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Evaluation of different detection methods 

of biofilm formation in the clinical isolates
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ABSTRACT

Background:κMicroorganismsκgrowingκinκaκbioilmκareκassociatedκwithκchronicκandκrecurrentκhu−
manκinfectionsκandκareκhighlyκresistantκtoκantimicrobialκagents.κhereκareκvariousκmethodsκtoκdetectκ
bioilmκproductionκ likeκTissueκCultureκPlateκ (TCP),κTubeκmethodκ(TM),κCongoκRedκAgarκmeth−
odκ (CRA),κbioluminescentκassay,κpiezoelectricκ sensors,κ andκluorescentκmicroscopicκ examination.κκ
Objective:κ hisκ studyκ wasκ conductedκ toκ compareκ threeκ methodsκ forκ theκ detectionκ ofκ bioilms.κκ
Method:κ heκ studyκ wasκ carriedκ outκ atκ theκ Departmentκ ofκ Microbiology,κ Armyκ Medicalκ College,κκ
NationalκUniversityκofκSciencesκandκTechnology,κPakistan,κfromκJanuaryκ2010κtoκJuneκ2010.κAκtotalκofκ
110κclinicalκisolatesκwereκsubjectedκtoκbioilmκdetectionκmethods.κIsolatesκwereκidentiiedκbyκstandardκ
microbiologicalκprocedures.κBioilmκdetectionκwasκtestedκbyκTCP,κTMκandκCRA.κAntibioticκsuscep−
tibilityκ testκofκbioilmκproducingκbacteriaκwasκperformedκbyκusingκ theκKirby−Bauerκdiscκdifusionκ
techniqueκaccordingκtoκCLSIκguidelines.κResults:κheκTCPκmethodκwasκconsideredκtoκbeκsuperiorκtoκ
TMκandκCRA.κFromκtheκtotalκofκ110κclinicalκisolates,κTCPκmethodκdetectedκ22.7%κasκhigh,κ41%κmod−
erateκandκ36.3%κasκweakκorκnon−bioilmκproducers.κWeκhaveκobservedκhigherκantibioticκresistanceκ
inκbioilmκproducingκbacteriaκthanκnon−bioilmκproducers.κConclusion:κWeκcanκconcludeκfromκourκ
studyκthatκtheκTCPκmethodκisκaκmoreκquantitativeκandκreliableκmethodκforκtheκdetectionκofκbioilmκ
formingκmicroorganismsκasκcomparedκtoκTMκandκCRAκmethods,κandκitκcanκbeκrecommendedκasκaκ
generalκscreeningκmethodκforκdetectionκofκbioilmκproducingκbacteriaκinκlaboratories.κ

Keywords:κbioilms;κbacteria;κanti−bacterialκagents.

INTRODUCTION

Bioilmsκareκdeinedκasκmicrobiallyκderivedκses−

sileκcommunitiesκcharacterizedκbyκtheκcellsκthatκ

areκirreversiblyκattachedκtoκaκsubstratumκorκtoκ

eachκother.κheyκareκembeddedκinκaκmatrixκofκ

extracellularκ polymericκ substancesκ (EPS)κ theyκ

haveκ produced,κ andκ exhibitκ anκ alteredκ phe−

notypeκ withκ respectκ toκ growthκ rateκ andκ geneκ

transcription.1κWithinκaκbioilm,κbacteriaκcom−

municateκ withκ eachκ otherκ byκ productionκ ofκ

chemotacticκ particlesκ orκ pheromones,κ aκ phe−

nomenonκcalledκquorumκsensing.2κAvailabilityκ

ofκ keyκ nutrients,κ chemotaxisκ towardsκ surface,κ

motilityκofκbacteria,κsurfaceκadhesinsκandκpres−

enceκofκsurfactantsκareκsomeκfactorsκwhichκin−

luenceκ bioilmκ formation.2κ Microorganismsκ

growingκinκaκbioilmκareκintrinsicallyκmoreκre−

sistantκtoκantimicrobialκagentsκthanκplanktonicκ

cells.κ Highκ antimicrobialκ concentrationsκ areκ

requiredκ toκ inactivateκ organismsκ growingκ inκ

aκbioilm,κasκantibioticκresistanceκcanκ increaseκ

1,000κ fold.3κAccordingκ toκaκpublicationκbyκ theκ

NationalκInstitutesκofκHealth,κmoreκthanκ80%κofκ

allκinfectionsκinvolveκbioilms.4κBioilmsκareκas−

sociatedκwithκmanyκmedicalκconditionsκinclud−

ingκindwellingκmedicalκdevices,κdentalκplaque,κ

upperκ respiratoryκ tractκ infections,κ peritonitis,κ

andκurogenitalκinfections.5κBothκGram−positiveκ

andκGram−negativeκbacteriaκhaveκtheκcapabilityκ

toκformκbioilms.κBacteriaκcommonlyκinvolvedκ

includeκ Enterococcus faecalis,κ Staphylococcus 

aureus,κStaphylococcus epidermidis,κStreptococ-

cus viridans,κ Escherichia coli,κ Klebsiella pneu-

moniae,κ Proteus mirabilisκ andκ Pseudomonas 

aeruginosa.6κ hereκ areκ variousκ methodsκ toκ

detectκ bioilmκ production.κ heseκ includeκ theκ

Tissueκ Cultureκ Plateκ (TCP),7κ Tubeκ methodκ

(TM),8κCongoκRedκAgarκmethodκ(CRA),9κbio−

luminescentκ assay,10κ piezoelectricκ sensors,11κ

andκ luorescentκ microscopicκ examination.12κκ Este é um artigo Open Access sob
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Weκ screenedκ 110κ organismsκ byκ threeκ diferentκ methods,κ

whichκ couldκ beκ usedκ inκ aκ routineκ clinicalκ laboratory,κ forκκ

determiningκtheirκabilityκtoκformκbioilm.

OBJECTIVES

heκstudyκwasκconductedκtoκdetectκbioilmκformingκmicroor−

ganismsκisolatedκfromκclinicalκspecimensκbyκthreeκdiferentκ

methodsκ (TCP,κTM,κCRA)κandκ toκcompareκ theseκmethodsκ

forκbioilmκdetection.

MATERIALS AND METHODS

Place and duration of the study

heκstudyκwasκconductedκatκtheκDepartmentκofκMicrobiol−

ogy,κArmyκMedicalκCollege,κNationalκUniversityκofκSciencesκ

andκTechnology,κPakistan,κfromκJanuaryκ2010κtoκJuneκ2010.

Selection of the isolates

Aκtotalκofκ110κclinicalκisolatesκwereκsubjectedκtoκbioilmκde−

tectionκmethods.κOrganismsκwereκselectedκonκtheκfollowingκ

criteria:κthoseκisolatedκfromκtheκpus,κintravenousκandκurinaryκ

catheterκtips,κurine,κsputumκandκnasobronchialκlavageκspeci−

mens,κandκthoseκshowingκincreasedκresistanceκtoκcommonlyκ

availableκantibioticsκbyκKirby−Bauerκdiscκdifusionκmethod.κ

Urinaryκcatheterκ tips,κ intravenousκcatheterκ tips,κnasobron−

chialκ lavageκspecimensκandκfewκofκtheκpusκspecimensκwereκ

relatedκ toκ medicalκ devicesκ (Tableκ 1).κ Allκ ofκ theκ specimensκ

wereκreceivedκfromκpatientsκwithκnosocomialκinfectionsκad−

mittedκtoκtheκhospital.

Isolatesκwereκidentiiedκbyκstandardκmicrobiologicalκpro−

ceduresκ(Gramκstaining,κcolonialκmorphology,κcatalaseκtest,κ

cytochromeκ oxidaseκ reaction,κ motility,κ biochemicalκ tests).κ

ReferenceκstrainκofκpositiveκbioilmκproducerκStaphylococcus  

epidermidisκ ATCCκ 35984,κ Staphylococcus aureusκ ATCCκ

35556,κ Pseudomonas aeruginosaκ ATCCκ 27853,κ Escherichia 

coliκ ATCCκ 35218κ andκ Staphylococcus epidermidisκ ATCCκ

12228κ (non−slimeκ producer)κ wereκ usedκ asκ control.κ Bioilmκ

detectionκwasκdoneκbyκtheκfollowingκmethods:

Tissue culture plate method

hisκquantitativeκtestκdescribedκbyκChristensenκetκal.7κisκcon−

sideredκ theκ gold−standardκ methodκ forκ bioilmκ detection.13κ

Organismsκisolatedκfromκfreshκagarκplatesκwereκinoculatedκinκ

10κmLκofκtrypticaseκsoyκbrothκwithκ1%κglucose.κBrothsκwereκ

incubatedκatκ37oCκforκ24κh.κheκculturesκwereκthenκdilutedκ

1:100κwithκfreshκmedium.κIndividualκwellsκofκsterileκ96κwell−

latκbottomκpolystyreneκtissueκcultureκtreatedκplatesκ(Sigma−

Aldrich,κCostar,κUSA)κwereκilledκwithκ200κµLκofκtheκdilutedκ

cultures.κheκcontrolκorganismsκwereκalsoκincubated,κdilutedκ

andκaddedκtoκtissueκcultureκplate.κNegativeκcontrolκwellsκcon−

tainedκinoculatedκsterileκbroth.κheκplatesκwereκincubatedκatκ

37oCκforκ24κh.κAterκincubation,κcontentsκofκeachκwellκwereκ

removedκ byκ gentleκ tapping.κ heκ wellsκ wereκ washedκ withκκ

0.2κmLκofκphosphateκbuferκsalineκ(pHκ7.2)κfourκtimes.κhisκ

removedκfreeκloatingκbacteria.κBioilmκformedκbyκbacteriaκ

adherentκtoκtheκwellsκwereκixedκbyκ2%κsodiumκacetateκandκ

stainedκbyκcrystalκvioletκ(0.1%).κExcessκstainκwasκremovedκbyκ

usingκdeionizedκwaterκandκplatesκwereκkeptκforκdrying.κOpti−

calκdensityκ(OD)κofκstainedκadherentκbioilmκwasκobtainedκ

byκusingκmicroκELISAκautoreaderκ(modelκ680,κBiorad,κUK)κ

atκ wavelengthκ 570κ nm.κ heκ experimentκ wasκ performedκ inκ

triplicateκ andκ repeatedκ threeκ times.κ heκ interpretationκ ofκκ

bioilmκ productionκ wasκ doneκ accordingκ toκ theκ criteriaκκ

ofκStepanovicκetκal.14κ(Tableκ2).

Tube method

Describedκ byκ Christensenκ etκ al.,8κ thisκ isκ aκ qualitativeκ

methodκ forκ biofilmκ detection.κ Aκ loopfulκ ofκ testκ organ−

ismsκwasκinoculatedκinκ10κmLκofκtrypticaseκsoyκbrothκwithκ

1%κ glucoseκ inκ testκ tubes.κ Theκ tubesκ wereκ incubatedκ atκ

37oCκforκ24κh.κAfterκincubation,κtubesκwereκdecantedκandκ

washedκwithκphosphateκbufferκsalineκ(pHκ7.3)κandκdried.κ

Tubesκ wereκ thenκ stainedκ withκ crystalκ violetκ (0.1%).κ Ex−

cessκ stainκwasκwashedκwithκdeionizedκwater.κTubesκwereκ

driedκ inκ invertedκposition.κTheκscoringκforκtubeκmethodκ

wasκdoneκaccordingκ toκ theκresultsκofκ theκcontrolκ strains.κ

Biofilmκformationκwasκconsideredκpositiveκwhenκaκvisibleκκ

filmκlinedκtheκwallκandκtheκbottomκofκtheκtube.κTheκamountκ

ofκbiofilmκformedκwasκscoredκasκ1−weak/none,κ2−moder−

ateκandκ3−high/strong.κTheκexperimentκwasκperformedκinκ

triplicateκandκrepeatedκthreeκtimes.

Congo Red Agar method

Freemanκetκal.9κhaveκdescribedκaκsimpleκqualitativeκmethodκ

toκ detectκ bioilmκ productionκ byκ usingκ Congoκ Redκ Agarκ

(CRA)κ medium.κ CRAκ mediumκ wasκ preparedκ withκ brainκ

heartκ infusionκbrothκ(Oxoid,κUK)κ37κg/L,κsucroseκ50κg/L,κ

agarκNo.κ1κ (Oxoid,κUK)κ10κg/LκandκCongoκRedκ indicatorκ

(Oxoid,κUK)κ8κg/L.κFirstκCongoκRedκstainκwasκpreparedκasκ

aκconcentratedκaqueousκsolutionκandκautoclavedκ(121oCκforκ

15κ minutes)κ separatelyκ fromκ theκ otherκ mediumκ constitu−

ents.κhenκitκwasκaddedκtoκtheκautoclavedκbrainκheartκinfu−

sionκagarκwithκsucroseκatκ55oC.5κCRAκplatesκwereκinoculatedκ

withκtestκorganismsκandκincubatedκatκ37oCκforκ24κhκaerobi−

cally.κ Blackκ coloniesκ withκ aκ dryκ crystallineκ consistencyκκ

indicatedκbiofilmκproduction.5κTheκexperimentκwasκper−

formedκinκtriplicateκandκrepeatedκthreeκtimes.

Antibioticκ susceptibilityκ testκ ofκ biofilmκ produc−

ingκ bacteriaκ wasκ doneκ onκ Muellerκ Hintonκ agarκ (Oxoid,κ

UK)κ usingκ theκ followingκ antibioticκ discs:κ ampicillin,κ

cotrimoxazole,κ ciprofloxacin,κ aztreonam,κ meropenem,κ

cefoperazone−sulbactam,κ chloramphenicol,κ vancomy−

cin,κ erythromycin,κ amoxicillin−clavulanicκ acid,κ oxacil−

lin,κ linezolid,κ penicillin.κ Allκ antibioticκ discsκ wereκ ob−

tainedκ fromκ Oxoid,κ UK.κ Escherichia coliκ ATCCκ 25922,κκ

Pseudomonas aeruginosaκATCCκ27853κandκStaphylococcus 

Evaluationκofκdiferentκdetectionκmethodsκofκbioilmκformationκinκtheκclinicalκisolates
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Table 1. Correlation of biofilm production of isolates and sensitivity test with the patient clinical condition and 

type of medical device used

Organism Biofilm Pt. clinical Type of Sensitivity to 

 production condition/Type medical following 

  of infection device antibiotics

E. coli Strong Urine retention due  Foley’s urinary Amikacin, meropenem, 

  to stroke catheter cefoperazone-sulbactam

S. epidermidis Strong Care of a metastatic Urinary catheter Vancomycin,   

  terminal disease   linezolid, ciprofloxacin

E. coli Strong For relief of bladder Foley’s urinary catheter Aztreonam, meropenem 

  outlet obstruction due  

  to urethral stricture

E. faecalis Moderate Neurogenic bladder Foley’s urinary catheter Vancomycin, linezolid,  

    cotrimoxazole

E. coli Strong Benign prostatic Foley’s urinary catheter Ciprofloxacin,   

  hypertrophy  aztreonam, meropenem

E. coli Strong Post-operation to Foley’s urinary catheter Aztreonam, meropenem, 

   monitor output ciprofloxacin  

S. epidermidis Strong Urologic surgery Foley’s urinary catheter Vancomycin,   

    linezolid, ciprofloxacin

K. pneumoniae Strong Urine retention due Foley’s urinary catheter Cotrimoxazole,   

  to calculus disease   ciprofloxacin,   

    ceftriaxone, meropenem

E. coli Strong Urine retention due to  Foley’s urinary catheter Amikacin,   

  cerebrovascular disease  ceftriaxone, meropenem

K. pneumoniae Strong Hip fracture surgery Foley’s urinary catheter Ciprofloxacin,   

    ceftriaxone, meropenem

E. coli Strong Post-operation Foley’s urinary catheter Meropenem, amikacin,  

  to monitor output   aztreonam, ceftriaxone

S. epidermidis Strong Care for traumatic  Foley’s urinary catheter Vancomycin, linezolid,  

  spinal cord injury  cotrimoxazole,   

    ciprofloxacin

S. epidermidis Moderate Neurogenic bladder Foley’s urinary catheter Linezolid, ciprofloxacin,  

    cotrimoxazole

E. coli Strong Total abdominal Foley’s urinary catheter Ceftriaxone, meropenem 

  hysterectomy surgery   

S. epidermidis Moderate Bladder outlet Foley’s urinary catheter Vancomycin, linezolid, 

  obstruction due   cotrimoxazole,   

  to urethral stricture  ciprofloxacin  

E. coli Strong Urologic surgery Foley’s urinary catheter Meropenem, ceftriaxone 

    

E. coli Strong Benign prostatic Foley’s urinary catheter Ciprofloxacin, aztreonam,  

  hypertrophy  meropenem

K. pneumoniae Strong Palliative care in a  Foley’s urinary catheter Aztreonam, meropenem 

  incontinent impaired  

  patient  

S. epidermidis Strong Monitoring of central Central venous catheter Linezolid, ciprofloxacin 

  venous pressure    

  in an acutely ill patient

(Cont.)

Hassan,κUsman,κKaleemκetκal.

Braz J Infect Dis 2011; 15(4):305-311
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Table 1. Correlation of biofilm production of isolates and sensitivity test with the patient clinical condition and 

type of medical device used

Organism Biofilm Pt. clinical Type of Sensitivity to 

 production condition/Type medical following 

  of infection device antibiotics

S. epidermidis Moderate Total parenteral nutrition Central venous catheter Vancomycin, linezolid, 

    cotrimoxazole,   

    ciprofloxacin

K. pneumoniae Strong Long term IV antibiotics Intravenous catheter Aztreonam,   

    cefoperazone-sulbactam,  

    meropenem

S. epidermidis Strong To correct electrolyte Intravenous catheter Vancomycin, linezolid,  

  imbalance, fluid   Ciprofloxacin 

  replacement   

S. aureus Moderate Blood transfusion Intravenous catheter Rifampicin, ciprofloxacin  

    vancomycin

S. epidermidis Strong Total parenteral Central venous catheter Linezolid,   

  nutrition  cotrimoxazole

S. epidermidis Strong Monitoring of central  Central venous catheter Vancomycin,   

  venous pressure in  ciprofloxacin 

  a patient in ICU

K. pneumoniae Strong Pneumonia in a Endotracheal tube Meropenem, ceftriaxone,  

  patient on ventilator  aztreonam

P. aeruginosa Strong Ventilator associated Endotracheal tube Cefoperazone-sulbactam,  

  pneumonia  amikacin, meropenem

S. epidermidis Moderate Prosthetic joint infection Artificial joint Vancomycin, linezolid,  

    ciprofloxacin

S. epidermidis Strong Acute renal failure/ PD Catheter Vancomycin, linezolid, 

  peritoneal dialysis/   cotrimoxazole,   

  cellulites, peritonitis   ciprofloxacin

S. aureus Moderate Prosthetic joint infection Artificial joint Rifampicin, linezolid,  

    vancomcin, erythromycin

aureusκ ATCCκ 29213κ wereκ usedκ asκ controlκ strains.κ An−

tibioticκ susceptibilityκ testκ wasκ performedκ byκ usingκ theκ

Kirby−BauerκdiscκdiffusionκtechniqueκaccordingκtoκCLSIκ

guidelines.15

RESULTS

Amongκ110κ isolates,κTCP,κ theκ standardκmethod,κdetectedκ

25κ asκ strongκ andκ 45κ asκ moderateκ bioilmκ producers.κ heκ

majorityκofκtheκorganismsκassociatedκwithκbioilmκproduc−

tionκwereκS. epidermidisκ(37.1%)κfollowedκbyκE. coliκ(27.1%),κκ

K. pneumoniaeκ (15.7%),κ S. aureusκ (11.4%),κ E. faecalisκ

(4.2%)κ andκ P. aeruginosaκ (4.2%).κ Bioilmκ producingκ bac−

teriaκwereκ isolatedκ fromκurineκ (30%)κ followedκbyκurinaryκ

catheterκ tipsκ (25.7%),κ pusκ (12.8%),κ sputumκ (11.4%),κ in−

travenousκ catheterκ tipsκ (10%)κ andκ nasobronchialκ lavageκ

specimensκ(10%).κStrongκbioilmκproductionκwasκcausedκbyκκ

E. coliκ andκ S. epidermidisκ onκ Foley’sκ urinaryκ catheter,κ

mainlyκ inκ immunocompromisedκ patients,κ sensitiveκ pre−

dominantlyκ toκ meropenem,κ aztreonam,κ vanomycinκ andκ

linezolid.κS. epidermidisκwasκresponsibleκforκstrongκbioilmκκ

Evaluationκofκdiferentκdetectionκmethodsκofκbioilmκformationκinκtheκclinicalκisolates

Table 2. Interpretation of biofilm production

Average OD value Biofilm production

≤ ODc / ODc < ~ ≤ 2x ODc  Non/weak

2x ODc < ~ ≤ 4x ODc  Moderate

> 4x ODc  Strong

Optical density cut-off value (ODc) = average OD of negative 
control + 3x standard deviation (SD) of negative control.
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Table 3. Screening of the isolates for biofilm formation by Tissue Culture Plate, Tube Method and Congo Red 

Agar methods

 Biofilm formation TCM n (%) TM n (%) CRA n (%)

No. of isolates (110)
 High 25 (22.7) 21 (19) 4 (3.6)

 Moderate 45 (41) 33 (30) 7 (6.3)

 Weak/none 40 (36.3) 56 (51) 99 (90)

Table 4. Resistance pattern (%) of biofilm producing Gram-positive bacteria

Antimicrobial agent Biofilm producing Non-biofilm producing  

 Gram-positive organisms  Gram-positive organisms

 % %

Penicillin 100 100

Rifampicin 70 30

Ciprofloxacin 40 10

Erythromycin 40 20

Cotrimoxazole 30 25

Linezolid 0 0

Vancomycin 0 0

Table 5. Resistance pattern (%) of biofilm producing Gram-negative bacteria

Antimicrobial agent Biofilm producing  Non-biofilm producing  

 Gram-negative organisms Gram-negative organisms 

 % %

Ampicillin 100 100

Ciprofloxacin 95 50

Cotrimoxazole 90 83

Aztreonam 90 50

Amikacin 64 37

Ceftriaxone 58 33

Cefoperazone-sulbactam 36 0

Meropenem 0 0

productionκ inκ patientsκ withκ intravenousκ catheters,κ sensi−

tiveκmostlyκtoκlinezolidκandκvancomycinκ(Tableκ1).

ByκTM,κ theκnumberκofκ strongκbioilmκproducersκwereκ

21,κmoderateκwereκ33κandκweakκorκnon−bioilmκproducersκ

wereκ56.κVeryκdiferentκresultsκwereκobservedκbyκtheκCRAκ

method,κwithκwhichκonlyκfourκisolatesκshowedκblackκcolo−

niesκwithκcrystallineκappearanceκ(Tableκ3).

Weκhaveκobservedκhigherκantibioticκresistanceκinκbio−

filmκproducingκbacteriaκthanκnon−biofilmκproducers.κByκ

theκstandardκmethodκ(TCP),κbiofilmκproducingκbacteriaκ

includeκtheκstrongκ(25)κandκmoderateκbiofilmκproducersκ

(45),κandκnon−biofilmκproducingκbacteriaκ includeκnon−

biofilmκproducersκ(40)κ(Tablesκ4κandκ5).

Hassan,κUsman,κKaleemκetκal.

Braz J Infect Dis 2011; 15(4):305-311
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Statistical analysis of tissue culture plate, tube and 

Congo Red Agar methods

heκTCPκmethodκwasκconsideredκtheκgold−standardκforκthisκ

studyκ andκ comparedκ withκ dataκ fromκ TMκ andκ CRAκ meth−

ods.κParametersκlikeκsensitivity,κspeciicity,κnegativeκpredic−

tiveκvalue,κpositiveκpredictiveκvalueκandκaccuracyκwereκcal−

culated.κTrueκpositivesκwereκbioilmκproducersκbyκTCP,κTMκ

andκCRAκmethod.κFalseκpositiveκwereκbioilmκproducersκbyκ

TMκandκCRAκmethodκandκnotκbyκTCPκmethod.κFalseκnega−

tiveκwereκtheκisolatesκwhichκwereκnon−bioilmκproducersκbyκ

TMκandκCRAκbutκwereκproducingκbioilmκbyκTCPκmethod.κ

Trueκnegativesκareκthoseκwhichκwereκnonκbioilmκproducersκ

byκallκ theκ threeκmethods.κSensitivityκandκspeciicityκofκTMκ

wasκ73%κandκ92.5%,κrespectively.κForκCRAκmethod,κsensi−

tivityκandκspeciicityκremainedκlowκandκwereκ11%κandκ92%,κ

respectivelyκ(Tableκ6).

DISCUSSION

Bioilmκproducingκbacteriaκareκresponsibleκforκmanyκrecal−

citrantκ infectionsκandκareκnotoriouslyκdiicultκ toκeradicate.κ

heyκexhibitκresistanceκtoκantibioticsκbyκvariousκmethodsκlikeκ

restrictedκpenetrationκofκantibioticκintoκbioilms,κdecreasedκ

growthκrateκandκexpressionκofκresistanceκgenes.16κhereκareκ

variousκ methodsκ forκ bioilmκ detection.7−12κ Inκ thisκ studyκ weκ

evaluatedκ110κisolatesκbyκthreeκscreeningκmethodsκforκtheirκ

abilityκtoκformκbioilms.

Inκourκstudy,κweκhaveκfoundκthatκtheκmajorityκofκbioilmκ

producingκbacteriaκwasκfromκurinaryκcatheterκtipsκ(26.3%).κ

Similarly,κDonlan6κ reportedκ inκhisκ studyκ theκassociationκofκ

bioilmκproducingκbacteriaκwithκurinaryκcatheters.κ

InκtheκTCPκmethod,κtheκnumberκofκisolatesκshowingκbi−

oilmκformationκwasκ70κ(64.7%),κandκnonκorκweakκbioilmκ

producersκwereκ40κ(36.3%).κRegionalκdataκfromκIndiaκalsoκ

showedκthatκoutκofκ152κisolatesκtested,κtheκnumberκofκbio−

ilmκproducersκidentiiedκbyκTCPκmethodκwasκ53.9κ%,κandκ

non−bioilmκproducersκwereκ46%.13κWeκhaveκperformedκtheκ

TCPκmethodκbyκadditionκofκ1%κglucoseκ inκ trypticaseκ soyκ

broth.κ Additionκ ofκ sugarκ helpsκ inκ bioilmκ formation.16,17κ

hisκwasκalsoκreportedκbyκstudiesκconductedκbyκMathurκetκ

al.13κandκBoseκetκal.18

Tubeκmethodκdetectedκ49%κisolatesκasκbioilmκproducersκ

andκ51%κasκnon−bioilmκproducers.κByκthisκmethod,κthreeκiso−

latesκwereκfoundκtoκbeκfalseκpositiveκandκ19κwereκfalseκnegative.κκ

TMκ isκ 73%κ sensitive,κ 92.5%κ speciicκ andκ 80%κ accurateκ forκ

bioilmκ detection.κ hisκ methodκ correlatedκ wellκ withκ TCPκκ

forκidentifyingκstrongκbioilmκproducers,κbutκitκwasκhardκtoκ

diferentiateκbetweenκmoderate,κweakκandκnon−bioilmκpro−

ducersκ dueκ toκ theκ changeabilityκ inκ theκ resultsκ detectedκ byκκ

diferentκobservers.κInκaccordanceκwithκtheκprecedingκstud−

ies,κ TMκ cannotκ beκ suggestedκ asκ generalκ screeningκ testκ toκ

identifyκbioilmκproducingκisolates.8,13

Inκanotherκstudy,κRuzickaκetκal.19κnotedκthatκoutκofκ147κiso−

latesκ ofκ S. epidermidis,κ TMκ detectedκ bioilmκ formationκ inκ 79κ

(53.7%)κandκCRAκdetectedκinκ64κ(43.5%)κisolates.κheyκshowedκ

thatκ TMκ isκ betterκ forκ bioilmκ detectionκ thanκ CRA.19κ Baqaiκκ

etκal.20κtestedκTMκtoκdetectκbioilmκformationκamongκuropatho−

gens.κAccordingκtoκtheirκresults,κ75%κofκtheκisolatesκexhibitedκ

bioilmκformation.20κWithκtheκCRAκmethod,κ11κwereκfoundκtoκ

beκbioilmκproducingκbacteriaκandκ99κasκnon−bioilmκproduc−

ers.κheκCRAκmethodκshowedκveryκlittleκcorrelationκwithκtheκ

otherκmethodsκandκparametersκofκsensitivityκ(11%),κspeciicityκ

(92%)κandκaccuracyκ(41%)κwereκveryκlow.κByκthisκmethod,κthreeκ

isolatesκwereκfoundκtoκbeκfalseκpositiveκandκ62κwereκfalseκnega−

tive.κKnoblochκetκal.21κdidκnotκrecommendκtheκCRAκmethodκforκ

bioilmκdetectionκinκtheirκstudy.κOutκofκ128κisolatesκofκS. aureus,κ

CRAκdetectedκonlyκ3.8%κasκbioilmκproducersκasκcomparedκtoκ

TCPκwhichκdetectedκ57.1%κasκbioilmκproducingκbacteria.21

CONCLUSION

WeκcanκconcludeκfromκourκstudyκthatκTCPκisκaκquantitativeκ

andκreliableκmethodκtoκdetectκbioilmκformingκmicroorgan−

isms.κWhenκcomparedκtoκTMκandκCRAκmethods,κandκTCPκ

canκbeκrecommendedκasκaκgeneralκscreeningκmethodκforκde−

tectionκofκbioilmκproducingκbacteriaκinκlaboratories.
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