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Bacteria within biofilms are up to 1000 times more resistant to antibiotics

Hall-Stoodley et al. Nat. Rev. Microbiol. 2004

Catheters

Implants

Gums

Endocarditis

Lung infections

Urinary infections

The “biofilm” threat
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Monds & O’Toole. Trends Microbiol. 2009

Industrial applications

Medical devices

Environment

Biofilms form everywhere and often in the presence of flow
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Rusconi & Stocker. Curr. Op. Microbiol. 2015

Guasto, Rusconi & Stocker. Annu. Rev. Fluid Mech. 2012



How does fluid flow affect bacterial swimming dynamics?
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How does fluid flow affect bacterial swimming dynamics?
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Mean shear 
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• Rod shape (1µm x 3µm)

• Multiple flagella 

• Rod shape (0.5µm x 1.5µm)

• Single flagellum

Bacillus subtilis

Pseudomonas aeruginosa
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Rotational diffusion, DR = 1 rad2/s 

Aspect ratio, q = 10 
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Swimming speed, V = 50 µm/s 

Rotational diffusion, DR = 1 rad2/s 

Aspect ratio, q = 10 

Experiments

Elongated particle in shear flow

Simulations Simulations, spheres (q = 1)



Elongation and rotational diffusion control bacterial depletion in flow
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Rusconi et al. Nat. Phys. 2014
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Elongation and rotational diffusion control bacterial depletion in flow
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Elongation and rotational diffusion control bacterial depletion in flow
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DR = 1 rad2/s, Experiments 
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Elongation and rotational diffusion control bacterial depletion in flow
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Competition between 
shear-induced alignment 
and rotational diffusion 

Pe>>1
Depletion effect is limited 
by the distance between 
the separatrices

Rusconi et al. Nat. Phys. 2014

Ezhilan & Saintillan. J. Fluid Mech. 2015



Spatial heterogeneity in suspensions of phytoplankton cells
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Spatial heterogeneity in suspensions of phytoplankton cells
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Spatial heterogeneity in suspensions of phytoplankton cells
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Spatial heterogeneity in suspensions of phytoplankton cells
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10 µm

Barry, Rusconi et al. J. Roc. Soc. Interface 2015



Spatial heterogeneity in suspensions of phytoplankton cells

University of Rome Tor Vergata - 29th November 2018

10 µm

Barry, Rusconi et al. J. Roc. Soc. Interface 2015



Shear suppresses bacterial chemotaxis
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Shear promotes surface attachment
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H. Auradou et al., in preparation 
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Flow velocity Shear rate

Shear induces preferential attachment to corrugated surfaces
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Shear induces preferential attachment to corrugated surfaces

Experiments
E. coli
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Shear induces preferential attachment to corrugated surfaces

Experiments

Simulations

E. coli
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Shear induces preferential attachment to corrugated surfaces
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DR = 0.5 rad2/s 



Shear induces preferential attachment to corrugated surfaces
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Shear induces preferential attachment to corrugated surfaces
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Shear induces preferential attachment to corrugated surfaces
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Experiments

Simulations



Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Motility and flow control bacterial transport and attachment around pillars
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Experiments – P. aeruginosa Simulations
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Motility and flow control bacterial transport and attachment around pillars
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Flow around corners triggers the formation of streamers

100 µm

Pseudomonas 
aeruginosa 
suspension

Confocal z-scan after 8 hours of flow
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Flow around corners triggers the formation of streamers
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Flow around corners triggers the formation of streamers
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Streamer formation is independent of bacterial motility

100 µm 100 µm

100 µm 100 µm
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Secondary flow drives streamer formation

100 µm

100 µm
Rusconi et al. J. R. Soc. Interface 2010
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Secondary flow drives streamer formation

Rusconi et al. Biophys. J. 2011

100 µm
Numerical simulations

Sharper turns

More streamers
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Streamers are frequent in natural and artificial systems

Valiei et al. Lab Chip 2012

Drescher et al. PNAS 2013

Porous media

Filtration systems

Marty et al. Biofouling 2012

Medical stents
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Summary and acknowledgments

Flow controls the spatial distribution of 
motile microorganisms

Flow affects the formation and the 
structure of biofilms

Flow induces preferential attachment of 
bacteria to surfaces
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