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Orthopedic	devices	infections	and	biofilms

Watts,	Orthobullets;		Lovati et	al,	PLoS One	2013;	8(6):	e67628;	Beloin,	Institut Pasteur.
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Biofilms:	what	are	we	speaking	about	?

Flemming et	al,	Nature	Rev.	Microbiol.	2016;	14:563-75;	Monroe,	PLoS Biol 2007;	5(11):	e307

Attachment																																													Maturation																											Dispersion

Biofilm	=	consortium	of	microorganisms	embedded	in	an	auto-produced	extracellular	matrix	
containing	exopolysaccharides,	proteins	and	extracellular	DNA,	
and	attached	to	a	biotic	or	abiotic	surface	
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History	of	biofilm	development	in	vivo

Natural	history	of	biofilm	formation	in	vivo	during	the	establishment	
of	chronic	implant-associated	S.aureus osteomyelitis	in	mice

Nishitani et	al;	J.	Orthop.	Res.	2015;	33:1311-9
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How	do	biofilm	resist	to	antibiotics	and	host	defenses	?

Costerton et	al;	Science	1999;	284:1318-22

Embedded	bacteria	
are	no	more	
accessible	to	host	
defenses	and	drugs

Planktonic	bacteria	
are	accessible	to	host	
defenses	and	drugs

Phagocytes	may	
become	toxic	
for	host	cells

Bacteria	released	
from	biofilms	can	
reactivate	infection
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PK/PD	parameters	limiting	antibiotic	activity	in	biofilms

Implant	or	bone surface	

pH,	
nutrients	

&	
oxygen

pharmacokinetics

§ diffusibility	through	the	matrix
§ bioavailability	within	the	biofilm
§ access	to	bacteria
§ efflux	out	of	bacteria

pharmacodynamics

§ bacterial	responsiveness
(metabolic	activity	of	bacteria)
§antibiotic	expression	of	activity
(local	environment	[O2,	pH,	..])	
§ interspecies	cooperation
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PK	issues:	drug	concentration	in	the	infected	tissue

Landersdorfer et	al.,	Clin.	Pharmacokinet.	2009;48:89-124

§ Drug	concentration	bone	<<	serum

à Prefer	drugs	with	high	serum	levels	
and	low	MICs….
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PK	issues:	drug	concentration	in	the	biofilm

Activity	in	biofilm	is	correlated	with	antibiotic	penetration

Siala et	al,	Antimicrob.	Ag.	Chemother. 2014;	58:6385–97	

In	vitro	model	of	S.	aureus	biofilm	using	different	clinical	isolates
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PD	issues:	poor	bacterial	responsiveness

Bacterial	eradication	requires	the	elimination	of	persisters

Coulon et	al,	Nature	2013;	503:	365–70	&	Adv.	Exp.	Med.	Biol.	2015;831:1-9

Persisters do	not	respond	to	antibiotics
targets	ClpP,	core	
unit	of	a	major	
bacterial	protease	
complex.
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PK/PD	issues:	sharing	resistance	mechanisms	in	mixed	species	biofilms

Resistance	conferred	to	other	species	in	the	biofilm

Bessa et	al,	Environ.	Microbiol.	Rep.	2015;7:420-6.	

In	vitro	model	of	mixed	species	biofilm	using	
a	susceptible	P.	aeruginosa	and	a	β-lactamase producer E.	coli

NO	biofilm	
for	PA	alone

biofilm	
where	PA	predominates	

in	co-culture	with	
a	β-lactamase producer
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PK/PD	issues:	sharing	tolerance	mechanisms	in	mixed	species	biofilms

Kong	et	al,	MBio 2016;7:e01365-16

In	vitro	model	of	mixed	species	biofilm	with	S.	aureus	and	C.	albicans

Tolerance	conferred	by	the	coating	of	S.	aureus	
by	C.	albicans polysaccharides
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How	to	deal	today	with	biofilm	infections	?

§ Debridement	?
• Inaccessible	zones
• Poorly	efficient	to	remove	biofilms	

Shaw	et	al,	J	Arthroplasty.	2017;32(12):3718-3723

§ Antibiotics	?
• Poorly	effective	on	biofilms

Argenson et	al,	J	Arthroplasty.	2018	Oct	19.	pii:	S0883-5403(18)30806-4
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How	to	deal	today	with	biofilm	infections	?

§ Debridement	?
• Inaccessible	zones
• Poorly	efficient	to	remove	biofilms	

Shaw	et	al,	J	Arthroplasty.	2017;32(12):3718-3723

§ Antibiotics	?
• Poorly	effective	on	biofilms
• Higher	efficacy	in	combination,

including	in	patients

Puhto et	al	International	Orthopaedics (SICOT)	2015;	39:1785–1791
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Innovative	strategies	to	improve	drug	activity	in	biofilms

Matrix	active	agent

§ Killing	of	bacteria

§ Drug	formulations

Combination	with	agents	acting	on	the	matrix
l Enzymes	or	others
l Laser-induced	vapour nanobubbles

§ Disrupting	the	matrix

Adapted	from	Taha et	al.,	Curr.	Rev.	Musculoskelet.	Med.	2018;	11:380–8

Acting	on	persisters
l Reversing	the	persister phenotype	

§ Targeting	persisters

Anti-persister agent
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Treatment	of	biofilms	on	implanted	material:	more	questions	than	answers	…

Do	classical	PD	
criteria	apply	in	PJI	?

Bioavailable	
drug	fraction	?

Antibiotic	expression	
of	activity	in	biofilms	?

Bacterial	
responsiveness	?
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