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Planktonic vs. Biofilm
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Planktonic vs. biofilm
• Study from 1956. 
• Injected 7,500,000 CFU S. aureus in skin 

of human volunteers = only 50% 
infected, all resolved

• < 100 CFU onto an implant in humans = 
100% infected, did not resolve

• Implants or dead tissue  virulence 
over 75,000 fold.

Ann N Y Acad Sci. 1956 Aug 31;65(3):85-90. Experimental staphylococcal infections in the skin of man. 



The problem



Cystic fibrosis – the classical example

2 week anti PA treatments
20 years daily colistin/tobramycin inhalations

1 kg tobramycin, 
10 kg beta-lactam anti-pseudomonas antibiotics 

and 1 kg inhaled colistin 

Bjarnsholt et al; Pseudomonas aeruginosa biofilms in the Respiratory Tract of Cystic Fibrosis Patients; Pediatr Pulmonol. 2009 Jun;44(6):547-58

CF male, 28 years of chronic PA infection



A present problem:

4 days after steroid

Adverse reactions to polyacrylamide gel are seen as 
swellings or nodules, and controversy exists whether 
these are due to bacterial infection or an autoimmune 
reaction to the filler.

Courtesy of Lise Christensen 



4 days after steroid Courtesy of Lise Christensen 

site Type of PAAG  Time since inj Initial treatment Time with AE 
     
Cheek  
 

Aquamid 2 years Steroid inj 
Later AB inj 

7 months 

Lip  Aquamid ½ year Steroid inj 
Later ABs 

½ year 

Lip  
 

Aquamid 1 month Steroid + ABs 
Later ABs 

2 years 

Breast  
 

Amazing gel 2 years ABs 
liposuction 

5 months 

Tear-trough  Aquamid 2 years Steroid inj 
Later ABs 

½ year 

Naso-labial fold 
 

Aquamid 14 days Steroid  
ABs+surgery 

1½ year 

Lip 
 

Interfall gel ½ year Steroid 
ABs+surgery 

2½ years 

Penis 
 

Aquamid 2 years Steroid 
AB inj+surgery 

1½ years 



Soft tissue fillers

Bjarnsholt et al;; Dermatol.surg. 2009 (Aug) Followup: Clin Infect Dis. 2013
Alhede, M…. Bjarnsholt T; Bacterial biofilm formation and treatment in soft tissue fillers, Pathog Dis. 2014 



Biofilms in chronic wounds

Bjarnsholt et al; Wound Repair and Regeneration, 2008 Jan-Feb;16(1):2-10.



Chronic otitis media

Homøe and Bjarnsholt et al;European Archives of Oto-Rhino-Laryngology: 266(10) 2009, Page 1533 





What is a biofilm

A coherent cluster of bacterial cells imbedded in a matrix”
– which are more tolerant to: most antimicrobials 

and the host defence, than planktonic bacterial cells.



Planktonic vs Biofilm

Morten Alhede, Biofilm Test Facility

Single cells
Rapid growth
No matrix

High susceptibility to AB

Acute infections
Single cells

Rapid growth
No matrix

High susceptibility to AB
Easily phagocytized

Aggregates
Slow growth

Matrix
Low susceptibility to AB

Chronic infections
Slow growth
Dense matrix

Low susceptibility to AB
No phagocytosis
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The in vivo Biofilm

Wound

CF lung

Implant mouse model

• No mushrooms
• Small microcolonies
• Additional layer of host material
• Host defense/inflammtion
• Heterogeneous distribution
• Not surface dependable

Bjarnsholt et al Trends in Microbiology 2013 



Surface or not to surface
that is not the question

Alhede M et al.; PLoS One. 2011;6(11):e27943 



Single layer of attached bacteria

By Maria van Gennip



It is the aggregation

Stationary cells
(tolerant)

Growing cells

Biofilm Chronic 
infection

Acute 
infection Free bacteria

Host defense and antibiotics 
incapable of clearing

Vs. Host defense and antibiotics 
capable of clearing (most often)



The problem

Live/dead stain of an antibiotic
treated biofilm

Paralysis of neutrophils
(white blood cells) 

Wild type biofilm



Biofilms and antibiotics



Biofilm cells tolerate high doses of antibiotics



No treatment 10µg/ml SSD              5µg/ml SSD      1µg/ml SSD         

Silver sulfadiazine (SSD)

Planktonic effect
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Bjarnsholt et al; Silver against Pseudomonas aeruginosa biofilms; APMIS 115: 921–8, 2007



Physical disruption revert the tolerance

Morten Alhede 2010



Resistance vs. Tolerance

• Resistance: Resistance is the inherited ability of a bacteria to survive and 
reproduce following exposure to a lethal dose of antimicrobial 

– Heritable active processes (e.g. production of beta‐lactamases and efflux pumps)

• Tolerance: Tolerance is caused by a reversible physiological state in a small 
subpopulation of genetically identical cells. 

– Non‐heritable processes (e.g. biofilm formation and slow growth)



• Acquired resistance (mutation or horizontal gene transfer)

– Efflux pumps (e.g. mexAB, mexXY)
– Degrading enzymes (e.g. beta‐lactamases)

• Grows as aggregates (so called biofilms)

– Slow growth
– Low permeability of matrix

Resistance vs. Tolerance



MBIC – Minimal Biofilm Inhibitory Concentration
MBEC – Minimal Biofilm Eradication Concentration

MBEC and MBIC

Bjarnsholt et al Nature Review Drug Discovery. 
2013 Oct 1;12(10):791‐808 

Mice were treated with a single intraperitoneal dose of either colistin (16 mg per kg) or imipenem (64 mg per kg). 



In vitro biofilms

Crystal Violet
High throughput

Flow cell biofilm
Low throughput

Attached biomass NOT viability

Viability/geneexpression
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P. aeruginosa day 4, 

Anders A. Jørgensen 2003



Clinical isolates



The in vivo Biofilm

Wound

CF lung

Implant mouse model

• No mushrooms
• Small microcolonies
• Additional layer of host material
• Host defense/inflammtion
• Heterogeneous distribution
• Not surface dependable

Bjarnsholt et al Trends in Microbiology 2013 



Antibiotic susceptibility



What to do?

• Combinatory treatment



Pamp et al Mol Micro 2008

Alhede et al PlosOne 2011



What to do?

• Combinatory treatment
– Minimizes resistance

• Highest doses possible
• Long term

• Removal of foreign body
• Diagnostics are just as important
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Would you like to learn about
Biofilms in chronic infections? 

Sign up for our biofilm online courses at: 
• www.biofilmcourse.ku.dk
• www.coursera.org/course/bacteria


