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Forskellen



Er biofilm altid dårligt?

A. Yes
B. No



I og på vores krop



Det humane hud mikrobiom
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Normal bakterie flora I Stratum Corneum



Hår follikle



Bakterier er flok “dyr”



Lebeaux D, Microbiol Mol Biol Rev. 2014 Sep;78(3):510-43



• Studie fra 1956. 
• 7.500.000 Staphylococcus aureus 

bakterier sprøjtes ind under huden 
på frivillige = kun 50% inficeres, 
alle kommer sig

• < 100 bakterier på stof under 
huden = 100% inficeres, INGEN 
kommer sig

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

Individuel eller i flok



Akutte infektioner

Necroticerende fasciitis
af

S. pyogenes gruppe A



Antibiotika
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• 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 

Mus behandlet intraperitonalt med 1x colistin (16 mg per kg) eller imipenem (64 mg per kg). 



Aggregering

Stationære celler
(tolerante)

Voksende celler

Biofilm Kronisk 
infektion

Akut 
infektion Frie bakterier

Immunforsvaret og antibiotika
virkningsløse

mod Immunforsvaret og antibiotika
virker (for det meste)



Cystisk fibrose – det klassiske eksempel

4 x 2 ugers/år IV antibiotika behandling
20 års daglig inhalering af antibiotika

1 kg tobramycin, 
10 kg beta-lactam antibiotika 

og 1 kg inhaleret colistin

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

CF mand, 28 års kronisk bakterieinfektion



Biofilm i kroniske sår

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

Biofilm og Bakterier er ikke synlige 
Makroskopisk



Biofilm i Kroniske sår



Meta analysis - 78% chronic non-healing wounds contain biofilm

Global wound biofilm expert panel – 100%

The prevalence of biofilms in chronic wounds: a systematic review and meta-analysis of published data.
Malone M, Bjarnsholt T, McBain AJ, James GA, Stoodley P, Leaper D, Tachi M, Schultz G, Swanson T, Wolcott RD.

J Wound Care. 2017 Jan 2;26(1):20-25



Biofilm infektioner

• Kronisk langstrakt infektion 
• Ofte virker antibiotika ikke
• Modstår immunforsvaret
• Behandlingssvigt eneste mulighed er ofte 

at fjerne implantatet
• Svært at diagnosticere



Hvor?

McConoughey et al. 2014
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Human skin Microbiome
Beneficial and nuisance

http://tangentindinc.com http://www.growell.co.ukhttp://medgraphik.com

Courtesy of Lise Christensen 

Bjarnsholt et al. 2008



Human skin Microbiome
Beneficial and nuisance

June 2015

Normal bacterial flora in Stratum Corneum
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Human skin Microbiome
Beneficial and nuisance

Larsen et al. 2015

Day 0

Ågren et al. 2014Larsen et al. 2015

Ågren et al. 2014

Day 4

Wound siteNormal skin Normal skin



Human skin Microbiome
Beneficial and nuisance

June 2015Fluorescent slide scan of full-thickness skin biopsy – zoom at wound edge

Normal skin Wound siteBlister residue



Human skin Microbiome
Beneficial and nuisance

June 2015

Biofilm aggregates at wound edges



Human skin Microbiome
Beneficial and nuisance

June 2015

Biofilm aggregates at wound edges



Biofilm i kroniske sår

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



Fordeling af specier

S. aureus biofilm 
P. aeruginosa biofilmFazli and Bjarnsholt et al: J Clin Microbiol. 2009 Dec;47(12):4084-9

S. aureus                            P. aeruginosa    



Forskellige områder

Podninger



Heterogen fordeling af bakterier i kroniske sår

Picture from homepage of Montana State University

6 3

129

Thomsen TR, Aasholm MS, Bjarnsholt T, Givskov M, Kirketerp-Møller K, and Nielsen PH. 2010. The bacteriology of
chronic venous leg ulcer examined by culture-independent molecular methods. Wound Repair and Regeneration: 

Jan-Feb;18(1):38-49

Positio
n

Wound 1 Wound 2

C 510±18% 920±9%

3 No sample 300±13%

6 760±7% 8200±8%

9 47±9% 800±10%

12 280±3% 15±5%

qPCR Pseudomonas aeruginosa

C



Hvordan genkender man en biofilm?

A. Bakterier på en overflade
B. Store biofilm
C. Bakterier og inflammation



Biofilm klinisk vs. in vitro

Prøv ikke at ekstrapolere
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Janus Haagensen



in vivo Biofilmen

Sår

CF lunge

Implantat muse model

• Ingen “mushrooms”
• Små microkolonier
• værtsmateriale
• Inflammation
• Heterogen fordeling
• Uafhængig af overflade

Bjarnsholt et al Trends in Microbiology Trends Microbiol. 2013 Sep;21(9):466-74



Surface or not to surface
that is not the question

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



Diagnose
Method Advantages Pitfalls and difficulties

Culturing Bacterial presence is confirmed

Antibiotic susceptibility

Direct quantification

Heterogeneous distribution

Finding the focus

Pathogens vs. contamination

Biofilms or planktonic samples can be 

culture-negative

PCR etc Fast results even when culture is 

negative

Low cut-off (used to be 105-6)

Heterogeneous distribution

Finding the focus

Pathogens vs. contamination

Biofilm or planktonic

Microscopy Biofilms are confirmed

Interactions with tissues

Inflammatory cells

Results even when culture-negative

Heterogeneous distribution

Finding the focus



Hvad hvis man ikke kan finde 
noget?

Medical history of biofilm predisposing condition (implanted medical device, CF, IE, chronic 
OM)(See Table 1) 

Recurrence of the infection (particularly if evidence is provided that the same organism is responsible 
at multiple time points) 

Documented evidence/history of antibiotic failure or persistent infection despite adequate choice of 
antibiotic agent 

Evidence of local or systemic signs and symptoms of infection that resolve with antibiotic therapy, 
only to recur after therapy has ceased such as: 

**

Hall-Stoodley L, Stoodley P, Kathju S, Høiby N, Moser C, William Costerton J, Moter A, Bjarnsholt T.;
Towards Diagnostic Guidelines for Biofilm-Associated Infections.; 

FEMS Immunol Med Microbiol. 2012 Apr

Meta analysis - 78% chronic non-healing wounds contain biofilm

Global wound biofilm expert panel – 100%



Forebyggelse?

• Bacteria primarily found in the stratum corneum
• (1 exsample of bacteria in hair follicle) 

Litterature:
85 % in stratum corneum

• 25 % in hair follicle
Lange-Asschenfeldt et al. 2011

Stratum corneum

Epidermis



Acetic acid

Acetic acid
 Well characterized natural anti-biofilm agent 

with novel pH dependant antimicrobial activity

 0.5-2 % acetic acid at pH ~3-5

 CH3COOH CH3COO- + H+  (pKs 4,76)
Active                Not active



In Vitro - HCl vs. Acetic Acid

Acetic acid vs HCl on P. aeruginosa Biofilm
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100 50 25 12,5 6,25 3,125 1,5625 0,7813 0,3906 0,1953 0

µg/ml Tobramycin

C
FU HCl/PBS  pH 4,35

Acetic acid pH 4,35

No growth



Case 1: Patient with recent 
heel ulcer

Anamnesis
 A 38-year old male with  T2DM associated neuropathy was presented to 

Copenhagen Wound Healing Clinic. A heel ulcer was obtained during a 
vacation due to strenuous walking.

Prior history of treatment with no apparent improvement in wound healing (over 
period of three months)
 Off-loading, therapeutic shoes, and Aircast.
 Wound treatment with silver dressings and compression.
 Several courses of antibiotics. 

Treatment of wound with phosphate buffered acetic acid (patient continued antibiotic 
therapy)
– 6x20 minutes per day, for 10 days (continuous) in combination with NPWT 

Therapy

Klaus Kirketerp-Møller



Case 1: Patient with recent heel 
ulcer

Day 0 Day 11

Klaus Kirketerp-Møller



Hvad nu?

• To look again



Acknowledgments
University of Copenhagen:

Maria Alhede
Kasper N Kragh

Steffen R Eickhardt-Sørensen
Anne K Nielsen

Stephanie G Crone
Majken Sønderholm

Blaine Fritz
Camilla Stavnsbjerg

Marie Thaysen
Lasse Kvich

Lene Bay
Anne Hesselvig

--------------
Michael Givskov, Klaus Qvortrup

Oana Ciofu, Søren Sørensen
Michael Kühl, Mette Burmølle

Hans Petter Hougen, Henrik Elvang Jensen
Louise Kruse Johansen

Rigshospitalet:
Niels Høiby

Peter Østrup Jensen
Claus Moser
Kim Thomsen

Lars Christophersen
Michael Tvede

Claus B Andersen
Preben Homøe

Others:
Klaus Kirketerp-Møller

Lise H Christensen
Trine Rolighed Thomsen

Claus Sternberg
Christine R Hansen

Tanja Pressler
Mark Shirtliff

Claus Manniche
Benny Dahl

Anders Odgaard
Søren Orth-Nissen



Funding Sources

-LEO-Fonden
-Human Frontier Science project

-Capital Region Research Foundation for Health Research

-Novo Nordisk A/S
-AdvanDx Inc.

-Contura



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


