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Objectives of MRSA Baseline survey 2025

Swabs (4poolsof N=5 N=5 N=5 N=5
« Harmonised EU-wide baseline/cross-sectional survey at 5 el oyez) l J. i l
slaughterhouses, for comprehensive, comparable and reliable _
information on the development and spread of MRSA in ol I T
Slaughtered pIgS across the EU e act Transfer a 10-pL loopful of Mueller-Hinton

broth containing 6.5% NaCl to separate

- Assessment of the genetic diversity and antimicrobial e

resistance of MRSA in pigs by detailed characterisation of e rike ° °° °
MRSA strains including:

One-stage method

Transfer 1 presumptive MRSA colony from
each chromogenic screening plate to a

* L|neages blood plate

. Blood plate
« virulence

Confirmatory test Perform confirmatory test on presumptive

« host-ada ptation factors MRSA colonies with PCR-1/PCR-2 using a

stepwise procedure:

. . . Test presumptive MRSA colonies from
« other genetic markers (e.g. phages) associated with blood plate A _
. . Z < « Proceedto blood plates B, C and D if
Ce rta N a ni ma I hosts blood plate A is negative for MRSA

* Stop when MRSA has been confirmed
. in one blood plate or when all blood
« Performed by PCR screening and WGS agars have been confirmed negative.
+ Keep one confirmed MRSA isolate per
epidemiological unit for further

« Described in Technical specifications analyses.

Figure 2: Workflow for isolation of MRSA



https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2022.7620

=
—]
—

o - -
- PCR screening overview
The different analytical steps and corresponding methods are summarised in Figure 3. Two PCRs:
S R New primary PCR (PCR-1)
p— | s,,al(+) | -spa, mecA, PVL, CC398, scn
I R —
e ] | | Lmttd Original EURL-AR PCR (PCR-2)
[ meccts) | -spa, mecA, mecC, PVL

Primary confirmation:
- S. aureus species
-  MRSA (+mecA/mecC)
Subset - CC398 (pig host association)
- scn/PVL (human host association)

Subset

N i 8 Sl Secondary purpose:
AST: antimicrobial susceptibility testing; MRSA: methicillin-resistant Staphylococcus aureus; WGS: whole genome

sequencing. - Spa-typing of PCR product
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Targets of the two PCRs

» spa — Staphylococcus protein A — Species confirmation for S. aureus
— Variation in gene size (200-600 bp) due to repeating regions; can be used for typing
— Gene amplification product can be sequenced and spa-type determined

« mecA/mecC — Identifier for MRSA: antimicrobial resistance gene giving resistance to
(methicillin) — indicated by cefoxitin

» Association with humans (host adaptive/ » Association with livestock (pigs)
virulence genes) — CC398 — a marker for clonal complex 398 (also
— scn — a marker of phage-encoded defined by MLST398)
immune evasion cluster 1 (IEC1) — PVL genes (lukF-PV) have been used to
— PVL (lukF-PV gene) - a marker of differentiate between livestock-associated
phage encoded Panton-Valentine CC398 (PVL-) and human-adapted CC398

leukocidin (PVL+).
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WGS genotyping

Table 9: Mandatory genotypic characteristics

« Extended list of relevant genes in the Tech. Specs.

Measure Description Tool® /database!®  Settings'®
— Specific virulence and host associated factors MLST - MLST
mec class - SCCmecFinder %ID: 90%
ccr type(s) - Min. length: 60%
SCCmec type 3 gtabase: Referenced
— Use the recommended settings SCCmec subtype -
AMR genes - ResFinder 4.1 or newer %ID: 90%
1 (o) i i - Min. length: 60%
° |dent|ty >90 A) AMR point mutations g o
czrC Cadmium and zinc resistance  MyDbFinder %ID: 90%
o Min. length: 60%
° Cove rage >60 A.) scn ISta.ijyiococcal complement in. leng o
inhibitor (SCIN)
chp Chemotaxis inhibitory protein of
S. aureus (CHIPS)
sak Staphylokinase (SAK)
sea Staphylococcal enterotoxin A
(SEA)
sep Staphylococcal enterotoxin P
(SEP)
IEC1 Prophage-bome immune
evasion cluster encoding SCIN
(genetic marker of IEC1) and
different combinations of
CHIPS, SAK, SEA and SEP
(genetic marker of human
adaptation)
IEC1 type A schematic representation of
the different IEC1 types are
provided by van Wamel et al.
(2006)
tarP Prophage-encoded wall teichoic

acid glycosyltransferase (TarP)




Examples of high & low ID output with MyDBFinder

Antibiotic(s): Database

Database

Query / L
Fasta header Identity | Template P°csc',t"‘fi'; in
length template

chp|Chemotaxis_inhibitory_protein|DQ530361.1| query
Staphylococcus_aureus,_phage_phiNM3 ) NODE_11_length_89515_cov_10.2849_ID_2203 83267..83716

lukS-PV_10|prophage-encoded_Panton-Valentine_leukocidin|X72700.1|Staphyl

template
query

template
query

template
query

template
query

template
query

template
query

template
query

template
query

template
query

template
query

Date DTU Title 6
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ncutoffValue n lowest

RF-00000718-¥ET | Cefoxitin
RF-00000525-YVET | Chloramphenicol
RF-00000695-VET | Ciprofloxacin
RF-00000545-YET | Clindamycin
RF-00000583-VET | Erythromycin
RF-00000536-YET | Gentamicin
RF-00000758-Y¥ET | Linezolid
RF-00000153-PAR | Mupirocin
RF-00000777-YET | Quinupristin/Dalfopristin
RF-00000612-Y¥ET | Sulfamethoxazole
RF-00000670-YET | Tetracycline
RF-00000582-¥ET | Tiamulin
RF-00000562-¥ET | Trimethoprim
RF-00000569-Y¥ET | Yancomycin
RF-00000718-¥ET | Cefoxitin
RF-00000525-%¥ET | Chloramphenicol
RF-00000695-Y¥ET | Ciprofloxacin
RF-00000545-¥ET | Clindamycin
RF-00000583-YET | Erythromycin
RF-00000536-VET | Gentamicin
RF-00000758-VET | Linezolid
RF-00000153-PAR | Mupirocin
RF-00000777-VET | Quinupristin/Dalfopristin
RF-00000612-YET | Sulfamethoxazole
RF-00000670-YET | Tetracycline
RF-00000582-%¥ET | Tiamulin
RF-00000562-¥ET | Trimethoprim
RF-00000569-VET | Yancomycin
RF-00000718-¥ET | Cefoxitin
RF-00000525-YET | Chloramphenicol
RF-00000695-vET | Ciprofloxacin
RF-00000545-¥ET | Clindamycin

A5

0.25

0.25

EFSA reporting scheme

AT

RO16A | 0.5
RO22A | 4
RO14A | 0.25
R117A | 0125
ROT14A | 0.25
ROT6A | 0.5
ROTBA |1
ROT6A | 0.5
ROT6A | 0.5
RO59A | 64
RO16A | 0.5
RO16A | 0.5
RO1BA |1
RO1BA |1
RO16A | 0.6
ROZ22A| 4
RO14A | 0.25
R117A | 0125
ROT14A | 0.25
RO16A | 0.5
ROTBA |1
RO16A | 0.5
RO16A | 0.5
RO59A | 64
ROT6A | 0.5
ROT6A | 0.5
ROTBA |1
ROTBA |1
ROT6A | 0.5
ROZ22A | 4
ROT14A | 0.25
R117A]0.125

[ highest

Al

RO35A | 16
RO59A | 64
RO2b6A | 8
RO22A | 4
RO26A | 8
RO35A | 16
RO26A | 8
RO63A | 256
ROZ22A | 4
RO65A | 512
RO35A | 16
ROZ22A | 4
RO35A | 16
ROZ6A | 8
RO3bA | 16
RO59A | 64
ROZBA | 8
ROZ22A| 4
ROZBA | 8
RO35A | 16
ROZBA | 8
RO63A | 256
RO22A | 4
RO65A | 512
RO35A | 16
RO22A | 4
RO35A | 16
RO26A | 8
RO35A | 16
RO59A | 64
ROZBA | 8
ROZ22A | 4

| 4y | Loax | oy | oAz |
B2 v B zenotype BY sercc Bl pervisT Bl seqtech Bl re
N

CAT_PARAM_mrsaGenes
RF-00015497-PAR | saul-hsdS1
RF-00015500-PAR | mec class A
RF-00015501-PAR | mec class B
RF-00015502-PAR | mec class C1
RF-00015003-PAR | mec class C2
RF-00015504-PAR | mec class E
RF-00015006-PAR | cor type 1
RF-00015507-PAR | cortype 2
RF-00015008-PAR | cor type 3
RF-00015508-PAR | cortype 4
RF-00015010-PAR | cor type B
RF-00015511-PAR | cortype 7
RF-00015012-PAR | cor type 8
RF-00015513-PAR | cortype 9
RF-00015515-PAR | SCCmec type | (18]
RF-00015516-PAR | SCCmec type |1 (24)
RF-D0016517-PAR | SCCmec type |11 (34)
RF-00015518-PAR | SCCmec type IV (2B)
RF-D0015519-PAR | SCCmec type 1V (2B&5)
RF-00015520-PAR | SCCmec type V (5C2)
RF-D0016521-PAR | SCCmec type V (BC28E)
RF-00015522-PAR | SCCmec type VI (4B)
RF-D0016523-PAR | SCCmec type VIl (BC1)
RFE-00015524-PAR | SCCmec type VI (44)
RF-D0016525-PAR | SCCmec type [X (102)
RF-00015526-FAR | SCCmec tvpe X (7C1)
RF-D0016527-PAR | SCCmec type I (8E)
RF-00015528-PAR | SCCmec tvpe X1 [9C2)
RF-D0016528-PAR | SCCmec type XI1| (94)

BA | |
sComm n a an

RF-0001E630-PAR | SCCmec type IV (2B) subtype Iva
RF-00015631-PAR | SCCmec type [V (2B) subtype Ivb

{
RF-00018632-PAR | SCCmec type [V (2
RF-0001BE33-PAR | SCCmec type IV (2
RF-00016634-PAR | SCCmec type [V (2
{

B
B
B
RF-00015535-PAR | SCCmec tvpe | B

subtype Vg

{2B]
(2B}
subtype Vo (2B)
(2B}
{2B]
subtvpe [%h (2B)

)
)
} subtype Ivd
)
j

SSD_Code

RF-00015497-PAR
RF-00015500-PAR
RF-00015501-RPAR
RF-00015502-PAR
RF-00015503-PAR
RF-00015504-PAR
RF-00015506-PAR
RF-00015507-PAR
RF-00015508-PAR
RF-00015509-PAR
RF-00015510-PAR
RF-00015511-PAR
RF-00015512-PAR
RF-00015513-PAR
RF-00015515-PAR
RF-00015516-PAR
RF-00015517-PAR
RF-00015518-PAR
RF-00015513-PAR
RF-00015520-PAR
RF-00015521-PAR
RF-00015622-PAR
RF-00015523-PAR
RF-00015524-PAR
RF-00015625-PAR
RF-00015626-PAR
RF-00015627-PAR
RF-00015628-PAR
RF-00015623-PAR
RF-00015630-PAR
RF-00015631-PAR
RF-00015632-PAR
RF-00015633-PAR
RF-00015634-PAR
REF-00015535-FPAR

term

saul-hsds1

mec class A

rmec class B

mec class C1

rmec class C2

mec class E

cof tvpe 1

cor tvpe 2

cof tvpe 3

cor tvpe 4

cof tvpe b

cor tvpe 7

cor tvpe 8

cof tvpe 9

SCCmectype | (1B)
SCCmec type |1 (24)
SCCmec type 11 (34)
SCCmec type IV (2B)
SCCmec type IV (2B&5)
SCCmec type v (BC2)
SCCmec type v (BC2AE)
SCCmec type V1 (4B)
SCCmec type VIl (BC1)
SCCmec type VIl (44)
SCCmec type X (1C2)
SCCmec type X (TC1)
SCCmec type X (8E)
SCCmec type XII (9C2)
SCCmec type X (94)
SCCmec type IV (2B) subtype IWa
SCCmec type IV (2B) subtype Wb

(2B)
{2B)
SCCmec type IV (2B) subtype Ivd
{2B)
(2B}

SCCmec type IV [(2B) subtype Ve
B

SCCmec type IV [2B) subtype Vg
B

SCCmec tvoe | subitvoe |wh

(2B)
(28)
(2B]
(28)
(2B)
(2B}

Title
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Examples of WGS tools to use

Species determination
— KmerFinder
— rMLST

Resistance determinants
— ResFinder

Virulence genes
— VirulenceFinder

Subtyping
— SpaTyper/Ridom
— PubMLST
« BURST for clonal complexes

* Tools with combined outputs
— MyDBFinder
« EURL-AMR provided database

— MobileElementFinder
(https://cge.food.dtu.dk/services/MobileElementFinder/)

» Tested in exercises in TC 2022 and in
MRSA PCR PT 2024

Exercise B

Genomic results for presence/fabsence of resistance and virulence factors and additional PCR targets in S. aureus
Part of the PCRs Additional info

Sequence: MRSA/MSSA mecA/C scn PVL CcC398 spa-type MLST cC

TC_2022_SA_01
TC_2022_SA_02
TC_2022_SA_03
TC_2022_SA_04
TC_2022_SA_05



https://cge.food.dtu.dk/services/MobileElementFinder/

DTU
= Combined output from MobileElementFinder (MGE)

VirulenceFinder 2.0 MobileElementFinder Results

Sample name: DTU_ 2022 1025265 1 Sl 2022 ST 17 1 R1_001
Date: 2022-11-16_15:51

MGEfinder version: 1.0.3

Edb version: 1.0.2

Service Instructions Output Article abstract Citations Version history

Software version: 2.0.3 (2020-05-21)

Database version: (2022-10-18) playing: 5 of 43 mobile elements

Contig Plasmid #MGEs Resistance Virulence
NODE_41_length_11439_cov_81.84... 0 blaZ, gacA
NODE_33_length_22706_cov_19.05... 0 mecA

Select species NODE_56_length_2168_cov_3.8466... 0 aac(6')-aph(2")

Listeria NODE_10_length_96202_cov_21.08... 1 tet(M)

Center for Genomic Epidemiology NODE_9_length_110166_cov_20.56... 0 son, sak, ...

Escherichia coli NODE_19_length_55680_cov_13.59... 0 IUKE, 1ukD, ...

Enterococcus NODE_3_length_180094_cov_20.97... 0 higC, higB, ...
NODE_7_length_132360_cov_25.25... 0 aur, aur
NODE_40_length_12188_cov_34.20... rep21, rep20 2

Select threshold for %ID ) NODE_12_length_92885_cov_20.47... rep7c 0

190 % ResFlnder NODE_16_length_60947_cov_14.53... 1
NODE_62_length_1324_cov_814.96... 1

Version
Select minimum length
60 % 472 v

ResFinder identifies acquired genes and/or finds chromosomal mutations

mediating antimicrobial resistance in total or partial DNA sequence of bacteria.
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MobileElementFinder

Tool to identify plasmids and other mobile genetic elements

Works on fasta files

Lists mobile elements (plasmid replicons) together with res. & vir. genes
— Per contig — shows relation between plasmids and other genes

In relation to the PCRs:
mecA
mecC

sCn
PVL (LukF)

Tet(M) — also related to veterinary/livestock isolates
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MobileElementFinder output

MobileElementFinder Results

Sample name: DTU 2022 1025265 1 SI 2022 ST 17 1 R1 001
Date: 2022-11-16_15:51

MGEfinder version: 1.0.3

MGEdb version: 1.0.2

Displaying: 5 of 43 mobile elements

NODE_16_length_60947_cov_14.53...
NODE_62_length_1324_cov_814.96...

Contig Plasmid #MGEs Resistance Virulence
NODE_41_length_11439 cov_81.84... 0 blaZ, gacA
NODE_33_length_22706_cov_19.05... 0 ecA
NODE_56_length_2168_cov_3.8466... 0 aac(6')-aph(2")
NODE_10_length_96202_cov_21.08... 1 tet(M)
NODE_9_length_110166_cov_20.56... 0 Csen, S3K, ...
=) NODE_19_length_55680_cov_13.59... 0 @ lukD, ).

NODE_3_length_180094_cov_20.97... 0 higC, higB, ...
NODE_7_length_132360_cov_25.25... 0 aur, aur
NODE_40_length_12188_cov_34.20... rep21, rep20 2
NODE_12_length_92885_cov_20.47... rep7c 0

1

1

¥ Download result | ¥ Download MGE sequences

Date DTU
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MyDBFinder on CGE website

MyDbFinder 2.0 (Upload your own database)

MyDbFinder identifies genes from your own database in total or partial sequenced i=olates of bacteria.

Your database must be a FASTA file with DNA sequences.
The previous versions of MyDbFinder included the options to use databases of Vibrio Cholerae or Virulence genes of Listeria. The first have been used to create the software

CholeraeFinder, and the second one has been included in VirulenceFinder

Upload user database (DMA sequences FASTA format)
Mote: Database must not be compressed

Vazlg fil | Der er ikke valgt nogen fil

Select threshold for %ID
|5IB 9% W |

Select minimum length
Length a gene in the genome at least has to cover of the length of the gene in the database to be outputted

[60 % v

Select type of your reads
| Assembled Genome/Contigs* W |

k2 |=olate File

Name Size Progress Status
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Where to find the database?

https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols

-There is also an overview file, with additional details on the database genes
MRSA

Isolation of MRSA from food-producing animals and farm environment - Version 4, April 2025

MRSA multiplex PCR-1 protocol: PCR amplification of CC398 _mecA PVL scn and spa - Version 1.1, April 2024

MRSA multiplex PCR-2 protocol: PCR amplification of mecA, mecC. PVL and spa - Version 3.1, April 2024

Spa-typing protocol; PCR amplification and typing of spa gene - Version 2, December 2022

MLST typing

MyDbFinder for MRSA (database file for mapping genomes using in-house pipelines or MyDBFinder. The database file contains a list of fasta
‘ format of the genes relevant for the bioinformatic analysis, suggested in the Technical specifications for the detection of genes associated with
host adaptation, AMR and virulence (5ection 6.6, Table 9))

MRSA MyDB Overview



https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols
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= MyDBFinder — blast or KMA based search
m_wl MRSA_genes_nt_fasta - Notepad
 Create your own database of favourite genes File Edit Format View Help
. . ] . >AM998992 . 1:1081761-1003658 TetM gene Staphylococcus aureus subsp. aureus 5T398
— Txt file with Complled genes In fasta format CTAAGTTATTTTATTGAACATATATCGTACTTTATCTATCCGACTATT TGGACGACGGGGC TGGCARACA

GGTTCACCOGTAGTAACATGGTACCCTTTTAACTCTGT TAAACAAACACTACGTCCATTTGTAAAGAAAG
TTAAATCACTACGATATTCTTGAATACACCGAGCAGGRATTTCTCCACTAAGAATGACCTCATTATTTTT
CAATTGAGTGTCTACGATGTTCGCACAATATTTAGGAGCATCGTTGTATGCTCATGAAAGATATTCCTGT
GLCGCATAAATTTTAAAACTAAGATATGGCTCTAACAATTCTGTTCCAGCTTTTTTTAAGACTTGTTCCA

° U p | Oad yo ur own d ata base Of favou nte ge nes ATACAATAGGAGCAAGCATCCGARAATCTGCTGGGGETACTAACAGGGCTATAGTATAAGCCATACTTAAA
ACAGATTTTACAGTCCGTCACATTCCAACCATACAATCCTTGTTCACAGCCATAGCGTATCCCCTCCATA

ACTGCATTTTGAAACGATTGATTTAAGTATCCAAGAGAAACCGAGCTCTCATACTGCATTCCACTTCCCA

U p | Oad q ue ry Seq uence ACGRAAGCGGTGATACAGATAAACCAATRGAAGC CCAGAANGGATTTGRCGGCACTTCGATATGAATGGT

_ Wa |t fO ro t t ATATTCTGCATTTTTTAACGGTCTCTCCATATAAATGACTGTAGGCTCTTTTAGTTCTATCTCCACATGA
u p u TACTTTTCTTGCAACAGTGCACTAATCACTTCCATTTGTACTTTCCCTAAGAAAGAAAGTATAATTTCAT

GTGTCGTAGAATCCACGTAATATCGTAGAAGCGGATCACTATCTGAGATTTCCAAAAGGGCATCAAGCAA
CATTTCTCTCTGTTCAGGTTTACTCGGTTCAACAGTTGTTTGTAGTAGAGGGTGCGGATTTTCAATCTTT
TTTCTCTGTGGCAATAGT TTTGTATCTCCAAGAACACTATTTAACTTCAAALACTCATTTTGCAAAATAA

» Use the EURL-AMR database, developed for CAATTTCTCCAGAATAAGCTCTATCAATCTTACATAATTCACCATTTATTGAAGTATACATTTCTGTAAC
] TTTTATTTTTTCTTTTTCTGATACTCTAACCGAATCTCGTAAATGTAGTACTCCACTATAAAGGCGTATA
this TATGCAAGACGTTGTCTTTTTTTTGTATATTCAATTTTGAAAACATTTCCGCAAAGTTCAGACGGACCTC

GATGTGTTRATGAAT AAAATTTATTAGTAATAACTTCTATAAGGTTATCAATCCCTATATTACTTTTTGE
ACTTCCATGATAAAGAGGGAACAGAGAACAATTCTGAAATCTTATGCTTTCCTCTTGTTCGAGTTCCAAT

MyKMAfinder GCTTCTAATGATTTACCGGACATATATTTCTCTAAAAGGTCATCGTTTCCCTCTATTACCGTATCCCATT
GTTCAGATTCGGTAAAGTTCGTCACACACATATTAGGATACAGTTCTACCTTCTGTTTGATTACAATTTC

MyKMAﬂnder performs typqng or pheno t}rp|ng using KMA based on a GECAGAAAGTTTCTCTTTAATATCCTGATAAACCOTTGATARATCAATTCCATTTTGGRTCAATCTTATTG
_ ATAAAAAAGATTGTGGGAATCCCCATTTTCCTAAGTGCATGAAATAATATACGAGTTTGTGCTTGTACGC

user defined database. CATCTTTTGCAGAAATCAGTAGAATTGCCCCATCTAAAMCTGATAATGAACGATATACTTCTGCTAAGAA

ATCCATATGTCCTGGCGTGTCTATGATGTTCACCTTCGTATTTTCCCACTGAAAAGAGGTTATTCCTGTC

_ TGAATTGTAATTCCTCTCTGACGTTCTAAAAGCGTATTATCCGTCCTCGTTGTACCTTTGTCCACGCTTC

MyDbFinder CTAATTCTGTAATCGCTCCACTGTTATATAATAAGCTTTCTGTTAAGGTAGTTTTTCCTGCATCAACATG
AGCTAAMACTCCAATATTAATAATTTTCAT

MyDbFinder performs typing or pheno typing using blast based on a >gb|KC243783.1]+|1-2007 |mecA [Staphylococcus aureus]

user defined database.

AT GAAAAAGAT AAAAATTGTTCCACTTATTTTAATAGTTGTAGTTGTCGGGTTTGGTATATATTTTTATGCTTCAALAGATAAAGALATT
AATAATACTATTGATGCAAT TGAAGAT AAAAAT TTCAAACAAGTTTAT ALRAGATAGCAGT TATATTTCTAAAAGCGATAATGGTGALGTA
GAAATGACTGAACGTCCOATAAAAATATATAATAGTTTAGGCGTTAAAGATATAAACATTCAGGATCGTAAAATAAAAAAAGTATCTAMAA
AATALAAAACGAGT AGATGCTCAATATAAAATTAAAACAALCTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGALGAT
GETATGTGEAAGT TAGAT TGGGATCATAGCGTCATTATTCCAGGAATGCAGALAAGAC CAAAGCATACATATTGAAAATTTAAAATCAGAN




HE

MyDBFinder use and output

MyDbFinder 2.0 (Upload your own database)

MyDbFinder identifies genes from your own database in total or partial sequenced isolates of bacteria.

Your database must be a FASTA file with DNA sequences.

The previous versions of MyDbFinder included the options to use databases of Vibrio Cholerae or Virulence genes of Listeria. The first have been used to create the softwa
CholeraeFinder, and the second one has been included in VirulenceFinder

Upload user database (DNA sequences FASTA format)
Mote: Database must not be compressed.

Vaelg fil | Der er ikke valgt nogen fil

Database

Select threshold for %ID — ’
o uery
|EB o ol | Fasta header Identity | Template Fos't“t’" in
Iength Contg

Select minimum length g&ﬁ;ﬁmm’“g ;Zﬂ?gigﬂ%ﬁ;mm A g933 NODE_11_length_89515_cov_10.2849_ID_2203  83267.83716
Length a gene in the genome at least has to cover of the length of the

o 2 R

Select type of your reads
| Assembled Genome/Contigs® ™

F} |solate File

Date
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== Subtyping — MLST

MLST 2.0

Service Instructions Output Article abstract Citations

Software version: 2.0.9 (2022-05-11)
Database version: (2022-11-14)
MLST allele sequence and profile data is obtained from PubMLST.org.

Momentanously, the species Lactococcus Lactis is unavailable.
Select MLST configuration
[Staphvlococcus aureus "]

Please note that for four organisms, two or three different MLST schemes are available:
e Acinetobacter baumannii (Acinetobacter baumannii #1 [1], Acinetobacter baumannii #2 [2]).
e Fscherichia coli (Escherichia coli #1 [4], Escherichia coli #2 [5]).
o Pasteurella multocida (Pasteurella multocida #1 (RIRDC), Pasteurella multocida #2 (multihost)).
e [eptospira (Leptospira #1, Leptospira #2, Leptospira #3).

Note: Campylobacter coli and Campylobacter jejuni are considered together.

Select min. depth for an allele
|5x hd

Select type of data input

MLST-2.0 Server - Results
mist Profile: saureus
Organism: Staphylococcus aureus

Sequence Type: 398

Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping. KMA supports the

following sequencing platforms: lllumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.
|Assemb|ed or Draft Genome/Contigs* 1"|
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Species and subtyping — rMLST and MLST

PUDMLST fstic databases for motecuiar tping Ribosomal MLST

HOME ORGANISMS SPECIH

Home > Organisms > Staphylococcus aureus Q IDENT'FY SPECIES

Staphylococcus aureus

Genome taxonomic coverage
@' all isolates

type strains

Source of isolates submitted to the Staphylococcus aureus database 1, SUBMIT ‘

i — |
SR % =
= =

v\ i
| \-\‘ | 4y

K \/9\ I p
_ Staphylococcus aureu % I >

Query a sequence

Single sequence

Query a single sequence or whole
genome assembly to identify allelic promtes
matches.

Typing

The typing database contains nomenclature - o m— Batch sequences By locus By MLST allelic profile

allele deﬁmtlons that prowde an identifier for Query multiple independent sequences Select, analyse and download specific This can include partial matches to find
every unigue allele sequence, and MLST profiles in FASTA format to identify allelic alleles from a single locus. related profiles.

that index each unique combination of alleles with matches.

a sequence type (ST).

Allele sequences: 827,166
In a batch

- Last updated: 2022-11-11 _ _ -
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spa-typer

spaTyper 1.0

IPlease note that the current database is last updated in 2023

software version: [)
Database version: [2022-11-14)

Sequencing Platform Select the sequencing platform used to generate the uploaded reads. (Note: Select "Assembled Genome' if you are uploading
preassembled reads)
|Assembled Genome/Contigs® v |

F} Choose File(s)

Name Size Progress Status

spa Typing

ype

1333 15-12-16-34-02-25-17-24  NODE_27_length_29710_cov_9.49238_ID 2599  1220-1449  plus
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Sub-typing - spa-typing of Staphylococcus aureus

SpaServer.ridom.de

Spa Server
Overview Ridom SpaServer
Background
Server Polic SpaServer Database 060
y cee
: : ridom
Database ‘Spa—typ s ‘ 20779 conceptualized and implemented by Ridom GmbH ...
Frequencies ‘Repeats: ‘ 233
Spa-t .
Rzzerses }Total strains: }455473 sequence data curated by SeqNet.org d
Strain records: |189267 »
Contact ‘Strain countries: ‘ 155 -3
Privacy Policy Registered users: 883
Imprint User countries: 71

Staphylococcus aureus is a major human pathogen causing skin and tissue infections, pneumonia, septicemia, and device-associated
infections. The emergence of strains resistant to methicillin (MRSA) and other antibacterial agents has become a major concern, especially in
the hospital environment, because of the high mortality of the infections caused by these strains. Single locus DNA-sequencing of the repeat
region of the Staphylococcus protein A gene (spa) can be used for reliable, accurate and discriminatory typing of MRSA. Repeats are
assigned a numerical code and the spa-type is deduced from the order of specific repeats. However, spa-typing was hampered in the past by
the lack of a consensus on assignments of new spa-repeats and -types.

This SpaServer can be used to collate and harmonize data from various geographic regions. This WWW site (spaServer.ridom.de) is freely
accessible to internet users and the spa-repeat sequences and the -types can be downloaded.
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Ridom spa-server

SpaServer.ridom.de

Overview Ridom SpaServer - SpaTypes
Home
Background
Server Policy Search for a spa-type or -repeat: ‘ H search |
search for repeats (Ridom- or new Kreiswirth-nomenclature), a repeat sequence or a spa-type.
Database
Frequencies & Download spa-types (CSV)
Repeats -
4 Spa Repeat succession MLST Comment
type
Contact ST-5, ST-222, ST- |CC35, Southern German MRSA (prototype & subclone), Rhine Hesse MRSA
Privacy Policy 0ol 26-30-17-34-17-20-17-12-17-16 228 (subclone), EMRSA-3, New York clone
Imprint 5 A N CC5, Rhine Hesse MRSA (prototype), EMRSA-3, New York clone, Japan clone,
2 -23-17-34-17-20-17-12-17- ST-5, ST-23 0 ype). >
0o 26 17-34-17-20-17-12-17-16 ST-3, 5T-231 Pediatric, USA100 ORSA II, USA800 ORSATV, ST 5 ORSAT
003 [26-17-20-17-12-17-17-16 |IST-5.5T-225  |lcCs, Rhine Hesse MRSA (subclone), EMRSA-3, New York clone |
004 [09-02-16-13-13-17-34-16-34 |sT-45 |lcC45, Berlin MRSA (prototype), USA600 ORSA TI, USA600 ORSA IV |
ST o - T-
t0035 26-23-13-23-31-05-17-25-17-25-16-28 EOT 22, 5T-23, ST
(006 ]|26-23-13-23-31-05-17-17-25-16-28 [ST-134 [
[ nr——_ - - - - - - - - - .= ] 1T
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S. aureus typing

RESTRICTION-
MODIFICATION (RM) SYSTEM
(sau1-hdsS1)

CC15

MULTILOCUS
SEQUENCE TYPING
(MLST)

n~8500

spa TYPING
n~22000

t127 t128 t899  t337 t843 1535 t011  t034

+ DISCRIMINATORY POWER

Whole genome
sequencing (WGS)

<
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MRSA detection

1. Isolation
2. Identification of the species (S. aureus): WGS or specific nuc/fem/spa PCR
3. Resistance
» Phenotypic resistance:
a) Resistance to cefoxitin
b) EUCAST breakpoint R >4mg/L or <22mm (disk 30ug) FOX
» Gold standard: detection of mecA (or mecC) by WGS or PCR

- . Latex agglutination test (Biomerieux, France) detects PBP2a.
. . MRSAZ2 Brilliance (Oxoid) . . . .
Susceptible Intermediate We extract PBP2a and cause visible agglutination using latex
Resistant [] No interpretation particles coated with a monoclonal antibody against PBP2a
Sensititre, TREK diagnostics

Photos of commercial products are removed
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If MRSA: Staphylococcal cassette chromosome
(SCCmec) typing

i

mec gene complex ccr gene complex

ccr gene complex
Ccora [ cors | cerc

/
0‘0

There are 13 SSCmec types
SCCmecFinder 1.2:
= only available for types I-XI

/
0‘0

= mec gene complex C1 and C2 might produce errors

R/
0.0

Specific MRSA lineages carry specific SCCmec types
Original publication: https://doi.org/10.1128/aac.00579-09
Additional types: https://doi.org/10.1128/cmr.00020-18
For example:

See Figure 1 for more
information and graphical e
overview

R/
0.0

R/
0.0

R/
0‘0

=  SCCmec type V subtype Vc (5¢2&5) contains:
* mec gene complex: C2

= ccr gene complex type 5 which carries 2 ccrC1 genes, one with allele 2 and
one with allele 8



https://doi.org/10.1128/aac.00579-09
https://doi.org/10.1128/aac.00579-09
https://doi.org/10.1128/aac.00579-09
https://doi.org/10.1128/aac.00579-09
https://doi.org/10.1128/cmr.00020-18
https://doi.org/10.1128/cmr.00020-18
https://doi.org/10.1128/cmr.00020-18
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IEC: Immune evasion cluster

« IEC is carried on B-hemolysin-converting bacteriophages

« IEC encodes human-specific immune evasion factors: scn is the most common
« Indicates human adaptation

« https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006

mmmm) Sce Figure 2 for a graphical overview



https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006

=
—]
—

W

BURST

« MLST Networks, clonal complexes (CC)
« Tool: https://pubmlst.org/bigsdb?db=pubmlist saureus seqgdef

+ Guidelines: https://bigsdb.readthedocs.io/en/latest/data analysis/burst.html

32" 2 3 2
230 1 1 3 1
484 1 0 3
1015 1 1 4
1100 1 1 2 2
1148 1 0 4 1



https://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef
https://bigsdb.readthedocs.io/en/latest/data_analysis/burst.html
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BURST

Home > Organisms > Staphylococcus aureus > Staphylococcus aureus typing

Staphylococcus aureus typing database

Restricted view: Note that you are currently restricted to viewing or downloading data that was submitted on or prior to 2024-12-31. Please log in to access the full dataset.

Query a sequence

Single sequence

Query a single sequence or whole
genome assembly to identify allelic
matches.

Batch sequences

Query multiple independent sequences
in FASTA format to identify allelic
matches.

Find alleles

By specific criteria

Find alleles by matching criteria (all
loci together)

By locus

Select, analyse and download specific
alleles from a single locus.

Search for allelic profiles

By specific criteria

Search, browse or enter list of profiles

By allelic profile

This can include partial matches to find
related profiles.

In a batch

Look up multiple allelic profiles
together.

%) LOG IN

L SUBMISSIONS

& DOWNLOADS

(Z2 EXPORT

&2 ANALYSIS

2 CUSTOMISE

© INFORMATION

S ISOLATES
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BURST

Home > Organisms > Staphylococcus aureus > Staphylococcus aureus typing > Search by locus combinations

Search by locus combinations

Schemes

Please select the scheme you would like to query:

LU Select

Please enter your allelic profile below. Blank loci will be ignored. Autofill profile
arcC aroE glpF gmk pta tpi yqiL ST: 1232 Autofill
3 35 167 2 20 26 39
Options Display/sort options Action {’Z) b
Search: | Exact or nearest match  ~ Orderby: g1 . ascending -

Exact or nearest match Display: 25 . records per page ®
Exact match only

6 or more matches

C ontact 5 or more matches CitE us

4 or more matches




DTU

W

BURST

ST _larcC aroE|glpF lgmk  pta | tpi lyqi |
20 26 39

181 3 35 439 2

183 3 484 19 2 20 26 39
184 3 35 19 2 386 26 39
185 3 485 19 2 20 26 39
191 3 35 440 2 20 26 39
233 346 35 19 2 20 26 139
39¢ 3 35 19 2 20 26 39
541 3 35 19 60 20 26 39
580 3 35 48 19 20 26 39
621 /4 35 19 2 20 26 139
752 3 35 101 2 20 26 39
753 S0 35 19 2 20 26 39
804 3 35 19 2 20 26 2
1067 3 35 19 107 20 26 39
1069 3 165 19 220 24 19
1232 3 35 167 2 20 26 39
15755 55 187 7 0 Je 59
1391 3 35 19 2 159 26 39
1450 3 218 19 2 20 26 39
1453 3 35 19 2 20 175 39
1557 3 35 493 2 20 26 39
1570 3 35 494 2 20 26 39
le46 3 35 19 2 177 26 39
1709 3 35 221 2 20 26 39
1744 195 35 19 2 20 26 39

@@ 123456 @@

Analysis tools

&Analysis: BURST
(%) Export: Sequences
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BURST

Home > Organisms > Staphylococcus aureus > Staphylococcus aureus typing > Plugins > BURST

BURST analysis

This is the original BURST algorithm, developed by Ed Feil, first implemented by Man-Suen Chan. This version has been adapted for use as a plugin for the BIGSdb database software by Keith Jolley.
BURST analysis can be used to:

e Divide strains into groups according to their allelic profiles.

¢ Count the number of Single Locus Variants (SLV), Double Locus Variants (DLV) and Satellites (SAT) for each sequence type (ST).
¢ |dentify the potential Ancestral Type (AT). These are shown with an asterisk next to their names in the results table.

Graphic representations of BURST groups can be saved in SVG format. This is a vector image format that can be manipulated and scaled in drawing packages, including the freely available Inkscape.

Select STs Options

Action

Paste in list of ids to include, start a new Scheme: MLST

Line for each.
Group definition: profiles match at n-2 ~ loc to any other member of the group [n = number of loci in scheme].

181

183

184

- b

Shade variant rings

) Hide variant names (useful for overview if names start to overlap)
185
191
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BURST

Home > Organisms > Staphylococcus aureus > Staphylococcus aureus typing > Plugins > BURST

BURST analysis

Groups:

Group definition: 5 or more matches
Groups with central ST will be displayed as an image.

@ gow: 0000000000000 ]
181 1 89 398 2
183 1 54 396 39
184 1 67 382 40
185 1 54 396 39
191 1 89 398 2
233 1 69 384 36
398° 1 443 44 2
sS4t 1 47 406 36
580 1 3 143 343
621 1 69 384 36
752 1 89 398 2
753 1 69 384 36
804 1 56 392 4
1067 1 47 406 36
1069 1 54 396 39
1232 1 119 370
1375 1 89 398 2




=
—]
—

W

PHYLOViZ Online

4,PHYLOVIZ Online

& PHYLOViZ Online
B0

Public sefs Web-based tool for visualization, phylogenetic inference, analysis and sharing

PHYLOVIZ Online is an online version of the software PHYLOVIZ, a software that allows the analysis of sequence-based typing methods that generate allelic
profiles and their associated epidemiological data. Our motivation was to give an user-friendly solution for data analysis and sharing without installing any
specific software.

The application is freely available to all users and there is no login requirement. All users can upload and perform data analysis. There is the additional
possibility of storing data on the application for future access upon registration.

CHECK OUT THE ONLINE VIDEO TUTORIAL IN YOUTUBE OR THE WALKTHROUGH OF THE AVAILABLE FEATURES

Sample data sets available! Try all PHYLOVIZ Online different functionalities using:

More information on the data formats can be found here. - Login-free upload.

- The common user: demo and password: demo.

- Using public datasets.

081785850 e ¢/ - & R >
: . e
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17,PHYLOVIZ Online

Public datasets

Select one dataset from the table.

Show Search: |aureus
| entries |
Name Owner E:::: Description Public
Staphylococcus_aureus bruno profile full data set from MLST.net true
BIGSdb 27082 1477053342 3814 pubmist profile Staphylococcus_aureus_isolates 3027 _isolates true
BIGSdb 28175 1476640785 4054 pubmist profile Staphylococcus_aureus_isolates 57 isolates true
BIGSdb 8421 1476863241 53971 pubmist profile Staphylococcus_aureus_isolates 200 isolates true
BIGSdb 023695 1490489779 52633 pubmist profile Staphylococcus_aureus_isolates 97 isolates true
Showing 1 to 5 of 377 entries (filtered from 10,383 total entries) Previous 1 2 3 4 5 76 Next

Launch Tree

U
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-}J_,}" PHYLOViIZ Online Tree Primary Data  Auxiliary Data Distances
S

P Resume Layout - Search
CReset Positions
-+
Zoom
v

Links log Scale: Off
Nodes log Scale; On

Data set Info

Get Data Set Link

Graphic Properties

Nodes Size

@
Scaling Facto

Log Scaleld

Node Labels Size

ol
Add Mode Labels[]
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P Resume Layout - Search
JResef Positions
-+
Zoom
L 4

Links log Scale: Off
Nodes log Scale: On

Data set Info

Get Data Set Link

Link Length

o
Scaling Facto

Log Scale

Link Labels Size
ol

Add Link Labels
W
|

v
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Links

* https://cge.food.dtu.dk/services/KmerFinder/ : : .
Center for Genomic Epidemiology

 https://genepi.dk/resfinder
 https://cge.food.dtu.dk/services/MLST/
 https://cge.food.dtu.dk/services/MobileElementFinder/
 https://cge.food.dtu.dk/services/MyDbFinder/

* https://pubmlist.org/bigsdb?db=pubmist saureus seqgdef

° httDS//DmelstOFC]/SDeCIeS-Id PubMLST Public databases for molecular typing
» https://online.phyloviz.net/index

and microbial genome diversity

* https://spa.ridom.de/spatypes.shtml

» https://www.food.dtu.dk/english/topics/antimicrobial-resistance/eurl-ar/protocols



https://cge.food.dtu.dk/services/SpeciesFinder/
https://cge.food.dtu.dk/services/SpeciesFinder/
https://genepi.dk/resfinder
https://genepi.dk/resfinder
https://cge.food.dtu.dk/services/MLST/
https://cge.food.dtu.dk/services/MLST/
https://cge.food.dtu.dk/services/MobileElementFinder/
https://cge.food.dtu.dk/services/MobileElementFinder/
https://cge.food.dtu.dk/services/MyDbFinder/
https://cge.food.dtu.dk/services/MyDbFinder/
https://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef
https://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef
https://pubmlst.org/species-id
https://pubmlst.org/species-id
https://pubmlst.org/species-id
https://pubmlst.org/species-id
https://online.phyloviz.net/index
https://online.phyloviz.net/index
https://spa.ridom.de/spatypes.shtml
https://spa.ridom.de/spatypes.shtml
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.food.dtu.dk%2Fenglish%2Ftopics%2Fantimicrobial-resistance%2Feurl-ar%2Fprotocols&data=05%7C02%7Cjetk%40food.dtu.dk%7C4c08656abed54bab240408deb711e409%7Cf251f123c9ce448e927734bb285911d9%7C0%7C0%7C639149484629061295%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=8c%2BjXMw%2BH6GSEbRHaD0GiA8zUdW6Pok7LLas12XYBmU%3D&reserved=0
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