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BiocidesBiocides – an alternative to – an alternative to

antibioticsantibiotics or an  or an emergingemerging

threatthreat to public  to public healthhealth and and

ourour  environmentenvironment??



AntimicrobialAntimicrobial  substancessubstances
DefinitionsDefinitions

�� BiocideBiocide:: an  an activeactive  chemicalchemical  moleculemolecule to to
controlcontrol the  the growthgrowth of or  of or killkill  bacteriabacteria in a in a
biocidalbiocidal  productproduct

�� AntibioticAntibiotic:: an  an activeactive  substancesubstance of  of syntheticsynthetic
or or naturalnatural  originorigin  whichwhich is  is usedused to  to eradicateeradicate
bacterialbacterial  infectionsinfections in humans or animals in humans or animals



AntibioticsAntibiotics  contracontra  biocidesbiocides

�� AntibioticsAntibiotics:: the  the toxictoxic
effecteffect is  is selectiveselective, i.e., i.e.
directeddirected  againstagainst
microorganismsmicroorganisms

�� BiocidesBiocides:: not  not selectiveselective,,
toxictoxic to all  to all livingliving
organisms – organisms – cancan  damagedamage
humans, animals,humans, animals,
environmentenvironment



BiocidesBiocides

�� The The numbernumber//volumevolume of  of biocidesbiocides in  in useuse is high is high

�� In In contrastcontrast to  to antibioticsantibiotics, not , not regularlyregularly
monitoredmonitored and no  and no demandsdemands to  to documentdocument the the
effectseffects on the  on the environmentenvironment

�� The market for The market for biocidesbiocides  amountedamounted to 10-11 to 10-11
billion euros 2006billion euros 2006

�� A A growthgrowth of 4-5% per  of 4-5% per annumannum for the  for the previousprevious
15 15 yearsyears



ProblemProblem

�� AntibioticAntibiotic  resistanceresistance has  has increasedincreased  worldwideworldwide
leadingleading to  to treatmenttreatment  failuresfailures in human and in human and
animal animal infectionsinfections

�� ThereThere are  are convincingconvincing  evidenceevidence that  that antibioticsantibiotics
and and biocidesbiocides  shareshare  resistanceresistance  mechanismsmechanisms
developeddeveloped by  by bacteriabacteria

�� PossiblePossible  consequenceconsequence::  selectionselection and and

disseminationdissemination of  of antibioticantibiotic  resistantresistant  bacteriabacteria

by by biocidebiocide  useuse



TypesTypes of  of biocidesbiocides

��DisinfectantsDisinfectants, , antisepticsantiseptics

�� ConservativesConservatives

�� PesticidesPesticides

��MiscellaneousMiscellaneous



BiocidesBiocides in  in healthhealth  carecare

�� The The cornerstonecornerstone of  of anyany  effectiveeffective program program
of prevention and of prevention and controlcontrol of  of healthhealth  carecare
associatedassociated  infectionsinfections



SilverSilver

�� ToxicToxic  heavyheavy  metalmetal with no  with no physiologicalphysiological  functionfunction

�� UsedUsed for  for centuriescenturies, , disappeareddisappeared with the  with the introductionintroduction
of of antibioticsantibiotics

�� ReintroducedReintroduced in the 1960s at  in the 1960s at burnburn centers –  centers – increasedincreased
the the survivalsurvival of  of extensivelyextensively  burntburnt patients patients

�� 3 forms:3 forms:

�� metalmetal ( (closeclose to  to non-toxicnon-toxic, , long-livedlong-lived))

�� ionion ( (toxictoxic, , short-livedshort-lived))

�� nanoparticlenanoparticle ( (toxictoxic, , long-livedlong-lived))

��Can pass Can pass throughthrough all  all barriersbarriers in the  in the bodybody,,
includingincluding the  the blood-brainblood-brain  barrierbarrier

�� Is Is easilyeasily  incorparatedincorparated  intointo  variousvarious materials materials



Silver activitySilver activity

�� Silver Silver ionsions in  in contactcontact with water  with water leadlead to to
formation of formation of toxictoxic  freefree  radicalsradicals and  and oxidativeoxidative
cell cell damagedamage (cell  (cell membranesmembranes, DNA), DNA)
�� EspeciallyEspecially  toxictoxic to  to water-livingwater-living organisms organisms

�� CarcinogenicCarcinogenic

�� In In sewagesewage  treatmenttreatment  worksworks, , bacteriabacteria  purifypurify the the
waterwater

�� By By washingwashing  clothesclothes with silver, the silver  with silver, the silver contentcontent
in in sewagesewage has  has increasedincreased in Sweden in Sweden



Silver –  a Silver –  a risingrising  biocidalbiocidal ” ”starstar””

�� IntroductionIntroduction of  of silver-basedsilver-based  woundwound dressings in dressings in
20002000

�� Rapid Rapid developmentdevelopment of silver  of silver productsproducts  thereafterthereafter..

�� Nanosilver Nanosilver cancan be  be foundfound in  in almostalmost  anyany  typetype of of
productproduct –  – eveneven  whenwhen  itsits  biocidalbiocidal  effectseffects are not are not
neededneeded, ”just in , ”just in casecase””

�� Nanosilver is today the Nanosilver is today the mostmost  commercializedcommercialized
nanoparticlenanoparticle of all of all



Silver-basedSilver-based dressings  dressings startedstarted it all – it all –

howhow  wellwell  dodo  theythey  functionfunction in  in vivovivo??

�� StudyStudy at Uppsala University Hospital  at Uppsala University Hospital betweenbetween
november november 2006 and 2006 and septemberseptember 2007 2007

�� 14 patients with 14 patients with chronicchronic leg  leg ulcersulcers::
�� Group 1Group 1  (n = 7)(n = 7)::  AquacelAquacel Ag® (ionized silver, Ag® (ionized silver,
ConvaTecConvaTec) for 3-5 weeks. Change of dressings 3) for 3-5 weeks. Change of dressings 3
times/week. Cultures before and after the silvertimes/week. Cultures before and after the silver
treatmenttreatment

�� Group 2Group 2  (n = 7)(n = 7)::  AquacelAquacel Ag®/ Ag®/ActicoatActicoat®®
((nanosilvernanosilver, , Smith&NephewSmith&Nephew) for at least 2 months.) for at least 2 months.
Culture after the silver treatmentCulture after the silver treatment



ResultsResults

�� Cultures yielded 56 isolatesCultures yielded 56 isolates

�� Primary wound pathogens (Staphylococcus Primary wound pathogens (Staphylococcus aureusaureus,,
beta-beta-hemolytichemolytic streptococci, Pseudomonas  streptococci, Pseudomonas aeruginosaaeruginosa))
grew in 79% of the cultures before treatment and in 71%grew in 79% of the cultures before treatment and in 71%
afterafter

�� Most common bacterial finding: Staphylococcus Most common bacterial finding: Staphylococcus aureusaureus

�� 3 patients had growth of beta-3 patients had growth of beta-hemolytichemolytic streptococci streptococci
despite the silver-dressingsdespite the silver-dressings

�� 1 1 EnterobacterEnterobacter  cloacaecloacae  isolateisolate  waswas  silver-resistantsilver-resistant

(silver (silver nitratenitrate  MIC >512 mg/L). More resistant toMIC >512 mg/L). More resistant to

antibiotics than expectedantibiotics than expected



WhyWhy  waswas silver less  silver less activeactive  againstagainst

gram-positivegram-positive  bacteriabacteria??

�� All S. All S. aureusaureus-strains demanded extremely high-strains demanded extremely high
silver concentration to be killed; the silver couldsilver concentration to be killed; the silver could
not kill them, just inhibit their growthnot kill them, just inhibit their growth

�� The gram-negative bacteria were relatively easyThe gram-negative bacteria were relatively easy
to kill. However, one of them was still able toto kill. However, one of them was still able to
avoid the avoid the biocidalbiocidal effects of silver effects of silver



HowHow  couldcould the E.  the E. cloacaecloacae  strainstrain

becomebecome  silver-resistantsilver-resistant??



FurtherFurther in vitro studies on  in vitro studies on gram-negativegram-negative

bacteriabacteria

�� 14 strains (14 strains (enterobacteriaenterobacteria, , P.aeruginosaP.aeruginosa
with/without antibiotic resistance)with/without antibiotic resistance)

�� 5 strains (36%) developed silver resistance5 strains (36%) developed silver resistance
after exposure to silverafter exposure to silver



One of the One of the silver-resistentsilver-resistent  strainsstrains  causedcaused a a

major major outbreakoutbreak ( (nn=about=about 300 patients) at 300 patients) at

Uppsala University Hospital Uppsala University Hospital duringduring 2005-2007 2005-2007

The The strainstrain  waswas  importedimported from the  from the MiddleMiddle East East

throughthrough a patient with extensive  a patient with extensive woundswounds

It It harboredharbored a plasmid  a plasmid whichwhich  carriedcarried  bothboth

genes genes encodingencoding an ESBL and the  an ESBL and the wholewhole silver silver

resistanceresistance  cassettecassette (=  (= indirectindirect  selectionselection))



Cross-resistanceCross-resistance to  to antibioticsantibiotics

�� Silver Silver exposureexposure  mediatedmediated  increasedincreased  resistanceresistance to to
beta-lactamsbeta-lactams, the , the mostmost  importantimportant  classclass of of
antibioticsantibiotics

�� Most worrying was that 1Most worrying was that 1  strain developedstrain developed
resistance to resistance to carbapenemscarbapenems, the last resort for, the last resort for
patients with life-threatening infectionspatients with life-threatening infections

�� This was due to changes of the cell wallThis was due to changes of the cell wall
permeability (= direct selection)permeability (= direct selection)



A paradox?A paradox?

�� A A lotlot of  of workwork is  is nownow  focusedfocused on  on stoppingstopping the the
developmentdevelopment of  of multiresistantmultiresistant  bacteriabacteria. The. The
antibioticantibiotic  consumptionconsumption has  has decreaseddecreased. Not. Not
withoutwithout  medicalmedical risks risks

�� At the same time the At the same time the useuse of  of biocidesbiocides is is
increasingincreasing  moremore  thanthan  everever

�� DocumentedDocumented  cross-resistancecross-resistance to  to antibioticsantibiotics
((triclosantriclosan, , chlorhexidinechlorhexidine, silver), silver)

�� MayMay  actact as an  as an indirectindirect  selectorselector of  of multiresistantmultiresistant
bacteriabacteria ( (chlorhexidinechlorhexidine and MRSA, silver and and MRSA, silver and
ESBL)ESBL)

�� The The awarenessawareness of the risks is  of the risks is quitequite  limitedlimited



The The seriousnessseriousness is  is pointedpointed  outout by by

WHOWHO

�� AntimicrobialAntimicrobial  resistanceresistance  waswas the  the themetheme of the World of the World
Health Day 2011. ”No action today, no Health Day 2011. ”No action today, no curecure
tomorrowtomorrow””

�� IdentifiedIdentified problems: problems:
�� Lack of researchLack of research

�� No No commitmentcommitment

�� WeakWeak  surveillancesurveillance

�� PoorPoor  drugdrug  qualityquality

�� IrrationalIrrational  drugdrug  useuse

�� No No infectioninfection  controlcontrol

The same problems
with biocides



The The ScientificScientific  CommitteeCommittee on  on EmergingEmerging

and and NewlyNewly  IdentifiedIdentified Health Risks 2009 Health Risks 2009

�� PrudentPrudent  useuse  guidelinesguidelines for  for biocidesbiocides  shouldshould
be be evaluatedevaluated and  and harmonizedharmonized

�� SurveillanceSurveillance programs  programs investigatinginvestigating
bacterialbacterial  resistanceresistance to  to biocidesbiocides are are
recommendedrecommended

�� EnvironmentalEnvironmental  monitoringmonitoring programs for programs for
undesirableundesirable  substancessubstances  shouldshould  includeinclude
biocidesbiocides



ThankThank you! you!


