 363.2 293.7 518.0 530.1 455.9
Insert size StdDev 125.5 121.7 124.9 121.5 164.6 128.3 127.3 132.7 120.7 178.8 185.4 171.7
N50 (kbp) 166.5 126.5 149.9 176.7 75.3 224.8 174.9 223.3 270.6 184.5 282.8 2291
N75 (kbp) 778 69.2 81.6 75.6 4.7 75.2 87.0 89.5 823 99.8 171.7 90.9

Laboratory 108

e T
T A R R R N T

Number of genera detected {1} 1

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 25 2.14 212 2.74 3.45 1.81 2.78 21 3.51 2.3 21 25
Length at 25 x min. coverage (Mbp) {153}/\ 49 49 49 48 49 49 50 49 50 49 49 49
Length [0-25] x min. coverage {<0.25}

(Mbp) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pn?r:?rﬁﬁ;n?fc%?/r::g;: 120X &0} 431 415 320 332 434 295 365 285 381 338 293 431
ﬁ'q.”n"frﬁﬁ?n"iﬁi’é’ﬁf;em 2 f<to00p 0 0 0 0 0 0 0 0 0 0 0
Average coverage {>50} 66.4 86.5 114.8 89.9 88.6 129.5 89.1 934 98.8 135.6 1211 66.4
Number of reads (x1 000) 1037.7 13985 17210 13755 1408.0 19582 1384.1 1546.8 16157 2136.1 1888.2 1037.7
Number of trimmed reads (x1 000) 955.0 1296.7 16135 12674 12996 18255 12845 14371 14882 19982 17670  955.0
Maximum read length 30 356 355 358 359 358 353 279 282 279 282 30
Mean read length 220.7 213.5 226.1 2214 220.4 224.0 219.9 204.3 213.7 222.4 216.8 220.7
Read insert size NA NA NA NA NA NA NA NA NA NA NA NA
Insert size StdDev NA NA NA NA NA NA NA NA NA NA NA NA
N50 (kbp) 18.9 19.5 248 245 18.9 311 235 32.1 20.2 235 279 18.9
N75 (kbp) 10.0 10.6 13.3 14.4 10.2 14.7 12.2 17.6 1.7 133 15.7 10.0
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Laboratory 129

LSt L gt mmm sn L s LS mm —
Number of genera detected {1} 1
Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 7.09 1.92 1.66 25 1.18 1.24 1.17 373 0.99 0.57 0.22 1.28

) P45A
Length at 25 x min. coverage (Mbp)|  ° 5’y 49 49 50 49 49 49 49 50 49 49 50 51
Length [0-25] x min. coverage {<0.25)
(Mbp) ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Number of contigs at 25 x >0}

minimum. coverage 87 109 88 75 70 67 63 79 73 70 67 73
ﬂ.“ﬁ.“n‘iﬁﬁiii’é‘ﬂ?gsem 2l {10, 3 0 2 0 0 0 2 1 1 0 0
Average coverage {>50} 70.4 67.4 70.9 83.7 118.2 114.2 108.9 83.0 53.8 93.0 82.9 96.1
Number of reads (x1 000) 12754 12249 1286.7 15336 20599 19820 18926 1453.6  929.3 16188 14441 17256
Number of trimmed reads (x1 000) 1233.0 11751 12358 14426 20228 19519 18619 14294 9141 1581.0 14235 1688.9
Maximum read length 151 151 151 151 151 151 151 151 151 151 151 151
Mean read length 1451 144.3 144.7 143.7 146.5 146.7 146.5 146.7 146.7 145.9 146.8 146.2
Read insert size 461.2 446.6 430.9 483.4 4347 409.7 425.0 471.8 439.3 450.7 436.2 426.1
Insert size StdDev 164.2 158.6 157.9 169.9 166.2 164.0 163.9 166.7 1714 164.7 172.0 160.9
N50 (kbp) 113.6 90.3 111.8 161.3 2214 199.7 232.0 1321 164.9 130.1 149.4 184.8
N75 (kbp) 729 53.0 75.5 90.6 90.7 82.2 102.0 754 822 813 78.0 822
mmmmm
Number of genera detected {1} 1

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 1.36 1.44 1.81 1.44 2.7 6.97 4.24 8.18 1.42 0.61 1.72 1.53
Length at 25 x min. coverage (Mbp) {2253}/\ 49 49 50 49 50 49 04 49 49 49 50 49
Length [0-25] x min. coverage {<0.25)

(Mbp) 0.0 0.0 0.0 0.0 0.0 0.0 48 0.0 0.0 0.0 0.0 0.0
Ngmber of contigs at 25 x &0}

minimum. coverage 97 95 91 67 90 68 15 74 83 94 95 70
g?:rgﬁ;woigegrtfgsem 2l 1000 1 0 0 0 0 156 0 1 1 0 0
Average coverage {>50} 58.8 57.4 64.9 455 73.7 75.7 223 62.0 738 64.4 791 46.9
Number of reads (x1 000) 1003.8 9789 11249 7790 12882 13398 3912 11246 12624 11059 13965  799.5
Number of trimmed reads (x1 000) 996.1 9716 11187 7739 12795 13317 3875 11165 12540 1099.7 13869  793.2
Maximum read length 151 151 151 151 151 151 151 151 151 151 151 151
Mean read length 147.7 147.6 147.0 147.6 147.2 146.5 143.9 147.5 1476 147.6 147.2 146.5
Read insert size 428.9 436.0 373.6 363.0 365.1 323.8 443.9 369.3 380.7 387.4 351.2 364.5
Insert size StdDev 140.9 142.2 135.8 135.1 129.3 133.5 171.0 136.0 130.0 128.0 127.9 132.2
N50 (kbp) 96.5 104.6 108.8 223.6 134.3 2471 57.9 174.2 164.1 102.2 154.4 130.1
N75 (kbp) 515 52.9 69.0 90.8 69.0 102.0 28.2 86.7 82.0 58.5 75.5 755
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ratory 142

. lbomoyw2
mmmmmmm

Number of genera detected
Detected species
Unclassified reads (%)

Length at 25 x min. coverage (Mbp)

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

Number of contigs at 25 x
minimum. coverage

Number of contigs [0-25] x
minimum coverage

Average coverage

Number of reads (x1 000)
Number of trimmed reads (x1 000)
Maximum read length

Mean read length

Read insert size

Insert size StdDev

N50 (kbp)

N75 (kbp)

{1}
{Se}

(45
<5.3)

{<0.25)
{>0}

{<1.000}
{>50}

1
Se
1.6

4.2

0.6

106

38
333
3715
351.7
251
231.9
610.8
203.9
61.2
36.2

Se
0.93

4.9

0.0

52

0
49.6
532.7
518.6
251
2381
524.8
181.0
282.8
135.2

Se
0.86

4.9

0.0

66

60.9
654.3
636.7

251
238.2
488.9
175.8
223.7

90.8

Se
2.16

4.9

0.0

54

60.9
658.0
640.1

251
237.6
468.9
181.5
270.6
135.2

Se
0.9

4.9

0.0

52

0
49.7
534.2
519.5
251
238.2
513.1
181.3
270.6
135.2

Se
113

5.1

0.0

78

4
514
567.9
551.8
251
237.9
528.5
182.7
170.1
743

Se
0.45

43

0.6

9

27
33.1
382.8
359.2
251
230.0
629.4
208.7
704
42.5

ratory 144

Se
1.24

5.0

0.0

61

0
67.1
7284
712.9
251
237.5
453.3
1771
182.3
90.7

Se
1.01

4.9

0.0

54

0
63.1
674.9
663.3
251
2371
4514
174.2
276.2
100.0

Se
0.58

4.9

0.0

60

46.3
504.5
484.4

251
235.3
555.4
186.7
163.7

86.9

Se
3.85

5.0

0.0

53

731
802.1
784.6

251
235.3
4241
168.7
276.0
135.2

Se
1.25

5.0

0.0

70

48.3
530.9
5131

251
236.9
510.6
184.4
174.6
108.4

. lbomoyws
mmmmmmmmm

Number of genera detected
Detected species
Unclassified reads (%)

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

Number of contigs at 25 x
minimum. coverage

Number of contigs [0-25] x
minimum coverage

Average coverage

Number of reads (x1 000)
Number of trimmed reads (x1 000)
Maximum read length

Mean read length

Read insert size

Insert size StdDev

N50 (kbp)

N75 (kbp)

{1
{Se}

45
<5.3}

{<0.25}
{>0}

{<1000}
{>50}

1
Se
2.94

5.0

0.0

61

4
56.3
676.7
659.4
251
219.5
3291
126.5
239.1
135.2

Se
1.09

4.9

0.0

56

60.6
700.9
690.6

251
224.8
349.8
138.1
241.6
135.2

Se
1.45

5.1

0.0

73

484
572.5
566.7
251
2215
3235
1254
223.3
88.2

Se
1.07

4.9

0.0

59

0
56.7
645.8
636.8
251
224.9
358.2
139.4
270.6
135.2

Se
4.37

5.0

0.0

60

45.6
542.5
535.0

251
217.7
306.2
1121
241.6

90.7

Se
1.03

4.9

0.0

55

1274
1482.3
1452.5

251

225.6
374.0

146.5
282.9

149.9

Se
1.38

5.0

0.0

67

62.4
714.3
704.9

251
226.8
363.0
139.0
2171

91.2

Se
18

4.9

0.0

58

0
57.2
652.7
642.9
251
222.7
347.9
138.0
282.8
174.9

Se
1.86

5.0

0.0

68

0
38.9
462.7
457.4
251
216.6
314.8
1178
181.2
85.2

Se
0.41

5.0

0.0

60

0
56.3
651.4
643.1
251
219.2
318.2
122.0
204.7
93.1

Se
0.87

49

0.0

53

62.3
723.8
706.7

251
2214
333.5
121.2
186.0
101.3

Se
1.29

4.9
0.0

60

484
573.2
566.7

251
215.9
301.1
1115
270.6
135.2
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mmmmmmm
Number of genera detected {1} 1

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 3.32 1.65 2.09 2.33 1.35 3.52 2.08 13.26 212 217 10.57 3.32
Length at 25 x min. coverage (Mbp) {><4553)A 00 49 48 49 50 50 49 50 51 49 49 00
Length [0-25] x min. coverage {<0.25)

(Mbp)
Number of contigs at 25 x

47 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 47

minimum. coverage >0} 7 126 208 88 104 149 156 152 12 88 139 7
ﬂ.“ﬁ?ﬁﬁ?ﬁii’é’ﬁl?;‘o 2 {1000} 545 3 17 0 1 4 1 1 1 1 2 515
Average coverage 50, 148 364 392 675 660 572 549 555 787 812 606 148
Number of reads (x1 000) 1944 #4130 4510 8525 8413 6730 6373 9196 9843 10078 9384  194.4
Number of timmed reads (x1 000) 1764 4014 4272 8249 8065 6506 6117 8901 9173 9699 9064 1761
Maximum read length 31 301 31 301 31 301 301 301 301 301 301 301
Mean read length 2047 2256 2270 2034 2065 2216 2240 2135 2216 2107 1888 2047
Read insert size #83 3239 3942 2799 2846 3174 3368 3109 2078 2890 2625 4183
Insert size StdDev 1892 1307 1482 1187 1155 1223 1265 1248 1119 1140 1094 1892
N50 (kbp) 146 792 356 1132 990 587 522 721 821 1498 720 146
N75 (kbp) 80 382 22 568 586 342 299 328 481 511 342 80

ratory 148

oyt
I R A R R R R T

Number of genera detected

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se

Unclassified reads (%) 1.28 2.01 1.8 1.74 1.58 0.76 1.24 1.03 0.5 1.06 2.49 1.32
. (45

Length at 25 x min. coverage (Mbp)  * 53 49 50 49 50 49 49 49 47 48 49 49 49

Length [0-25] x min. coverage {<0.25}

(Mbp)
Number of contigs at 25 x

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0

minimum. coverage >0} 126 76 102 9 M7 90 165 144 168 108 86
?'n.“n"frﬁﬁ?n"iﬁi’e"?f;m 2 {<too} 5 1 1 2 4 1 2 27 30 2 0 2
Average coverage (50} 740 1443 1387 810 1018 1227 1126 595 645 613 1004 1262
Number of reads (x1 000) 13058 29966 27587 15809 20384 23777 22127 10899 12195 11626 19546  2560.1
Number of timmed reads (x1 000) 13818 20620 27286 15647 20141 23523 21800 10809 12088 11520 19343 25326
Maximur read length 151 151 151 151 151 151 151 151 151 151 451 151
Mean read length 1470 1463 1468 1464 1465 1472 1471 1479 1480 1480 1472 1474
Read insert size 17 3200 3661 3234 3624 3372 3407 3808 3997 4051 3364 3527
Insert size StdDev 80 767 917 800 85 799 814 1020 1056 1059 806 867
N50 (kbp) 768 1744 928 1088 894 1243 1312 498 567 546 964 1143
N75 (kbp) 00 814 554 681 495 773 755 265 285 259 542 729
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Laboratory 149

- lboroyt9 ]
mmmmmmm

Number of genera detected

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 1.57 1.72 3.59 1.33 1.79 1.13 1.56 1.63 1.15 2.03 2.05 2.04
. (45
Lengthat25xmin. coverage (Mbp) - "5 49 50 50 49 49 50 49 51 49 49 50 50
Length [0-25] x min. coverage {<0.25)
(Mbp) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Number of contigs at 25 x
minimum. coverage 0 55 65 5 51 60 s 5 7 55 57 60 66
Number of contigs [0-25] x
minimum coverage {<1 000} 0 0 0 0 0 0 4 0 0 0 0 0
Average coverage {>50} 110.6 101.9 111.2 108.1 102.3 111.6 1744 102.6 131.7 131.7 143.8 131.9
Number of reads (x1 000) 12226 11296 12356 11885 1142.0 12627 20051 11731 13624 1358.7 15461 1419.9
Number of trimmed reads (x1 000) 11713 10778 11804 11348 10922 1201.7 19323 11246 13021 12972 14732 1356.1
Maximum read length 301 301 301 301 301 301 301 301 301 301 301 301
Mean read length 234.8 237.9 234.6 234.3 232.6 232.6 225.7 2329 251.5 249.8 2453 2443
Read insert size 3523 3589 3519 3523  3H16 3485 3164 3456 3794 3760 3687 3676
Insert size StdDev 142.7 146.1 144.5 1441 143.9 1414 136.4 138.8 159.0 154.8 154.4 152.5
N50 (kbp) 270.6 223.3 270.6 191.7 270.6 222.8 282.8 270.6 270.6 270.6 270.6 223.3
N75 (kbp) 149.9 918 135.2 101.4 105.0 105.0 149.7 90.9 149.9 135.2 135.2 108.4

Laboratory 150

12—
T e s s e L s s e g s ge L su L ov

Number of genera detected

{1

1

Detected species {Se} Se Se Se Se Se Se Se Se Se Se Se Se
Unclassified reads (%) 1.27 2.05 1.84 1.07 1.75 1.69 1.3 2.59 15 1.29 0.4 4.04
. {(>45A
Length at 25 x min. coverage (Mbp)  * 5y 49 49 49 49 50 50 49 49 49 49 38 50
L’arl;gth [0-25] x min. coverage {<0.25)
(Mbp) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0
Number of contigs at 25 x
minimum. coverage &0 63 66 82 66 75 87 70 70 67 66 54 70
Number of contigs [0-25] x
minimum coverage <1000} 0 0 0 0 0 0 0 0 0 14 0
Average coverage {>50} 68.5 70.0 71.8 62.8 55.4 478 58.9 57.3 53.4 816 317 55.5
Number of reads (x1 000) 17215 17459 18300 1567.9 14055 12299 14782 14440 13451 20554 799.8 14114
Number of trimmed reads (x1 000) 17215 17459 18300 1567.9 14055 12299 14782 14440 13451 20553 799.8 14114
Maximum read length 101 101 101 101 101 101 101 101 101 101 101 101
Mean read length 99.7 99.6 99.5 99.3 99.6 99.6 99.7 99.7 994 99.7 99.6 99.5
Read insert size 396.1 388.0 348.6 346.3 362.2 3824 401.3 3925 353.3 384.7 360.2 353.5
Insert size StdDev 179.8 192.5 182.2 197.9 186.1 173.4 180.6 179.2 193.5 177.9 187.2 184.6
N50 (kbp) 239.1 220.3 154.0 149.9 129.4 164.5 2231 232.8 223.0 2233 157.9 2233
N75 (kbp) 104.4 101.4 86.6 82.2 82.2 82.9 90.5 101.6 90.5 90.5 83.2 90.5

Se: Salmonella enterica
NA: not analysed.
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Annex 19. EQA-9 laboratory questionnaire

This is a preview of all the fields and questions available.

Please keep in mind that, depending on your answers in the questionnaire, you will not necessarily have to answer
all the questions.

1. Salmonella EQA-9 2018

Dear Participant

Welcome to the ninth External Quality Assessment (EQA-9) scheme for typing of Salmonella in 2018-2019.
Please note that most of the fields are required to be filled in before the submission can be completed.

Any comments can be written at the end of the form.

You are always welcome to contact us at Salm.eqa@ssi.dk.

Please start by filling in your country, your Laboratory name and your LAB_ID.

Available options in this submission form include:

- Click "Options" and "Pause" to save your results and finish at a later time (using the same link)

- Click "Options" and "Print" to print your answers. This can be done at any time, but before pressing "Submit
results"

- Click "Previous" to go back to the questions you have already answered

- Click "Options" and "Go to.." to go back to a specific page number

Note: After pressing "Submit results" you will not be able to review your results.
2. Country
(State one answer only)

Austria
Belgium

Czech Republic
Denmark
Estonia

Finland

France
Germany
Greece
Hungary
Iceland

Ireland

Italy

Latvia
Lithuania
Luxembourg
Norway
Romania
Scotland
Serbia

Slovak Republic
Slovenia

Spain

Sweden

The Netherlands
Turkey

UK
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3. Institute name
4. Laboratory name

5. Laboratory ID
Consisting of country code (two letters) Lab ID on the vial e.g. DK_SSI

6. E-mail

7. Multiple-Locus Variable number of tandem repeats Analysis (MLVA)
8. Submitting results
(State one answer only)

. Online here (please fill in the isolate ID’s in the following section) - Go to 9
. Did not participate in the MLVA part - Go to 14

9. Select method
(State one answer only)

. S. Typhimurium and S. Enteritidis - Go to 10
. Only S. Typhimurium - Go to 10
. Only S. Enteritidis - Go to 12

10. MLVA isolate ID’s
Please enter the MLVA isolate ID (4 digits)

Isolate 1 |Isolate 2 |Isolate 3 |Isolate 4 |Isolate 5 |Isolate 6 |Isolate 7 |Isolate 8 |Isolate 9 |Isolate 10
S

Typhimurium

11. Results for MLVA S. Typhimurium - Allele profile

Please use -2 for not detected

[ IstTR9 STTRS STTR6 STTR10 STTR3

Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8
Isolate 9
Isolate 10

12. MLVAisolate ID's
Please enter the MLVA isolate ID (4 digits)

Isolate 1 |Isolate 2 |Isolate 3 |Isolate 4 |Isolate5 |Isolate 6 |Isolate 7 |Isolate 8 |Isolate 9 |Isolate 10
S

Enteritidis
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13. Results for MLVA S. Enteritidis - Allele profile

Please use -2 for not detected

[ sENTR7 SENTRS SENTR6 SENTR4

Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8
Isolate 9
Isolate 10

14. Submitting Cluster results
(State one answer only)

Cluster analyses based on PFGE / MLVA/WGS - Go to 15
Did not participate in the Cluster part - Go to 125

15. Cluster isolate ID's

Please enter the cluster isolate ID (4 digits)
Cluster isolate ID

Isolate 1

Isolate 2

Isolate 3

Isolate 4

Isolate 5

Isolate 6

Isolate 7

Isolate 8

Isolate 9

Isolate 10

Isolate 11

Isolate 12

16. Submitting Cluster results

(State one answer only)

Cluster analysis based on PFGE - Go to 17
Do not wish to submit any cluster results based on PFGE analysis - Go to 22

17. Cluster analysis based on PFGE data

18. Please list the ID for the isolates included in the cluster of closely related isolates detected by
PFGE (bands >33kb used):

Please use semicolon (;) to separate the ID’s

19. Select a representative isolate with the cluster profile detected by PFGE:

Indicate the isolate 1D

20. Total number of bands (>33kb) in the selected representative cluster isolate
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21. Results for cluster analysis - PFGE (XbaI)

Number of bands with same/shared
Total number of bands (>33kb) position as the profile of the selected
cluster isolate (>33kb)

Please use 9999 for not analysed

Isolate 1

Isolate 2

Isolate 3

Isolate 4

Isolate 5

Isolate 6

Isolate 7

Isolate 8

Isolate 9

Isolate 10

Isolate 11

Isolate 12

22, Submitting cluster results
(State one answer only)

Cluster analysis based on MLVA — Go to 23
Do not wish to submit any cluster results based on MLVA analysis — Go to 33

23, Cluster analysis based on MLVA data

24, Please list the ID for the isolates included in the cluster of closely related isolates detected by
MLVA:

Please use semicolon (;) to separate the ID’s

25. MLVA scheme used:

Please indicate serovar and/or protocol

26. Please list the loci in scheme used
27. Locus 1:

28. Locus 2:

29. Locus 3:

30. Locus 4:

31. Locus 5:
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32. Results for cluster analysis (MLVA) - Allele profile

Please use -2 for not detected, and 9999 for not analysed

Strain 1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 6
Strain 7
Strain 8
Strain 9
Strain 10
Strain 11
Strain 12

33. Submitting cluster results
(State one answer only)

Cluster analysis based on WGS data — Go to 34
Do not wish to submit any cluster results based on WGS data - Go to 125

34. Cluster analysis based on WGS data
35. Please select the analysis used to detect the cluster on data derived from WGS

As basis for the cluster detection only one data analysis can be reported. If more than one analysis is performed
please report later in this submission

(State one answer only)

SNP based — Go to 37
Allele based — Go to 44
Other — Go to 36

36. If another analysis is used please describe your approach: - Go to 51

37. Please report the used SNP-pipeline

(reference if publicly available or in-house pipeline)

38. Please select the approach used for the SNP analysis
(State one answer only)

Reference based — Go to 39
Assembly based — Go to 42

39. Reference genome used

Please indicate Multil-locus Sequence Type (e.g. ST34) and isolate ID (e.g. one of the isolates from the current
cluster, ID of a public reference strain or an in-house isolate)

40. Please indicate the read mapper used
(e.g. BWA, Bowtie2)
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41. Please indicate the variant caller used
(e.g. SAMtools, GATK)

42, Please indicate the assembler used
(e.g. SPAdes, Velvet)

43. Please specify the variant caller used
(e.g. NUCMER)

44, Please select tools used for the allele analysis
(State one answer only)

BioNumerics — Go to 46
SegSPhere — Go to 46
Enterobase — Go to 46
Other — Go to 45

45. If another tool is used please enter here:

46. Please indicate allele calling method:

Assembly based and mapping based — Go to 47
Only assembly based — Go to 47
Only mapping based — Go to 48

47. Please indicate the assembler used
(e.g. SPAdes, Velvet)

Ninth external quality assessment scheme for Sa/monella typing

48. Please select scheme used for the allele analysis

(State one answer only)

Applied Math (wgMLST) — Go to 50

Applied Math (cgMLST/Enterobase) — Go to 50
Enterobase (cgMLST) — Go to 50

Other — Go to 49

49. If another scheme (e.g. in-house) is used, please give a short description

50. Please report the number of loci in the used allelic scheme

51. Cluster detected by analysis on data derived from WGS

On this page you have to report the results for the cluster detected by the selected analysis (e.g. SNP based). If
another additional analysis (e.g. allele based or another SNP based analysis) is performed please report results
later, but you will not be asked to submit the ID’s for isolates in the cluster detected with the additional analysis.

52. Please list the ID ‘s for the isolates included in the cluster of closely related isolates:

Please use semicolon (;) to separate ID’s

53. Select a representative isolate in the cluster

Indicate the isolate ID
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54. Results for cluster analysis (e.g. SNP or Allele based)

ST Distance (e.g. SNP) to the selected cluster
isolate

Please use 9999 for not analysed

Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8
Isolate 9
Isolate 10
Isolate 11
Isolate 12

55. Would you like to add results performed with another additional analysis on the data derived
from the WGS?

e.g. if SNP based results are submitted you can also report allele based results or results from a second SNP
analysis

(State one answer only)

Yes — Go to 56
No — Go to 95

56. Please select the additional analysis used on data derived from WGS
(State one answer only)

SNP based — Go to 58
Allele based — Go to 65
Other — Go to 57

57. If another analysis is used please describe your approach: - Go to 72

58. Please report the used SNP-pipeline

(reference if publicly available or in-house pipeline)

59. Please select the approach used for the SNP analysis

Reference based — Go to 60
Assembly based — Go to 63

60. Reference genome used

Please indicate Multi-locus Sequence Type (e.g. ST34) and isolate ID (e.g. one of the isolates from the current
cluster, ID of a public reference strain or an in-house isolate)

61. Please indicate the read mapper used
(e.g. BWA, Bowtie2)

62. Please indicate the variant caller used
(e.g. SAMtools, GATK)
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63. Please indicate the assembler used
(e.g. SPAdes, Velvet)

64. Please specify the variant caller used
(e.g. NUCMER)

65. Please select tool used for the allele analysis

BioNumerics — Go to 67
SegSPhere — Go to 67
Enterobase — Go to 67
Other — Go to 66

66. If another tool is used please list here:

67. Please indicate allele calling method:
(State one answer only)

Assembly based and mapping based - Go to 68
Only assembly based - Go to 68
Only mapping based - Go to 69

68. Please indicate the assembler used
(e.g. SPAdes, Velvet)

69. Please select scheme used for the allele analysis
(State one answer only)

Applied Math (wgMLST) — Go to 71

Applied Math (cgMLST/Enterobase) — Go to 71
Enterobase (cgMLST) — Go to 71

Other — Go to 70

70. If another scheme (e.g. in-house) is used, please give a short description

71. Please report the number of loci in the used allelic scheme

72, Additional analysis on data derived from WGS

73. Select a representative isolate in the cluster detected by the additional analysis’

Indicate the isolate ID
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74. Results for the additional cluster analysis (e.g. SNP or Allele based)

ST Distance (e.g. SNP) to the selected cluster
isolate

Please use 9999 for not analysed

Isolate 1

Isolate 2

Isolate 3

Isolate 4

Isolate 5

Isolate 6

Isolate 7

Isolate 8

Isolate 9

Isolate 10

Isolate 11

Isolate 12

75. Would you like to add results performed with a third analysis on the data derived from the WGS?
e.g. if SNP based results are submitted you can also report allele-based results or results from a second SNP
analysis

(State one answer only)

Yes — Go to 76
No — Go to 95

76. Please select the third analysis used on data derived from WGS

SNP based — Go to 78
Allele based — Go to 85
Other — Go to 77

77. If another analysis is used please describe your approach: - Go to 92

78. Please report the used SNP-pipeline

79. Please select the approach used for the SNP analysis

Reference based — Go to 80
Assembly based — Go to 83

80. Reference genome used

Please indicate Multi-locus Sequence Type (e.g. ST34) and isolate ID (e.g. one of the isolates from the current
cluster, ID of a public reference strain or an in-house isolate)

81. Please indicate the read mapper used
(e.g. BWA, Bowtie2)

82. Please indicate the variant caller used
(e.g. SAMtools, GATK)

83. Please indicate the assembler used
(e.g. SPAdes, Velvet)
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84. Please specify the variant caller used
(e.g. NUCMER)

85. Please select tool used for the allele analysis
(State one answer only)

BioNumerics - Go to 87
SegSPhere - Go to 87
Enterobase - Go to 87
Other - Go to 86

86. If another tool is used please enter here:

87. Please indicate allele calling method:

Assembly based and mapping based - Go to 88
Only assembly based - Go to 88
Only mapping based - Go to 89

88. Please indicate the assembler used
(e.g. SPAdes, Velvet)

89. Please select scheme used for the allele analysis

Applied Math (wgMLST) - Go to 91

Applied Math (cgMLST/Enterobase) - Go to 91
Enterobase (cgMLST) - Go to 91

Other - Go to 90

90. If another scheme (e.g. in-house) is used, please give a short description
91. Please report the number of loci in the used allelic scheme

92. Third analysis on data derived from WGS
93. Select a representative isolate in the cluster detected by the third analysis

Indicate the isolate ID

94. Results for the third cluster analysis (e.g. SNP or Allele based)

ST Distance (e.g. SNP) to the selected cluster
isolate

Please use 9999 for not analysed

Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8
Isolate 9
Isolate 10
Isolate 11
Isolate 12
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95. Additional questions to the WGS part
96. Where was the sequencing performed

In own laboratory
Externally

97. Protocol used to prepare the library for sequencing:
(State one answer only)

Commercial kits - Go to 98
Commercial kits - Go to 98

98. Please indicate name of commercial kit:

99. If relevant please list deviation from commercial kit shortly in few bullets: - Go to 101

100. For non-commercial kit please indicate a short summary of the protocol:

101. The sequencing platform used
(State one answer only)

lon Torrent PGM - Go to 103

lon Torrent Proton - Go to 103

Genome Sequencer Junior System (454) - Go to 103
Genome Sequencer FLX System (454) - Go to 103
Genome Sequencer FLX+ System (454) - Go to 103
PacBio RS - Go to 103

PacBio RS Il - Go to 103

HiScanSQ - Go to 103

HiSeq 1000 - Go to 103

HiSeq 1500 - Go to 103

HiSeq 2000 - Go to 103

HiSeq 2500 - Go to 103

HiSeq 4000 - Go to 103

Genome Analyzer lix - Go to 103

MiSeq - Go to 103

MiSeq Dx - Go to 103

MiSeq FGx - Go to 103

ABI SOLID - Go to 103

NextSeq - Go to 103

MinlON (ONT) - Go to 103

Other - Go to 102

102. If another platform is used please list here:

103. Criteria used to evaluate the quality of sequence data
In this section you can report criteria used to evaluate the quality of sequence data.

Please first reply on the use of 5 selected criteria, which were the most frequently reported by the participants in
the Salmonella EQA-8 scheme, 2017.

Next you will be asked to report 5 additional criteria of your own choice.

For each criteria please also report the threshold or procedure used to evaluate the current criteria.
104. Did you use confirmation of organism to evaluate the quality of sequence data?
(State one answer only)

Yes
No — Go to 106
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105. Procedure used to evaluate confirmation of organism:

106. Did you use coverage to evaluate the quality of sequence data?
(State one answer only)

Yes
No — Go to 108

107. Procedure or threshold used for coverage:

108. Did you evaluate assembly quality?
(State one answer only)

Yes
No — Go to 110

109. Procedure used to evaluate assembly quality:

110. Did you use assembly length to evaluate the quality of sequence data?
(State one answer only)

Yes
No - Go to 112

111. Procedure or threshold used for assembly length:

112, Did you evaluate allele calling result?
(State one answer only)

Yes
No — Go to 114

113. Procedure used to evaluate allele calling:

114. Other criteria used to evaluate the quality of sequence data

Please list up to 5 additional criteria (e.g. N50, read length, contamination)

115. Other criteria used to evaluate the quality of sequence data - additional criteria 1:

116. Threshold or procedure used to evaluate the additional criteria 1:

117. Other criteria used to evaluate the quality of sequence data - additional criteria 2:

118. Threshold or procedure used to evaluate the additional criteria 2:

119. Other criteria used to evaluate the quality of sequence data - additional criteria 3:

120. Threshold or procedure used to evaluate the additional criteria 3:
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121. Other criteria used to evaluate the quality of sequence data - additional criteria 4:

122. Threshold or procedure used to evaluate the additional criteria 4:

123. Other criteria used to evaluate the quality of sequence data - additional criteria 5 :

124. Threshold or procedure used to evaluate the additional criteria 5:

125. Comment(s):

e.g. remarks to the submission, the data analyses or the laboratory methods

126. Thank you for your participation
Thank you for filling out the Submission form for the Salmonella EQA-9.

We highly recommend to document this Submission form by printing it. You will find the Print option after pressing
the "Options" button.

Important: After pressing "Submit results" you will no longer be able to edit or print your information.

For final submission, remember to press "Submit results" after printing.
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