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Abstract

Object of this study:

In the enterovirus 71 outbreak in Taiwan, a total of 78 children died of severe
ilinesses. In the following years, enterovirus 71 continued to circulate in Taiwan,
and caused some outbreaks. So, enterovirus 71 is among the most important
enteroviruses in Taiwan. Coxsackievirus A16 was the most common enterovirus
isolated from the routine surveillance. It is also the most common cause of
herpangina in children. During the summers of 1994, 1996, and 2005, some fatal
neonates were reported to be associated with Coxsakievirus B1, B3. Vertical and
perinatal transmission from mothers are a great concern in these newborn cases.
That is why the seroepidemiology of several important enteroviruses becomes
the important and hot issues for a public health authority to know before making
any crucial policy to control enteroviral outbreaks.

Design of this study:

We planned a population-based seroepidemiological surveillance, based on
geographical, gender, and age-realted categorizations. We sample patients from
four different geographical regions and wide-ranged age groups—from infant to
the elderly. Using the technique of neutralization test, we are able to obtain the
seroepidemiology of the four important enteroviruses in Taiwan—enterovirus
71 ~ coxsackievirus B1, B3, and Al6.

Results:

We set the protective antibody level equal or more than 1:4 dilutions. In age
younger than 5 years, more than half are vulnerable to coxsackievirus A16
infection. More than half the population of age 17 and 13 years have protective
antibody levels of coxsackievirus B1 and B3. In the childbearing ages (19-45
year-old), 52-70% (cox B1) and 67-88%(cox B3) are seroprotective. The lowest



seroprotective age groups fall in 36-45 year-old (cox B1) and 19-20 year-old
(cox B3). Less than half of children under 8 years old are lack of protective
antibodies against enterovirus 71.
Conclusions and recommendations:

The recommended vaccination ages for the prevention of neonatal
coxsackievirus B1 and B3 infections are 36-45 and 19-20 year-old. For the
prevention of severe enteroviru 71-associated diseases, the recommended

vaccination age is below the 8 years.

Key words: enterovirus, neutralization test, seroepidemiology
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Neutralization test (NT)

The neutralizing antibody test is performed for Entervirus 71 -

Coxsackievirus A16 ~ Coxsackievirus B1 ~ B3.

To titrate a virus, serial tenfold dilutions of the isolate is prepared and
inoculated into a cell culture (RD cells). The virus endpoint titre is the reciprocal
of the highest dilution of virus that infects 50% of the host system. The

concentration of virus generally used in the neutralization test is 100 TCIDs, per

unit volume.

The antiserum is titrated in the neutralization test against 4 enteroviruses.
Serial twofold dilutions of serum is prepared and mixed with an equal volume

containing 100TCIDg, of virus. The virus and serum mixtures are incubated for

1 hour at 37°C.
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4 657 ] H 63 6.66% 63 49 68 67 100.00%)  72.06%] 100.00%]  98.53%
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2o AP NG 14 23T MR REIRE NG RS 0 T8
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1 i poliovirus > # v &~ 3 3 F R st 7P o
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Abstract

Objectives: The aim of this study is attempt to establish a more rapid,
sensitive, effective molecular detection with application of reverse
transcriptase - polymerase chain reaction (RT-PCR). Furthermore, to explore
the risk factors of developing severe neonatal enteroviral infection based on
the viral virulence, host defense, and their correlation.

Methods: Through May to September 2007, we enrolled neonates admitted
to NICU of Chang Gung Children’s Hospital who met the criteria of
newborn (age < 2 months) with fever or manifestations of jaundice, bleeding
tendency, unstable vital sign or combination of maternal illness and family
history. Upon arrival of admission, throat and rectal swabs for viral isolation
were procured, and subsequently assayed by indirect immunofluorescence
stating with enterovirus-specific monoclonal antibodies for the identification
of serotype. The specimen was also rapid detected by reverse
transcriptase-polymerase chain reaction (RT-PCR). The each subject were
obtained serum for analyzing viral load by real time RT-PCR, measuring
enteroviral neutralizing antibody by neutralization test, investgating cell
immunity by Enzyme-linked immunosorbent assay (ELISA).

Results: Of 59 enrolled neoborns, only 14 (23.7%) subjects isolated
enterovirus from throat & rectal swab which were conformed to RT-PCR.
The sex distribution was equal to male and female. Among 19 positive viral
cultures, 9 specimens (47.4%) were from throat swabs, and 10 (52.6%) were
from rectal swabs. The serotypes in the year were 7 Panenterovirus, 2
Echovirus30, 1 Echovirus6, 1 Coxsackievirus A16, 1 Coxsackievirus A24, 1

Coxsackievirus B4, 1 poliovirus. The remained molecular laboratories were



undergoing.

Conclusions: There is no outbreak of neonatal enterovuris infection in this
year, and only 14 (23.7%) newborns isolated enterovirus from throat &
rectal swabs. There is also no cases developing severe dieases, because they
are not infected by coxsackieviruses B1-5and echoviruses 9, 11, 19 which

could cause fatal clinical course.

Key words: Enterovirus -~ Real time Reverse Transcriptase-Polymerase Chain

Reaction ~ Neutralization test ~ Enzyme-linked immunosorbent assay



LA AE - B g o A AR - BRI R IR A E AR

uﬁ%ua%@ég$%i@i@ﬁé%»?@13%oé&%i@%%%®%ﬁ

w

‘-\m—

o ‘7‘ %ﬁ;:
Foo B R AL Rk S S B M R ep b g B R S B
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B ATA 2 ;Iisaf B2 Es+ B %i:f{,%,a% (group B coxsackieviruses) # = 1}\?’—‘]}%3
(echoviruses) » # # = 1137 & B1-5 % 247 9~ 11~ 19 # ¥ 5142 £ v 4 [1-5] -
TR RMARS LA ETARA LS Ent B S F A 2 aRtd O i
AonfE o He v i G idskt 4 oo AW ALz #3 & F Coxsackievirus Bl >
A ® A~ L+ 7 & §_Coxsackievirus B3 » m 2 B~ -+ = & p| ¥ d Eneterovirus 71 [6] - g

Fenig i = - RAFFPrEd RERES [T - L2 AERY £ - RY

dISE Al s s ek g ot A G E Qe 3 30-50% [8,9] - = A
AUERMEL IR OFRARLADRE R LRI ML E SR
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11 7 7 0k %’iﬁ’éjﬂ%ﬂ%’ - LRTARQED AL B R 4’”}}]%-* (=411

16 ¢RI A S p+ > B9 14 L RONMBREMR - F - LA HHELRE TEE
RBET ko MR BRI w R AR S A BT AR AL &Y G2 g
5 A TR & Mo X 5 = < (1) b R gg(nonspecific febrile iliness); (2)
# F1 e L (aseptic meningitis); (3) %R &~ & H e 7 ic & % (hepatic necrosis
with coagulopathy) » = 47 # g8 - iz & ¢ > 5 146 BATL TR A opS 0 F 42 B
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Z_ B % %]+ & 3 (1) hepatic necrosis, (2) higher total bilirubin, (3) concurrent
myocarditis [6] - =X B4 -z £+ F < R #- Coxsackievirus B3 g # #74 52 (7 o

K ARE Fleiigt 36 LR A RTL 205 21 4 5 PR (T& 5 EMREES R AL
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s EEERR) HP LA B FiE278% F 20%F RABAESHHE
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s BRI ARTA s’m;—:;;si BRAEFELREBX2 B %G FF & $&(1) absence of
neutralizing antibody to the infecting serotype, (2) maternal illness prior to or at delivery,
(3) illness onset within the first few days of life, (4) multiorgan disease, (5) hepatic
necrosis, and (6) specific infecting serotype with group B coxsackieviruses and echovirus
11[13] « 22 P o 4205 4 1@ R ATL D0 E A op 2 RpHE ~ Fllle 00 5
AP UF o FILF 5 S e R enfgid o AR A P R &
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A.) Criteria for enrollment :

L S s ARkt 0% g A (AR 0 W oheE s L

2. FTRAMRED EEA B AL AW (G MR AopAgkhATE 2
3. F TRAMiEY EE T § LY HA R R ORTE T
4, DA FHATRAEI 3230 D4 fE LR B 1500 o R
B.) Criteria for exclusion :
LFr L8 aRRERE ST Lyl g~ W LR
FIR B i = 3 Y2 A4 2

2. F # %4 F(immunodeficiency)z 74 2

3. F & % 1. %0p (congenital heart disease) 2. #74 ¥2
4. % £+ % = £ ¥ (major congenital anomaly) st % ¢ £ ¥ 2 374 &2
5.3 %3 EF A AREPESF LA D W BY R AR B K

6. LTs A AR 2pd HIVE #2372 5
() %% [1-2,6,18-19] :
1. =i (Benignillness) © 2t B 145 e & B 7L
2. £ g(Severedisease) @ H — ML & B p ot v Bod SE B R
e P B ¥ Rt g & B iR
3. 2t R dia (Febrile iliness) © ko vt - & 1 @ foik 4 2k

4. & FjEme K (Aseptic meningitis) * %o ¥ ikt B 0 2 p# 3
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5. 3w (Myocarditis) : 7; R 2 e AN = j;g s e FEE s m RE I 0 g%



(1)

(V)

X-ray B < HgF < 0 s TR AR SRS A BRC FITET 2
(ejection fraction <50%) » ¥ ¥ # . svfz4 = @ 4% © Troponin-1 > 0.4, CK-MB
> 10.4mg/dl , CPK > 130mg/dl
FREH 7 2 R # it B ¥ (Hepatic necrosis with coagulopathy) @ 5 & 7 & #+
WA P HIRY L e i B ¥ (AST > 3 times upper limit of normal) ~ 5 &4
Bk 2 £ 4 ¥ o) 45 KT (Platelet count < 100000/mm®) ~ & £ F P s
# it £ ¥ (prolonged PT and aPTT > 1.5 times upper limit of normal , elevated
D-dimer)
BERTa fE & ¥ tRsu(Sepsis-like with shock) © fek m ik BcE - WP K5 13 %
DA LR AR OS2 AE L Sk AR HE A R R
2R P R

L= N e LS

Ted Flar e L b iF 2 01374 Q4elp s 2 A7 QHTRA T T2 AT

LR o TRk TR B E ¢ 45 ¢ 2 & F 4 (demographic data) ~ #{§ ¢ (exposure

history) » bi4c# FL 2 A5 8§ 2L Fmbkfrid 3 2 ] ZEAS HF A%

% 4 ek 2. & #(age of disease onset) ~ T2k % #x(clinical symptoms and sign) ~ &

4 1 # % (laboratory data) ~ “& 2y 3¢ {5 (short-term outcome) » &4 = & 375 ~

Rk ST G T BRI SIS SN TS ST

B (H g A | FIE L) ~ B3 g (complication) o bl e 45 & PR 4

oo X2 el ares 0§ RIRY FupF E 4 Pleconarily & Tk & 4% 1 ol

A5~ 15 4 3w ¥ 4 (laboratory data)z_ & %] o 12 % pR* Pleconarilr)l% B &40 M &

(TF o b4eilBAT s L RS S FTRF o
AAFEH TR

%A 7 % chHemogram{rBiochemistry & 4% @ w3 3+ o &R #(CBC/DC,

CRP) » ##54 i (AST, ALT, Bilirubin) - % i % ¢ 2 ¥ (BUN, Cr, Na, K, Cl, Ca) ~

= ¥E(Sugar) e ¥ ¥ EHkw RICRRDWERE A BRI B A B A o ok
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PR L H G I T R B R % R R AP

T

' € e Bk Mg & Btk RI(cerebrospinal fluid study) o 4o R T H % G F B

r:,\.'é‘}'im? EE :k}_ ) /]}]J-&‘:"Eg:g"—'& ;Eg_ ~ ﬂ!j“gé:,\ IUE:?){”%C‘P,“ fﬂlifbfi ) g%c‘%z,,\‘_;ﬂ"bg%

% %2 A& w # i (CPK, CK-MB, Troponin-1, PT/APTT, D-dimer) - 4 & PFRE 5 fifx

TRESF-X 25 28 dhmo
V) #2332 P%2Pi ek

ML ¥ Rk 45cc A KT N d EE 3ccE £ R FEFEE 16CCe

PFRFLEAREFF 52 X2 5 280K

(V) REr'& %=+ s 47ihig 4 (T £ 4R
S ETRA T B AL R L AL R AR - 2 g
Hrgsp ~ 1P+ Fup & 38 & hfa 0 W RT-PCReN™ X (i RIz# ez & v I
YRR T LR RS ST B RIR A o pARE NS o Bk

e € P gF R o Byl * indirect immunofluorescence staining % i&

ARt FAALEL LRS- Tk p ERFLH RS g0 (K9

P 3ccx £ FEidE 1.5cC)ias 7 0 ¢ 45 % Real-time PCR 1 ilviral load ~ *

Neutralization test# 5 antibody titer ~ * ELISA 4 $7cytokines and chemokine

o ho kAT % "Lﬁ”p”’}‘)ﬁa*k\,-ﬁb W€ Eifredy - XA & IR g
HiHemogram+-Biochemistry » 12 2 £ 4 & #aviral load ~ antibody titer ~ cytokines
Stk o deh Ep 0 FE FRSH LAT RS (IVIG) R IR Y Fip 4 ¥
Pleconaril » ¢ & ffeih® = X ~ % - % ~ 5+ w X & e ¢ £ i HiHemogram
feBiochemistry » 12 2 £ 34 & faviral load ~ antibody titer ~ cytokiness=i i#| -
~ R R RO - R PRI IR WRE R A
V) ~F25FkAI7:
(1) Molecular detection for identification
* HrpEf NSRS T‘;’-ﬁ.ﬁ}’i&i ¥ % ek 48 0 12 reverse transcrptase-polymerase
chain reaction (RT-PCR) 73 3 B Rz chig & - 1o § £ f1* QlAamp
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viral RNA Mini kit (Qiagen) # RNAextraction = £ f1* & 3 2% 4
(pan-enterovirus) 5’- noncoding region =75 71| § primer
(5’-CCCCTGAATGCGGCTAATCC-3’) » 4t} reverse transcriptase & =
CDNA-cDNA £ “4c + reverse primer (5’-CAATTGTCAGGATAAGCAGCC-37)
4 Taq polymerase *s 7 PCR o & 15 41 * ¥ £ 4F #-(probe:
5’-FAM-CACGGACACCCAAAGTAGTCGGTTCC-TAMRA) 8 iE‘J-‘IﬁGi 7F
& o RT-PCR was performed in a Bio-Rad iCycler iQ Multicolor Realtime PCR
Detection System (Bio-Rad Laboratoreis ) for 40 cycles using TagMan probe
techonology [20-22] - 7 4 #5 % chia 4~ & I PFrof B b cnd s » 4%
% 5 % & 4 ¢ ;= (indirect immunofluorescence stating with enterovirus-specific
monoclonal antibodies) % i& 7 5 4 & 4 3 2 F L e
(2) Molecular detection for viral load
AT H L 15cc H 7t 42 14 real time reverse
transcrptase-polymerase chain reaction (RRT-PCR) == 3% i iE'J:}ga% ' o &
£ ¢ £ {1 * QIlAamp viral RNA Mini kit (Qiagen) &+ RNA extraction o £ ] #*
] «‘Ifii«% (pan-enterovirus) 5’- noncoding region =75 71| § primer
(5’-CCCCTGAATGCGGCTAATCC-3’) » 4t} reverse transcriptase & =
CDNA-cDNA £ “4c + reverse primer (5’-CAATTGTCAGGATAAGCAGCC-37)
4= Taq polymerase *5 = PCR-RRT-PCR was performed in a Bio-Rad iCycler iQ
Multicolor Realtime PCR Detection System (Bio-Rad Laboratoreis ) for 40
cycles using TagMan probe techonology [16] o 74 # 238 Ny =Ngx 2' & ! I
FER -
(3) Antibodies titer measurement
AT H %R 1.5cc B o 7 # ¥ %8 2 Neutralization test (NT) == 38 %
H e P fodii el o b iR e B 3 56°C30 A 4RI 2 A R 0 2 8
F /2% 1024 % 2ok SRR o AP a-50 L = R ens Fokl b
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(V1)

microtiter plates incubated 37°C2 -] FF2_{s » £ i& B 4c » 50 ¢ L 50% tissue
culture infective dose (TCIDsg) e 3 3-8 % # Rin (72 % :ff?afi AR A
Coxsackievirus B1 ~ B3 ~ echovirus 11 stain % & % 3¢ = 372 S22 € Jg 0
& o 44 microtiter plates £ 1 # & 9vp Bt #2 (rhabdomyosarcoma cells: 8 x
0%cells per ML)#FAETE A 217X Bfshd o ;%ﬁr% [ A=
cytopathic effect » % 2 3% w2 ¢ friidi»ciy [23] -
(4) Cellular immunity measurement
F AT 2cc0 o iR 482 ELISA (Enzyme-linked
immunosorbent assay) 17 ;e 5 4 & cytokine 2 chemokine » f& - #-
B & e Jf: plasma 2z ¥ % 7 EDTA-anticoagulated ¢ - 2 {5 £ 7% *-70
CTHhHEE I ZE A7 - §1* ELISAKIt (Quantikine; R&D Systems) #
cytokine 4 7 » ¢ 3 proinflammatory cytokines (IL-6 ~ IL-8 ~ IFN-7) -
anti-inflammatory cytokines (IL-10 ~ TGF- 81) © # ] fd jp]& & (minimum
detectable concentration) = 1 pg/mL(IL-6) ~ 2 pg/mL(IL-8) ~ 2pg/mL(IFN- 7 ) ~
3 pg/mL(IL-10) ~ 7 pg/mL(TGF- 81) [23-27] -
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FAR A FEERE L 2w A o A N
NF AR AL TR B2 LAl B2 AT B pd RS
AEMAAF B LW o dodF AL RPER LR REY S P FRRET
Fad FinFRENT AP AR NA# P FELFEDER L AN
FHP T U R g2 N4t T4 G »;—;%4@4 EREEF L RBRF LG
AopFE i ARF B2 AR NEFEFNEHESRTL XY pEA L
Fens e F1 S o 0 B3t % 2 SPSS, version 10.0 A 45 o 12 x 2 test A 45 4
4R o 4 student ttest A 7 LR AR o AT St EY 5 A o pvalue<

0.05 AR5 F Szt b 2 A & o
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F2 TR A LRl B FIT AT G E i

FIEIEG 2
L R SR R R N S e S

T4 %2 (Age < 2 month old)
TG ORASRE F L EG R R AT 2

Exclusion criteria: definitive UTI, AGE, Bronchiolitis, Congenital anomaly

|

- X

L pEE BGHE #4) e » Fezes-dEnterovirus Infection
%5 B G ) %5 %&fvfi‘q-)ﬁiq?l » =» & $1 # 4~ =>Enterovirus Infection
=i 7w Dr.§ ¥ % (PHS:1676) % = AR ¥ %9 & 2 Database #
2. #=%3 P (1) CBC/DC, CRP, Sugar, BUN, Cr, Na, K, Cl, Ca, AST, ALT, Bil (D/T)
(2) Blood culture, Urine culture, U/A, Rectal & Throat viral isolation
3. i MK FE 3cc £F FF LECO)E RS § BT B ISR (4 15 8354):
(1) Rapid molecular detection by RT-PCR
(2) Identification of serotype by indirect immunofluorescence staining
(3) Viral load by real-time RT-PCR
(4) Antibody titer by Neutralization test (NT)
(5) Cellular immunity by ELISA

4. 4o

meningitis, & CSF study

4o % st severe diseases, Fj*c&: CPK, CK-MB, Troponin-1, PT/APTT, D-dimer

Benign dz: Fbrile illness
Aseptic meningitis

Severe dz: any or combined Sepsis like with
Shock, Myocarditis, Hepatic necrosis with DIC

R ENES

¥ 5% . CBC/DC, CRP, BUN, Cr,
Na, K, CI, Ca, AST, ALT, Bil
(DIT)

% EEE 3cC,

+ ¥ g 15cc

IVIG therapy

No IVIG therapy

J & 4 ) 38 symptoms of severe
dz ﬁ? abnormal lab data > = #&
» TR IAR ©

EEs

# % . CBC/DC, CRP,
PT/APTT, AST, ALT,
Bil (D/T), troponin |
EE )

# % CBC/DC, CRP,
BUN, Cr, Na, K, ClI,
Ca, AST, ALT, Bil
(DIT),troponin |

% EE ¢ 3cC,

+ ¥ g 15cc

o X

# % CBC/DC, CRP,
PT/APTT, AST, ALT,
Bil (D/T), troponin |
EIE 1 5

# % . CBC/DC, CRP,
BUN, Cr, Na, K, Cl,
Ca, AST, ALT, Bil
(D/T),troponin I,

¥ BB 3cc,

*EE¢E 15¢cc
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Since the death of 78 children because of severe enterovirus (EV) 71
infections in 1998, EV has become a major issue in public health in
Taiwan. Previous studies on the risk factors of severe EV infections were
based on case-control method. However, all the results were inconclusive.
The present study intends to analyze epidemiological data of different
administrative areas to delineate whether there are some significant local
features that may explain different incidence of severe EV infection in
different areas.

Based on data collected between 1998 and 2006, there was a great
difference among the incidences of severe EV infections in children under
5 years of age in different cities and counties. The incidence of severe EV
infections correlated positively with the incidence of acute flaccid
paralysis (P=0.034) and Japanese encephalitis (P=0.039). Severe EV
infection correlated positively with the average number of peoples per
house (P=0.026), while it correlate negatively with the rate of foreign
spouse (P=0.026) and the rate of literacy (P=0.003).

The incidence of severe EV infection did not correlate with either
shigellosis that is transmitted fecal-orally or dengue fever that is
transmitted by mosquitoes. The results indicate that the most important
risk factor for severe EV infection is the crowdedness of living

environment and a poor socioeconomic condition.

Key words: enterovirus, risk factor, mode of transmission
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Abstract

During this two-year investigation we will use a combination of
questionnaire survey results and detailed interviews with indigenous
experts to gather epidemiological data of Entrovirus type 71 for use with
complex network theory, agent-oriented models and computer simulation,
and traditional simulation models to construct a general-purpose daily
contact social network. The data and network will be used to develop a
computer simulation model for Taiwan’s serious infection entrovirus type
71. In year two, our task will be to assess the efficacies of public health
strategies for prevention and control, as well as their second-order social
emergence. We propose a novel small-world model that makes use of
cellular automata with the mirror identities of daily-contact social
networks to simulate epidemiological scenarios of Entrovirus. The
proposal established the mirror identity concept (a miniature
representation of frequently visited places) to acknowledge human long-
distance movement and geographic mobility. Specifically, the model was
used to a) simulate the dynamics of Entrovirus transmission in Taiwan
and b) discuss the effectiveness of the respective public health policies of
those cities. We believe the model can be applied to SARS, Flue,
HIV/AIDS, and other contagious diseases according to the various needs

of health authorities.

Key words: entrovirus, computer simulation, social networks, public

health policies.
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A\

|

Jreh

JEATA K25

lm\y
]

Coxsackievirus B3 &7 » £ & &2

F szt @

1L B> 24 PR QLR BRRIE 26 i o pLATE QYA D

10



F4 o mAamh 4 g a5 - ¥F 5| Coxsackievirus B3 e 4 > @ k7
2 A4 K endimigd i R n i o ot o B R L E R
Coxsackievirus Bl ~ B3 e i (75 & FF > $t 8374 2% 4
S nby & o

g 1998 & % /}iaaf 71 A5 Fenk 47 0 FeFIEAE L F 23 3

158 A b » B S 4 ¢ BAen7.6 4 » % 50 4 o

<
M
i
3

20 A > iﬂhﬁ % r’gz’gt‘ﬁ E]IJA,\F—,IJ:‘; 38 2 19 £ o p%}?&—%— 71 i‘]_ﬂ_/%‘

B LS > AR F Ak o E MM o eSS BR

F_&

;\‘.fraig_@gﬁﬁ;ﬁ?gﬂ"—fé » B ﬁ%? /‘?P" ﬁf”%fﬁ?-* o {7 HP R s 32 %2

S (SRR SR S RN £ % .8 TulE =

&

SR A S ER S SEL E RN P £ R A

BB % R R R RS AT PRI 4 F

=

Forrid d ik g mE kT4 LB o JEd PR LT RS
EICERIE I R Y R R SR SRR E L

4 17 " 4 “ s ! i 24 ¥
HF2Beh2 I PFEp R NEEs L FLIL O g R

Lt AR e ,T:ZT;Z_I_%E E fra;bi‘}‘;j‘?'%'“”/‘ﬁ E’ﬁF"?Z"v -

Rig g - e 2P R

g
PRy
i
i

Ny
i

4
Xz

%
fm\a-
Sy
gﬁ
*3,1\\
=

g A ;“L;?E?@Fﬂv&;ﬂ? ) ‘fhi’ﬁﬁ‘é%’%‘t“ %5?;»;: ik RO WO B [}%%



LR E SN RNl 2% L L A

TR AR R E 2 - o iR EY > AR Tone Nk
W BALE AP MEFLIAPBEPET B~ LHBRPET X

Fhofri@ it~ A4 PAERPRESZD o - B35 hD HERE

[

é% R ofE > P EEPAIREL 288 0 BEV LA L A
I E O e R AT AP - Ry RN HE o T 2 0 d e
ﬁﬂ%mﬂ#ﬂﬁ%%ﬁ%ﬁﬁ}ﬁwwﬁﬁé’?ﬁﬁﬁﬂ—ﬁ
BEf33% % Sup IR T BB L > U R - JER ¥ 37k SLihig
o

TR HCE AR ORI Y LA R AP T LR
M3 R RMERKENRYT UFeagy A ¢ A2 (social
processes ) » @ ¥ & i¢ 3Bt eI < B oap RE 2 Fanzba
Mo p e g Ligieagds e bR DRNERNE R - B
PEEngR B o i O R Z| TR auE R 0 o B A P AL ¢ K s

fs (social system dynamics) % » By fi# o

,.‘-F, pcu *ﬁﬁ"a ﬁ_ﬁ“h l;-;if‘l'

-
it
o+

4
e

__I' , )J“‘{i:,}—s__bti%s‘;}%’éﬁ‘é i = l4 L@ uéﬁ/nh f’r ]}%%I—;}? A

it

>
=
oW
R

&
o+

GEAE A P P H B R AL G M Y T

12



RS -SuBlE e at ) = RS E
1. @ APEE T A€ EAR ﬁﬂ’sff%ﬁ'ﬁfbiﬁ%ﬁiiiiéi&ﬁvf?é

HOSY 0 AL B AR IR B RERBER - S F e

By A2 A E s SR (e 103 g 31 p e
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i gLz 0 4] (convenience of observation) : X &4t ¢

i

FALHE 2 WS (Ple il g ) S LB (Bldes
T ) AR B R T BRI i L3

WRELRSRFAE R L o

i

7R % (experimentation) @ AL € F LB E T 5 A EE
FH T FREL IHFRHTNZ B GERNA T
PUR BCEE S R R o

50 PREAFE (training and entertainment ) : # £ & &

B R e A (Ao R -

Wi

T 2 4] (modeling) © - 4/ 3 0 R PG REHER R

foit g & #F B4 L & £P 3 (explicitly represented )
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21 gy (precisely described ) 3 24+ £ F #3417 & B 2=

BAful2 & 2 Wenl i (Fif paveg) o

B ANFLI AV AL DT ERoR e s e

P R RR R R % -

o
'

724 (construction) : gl - B A1 R4 E - FRH

'

B8 E LR o F L WY R P SR R

 BER S R R Sl AT R (sensitivity) # B 0 T AR 4R
TR 27 RE (R ) Fl 3 L F B s
% gt 4oiw =7 (Leik and Meeker 1995) ? £ iﬂ” P B
LB RREIRS P 2 N Gl R IER hE AE A & BT R
NI A R AEP A 05 s (Hanneman and Patrick
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1. %8 WP FE ~32F R*R%GMR; LAEFIF
EIR-A =-3 % LN s IR R R = n ol ol BN

2. AWEEIEE P A4 3T dF % (controlled experiment )
v o itk 7| F 4 h B % ( observation without
interference ) - ( Epstein and Axtell 1996 )

B. Tl pEAJE A B ensof 0 B MR- BRI A
rherl LA Al it - B % 3 o (Johnson 1999 )

4, WCERT ORE AR R K R L] bldo® T4 &

N
N

|

LA R B B e RS S o v

Wo R R (T A AR ~ B R 2SR T 2 B
4 ¢ o (Gilbert 1999 )

5. m R %I i s# i (system dynamics) £ %I i
( emergent properties ) » @ 227 § R & # i 0T ek

7

(static equilibrium ) - (Holland and Miller 1991 )
4= Johnson (1999) 4 4t > Hokt ™ 238 % Bt § R 1 AT
R S TN EE TS DR =

REAAn Rl 3 WA SC R N = & S L O

=4
(.
i

SV A R R Al v L EA el - AL
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i IR R Jo ik € F % (social what-if experiments) o H = » v 24§
4B LR G ORI w A ek s o ,T}u{ Axelrod (1981) #7
FehL 3 F % (thought experiment) - ¥ #t > Johnson (1999) 4

s T A2 BXxaoRyY (hypothesis-generating exercise ) j° #

—\\

G

DR R LRED - BT R AIE - B R S
BAL g o L ,fﬁ d R TR R AL AR B B 4750 (to explore
fundamental social processes in their purest form ) | °
TEHEAETT L0 ERY PUBERBPH BT PR
Gldck T ,T}u{fl ¥ £ & e- & (Zola and Ioannidou 2000; Edward
1997; Christensen, Heffernan and Barach 2001) - # #:& #* pt = ;&
AT BB H A AR T AR ALY 0 KR

SR g PR S TR R ORI E AR F A g
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AENT AR REE SR FLIAAEAL Y DR FE R
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Sk BRSNS R § 2 BAARARRKD (1) T
B e £ R (average path length ) ~ # & % # ( clustering
coefficient ) ~ & 84 £ & &~ # (degree distribution ) ( Newman
2003) - 7 %+ > Watts &2 Strogatz (1998) # 1 ] & B & &) e
A= ?‘,Tﬁl LREH- BRE G EPHRELE (random networks) -] =
Trape s £ R 0~ £ 5 2RRA e % (regular networks) fi+ e B %

B LA - ¥ - 2 @ > Barabasi ¥ Albert (1999) 3% 1 e

"

BREZEIRANFILFREDSRLs LR, THRLG R R

(power-law ) ;N e i X EehEF o 1T & = B T4

TIO LR

PP S BB Y] 2 BER 4 T A G EES BERORER
e TR BER2 B ok < B ELE L
(network diameter) D - % chT o @ E B L R TR LIS
BaBhz BFaEypanToE o - Bz 3 N Ba M ik hiia

Tiop gL BT Y FRAEAE L OMN) 93 & E4A3% (BFS)

FEERE A g e L LBBRPENEILSBAZE
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Ry
SELA X RAT
F2ha X B (degree) . H paghenfhie H A2 £ & s o
8L s ARk TRLUGSEGEDE T &8 NHP o - A
% - Baghas L RARX ’q*w*z\ TRaBEAReEY ARER o
w g BB A LRk hT OB L RS LT O LR
<k>o k¥ GBLhA X RS FHRT A F Sl Ph) k& T o
Pk) # 77 - BAEHE L& Bhans L R REE3 kS o mbe g
BB EITRAEMERLEDSEE G A LR > AU H S gL
AR E Delta A% o ¢ iz v 5 (v Mo SR 3T B o 4% 607
KR 2 XEW R NEEL L B A F T Poisson A F > H
R EBREE <k> EihETE o sEFREATE k> <k
FFo A X RS k&g R 2 G AT RERY e Tt B
R4 MAH G 23 %% (homogeneous networks ) °

T4 & %7y (Barabasi and Albert 1999; Newman 2003 ) %
TOF S P AR AL s A RS IS LR A F P AR

7 ®_Poisson & #F 53¢ o { Fu|k » F L REROFELELLARELFTT



* R = (power-law ) 53¢ Pk) oo k7 kg i o F=x 2A F 4 AL
Poisson fp#ica % d T FEMF S o R EAF L RFL RS
B~ % (scale-free distribution) £ § F &4 F e iy AF S

BURBR Ao BHEBALRAT L B RSk (LF

et BenEBEE Y B L R I B ARLENHE
#3153 % (inhomogeneous networks) > @ 4 £ B 4p (% § &
BRA e TERE (HUB) - blde > 2 W% i z}ﬁ)’;.ﬁ%:ﬁ;fj&;?
Mg iE- BITAE R FILAT NG PR ERE ARSIGE

o B A AR RERR T FFE - PR AL WA

g
fa

ﬁ‘ﬁi%—«%’l& 3 mAr 3t BRI s S B ol 9
S B o

ER o
& Watts £ Strogatz (1998) M *t4f feie e & F R gk 3 >

11 % Barabasi 22 Albert (1999) B *t4g fe e g & R Ficadw™ 3

2 FSEPOET A RRRP A AR R NI ki

HEHEF T R EMAT > B 1 7034 %% % (Barabasi
and Albert 1999; Newman 2003; Watts and Strogatz 1998 ) - if| &

Gl e 4 0 SR N> TR sk B L ¥R GE C R
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Hore

Network Size Clustering coefficient Average path length Degree exponent
Internet, domain level [ 13] 321 0.24 3.56 21
Internet, router level [13] 228298 0.03 9.51 21

Www [14] 153127 0.11 31 Yn=2.1 You=245
E-mail [15] 56969 0.03 495 1.81
Software [ 16] 1376 0.06 6.39 2.5
Electronic circuits [17] 329 0.34 Al 2.5
Language [18] 460902 0.437 2.67 27
Movie actors [5, 7] 225226 0.79 3.65 23
Math. co-authorship [ 19] 70975 0.59 9.50 2.5
Food web [20, 21] 154 0.15 3.40 113

Metabolic system [22] 178 = 3.2 Yn = You = 2.2

Bl 1: &89 e kaih s nt ik

B* Wi RERL LA RS
R TRE S S FER LT R Y o AP Y AL Y iR
TH T A BB P AT A S S Bl
Fo B ETART P WA FE A RERITA T T LG i B E
AR ORI TR Lo R 2 B Rl o FE R o 18
B TR E MG 0 Ny BRHEILE- BLrOBLREE
PP X RHa @B 3 v F A AR Ry 2T o
Pastor-Satorras ¥ Vespignani & 4 87 7 (2002) 7 > AL €
B E VW AT B RRROBLRR ERAEITNFE o 2R
Fresip > TR DB Lk ARk el Fat
» YR A f«?:}}% o

P @A e dr TR A ik ¢ e R g A il g

24



PR BER A3k 0 T BEBELEEEEE LD S
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Foe T e R - BER i g e BR300 ik & 2%
PERZARMD 2 AR EP D BRFAFEY > ALY &
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step 1: for each A € Populationagen: do
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Next
next
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