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Term of Reference, EURL-AR

• To support the activities related to the implementation of the Decision

2013/652/EU

• To confirm the AMR phenotypes observed by MSs

• To determine the AMR genotypes and to evaluate phenotype-genotype

concordance
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The EURL-AR will provide confirmatory testing on bacterial isolates of relevance

upon request by the NRLs, the European Commission and EFSA:

Relevant Material Transfer Agreements (MTAs) between the EURL and MSs

ensure the legal aspects of strain ownership.
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Workflow for the confirmatory testing activities
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Distribution of the Selected Isolates by Country of 

Isolation
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EFSA requested a total of

362 isolates from 27 MSs

• 273 Escherichia coli

• 28 Salmonella

• 22 Campylobacter jejuni

• 38 Campylobacter coli

• 1 Staphylococcus aureus

(MRSA)



Technical University of Denmark

Reasons for selection of isolates by EFSA
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E. coli and Salmonella

Profile No. isolates

ESBL 212

MDR 208

COL-R 11

AZI-R (with ESBL profile) 9

AmpC (FOX MIC > or = 16) 9

ETP-R + MER-S + IMI-S 15

IMI-R + MER-S 6

ETP-R + MER-R 1

MER-R 8

ETP-R 6

TGC-R + TET-S 10

Most isolates were chosen based on more than 1 criteria

Salmonella
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E. coli and Salmonella isolates in the 2022

confirmatory testing exercise
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• A total of 301 isolates from 27 countries

were selected by EFSA

• 8 wrong isolate/contaminated

• 5 not received

• 1 non-viable

• The remaining 287 isolates (95%) were

tested by broth microdilution (panel

EUVSEC2 and EUVSEC3)

➢ 259 were Escherichia coli

➢ 28 were Salmonella enterica * After sequencing 3 E. coli were classified as Klebsiella or Yersinia
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Reasons for selection of isolates by EFSA
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Campylobacter (n=60)

Profile No. isolates

ERTA-R 25

ERY-R 18

ERY-R2* 7

GENERY1-R 1

MDR 13

* Isolates exhibiting high-level resistance to

Erythromycin (MIC=512 mg/L)* considered

only when there are no ERY-resistant isolates

meeting the criterion H-ERY-R

Included 

for the 

first time 

in 2022

MDR, Multidrug resistance; ERTA, Ertapenem; ERY, Erythromycin; GEN, Gentamycin  

Some isolates were chosen based 

on more than 1 criteria
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Campylobacter jejuni and Campylobacter coli in

the 2022 confirmatory testing exercise

• A total of 60 isolates from 22 countries were

selected by EFSA

• 4 wrong isolates

(E. coli, Enterococcus, Staphylococcus)

• 4 not received

• 2 non-viable

• The remaining 50 isolates (83%) were tested

by broth microdilution (panel EUCAMP3)

➢32 were Campylobacter coli

➢18 were Campylobacter jejuni*
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* After sequencing 3 C. jejuni were classified as C. coli
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Methicillin-resistant Staphylococcus aureus in the 

2022 confirmatory testing exercise

• A total of 1 isolate from 1 MS was selected by EFSA

• The isolate was sequenced by 2x150bp Illumina NextSeq500 platform

➢The selection criteria was based on the reporting of a spa-type 6268 not

previously associated with MRSA isolates
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After sequencing the isolate 

was identified as MRSA

(carrying mecA gene) but as 

spa-type t6228 (previously 

associated with MRSA)
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Comparison of Phenotypes at MS and EURL
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221/337 (66%) isolates were in fully agreement

• Identical R/S phenotypes

according to the applied

ECOFFs

• MICs values were within the

acceptable deviation of the

method (i.e., within ± 1 step

dilution difference)

66% 39% 76%
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Comparison of Phenotypes at MS and EURL
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77/337 (23%) isolates showed discrepancies within the acceptable deviation

• No change in categorization

but > 1 step dilution difference

• Change in categorization but

no change in selection criteria

(exception ceftazidime and

cefotazime)

Retesting by MS is optional
23% 29% 20%
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Comparison of Phenotypes at MS and EURL
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39/337 (11%) isolates showed discrepancies above the acceptable deviation.

• Change in categorization

change in selection criteria

• Change in categorization no

change in selection criteria, but

more than 1 antimicrobial

affected

MS requested to retest!
11% 32% 4%

ERY R→S (n=1 isolate)

More than 1 antimicrobial 

affected (n=1 isolate)

TGC R→S (n=8 isolate, 

borderline EFSA 

ECOFF=0.5 mg/L)

ERT R→S (n=1 isolate)
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Overview of Phenotype-Genotype Concordance
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232/259 E. coli (90%) and 19/28 Salmonella (68%) isolates demonstrated concordance

between phenotype and genotype at the EURL and/or NRL

• E. coli (main exceptions):

• 1 isolate with mcr-1.1 (perfect match) but without

COL-R (MIC≤1 mg/L)

• 5/18 isolates with mph(A) but without AZI-R

(MIC=4-16 mg/L; EFSA ECOFF=16 mg/L)

• 2 isolates AZI-R with unknown mechanisms

• Salmonella (exceptions):

• 9 isolates TGC-R with unknown mechanisms

• 1 isolate with mcr-9.1 (perfect match) but without

COL-R (MIC≤1 mg/L; EFSA ECOFF=2 mg/L)

Interpretation of mph(A)-mediated phenotypes in 

Enterobacterales requires consideration of the 

entire mph(A) operon and its regulatory region

Mirena et al. 2024
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Phenotype-Genotype Concordance (ESBL, AmpC)
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In E. coli and Salmonella, the presence of ESBLs or AmpC (alone or in association) was almost

always associated with a resistance phenotype except for 2 E. coli isolates

• E. coli:

• 185/259 (71%) of isolates carrying ESBL

• 40/259 (15%) of isolates carrying AmpC

(88% blaCMY-2, less frequent blaDHA-1 and

mutations ampC-promoter n.-42C>T)

• Salmonella:

• 4/28 (14%) of isolates carrying ESBL

• 8/28 (29%) of isolates carrying AmpC

(100% carrying blaCMY-2)
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Phenotype-Genotype Concordance (WGS Data)
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Carbapenemases were only detected in 5 E. coli isolates their presence was almost always

associated with a resistance phenotype

Country DTU number MLST Carbapenemase Location** Plasmid replicon (size bp)

MS 1 9 101 blaVIM-1 Plasmid IncN

MS 1 10 154 blaVIM-1 Plasmid IncN

MS 2 173 216 blaVIM-1 Plasmid Unknown

MS 2 174 5229 blaOXA-181* Chromosome rep_cluster_1195

MS 2 175 5229 blaOXA-181* Chromosome rep_cluster_1195

* In the 2 isolates carrying blaOXA-181 a wild-type/susceptible phenotype was observed for imipenem (MIC=0.25-0.5 mg/L; EUCAST ECOFF=0.5

mg/L).

** Clustering and reconstruction of plasmids from draft assemblies was performed using MOB-Recon package from the MOB-Suite v3.1.0 tool.
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Phenotype-Genotype Concordance (WGS Data)
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39/50 Campylobacter isolates (78%) demonstrated concordance between phenotype and

genotype at the EURL and/or NRL

• Tetracycline resistance:

• 1 isolate TET-R with unknown/not described

mechanism

• 1 isolate with tet(O) but without TET-R

• Ertapenem resistance:

• 9 isolates ETP-R (MIC=2-≥4 mg/L; EFSA

ECOFF=0.5 mg/L) with unknown mechanism

All ETP-R and 4 ETP-S isolates carried 

a mutation in the promoter region of the 

blaOXA-61 gene (blaOXA-61_G-57T)
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Phenotype-Genotype Concordance (WGS Data)
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Recent data suggest that CARBA-R in Campylobacter can result from a cumulative effect of

multiple resistance mechanisms

Mutations 

in porA

and cme

genes?
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Phenotypic-Genotypic Profiles versus Selection 

Criteria
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Profile Selected 

criteria

Concordance

ESBL 212 209 (99%)

COL-R 11 11 (100%)

AZM-R (with ESBL profile) 9 9 (100%)

AmpC (FOX MIC > or = 16) 9 9 (100%)

ETP-R + MER-S + IMI-S 15 4/15 (27%)

IMI-R + MER-S 6 0 (0%)

ETP-R + MER-R 1 1 (100%)

MER-R 8 4 (50%)

ETP-R 6 5 (83%)

TGC-R + TET-S 10 0 (0%)

Profile Selected 

criteria

Concordance

ERT-R 25 20 (80%)

ERY-R 18 18 (100%)

ERY-R2* 7 6 (86%)

GENERY1-R 1 1 (100%)

E. coli and Salmonella

Campylobacter



Technical University of Denmark

Final Words…
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• Thanks to all NRLs and EFSA for the collaboration!

• Thanks to our lab technicians at DTU, especially Birthe and Elif, for all the

work done in the lab!

• Thanks to Lauge for the initial bioinformatic analysis!

• Thanks to René and Jette for the patience, and support in the genotype and

phenotype discussion!
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JOANA MOURÃO

EURL-AR

Thank you for your attention! 

Open to questions/comments/suggestions

20October 2024
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