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Precision medicine in microbiology

• Treatment of infectious diseases has been benefiting from ‘precision medicine’ for a long 
time as treatment is often based on susceptibility of infecting micro-organism

O’Neill et al., 2016
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Precision medicine in microbiology

• However, most methods based on growth – time to result: min. 1-2 days, often more 

• Biofilm phenotype is not taken into account

• Lack of correlation between in vitro results and efficiacy in vivo – low predictive value

• Let’s take a closer look at these issues
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Su et al., 2019

Speed - whole genome sequencing for antimicrobial
susceptibility testing









• Potential is enormous

• Downside: focus on known resistance mechanisms

• Downside: prediction of gene expression in in vivo situation based on whole-genome
sequencing is very difficult at best

• This means that acurately predicting a bacterial phenotype will not always be possible

Speed - whole genome sequencing for antimicrobial
susceptibility testing
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Biofilm phenotype is not taken into account!



Biofilm tolerance contributes to therapy failure



Persistence contributes to failure of therapy

Fauvart, ..., Michiels, 2011



Precision medicine in microbiology

• However, most methods based on growth – time to result: min. 1-2 days, often more 

• Biofilm phenotype is not taken into account
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What is the effect in vivo?

Bjarnsholt et al. Nat Rev Drug Discov 2013 12:791-808

In vivo PK/PD in a mouse model of biofilm lung infections



Concentration required for 
antibiofilm effect (~MBEC)

Concentration required
for  effect against
planktonic cells (~MIC)

Concentration required for 
antipersister effect (~MPEC)
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What is the effect in vivo?



Precision medicine in microbiology

• However, most methods based on growth – time to result: min. 1-2 days, often more 

• Biofilm phenotype is not taken into account

• Lack of correlation between in vitro results and efficiacy in vivo – low predictive value

• Let’s take a closer look at these issues

• Now what about the host? Does the host influence the outcome of an antimicrobial
treatment? 



Chronic lung infections by P. aeruginosa are 
caused by biofilms in the lung mucosa

(Thomas Bjarnsholt, Peter O. Jensen, Niels Hoiby)



3-D lung cell cultures
mimic key features of the in vivo tissue

Architecture Barrier function
Multicellular 

complexityPolarity

Β-catenin ICAM-1
CD45
0.2 µm beads

Carterson et al, 2005. Infect Immun; Barrila et al. 2010, Nat Rev Microbiol; Crabbé et al, 2011. Cell Microbiol; Crabbé et al. 2014. Pathog Dis 



Monolayer 
(A549 lung epithelial cells)

3-D lung cell cultures
using the rotating wall vessel (RWV) technology

Microcarrier beads
(Collagen I – coated)

(175 µm)

Rotating Wall Vessel (RWV)

Carterson et al, 2005. Infect Immun; Barrila et al, 2010. Nat Rev Microbiol



Monolayer 
(A549 lung epithelial cells)

3-D lung cell cultures
using the rotating wall vessel (RWV) technology

Microcarrier beads
(Collagen I – coated)

Carterson et al, 2005. Infect Immun; Barrila et al, 2010. Nat Rev Microbiol

Cells grown on microcarrier beads
(3-D aggregates)



Biofilm-like structures on 3-D lung cells

2h 6h 17h

Crabbé et al. 2017 Sci Rep
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P. aeruginosa biofilms on 3D-A549 cells

3D cells influence antibiotic efficacy:

↑ efficacy aminoglycosides

↓ efficacy colistin

Crabbé et al. 2017. Sci Rep. 

Does the host influence 
bacterial tolerance?



Control 3-D CM
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What causes this potentiating effect?

Crabbé et al, PLoS Path, 2019

• Potentiating effect of 3-D CM is due to higher
intracellular Tb levels and depends on PMF
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What causes this potentiating effect?

Crabbé et al, PLoS Path, 2019
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• 3-D-CM contains higher levels of glutamate and 
succinate

• Glutamate and succinate increase Tb uptake and 
potentiate Tb activity

What causes this potentiating effect?

Crabbé et al, PLoS Path, 2019



Wrap-up - what about the host?

• Also the host produces (secreted) compounds that influence biofilm susceptibility

• This interaction between pathogen and host likely can have a significant impact on the 
efficacy of antimicrobial therapy

• Clinical implications unclear

• What about patient-to-patient variation and its impact?

• We need to expand our model and way of thinking



Crabbé, Jensen, Bjarnsholt & Coenye 2019 TiM



Wrap-up - what about the host?

• Also the host produces (secreted) compounds that influence biofilm susceptibility

• This form of ‘communication’ likely can have a significant impact on the efficacy of 
antimicrobial therapy

• Clinical implications unclear

• What about patient-to-patient variation and its impact?

• We need to expand our model and way of thinking

• What about influence of bacteria on the host? Role of commensals and the microbiome







An in vivo-like 3D-model of lung 
epithelial cells (A549) is used 

1Barrila et al, 2010, Nat 
Rev Microbiol 8(11)ZO-1

DAPI

3-D A549 cells

Pseudomonas aeruginosa PAO1

Staphylococcus aureus SP123

Streptococcus anginosus LMG 14696 

Achromobacter xylosoxidans LMG 26680 

Gemella haemolysans LMG 18984

Rothia mucilaginosa DSM 20746

Lung epithelial cells are infected 
with various CF lung microbiome 

members

Do commensal bacteria mediate the inflammatory 
response of the host to pathogens?



Rothia mucilaginosa

• Gram positive coccus

• Facultative anaerobic (aerotolerant)

• Usually encapsulated with a small 
amount of polysaccharide

• Normal flora of the oral cavity and 
upper respiratory tract

• Forms biofilms

Classification

Kingdom Bacteria

Phylum Actinobacteria

Class Actinobacteria

Order Actinomycetales

Family Micrococcaceae

Genus Rothia

Species R. mucilaginosa
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Negative control = Uninfected 3-D A549 cells

PAO1 = Pseudomonas aeruginosa PAO1

*p < 0.05       
n ≤ 3

S = Staphylococcus aureus SP123

St = Streptococcus anginosus LMG 14696 

A = Achromobacter xylosoxidans LMG 26680 

G = Gemella haemolysans LMG 18984

R = Rothia mucilaginosa DSM 20746
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Screening of effect of various bacteria on IL-8 response 
induced by P. aeruginosa PAO1
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• R. mucilaginosa lowers the PAO1-induced IL-8 response in 3-D A549 cells

Negative control = Uninfected 3-D A549 cells

PAO1 = Pseudomonas aeruginosa PAO1

*p < 0.05       
n ≤ 3

S = Staphylococcus aureus SP123

St = Streptococcus anginosus LMG 14696 

A = Achromobacter xylosoxidans LMG 26680 

G = Gemella haemolysans LMG 18984

R = Rothia mucilaginosa DSM 20746

PAO1 +
S      St       A      G R

Screening of effect of various bacteria on IL-8 response 
induced by P. aeruginosa PAO1



Effect of R. mucilaginosa on IL-8 response



All data point to 
involvement of (inhibition 

of) the NF-κB pathway 



Wrap-up – does the lung microbiome influence the host?

• Yes!

• R. mucilaginosa lowers the pathogen-induced IL-8 response in lung epithelial cells

• xxxx



Host Microbiome

Pharmaceuticals

Collaborators: 
- Prof. Frans De Baets
- Dr. Eva Van Braeckel
- Prof. Anne Malfroot (UZB)
- Dr. Elke De Wachter (UZB)

Patient-specific
3D lung model

Patient-specific
lung microbiome

Antibiotics CF against P. aeruginosa

∆ Efficacy
antibiotics

Ongoing work: developing a personalized approach for 
antimicrobial susceptibility testing in cystic fibrosis



Conventional susceptibility assay

Minimal inhibitory concentration (MIC)

Not personalized

Poor predictor for in vivo susceptibility

No guarantee for clinical success

Ongoing work: developing a personalized approach for 
antimicrobial susceptibility testing in cystic fibrosis



Approach: Mimic each patient in the lab

• Genetic background 
(CFTR mutation)

• Lung microbiome

Develop 3D patient-specific models
derived from nasal epithelial cells

Use patient-specific microbiome + P. aeruginosa
derived from sputum 



Approach: Mimic each patient in the lab



Personalized antibiotic susceptibility profile

Conventional susceptibility assay

Minimal inhibitory concentration (MIC)

Not personalized

Poor predictor for in vivo susceptibility

No guarantee for clinical success

Biofilm eradicating concentration (BEC)

Personalized

Better predictor for in vivo susceptibility

Better prediction of clinical success (?) 

Personalized susceptibility assays
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