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Recap 

Beginning of the CPE story



2011 – first detection of VIM-1 producing
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RESET – ESBL- and fluoroquinolone resistance in Enterobacteriaceae

Longitudinal studies on 7 pig farms and 7 chicken farms
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2011 – first detection of VIM-1 producing
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Importance of the results and consequences

- first detection of CPE in animal production worldwide

- development of isolation method for CP E. coli from meat and caecal samples

- in 2014: start of voluntary monitoring of CP E. coli in EU

→ in Germany monitoring voluntary in 2016 and mandatory since 2017 (in EU since 2021)
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https://www.eurl-ar.eu/protocols.aspx



CPE in food production 
chain



CPE in food production chain
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12/2015: VIM-1 E. coli

Fattening pig at slaughter

→ ESBL Monitoring 

MIC: MERO  0.5 to 0.25 mg/L 

 ETP 0.12  mg/L 

 IMI 2 mg/L

SH-NI



CPE in food production chain
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12/2015: VIM-1 E. coli; fattening pig at slaughter

03/2016: next slaughter batch; 1/6 samples positive; 4 isolates

SH-NI SH-NI



CPE in food production chain
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201120162015

Strains closely related

Farms not directly related



CPE in food production chain
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CPE in food production chain
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Trace-back study: 6 barns → 4 positive samples [32 isolates] from 3 barns

→ 2 samples: chromosomal blaVIM-1 

→ 2 samples: plasmids of variable sizes

→ Detection with 3 different isolation procedures

20172016201520122011
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S2S2S2

S2
S1
G1

SH-NI SH-NI F-NI



CPE in food production chain
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S2
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G1

SH-N1 SH-N1 F-N1

MM-BB F-N1

NRL-Salmonella:

2015: VIM-1 producing Salmonella from minced meat (retrospective detection)

2016: diagnostic sample from infected piglet → same farm (N1) as E. coli

→what is the link 
between the 5 different 
pig farms? 



CPE in food production chain
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→ Link might be the piglet producer

→ Sampling by Freie Universität 04/2017 →

→Breeding farm closed for other reasons

→No further clones detected 

Problem solved?



CPE in food production chain
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05/2017: - first isolate within the CPE monitoring

   - fecal sample of a fattening pig

12/2017: - CPE detected from fattening pig at slaughter within ESBL monitoring (negative in CPE monitoring)

→ Both blaVIM-1 positive 
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17-AB01027 17-AB02384 (2011-)2016

Origin Fattening pig
Primary production

Fattening pig
At slaughter

Fattening pigs 
At slaughter /PP

Monitoring CPE ESBL ESBL

MSLT ST48 ST7593 ST88

Plasmid
-type
-size

+
IncHI2 (fusion with IncF?)
> 400 kb

+
IncHI2
300 kb

-/+
(IncHI2)
180-220 kb

Resistance genes
a) beta-lactamases
b) other 

a) blaACC-1; blaVIM-1;

b) aadA1*, aac(6')-Ib4*, 
aph(6)-Id, aph(3'')-Ib, 
catA1,dfrA5,  floR, sul1, 
sul2, tet(A)

a) blaACC-1; blaSHV-12 blaVIM-1*;

b) aadA1*; aac(6’)Ib4*, 
aph(3')-XV*; aph(3'')-Ib;
aph(6)-Id, catA1; catB2*; 
mph(A), qnrA1, floR, dfrA14, 
sul1,  

a) (blaACC-1, blaTEM-1); 

blaVIM-1;

b) aac(6’)Ib4, aadA1*, 
aadA2, aph(3'')-Ib;
aph(6)-Id, dfrA12, 
cmlA1, sul1, sul2, 

Integron /Transposon Class1*; Tn21 Class1*; Tn21 Class1*; Tn21
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CP E. coli in food production chain 2017



CP E. coli in food production chain 2017
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VIM-1

SHV-12

ACC-1

17-AB02384



CP E. coli in German food 
production chain 2019 -
increasing diversity



CP E. coli in food production chain 2019
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2016201520122011 2017 2018
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19-AB01133: VIM-1 producing E.coli
CPE monitoring



VIM-1 producing E. coli 19-AB01133
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Strain closely related to E. coli TZ116 EURL backup strain for plate validation

Plasmid: 190 kb IncA/C2

additional blaSHV-5 and blaCMY-13 

almost identical to plasmid described by Garcia-Grealls et al 2020 + same ST 

→isolated from minced meat in 2015 from Belgium; integron might originate 

from Klebsiella or Enterobacter; backbone from clinical E. coli isolates

Garcia-Grealls et al. 2020

Pauly et al. 2020



CP E. coli in food production chain 2019
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First detection in German food production chain (CPE monitoring)

Plasmid identical to widely spread plasmid detected from different Enterobacterales from human worldwide 

Highly transferable between different species

No further functional resistance genes encoded



CP E. coli in food production chain 2019
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First detection in German food production chain (CPE monitoring)



GES-5 producing E. coli 19-AB02908
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− Phenotypically resistant to MERO (MIC ≥ 0.25 mg/L) and ETP (MIC ≥ 0.25 mg/L) not to IMI (MIC ≥ 0.5 

mg/L)

− 12 kb plasmid

− three blaGES genes sequentially located in an incomplete class-1 integron

− Additional 227 kb IncF plasmid harboring resistance genes against several antimicrobials and heavy 

metals, as well as virulence associated genes typical for uropathogenic E. coli



CP E. coli in food production chain 2019
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→Increasing diversity in 2019

→All three CP E. coli detected on selective CPE agar

→Investigations on all three farms conducted → no further spread and persistance within the 

farms



CP E. coli in German food 
production chain 2023
- old problem back-



CP E. coli in food production chain 2023
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2016201520122011 2017 2018 2019 2023

− 23-AB02114: VIM-1 producing

− First CPE from fattening calf in Germany

− Only calf which was sampled at slaughter in Brandenburg in 2023

− Detected in ESBL monitoring, negative by CPE selective cultivation

− No growth on ChomID Carba even after several cultivation steps on CTX 

MICs:  MERO 0.06 to 0.12 mg/L;  IMI 1 mg/L; ETP 0.03 mg /L 



VIM-1 producing E. coli 23-AB02114
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- short-and long read sequencing → closed genome

- 100 kb IncY

- 16,776 bp circular element → typical class1 integron

harboring blaVIM-1 aac(6')-Ib/aac(6')-II; aadA1   

→ Homologs to Vibrio tubiashii

→ Transferable by transformation

→ Additional third circular element by PFGE

- no trace-back investigations of the farm (closed)

VIM-1

IncY

?
VIM-1
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Summary



CPE in German food production chain
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2016201520122011 2017 2018 2019 2023

− Since 2011: Detections of the carbapenemase VIM-1 in E. coli and  S. Infantis in German 

livestock (pigs)

− Up to 2019: High similarity of the blaVIM-1-carrying plasmids, also across species

− In 2019: Increased variance (VIM-1, OXA-48, and GES-producing E. coli); all detected E. coli

from fattening pigs

− In 2023: first VIM-1 producing E. coli from calf

E. coli

Salmonella sp.



29

NRL-AR lab team

Jens Hammerl

Bernd-Alois Tenhagen
Institute for Animal Hygiene and Environmental 
Health

Jennie Fischer

Natalie Pauly

Beatrice Guerra

Maria Borowiak

Sead Hadziabdic

BfR - FG 46

FG 43

Federal laboratories
Slaughterhouse
Farmers and Veterinarians



German Federal Institute for Risk Assessment

bfr.bund.de/en

valid for texts produced by the BfR
images/photos/graphics are excluded unless otherwise indicated

Logo Creative Commons

Consumer health protection to go

BfR2GO – the BfR Science Magazine

bfr.bund.de/en/science_magazine_bfr2go.html

Logo X

@bfrde | @bfren | @Bf3R_centre

@bfrde

soundcloud.com/risikobewertung

linkedin.com/company/bundesinstitut-f-r-risikobewertung

youtube.com/@bfr_bund

social.bund.de/@bfr

threads.net/@bfrde

sbsky.app/profile/bfrde.bsky.social

Consumer health protection to go

Consumer health protection to go
BfR2GO – the BfR Science Magazine

BfR2GO – the BfR Science Magazine
bfr.bund.de/en/science_magazine_bfr2go.html

bfr.bund.de/en/science_magazine_bfr2go.html

Follow us
Logo X

@bfrde | @bfren | @Bf3R_centre

@bfrde | @bfren | @Bf3R_centre
@bfrde

@bfrde

soundcloud.com/risikobewertung

soundcloud.com/risikobewertung

linkedin.com/company/bundesinstitut-f-r-risikobewertung

linkedin.com/company/bundesinstitut-f-r-risikobewertung

youtube.com/@bfr_bund

youtube.com/@bfr_bund
social.bund.de/@bfr

social.bund.de/@bfr

threads.net/@bfrde

threads.net/@bfrde
sbsky.app/profile/bfrde.bsky.social

sbsky.app/profile/bfrde.bsky.social

Alexandra Irrgang

T  +49 30 18412 24310

alexandra.irrgang@bfr.bund.de

https://twitter.com/bfren
https://twitter.com/Bf3R_centre
https://creativecommons.org/licenses/by/4.0/
https://www.bfr.bund.de/de/wissenschaftsmagazin_bfr2go.html
https://www.bfr.bund.de/de/wissenschaftsmagazin_bfr2go.html
https://www.bfr.bund.de/de/wissenschaftsmagazin_bfr2go.html
https://www.bfr.bund.de/de/wissenschaftsmagazin_bfr2go.html
https://x.com/bfren
https://twitter.com/bfrde
https://www.instagram.com/bfrde/
https://soundcloud.com/risikobewertung
https://de.linkedin.com/company/bundesinstitut-f-r-risikobewertung
https://www.youtube.com/@bfr_bund
https://social.bund.de/@bfr
https://www.threads.net/@bfrde
https://bsky.app/profile/bfrde.bsky.social


31

Isolation CP E. coli from fecal samples (NI)
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