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Lecture outline
• Antimicrobial use in food animals

• Europe vs Denmark
• Pigs vs cattle vs poultry

• Antimicrobial resistance (AMR) in food animals
• Resistant bacteria of clinical interest (other than MRSA)

 Campylobacter
Salmonella 
 ESBL-producing Escherichia coli

• Take-home messages



Antimicrobial use in food animals



Antimicrobial consumption in the EUESVAC report 2016 (www.ema.europa.eu)



Consumption of CIAs in the EUESVAC report 2016 (www.ema.europa.eu)



Antimicrobial use in food animals in DenmarkLive biomass and antimicrobial consumption per speciesDANMAP 2017 (www.danmap.org) 



Antimicrobial use in pigs DenmarkDANMAP 2017 (www.danmap.org) 
Per antibiotic class Per age group



Use of colistin and zinc in pigs DenmarkDANMAP 2017 (www.danmap.org) 



Consumption of colistin in the EUESVAC report 2016 (www.ema.europa.eu)



Antimicrobial resistance in food animals
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AMR in humans attributable to food animals

1. AMR in zoonotic pathogens (easy source attribution)
• Campylobacter
• Salmonella

2. AMR in commensal bacteria that can cause opportunistic 
infections (difficult source attribution)
• Staphylococcus aureus (clonal spread of AMR)
• E. coli (horizontal transfer of AMR)



AMR in E. coli from food animals DenmarkDANMAP 2017 (www.danmap.org) 



Treatment of Salmonella and Campylobacter infections
• Usually no treatment (self-limiting infections)
• For severe infections (e.g. bacteremia)
• Salmonella
 Ciprofloxacin (fluoroquinolone)
 Ceftriaxone (3rd gen cephalosporin)

• Campylobacter
 Clarithromycin (macrolide)
 Ciprofloxacin (fluoroquinolone)



AMR in Campylobacter jejuni in DenmarkDANMAP 2017 (www.danmap.org) 



AMR in C. jejuni from broilers in DenmarkDANMAP 2017 (www.danmap.org) 



Ciprofloxacin resistance in C. jejuni in EU countriesECDC/EFSA joint AMR report 2015
Broilers Human cases



AMR in Salmonella Typhimurium in DenmarkDANMAP 2017 (www.danmap.org) 





Resistant bacteria impacting human health
ECDC (www.ecdc.europa.eu), DANMAP (www.sanmap.org)
AR Bacteria No. 

deaths
No. 
Infections

MRSA 5,400 171,200
Vancomycin-resistant enterococci (VRE) 1,500 18,100
ESBL-producing E. coli 5,100 32,500
ESBL-producing Klebsiella pneumoniae 2,900 18,900
Carbapenem-resistant P. aeruginosa 10,200 141,900
TOTAL 25,100 386,100



”ESBL-bakterie” on Danish media

A killer bug?

Jyllandsposten, 2008
Dr.dk, 2014



What is an ESBL?
• It is an enzyme (extended-spectrum beta-lactamase) 

that inactivates all β-lactams (e.g. cephalosporins) 
except carbapenems

• It occurs in Gram-negative bacteria such as E. coli, rarely
in Salmonella, where it spreads between different strains
by horizontal transfer of plasmids

• Three main ESBL classes: CTX-M, TEM and SHV with 
CTX-M being the most common in both humans and 
animals

• Each ESBL class is composed of enzymes with slightly
different sequence (e.g. CTX-M has at least 128 types) 

• True ESBLs are inactivated by clavulanic acid, whereas
AmpC enzymes that confer resistance to cephalosporins
are not (e.g. CMY-2)



The ESBL epidemics
ESBL in E. coli from meat in Denmark(www.danmap.org)ESBL carriage rates in the communityWoerther et al. 2013



Frequency of ESBL/AmpC-producingE. coli in food animals in DenmarkDANMAP 2016 (www.danmap.org)



ESBL/CMY enzymes in E. coli in DenmarkDANMAP 2016 (www.danmap.org)
Broilers Human infections

CMY-2 is infrequently detected andST131 is the most common E. coliclone in human bloodstreaminfections. The opposite is seen for E.coli of animal origin, where the CMYis often detected, especially amongbroilers, and very few isolates belongto ST131 (DANMAP 2017).



4% 3% CTX-M-1

Frequency and type of ESBL-producing E. coli in community-acquired urinary tract infections in DenmarkData from DANMAP(www.danmap.org)

CTX-M-15



Limited similarity between CTX-M-1-encoding plasmids in E. coli from humans and animals in DK (2006-2010)Jakobsen et al. JGAR 2015
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Limited similarity between CTX-M-1-encoding plasmids in E. coli from humans and animals in DK (2006-2010)Jakobsen et al. JGAR 2015



Take home messages
Antimicrobial use
• Denmark has a very low antimicrobial consumption, including CIAs
• Most antimicrobials are used in pigs, especially for post-weaning

diarrhoea, where new alternatives to antimicrobials are needed in 
view of the planned phasing out of zinc in 2022

• AMR
• AMR is not a big problem in zoonotic pathogens except for 

fluroquinolone resistance in Campylobacter jejuni
• The increasing occurrence of ESBLs in E. coli is the major concern

for public health but source attribution is difficult
• In Denmark ESBL-producing E. coli infections are rare compared

to other countries and the vast majority is not related to animals


