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Medical Medical devicesdevices--relatedrelated infectionsinfections

1.1. 35 35 millionsmillions//yearyear in USAin USA
2.2. MostMost frequentfrequent complicationcomplication..
3.3. IncreaseIncrease mortalitymortality
4.4. IncreaseIncrease Hospital Hospital staystay
5.5. IncreaseIncrease costscosts x 5x 5--77



Medical Medical devicesdevices--relatedrelated
infectionsinfections: USA.: USA.

DeviceDevice # /# /yearyear InfectionInfection MortalityMortality

IntravascularIntravascular cathetercatheter 200.000.000200.000.000 <0,1<0,1--7%7% 1515--20%20%

UrinaryUrinary cathetercatheter 5.000.0005.000.000 55--10%10%

ShuntsShunts CSFCSF 80.00080.000 1010--15%15%

PacemakersPacemakers 60.00060.000 00--3%3% 2%2%

ProstheticProsthetic valvesvalves 100.000100.000 11--5%5% 34%34%

JointJoint prothesisprothesis 350.000350.000 <1<1--2%2% 2,5%2,5%

Dental Dental implantsimplants 436.000436.000 15%15%

Wadvogel et al. 2000



BiofilmBiofilm formationformation
Initial attachment Adherence Colonization
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AdherenceAdherence dede S. S. epidermidisepidermidis toto TeflonTeflon catheterscatheters

Pascual et al. Eur. J. Clin. Microbiol. (1986). 
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Bacterial Bacterial biofimsbiofims



Bacterial Bacterial biofilmsbiofilms dynamicsdynamics



Bacterial Bacterial adherenceadherence toto catheterscatheters

CatheterCatheter S. S. aureusaureus S. S. epidermidisepidermidis E. coliE. coli P. aeruginosaP. aeruginosa
SiliconizedSiliconized latexlatex 27 27 ±±33 18 18 ±±22 19 19 ±±22 24 24 ±±33
PVCPVC 42 42 ±±55 23 23 ±±33 18 18 ±±22 41 41 ±±44
TeflonTeflon 11 11 ±±11 7 7 ±±0,40,4 3 3 ±±0,10,1 10 10 ±±11
PoliurethanePoliurethane 15 15 ±±11 4 4 ±±0,60,6 9 9 ±±0,10,1 13 13 ±±11
VialonVialon 7 7 ±±11 5 5 ±±0,30,3 4 4 ±±0,20,2 11 11 ±±11

Pascual A et al. J. Med Microbiol. 1991.

AttachedAttached bacteria x 10bacteria x 1055/cm/cm22



SiliconizedSiliconized latexlatex elutedeluted substancessubstances usedused as as 
nutrientsnutrients by by P. aeruginosaP. aeruginosa andand toxictoxic forfor otherother

bacteriabacteria

Pascual A et al. Diag Microbiol Infect Dis. 1991.



EffectEffect ofof biomaterialsbiomaterials onon
hosthost defensedefense mechanismsmechanisms

1.1. PMNsPMNs disfunctionsdisfunctions

2.2. ComplementComplement activationactivation

3.3. InflammatoryInflammatory responseresponse

4.4. SystemicSystemic effectseffects

http://wappingersschools.org/RCK/staff/teacherhp/johnson/visualvocab/WBCeatsBacteria.jpg


EffectEffect ofof biomaterialsbiomaterials onon bactericidalbactericidal
mechanismsmechanisms ofof human human PMNsPMNs

BiomaterialBiomaterial PMAPMA ZimosanZimosan
ControlControl 196196 8686
SiliconizedSiliconized latexlatex 62*62* 32*32*
PVCPVC 104*104* 50*50*
TeflonTeflon 127*127* 51*51*
PoliurethanePoliurethane 180*180* 87*87*
VialonVialon 167*167* 8080

Pascual A. et al. Eur J Clin Microbiol. 1990

*p<0.05

nmolnmol supersuperóóxidexide//mgmg proteinprotein



MechanismsMechanisms ofof antimicrobialantimicrobial
resistanceresistance in bacterial in bacterial biofilmsbiofilms

1.1. BiofilmBiofilm impermeabilityimpermeability: : vancomycinvancomycin, , aminoglycosidesaminoglycosides..
2.2. AlteredAltered growthgrowth raterate ofof sessilesessile bacteria: bacteria: betalactamsbetalactams..
3.3. BiofilmBiofilm microenvironmentmicroenvironment antagonizesantagonizes activityactivity: : 

aminoglycosidesaminoglycosides, , macrolidesmacrolides, , tetracyclinestetracyclines..
4.4. ResistanceResistance mechanismsmechanisms expressedexpressed in in sessilesessile bacteria: ?bacteria: ?
5.5. Horizontal Horizontal disseminationdissemination in in biofilmbiofilm: : plasmidsplasmids..
6.6. CommunicationCommunication systemssystems: : quorumquorum sensingsensing. . 

AminoglycosidesAminoglycosides..
7.7. BiomaterialBiomaterial--inducedinduced resistanceresistance: : carbapenemscarbapenems..

Rodriguez JM, Pascual A. Rev Med Microbiol. In press
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ActivityActivity ofof 8 8 antimicrobialsantimicrobials againstagainst
S. S. epidermidisepidermidis: : planktonicplanktonic VsVs sessilesessile..

AntimicrobialAntimicrobial SlimeSlime -- SlimeSlime ++
AmicacinAmicacin >256>256 >128>128
ClindamycinClindamycin >1024>1024 >128>128
CloxacilinCloxacilin >512>512 >256>256
CiprofloxacinCiprofloxacin >1024>1024 >256>256
VancomycinVancomycin >256>256 3232
TeicoplaninTeicoplanin >64>64 >16>16
RifampinRifampin >32768>32768 >8192>8192

Pascual A et al. J Hosp Infect. 1993 *p<0.05

MBCbiofilmMBCbiofilm//MBCplanktonicMBCplanktonic



ActivityActivity ofof glycopeptidesglycopeptides (4 x MBC) (4 x MBC) againstagainst S. S. 
epidermidisepidermidis biofilmsbiofilms..

AntimicrobialAntimicrobial TeflonTeflon PoliurethanePoliurethane
VancomycinVancomycin 18601860 32703270
TeicoplaninTeicoplanin 363363 316316
V + V + AmicacinAmicacin 0,20,2 242242
V + V + RifampinRifampin 0,60,6 00
T + T + AmicacinAmicacin 3,63,6 00
T + T + RifampinRifampin 3,13,1 00

*p<0.05

Bacteria x 10Bacteria x 1033//cathetercatheter segmentsegment

Pascual et al. Eur J Clin Microbiol. 1994
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24 24 hourhour--biofilmsbiofilms.  .  AntimicrobialAntimicrobial concentrationconcentration: 10 x MIC (24 : 10 x MIC (24 hourhour incubationincubation))

ActivityActivity ofof 4 4 antimicrobialsantimicrobials againstagainst bacterial bacterial biofilmsbiofilms
onon SLC.SLC.



PenetrationPenetration ofof antimicrobialsantimicrobials throughthrough
bacterial bacterial biofilmsbiofilms

Anderl et al. AAC 2000
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PenetrationPenetration ofof 4 4 antimicrobialsantimicrobials throughthrough
bacterial bacterial biofilmsbiofilms onon polycarbonatepolycarbonate

membranesmembranes..
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P. aeruginosaP. aeruginosa y y SiliconizedSiliconized latexlatex
urinaryurinary catheterscatheters (SLC) (SLC) 

•• P. P. aeruginosaaeruginosa isis a a mainmain pathogenpathogen in SLCin SLC--
relatedrelated UTIsUTIs..

•• P. aeruginosaP. aeruginosa adherenceadherence toto SLC SLC isis greatergreater
thanthan thatthat toto otherother bomaterialsbomaterials. . 

•• SLC SLC eluteselutes substancessubstances usedused by by P. P. 
aeruginosaaeruginosa as as nutrientnutrient..

http://images.google.es/imgres?imgurl=www.biologia.pl/nowosci/pseudomonas.jpg&imgrefurl=http://www.biologia.pl/nowosci/kryptonim_pseudomonas.phtml&h=288&w=400&sz=46&tbnid=RQvOhiGH0qIJ:&tbnh=86&tbnw=119&prev=/images%3Fq%3Dpseudomonas%2Baeruginosa%26hl%3Des%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DG


In In thethe presencepresence ofof SLC SLC P. P. aeruginosaaeruginosa
turnsturns resistantresistant toto somesome antimicrobialsantimicrobials

Pascual A. et al. J. Med Microbiol 1997



OMPsOMPs de de P. aeruginosaP. aeruginosa: : EffectEffect ofof SLC SLC 
““eluateseluates””

31.0  

45.0  

66.2  

OprD

1 2 3 4
A. Pascual et al. Antimicrob Agents Chemother. 1999



Zinc Zinc elutedeluted fromfrom siliconizedsiliconized latexlatex--urinaryurinary catheterscatheters
decreaseddecreased OprDOprD expressionexpression, , causingcausing carbapenemcarbapenem

resistanceresistance in in P. P. aeruginosaaeruginosa..

Pascual A. et al. Antimicrob Agents Chemother. 2003



CzcCBACzcCBA: : EffluxEfflux pumppump responsibleresponsible ofof coco--resistanceresistance
toto carbapenemscarbapenems andand heavyheavy metalsmetals in in P. P. aeruginosaaeruginosa..

Perron K.  et al. J Biol Chem 2004; 279: 8761-8768. 
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SurvivalSurvival ofof PseudomonasPseudomonas aeruginosaaeruginosa
onon latexlatex glovesgloves
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Experimental Experimental foreignforeign bodybody--associatedassociated peritonitis in peritonitis in micemice. . 
SiliconizedSiliconized latexlatex VsVs SiliconeSilicone. . 
StrainStrain: : P. P. aeruginosaaeruginosa PAO1. PAO1. 

Catheter Inoculum log
cfu/ml

Liver
Log cfu/g

Splain
Log cfu/g

Catheter
Log cfu EXITUS

Siliconized latex 24 h 6.98±0.23 8,24±1,21 8,23±1,61 6,90±0,87 80%

Silicone 24 h 6.98±0.23 8,52±0,88 8,24±1,63 7,33±0,46 80%

Siliconized latex 24h+IMP 6.89±0.35 3,04±0,80 4,01±0,91 3,82*±2,02 0%

Silicone 24 h+IMP 6.98±0.23 3,11±1,03 4,06±1,04 2,27±1,71 6%

* p>0.05 compared to Silicone

ZincZinc--inducedinduced imipenemimipenem resistanceresistance in in P. P. aeruginosaaeruginosa affectsaffects thethe bacterial bacterial survivalsurvival
atat local local levellevel butbut notnot atat systemicsystemic levellevel..

Pascual A. et al. Submitted



StrategiesStrategies forfor biofilmbiofilm preventionprevention in in 
urinaryurinary catheterscatheters

1.1. AvoidAvoid thethe use use ofof SiliconizedSiliconized latexlatex
urinaryurinary catheterscatheters ((siliconesilicone).).

2.2. AntiAnti quorumquorum sensingsensing agentsagents
((furanonesfuranones).).

3.3. IronIron--scavengingscavenging catheterscatheters..
4.4. Bacterial Bacterial interferenceinterference..
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