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ABSTRACT

In this work, the goal is to design and investigate a new simulation system based on detection
communitiesforcontrolandpredictionofTBoutbreak.Thelatterismainlybasedonfoursubsystems,
namely susceptible-infected-removed (SIR) system, detection community system, visualization
system,andpredictionsystem.TheSIRincludingreservoirwithinsmallworld(SW)networksystem
isappliedtotakebetteradvantageofitsmodelingpropertyandunderstandingepidemicspread.In
ordertocharacterizetheinfluenceofcommunities’structure,theyuseLouvainmethodtoidentify
communitiesinhumancomplexnetwork.Then,theyproposeapredictiveapproachforidentifying
thehottestoutbreakcommunitiesbasedoncommunities’detectionaswellasmappingareasatrisk.
Currentresultsshowtheperformanceoftheproposedsystemandtheimportantroleofdetection
communitiesintheprocessofepidemicspreadingandprediction.
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1. INTROdUCTION

Everyyear,infectiousdiseasesaretheleadingcauseofmajormorbidityandmortality.Despitethe
sanitationdevicesbuilt,programsappliedinthefieldandtheimplementationofpreventivemeasures,
thereareveryfewinfectiousdiseasesthathavebeeneradicated.

Decisionsupportsystemsdedicatedtoepidemiologyaredevelopedforvariouspurposes,such
as:monitoring,surveillance,prevention,control,alert,etc.(Quah,2016).Indeed,someproblems
relatedtothespreadofinfectiousdiseasesareofacomplexnatureandinvolvemanyfactors.Among
theselater,thesocialstructureofindividuals.Theepidemicspreadsacrossapopulationinbothtime
andspace.Inordertocontrolandmonitoritsdynamicsofinfectionaswellasitscapacitytoevolve
and“emerge”initsform,itisnecessarytoanalyzeitinaspatiotemporaldimension.Moreover,itis
impossibletopredictfirmlyandinadvancethespreadofthediseaseinthefuture.

Inthiscontext,preventionaimsatlimitingorslowingtheprogressionoftheepidemic.Itisnoted
thattheepidemiccanneverbestoppedinadefinitivewaybecauseitismultifactorial.
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Theproblemdiscussedinthispaperliesattheconfinesofvariousdisciplines,themainoneis
epidemiology.Outbreaksofinfectiousdiseasescanposeaseriousthreattothehealthofindividuals.
Indeed,severalresearchteamshaveinvestedinthestudyoftheepidemicpropagationmechanismin
ordertoproposeareliableandrobustmonitoringsystem.

Mathematicalandsimulationsystemsareincreasinglyusedinorderto:

• Study the transmission of infectious diseases to predict how they might spread in a human
populationintheeventofanepidemic(pandemic).

• Evaluatedifferentinterventionstrategies.
• Helppublichealthdecisionmakerstobringtheoutbreakundercontrolmorequickly(Younsi

etal.,2019).

Mathematicalepidemicmodelscanbeusedtorepresentthedifferentstateofpatientsinthe
courseoftheillness(S:susceptible,E:exposed,I:infective,R:removed,etc.).Inthecurrentstudy,
weusedtheSIRmodelwithinSWtoexplorethedynamicsofanepidemicincludingareservoir.
Thetransmissionofepidemicoccursthroughreservoirtopersonand/orperson-to-personcontact,
andcontactbetweensusceptibleand/orinfectedindividualstakestheformofanetwork.Because
simpleSIRepidemicmodelincludingareservoircannotmodelthedynamicoftransmission,itmust
beintegratedwithasocialnetworkmodel,tounderstandthespreadoftheepidemic.Moreover,the
structuralproperties(e.g.,density,diameter,clusteringcoefficient,etc.)ofnetworksplayanimportant
roleinaffectingdiffusionbehavior.

Recentresearchfoundthatcommunitystructureplaysanimportantroleinepidemicspreading
onnetworks,inwhichexistingstudiesfocusedonnetworkswithnon-overlappingcommunities.They
found,also, thatcommunitystructureaffected theepidemic threshold,epidemicprevalence,and
informationlifetimeincomplexnetworks(Shangetal.,2015).Intheliterature,thereexistseveral
communitydetectionalgorithms,namely:BigClam(Yang&Leskovec,2012),greedyhierarchical
methodbasedonmodularitymaximization,Louvain(Blondeletal.,2008),labelpropagationbased
approach,COPRA(Gregory,2010),etc.Themostappropriatemethodforcommunitydetectionin
staticgraphistheLouvainMethod,becauseitisthefastestandthemostaccuratemethod(itachieves
bettermodularity).Furthermore,whensocietyisfacedwiththethreatofserioushealthcrisis,decision
makersareinneedofsimpleandpowerfulmappingtoolstoexplore,synthesizeandanalyzespatial
andtemporaldatasuchasidentificationofriskareas.Indeed,displayingoutbreakareasonamapis
managedbyaGIS(GeographicInformationSystem).

1.1 Our Contribution
ThemainobjectiveofthecurrentresearchistodevelopanddiscussanewextensionofSpatio-Temporal
DecisionSupportSystem(SIDSYS+)forepidemicmonitoringandprediction.Theproposedsystemis
basedonsimulationsystemusingtheSIRincludingreservoirmodel,detectioncommunityusingthe
LouvainMethod,GISandpredictionsystem.Itallows,inonehand,tosimulatethephenomenonof
theepidemicspreadinahumanpopulationinordertocontrolandmonitortheevolutionofthedisease
intimeandspace.Ontheotherhand,itenablestodetectthecommunitiesinordertounderstandthe
socialstructureofindividuals’network.Moreover,itallowsthepredictionofthearea(s)susceptible
tobeinginfectedinthefutureandvisualizesariskmaponGIS.Thepredictionsystemreliesonthe
communities’detectionapproachthatallowspredictingthebehaviorofoutbreaksandvisualizing
riskmaps.Themodelismanagedbythedecisionmaker(publichealthofficials).

Ourmajorcontributioninthepapercanbesummarizedasfollow:

• DetectcommunitiesinanetworkofindividualsusingtheLouvainmethod(Younsi&Hamdadou,
2017);
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