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Planktonic vs. biofilm

PHYLOXCQUCAL INFRECTIONS
LN THE SKIN 0OF MAN
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convept of virulence of o mivrobe is relative 10 a given Sost spevies.
‘The faut that an organism i3 capable of sctting up _esions in | experimental ani-
inal vannou be used as 2 basis for vomparing the virulence of mivrobid ¢ ring

o
I n fe cte d a I I re s o I ve d in relation (o another spevies of host. I'he waditional approach of using any
) convenient laboratory animal in virulence studivs may vield completely falla-
vious fiadings 17 differesit metabulic prodacis ia wiher species of animals con-
tribuie 1o varying degrees of vinsenre in those species.  There is evidence it
o o
e <100 CFU onto an implant in humans =
-—
“Ihe varrier rate of congulase-positive 5.
[ ) tusi, clothing, and elsewhere is very high, by
infected, did not resolve
’ straing ure endowed with urmstances of 1he

the virulenee of coagulaae pusitive staphylocacei does vary when wested on rab-
ive, or o.lier aninials,

infection defermine the occurrence of discase.  Since viralence festing on ani-

mals coulil ant be expected io provide 1he correct answer, il decided 1o

comparé a nuniber of nasal strains with staphylococid isolated jrom humun

(] (]
[ ) I m Ia nts O r d ea d t I ss u e Vl ru Ie n ce lesions by injecting volunteers intracdermally,  All the strains il were
coagulase-positive bt as the other Tiological praperties of such

naicrial
have Seequently been deseribed, no further details were regardod as relevan.

Virulence westing im man being vevessarily cesteicied i extenl, our ;n'imary
Ove r 7 5 000 o aim wis 10 eaablish, within the limitations of the approach, whether or not (if
’ (] ferences in the reswiting lesions could be emonsirated hetween mndomly

selevied nasal strains of Staphviococcus pyogenes and nther strains oblained from
human lesions, and therefure presumed 1o e vieule The indicaror effecr
vhosen was pus formation.  Sinve staphylocorct typically produce purulent
lesions, the minimum inoeuium surviving and progressing to pus farmalion van
be used as the lasis of comparison beiween the virolence 16 awn of differem
SUTais.

Fxperiments on man with Staph. pyegenes have been carried out hefore
(Garré, 1885; Bumm, 1383; and Bockkare, 18875 but only 10 show that they
cause disease.  No informalion was avaiiable concerning the minimal pus-
forming dose or concerning differences between strains.  Since e number of
volunicers availuble was insuificient tw test an adequate number of stralus with
differen: sizes of inocula v was decided 1o determine the minimal pus-forming
dose for w strain (reshly isolated from @ severe lesion wid thea 1o compare Lhe
efiectz nf the seme dose of nasal and of sowe furdier known pyogenic sirains,
Lk 1hat orly a minority of nazal srains are virulent is correet,
these 2l e expected not Lo cuse pus fe wnal that dose,

A wirain obtained from an alscess of the neek wis njected i varying dilu-
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Tt in
I staphylacoceal infeclion

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



The problem
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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




A present problem:
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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.




Type of PAAG

L
N

Time since inj

Initial treatment

Time with AE

Aquamid

2 years

Steroid inj
Later AB inj

7 months

Lip

Aquamid

5 year

Steroid inj
Later ABs

Y2 year

Lip

Aquamid

1 month

Steroid + ABs
Later ABs

2 years

Breast

Amazing gel

2 years

ABs
liposuction

5 months

Tear-trough

Aguamid

2 years

Steroid inj
Later ABs

Y2 year

Naso-labial fold

Aquamid

14 days

Steroid
ABs+surgery

1% year

Interfall gel

Y2 year

Steroid
ABs+surgery

2% years

Aquamid

2 years

Steroid
AB inj+surgery

1% years

ouriesy d




u LT B‘.'. i
3y Fadt, IRl il . Y
; g et " - s
A £ & 2
i & s {
= - E o b
i ’ b

[+

L . b o, -
i (BE A AT
= ®

o

Y Bacleria & Gel ®°

"

X% | G e

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



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



JEVICE-RELATED

TISSUE
INFECTIONS INFECTIONS

B P - " Chronic otitis I'I'I'Edi-ﬂ..

. i Chronic tonsilitis,
.................................................................. e N | dental plague, i
............................................................ ..- ar o EI _"I_I_mdEFI':EEFJ'_ﬂIr:E!I?EJ"""""I 1

T Prosthetic candiac vaives, | (& &/ | e, AN Endocarditis |
pacemakers and |\ P e -

i Lung infection in i

b L o CYSHC fibrOSis |

Blliary tract infectlons

Tissue fillers,
breast implants

L..Urinary tract infections__ |

Vaginosis

Orthopedic implants ..~
and prosthetic joints

................................................................

el Chronic wounds
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What is a biofilm
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The In vitro biofilm

Janus Haagensen Coverglass



e No mushrooms

Implant mouse model Bjarnsholt et al Trends in Microbiology 2013



Surface or not to surface
that is not the question
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Alhede M et al.; PLoS One. 2011;6(11):e27943
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By Maria van Gennip



It is the aggregation

Biofilm —— | Chronic #  Acute —— |Free bacteria
infection infection
Host defense and antibiotics Vs Host defense and antibiotics

incapable of clearing capable of clearing (most often)




The problem

Wild type biofilm Live/dead stain of an antibiotic  Paralysis of neutrophils
treated biofilm (white blood cells)



Biofilms and antibiotics

Planktonic
effect

Antibiotic concentration

Time after
administration



Biofilm cells tolerate high doses of antibiotics

Raview Haibry et al.

Table I. Susceptibility in vitro of planktonic and biohlm cells of non-mucoid and mucoid P seraginas to piperacillin
and tobramycin®,

P survival after 45 h

Planktonic cells Young biofilm (2 days) Old bictilm (7 days)
MM =* |\ R NM M MM and M
Piperacillin 200 pg/mL 4% 4% 5-10% -1 3%
Tobramyemn 10 pg/mL 0,001 % 0.00]% 0,00 1% 2% S0% (50 pg/mL
tobramycmn)
Piperacillin 200 pg/mlL + < 0001 % < 0.00]1% < 0001 % 0.1-0.01% 10 (25 pg/mlL
Tobramycm 10 pg/mL tobramycmn)

t L’.l:l.‘l.'IJLLm:, 107 CHL m L. II-IICtn]:I.‘anp:in: 1 }LE.IIEIL., BLIcC ]:li.]:lzt'n.q.—.i]]:in: 1y jJE.IIE'IL. bodified from [1EE|]. * WM ron-muocond . ®® B omooccad.



Silver sulfadiazine (SSD)

Planktonic effect

1E+10
1E+09 |
1E+08 |
1E+07 |
1E+06
1E+05 |
1E+04
1E+03 |
1E+02
1E+01

1E+00

CFU/ml

X ;
NN

ug)ml silver sulfadiazine

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



Physical disruption revert the tolerance
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Morten Alhede 2010



Resistance vs. Tolerance

- C - C C C C C CU ail v U d Jd - c U

“%  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

m subpopulation of genetically identical cells.
: — Non-heritable processes (e.g. biofilm formation and slow growth)




Resistance vs. Tolerance




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

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



In vitro biofilms

LB Glycerol Glucose LB Glycerol Glucose
2% 1% 2% 1%

Attached biomass NOT viability

Viability/geneexpression



The In vitro biofilm

Janus Haagensen Coverglass



P. aeruginosa day 4,

Anders A. Jgrgensen 2003
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e No mushrooms

Implant mouse model Bjarnsholt et al Trends in Microbiology 2013



Antibiotic susceptibility

Traditional Antibiotic treatment

>

Biofilm
effect
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Planktonic E
effect

Antibiotic concentration

Time after
administration



What to do?




+ ciprofloxacin + ciprofloxacin + colistin
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What to do?

e Highest doses possible
* Long term

e 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

*  WwWw.coursera.org/course/bacteria




