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Objectives of MRSA Baseline survey 2025
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• Harmonised EU-wide baseline/cross-sectional survey at 
slaughterhouses, for comprehensive, comparable and reliable 
information on the development and spread of MRSA in 
slaughtered pigs across the EU

• Assessment of the genetic diversity and antimicrobial 
resistance of MRSA in pigs by detailed characterisation of 
MRSA strains including:

• Lineages

• virulence 

• host-adaptation factors

• other genetic markers (e.g. phages) associated with 
certain animal hosts

• Performed by PCR screening and WGS

• Described in Technical specifications

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2022.7620
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PCR screening overview
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Two PCRs:

New primary PCR (PCR-1)

-spa, mecA, PVL, CC398, scn

Original EURL-AR PCR (PCR-2)

-spa, mecA, mecC, PVL

Primary confirmation:

- S. aureus species

- MRSA (+mecA/mecC)

- CC398 (pig host association)

- scn/PVL (human host association)

Secondary purpose:

- spa-typing of PCR product
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Targets of the two PCRs

• Association with humans (host adaptive/ 

virulence genes)

– scn – a marker of phage-encoded 

immune evasion cluster 1 (IEC1)

– PVL (lukF-PV gene) - a marker of 

phage encoded Panton-Valentine 

leukocidin
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• Association with livestock (pigs)

– CC398 – a marker for clonal complex 398 (also 

defined by MLST398)

– PVL genes (lukF-PV) have been used to 

differentiate between livestock-associated 

CC398 (PVL-) and human-adapted CC398 

(PVL+). 

• 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
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WGS genotyping

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

– Specific virulence and host associated factors

– Use the recommended settings

• Identity >90 %

• Coverage >60 %
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Examples of high & low ID output with MyDBFinder
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EFSA reporting scheme
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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
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• 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

https://cge.food.dtu.dk/services/MobileElementFinder/
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Combined output from MobileElementFinder (MGE)
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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
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MyDBFinder on CGE website
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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

13

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

• Create your own database of favourite genes

– Txt file with compiled genes in fasta format
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• Upload your own database of favourite genes

– Upload query sequence

– Wait for output

• Use the EURL-AMR database, developed for 

this 
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MyDBFinder use and output
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Subtyping – MLST 
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Species and subtyping – rMLST and MLST
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spa-typer 
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Please note that the current database is last updated in 2023
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Sub-typing - spa-typing of Staphylococcus aureus
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Ridom spa-server

20



DTUDate Title

Department of Veterinary Disease Biology

ST1 ST9 ST130 ST398

MULTILOCUS 

SEQUENCE TYPING

(MLST)

n~8500

t011 t034t843t899 t337

spa TYPING

n~22000
t1535t127 t128

CC15 RESTRICTION-

MODIFICATION (RM) SYSTEM 

(sau1-hdsS1)

CC130 CC398

Whole genome 

sequencing (WGS)

+
  
  
D

IS
C

R
IM

IN
A

T
O

R
Y

 P
O

W
E

R
  
  
 -

S. aureus typing



DTUDate Title

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

Sensititre, TREK diagnostics

Susceptible Intermediate

Resistant No interpretation

MRSA2 Brilliance (Oxoid)

MRSA detection

Latex agglutination test (Biomerieux, France) detects PBP2a. 

We extract PBP2a and cause visible agglutination using latex 

particles coated with a monoclonal antibody against PBP2a

Photos of commercial products are removed
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Department of Veterinary Disease Biology

❖ There are 13 SSCmec types

❖ SCCmecFinder 1.2:

▪ only available for types I-XI

▪ mec gene complex C1 and C2 might produce errors

❖ 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:

▪ SCCmec type V subtype Vc (5c2&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

mec gene complex ccr gene complex

If MRSA: Staphylococcal cassette chromosome 

(SCCmec) typing

ccr gene complexmec gene complex

mecA mecI IS

J1J2J3

ccrA ccrB ccrC

See Figure 1 for more 

information and graphical 

overview

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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Department of Veterinary Disease Biology

IEC: Immune evasion cluster

• IEC is carried on β-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

See 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
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Department of Veterinary Disease Biology

BURST

• MLST Networks, clonal complexes (CC)

• Tool: https://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef

• Guidelines: https://bigsdb.readthedocs.io/en/latest/data_analysis/burst.html

https://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef
https://bigsdb.readthedocs.io/en/latest/data_analysis/burst.html
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Department of Veterinary Disease Biology

BURST
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Department of Veterinary Disease Biology

BURST
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Department of Veterinary Disease Biology

BURST
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Department of Veterinary Disease Biology

BURST
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Department of Veterinary Disease Biology

BURST
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Department of Veterinary Disease Biology

PHYLOViZ Online
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Department of Veterinary Disease Biology
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Department of Veterinary Disease Biology
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Links

• https://cge.food.dtu.dk/services/KmerFinder/

• 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://pubmlst.org/bigsdb?db=pubmlst_saureus_seqdef

• https://pubmlst.org/species-id

• https://online.phyloviz.net/index

• https://spa.ridom.de/spatypes.shtml

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