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Background – Shotgun metagenomics
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Wastewater, fecal or pooled 
fecal sample

DNA extraction 
from sample

DNA sheared to 300 bp

(PCR-free) DNA library preparation
HiSeq PE Sequencing (2x100/150bp)

>35 million PE reads/sample 
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Background – Bioinformatics
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PE DNA reads
>35 mill / sample

QC, quality- and 

adapter-trimming

MGmapper (BWA-MEM)
Reads mapped to ResFinder, 
Bacterial genomes etc.

Farm1 Farm2 Farm3

Ref1 17 19 14

Ref2 2 4 0

Ref3 31 0 2

feature x sample 
Count matrices



DTU Food, Technical University of Denmark

The Tool
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ResFinder

The Database

bitbucket.org/genomicepidemiology/resfinder_dbcge.cbs.dtu.dk/services/ResFinder/

E Zankari et al (2012)



DTU Food, Technical University of Denmark

Pilot study

• Compare geno- and phenotypic AMR 
monitoring methods in Danish pig herds

• Compare different sampling strategies

• Assess the feasibility of using metagenomics 
to monitor AMR in pig herds

• Assess ability of metagenomics to detect 
differences in AMR abundance
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P Munk et al (2017)
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Pilot study

• 10 Danish pig herds

• Both high and low AMU herds included

• Metagenomics, CFU counting, MIC, qPCR

• Stratified sampling of 30 pens

• Paired floor and rectal samples from 4 pens
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Drug class Pigs Floors

Aminoglycosides apmA
ant(6)-I
strB
tet(44)

apmA

Macrolides erm(B)
erm(G)
erm(F)
mef(A)
msr(D)

erm(B)
erm(G)

Tetracyclines - tet(44)

P Munk et al (2017)
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• Monitor AMR in integrated pig and poultry 
herds in nine European countries

• Over 9000 animals sampled

• 181 pig and 178 poultry herds

• >5,000,000,000,000 bp sequenced

P Munk et al (2018)

rdcu.be/3ora



DTU Food, Technical University of Denmark

Total AMR
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AMR per drug class
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M3 – AMR per gene
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Resistome clustering
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All samples Pig Poultry
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Sampling reproducibility
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• Two pig farms were sampled 3 times on same day

• 3 sampling rounds x 25 individual samples = 3 pools

• 91.5 – 93.3% Bray Curtis similarity (BE)

• 93.6 – 93.7% Bray Curtis similarity (NE)
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AMR gene alpha diversity
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• Alpha diversity in sample resistomes:

– Evenness (Pielou)

– Richness (Chao1)

–Diversity (Simpson)
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AMR gene alpha diversity
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Differentially abundant genes
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Differentially abundant genes
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Pig farms

Poultry farms
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Total ResFinder AMR~AMU
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• Total AMR measured follows 
veterinary drug use
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Functional AMR~AMU association
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•We introduce a database (FRD) of 
resistance genes determined through 
functional metagenomics

• Regression models repeated with FRD 
total abundance

• No association to drug use!
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EFFORT project final conference
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• www.effort-against-amr.eu

• Data from more animal species

• Specific risk factors analyzed

• Farmer survey data analyzed

http://www.effort-against-amr.eu/


DTU Food, Technical University of Denmark

What about human monitoring?
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Sewage

Why sewage?

• Easy to get permission

• Less sensitive data

• Able to monitor large, healthy populations

• Metagenomics lends itself to fewer / pooled samples
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Sewage sampling 2016 – Round 1
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• 80 samples

• 63 countries
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Conclusions

• Our metagenomic approach is able to quantify hundreds of known AMR genes in 
pooled samples

• Our method is precise and sensitive enough to detect effects of e.g. differential drug 
use

• The digital sequence data lends itself sharing and re-use, giving it further value

• The little hands-on time and ability to automate computational workflows is valuable

• At currently feasible sequencing depths, there are still AMR genes below our detection 
level

• Further work should be done to ensure compatibility with many sample types

• A metagenomics approach should supplement existing monitoring. It is unable to 
replace it and relies on updated AMR gene databases and phenotypically-derived 
annotation

Future perspectives
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