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ABSTRACT

Tuberculosis(TB)isaworldwidehealthcrisisandisthesecondprimaryinfectiousdiseasethatcauses
deathnexttohumanimmunodeficiencyvirus.Inthiswork,anattempthasbeenmadetodetectthe
presenceofbacilliinsputumsmears.Thesmearimagesrecordedunderstandardimageacquisition
protocolaresubjectedtohybridantcolonyoptimization(ACO)-morphological-basedsegmentation
procedure.ThismethodisabletoretaintheshapeofbacilliinTBimages.Thesegmentedimages
arevalidatedwithgroundtruthusingoverlap,distance,andprobability-basedmeasures.Significant
shape-basedfeaturessuchasarea,perimeter,compactness,shapefactor,andtortuosityareextracted
fromthesegmentedimages.Itisobservedthatthismethodpreservesmoreedges,detectsthepresence
ofbacilli,andfacilitatesdirectsegmentationwithreducednumberofredundantsearchestogenerate
edges.Thus,thishybridsegmentationtechniqueaidsinthediagnosticrelevanceofTBimagesin
identifyingtheobjectspresentinthem.
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INTROdUCTION

Tuberculosis(TB)isthesecondleadingcauseofinfectiousdeath,afterhumanimmunodeficiencyvirus
andisaglobalhealthproblem.ItisoneoftheleadingcauseofmortalityinIndia,killingtwopersons
everythreeminutes,almostthousandeveryday.Thisinfectiousdiseasemostfrequentlyinfectsthe
lung,andtheconditionisknownasPulmonaryTuberculosis(PTB).ThesymptomsofPTBpatients
arefever,lossofappetite,weightloss,chestpainordyspnea(Bhallaetal.,2015).

TB is caused by Mycobacterium tuberculosis which is contagious and spreads through air.
Throughout the world, examination of sputum smear stains by microscopy has remained the
cornerstoneforPTBdiagnosisandscreening(WHOTuberculosisFact,2007).Manualscreeningis
laborintensiveandhasahighfalsenegativerate.Theprocedureisthusatimeconsuming,inaccurate
andinefficientprocess.Ittakesabout40minutestoeven3hourstoanalyzeaslidewhichatmost
dependsonthelevelofinfection(Sotaquiraetal.,2009).Inlowandmiddle-incomecountriesto
assureearlydetectionofthediseaseTBdiagnosisiscenteredonthemicroscope,theuseofwhichis
fast,cheapandarepeatablemethod.

Microscopicexaminationofsputumsmearsremainsthemostwidelyusedinvestigationinclinical
practice,especiallyindevelopingcountriesandcountrieswithhighprevalenceofTB.Sputumsmear
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microscopyrepresentsoneofthefivepillarsfortuberculosiscontrolinthedirectlyobservedtreatment
shortcoursestrategy(Rao,2009).

TherecentguidelinesfordiagnosisofTBareprimarilybasedonthedemonstrationofacid-
fast bacilli on sputum smear microscopy. Among the diagnostic techniques of TB, culture of
Mycobacteriumtuberculosisisthegoldstandard.However,cultureisaslowprocessandrequires
specialised laboratorieswithhighskilled technician. It takesaboutsix toeightweeks todeclare
theseverityofthedisease.Serologicaltestsarecurrentlynotreliableenoughforthediagnosisof
tuberculosis(Javedetal.,2015;GoyalandKumar,2013).Chestradiographfindsaconclusiveresult
onlyatalaterstageofthedisease.Thoughcomputedtomographyisfrequentlyusedinthediagnosis
andfollow-upofTB,itisnotadvicedinthenationalandinternationalguidelines.Theuseofultrasound
andmagneticresonanceimagingislackingintheliteratureforTBpatients.ThusIndiabeingalarge
burdenofTB,itisimportanttoestablishimagingcriteriaandrecommendationsforthediagnosis
(WHOTuberculosisFact,2007).

TheInternationalUnionAgainstTuberculosisandLungDiseaseandWorldHealthOrganization
specifythattheessentialstepintheinvestigationofpatientswhoaresuspectedofhavingpulmonary
tuberculosisshouldbethemicroscopicexaminationoftheirsputumsamples.Thussputumsmear
microscopyhasbeenanintegralpartofglobalstrategyforthecontrolofTB(Desikan,2013).

MicroscopicexaminationofsputumsmearsincludetwostainingproceduressuchasZiehl-Neelson
(ZN)andauraminestainedspecimens.ZNisthemostextensivelyusedprocedureforidentifiying
Mycobacterium tuberculosis in smear.TheZNstainingprocedure requirebasic fuchsin,phenol,
absolutealcohol,sulphuricacidandmethyleneblue.Oilimmersionobjectiveofmicroscopyreveals
Mycobacteriumasredbacilli.ZNstainmethodislesssensitiverelativetofluorescentstainasittakes
moretimetoscantheviewfieldsunderthemicroscope(Javedetal.,2015).

The other method is the fluorescent staining by auramine. Fluorescence microscopy was
introducedinanattempttoimprovetheresultsofsmearmicroscopy.Theauraminestainentersthe
wallofMycobacteriumtuberculosisbacterialcellandmakesthemglowunderultravioletlightagainst
darkbackground.MicroscopicexaminationoftheMycobacteriarevealaglowingyellowwhiterice
shapedbacteriainthesmear.Flurescencemicroscopytechniquehastheadvantagetoexamineat
lowermagnificationtherebyallowingthelargerareaperunitoftime.Thesensitivityoffluorescent
microscopyisfoundtobehighandistenpercenthigherthanthatofconventionalmicroscopy(Javed
etal.,2015;GoyalandKumar,2013;Desikan,2013).

Theautomatedscreeningfortuberclebacillihaslotmanypotentialbenefitssuchastheabilityto
screenlargenumberofpatients,aninexpensivediagnostictechnique,increasedresourcestomonitor
patientsandreductioninhealthriskofthetechnician.Imagesarethencapturedwiththehelpofdigital
cameraandisfurtherenhancedthroughimagingprocessingtechniques(GoyalandKumar,2013).

BACKGROUNd

Severalimageanalysistechniqueshavebeenreportedasatoolforbacilliidentificationinsputum
smear samples.Sotaquiraet al. (2009)proposedcombinedYCbCrandLabcolor spaces for the
segmentation.Huecolorcomponent-basedapproachisdevelopedtosegmentthebacillibyMakkapati
etal.(2009)andclassificationperformedbythemisbasedonbacillishapecharacterization.Khutlang
etal.(2010)usingacombinationofpixelclassifierssegmentedthecandidatebacillus.Veropoulos
et al. (1998) investigated edge pixel linkage and morphological closing for characterizing the
bacilli.Foreroetal.(2006)usedGaussianmixturemodeltoparametrisethebacillusdataset.Costa
etal.(2008)usedglobaladaptive-basedthresholdsegmentationtoidentifythecandidatebacillus.
Sadaphaletal.(2008)identifiedcolor-basedBayesiansegmentationofsputumsmears.Raofetal.
(2008) conductedmulti-level thresholding for identification and classificationof tuberclebacili.
Lenseigneetal.(2007)proposedpixellevelimagesegmentationalgorithmbasedonsupportvector
machineclassifier.IdentificationofTuberclebacillifromtheconglomerationofTBobjectsarequite
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