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Today’s presentation

Danish AMR surveillance of Salmonella and 
Campylobacter from human infection 

• Routine surveillance including AMR testing
• Integrated (OH) AMR surveillance in Denmark
• EU level surveillance
• Genotypic AMR



Surveillance of human Salmonella and Campylobacter infections

Clinical Microbiological
Department (CMD)

Case-based surveillance
Isolate based surveillance



Isolate based surveillance

• Phenotypic AMR testing of all Salmonella except S. Enteritidis
• Phenotypic AMR testing on a subset of Campylobacter

• at SSI for surveillance following the EU protocol for harmonised
monitoring of antimicrobial resistance in human Salmonella and 
Campylobacter isolates – June 2016 (Stockholm: ECDC; 2016). 

• Real-time WGS on all Salmonella 
• Real-Time WGS on a subset of Campylobacter

• In-house sequencing that includes a QC output with predicted 
serotypes, ST and resistance genes detected. 

• Cluster analyses done using cgMLST (Enterobase).

Specimen Plade Amikac   Ampici   Azithr   Cefota   Ceftaz   Chlora   

SAL.SP EUVSEC3 <=       4 S =       4 S =       4 S <=    0,25 S =     0,5 S <=       8 S 

SAL.SP EUVSEC3 <=       4 S >      32 R =       4 S <=    0,25 S =     0,5 S =      64 R 

SAL.SP EUVSEC3 =       8 S >      32 R =       8 S >       4 R >       8 R >      64 R 

SAL.SP EUVSEC3 <=       4 S >      32 R =      32 R >       4 R >       8 R >      64 R 

SAL.SP EUVSEC3 <=       4 S >      32 R =       8 S >       4 R >       8 R >      64 R 

 



DANMAP

The Danish Integrated Antimicrobial Resistance Monitoring and Research Programme

• Including AMR data on Salmonella
Typhimurium/monophasic variant and a subset 
of Campylobacter from human infection

• Currently developed including more serotypes of 
Salmonella and WGS-derived AMR genes.



DANMAP

Reporting use of antimicrobial agents and occurrence of antimicrobial resistance 
in bacteria from food animals, food and humans in Denmark

Visionary national programme

• Started in 1995 
• By both the human and animal sector
• In a One Health perspective 
• Research to fill knowledge gaps
• Providing data needed for action



Campylobacter

DANMAP 2021 - Use of antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food animals, food and humans in Denmark. ISSN 1600-203



Campylobacter

DANMAP 2021 - Use of antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food animals, food and humans in Denmark. ISSN 1600-203

Ciprofloxacin and tetracycline resistant clone that caused 
several outbreaks



Salmonella Typhimurium/monophasic

DANMAP 2021 - Use of antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food animals, food and humans in Denmark. ISSN 1600-203



ECDC

Responsible for EU-level AMR surveillance from human infection including the zoonotic 
bacteria Salmonella and Campylobacter

• All Danish phenotypic AMR test results uploaded annually to TESSy
• Also providing genotypic data, especially regarding critical resistance



ECDC AMR surveillance



EU AMR surveillance

• Data combined with AMR data on zoonotic bacteria 
from animal and food 

• EU-level  EFSA and ECDC



Salmonella isolates from humans in 2021



Resistance to selected and critically important antimicrobials



Isolates tested and travel information by country



Selected antimicrobials by country



Five years of Salmonella 2017 – 2021 - Denmark

• Total number of cases (5036) and isolates (4358)



Case travel status



Predicted serotypes

51% of isolates

3% and below



Resistance detected

• 2869 (66%) - NO resistance genes detected

83,4% 4,[5],12:i:-

~79% no travel reported

Percentage of isolates with resistance genes

~65% travel reported

Beta-lactam

Quinolone

Tetracycline

Sulphonamide

Amnoglycoside

Trimethoprim

Phenicol



Resistance trends 2017-2021



AMR-gene-variants tree – with colour coded serotypes
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140 Enteritidis (14%) – cgMLST dendrogram



Surveillance data summarised

• Number of assigned serotypes, STs, clusters and outbreaks investigated

Year

Number of 

cases

Number of 

serotypes

Number of 

STs

Number of 

Clusters

% of cases 

included in 

clusters

Number of 

national 

outbreaks

% of cases 

included in 

national 

outbreaks 

investigated

2017 1168 102 180 176 44,8% 17 17,3%

2018 1074 100 163 194 48,1% 10 14,5%

2019 1120 112 181 154 43,2% 9 13,8%

2020 614 81 124 107 51,5% 10 18,9%

2021 692 82 123 98 54,2% 12 29,1%

Total 4668 208 374 486 48,4% 58 18,7%

Year

Number of 

cases

Number of 

serotypes

Number of 

STs

Number of 

Clusters

% of cases 

included in 

clusters

Number of 

national 

outbreaks

% of cases 

included in 

national 

outbreaks 

investigated

2017 1168 102 180 176 44,8% 17 17,3%

2018 1074 100 163 194 48,1% 10 14,5%

2019 1120 112 181 154 43,2% 9 13,8%

2020 614 81 124 107 51,5% 10 18,9%

2021 692 82 123 98 54,2% 12 29,1%

Total 4668 208 374 486 48,4% 58 18,7%



Clusters mapped on the AMR-gene-tree
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cgMLST dendrogram and resistance gene variants

wgMLST (core (EnteroBase))
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Concluding remarks

• Phenotypic and/or genotypic AMR testing is an important part of surveillance of 
Salmonella and Campylobacter

• When doing AMR surveillance and trend analysis it is important to include knowledge on 
clusters and outbreaks

• No approach can stand alone when doing surveillance
• Include patient metadata (travel history)

• Remember the international aspect/context
• Use validated/international tools available for deriving AMR genes from WGS-data
• Use the EU protocol for harmonized monitoring of AMR 
• Use the data that are already there: reports, sequences, EpiPulse, articles etc. 



Thank you


