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中国三个不同地区的活羊调运网络及其布鲁氏菌病传
播风险
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Abstract:暰Objective暱Torevealthesheepmovementnetworksindifferentregions,comparethe
riskofbrucellosisoutbreak,andfindoutthekeysforitspreventionandcontrol.暰Methods暱We
constructedasocialnetworkofsheeptransportationinthreedifferentregionsofInnerMongo灢
liaandconductedsocialnetworkanalysis,usingUninet6.0todrawnetworkdiagramsandcal灢
culaterelevantnetworkmeasures.暰Results暱Theagriculturalnetworkweconstructedwasretic灢
ular,whereasthepastoralregionnetworkpresented"snowflake飊like"structures.Theagricul灢
tural飊pastoralnetworkhadcharacteristicsofboththeagriculturalandpastoralnetworks.The"
small飊world"propertiesoftheagriculturalandagricultural飊pastoralnetworkindicatedahigher
riskofbrucellosisoutbreak.Themajorityoftheinfluentialnodesintheagriculturalnetwork
werefarmers,whereastheinfluentialnodesinthepastoralandagricultural飊pastoralnetworks
weremostlysheeptraders.暰Conclusion暱Thesheep飊movementnetworksofagriculturalandag灢
ricultural飊pastoralregionhavehigherriskofbrucellosisoutbreak.Thecombinationofsocial
networkanalysisandanimaltransportationtrackingsystemcanbetterserveasasupportfor

the prevention and control of brucellosis.
Freezinglivesheepcirculationactivitiesatkey
nodesduringanoutbreakcaneffectivelycontrol
theepidemic.
Keywords:brucellosis,networkanalysis,sheep
movement,diseasespread,outbreak
摘要:暰目的暱揭示不同地区的活羊调运网络结构,对比其

布鲁氏菌病疫情暴发风险大小,并找出其防控关键点。
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暰方法暱构建内蒙古3个不同地区的活羊调运社会网络并进行社会网络分析,采用 Uninet6.0绘制网络关系图及

计算相关的网络测度。暰结果暱农区活羊调运网络为网状结构,而牧区活羊调运网络呈现许多“雪花状暠结构,半
农半牧区的活羊调运网络则兼具农区和牧区的网络特征;农区和半农半牧区的活羊调运网络表现出“小世界暠的
特征;农区传播力较强的节点大多为养殖户,而贩运经纪人在牧区和半农半牧区网络中具有重要的传播影响力。
暰结论暱农区和半农半牧区的布鲁氏菌病暴发风险较高;社会网络分析与动物调运追踪系统结合能更好地作为布

鲁氏菌病防控的支撑,在疫情暴发时冻结关键节点的活羊流通活动能够有效控制疫情。

关键词:布鲁氏菌病暋网络分析暋活羊调运暋疾病传播暋暴发
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0暋Introduction

暋 暋Brucellosis,whichoccursin morethan100
countries,isthe mostcommon zoonotic disease
worldwide[1飊2].Althoughthemortalityofbrucellosis
islow,brucellosisremainsasignificantissueworld灢
wideandsubstantiallyaffectstheeconomyandhu灢
manhealth[3].Transmissionofbrucellosisbetween
humansisrare.Individualsmainlyobtainthedisease
fromlivestock,suchassheep,therefore,controlling
humanbrucellosisrequiresthecontrolofanimal
brucellosis[4].Contacts between locations during
sheep movementsdeterminetheglobalspreadof
brucellosis.Sheepmovementsbetweenlocationscan
beconsideredanetworkinwhichthelocationsare
representedasnodesandthemovementsaredefined
asedgesorrelationships.Therefore,thebrucellosis
transmission network occurs within the sheep飊
movementnetwork[5],anddatafrom thesheep飊
movementnetworkarevaluableforunderstanding
theepidemiologicalcharacteristicsofbrucellosis.
Thus,varioussheep飊movementnetworkscontribute
tothedifferentrisklevelsforbrucellosisoutbreaks
indifferentregions[6].
暋暋Becauselivestockmovementdataarevaluable
inthepreventionandcontrolofzoonoticdiseases,

manycountrieshaveestablishedlivestock move灢
mentdatabasesoranimal飊trace飊banksystems.A
promisingapproachtoanalyzinglivestock move灢
ment network data is social network analysis
(SNA)[7].SNAhasbeenusedwidelyinhumanepi灢
demiologyasatooltoresearchinfectiousdiseases
suchasSARS[8],AIDS[9飊10]andtuberculosis[11],but
ithasonlyrecentlybeenappliedinpreventiveveter灢
inary care.Many countries,including England,

Spain,Italy,Denmark,Sweden,andFrance,haveap灢
pliedSNAtotheanalysisoflivestockmovementda灢

ta.Bigras飊Poulincharacterizedthetradepatternsof
theDanishcattleandswineindustriesandevaluated
thepotentialriskfordiseasespreadwithSNA[12飊13].
UsingSNAtechniques,Nataledescribedtheglobal
structureoftheItaliancattleindustryandtherela灢
tionshipsbetweenlocationsrelativetothepotential
implicationsofthetransmission ofcattle disea灢
ses[14].Rautureauproposedamethodbasedonthe
analysisofspecificsubnetworkstoassessnetwork
vulnerabilityinthespreadofinfectiousdiseasesand
todetermineanefficientmethodfordevelopinge灢
mergencycontrolstrategies[15].Ingeneral,SNAof灢
fersbenefitsforcharacterizingthepatternoflive灢
stock movements,exploringtherisk ofpotential
diseasespread,analyzingtheeffectsoflivestock
movementnetworkstructuresinthespreadofdis灢
easesandprovidingamethodforidentifyinghigh飊
riskindividualsorgroupsfortheintroductionor
spreadofzoonoticdiseasesinpreventiveveterinary
medicine.
暋暋Thispaperdescribesthesheep飊movementnet灢
worksofvariousregionsinInnerMongoliaofChi灢
na.Severalstatisticalnetwork metrics wereesti灢
mated,representingthenetworkpropertiesandvul灢
nerabilitytothespreadofbrucellosis.Theriskof
brucellosisoutbreakindifferentregionswasthen
calculatedbasedonrelatedSNAindicatorsandthe
high飊risknodesandkeypointsofbrucellosispreven灢
tionineachnetworkwerealsoexplored.

1暋MaterialsandMethods

1.1暋ProfileofsheepFarmingsysteminXinganAlli灢
ance
暋暋ThesheepfarmingsystemprofileintheXingan
AllianceInnerMongoliaisoneofseveralprovinces
inChinawithaparticularlyhighincidenceofbrucel灢
losis.ThisstudywasconductedintheXinganAlli灢
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anceofInnerMongolia.TheXinganAllianceisloca灢
tedinthenortheasternregionofInner Mongolia.
Withrichpastureresources (3000acres)anda
largecarryingcapacity(6.4millionsheep),theXin灢
ganAllianceisbecomingamajorlivestockproduc灢
tionbaseofInnerMongoliaandChina.Recently,the
incidenceofbrucellosisinhumansintheXinganAl灢
liancehasincreased,inpartbecauseofanincreasein
thenumberofherdsmen.Thetotalnumberofbru灢
cellosispatientsfrom2001to2009was5420.Sick
sheeparethemaininfectioussourceofanimaland
humanbrucellosisintheXinganAlliance.
暋暋Forthesheep飊movementrelationshipsbetween
locationsalongthesheepproductionchaininthe
XinganAlliance,seeFig.1.Thesheepflowbetween
herdsmenisaretailernetwork,whereasthenetwork
betweenherdsmenandlivesheeptradersiswhole灢
sale.Thereareconsiderablevariationsinthesheep
farmingsystem,sheep飊movementpatternsandthe
riskofbrucellosisoutbreakindifferentregionsof
theXinganAlliance.Oneofthestudyobjectiveswas
tocomparetheriskofbrucellosisoutbreakindiffer灢
entregionsbasedonasheep飊movementnetworka灢
nalysis.

暋暋Fig.1暋Thesheep飊movementrelationshipsbetweenloca灢
tionsalongthesheepproductionchainintheXinganAlliance

1.2暋Data
暋暋Expert飊opinionelicitationpanelswereconduc灢
tedin theinitialstage ofthisstudy,including
slaughterhousemanagersandexpertsfrom animal
healthsupervisionagenciesandfromanimaldisease
preventionandcontrolagenciesfromthethreere灢
gionsofInnerMongolia.Thepurposeoftheinfor灢
maldiscussionwastounderstandthehistoryofthe
brucellosisepidemic,therelatedpreventionandcon灢
trolstrategiesandthesheepflowpatternofInner

Mongolia.
暋暋Aquestionnairewasusedasasurveytoolinthe
secondstageofthestudy.Onehundredfarmsor
herdsmenand20sheeptraderscompletedtheques灢
tionnaire,ineachofthethreeregionsofInnerMon灢
goliaafterstratifiedsampling.Thefollowingattrib灢
utesforeachpremisewereincludedinthequestion灢
naire:thelocationtype(farms,herdsmenorsheep
traders)andarecordofeachsheepmovement,in灢
cludingthedate,number,originanddestination.
1.3暋Networkconstructionandanalysis
暋暋Basedonthesheep飊movementdataweobtained
fromthequestionnaire,weconstructedsheep飊move灢
ment matricestoconstructdirectedsheep飊move灢
mentnetworksofthethreeregions,inwhicheach
location wasconsidered a node and each sheep
movementrepresented an edge.Becauseasmall
numberofsheepflowedintolocalconsumption,we
definedanodeineachofthethreenetworkstore灢
presentthelocalmarketsandrestaurants.
暋暋Thesheep飊movementmatriceswereinitially
translatedintomapsofsheep飊movementnetworks.
Foreachnetwork,thefollowingnetworkmeasures
werecalculatedtoinvestigatethenetworkstructure
and vulnerability:density,thecharacteristicpath
length,diameter,centralization,clusteringcoefficient
andcomponents.Foreachnode,theindegree,outde灢
greeandbetweennesswerecalculatedtoexplorethe
influenceofthenodeonthespreadofbrucellosis.
Thecorrelationbetweentheindegreeandoutdegree
wasexaminedbecauseahighcorrelationbetween
thesevariablesacceleratesthespreadofbrucellosis.

2暋Results

2.1暋Mapsofthethreesheep飊movementnetworks
暋 暋 Fig.2showsthat withthreeobvioushub
nodes,thesheep飊movementnetworkoftheagricul灢
turalregionisreticular.Manynodesarescattereda灢
roundthehubnodesandpointinward.Additionally,

thenetworkmapincludesmanysmallcomponents
ofonetofivenodes.Thedarkbluedotsareproneto
directlyconnectingtootherdarkbluedots,thus
showingthatthesheeptransactionandexchangebe灢
tweenfarmsismorefrequentinthisagriculturalre灢
gion.Generally,thesheepweremovedseveraltimes
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beforebeingdispatchedtotheslaughterhouse.

暋暋Darkbluedotsrepresentfarms,lightbluedotsrepresentslaughterhouses,reddotsrepresentsheeptraders,andorangedots
representmarketsorrestaurants

Fig.2暋Thesheep飊movementnetworkmapfortheagriculturalregion

暋暋Fig.3showsthesheep飊movementnetworkof
thepastoralregion.Thisnetworkconsistsofahuge
clusterandseveralsmallcomponents.Morespecific灢
ally,thenetworkincludesmany"snowflake飊like"
structureswithcentralreddotsandsurroundedby
darkbluedots.Unliketheagriculturalnetwork,

mostofthesedarkbluedotsconnecttoreddots
ratherthantootherdarkbluedots,thusdemonstra灢

tingthatinthepastoralregion,therewerefewex灢
changesofsheepbetweenherdsmenandfewtotal
sheeptransactions.Mostofthesheepwereinitially
wholesaledtosheeptradersandsenttomarketorto
theslaughterhousebythesheeptraders.Inthisre灢
gion,thesheeptraderplaysanintermediaryrolein
thecirculationofsheep.

暋暋Darkbluedotsrepresentfarms,lightbluedotsrepresentslaughterhouses,reddotsrepresentsheeptraders,andorangedots
representmarketsorrestaurants

Fig.3暋Thesheep飊movementnetworkmapofthepastoralregion
暋暋Fig.4showsthattheagricultural飊pastoralnet灢
workhasthecharacteristicsofbothagriculturaland

pastoralregion networks.Thisregion had many
"snowflake飊like"structureswithreddotsatthecen灢

703广西科学暋2018年6月暋第25卷第3期



ter,andtherewerealsomanybluenodesconnected
intosmallchain飊likecomponents.Thefarmsandthe
pastureswererelativelyisolated.Thesheep飊circula灢
tion modeoftheagricultural飊pastoralfarmswas

similartothatoftheagriculturalregion,whereas
thatoftheherdsmenofagricultural飊pastoralregion
wassimilartothatofthepastoralregion.

暋暋Darkbluedotsrepresentfarms,lightbluedotsrepresentslaughterhouses,reddotsrepresentsheeptraders,andorangedots
representmarketsorrestaurants

Fig.4暋Thesheep飊movementnetworkmapoftheagricultural飊pastoralregion

2.2暋Thecomparisonofthesizeofthethreesheep飊
movementnetworks
暋暋Table1showsthatthereisnodifferenceinthe
averagegeodesicdistanceordiameterofthethree
networks.Theagriculturalnetworkcontainedfewer
nodesanddirectedlinksandthepastoralnetwork

contained moreisolated nodesinthethree net灢
works.Theaveragegeodesicdistancesofthethree
sheep飊movementnetworksare3.851,4.905,3.457,

andthelongestdistancebetweenanytwonodesin
thethreenetworksislessthanfive.

Table1暋Descriptivestatisticsofnetworksize

Region
Measures

Numberof
nodes

Numberofiso灢
latednodes

Numberofdi飊
rectedlinks

Averagegeo飊
desicdistance Diameter

Agriculturalregion 258 8 225 3.851 10
Pastoralregion 284 23 242 4.905 13
Agricultural飊pastoralregion 308 9 290 3.457 9

暋暋Fig.5andFig.6showthatthefrequencydistri灢
butionsoftheoutdegreesandindegreesofthethree
networkswerehighlysimilar.Nodedegree,particu灢
larlytheindegree,showedheterogeneity.Mostout灢
degreeswere1,followedby0,whereasmostinde灢
greeswere0,followedby1.

暋暋Fig.5暋Thefrequenciesofdifferentvaluesofoutdegree
centrality
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暋暋Fig.6暋Thefrequenciesofdifferentvaluesofindegree
centrality

2.3暋Acomparisonoftheriskofbrucellosisoutbreak
ofthethreesheep飊movementnetworks
暋暋Table2,showsthatthedensitiesofthethree

sheep飊movementnetworkswerenothigh,thusindi灢
catingthatthenetworkswereallsparse.Thecluste灢
ringcoefficientsoftheagriculturalandagricultural飊
pastoralnetworkswerebothhigherthanthatofthe
pastoralnetwork.Table1showsthattheaverage
geodesicdistancesoftheagriculturalandagricultur灢
al飊pastoralnetworksweresmallerthanthatofthe
pastoralnetwork,thusdemonstratingthesmall飊
worldcharacteristicsoftheagriculturalandagricul灢
tural飊pastoralnetworks.Therewerenolargediffer灢
encesinmostofthecomponents,thesizeofthelar灢
gestcomponentortheaveragesizeofthecompo灢
nentsofthethreenetworks.

Table2暋Descriptivestatisticsofnetworkstructureandvulnerability

Region
Measures

Density Clustering
coefficient

Numberof
components

Sizeofthelargest
component

Average size of
thecomponents

Agriculturalregion 0.0034 0.0620 58 61 4
Pastoralregion 0.0030 0.0090 64 75 4
Agricultural飊pastoralregion 0.0031 0.1330 62 57 5

2.4暋Theinfluenceofnodesinthespreadofbrucello灢
sis
暋 暋Thenodescouldbedividedintofourtypes
basedonthedifferentdegreeofeach node.The
sendingnodesexportedsheepand werelikelyto
spreadbrucellosis,whereasthereceivingnodesim灢
portedsheepandwerelikelytobeinfectedbybru灢
cellosis.Thetransfernodes,whichbothexportand
importsheep,wereundoubtedlyhigh飊risknodesand
areconsideredthemaindisseminatorsofbrucellosis
inthenetwork.Table3summarizesthenumberand
proportionofeachnodetype.Table3showsthat
sending nodesformedthe highestproportion of
nodesinallthreenetworks.Thedistributionsofthe
differentnodetypesinthethreenetworksweresig灢
nificantlydifferent(氈2=14.930,P=0.021).Specif灢
ically,thedifferencebetweentheagriculturaland
agricultural飊pastoralnetworkswasnotstatistically

significant,butthedifferencebetweenthepastoral
networkandeachoftheothernetworkswasstatisti灢
cally significant.Compared with the other net灢
works,thepastoralnetworkshowedahigherpro灢
portionofisolatednodesandasmallerproportionof
transfernodes.
暋暋Betweennesscentralityismainlyusedtoidenti灢
fynodesthatactasbridgesinthenetwork.Nodes
withhighbetweennessnodesplayanimportantrole
inthe diffusion ofbrucellosis bacteria.Table 4
showsthatthemeanbetweennessofnodesinthe
pastoralandagricultural飊pastoralnetworkswashigh
andthebetweennesscentralizationsinbothpastoral
andagricultural飊pastoralnetworkswerehigherthan
that ofthe agricultural network,thus showing
strongcentralizationtendenciesinthenetworksof
boththepastoralandagricultural飊pastoralregions.

Table3暋Thenumbersofdifferenttypesofnodes(proportion(%))

Region

Typesofnodes

Isolated nodes (Both
theoutdegreeandinde灢
greevaluesarezero)

Sending nodes (Inde灢
greeiszero,outdegree
isnot)

Receivingnodes (Out灢
degreeiszero,indegree
isnot)

Transfer nodes (Both
out飊andindegreeare
non飊zero)

Agriculturalregion 8(3.10) 115(44.57) 61(23.64) 74(28.68)
Pastoralregion 23(8.10) 128(45.07) 71(25.00) 62(21.83)
Agricultural飊pastoralregion 9(2.92) 130(42.21) 77(25.00) 92(29.87)
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Table4暋Descriptivestatisticsofbetweennesscentrality

Region
Parameter

Mean Median Minimum Maximum Betweennesscen灢
trality(%)

Agriculturalregion 0.574 0 0 8 0.010
Pastoralregion 1.574 0 0 112 0.140
Agricultural飊pastoralregion 1.136 0 0 57 0.060

暋暋Table5liststhetennodeswiththehighestbe灢
tweennesscentralityineachofthethreeregional
networks.Thetennodeswiththehighestbetween灢
nesscentralityintheagriculturalnetworkwereall
farmnodes,whereasthoseinthepastoralandagri灢
cultural飊pastoralnetworkscontainedsomesheep飊
tradernodes.Thedescriptivestatisticsofnetwork
structureandvulnerabilitywererecalculatedusing
UCINET6.0afterremovingthetennodeswiththe
highestbetweennesscentralityineachofthethree
regionalnetworks.Theresultsareshownintable6.
(Lineswithawhitebackgroundshowtheinitialval灢
uesfromtable2,andlineswithalightgrayback灢
groundarethenewvaluesthatwerecalculatedafter
theremovalofthenodeswiththehighestbetween灢

nesscentralitynodes.)Apartfromtheclusteringco灢
efficientoftheagricultural飊pastoralnetwork,there
weredistinctchangesintheothermeasuresafterthe
removalofthenodes withthehighbetweenness
centrality.Thereweresignificantdecreasesinthe
densityofallthreenetworksandintheclustering
coefficientsoftheagriculturaland pastoralnet灢
works.Thetotalnumberofcomponentsinthethree
regionalnetworkssignificantlyincreased,andthe
sizeofthelargestcomponentandaveragesizeofthe
componentsdecreased.Thesechangesindicatethat
thetargetedremovalofnodesbasedonbetweenness
centralityimprovedthepropertiesofallthreenet灢
works.Thus,theriskofbrucellosisoutbreakde灢
clined.

Table5暋Tenofthehighestbetweennesscentralitynodesofthethreenetworks

Ranking
Agriculturalregion Pastoralregion Agricultural飊pastoralregion

Nodelabel Betweennesscentrality Nodelabel Betweennesscentrality Nodelabel Betweennesscentrality
1 NY095 8 MY040 112 BJ38 57
2 NY017 7 MY035 46 BJ14 28
3 NY007 7 MY045 45 BY065 20
4 NY026 6 MY046 34 BJ25 12
5 NY088 6 MY071 27 BY069 12
6 NY068 6 MY032 27 BJ07 12
7 NY055 6 MJ43 20 BY080 11
8 NY012 6 MJ07 15 BY031 9
9 NY021 5 MY070 11 BY067 9
10 NY100 4 MJ31 10 BJ04 8

Notes:NodeslabeledNY,MYandBYrepresentfarmsorherdsmenintheagricultural,pastoralandagricultural飊pastoralnetworks,respectively.
NodeslabeledNJ,MJandBJrepresentsheeptradersintheagricultural,pastoralandagricultural飊pastoralnetworks,respectively

Table6暋Descriptivestatisticsofnetworkstructureandvulnerability

Region
Measures

Density Clustering coeffi灢
cient

Numberofcom灢
ponents

Sizeofthelargest
component

Average size of
thecomponents

Agriculturalregion 0.0034 0.0620 58 61 4
0.0030 0.0450 77 41 3

Pastoralregion 0.0030 0.0090 64 75 4
0.0028 0.0000 79 40 3

Agricultural飊pastoralregion 0.0031 0.1330 62 57 5
0.0027 0.1340 96 21 3

3暋Discussion

暋暋Animalmovements,whichtransferbothinfec灢
tedandnon飊infectedanimals,areconsideredthepri灢
marycauseoftheintroductionandspreadofinfec灢

tiousdiseases[16].Sheep飊movementnetworksareex灢
tremelyimportantforunderstandingtheepidemicof
brucellosis[17].Theresultspresentedinthispaper
demonstratethatthestructureofthesheep飊move灢
mentnetworkplaysanimportantroleintheintro灢
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ductionorspreadofbrucellosis.Theheterogeneity
ofthedifferentsheep飊movementnetworksleadsto
differentepidemicsofbrucellosisin differentre灢
gions.
暋暋Tradingoflivesheepisamajorcauseofthe
long飊distancediffusionofbrucellosis.Thetopology
ofthesheep飊movementnetworkinfluencesthesize
andspeedofbrucellosisdiffusion.Theoutcomesof
ourstudyconfirmedthatthesheep飊movementnet灢
worksforboththeagriculturalandagricultural飊pas灢
toralregionshadsmall飊worldproperties.Thisresult
wasalsoreportedinotherstudiesoflivestocknet灢
works[18飊19].Thepresenceof"hubs"andsmall飊world
propertiesacceleratedthespreadofbrucellosis.The
averagedistancebetweennodesinasheep飊move灢
mentnetworkwithsmall飊worldpropertiesissmall.
Thatis,thesheepflowismuchmorefrequentbe灢
tweenherdsmenorfarmsinasheep飊movementnet灢
workwithsmall飊worldproperties.
暋暋Thesheep飊movementnetworkoftheagricul灢
turalregioncategorizedinthisstudywasreticular,
andthesheepflowchaincontainedmanylinks.Be灢
foretransfertoaslaughterhouse,thesheep were
movedseveraltimesbetweenfarmsorsheeptrad灢
ers.Manysheepintheagriculturalregionwerecon灢
sumedlocally,producingahighriskofbrucellosis
outbreak.Thesheepflowchaininthepastoralre灢
gionhadastrongercentraltendency.Thus,the
sheeptradersactedinatransitroleinnearlyallof
thesheepmovements,andtheherdsmenwererela灢
tivelyisolated.Mostofthesheepweresoldtosheep
tradersbyherdsmenandthenresoldtootherbuyers
bythesheeptraders.Becausefewsheepinthepas灢
toralregion were exchanged between thelocal
herdsmen,theriskofbrucellosisoutbreakinthe
pastoralregionwasrelativelylow.Thesheep飊move灢
mentnetworkintheagricultural飊pastoralregionhad
characteristicsofboththeagriculturalandpastoral
networks.Theresultsshowedthattheriskofbru灢
cellosisoutbreakintheagricultural飊pastoralregion
washigh.Basedontherespectivecharacteristicsof
differentsheep飊movementnetworks,intheagricul灢
turalregion,farmsshouldbetargetedinbrucellosis
preventionandcontrolwork.Inthepastoralregion,
such workshouldemphasizethesupervisionand
controlofsheeptraders,andintheagricultural飊pas灢
toralregion,brucellosiscontrolshouldfocusonthe
managementoffarms/herdsmenandsheeptraders.

暋暋Thecombinationofsocialnetworkanalysisand
animalmovementdatawillbettersupportbrucello灢
sispreventionandcontrolwork.Oneoftheeffective
prevention measuresagainsttheintroductionand
spreadofanewbrucellosisinfectioninInnerMon灢
goliaissheepquarantineormovementrestrictions
basedonthedegreecentrality.Highlyconnected
nodeswithhighindegreeandoutdegreevalueswere
consideredthesuperspreadersofbrucellosis.These
nodeswerelikelytobecomeinfectedandtotransmit
brucellosisandshould beemphasizedinsurveil灢
lance,preventionandcontrolactivities.Theout灢
comesofourstudyconfirmthattheproportionof
super飊spreader飊nodesinthepastoralregion was
smallerthanintheothertworegions,thusalsore灢
flectingthelowerriskofbrucellosisoutbreakinthe
pastoralregion.
暋 暋However,theclusteringsubgroupandvisual
analyses for social network analysis technology
basedonsheep飊movementrecordscontributedtothe
estimationoftheextentofthebrucellosisepidemic
andidentifiedcrucialnodesinthespreadofbrucel灢
losis.Withanoutbreakofbrucellosis,thecapacity
torapidlyidentifythecrucial,potentialinfection飊
spreadingnodesisbeneficial.Timelyimplementa灢
tionofprevention measuresforcrucialhigh飊risk
nodes,suchasrestrictionsonsheepmovementmay
undoubtedlycontrolthebrucellosisepidemic.The
targetedremovalofnodesbasedon betweenness
centralityimprovedthepropertiesofallthreenet灢
works,thusdecreasingtheriskofbrucellosisout灢
break.
暋暋Theresultsreportedinthispaperrepresentthe
benefitsofsocialnetworkanalysistechnologyfor
thepreventionandcontrolofbrucellosis.Further
researchinthisfieldshouldincorporatetemporal
dynamicsandspatialdimensionsintothesheep飊
movementnetworkbecausepatternsofsheepmove灢
mentindifferentseasonsmaypresentdifferentrisks
forbrucellosisoutbreaks.
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