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Biofilm production using distinct media and 
antimicrobial susceptibility profile of  
Pseudomonas aeruginosa
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ABSTRACT

Bioilmκproductionκisκanκimportantκmechanismκforκbacterialκsurvivalκandκitsκoccurrenceκtogetherκ
withκantimicrobialκresistanceκrepresentsκaκchallengeκforκclinicalκmanagement.κHere,κweκevaluat−
edκtheκabilityκforκbioilmκproductionκamongκP. aeruginosaκisolatesκfromκpatientsκwithκorκwithoutκ
cysticκibrosisκ(CF)κusingκtwoκdistinctκmedia,κbesidesκdeterminingκtheκantimicrobialκsusceptibilityκ
proileκ ofκ theseκ isolatesκ forκ eightκ antimicrobialκ agents.κ heκ abilityκ forκ bioilmκ productionκ whenκ
TSBκ mediumκ wasκ usedκ wasκ higherκ thanκ whenκ usedκ CFκ sputumκ mediaκ (pκ =κ 0.0198).κ However,κκ
P. aeruginosaκisolatesκfromκCFκhaveκdemonstratedκsimilarκperformanceκforκbioilmκproduction,κin−
dependentlyκofκtheκmediumκused.κBesides,κamongκtheκbioilm−producingκisolates,κthoseκrecoveredκ
fromκCFκwereκmoreκresistantκtoκtheκcarbapenemsκ(meropenemκandκimipenem)κagentsκthanκthoseκ
isolatesκfromκnon−CFκisolates.

Keywords:κbioilm;κPseudomonas aeruginosa;κcysticκibrosis;κantimicrobialκresistance.

INTRODUCTION

Pseudomonas aeruginosaκ isκ oneκ ofκ theκ lead−
ingκ causesκ ofκ nosocomialκ infectionsκ andκ itκ
hasκaκcrucialκroleκinκcysticκibrosisκ(CF),κbeingκ
responsibleκ forκ highκ levelκ mortalityκ andκ mor−
bidity.1,2κ heκ lungκ ofκ CFκ patientsκ isκ character−
izedκbyκhighκmucusκproduction,κwhichκblocksκ
clearanceκmechanisms.κP. aeruginosaκgrowsκinκ
CFκlungκasκmicrocoloniesκpromotingκresistanceκ
toκimmunologicκcellsκdefenseκasκwellκasκpersis−
tenceκcharacterκinκfaceκofκnutritionalκdeiciencyκ
andκoxygenκdeprivation.3,4

Itκ isκ wellκ recognizedκ thatκ bioilmκ modeκ ofκ
growthκ canκ promoteκ resistanceκ toκ antimicro−
bialκagents,κandκitsκoccurrenceκinκtheκinfectionκ
processκ hasκ beenκ consideredκ aκ limitingκ factorκ
forκ therapeuticκ success.5,6κ Moreover,κ thereκ areκ
justκaκfewκstudiesκthatκevaluateκbioilmκproduc−
tionκonκmucusκandκsputumκin vitroκandκunderκ
theseκ conditionsκ oneκ couldκ expectκ betterκ cor−
relationκin vivoκproduction.κ

heκaimκofκ theκpresentκ studyκwasκ toκcom−
pareκ bioilmκ productionκ amongκ P. aerugi-

nosaκ isolatesκ usingκ trypticκ soyκ brothκ (TSB),κ
asκ conventionalκ medium,κ andκ aκ poolκ ofκ CFκ
sputum,κ asκ alternativeκ mediumκ inκ microti−

terκ plateκ assay.κ Besides,κ itκ wasκ alsoκ comparedκ
theκ antimicrobialκ susceptibilityκ profileκ ofκκ
P. aeruginosaκ bioilm−producingκ isolatesκ re−
coveredκfromκCFκandκnon−CFκpatientsκagainstκ
eightκantimicrobialκagents,κusingκTSBκmedium.

MATERIAL AND METHODS

Samples and media

Aκtotalκofκ124κP. aeruginosaκisolates,κ52κfromκCFκ
(PCF+)κandκ72κfromκnon−CFκ(PCF−)κpatients,κ
recoveredκformκsputumκandκendotrachealκaspi−
ratesκwereκevaluated.

Sputumκspecimensκfromκrandomlyκselectedκ
CFκ patientsκ wereκ collectedκ intoκ aκ sterileκ bot−
tleκtoκprepareκaκpoolκofκsputum.κToκcertifyκtheκ
qualityκofκtheκsputum,κanκamountκofκeachκspeci−
menκwasκstainedκbyκGramκandκmicroscopicallyκ
inspectedκ(100x)κusingκtheκpresenceκofκ<κ10κepi−
thelialκcellsκperκieldκasκcriterion.κAter,κthisκpoolκ
wasκhomogenizedκmechanically,κautoclavedκatκ
121°Cκduringκ15κminκandκstoredκatκ−20°C.κ

Biofilm formation

Quantitativeκ determinationκ ofκ biofilmκ wasκ
madeκusingκaκmicrotiterκplateκassayκinκaccord−
anceκwithκO’Tooleκetκal.,7κwithκsomeκmodifi− Este é um artigo Open Access sob

 a licença de CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/


302

cations.κInκbrief,κthreeκtoκiveκcoloniesκwereκsuspendedκinκ5κ
mLκofκTSBκandκincubatedκovernightκwithoutκshaking.κAterκ
incubation,κtheκstationary−phaseκcultureκwasκvortexedκandκκ
thereaterκ dilutedκ 1:100κ inκ TSBκ withκ 0.25%κ glucose,κκ
andκ200κμLκofκthisκsolutionκwasκincubatedκinκ96−wellκplatesκ
overnightκatκ35κ±κ1°C.κMediaκwithκsuspendedκbacteriaκwasκ
thenκremoved;κtheκplatesκwereκcarefullyκwashedκfourκtimesκ
withκwaterκandκair−driedκbeforeκ200κμLκofκ0.9%κcrystalκvio−
letκsolutionκ(Sigma,κStockholm,κSweden)κwasκaddedκforκ15κ
min.κAterκremovingκtheκdyeκsolutionκandκwashingκwithκwa−
ter,κtheκattachedκdyeκwasκsolubilizedκwithκ95%κethanolκandκ
theκopticalκdensityκofκtheκadherentκbioilmκwasκdeterminedκ
dualκwithκ450/630κnmκmicrotiterκplateκreaderκ(OrthoRead−
erκII,κOrthoκdiagnosticκsystems,κNewκJersey,κUSA).κInκtheκ
experiments,κweκhaveκjustκusedκTSBκwithκ0.25%κglucoseκasκ
aκ negativeκ controlκ (backgroundκ absorbance).κ Allκ isolatesκ
wereκtestedκatκ leastκthreeκtimesκinκtriplicate.κForκinterpre−
tationκofκ theκresults,κ theκ isolatesκwereκclassiiedκasκ follow:κ
non−producing,κ weak,κ moderate,κ andκ strong−producing,κ
basedκonκtheκfollowingκopticκdensityκ(OD)κaverageκvalues:κ

ODκ(isolate)κ≤κODκ(control)κ=κnon−biofilm−producing;κ
ODκ (control)κ ≤κ ODκ (isolate)κ ≤κ 2ODκ (control)κ =κ weak−
producing;κ
2ODκ(control)κ≤κODκ(isolate)κ≤κ4ODκ(control)κ=κmoder−
ate−producing;
4ODκ(control)κ≤κODκ(isolate)κ=κstrong−producing.8

Control strains

Aκreferenceκbiofilm−producingκstrainκofκPseudomonas 

aeruginosaκ PAO1κ andκ aκ non−producingκ strainκ ofκ Pseu-

domonas aeruginosaκATCCκ27853κwereκusedκasκcontrols.

Antimicrobial susceptibility profile

Susceptibilityκ profileκ toκ amikacin,κ aztreonam,κ cefepime,κ
ceftazidime,κciprofloxacin,κgentamicin,κimipenem,κmero−

penemκ andκ piperacillin−tazobactamκ wasκ assessedκ byκ theκ

VITEKκ automatedκ systemκ (bioMérieux,κ Marcyκ l`Étoile,κ

France)κ usingκ GNS−655κ cardsκ (bioMérieux,κ Marcyκ

l`Étoile,κ France)κ inκ accordanceκ withκ manufacturer’sκ in−

structionsκ andκ breakpointsκ establishedκ byκ CLSIκ docu−

ments.9κTheκantimicrobialκsusceptibilityκprofileκofκtheκbi−

ofilmκproducersκwasκevaluatedκbasedκonκtheκTSBκresults.

Statistical analysis

Fisher’sκ exactκ testκwasκusedκ toκ compareκbiofilmκproduc−

tionκbyκTSBκandκCFκsputumκmedia,κasκwellκasκbiofilmκpro−

ductionκofκcysticκfibrosisκandκnon−cysticκfibrosisκpatientsκ

inκsputumκmedia.κAκp−valueκ<κ0.05κwasκconsideredκstatis−

ticallyκsignificant.

RESULTS

Biofilm production

Inκ TSB,κ 96.1%κ (50/52)κ ofκ theκ PCF+κ isolatesκ haveκ pro−

ducedκbiofilm.κAmongκPCF−κisolates,κ91.7%κ(66/72)κhaveκ

producedκbiofilm.κAκstrongκcapacityκtoκformκbiofilmκhasκ

beenκobservedκinκ56%κ(28/50)κandκinκ39.4%κ(26/66)κofκtheκ

PCF+κandκPCF−κisolates,κrespectively.κUsingκCFκsputum,κ

92.3%κ(48/52)κofκtheκPCF+κisolatesκshowedκtoκbeκbiofilm−

producersκ andκ mostκ ofκ theseκ wereκ classifiedκ asκ moder−

ateκ biofilm−producersκ (58.3%).κ Amongκ PCF−κ isolates,κ

66.7%κ(48/72)κwereκbiofilm−producersκandκ46%κ(22/48)κ

ofκ theseκ isolatesκ wereκ classifiedκ asκ strongκ biofilm−pro−

ducersκ(Tableκ1).κTheκdifferenceκinκtheκabilityκofκproduc−

ingκ biofilmκ betweenκ PCF−κ andκ PCF+κ isolates,κ 66.7%κvsκ

92.3%,κ respectively,κ showedκ toκbeκextremelyκ significantκκ

(pκ=κ0.0009).

Ofκ theκ 52κ PCF+κ isolatesκ thatκ wereκ evaluatedκ usingκ CFκ

sputum,κonlyκtwoκwereκunableκtoκproduceκbioilm.κHowever,κ

ourκresultsκshowedκthatκbioilmκproductionκusingκTSBκwasκ

higherκthanκwhenκusedκCFκsputumκ(pκ=κ0.0198)κ(Tableκ1).

BioilmκproductionκamongκPseudomonas aeruginosa

Table 1. Biofilm production among P. aeruginosa isolates using two distinct media

 Source of the      Biofilm production in TS    Biofilm production in CF sputum

 isolates (nº) Non producer Weak Moderate Strong Non producer Weak Moderate Strong

 PCF+a (52) 2 6 16 28 4 8 28 12

 PCF-b (72) 6 14 26 26 24 12 14 22

 Subtotal (124) 8 20 42 54 28 20 42 34

 Total (124) 8*  116*  28*  96*

aPCF+, Pseudomonas aeruginosa from cystic fibrosis patients.
bPCF-, Pseudomonas aeruginosa from non-cystic fibrosis patients.

* Biofilm production considering TSB and CF sputum were statistically significant (p = 0.0198).
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Antimicrobial susceptibility profile and biofilm 
production

Tableκ 2κ illustratesκ theκ antimicrobialκ susceptibilityκ proileκ
ofκ P. aeruginosaκ bioilm−producingκ fromκ PCF+κ andκ PCF−.κκ
Isolatesκ withκ anyκ degreeκ ofκ biofilmκ productionκ (weak,κ
moderateκorκstrong)κwereκconsideredκasκproducer.κCipro−
floxacinκ wasκ theκ leastκ activeκ antimicrobialκ agentκ againstκ
theκ panelκ ofκ PCF+κ isolatesκ (48%κ resistant)κ followedκ byκ
ceftazidimeκ (40%)κ andκ aztreonam,κ cefepimeκ andκ piper−
acillin−tazobactamκ (32%).κ Aκ highκ proportionκ ofκ PCF+κ
isolatesκdisplayedκintermediateκsusceptibilityκtoκcefepimeκ
(40%).κOnκtheκotherκhand,κisolatesκfromκPCF−κwereκmoreκ
susceptibleκ toκ piperacillin−tazobactamκ (81.8%)κ andκκ
moreκ resistantκ toκ meropenemκ (63.6%).κ Eighteenκ PCF−κ
isolatesκ (25%)κ wereκ susceptibleκ toκ allκ eightκ antimicrobialκ
agentsκ tested.κ Interestingly,κonlyκ sixκPCF+κ isolatesκ (11.5%)κ
wereκsusceptibleκtoκallκeightκantimicrobialκagentsκtested.

DISCUSSION

heκbioilmκmodeκofκgrowthκisκanκimportantκbacterialκsur−
vivalκ strategy.κ Pseudomonas aeruginosaκ canκ produceκ bio−
ilmκinκlungsκofκchronicallyκinfectedκcysticκibrosisκpatients,κ
protectingκ theκ bacteriaκ againstκ antimicrobialκ agentsκ andκ
immuneκresponses.10,11κBioilmκstartsκgrowingκonκaκ surfaceκ
involvingκaκcomplexκmechanismκofκinteractionκbetweenκbac−
teriaκandκenvironment.κhisκ interaction,κusuallyκstartedκbyκ
aκprimaryκadhesion,κ isκreversibleκduringκtheκirstκcoupleκofκ
hours;κlaterκtheκadhesionκbecomesκirreversibleκdueκtoκpiliκandκ
polysaccharidesκofκ theκbacteria.κBacterialκadherenceκ toκ theκ
airwayκcomponents,κsuchκasκepithelialκcellsκandκmucus,κhasκ
beenκconsideredκtoκbeκaκirstκstepκforκcolonizationκandκsub−

sequentκestablishmentκofκanκinfectionκprocess.6κhisκmecha−
nismκisκstillκpoorlyκunderstoodκandκaκlotκofκpossibilitiesκsuchκ
asκimpermeabilityκofκtheκmatrixκandκbacterialκpersistentκcellsκ
probablyκ contributeκ forκ thisκ dynamicκ status.κ Also,κ bioilmκ
productionκ hasκ beenκ relatedκ toκ theκ occurrenceκ ofκ geneticκ
eventsκ suchκ asκ hypermutation,κ transferκ ofκ genesκ andκ acti−
vationκofκdistinctκmetabolicκpathways.5κ Itκ isκdescribedκ thatκκ
P. aeruginosaκ canκ interactκ withκ elementsκ likeκ mucins,κ leci−
thin,κeukaryoticκDNA,κsalt,κironκandκotherκelementsκpresentκ
inκtheκmucusκandκcontributeκforκtheκbioilmκproduction.6κ

Inκ thisκ study,κ weκ haveκ evaluatedκ theκ useκ ofκ twoκ me−
diaκasκvehicleκtoκperformκtheκtestκforκbiofilmκproduction.κ
Usingκ aκ poolκ ofκ CFκ sputum,κ isolatesκ fromκ 48κ PCF+κ andκ
48κPCF−κ showedκ toκbeκbiofilmκproducing,κwhileκ isolatesκ
fromκ 4κ PCF+κ andκ 24κ PCF−κ showedκ toκ beκ non−biofilmκ
producing.κ Still,κ biofilmκ productionκ inκ TSBκ wasκ higherκ
thanκinκCFκsputumκ(pκ=κ0.0198).κThisκcanκbeκexplainedκbyκκ
P. aeruginosaκ growingκ asκ microcoloniesκ surroundedκκ
byκ matrix,κ mainlyκ alginate,κ onκ sputumκ elements;κ inκ thisκ
conditionκ isκ notκ observedκ theκ fullκ adherenceκ toκ theκ mi−
croplateκ well.κ Onκ theκ otherκ hand,κ theκ sputumκ canκ beκ aκ
lessκrichκmediumκthanκTSBκtoκsupportκbiofilmκproductionκ
inκbothκgroups.κBut,κinterestingly,κweκhaveκobservedκthatκ
PCF+κisolatesκmaintainedκtheirκabilityκofκbiofilmκproduc−
tionκ inκ bothκ media.κ Itκ isκ knownκ thatκ nutritionallyκ richκ
conditionsκmayκbeκpresentκinκtheκCFκairways,κmainlyκami−
noκacids.κThisκisκtheκmainκfactκthatκpromotesκauxotrophicκ
isolates.κBesides,κ inκ theκsecretionsκofκ theseκpatientsκsub−
stancesκthatκfreelyκcirculateκinκtheκairwayκenvironmentκareκ
generated,κespeciallyκinκchronicκprocesses.κThisκconditionκ
mayκ promoteκ aκ selectionκ ofκ P. aeruginosaκ isolatesκ withκ
higherκcapacityκforκbiofilmκproduction.3

Perez,κBarth

Table 2. Antimicrobial susceptibility profile of biofilm producers of cystic fibrosis patients vs. non-cystic fibro-

sis patients using TSB mediuma

 Antimicrobial  Cystic fibrosis patients (nb = 50) Non-cystic fibrosis patients (nb = 66)

 agents % susceptiblec % intermediatec % resistantc % susceptiblec % intermediatec % resistantc

 Amikacin 76 8 16 72.7 - 27.3

 Aztreonam 52 16 32 57.7 9 33.3

 Cefepime 28 40 32 30.3 24.2 45.5

 Ceftazidime 40 20 40 30.3 24.2 45.5

 Ciprofloxacin 52 - 48 54.5 - 45.5

 Gentamicin 48 28 24 63.6 - 36.4

 Imipenem 72 8 20 33.3 18.2 48.5

 Meropenem 92 - 8 36.4 - 63.6

 Piperacillin-tazobactam 68 - 32 81.8 - 18.2

aConsidering any degree of biofilm production (weak, moderate or strong).
bn is the total number of isolates with biofilm producer status.
cSusceptible, intermediate and resistant phenotypes, from CLSI breakpoints.

Braz J Infect Dis 2011; 15(4):301-304
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Inκ thisκ study,κ isolatesκ withκ higherκ capacityκ toκ produceκ
bioilmκtendedκtoκhaveκhigherκratesκofκresistanceκtoκtheκpanelκ
ofκ antimicrobialκ agentsκ tested,κ rangingκ fromκ 86.6%κ (aztre−
onam)κtoκ100%κ(amikacin)κ(dataκnotκshown).κDelissaldeκandκ
Amábile−Cuevas12κhaveκreportedκ inκ theirκ studyκaκ rateκ slightlyκ
higherκagainstκsixκantimicrobials,κrangingκfromκ62%κtoκ92%κofκκ
bioilmκ productionκ amongκ resistantκ isolatesκ aterκ 24κ hκκ
ofκ incubation.κheκauthorsκstatedκthatκmultiresistantκisolatesκ
hadκaκhigherκcapacityκtoκproduceκbioilmκbothκatκ8κandκ24κhκ
ofκ incubation.κ Interestingly,κ inκ thisκ studyκ theκ minorityκ ofκκ
P. aeruginosaκ isolates,κ notκ includingκ isolatesκ fromκ CF,κ wasκκ
capableκofκproducingκbioilm.12κInκourκstudy,κofκtheκ72κiso−
latesκfromκPCF−,κsixκ(8.3%)κwereκunableκtoκproduceκbioilmκ
inκTSB.κAmongκisolatesκfromκPCF+,κonlyκtwoκisolatesκ(3.8%)κ
wereκunableκtoκproduceκbioilmκwhenκweκusedκTSBκasκme−
dium.κ Onκ theκ otherκ hand,κ 24κ PCF−isolatesκ wereκ unableκ toκ
produceκ bioilmκ whenκ CFκ sputumκ wasκ usedκ asκ medium.κ
FourκisolatesκfromκPCF+κwereκunableκtoκproduceκbioilmκinκ
CFκ sputumκ medium.κ Surprisingly,κ theseκ fourκ isolatesκ wereκ
strongκbioilmκproducersκinκTSBκmedium.

Knowledgeκofκ theκ susceptibilityκofκP. aeruginosaκ toκ an−
timicrobialκ agentsκ usedκ forκ treatmentκ notκ onlyκ servesκ asκ aκ
guideκtoκtreatmentκforκindividualκCFκpatients,κbutκitκisκalsoκ
valuableκ forκ identifyingκ theκ prevalenceκ ofκ resistantκ strainsκ
withinκandκamongκdiferentκtreatmentκcenters,κgivenκtheκmo−
bilityκofκsomeκpatients.κOurκresultsκhaveκdemonstratedκthatκ
isolatesκfromκPCF+κandκPCF−κpossessκdistinctκproilesκagainstκ
aκpanelκofκantimicrobials.κ Inκparticular,κveryκhighκ levelsκofκ
resistanceκtoκtwoκmainκdrugsκ(meropenemκandκimipenem)κ
wereκ evidentκ amongκ isolatesκ fromκ PCF−,κ castingκ doubtκ onκ
theκ adequacyκ ofκ theirκ empiricalκ useκ inκ thisκ patientκ group.κ
hisκdiferenceκbetweenκtheκsusceptibilityκproilesκcanκbeκex−
plainedκ byκ theκ natureκ ofκ theκ infection,κ sinceκ isolatesκ fromκ
PCF−κwereκrecoveredκfromκpatientsκadmittedκinκtheκintensiveκ
careκunit,κnosocomialκsettingκwithκaκgreatκselectiveκpressureκ
forκextendedκspectrumκantimicrobialsκsuchκasκcarbapenems.κ
Inκfact,κourκresultsκshowedκthatκisolatesκfromκPCF−κdisplayedκ
moreκ resistanceκ toκ carbapenemsκ thanκ isolatesκ fromκ PCF+.κ
Surprisingly,κsusceptibilityκtoκallκeightκantimicrobialκagentsκ
wasκ higherκ amongκ isolatesκ fromκ PCF−κ thanκ isolatesκ fromκ
PCF+κ(25%κvsκ11.5%).

Invariably,κtheseκisolatesκwereκableκtoκproduceκbioilmκinκ
distinctκ media.κ Althoughκ bioilmκ productionκ hasκ recentlyκ
beenκstudiedκmoreκdeeply,κmoreκstudiesκareκstillκneededκtoκ
improveκ ourκ understandingκ aboutκ theκ linkκ betweenκ viru−
lenceκfactorsκandκantimicrobialκresistance.

WeκareκawareκofκtheκfactκthatκCFκsputumκmediumκusedκ
hereκ isκnotκentirelyκrepresentativeκofκCFκ lungκenvironmentκ
becauseκ otherκ activeκ compoundsκ andκ growthκ conditions,κ
includingκanaerobicκatmosphere,κmayκbeκalsoκpresent.4,6κOnκ
theκotherκhand,κP. aeruginosaκisolatesκfromκPCF+κapparentlyκ
displayed,κunderκdistinctκconditions,κtheκsameκfeatureκforκtheκ
bioilmκproduction.

BioilmκproductionκamongκPseudomonas aeruginosa

Bioilmκ productionκ andκ antimicrobialκ resistanceκ areκ
amongκtheκmainκbacterialκdefenseκapparatusκduringκanκ in−
fectiousκprocess,κandκbothκrepresentκcurrentlyκaκgreatκchal−
lengeκtoκtheκtherapeuticκpractice.
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