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What shapes the gut microbiome?

Which factors underly highly individualised composition?
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Impact of medication on gut microbiome noted in cohort studies

Metagenomic association studies cannot answer some pivotal questions:

• Are effects direct? If so, what is the target?
• Is the drug effect on microbiota part of the mode of action or an undesired side effect?

In the Flemish Gut 
cohort (N=1106) 
~10% of the total 
observed variation  
can be explained by 
medication.

[Falony et al., Science 2016]



A high-throughput drug screen for human gut bacteria

Our approach: Systematic study of drug-microbiome interface
Large-scale in vitro compound screen of 
~1200 drugs vs. 40 human gut commensals



A high-throughput drug screen for human gut bacteria

835 human-targeted drugs
Alimentary Tract & Metabolism

Antiinfectives

Antineoplastics & Immunomodulating Agents

Antiparasitic products, Insecticides & Repellents

Blood and blood forming organs

Cardiovascular system

Dermatologicals

Genito urinary system and sex hormones

Musculo-skeletal system

Nervous system

Respiratory system

Sensory organs

Systemic hormonal preparations 

Various

156 antibacterials, 88 other anti-infectives

Our approach: Systematic study of drug-microbiome interface
Large-scale in vitro compound screen of 
~1200 drugs vs. 40 human gut commensals
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Core species of the human gut microbiomec
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Represented

40 strains (from 38 species, 21 genera)
largely cover the healthy human microbiome:

~ 80% of the assignable average abundance at genus level 
~ 60% at species level 

Core species of the human gut microbiome

Intestinal species representation in the drug screen

Species Selection



Specific therapeutic classes consistently affect gut microbes

Impact of drugs on human gut microbes is extensive

Major insights

In vivo relevance
➡ Drug concentrations tested are physiologically relevant
➡ Effects are reflected in side effects pattern
➡ Concordance with clinical observations

Antibiotic resistance mechanisms protect against human-targeted drugs
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Specific therapeutic classes consistently affect gut microbes

Impact of drugs on human gut microbes is extensive

Major insights

In vivo relevance
➡ Drug concentrations tested are physiologically relevant
➡ Effects are reflected in side effects pattern
➡ Concordance with clinical observations

Antibiotic resistance mechanisms protect against human-targeted drugs



Estimating intestinal drug concentrations

Concentration estimation based on available daily dose and pharmacokinetics data

Validation: IC25 determination:  25 drugs x 27 strains
precision:   94%
recall:          85%



In vivo relevance reflected in side effects and clinical studies

Side effects

Antibiotics-
related 

side effects
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[Side effect data from Kuhn et al., 

Nucl. Acids Res. 2015]



In vivo relevance reflected in side effects and clinical studies
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In vivo relevance reflected in side effects and clinical studies
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Specific therapeutic classes consistently affect gut microbes

Impact of drugs on human gut microbes is extensive

Major insights

In vivo relevance
➡ Drug concentrations tested are physiologically relevant
➡ Effects are reflected in side effects pattern
➡ Concordance with clinical observations

Antibiotic resistance mechanisms protect against human-targeted drugs
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Specific therapeutic classes strongly affect gut commensals
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Specific therapeutic classes consistently affect gut microbes

Impact of drugs on human gut microbes is extensive

Major insights

In vivo relevance
➡ Drug concentrations tested are physiologically relevant
➡ Effects are reflected in side effects pattern
➡ Concordance with clinical observations

Antibiotic resistance mechanisms protect against human-targeted drugs
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Small genetic 
changes sensitise 
similarly against 
both types of drugs  

Efflux pumps (TolC) 
are an important 
mechanism of  
cross-resistance  

Risk of acquiring 
antibiotic resistance 
by consuming non-
antibiotic drugs
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