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Er biofilm altid darligt?




| og pa vores krop

THE HUMAN

Bacteria, fungl, and viruses outnumber human cells in the body
by a factor of 10 to one. The microbes synthesize key

nutrients, fend off pathogens and impact everything

from weight gain to perhaps even brain

development. The Human Microblome

Project is doing a census of the microbe

and sequencing the genomes of many.

The total body count Is not in but it's

believed over 1,000 different

species live in and on the body

inthe include; e=2

1 Helicobacter pylori
1 Streptococcus thermophilus

inthe include; ==

§ Lactobacillus casei

1 Lactobacillus reuteri

0 Lactobacillus gasseri

1 Escherichia coli

1 Bacteroides fragilis

1 Bacteroides thetaiotaomicron
1 Lactobacillus rhamnosus

1 Clostridium difficlle

I

SOURCES: NATIONAL INSTITUTES OF HEALTH, SOENTIFIC AMERICAN; HUMAN MICROBIOM

! MICROBIO!

inthe
include:
§ Streptococcus viridans
I Nelsserla sicca
1 Candida albicans

B Streptococcus salivarius

inthe include;

1 Pityrosporum ovale

1 Staphylococcus epidermidis
1 Corynebacterium jeikeium

§ Trichosporon

B Staphylococcus haemolyticus

= inthe
include:

1 Ureaplasma parvum

1 Corynebacterium aurimucosum

Dean Tweed « POSTMEDIA NEWS

MAGE: Fotolia
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Normal bakterie flora 1 Stratum Corneum
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Bakterier er flok “dyr”




DEVICE-RELATED INFECTIONS TISSUE-RELATED INFECTIONS

Ventricular derivations |_ Chronic otitis media,

chronic sinusitis

Contact lenses

Chronic tonsillitis, dental plaque,
chronic laryngitis

Endotracheal tubes

Endocarditis

Central vascular catheters

Lung infection in cystic fibrosis

Prosthetic cardiac valves,
pacemakers and vascular grafts

Kidney stones

Tissue fillers, breast implants

Biliary tract infections

Peripheral vascular catheters

Urinary tract infections

Urinary catheters
Osteomyelitis
Orthopedic implants and ]
prosthetic joints Chronic wounds

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



Individuel eller 1 flok

EXTERIMENTAL STAPHYLOUOUCAL
IN THE SKIN OF MAN

[NFECTIONS

By Stepren 1), Elek
res's Thspitat Madizl Scined, { misersity of 1

om, Londan. Engiand

vomeept of viculence of 3 mivrobe is relative 1o 4 given Sost species.
“The favt tha: an organism (3 capable of setting up .esions in | experimental ani-
inal sannot be uzed as o basis for comparing the virulence of microbial ¢ raing
in relation (o another spevies of host. The waditional approach of using any
convenient laboratory animal in viralencr studies may vield compleiely fa
vious fadings i differest metabolic prodacis o uther species of animals co
tribute 1o varying degrees of virenre in those species. There is evidence (hul
the virulenee of coagulase positive staphyloraeei docs vary swhen tested on eab-
bits, mice, or o:her animals, but 1)ere is ne information converning he existence
ol similar diffevences in man I mppwr el el 19331,

“I'he varrier rate of coagulase-positive =.e\ptu lococed and tzeie distrilmiion i
s, clothing, and elsewhere is very high, but clinical staphylococeal infevlion
in man is comparidively is suzgesls that either i minority of nasal
. strains are cndowed with speciul virulenee or thit the cireumstances of the

m m infection defermine the oceurrence of discase. Sinee viralence festing on ani-

al I e k O e r S I mals coulil nat be expecied io provide 1he correct answer, il wis decided 10

compare A number of nasal strains with staphylococid isolated from human

lesions by injecting volunteers intradermally.  All the stiains iesierd were

- o coagulase-positive but, as the other Ticlogical properties of such marerizl

Y < 1 OO b akt e r I e r p a S t O f u n d e r have frequently been described, no further details were regarded as relevan.
Virnlerce testiog n uian hclng (4 ily restrivied i extent, our primary

aim wiis 10 eatablish, within ihe limitations of the approach, whether or not dif

] = ferences in the resuiting lesions vould he demonsirated hetween randomly
— 0 selecied nasal strains of Staphvlococcus pyogenes and other strains oblained from
— O y human lesiong, and therefore presumed (o be vieuleet,  The indica .

vhosen was pus formation.  Sinwe staphylococer tepically produce porulent

lesions, the minimum inoentum surviving and progressing to pus farmalion van

0
be used as the Dasis of comparison beiween the virulenee 16 man of differen
SUTains.

Fxperiments on man with Siaph. pyegenes have been carried out hefore
((..mé, 1885; Bumm, 1383; and Bockbare, 18873 but unly 1o shew that they
se. No information was avaiiable concerning the minimal pus-
furmmu: we or concerning differences between strains,  Since :he numbey of
volunteers available was insuificient to test an adequate number of suraius with
differen: sizes of inocula 1t was decided 1o determine the minimad pus-forming
dose for a strain [reshly isolated fron g severe lesion wid thew 1o compare the
efiectz ni the seme dose of nasal and of sowme fuedier known pyogenic strains,
13 the: hypathesia that ocly a minority of nazal siains are virulent is corruel,
s wondl he expected not fa cuse pus formatiie al that dose,
rain obtained from an alscoes of the neck was nfecied i varying dil-

&

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



Akutte infektioner

Necroticerende fasciitis
af
S. pyogenes gruppe A



Antibiotika




MBEC and MBIC

_______________ MBEC of mature biofilm: 128 Hg per ml 1,000 --------—-—------—- MBEC of mature biofilm: 1,024 ug per ml
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MBIC of mature
biofilm: 32 pg per ml
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20| MBIC of young biofilm: 8 pg per ml
_______________ MBC: 4 pg per ml

———————————————— MIC: 1 pg per ml
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_________________________________ MIC: 2 pg per ml

Concentration of colistin in serum (ug per ml)
(=
M
|

Concentration of imipenemin serum (ug perm

[=]

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

Bjarnsholt et al Nature Review Drug Discovery.
2013 Oct 1;12(10):791-808
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Cystisk fibrose — det klassiske eksempel

4 x 2 ugers/ar IV antibiotika behandling
20 ars 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
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Bjarnsholt et al; Wound Repair and Regeneration, 2008 Jan-Feb;16(1):2-10.



Biofilm i Kroniske sar

Visualisation methods

N’ of samples with

Author/s Study design Number of participants with or without molecular Chronic wound aetiologies conﬁrn;oe}.l)hloﬁlm
James ot ol (2008) P ;‘;22“:::115&?3’ o6 Light microscopy, SEM 13 DFUs, 21 PUs 30 out of 50
v 16S rRNA with DGGE 8 VLUs, 24 NHSW (60%)
Kirketerp-Moller (2008) Prospective cohort study 22 PNA-FISH, CLSM Un-specified chronic wounds 1(368;:2)2
Prospective cohort stud 9 PNA-FISH, CLSM 10 VLU 10 of 10
Fazli et al (2009) rospective cohort study ~rISH, S (100%)
P ti hort stud PNA-FISH, 16S rRNA 2 VLU 20f 2
Thomsen et al (2009) rospective conort study 2 -k, s T s (100%)
Sub analysis
p . h d 15 PNA-FISH, CLSM 4 DFUs, 5 PUs, 2 VLUs 90of 15
Han et al (2011) rospective cohort study 16S rRNA 4 NHSW (60%)
Neut et al (2011) Case report 2 CLSM 2 DFUSs 2 of 2
(100%)
» FISH, SEM, 4 of 4
Oates et al (2014) Prospective cohoArt study 4 4 DFUs (100%)
Sub analysis
Prospective cohort study 20 0f 20
Martinez-Velasco et al (2014) conference abstract 20 SEM, LM Un-specified chronic wounds (100%)
45 of 45
Honorato-Sampaio et al (2014) Prospective cohort study 45 TEM 45 VLUs (100%)




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

Global wound biofilm expert panel — 100%

Meta Analysis random-effects model

Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper

rate limit limit ZValue p-Value
James et al 2008 (2008) 0.600 C.460 0.725 1.405 0.160 T+
kirketerp-Mdler & al (2008) 0.591 0.382 0.772 0.848 0.39% —{—
Fadi et al (2009) 0.955 0.552 0.997 2103 0.035 —
Thomsen & al (2009) 0.833 0.194 0.290 1.039 0.299 —_—t
Han et al (2011) 0.600 0.348 0.808 0.7689 0.442 —{—
Nuet et al (2011) 0.833 C.194 0.990 1.039 0.299 —_—
Ceates et al (2014) 0.900 0.326 0.994 1.474 0.140 — T
MbertinezVelasco et al (2014) 0.97 C.713 0.999 2.554 0.009 —
Honorato-Samaio et al (2014) 3080 0.845 0.299 3.172 0.002 —E{

0.782 0.616 0.890 3.102 0.002 ~aii-

-1.00 250 0.00 0.50 1.00

Favours biofilm not prevalent Favours Biofilm is prevalent

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

 Behandlingssvigt eneste mulighed er ofte
at fjerne implantatet

e Sveert at diagnosticere



McConoughey et al. 2014



Human skin Microbiome
Beneficial and nuisance

June 2Htp://tangentindinc.com http://medgraphik.com http://www.growell.co.uk Bjarnsholt et al. 2008



Human skin Microbiome

Beneficial and nuisance
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Normal bacterial flora in Stratumm Corneum




Human skin Microbiome
Beneficial and nuisance
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Normal skin Wound site Normal skin

Day 4
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Agren et al. 2014

June 2015



Human skin Microbiome
Beneficial and nuisance

Normal skin Blister residue Wound site

A A

wEluorescent slide scan of full-thickness skin biopsy — zoom at wound edge




Human skin Microbiome

Beneficial and nuisance
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Biofilm aggregates at wound edges




Human skin Microbiome
Beneficial and nuisance
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Biofilm aggregates at wound edges
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Bjarnsholt et al; Wound Repair and Regeneration, 2008 Jan-Feb;16(1):2-10.



Fordeling af specier

S. aureus P. aeruginosa

Number of wounds

.

,

.

il 111
SANCLENC S SN

Distance to wound surface (um)

S. aureus biofilrd

Fazli Bj hol Iz lin Mi iol. 2 Dec;47(12):4084- . . o
azli and Bjarnsholt et al: J Clin Microbiol. 2009 Dec;47(12):4084-9 P. aeruginosa biofilm



Forskellige omrader

Podninger




Heterogen fordeling af bakterier i kroniske sar

510+£18% 920+9%

3 No sample 300+13%

6 760+7% 8200+8%

9 47+9% 800+10%

12 280+3%

Thomsen TR, Aasholm MS, Bjarnsholt T, Givskov M, Kirketerp-Mgller 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

Picture from homepage of Montana State University



Hvordan genkender man en biofilm?




Biofilm klinisk vs. In vitro




In Vvitro biofilmen

Janus Haagensen Coverglass




IN vivo Biofilmen

CF lunge

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




Surface or not to surface
that Is not the question
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Alhede M et al.; PLoS One. 2011;6(11):e27943




Method
Culturing

PCR etc

Microscopy

Diagnose

Advantages
Bacterial presence is confirmed
Antibiotic susceptibility

Direct quantification

Fast results even when culture is
negative

Low cut-off (used to be 105)

Biofilms are confirmed
Interactions with tissues
Inflammatory cells

Results even when culture-negative

Pitfalls and difficulties
Heterogeneous distribution

Finding the focus

Pathogens vs. contamination

Biofilms or planktonic samples can be

culture-negative

Heterogeneous distribution
Finding the focus
Pathogens vs. contamination

Biofilm or planktonic

Heterogeneous distribution

Finding the focus



Hvad hvis man ikke kan finde
noget?

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

Global wound biofilm expert panel — 100%

WouUND REPAIR AND REGENERATION

THE INTERNATIONAL JOURNAL OF TISSUE REPAIR AND REGENERATION

Consensus guidelines for the identification and treatment of biofilms in chronic non-
healing wounds.

Schultz G, Bjarnsholt T, James GA, Leaper DJ, McBain AJ, Malone M, Stoodley P8,
Swanson T, Tachi M, Wolcott RD; Global Wound Biofilm Expert Panel.

Wound Repair Regen. 2017 Sep 29.



« Bacteria primarily found in the
* (1 exsample of bacteria ii




Acetic acid

= 0.5-2 % acetic acid at pH ~3-5

= CH.COOH — CH.COO" + H* (pKs 4,76)
Active Not active



In Vitro - HCI vs. Acetic Acid

a 1,00E+05
O 1,00E+04
1,00E+03
1,00E+02
1,00E+01 |

1,00E+00 1
1,00E-01 Bl Bl Bl BRI Bl BRI BREEEEE No growth

100 50 25 125 6,25 3,125 1,5625 0,7813 0,3906 0,1953 0

O HCI/PBS pH 4,35
| Acetic acid pH 4,35

pg/ml Tobramycin




Case 1: Patient with recent
heel ulcer

. 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-Mgller



Case 1: Patient with recent heel
ulcer

Klaus Kirketerp-Mgller
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Would you like to learn about

Biofilms in chronic infections?
Sign up for our biofilm online courses at:

o wWww.biofiimcourse.ku.dk
e WWW.Ccoursera.org/course/bacteria




