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Paul Wilmes & Cédric Laczny @wilmeslab @MicroSysEco

One Health: Systematically 

resolving infective competence in 

microbiome reservoirs to 

understand organismal and 

functional transfer across biomes
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Microbiome exposures in One Health

Despotovic, …, Wilmes (2023) Current Opinion in Microbiology 73:102291.

• Pathogenic molecules

• Virulence factors

• Antimicrobial resistance

Infective 

competence
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Integrated multi-omics

Roume, …, Wilmes (2013) The ISME Journal 7:110–121.

Muller, …, Wilmes (2013) Trends in Microbiology 21:325–333. 

Roume, …, Wilmes (2013) Methods in Enzymology 531:219–236.

Muller, …, Wilmes (2014) Nature Communications 5:5603.

Roume*, Heintz-Buschart*, …, Wilmes (2015) npj Biofilms and Microbiomes 1:15007.

Heintz-Buschart, …,Wilmes (2017) Nature Microbiology 16180:1-12.

Heintz-Buschart & Wilmes (2018) Trends in Microbiology 26:563-574.

Herold, …, Wilmes (2020) Nature Communications 11:5281.

Martinez-Arbas*, Narayanasamy*, …, Wilmes (2021) Nature Microbiology 6:123–135.
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PathoFact

de Nies, …, Wilmes (2021) Microbiome 9:49.

Pipeline for the prediction of virulence 

factors & antimicrobial resistance 

genes in metagenomic data

https://pathofact.lcsb.uni.lu
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Community - Impact of COVID-19

de Nies*, Galata*, …, Wilmes (2023) Microbiome 11:46.

Wilmes et al. (2021) The Lancet Regional Health – Europe 4:100056.

Wilmes et al. (2021) The Lancet Regional Health – Europe 5:100116. 

Mass screening in Luxembourg

• Increase in abundance and expression of virulence 

factors & antimicrobial resistance genes in COVID-19

 Infective competence ⬆️
• Genes encoded & expressed by commensal taxa

• Enrichment in the expression of betaherpesvirus &

rotavirus C genes
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Humans & built environment - Earliest exposures

Wampach, …, Wilmes (2017) Frontiers in Microbiology 8:738. 6

C-section 

delivery

X

Day 1 Week 4 2-3 years4-6 months

• Qualitative & quantitative differences for bacteria, archaea & microeukaryotes

C-section 

delivery



7

Artefact-free high-resolution metagenomics

Wampach*, Heintz-Buschart*, Fritz*, …, Wilmes (2018) Nature Communications 9:5091.
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Vaginal 

delivery

(VD) 

C-section 

delivery

(CSD± SGA) 

Reagent-

derived 

contaminant 

DNA 
DNA extraction & 

shotgun sequencing

Sample collection

In silico removal of 

contaminant 

populations & 

comparative analysis

Functional analysis 

& strain-tracking
Functional 

profiles

Genome 

reconstruction

Taxonomic 

profiles

Shared 

populations

Strain-level 

variation

Contamination-free data
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TNF⍺ levels

• Differential abundances in TNFover 

time (CSD) linked to LPS exposure

• Differential abundance of antimicrobial 

resistance at 5 days after birth

Antimicrobial resistance

Busi*, De Nies*, …, Wilmes (2021) ISME Communications 1:8.

Humans & built environment – Phage-mediated AMR
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• Mobile genetic element-mediated AMR (bacteriophages & plasmids)

• Horizontal gene transfer of AMR

Humans & built environment – Phage-mediated AMR
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Environment – Mobile resistome in wastewater

Microbial population dynamics • Mobilome-mediated segregation 

of antimicrobial resistance

• Exclusivity or clear 

enrichments in specific 

antimicrobial resistance genes in 

taxonomic clades

• Links to ESKAPEE pathogens

de Nies, …., Wilmes (2022) eLife 11:e81196.
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Environment – AMR in a pristine environment

Busi*, de Nies*, …, Wilmes, Battin (2023) Microbiology Spectrum 11:1.

AMR Taxa BGC

• Link: AMR & biosynthetic gene clusters (BGCs)

• Predominantly encoded by bacteria
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Animals – Rapid evolution of AMR

de Nies*, Busi*, …, Wilmes (2022) Nature Communications 13:2296.

• Significant longitudinal differences in 

various antimicrobial resistance gene 

categories

• Integron-driven antimicrobial 

resistance linked to reconstructed 

genomes of Akkermansiaceae and 

Enterobacteriaceae
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Controlling microbiomes circulations for better food systems

Coordinator:

Prof. Marco Candela (University of Bologna)

Start: 1. Nov. 

2018

31 public &

private partners

10 Mio €

5,000 

metagenomes 

planned

Grant agreement ID: 818290

CIRCLES aims to discover and translate innovative microbiomes-tailored circular

actions into concrete applications that will ultimately enhance EU food system

performances and their overall sustainability.



14

Reminder - What is metagenomics?
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Improving food quality & sustainability

Smart

Microbiome 

Modulators
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ARBs & AMR transmission
from swine farm to the environment

Scichitano et al. (2023); submitted
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ARBs & AMR transmission
from swine farm to the environment

Scichitano et al. (2023); submitted

Shared species Shared strains
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ARBs & AMR transmission
from swine farm to the environment

Scichitano et al. (2023); submitted

Nitroimidazole, 

glycopeptide, fosfomycin 

classes most frequent

Nucleoside, 

fluoroquinolone, 

aminocoumarin classes 

least frequent

10% located on mobile 

genetic elements (MGEs)

Core resistome of 6.8%; 

not predicted on MGEs
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Conclusion

• Interconnectivity of infective competence & biomes

• Need to better understand gene flows in view of One Health, pandemic 

preparedness, health & disease

• Understanding and modulating microbiomes requires systems-level

study

• Meta(gen)omics hold large potential in improving food quality and

sustainability

• Transmission tracking of ARBs & AMR needs to be extended

• CIRCLES’ intervention phase analysis ongoing
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Az.  Bearb.:  27.03.2014 

 

Dear Dr. Wilmes, 

 

This letter is aimed to confirm my willingness and intent to collaborate with you at Luxembourg 

Centre for Systems Biomedicine in Luxembourg, on the “microCancer” project. 

My role in this project will be to performing proteome analyses on request. The Greifswald 

institute is well equipped with state of the art mass spectrometry instruments and experienced 

in the analyzing complex proteomics data sets. 

Proteomic  approaches  used  in  our  institute  include,  in  part,  the  2D  protein  gel 

electrophoresis technique, including N-terminal sequencing of proteins, high throughput 

protein identification using MALDI-TOF and MALDl-TOF/TOF MS, or computer-aided evaluation 

of 2D gels including matching, dual channel imaging, DIGE technology, etc. The proteomics 

platform is equipped with setups for all branches of proteome analyses. The setup includes 

several options for sample fractionation, protein detection, protein spot processing, protein 

identification, quantification and characterization (e.g. different mass spectrometers). For the 

proteomics analysis the appropriate servers (e.g. MASCOT, Sequest and Sorcerer Servers) and 

software packages (Delta-2D, Protecs, MS-Repo, Rosetta Elucidator, TPP, Census) for 

reproducible, pipeline based initial analyses of complex data are available. 

As the group leader of the microbial proteomics/ mass spectrometry team, my work is focused 

on the development, optimization and establishment of methods for global qualitative and 

quantitative proteome analyses, mainly based on mass spectrometry. My previous work has 

achieved in depth analysis of Gram-positive model bacteria like B. subtilis or S. aureus with 
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Thank you very much

for your attention!

paul.wilmes@uni.lu

cedric.laczny@uni.lu

@wilmeslab

Postdoc & PhD 

positions 

available
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CIRCLES Goal 1 - Improving food quality

2023-12-11
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Increasing microbiome awareness in the general public

2023-12-11
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CIRCLES Goal 2 – Improving human life 

2023-12-11



27

First EU map of the variation of the house floors microbiome 
(Bologna, Mazara del Vallo, Helsinki and Bruxelles)

2023-12-11


