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DANMAP highlights

• Antimicrobial consumption in humans

• Resistance in human pathogens

• Antimicrobial consumption in animals

• Resistance in zoonotic bacteria

• Resistance in indicator bacteria

• Resistance in animal pathogens
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Agenda

• Antimicrobials in Denmark

– Characteristics 

– AWaRe classification

– International comparison

• Antimicrobials in primary health care

– Age groups 

– Indications

• Antimicrobials at hospitals

– Trends over time

– Shortages

• Topics in focus
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DANMAP data flow
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Antibiotic consumption in Denmark
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Consumption is characterised by a big share of penicillins
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… and a big share of ”Access” antibiotics
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Source: European Centre for Disease Prevention and Control. Antimicrobial consumption in the EU/EEA (ESAC-Net) 

- Annual Epidemiological Report 2023. Stockholm: ECDC; 2024.

Denmark compared to EU
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Source: European Centre for Disease Prevention and Control. Antimicrobial consumption in the EU/EEA (ESAC-Net) 

- Annual Epidemiological Report 2023. Stockholm: ECDC; 2024.

Denmark compared to EU

11



Consumption trends for antimicrobials groups
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23 %↑

9 %↓



Who is treated most frequently?
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30 %↑



Antimicrobials for children 
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Antimicrobials for respiratory infections
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Antimicrobials for elderly inhabitants
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90 %↑



Antimicrobials for elderly inhabitants
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90 %↑



Antimicrobials at hospitals
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4,7 %↓
36 %↑

13% increase when

measured in DDD/100 

admissions



Shortages challenge supply of antimicrobials
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Shortages challenge supply of antimicrobials
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Shortages challenge supply of antimicrobials
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Topics in focus
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In conclusion…

• Total antimicrobial consumption in 2023 has increased since the decreases in 2020-2021

• ”Access antibiotics”/penicillins are used to a large extent in Denmark in both sectors

• Elderly and children have the highest treatment frequency

• Treatment of urinary tract infections is decreasing, but still with considerable difference between 
elderly in their own homes and elderly at care homes

• Consumption at hospitals is increasing when measured by bed-days or admissions

• Product shortages still challenge supply of antibiotics, but action is taken on national and 
international level
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Resistance in human pathogens



Monitored invasive infections



E. coli - invasive infections and urine

Invasive infections Hospital urines Primary healthcare urines



E. coli - invasive infections and urine

Invasive infections Hospital urines Primary healthcare urines



ESBL E. coli from invasive infections



K. pneumoniae – invasive infections and urine
Invasive infections Hospital urines Primary healthcare urines



K. pneumoniae – invasive infections



Enterococci and vancomycin resistant enterocci

The ref lab 

received

altogether:

494 isolates in 

2023 (compared to 

662 in 2022), the

majority (94%) 

being VanB. 

The dominating

cone since 2021 is

E.faecium of the 

type ST80-

CT2406. 



CPE

2023: 552 CPE (from 436 

patients)

385 isolates with OXA-48

109 isolates with NDM

37 isolates with both OXA-48 

and NDM



CPE/CPO

26 outbreaks in 2023, (24 CPE, 2 CPO): the majoriy domestic outbreaks, eight new, 18 ”old” (known from previous years). 



MRSA

In 2023: 

3,649 cases (20% increase) of MRSA compared to 2022 – primarily community-acquired or travel-related. LA-MRSA relatively stable, 

accounting for 23% of all MRSA infections. 

41 MRSA outbreaks (hospitals and nursing homes)

1.5% of bloodstream infections with S.aureus were caused by MRSA (39/2,571 cases)



New in Summary 
– comparisson of AMC and AMR for certain antibiotics
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Main messages

• The incidence of invasive infections appears to have reached a plateau

• After years of decreasing resistance rates, they have now either stabilised or are
increasing

– K. pneumoniae resistance towards piperacillin-tazobactam is now at 10.5 %!

• Decreasing numbers of invasive enterococcal infections but also in VRE – a ”real 
change” or less testing? 

• Continued increase in outbreaks of CPO – many with unknown epidemiology

• After a decrease in the number of MRSA during the pandemic, numbers are increasing
again



This year’s textboxes
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Data flow - VetStat
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Antimicrobial consumption in animals and 
humans – a historical overview
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Relative distribution of biomass and antimicrobial 
consumption, animals, 2023

Live biomass Active compound
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Antimicrobial consumption in animals and humans, 
2014-2023
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Consumption of antimicrobials in pigs
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Consumption of antimicrobials in pigs
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Consumption of antimicrobials in pigs
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Consumption of antimicrobials in weaners
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Consumption of antimicrobials in cattle
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Consumption of antimicrobials in cattle < 1 year
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Antimicrobial consumption in cattle, intramammaries
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Text boxes
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Overview of animal isolates reported in DANMAP 2023

Caecal samples:

– All samples: indicator E. coli 

– Broilers and cattle: Campylobacter jejuni

– Pigs: Campylobacter coli, Salmonella spp. (S. Typhimurium, S. monophasic Typhimurium, S. Derby), 

Enterococcus faecalis

– Cattle and pigs: ESBL/AmpC/CP-producing E. coli

Meat samples collected at retail:

– Pork and beef meat: ESBL/AmpC/carbapenemase-producing E. coli

Carcass swabs at the slaughterhouse:

– Pig carcasses: Salmonella spp. (S. Typhimurium, S. monophasic Typhimurium, S. Derby)
5

EC Decision 2020/1729/EU

National Salmonella control program



Resistance in indicator bacteria - Textboxes

Textbox 7.1 – Ecogenomics of Danish cattle E. 
coli between 2001 and 2019

Saria Otani, Panos Sapountzi (DTU Food)
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DANMAP 2023 - Indicator E. coli

• In the last 5 monitoring years:

₋ No significant trend in %FS in broilers and pigs

₋ Significant decrease in %FS in cattle 

₋ Significant increase in %MDR in cattle

• Ampicillin, Sulfamethoxazole and Tetracycline 
(ASuT) resistance still the most common 
MDR profile in cattle and pigs

• %ASuT increased in cattle

• Other AMR patterns dominate in broilers
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DANMAP 2023 - Indicator E. coli
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• Increase in % resistance to several substances in 

broilers and continued increase in cattle

• Increase in % resistance to tetracycline in pigs

• Decrease in % resistance to ciprofloxacin in broilers

• Decrease in % resistance to ampicillin and 

sulfamethoxazole in pigs



DANMAP 2023 - ESBL-, AmpC-, CP-producing E. coli

• No detection of CP-producing E. coli

• %ESBL/AmpC-producing E. coli: 

₋ overall decreased in 2023

₋ 5-year significant decrease in cattle, pigs and imported
pork 

₋ higher in pigs than in cattle

₋ higher in imported meat
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DANMAP 2023 - ESBL-, AmpC- producing E. coli
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• Phenotypic and genotypic profiles mostly in 

concordance

• 11 different ESBL genes detected

• Genes CTX-M-1 and CTX-M-15 most 

common among ESBL-producing isolates

• CTX-M-15 most frequent in isolates from 

imported beef

• Upregulated AmpC promotor C-42T 

mutations most common among AmpC-

producing isolates, except for one T-32A 

mutation

• Two ESBL- and AmpC-producing isolates 

with C-42T mutation, together with blaOXA-

1 (in pig) and blaOXA-10 (in cattle)



DANMAP 2023 - Indicator Enterococcus faecalis from pigs

• No resistance to ampicillin, ciprofloxacin, linezolid, 

teicoplanin, tigecycline and vancomycin 

• Overall increase in resistance compared to 2021:

₋ 1% - tetracycline

₋ 4% - gentamicin

₋ 5% - chloramphenicol and erythromycin

• 33% MDR, most common profile TET-ERY-CHL
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Trends of antimicrobial consumption and resistance in 
indicator E. coli from calves
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• increased use of florfenicol -> increase in chloramphenicol

resistance

• increased use of tetracycline (until 2019) + increased use of 

tulathromycin (after 2019) -> increase in tetracycline resistance

• 10-year increase in the consumption of macrolides and 

amphenicols in calves



DANMAP Explorer - interactive AMR data visualisation 

DANMAP Explorer 1 

Explore data on resistance in 

indicator and zoonotic bacteria

DANMAP Explorer 2 

Explore data on ESBL/AmpC-

producing E. coli 

Available at : www.danmap.org
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http://www.danmap.org/
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DANMAP 2023 - ESBL-, AmpC- producing E. coli

64

• Resistance determinants found in humans and animals/meat:

₋ AmpC plasmid-mediated gene CMY-2 

₋ ESBL genes CTX-M-1, CTX-M-15 and CTX-M-27

₋ CTX-M-15 and CTX-M-27  - turkey meat

₋ CMY-2 – broilers and broiler meat

₋ CTX-M-1 - pigs

• Sequence types strongly associate with species: 

₋ ST131 humans

₋ ST2040 broilers/broiler meat

₋ ST4981 turkey meat

₋ ST88 pigs

₋ ST56 for cattle



DANMAP 2023 - ESBL-, AmpC- producing E. coli

• Flankophile - analysis of the DNA sequence of the 
gene’s flanking region (i.e. the genetic code that 
comes before and after a gene) 

• determination of a probable common source -> 
possibility of horizontal gene transfer

• Focus on ESBL genes CTX-M-1, CTX-M-14, CTXM-15, 
CTX-M-27, CTX-M-55, TEM-52B, and AmpC genes 
DHA-1, CMY-2

₋ CTX-M-1 could be shared by pigs and humans (a) 

₋ CTX-M-15 could be shared by humans and turkey 
meat (b)

65Flankophile is available at: Center for Genomic Epidemiology

https://genomicepidemiology.org/services/
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Resistance in zoonotic bacteria - Textboxes
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Textbox 6.1 – Trends in phenotypic- and genotypic fluoroquinolone resistance in 

Campylobacter jejuni from broilers and broiler meat in Denmark

Ana Sofia Ribeiro Duarte (DTU)



DANMAP 2023 – Campylobacter jejuni

▪ Small increase in % FS in broilers

▪ Decrease in %FS in cattle

▪ Resistance levels among domestic 

cases comparable with 2022

▪ Overall highest resistance: travel cases

▪ CIP & TET resistance remains common 

in humans & animals
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AMR profiles among C. jejuni



DANMAP 2023 – C. jejuni & C. coli
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Resistance to macrolides & 

carbapenems remained low
Campylobacter coli

▪ Reported for the 1st time for clinical 

human isolates

▪ Overall higher resistance levels in 

human isolates

▪ Erythromycin resistance at 6% & 11%  

in pigs & humans 

▪ CIP & TET resistance increased in pigs

▪ No ertapenem resistance in pigs



DANMAP 2023 – Salmonella spp.
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Serotype distribution AMR profiles



DANMAP 2023 – S. Typhimurium
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▪ Increase in %MDR in pork opposed to the 

decrease between 2019-2022 

▪ Increase in the ratio between other MDR &

ASuT

AMR profiles
Ciprofloxacin resistance

Gentamicin resistance

▪ Increase in %CIP resistance in domestic cases

▪ Overall Increase in %gentamicin resistance



DANMAP 2023 – S. Typhimurium
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S. Typhimurium Monophasic S. Typhimurium

▪ High %FS in S. Typhimurium from domestic cases 

▪ Markedly higher %MDR in monophasic S. Typhimurium

▪ Evident differences in %ASuT among S. Typhimurium & monophasic S. Typhimurium 



DANMAP 2023 – S. Enteritidis & S. Derby
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S. Enteritidis S. Derby



Antimicrobial consumption trends & resistance in Salmonella
spp. from Danish pork
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Tetracycline resistance & macrolide & tetracycline 

consumption (DAPD) in weaners & finishers

Gentamicin resistance & apramycin consumption 

(DAPD) in weaners

▪ Increase in the use of apramycin 

▪ Increase in %gentamicin resistance

▪ Increase in the use of tetracyclines & macrolides

▪ Increase in %tetracycline resistance



DANMAP Explorer - interactive AMR data visualisation

75Available at: www.danmap.org

http://www.danmap.org/
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Background

• Veterinary Laboratory, The Danish Agriculture and Food Council

– Receives clinical samples from pigs

– Performs bacterial culturing, species identification and antimicrobial susceptibility 

testing (AST)

– Published in DANMAP since 2015

• Actinobacillus pleuropneumoniae

– Lung infections

• Haemolytic Escherichia coli

– Primarily diarrhoea in weaners

• Streptococcus suis

– Septicaemia, meningitis, arthritis, endocarditis and other organs



Background

• Danish Veterinary Consortium

– Whole-genome sequencing (WGS)

• Illumina platforms

– Identification of resistance genes/mutations

• ResFinder and PointFinder

– Comparison of AST and WGS results

• 1st choice: ECOFFs (EUCAST)

• 2nd choice: Tentative ECOFFs (EUCAST)

• 3rd choice: Animal-specific clinical breakpoints (CLSI)

• 4th choice: Human clinical breakpoints (CLSI)



List of pathogenic bacteria

• A. pleuropneumoniae (AST and WGS)

• Bordetella bronchiseptica (AST and WGS)

• Clostridium perfringens (WGS)

• Erysipelothrix rhusiopathiae (WGS)

• Haemolytic and non-haemolytic E. coli (AST and WGS)

• Glaesserella parasuis (WGS)

• Klebsiella pneumoniae (AST and WGS)

• Salmonella enterica (AST and WGS)

• Staphylococcus hyicus (AST and WGS)

• S. suis (AST and WGS)



AST (phenotypic resistance)

↑ (n=9)

↓ (n=1)



WGS (resistance mechanisms)

↑ (n=22)

↓ (n=1)



Neomycin resistance in haemolytic E. coli

Neomycin resistance in haemolytic E. coli

increased from 6.9% in 2016 to 52.3% in 2023

Problematic because neomycin is one of only a 

few drugs recommended in Denmark as first 

choice for treating E. coli-associated post-

weaning diarrhoea



Neomycin resistance in haemolytic E. coli

• aph(3´)-Ia was present in 62.9% of 

sequenced haemolytic E. coli isolates

– Also found in non-haemolytic E. coli

(14.3%), K. pneumoniae (8.3%) and S. 

enterica (38.7%)

• Haemolytic E. coli also displayed 

medium to high frequencies of 

resistance to the other first-choice drugs

– Amoxicillin/clavulanic acid (14.1%)

– Spectinomycin (68.8%)

– Trimethoprim/sulfamethoxazol (58.4%)

– Streptomycin (82.9%)



Gentamicin resistance in haemolytic E. coli

Gentamicin resistance in haemolytic E. coli

increased from 10.9% in 2016 to 35.2% in 2023

Concerning because gentamicin is considered 

critically important for human medicine WHO



Gentamicin resistance in haemolytic E. coli

• aac(3)-IV was present in 25.8% of 

sequenced haemolytic E. coli isolates

– Also found in non-haemolytic E. coli (7.1%), 

K. pneumoniae (12.5%) and S. enterica

(25.8%)

• aac(3)-IId, aac(3)-IVa and ant(2´´)-Ia

were present in 6.7%, 1.1% and 2.2% of 

sequenced haemolytic E. coli isolates

• aac(3)-IV, aac(3)-IId and aac(3)-IVa

confer resistance both to gentamicin 

and apramycin (but not to neomycin)



Gentamicin resistance in haemolytic E. coli



Gentamicin resistance in haemolytic E. coli

Gentamicin resistance in haemolytic E. coli

increased from 10.9% in 2016 to 35.2% in 2023

Concerning because gentamicin is considered 

critically important for human medicine by WHO

… and because apramycin is recommended in 

Denmark as an alternative drug for treating E. 

coli-associated post-weaning diarrhoea



• The observed concordance between 

AST results and WGS-based 

detection of resistance mechanisms 

was

– 99.6% for A. pleuropneumoniae

– 79.6% for B. bronchiseptica

– 94.2% for haemolytic E. coli

– 94.3% for non-haemolytic E. coli

– 76.0% for K. pneumoniae

– 97.3% for S. enterica

– 91.5% for S. hyicus

– 94.5% for S. suis

• Resistance towards carbapenems, 3rd, 

4th and 5th generation cephalosporins, 

oxazolidinones and polymyxins 

remained at a low level

Other findings



DANMAP 2024

• Pathogenic bacteria from pigs

– AST but not WGS

• Bacteria causing acute mastitis in cows

– Diagnostics at SSI

– AST of selected pathogenic bacteria

www.vetssi.dk/

Thank you for 

your attention!



Questions and comments
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• All Danish hospital pharmacies

• All data providers for textboxes and textbox authors

• Data Integration and Analysis Secretariat at SSI

• Infectious Disease Epidemiology & Prevention Unit at SSI

• National Food Institute, DTU

• Statistics Denmark 

• The Danish Agriculture and Food Council

• The Danish Aquaculture Producer Organisation

• The Danish Health Data Authority and the Register of Medicinal 
Products Statistics

• The Danish Veterinary and Food Administration's Animal 
Medicine and Veterinary Trade Division 

• The Danish Veterinary and Food Administration's Food and Feed 
Safety Division

• The Departments of Clinical Microbiology and the DANRES group 
- Danish Study Group for Antimicrobial Resistance Surveillance

• The meat inspection staff and company personnel at the 
participating slaughterhouses

• Unit of Mycology at SSI

• Local Veterinary and Food inspections units 

• Antimicrobial Resistance Reference Laboratory and Surveillance 
Unit

• The Danish Veterinary and Food Administration's Laboratory, 
Ringsted

• Foodborne Pathogens Unit at SSI

• Neisseria and Streptococcus Typing Unit at SSI

• Staphylococcus Laboratory at SSI
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EAAD – European Antibiotic Awareness Day

92



93

Read more at:



Reach out

• Majda Attauabi, maat@ssi.dk

• Ute Wolff Sönksen, uws@ssi.dk

• Vibe Dalhoff Andersen vdan@food.dtu.dk

• Joana Pessoa, joapes@food.dtu.dk

• Ana Sofia Ribeiro Duarte, asrd@food.dtu.dk

• Jesper Larsen, jrl@ssi.dk
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