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Abstract
Aims: To determinewhether haemolytiactivity of subgingivabacteriais associatedvith pe-

riodontitis elinical parameterandto identify which bacteriaproducethe haemolysins.

Materials and methods: Subgingival plaqusamplegrom twenty-two untreatecthranic perio-
dontitis patientsvereinvestigatedy cultureandidentifiedwith MALDI -TOF MS.

Results: Total aerobicandanaerobidacterialviable countspercentagelistributionof a- andp-
haemolyticbacteriawveresignificantly elevatedn diseaseditesin relationto healthysites
(p<0.001). Periodontal pathogewsremorefrequentlydetectedat diseasedites:P. gingivalis,
T. forsythia; Treponema sp., Prevotella sp., P. micra, Fusobacterium sp., Campylobacter sp.,
Capnocytophaga sp. andSelenomonas sp.. HaemolyticunidentifiablespeciesandGrampositive
anaerobesuchasSackia exigua, Solobacterium moorei, andBulledia extructa werealsomore
frequentlydetectedt diseasedites.In diseasedites,the presencef differenthaemolyticcha-
acteristic wasmore stronglycorrelatedwith clinical measure®f diseasé¢han themereabsence
or presenc®f specificspeciesThe strongestorrelationwith probing pocketepthwasob-
servedforoverallB-haemolytictoxicity (r=0.73,p<0.001).

ConclusionsAsstrongassociatiorwasobservedetweersubgingivabacterialhaemolyticactiv-
ity andcliniealparameteren patientswith chronic periodontitis. Furthémvestigationsarewar-

rantedto delineatetherole of haemolysingn the pathogenesis of perioddrsti

Clinical Relevance
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Scientific rationale for study: Periodontal pathogens halveenshownto possessiaemolytic
activity, howeverto datetherehasbeenno clinical studyto assessiowthe collectivebacterial

haemolyticactivity correlateswith clinical parameters.

Principal findings: An associatiowasobservedetweerclinical parametersandbacterial
haemolyticactivity. This associatiorwasstronger than thactualpresencer counts ospecific

speciesBacterialhaemolyticactivity alsoincreasedwith increasingotal bacterialcounts.

Practical implications: In periodontallysusceptiblgatients plaquecontrolis importantasit

reduceghe haemolyticoxicity of the plaque.

Introduction

Plaque-induced periodontitis acknowledgedo be polymicrobialn aetiology,with the
host responsaffectingdiseaserogressiorfRamseieetal. 2009). Important periodontopath
genssuchasPorphyromonas gingivalis, Prevotella intermedia andFusobacterium nucleatum
arehaemolyti(€huetal. 1991,Beemetal. 1999,Falkler,Jr.etal. 1983).However,studiesare

lacking enhow.haemolysicorrelatesvith theclinical parametersf periodontitis.

Bacterialhaemolysinaretoxins,which interruptthestructuralintegrity of the erythro-
cyte,resultingin liberationof haemoglobin andtherintracellularmetabolitesHaemolysinsare
alsopore-forming toxins andanbe cytotoxidor othercellstypes,suchasgingival epithelial
cells(Leeetal..2011)which mayallow thebacteriato breachtheepithelialbarrierfacilitating
tissueinyasion.Thereforebacterialhaemolysingnay contributeto tissueinvasion and theed

structivehostresponseseenn periodontitis.

F. nucleatum wasthefirst periodontal pathogeidentifiedto have haemolytiactivity
(Falkler,Jr.etal, 1983).In fact subgingivalplaguecontainingB-haemolytic subgingivdbacteria
>0.4% were5.3fold morelikely to havenewattachmentoss(Haffajeeetal. 1991).Simi-
larly, haemolyticvariantsweremorecomnonin diseasedite plaguecomparedvith healthy
siteswithin the sameindividual (Hillman etal. 1993),with athird of periodontitis patientsar-

bouringp-haemolytic streptococc{Flynn & Slots1993).However thesestudiesonly assessed
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B-haemolyticspeciesThus, thepreliminaryevidencesuggestanassociatiorbetweerperiodon-

titis andbacteriawith higherp-haemolyticactivity.

While haemolysiss only one ofmultiple virulencemechanismsf periodontopathogens,
it remainsa critical mechanisnior derivingimportantnutritionalsubstratespossibly by viol&
ing the periodontal pockepithelialbarrier. Theaimsof this studywereto determineand quan-
tify: a) thebacterialspeciesandtheir distributionin subgingival plague; b) the haemolyéctiv-
ity of thesespeciesandc) theassociationif any,betweerbacterialhaemolysisandclinical pa-

rameters.

Materials and methods

Patient Selection

Twentytwo paientswith untreatedchronic periodontitiseferredto the Departmenbf
Periodontics of the Roy&lentalHospital, Melbournewererecruitedin 2012.The inclusioncri-
teriawerepatientswith >20 teeth,>20 yearsof age,with atleasttwo non-adjacenperiodontal
pockets>5mm,eachwith radiographic bonss(RBL) morethan20% (Darbyetal. 2001). R-
tientswereexcludedf theyhad anysystemidllnesswhich affectsperiodontitis (e.gdiabetes,
disorders of thesimmungystem)were pregnant, owereusingdrugswhich mayadverselyaf-
fect periodontal-health, or hagedsystemicantibioticswithin 3 months prioto the study.
Smokersverenotexcluded.The studyprotocolwasreviewedand approved by thdumanEth-
ics Committeeof:theUniversity of MelbourngHREC 1136794.2)All participantgyavewritten

informedconset.

Eachpatrticipantreceiveda comprehensive periodontal aehtalexaminatiorfrom the
sameexaminer(BW), recording probing pocket depfRPD),recessionattachmentoss,blee-
ing on prebing(BOP), suppuration, plaque and gingival indgoe 1967),mobility andRBL. To
determineexamineraccuracyinitial andrepeatedneasuresverecomparedor pocket depth and
recessiorior3patientgReliability: 0.98for recessiorand 0.9%or PPD).The participant’sage,

gender and'smokingfatuswerealsorecorded.

SampleCollection
Samplesizecalculation(Power80%,p<0.05), basedon thedatafrom (Haffajeeetal.
1991),reveded aminimumsampleof 40sitesperarm (diseased@nd healthites)wasrequired.

Subgingival plaguavascollectedfrom 4 sitesperpatient(2 diseaseaiteswith PPD>5mm,
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RBL>20%andBOP; 2 healthysiteswith PPD<3mm and negativ8OP).Prior to colledion,
Graceycurettetips (conesocketcurettesG. Hartzell & Son,USA) werepreweighedwith a pe-
cisionbalancegSartoriouBL 210S resolution0.1mg,Australia),packagedndsterilized.The
sitewasisolatedwith cottonrolls, supragingival plaqueemoved, and subgingival plagael-
lectedin assingle stroke, usingseparatesterilecurettefor eachsample All samplesveretrans-
ferredimmediatelyinto 20 mL pre-reducedhioglycollatemedium (Oxoid,ThermoFischer,
Adelaide Australia)andimmediatelyplacedonice, storedat 2-8°C, anctulturedwithin 2 hours.
The weightjof the plaqusamplewasdetermineddy identifying thencreasen weightof the pre-

weighed thioglycollatenediumandcollectingtube.

Culture

Samplesyvereoscillatedfor 90 secondwvith avortexmachingRatek,VM1, Australia)
andseriallydiluted (13- 10°) with pre-reducedhioglycollatebroth.Aliquots of 0.1mL from
eachdilution.werespreadontoselectiveandenrichednonselectivemediaand incubated under
aerobic an@naerobiconditions (Oxoid ® Anaerogen™ Compaktjstralia)at 35°C. For aeo-
bic incubation, norselectiveplain horsebloodagar(HBA) mediumwasusedandfor anaerobic
incubationthe following agarmediawereused:
) HBA enrichedwith 0.001%vitamin K1 and 0.001%naemin

i) A. actinomycetemcomitans: Tryptic SoyBacitracinVancomycin(TSBYV, (Slots1982) -
Tryptiessoyagar40.0 g,yeastextractl.0 g,bacitracin,75.0mg, vancomycin, 5.0ng,
horseserum,100.0ml, distilled water,1000.0ml. This wasdoneto allow identificationof
A. actinemycetemcomitans sothattheir haemolyis could beeasureantheoriginal HBA

plates.

lii)  Treponema(Leschine& CanaleParolal980) 15%inactivated(4h, 56degreeelsius)
rabbitserum,Sul/ml cocarboxylase, 5% horse blood, 0.7% Nagar,2pug/ml Rifampicin,

800U/ml.Polymyxin B(antibioticsaddedafterfilter-sterilizationand autoclaving)

iv) T.forsythia(Wyss1989) - Pancreactidigestof casein,15.0 g,agar,15.0 g, soy peptone,
5.0 g, sodium chloride, 5.0 gemin(0.1% solition), 5.0ml, N-acetylmuramiacid, 10.0
mg;Vitamin K1 (1% Solution), 1.0ml, sheepblood, 50.0ml, distilled water,1000.0ml

v)  P.gingivalis (Huntetal. 1986) — Columbi&gar, 42.5 g,hemin(0.1%solution), 5.0ml,
Vitamin K1 (1% soltion), 1.0ml, Agar, 6.5 ghnalidixic acid, 15.0mg, colistin methaneg-
fonate, 15.3 Mg, bacitracin,10.0mg, sheepblood, 50.0ml, distilled water,1000mI

This article is protected by copyright. All rights reserved



As severaimediawereused for anyspeciesletectecon morethan onelate,themediancount
wasrecordedAfter incubation(aerobic:48 hoursanaerobic7 days)all cultureplateswere
photographed using a standardized digéahnique.

Identification of Microorganisms

The pretocolusedis basedon previousvork by ahersassessinlALDI -TOF MS in
comparisonwith conventional phenotypidentification(Sengetal. 2009) and against 16S
rRNA identifieation(Stinguetal. 2008).Briefly, prior to identification,colony morphologyvas
examinedunderastereomicrosope, andgimilar morphotypes subulturedontoHBA for purity
checkslndex coloniesfrom purity checkswveresubjectedo proteinextractionwith 1 uL. 70 %
formic acid (SigmaAldrich, Australia),air dried, before overlayingith 1 uL. of matrix solution
(saturated-cyano-4-hydroxycinnamicid (HCCA) mixedwith 47.5 % 18 M2 water,2.5 %
trifluoroacetieaeid, and 50 %acetonitrile).Oncedried,samplesvereanalysedy matrix as-
sistedlaserdeseorption/ionisatiotime of flight massspectrometrfMALDI -TOFMS) equipped
with a 60Hz nitrogenlaser.Spectravererecordedn positivelinearmodefor themassrange of
2000-2000aat maximumlaserfrequencyRawspectravereanalysedisingMALDI Bio-
typer 3.0software(BrukerDaltonik GmbH,Bremen,Germany)with default settings, without
userintervention.ThreeorganismsEscherichia coli (ATCC 25922) Enterococcus faecalis
(ATCC 19438).andCandida albicans wereincludedasinternalquality controlfor eachanal/-
sis.ldentificationwasconsidered/alid at specis level whenthescorewas>2; at genudevel
whenthescorewasbetweerr1.7 and<2; andnotvalid whenthescorewas<1.7. All unident-
fied organismsverestoredin tannicacidtreatedglassbeadsat -20°C for futurereference.

Bacteriawerealsoanalysedy their coloured complexes accorditmSocransky
(Socranskyetal«1998).

New Mass SpectraDatabase

Twolnewmassspectravereanalysedandrecordedn theMALDI Biotyper 3.0software
packagedromethe-organism3. forsythia (ATCC® 43037)andT. denticola (ATCC® 35405).
Ethanol(900pk)wasaddedo eachof thetwo newspectraorganisms suspended300 pL of
18 MQ RNasefree water,thencentrifuged(14,000g) for 2 min. Theair dried depositsvere
treatedwith 25pL eachwith 70%formic acid,andacetonitrileprior to centrifugation (14,008)
for a further2min. The supernatantl uL) wastransferrecbntotheMALDI targetplate.A
minimum of 20 individualspectrarom eachof thetwo organismsverecheckedor spectrauni-
formity before a newMS profile wascreatedand loadednto the MALDI BioTyper™ V3.0
(BrukerDaltonik GmbH, Bremen ,Germany).
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Haemolytic Organisms

Basicmethodgo quantify haemolysis include measuring th@meterof the zone of
haemolysis produceyhich has anearlinearrelationshipwith theconcentratiorof toxin pro-
duced(Bramucci& Holmes1978).To improve theaccuracyof suchmeasurementshis study
utilized measurementsn standardizedligital images capturedusing a NikorD40 single-lens
reflexcamera, 105mmf2.8lens,aperturepriority (f=2.8), mounted on stablecustommade
standat the height of 3&m from thecultureplates,whichwereplacedon afixed base Meas-
urements of haemolysigere subsequentlyecordedusingimageanalysissoftware(lmageJ ve-
sion 1.46r, Nationahstituteof Health,USA). The zone of haemolysigixel’) wascalculatedas
colonyareasubtractedrom the haemolysiarea(nR? nr?, R = zone of haemolysis radius i d
ameterof the zone, D + 2, and r = colongdius= colonydiameterd + 2).Imagesweresplit
into red,greenand blug RGB) filter channeldo enableobjectivestandardizedlentificationof
a- andp-haemolysisWhite/light zonesaround colonies the greenchannelonly wererecorded
asa-haemolysiswhile B-haemolysisvasdeterminedaswhite/light zonesn boththe greenand
bluefilter channelgFigure6, supplemental)lhe measureof haemolyticdoxicity wasdefinedas

the haemolyti@enemultiplied by the colony counfor eachisolate.

Statistical Analysis

Datadistributienswereevaluatedor violations ofnormality. All percentage dataerearcsine
transformetheforeanalysisand nonrormally distributeddatalog transformedor usagen pa-
rametricandlogistic regressioranalysisNonparametriclatawereassessedsingMannWhit-
ney Uiest.Oddsratioswerecalculatedusing the Logit method. Correctiofts multiplicity
wereusedwherenecessaryAll measurementsere performed by onexamirer (BW), and in-
tra-examinereliability for measuringhe zoneof haemolysisvhenassessedsingintra-class
correlationcoefficientwas0.93. ThesedatawasanalysedisingSPSS®Version 18.0.Chi-
cago:SPSIc.

Results

The'samplepopulation demographics anlinical characteristicef sitessampledare
presentedn Tablel. Atotal of 2372isolates(45general42specieswereidentified. Unident
fiable specieonsisting of 17.0% of cultivableacteriawereincludedin the analysis (healthy
(H) sites:13%; diseasedD) sites:15%p>0.05).
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Percentagedistribution and viable counts

Periodontopathogengereincreasedn percentagelistributionat diseasedites(seeFigure 1
andTable3). Severalbacterianot classifiedasperiodontopathogensereelevatedn percentage
distributionat diseasedites Selenomonas sp., Neisseria sp., a-haemolyticHaemophilus sp. and
Granulicatellaradiacens (Table 3). Meanpercentagéistributionfor P. micra andFusobacte-
rium sp. werenotdifferent (P. micraH: 5.3 + 17.7%D: 3.9 + 7.1%p=0.48;Fusobacterium sp.
H: 3.8 + 7.1%D: 5.7 + 6.2%p=0.19), butweredifferentfor their haemolyticvariants(a-
haemolytieP. micraH: 0.4 + 1.3%pD: 2.8 £+ 6.2%p<0.05;a-haemolyticFusobacterium sp. H:
1.1 +£3.3%D: 2.8 £ 3.8%p=0.03;p-haemolyticFusobacteriumsp. H: 0.1 + 0.7%D: 1.5 +
2.5%,p=0.001, Figure?).

Themeanpercentageiable counts ofi- andp-haemolytic unidentifiabléacteriavereele-
vatedin diseasedaites(Figure2). Sreptococcus sp. comprisedalargeproportion oftheident-
fied bacteriaalthqughtherewasno differencebetweerhealthyor diseasedites.Howeverthere
wasanincreasan o- andp-haemolyticStreptococcus sp. at diseasedites(p<0.05andp<0.01
respectively) Similarly, although nalifferencewasobservedn meanpercentag®f unidentified
speciedetweerhealthy andliseasedites,morea- andp-haemolyticunidentifiedspeciesvere

observedndiseasedaites(p<0.001landp<0.05respectivelyFigure 2).

Assodations betweenin vitro bacterial haemolysisand clinical parameters.

Table2 summarizeshecorrelationof bacterialhaemolysisvith clinical parametersNotably,
measure®f haemolytic toxicityjn particulartotal a andp-haemolytictoxicity weremore
stronglycorrelatedwith clinical parametershan themerecounts obacteriaThe correlationco-
efficient, r, for thered complexcountwith probing deptiwas0.39 0<0.001)ascomparedvith
0.68 (<0.001)fer redcomplexp-haemolytictoxicity. A similar finding wasobservedor orange
complexa—haemolytidbacteriaThe strongestorrelationwith probing depttwasfor total -
haemolytictexieity [r=0.73,p<0.001,actualdatapresentedn Figure 4(supplemental)]Of note
is thatbotha- andp-haemolyticactivity werestronglycorrelatedwith the total bacteriacount,
with anearlifiéarincreasen haemolyticactivity with increasingotal bacteriacounts(R* = 0.91

for a-haemelysisand R = 0.78for B-haemolysisFigure 3).

Table2 alsoshows the count armkercentagelistributionof P.gingivalisin the healthy and
diseasedites.The nonhaemolyticcountin the healthysiteswas91%andthis changedo 10%
in thediseasedites.The biggestincreasevasin the 3-haemolytic countincreasingrom 7%to

65% of thetotal P.gingivalis. Thisis graphicallypresentedn Figure 5(supplemental).
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The frequencypercentagelistributionand oddsatiosarepresentedn Table3. Thedata
indicateshatthe haemolytivariantshavegreaterimpacton clinical parametes than thanere
presencef theestablishpathogensOneexampleas theincreasedddsratio for a- andp-
haemolytic orange complescomparedvith just thepresencef orange complegpeciefOR
= 5.1for erange"complex, 158r a-haemolytic orange complex and 808 3-haemolytic o-

ange complex]able3).

Discussion

This studyis, to our knowledge, thérst to assesbacterialhaemolyticactivity within healthy
anddiseaseditesin untreateceriodontitispatientsn relationto clinical parametersCollec-
tively, thedatashowthatbacterialhaemolysisalbeitobservedn vitro, is stronglyassociated
with theclinicalparametersf periodontitis.This dataarebasedon themultiple regressionmod-
elling andtherelativestrengthof the corelationcoefficientsof the haemolyticatawith the
clinical parameters;omparedvith thatfor bacteriacounts opresenceWithin thesamehost,
themeanpercentagesf a- andp-haemolyticbacteriaareelevatedn diseasedites,thushaeno-
lysins may contributeto thesite specificnatureobservedn periodontitis While somehealthy
sitesdid harboeur haemolytispeciestherewerefewerhaemolytidsolatesn suchsites,and the
sizeof thehaemolyticzone tendetb besmaller,asevidencedy thestrong correlationbetween
total haemolyticactivity and theclinical parametersThe findingsalsoindicatethat haemolytic
activity of arange complekacteriaandother undefinetacteriamayalsobe contributorso the

developmentof,thelinical features.

The strongeorrelationbetweerincreasingy- andp-haemolyticactivity with increasingotal
bacteriacount supportthe universallyestablishedmportance of plaque contrm periodontally
susceptiblgpatients.The dataindicatesthatthe correlationis particularlystrongfor a-haemolytic
bacteria(R%.=.0.91).This may bebecausenanyof theprimary andsecondarygolonizerssuchas
Sreptococcus sp..andFusobacterium sp. area-haemolytic.n relationto probing pocket depth,
althoughtotal f=haemolytictoxicity wasobservedo bemoststronglycorrelatedr = 0.73),0-
haemolytictexicity had asimilar strengthof correlation(r = 0.72).Likewise, the strength ofor-
relationwith pocketdepthwassimilarfor f-haemolyticP. gingivalis andfor a-haemolyticFu-
sobacterium sp. (0.64and0.6respectively. While focus hadeenontertiary colonizerssuchas
P. gingivalis, our findingsindicatethatfurtherinvestigations warrantedon therole of haemoly-

sins produced bgarliercolonizersandorangecomplexspecies.
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Currentliteratureindicates thenajority of key periodontopathogep®ssesfiaemolyticactiv-
ity (Chuetal. 1991,Beemetal. 1999,Falkler,Jr.etal. 1983).0Onestudy observediteswith -
haemolyticspecies>0.4% hadan oddsratio of 5.3for losing>3mm of attachmen{Haffajeeet
al. 1991).Otherstudiesreportbetweenrathird to threequartes of patientsvith periodontitis
harbourp=haemolyticbacteria(Hillman etal. 1993, Flynn &Slots1993). Thus thémited clini-
cal studiesavailableon haemolytidacteriasupport our observations.

The distribution ofcultivablebacteriain this studyis similar to studiesutilizing culture
technique,with dominance omorereadily cultivablespeciesuchasSreptococcus, Actinomy-
ces andVelllonella specieswith the establishegheriodontal pathogeredevatedn diseasedites
(Loescheetal. 1985). However, the use MALDI -TOF MS for bacterialidentificationdid give
riseto detectionof lesscommonspeciesaswell asa proportion of unidentifiedpecieswhich
wasnotdissimilarto otherstudiesutilizing this technologyfor identificationof clinical samples
(El-Bouri etal. 2012).

The orange complekacteriamanyof which arehaemolyti(Beemetal. 1999,Falkler,
Jr.etal. 1983),arebelievedto contributeto microbialsuccessiomssociateavith periodontitis
(Socranskyetal:1998)astheyareelevatedn periodontitispatientyTelesetal. 2010).We
found thaf3-hemolyticFusobacterium sp. had a higher oddsitio for diseasesites(OR=39)
comparedyith B-hemolyticP.gingivalis (OR=29).Moreover differentialgene expressiaon oral
epithelialcellsis‘higherwith exposureo F. nucleatum comparedvith exposurdo P. gingivalis
(Milward etal. 2007). Thus our observatidimatorange complex haemolytactivity is assoé

atedwith clinical parameterss in agreenentwith currentliterature.

The use,ofspecificbacteriato determinediseasestatusor diseasgrogression haseen
conflicting,with somereportsof strongassociationgDzink etal. 1988,Haffajeeetal. 1991),
and otherslemonstratindiigh prevalence guchbacteriajnconsistenwith theactualprea-
lenceof periodontatiseasdMombelli etal. 1998, Timmermanretal. 1998).This discrepancy
maybe dugodifferencesn bacterialvirulence, geographiandethnicvariationor per-
hapsvirulencecharacteristicsuchashaemolysisnay be moresignificant than thabsence,

presencegounts or proportions of variobbacterialspeciesasobservedn our study.

More recentstudiesutilizing molecularapproachegdicatecertainnon-cultivablespe-
ciesareelevatedn diseasgColomboetal. 2009).In this study,a- andp-haemolytic unident
fied organismsGrampositiveanaerobesJackia exigua, Solobacterium moorei, Bulleidia ex-
tructa), and organismsuchas Selenomonas sp. andGranulicatella adiacens weremorefre-

quentlydetectedn diseasedites,asobserved by others (Boo#tal. 2004,Downesetal. 2000,
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Goncalvestal. 2012).With the advent of moleculaechniquesthelist of establishperiodontal
pathogenfhasgrownconsiderablymakingit increasinglydifficult to identify thecausative
pathogengCurtis 2014,PerezChaparrcetal. 2014). Althougtthis studyis small,our findings
suggestha ratherthan solvinghe complexandrelentlessjuestfor specificcausativespecies,
perhapgheimpactof commonvirulencefactorssuchashaemolysinseedto be understood e

ter.

Receniattentionhasbeenon disruption of host-microbdeomeostasiasa triggerfor pe-
riodontitis (Hajishengallis& Lamont 2012 Curtis 2014).Bacterialhaemolysinsmanyof which
arepore formingytoxinslikely disrupt host-microbbomeostasiastheybreachtheepithelial
barrier,increasenutrition availability, triggerhostresponsevents andiacilitate invasion of the
host(Meyeretal. 1997, Okamot@tal. 2000).The proposed notiors thatbacterialhaemolysins
contributeto oral dysbiosis bylirectly impactingthelocal host immuneesponsegpithelialbar-

rier integrity andalsoindirectly amplify tissueinflammation.

This study haseveralimitations,largely dueto costandtime factors.The study population
is a convenienceampleof consecutivgatients althougheffortsweremadeto randomize the
sitessampledThe samplesizeis smallbut consistentvith an 80% powerp<0.05) using prev
ouslyobservedlifferenceqHaffajeeetal. 1991). Asmallnumber olsmokerswvereincludedin
the studysamplebut nodifferencewasobservedn theresultswith or withoutthatdata.The
crosssegtionalnaure alsodoes notllow interpretatiorof acausativerelationship Furthermore,
bacterialhaemolysinsverenot purified or identified, again,dueto time andcostsconstraints.
Thus,inferencesareonly madeon theassociativanature obacterialhaemolyic characteristics
asobservedn vitro with clinical parametersf periodontitis.

A culturetechniquenvasselectedasthis verifies haemolysin producing microorganisms.
While DNA-sequencing methodsayrevealhaemolysin encodingenesthey do not dtermine
whetherthe genes switchedon oroff, or how much haemolysis produced. Another advantage
of cultureis thatbacteriaarenot pre-selectedHowever,disadvantagemcludedifficulties in
identification,and noneultivableor difficult to culture microorganismsThe sensitivity of cul-
ture techniquesdimited, in this study,to 10* colony-forming unitsthereforebacteriawhich
werenotdetectednay havebeenpresent belowthis limit. BacteriasuchasA. actinomycetem-
comitans may beassociatedavith periodontitisevenat low levels(Casarinetal. 2010).In our
study, otheAggregatibacter speciessuchasAggregatibacter aphrophilus andAggregatibacter
segnis werealsodetectedpn TSBV mediawhich did notallow assessmerf their haemolytic

activity.
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Conclusion

In this study, subgingivabacteriahaemolyticactivity asmeasuredn vitro wasstronglyas®-
ciatedwith theclinical presentatiorof periodontitis.The dataindicatesthat presencef haemo-
lytic organismsnay bemoreimportant than the countabsenceor presencef the organisms.
The study furtheiidentifiesthatthehaemolyticactivity of orange complex and undefinkdce-
ria werealsoassociateavith theclinical measuresBacterialhaemolysiss animportant viu-
lencefactorcommonto multiple plaquespeciesandlikely contributedo periodontaldisease
pathogenesis. Monesearchs requiredto determine th@nmpactof bacterialhaemolysins on

epithelialintegrity andthelocal hostimmunesystemin periodontitis.

* Qupplementary data may be accessed by contacting the corresponding author.
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Table and.Figure Legends:

Table 1 PatientDemographics andinical measuresor the healthy andiseasedites.

Table 2: Summaryof correlationanalyse®f bacterialhaemolysisvith clinical parameters.

Table 3: Frequency, percentagestributionand oddsatiosof somebacterialspeciesn healthy

versudiseasedites.

Figure 1: Percentagelistributionof organismswith viable counts>10* cfu/ml at diseasedersus

healthysites.

Figure 2: Meanpercentage dbtal cultivablebacteria(%) for variousbacterialspeciesat dis-

eased/ersus healthygites.
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Figure 3: Scatterplobf total a- or B-haemolyticbacteriacountagainstotal bacteriacountin

eachsample.

Figure 4: Scatterploof actualdatavaluesof total beta-haemolytiactivity (counts obacteria

multipliedby haemolytic zonén pixels’) in relationto probing pocket depth, R=0.70.001.
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Table 1: Patient Demographics and clinical measures for the healthy and diseased sites.

Characteristics

Measure (Mean £ S.D.)

Number of patients 22
Smokers 6
Age (years) 52.6 £10.7
Age range (years) 31-70
Male: Female Ratio 6: 16
Percentage.of sites >5mm 20.7 £18.1
Full mouth bleeding score 344+155
Number of teeth/implants 255+3.3
Number of missing teeth 6.5+3.3

Characteristics Healthy Diseased p-value

(Mean £S.D.) (Mean £S.D.)

Number of sampling sites 44 44 1.0
Probing pocket depth (mm) 1.7+ 0.8 58+1.1 <0.001
Recessiorfmm) 0.2+0.6 1.1+£15 <0.001
Probingattachment levels (mm) 19+1.1 70+£2.1 <0.001
Bleeding on probing (%) 0 100 <0.001
Radiegraphiesbone loss (%) 3.0£7.0 44.3 + 23.6 <0.001
Gingival'index 04+05 20+0.7 <0.001

Statistical methods: T-test.

Table 2. Summary of correlation analyses of bacterial haemolysis with clinical parameters

Correlation coefficient r, p-value

Bacteria counts/ toxicity measures Attachment % Radiographic | Probing Depth
Loss (mm) Bone Loss (mm)
Total B-haemolytic bacteria count 0.22,0.04 0.23, 0.03 0.33, 0.002
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Correlation coefficient r, p-value
Bacteria counts/ toxicity measures Attachment % Radiographic | Probing Depth
Loss (mm) Bone Loss (mm)

Total B-haemolytic zone area 0.48, <0.001 0.39, <0.001 0.58, <0.001
Total B-haemaolyticitoxicity 0.63, <0.001 0.58, <0.001 0.73, <0.001
Total a-haemolytic bacteria count 0.22, 0.007 0.26, 0.015 0.28, 0.007
Total a-haemolytic zone area 0.50, <0.001 0.46, <0.001 0.50, <0.001
Total a-haemaolytic toxicity 0.68, <0.001 0.63, <0.001 0.72, <0.001
Red complex,count 0.30, 0.005 0.33, 0.002 0.39, <0.001
Red complex a-haemolytic toxicity 0.47, <0.001 0.44, <0.001 0.51, <0.001
Red complex B=haemolytic toxicity 0.59, <0.001 0.54, <0.001 0.68, <0.001
Orange complex count 0.24, 0.028 0.32, 0.003 0.32, 0.002
Orange complex a-haemolytic toxicity 0.51, <0.001 0.53, <0.001 0.56, <0.001
Orange complex f-haemolytic toxicity 0.21, 0.05 0.18,0.1 0.36, 0.001
P. gingivalis count 0.32, 0.003 0.34, 0.001 0.42, <0.001
P. gingivalisa-haemolytic toxicity 0.45, <0.001 0.42, <0.001 0.48, <0.001
P. gingivalisB-haemolytic toxicity 0.57, <0.001 0.52, <0.001 0.64, <0.001
Fusobacterium sp: count 0.35, <0.001 0.28, 0.009 0.46, <0.001
Fusobacterium. sp. -haemolytic toxicity 0.55, <0.001 0.54, <0.001 0.60, <0.001
Fusobacteriumesgi-haemolytic toxicity 0.34, <0.001 0.27, <0.02 0.46, <0.001
P. micrageount 0.33, 0.002 0.29, 0.006 0.37, <0.001
P. micra a-haemolytic toxicity 0.42, <0.001 0.44, <0.001 0.39, <0.001
Prevotella sp. counts 0.21, <0.001 0.19, 0.002 0.30, 0.004
Prevotella spa-haemolytic toxicity 0.41, <0.001 0.37, <0.001 0.48, <0.001
Prevotella spp-haemolytic toxicity 0.46, <0.001 0.14, <0.001 0.54, <0.001
Unidentified.sp=counts 0.38, <0.001 0.32, <0.001 0.39, <0.001
Unidentifiedsp. a-haemolytic toxicity 0.48, <0.001 0.40, <0.001 0.49, <0.001
Unidentified'sp..f-haemolytic toxicity 0.49, <0.001 0.43, <0.001 0.47, <0.001
Bulleidia extruetaB -haemolytic toxicity 0.36, <0.001 0.37, <0.001 0.38, <0.001
Distribution,ef,Haemolytic counts Health Diseased p
P. gingivalis.count 1.3x10+5.4x10 9.1x10P+1.7x10 <0.001
P. gingivalisa-haemolytic count % 2.3x10+1.5x10 (2%) | 2.3x10+6.2x1¢ (25%) | <0.02
P. gingivalisB-haemolytic count % 9.1x10+4.6x10 (7%) | 6.0x10+1.5x10 (65%) | <0.01
P. gingivalisnon-haemolytic count % | 1.2x10+5.4x10 (91%) | 8.7x10+3.4x1C¢ (10%) | 0.16
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Toxicity = Total bacterial count x size of haemolytic zone (pPeBtatistical methods: Pearson product
moment correlation. Correction for multiplicityaccept only those p-values <0.01 as significant.

Highlighted boxes denote r values>0.5, and p-values<0.001
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Table 3: Frequency, percentage distribution and odds ratios of some bacterial species in health:

versus diseased sites

Type of organism Healthy Diseased | Odds ratio (95% CI) p-value
N % N %
a-haemolytic bacteria 32 72.7 44 100 | Chi®=13.8, <0.001
B-haemolytic bacteria 1 2.3 43 97.7 | 39.3 (4.8-320) <0.001
Red complex 7 15.9 39 88.6 | 41.2 (11.8-144) <0.001
a-haemolytic red complex 1 2.3 17 38.6 | 27.1(3.3-331) 0.002
B-haemolytic red complex 3 6.8 33 75 |41.0(10.4-162) <0.001
P. gingivalis 7 15.9 35 79.6 | 20.6 (6.8-62.1) <0.001
a-haemolytic Pugingivalis 1 2.3 16 36.4 | 24.6 (2.9-201.7) <0.001
B-haemolytie P «gingivalis 3 6.8 30 68.2 | 29.3 (7.5-113.2) <0.001
Orange complex 16 36.3 38 86.4 | 5.1 (2.0-13.0) <0.001
a-haemolyticrarange complex 9.1 32 72 | 15.3 (4.5-51) <0.001
B-haemolytic orange complex 9.1 15 455 | 8.3 (2.5-27) <0.001
Fusobacterium'sp. 16 36.4 41 93.2 | 23.9 (6.2-91.6) <0.001
a-haemolytic Fusobacterium 5 114 32 72.7 | 20.8 (6.5-66.3) <0.001
B-haemolytic Fusobacterium 2.3 21 47.7 | 39.3 (4.8-320.2) <0.001
P. micra 14 31.8 30 68.2 | 4.6 (1.8-11.4) <0.001
a-haemolytiesP. micra 8 18.2 25 56.8 | 5.9 (2.2-15.8) <0.001
B-haemolytic P. micra 1 2.3 8 18.2 | 9.6 (1.1-82.5) <0.001
Prevotella sp. 7 15.9 34 77.3 | 17.9 (6.1-53.3) <0.001
a-haemolytic Prevotella sp. 2 4.5 21 47.7 | 19.2 (4.0-91.2) <0.001
B-haemolytic Prevotella sp. 4 9.1 31 70.5 | 23.8 (7.0-81.8) <0.001
Bulleidia extructa 1 2.3 16 36.4 | 24.7 (3.0-201.0) <0.001
Selenomonas sp. 10 22.7 28 63.6 | 13.7 (4.4-42.3) <0.001
Solobacterium moorei 2 4.5 23 52.3 | 23.0 (4.8-109.3) <0.001
Campylbacter sp 6 13.6 17 38.6 | 3.9 (1.4 -11.6) <0006
Capnocytophaga)sp 10 22.7 27 61.3 | 5.4 (2.1-13.9) <0.001
Neisseria sp 9 205 30 682 | 8.3 (3.1-222)<0.001
Haemophilus o-haemolytic sp 1 23 7 159 |8.1(092-71.3) <0.02
Granulicatella adiacens 1 2.3 6 13.6 | 6.8 (075-60.8) <0.03
T.forsythia 0 10 | 22.7 | Chi"=11.3, <0.001
Treponema sp 0 17 | 38.6 | Chi#=22.1, <0.001
Slackia exigua 0 0 5 11.4 | Chi*=5.3, <0.02
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Unidentified sp. 23 52.3 41 93.2 | 12.5 (3.3-47.3) <0.001
a-haemolytic unidentified 4 9.1 27 61.4 | 15.8 (4.7-53.3) <0.001
B-haemolytic unidentified 2 4.5 21 48.8 | 21.0 (4.4-99.8) <0.001

Statistical methods: Odds ratios using the C-logit method,w@fere one group had 0% or 100%.
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Figure 3: Scaetterplot of total «- or J-haemolytic bacteria court against
total bactariz countin each sample
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Flgure @ Scatter plet nof astual data values af tatal beta-hazmalytic activicg
|counts of bacteria rwitiplizd by haemolytic zome i pixelz?] in relatian to
prabiag pocket depth, B-0.732, p=0.000.
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