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Abstract

According to the Taiwan Center for Disease Control (CDC), the highly
pathogenic avian influenza virus HSN1 has evolved so quickly and poses such a
threat that Taiwanese health authorities have already announced three major
control strategies: a vaccine, antiviral drugs, and isolating infected individuals.
We constructed an influenza simulation model based on daily-contact social
networks and a multi-agent system to study transmission dynamics and to
investigate the potential efficacies of various public health policies.

Our model has three major parts: social networks, the individual diversity
- and epidemiological factors. Daily-contact social networks (composed of
multiple interconnecting municipalities and individuals) can be used to represent
such social phenomena as long-distance movement, daily visits to fixed
locations, different population densities, and inter-area transportation.

We analyzed the dynamic of epidemic situation in 22 areas in Taiwan,
including the high peak of the burst of the epidemic and infection rate. Our
model has three major part: vaccine, traffic control and medication. We found
that the vaccine can get best results. The traffic control in epidemic area can get
results as good as the global traffic control in whole Taiwan. Considering special
remedy, we simulated in the effect of medication, injection location and total
doses. We found that protective inoculation has a good effect in the beginning of
the burst of the epidemic, but probably an opposite effect if total doses are not
enough.

The model was used to simulate a novel influenza outbreak and other
scenarios involving different seeding events and interventions — for example,

antiviral prophylaxis, social distancing policies or closures for schools and



workplaces, and control of inter-area movement.

Keywords: novel influenza, contact network, small world network, mirror

identity, epidemic model
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Country 2003 2004 2005 2006 2007 Total
cases | deaths | cases | deaths |cases | deaths |cases | deaths ;cases | deaths |cases | deaths
Aze.rbaijan 0o 0 o |0 0 | 0 T é 5 0o 0 8 5
Cambodia (0 0 0 0 4 4 2 2 1 1 7 7
China 1 1 0 0 8 5 13 8 3 2 25 16
Djibouti 0 0 0 0 0 0 1 0 0 0 1 0
Egypt 0 0 0 0 0 0 18 {10 20 5 38 15
Indonesia 0 0 0 0 20 13 55 {45 35 131 110 v 89
Iraq 0 0 0 0 0 0 3 |2 0 0 13 2
Lao
People's
0 0 0 0] 0 0 0 0 2 2 2 2
Democratic
Republlc
Nigeria 0 0 0 o] 0 0 o 0 1 1 41 1
Thailand 0 0 17 12 5 2 3 3 0 0 25 17
Turkey 0 0 0 0 10 0 12 4 0 ‘ 0] 12 4
Viet Nam |3 3 29 20 61 19 0 0 7 4 100 (46
Total 4 4 46 32 98 43 115 {79 69 46 332 1204

SEi: WHO #8EL[7]

A HHE: 1025, 2007
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RFAT  BEP R 1918~1919 F Y EHF ARFAERABERLERE > £

MARE| — SRR 4000 EAR T BEMBYE —RHRABRDE
Fl ey 48 58— AB[3] -
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ETHEATHEF  KIAIAT—ERABE S FEOER  “BEAZ
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For Row = 1 to NumCities
Do
StartNum = 0
People = PeopleOfCity (Row)
// set the LatticeNum of those people with InterArea MirrorIdentity

For Col = 1 to NumCities

Do
For. i = StartNum to ODmatrix[Row] [Col]
Do
.// everybody has at most 1 InterArea MirrorIdentity
People[i] .lastMirrorIdentity.LatticeNum = Col
People[i] .otherMirrorIdentities.LatticeNum = Row
Done
StartNum = StartNum + ODmatrix[Row] [Col]
Done

// set the LatticeNum of the rest people
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Loop
People{StartNum] .allMirrorIdentities.LatticeNum = Row
StartNum = StartNum + 1

Until StartNum == PopulationSize[Row]

Done

NERYTF
£ TFegE8E T > RIBE “EE” RREF B CellSize L5 7
105428 - BXZ2HBRBR > BFKRP L E[A]SEHER > PARA

SCHAE & TR 10 -

// a.CellSize is the number of MirrorIdentities in cell a
// 1) distribute people to Home
For each Lattice L in Taiwan
Do
Loop
Cell = random-select-one-cell-from(L)

Until Cell.CellSize < 10

For i = 1 to Cell.CellSize
Do
Loop
Person = random~select-one-person-from(L)

Until Person.Home == false
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Person.Home = true
Person.MirrorIdentity(0).distribute~to (Cell)
Done
Until everybody in Lattice L has a home

Done

// 2) distribute people to other places

For each person P in Taiwan

Do
For each undistributed MirrorIdentity M of person P
Do
Loop
Cell = random-select-one-cell-from(M.LatticeNum)
Until Cell is not full
M.distribute-to (Cell)
Done
Done

HFEHREER

$A9 LA TF 7 ¢4 pseudo code R & 78 B 494E /51842

For each people P in Taiwan

Do
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Do

Done

For each MirrorIdentity M of person P

// a.CellSize is the number of MirrorIdentities in cell a

// CellSizeOf (x) return the CellSize of the cell in x

// MaxIntraCellContact's default value is 20

// 1) IntraCell Contact

Times = Min(MaxIntraCellContact, CellSizeOf (M.location))

For i = 1 To Times

Do

Candidate = random-select~one-person-from(M.location)

contact-with{Candidate)

Done

// 2) InterCell Contact

For i = 1 To P.NumOfContacts

Do
CandidateCell = random-select-one-cell-from{NeighborOf (M.location))
Candidate = random-select-one-person-from{M.location)
contact-with{Candidate)
Done
Done
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12X 3~6%
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B RUALEARI MG ERREREE B BAHLLZBEN S ek -
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—BRER BEARANARMBERKEOFEN TEEAMNREHRERKER
BEGE S -

B EELFRATRTREA LN Bt ERAR 05 RER
94 F 181 82 49 Symptomatic B MR & EHH R BT > MR L 255
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ARALEAMER AN BHREALERCHR » HANT G REB
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ERAMERRARERE RAEATACRASRABAXRAMIER S
1% £ %wk ma L Esb ey g o Ak RIVER T — ARG
WithdrawProb R X & AMARE AR ERERVEI BB E - ATHLE

JE AR T

For each MirrorIdentity M of Patient
Do

If M.home != true

then

set-A-to-B-with-probability (M.cancel, true, WithdrawProb)
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endif

Done

223 BRSHHER

& 4 BRBHEH

Sy LM AR A REME
SymptTransRate FEER BREE—R 323
98 60 19 S A
AsymptTransRate RS & f ik R 323
BRESE—R
HABOEER
SymptomaticRate % 2k B AT 0.63[27]
LatentPeriod YR ok HA o s R 1~2[8]
o
IncubationPeriod e T A TR HA 4 R 1~3[8]
A
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ContagiousPeriod £ 5 A 18 B a4k 3~6[8]

w

WithdrawProb 3% 2k $ — B A 0.63[46]
i D

it o

LR EBEHE (R 4) ﬁﬁ?ﬁi%—?‘%‘Longini[é]é@%‘:’tE ' 2 d AR
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AsymptTransRate = 0.5 * SymptTransRate

Bt AT RO AKX EF S F -
RO =0.37 * (0.5*SymptTransRate) * F3454 8 HEAH RS * R L4534
R#

+0.63 * (SymptTransRate) * F35 8 Ak * KT
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