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➢Antimicrobial resistance gene (ARG) pollution is a 
global threat to environment and public health

➢Risk evaluation of pathogens, antibiotic resistance
genes (ARGs), mobile genetic elements (MGEs) in 
diverse environments are mainly based on total 
DNA (tDNA) data

➢The role of exDNA still neglected in most
environmental studies

➢Limited knowledge – technological challenges
(exDNA isolation, ARG detection and data analysis)

Background



• exDNA is defined as DNA not 

enclosed in living cells

• Can persist 21.000 – 900.000 

years

• Size 80 – 20.000bp

• Low abundance in comparison to

intracellular DNA (100 – 1000 

ARG/ MGE copies/ mL water)

• Natural transformation is not likely

• But long persistence and „hot spots“ 

increases probability of HGT 

• Important structural component of 

(bacterial) biofilms

• dissemination of genetic info

• actively contributes to AMR in biofilms

Nagler M (2018) Appl. Microbiol Biotech

What we know about exDNA



exDNA release, persistence, natural transformation in 
the environment - influence of various biotic and abiotic 
stresses.

FROM: Sivalingham et al. 
Pathogens 2020, 9(11), 874; 
https://doi.org/10.3390/pathogens91
10874

➢ Utmost importance to study the role of exDNA in the spread of ARGs 
in the environmental matrices

➢ FED-AMR will contribute to improve the methods and knowledge in 
environmental exDNA research and it‘s role in AMR transmission

https://doi.org/10.3390/pathogens9110874


Open Air Lab (OAL) study

Potential pathways for ARBs/ARGs 

dissemination over environmental ecosystem 

barriers

Estonia

Portugal

Austria



FED-AMR overview > 500 samples
Austria, Czech Rep.,Estonia, 

Great Britain, Ireland, 

Portugal, Norway

• Antibiotics, pesticides, heavy 

metals

• exDNA; tDNA

• Microbial diversity

• Resistome

(GeneEnrichment)

• Clinically relevant (and other) 

bacterial species

• WGS, ARG, susceptibility

testing, phylogeny

• C. difficile as a model (pig-

human

• Mathematic modelling



• 89 clinically-relevant isolates were obtained

• Forty-nine (55.1%) isolates were E. coli, 27 (30.33%) were E. faecalis, 7 (7.86%) K. pneumoniae
and 6 (6.74%) E. faecium. 

• No MRSA and no Salmonella sp isolates were found. 

• Wildlife (n= 29) and wastewater (n= 28) accounted for the majority of isolates. 

• High diversity based on classical MLST(E. coli 36 STs, E. faecalis 19 STs)

• Emerging ST1193 E. coli was detected for the 1st time in Austria (Cabal et al. 2021)

• 33% of the isolates carried at least 1 resistance gene

• E. coli isolates carried a mean of 46.3 ARGs, K. pneumoniae 20.6 ARGs, E. faecium 3.3 and E. 
faecalis 2.4  

• Isolates from drainage samples carried on average 48.6 genes, followed by feed (47), river (33), 
wildlife (32), soil (28), wastewater (26), groundwater (14 genes) and manure (12 genes)

• 3 E. coli were classified as MDR

Clinically relevant bacteria (WHO-listed, Austria)

❖ 7 hare isolates genetically unrelated

❖ 5 from dead hares, 2 from hare feces

❖ But relatedness to human isolates

❖ All carry new mcr gene



Results 16S AmpSeq (tDNA – exDNA)
➢High a-diversity (similar for ex and tDNA; except drainage water and

crops) 16 – ~1Mio. species specific reads/ sample; average 90.000/ 

sample

➢Low b-diversity (except for diverse soils, (exDNA: crops – drainage

water, farmers – pig barns)



ARG detection - GeneEnrichment
First results – ARG‘s/ compartement - Austrian samples

50 ARG‘s

~ 80 ARG‘s

~140 ARG‘s



exDNA – ARG &16S

tDNA – ARG & 16S

Bacterial isolates

Phenotypic data

Pesticide´s, antibiotics, heavy 

metals,

Climate, humidity, temperature

Conclusions

• Large amount of data and metadata from an agricultural environment

• The combination of all data can help to elucidate the transfer and development of 

resistances in microbial communities in the environment

• Identification of new potential sources of emerging resistant microorganisms along the 

feed/food chain with a focus on the environment and wildlife as a typically 

neglected component of One Health 

• Results influence the development of strategies to use and to ensure availability of new 

and old antimicrobial agents, as per requirement of the ECDC technical report on One 

Health and AMR, 2021 



• Large amount of data 

• still not large enough for development of very good mathematical models?

• Sampling

• One year growing season is too short!

• More time points

• Logistics!

• Development & application of new technologies

• Technical improvement! 

• extraction methods exDNA

• gene enrichment

• ultra deep sequencing!

• Analysis exDNA (free and bound i.e. in biofilms) & iDNA & tDNA) 

Conclusions – shortcomings/ optimization
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