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CRIFFZ ™ A L Z (HCV) BBRELTH» 5
25 ~ 354 % #% C iF Ml Ba 9& (hepatocellular
carcinoma; HCC) # RBIET 5 Z £ 238\, C
RS M 75 LI O FFRE L SR D5 &
IZIZHCC % RAE T 5 BAME A, HHEL A
ETTBIZ U705 THCC 2 RIET 5 HHE
NEL &Y, FFHZE T3 S HCCAPFEMR
BREE5(X1).

X 5 |ZHCC % RIE LA RHIR 7 O 4 3%
et ECHRIBL 2721888, KIFICE
HCVOREAEHE L TH D, 18RI
BEZEEL TOENEDERDY 2735
W, bhbhDhEak o CRIAF&HRHCCD
BRBITEBI0%IZELLY, 3EM T
0% LDEFITHRESAADONS. BAHA
BRELEZEATLHUBRY 7 VAo
ITOIRET 5 Z L EHRETH 5 (X2) 28, &
RPEGTRERETIHEALS L, BRY

IENRPEHETH 5.
IFNWEEIZ L > T4 L AP B 6k
STHLREERBCHRELIMNLETZE S, &
SIZIFN#R 5T & - TIMEALTE A IERE b
FRO2MELU T2y P — L ERHaI
FFRIEMIERIR A A SN T 5. IFNIZ 1]
ORE X DEBDBELEELZHPHCCHE
HIEsIRIFBOEREZINTNBEY, F I &
4 T 1IbFIDEIERERITiZ24 7 AL LD EH
DIFN#E G52 & > TALTHEOE T & & &1
HCCHAMIESIRNA SN, 4 V& —
7 a2k > THCCRIENMIETE 32
BEHIZONT, RINZSHHETCRIFFEEZE IS
U CTEESIERESREG Sh, IFNIZX
HIFREMLEEZME L THB?D. 20Kk, b
AEOLHERERE I K SHMERBENTD
h, R AT L 72 CENEMRTZ - IFEEE
FREEZEL, IFNEEICX - THCCHAE
PEBICHHE X T,

IFNDISA OB TR Y 2 I VKB HE

Namiki IZUMI : Ts interferon monotherapy or péginterferon plus ribavirin combination treatment effective for the

prevention of recurrence of hepatocellular carcinoma?

R AR RbEE LR [T 180-8610 H AR EF iRl 1-26-1]
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2 FFEEOHCCIIN U TR 7 VA M2 iifr L, BATRIGHRE b hiza,
10 % A3 ICFFPIERALIC HCC DFE %A A 6 h 7z CRUSHERTSES]

RuEEE U Eh vz, 2E0%
R HRIR CERENAOh AP 5Tz v
F 74 FEbHPECHERHEPTHS. £C
TEIHGEIsEVORL VL —T 0V
(IFN)T® 5.

IFNIC & Z2HCCHRAEHNE DR

IEN I3 A Jv 2 B0 % 01 U CIT % & TR
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HCC D%l % Pl -+ 2 EAAE A 5T
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%. Cellline ®EER T, IFN Z HCCIZHMIL
THE L7254 IFN g O/ B HCC O KA
PEeE R #<, IFNalL 274 —%2T 0y
2 LT & HCCHIERIR D B 5 L je L Wih &
NTW3B9 £ 7-XFIFNIZHCC D cell line
O EFEIMEIIRBA SN, IENV T2 —0D
down regulation A EIR x h/izbnwH 10 2
DESICIFN# S5 BHCCHE DL D&
L, BRI OG> TV SARENELSE
Abhb.

HCCIC¥g %5 UZiRIsEliED
IFNG&E

HCCIZxf U CRFAZL E D RFMIRIELES
h7=-#%i12, IFNZEHEREGTZEICK-
TEREMHRAZD 5N TWB W, HCC
DIEFRICIFN 235 L CHREL/ETZ 5
DEPEBEIICHRE LD Ikeda 5 2 DM
feBltARBRTH 5. 61T, HCCOWEE
% DOFERI & 2B IS MR RIS BELIFN % 25
HRARE U, ZOMR, @A FRE D
BhErod D0, IFNBEFH TCHCCHIE

1210%ThH Y, FERSHOT0% LDERIS
fKh - 7=, Kubo 5 3 HCCHREBID AT Uk
IZIFN g 2267 H#5 L, IFN¥#5#H T
BRNIBUTho-DIF L, FEREHT
89%TdH 1, HRMILAEIED 5zt
ELTW5,

— FHCCUIRICIFN#E5 L T 3 BRH
BRI A NE 1288, EHFEEHLE1E
ENF-LTAIMENHHY. X LITBHEHID
BT CIFYUIRRBRICIEN 5 21T - 12354, F
RIMEMREZEONLE L 5720, 2480 B
T 5 ORPBERIZHBc AR ER TRD
5, BEIFFLY A L2 DEBBENEEDN
BHITEIRBZ L5720,

Shiratori 5 1%, HCCIX L T o YV A+
BRIl & TIRIB T E 7ERICR LT, IFN
% 2HEMIRE LT ZDHOMBERSE L T
5. ZFORE, wANLAERNEDII29%IC
Aoh, HBE#H 2B UEOHCCHFEN
wlxh, EFEPIEREFITHELTHS
MICWEINTN B Z &% BB
Ko THRE L.
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b. BEHRE ()

E5 BB ERIFNEE LSVRE B 57=330E, JESVRODAIFIZOWVT, HNBREEZIELZL
24, 1HEBRCEEETAP-7-@) 30D, 2HEH TIRIFNEEIZ LS THERICHREENMET

LT /=(b) (p<0.05).

bbb ORER TIL 19964 L  HCCIz Xt
LTvA 7 uiEBfizEAL, 561
1999 & 0 7 DA A BB L, %<
DEFIOEEET-> (X7, Z2 T, BrE
%% AT - 7246061 © CEYAF %% H Sk HCCHE 6l
IZOWT, BEBDIENOIHRIZDONT,
IEN A E A 1T - =Bl e frb e b 5 72l
DWTC, TR OIFNERIC DWW TR
HEfTo 7z

IFNJE# 545113394 65, TFN¥L36 % A

D566 HITH B, EEROEFEEL
L 7=& 25, IFNJERERI TS FEFER
1361.6% Th-7-DIxt L, IFN#EE5HITIE
89.2% CH 1, Logrank test CHRE Tdh - 7=.
Kaplan-Meier I DA FFHE O R % X3 127K
ZNB DEFNZ DOV TEHRBEEHM L 72
AR CcIX1EE, 21 HHFREFE I IFN 54
LIEREHITIEENRAD 5 NT (M4), IFN
IZ & B BRIEBIRIGEHEZE Cd a5 7
IFN #5660 F 3365 T 4 L 2 ZHERD
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(sustained virological response; SVR) 23 18§ &
Ntz % Z TSVRAE 6 h=flE JESVRD
431FNzonWT, HNBERBELWBHL-LZ
A, IHIBETRAERBEDPBONE» o 72h,
208 B R T SVRAITHBICHREREIMEND
ZeRnAD o (K5). 72, EWmTPHEOD
fRFTCIE, SVREITCIZ3ELETFE100%, 5F
HFHEIB3I%TH D, JESVROIFAGFHE
83.5%, SELEBEDRSYICHEL THEE
ICEREXNTWAZEAXHBLZ(X6). L
7=H 5 C, HCCIREH T HIZIFN 2 57
i, BRPLTFHRUBURIF[ONDDTE
L, TANAZHEHSVR) IR HAD S
PENPVPEBETHHLZIOND,

HCCREEDNIIFNE
UINEY VHAEE

DAETIRIFNIC &K > T4 L AR L
12w 2 4 4 T 1A DOFEHCVRNARD
HOAME CEMEMAIT RS\, Z OERARHIC
L TRZIEN & U Sse ) VRIS & 5368
fibh, WEROREFI TSVREZEK S NS
Bl B s SN el

HCCOREFHIED 7= ) ICIFN B & 5 %
o 724558, SVRAE 6 h 7= EFl TRIFAH
FBWMETL, AR TPHRUBHIRLAD LN
7z, FZC, EEABITIZRZIFN & Y NE Y
VR ETS Z &2k > CTHCCOERIHI
REHIHRBEIZOENREOPEPHERE L
HETH D,

RZIFN & USe ) VRS O %
LIZOWTE, AP EEESIRSTY
ZNDS, RER I D G SVRENE WD HCC
REMET T2 LHEFEENEY. § T
TAER RFAZIZ Y S v G HIFNIA R %
o, BRIy A L 2HERA B O h, BRN
A FERR EARD oz W|E ST
%18)_

bhbRIZHCCIZX LTI ¥ BRI
LBk ERMN 2 & DRBEEITH 28RS, N
ZIEN & U e YRRz Y, 940
ZZHIRPAERER, HNHCCHAEER
TR ERITT 5 a2 g L
7. BIESUERIN D 5BEEO/RNTT,
[RITRETH 5D TEDRREILET 5.

Wih d CEIF R RO #FE HCCERIT,

RPRERE - 58% 5% « 200945 A 659
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1 PEG-IEN + Ribavirin 551 O BEEKREME (hdfE) n=51

HCVE (A L v V¥, KIU/mL)

1,200 (85->5,100)

Alb (g/dL) 3.8 (2.34.8)
T-Bil (mg/dL) 0.8 (0.4-2.1)
AST (IU/L) 56 (16-181)
AST (1U/L) 59 (25-215)
neutrocyte (/mm?) 1,898 (819-5,304)
Hb (g/dL) 12.8 (9.3-16.4)
Plt (x 10%/mm?®) 11.0 (5.0-22.4)
PTVEME (%) 81.0 (57-100)
@)
EOTEOIILA
20
EN:
3 i
15
10
5
0 SR

BEEE

5k 5 5t 2008/9855%)

7 HCCIREHADRZIFN & VS v ERERETHI 058 & fUEDWERE LT

SR T BEO HCVRNARS (L3

T DA PRI R F ik EARIB R B 5 W E
BleaReLE F 24 710E»POH
HCVRNAEfITI3 488, ZhlistTid2d4
BERORZIFN & Vs Y VHFERET-
7=, RERlOERIEBZEIOEBY THS. 5161
21 TR E ST T E 224, 15051
BREEOEBcHIEE k72 SEEHITIE
17%1(81%) (= #2 5. HCVRNARR ML 2315 5
T3, SHITREETHR24ERORE

BSMIT 2 T BB TIX41% 43 SVR % 3 HL
LTH D, HCCIEAPHER & B i Ak
BETH -2 (7). &\ N300
BOWBERSIIRT. XLIFN &Y/ LY
VHRBERIC 22D 5T, 1flEKREIm
IMRBOIEYEE DL ETHERE L T 0, /MK
WD 7= E % Hik UERIZ 1650 AT
Ho7-. HCCIHER TH > TH, ko
VIIA T YT AL TR TNEREREAE
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1. B £ %

EA%EE NOBEHKEHC L5 L, DIFED
EHEEICLIBCEROFT, HSARMD
A, BBPACRNWTEINTHSL. ik
EHEEDOFTIDDTH. BULHIFAD
FUEHOEBL BT 2L, BETRZIZH
EFFBAC L AT CEMEA SR
RllroTWS, #i, THETIHI Z10EMT
FEAS AN X AR HEIMERTH B (1), &
BTOFBSATTIZT V2 — V2 BRIFL Y A
VAL B LDV, BTEHOBEN
dEE LT CRIFAY A VARG HETH 5.

CRIFFAY 4 W ARG & 2 fFlR S A BE
DREEMETBLTHET L, BHTII65~
700D o &L BEFAESL Do 1245, THTIE
70~T7505b o £ % RV TT5~80K ThH o
72 (®2). L7=2oT, CEFAEREDHZED
AITHETIREBRLD S, 5~108EHTH 5.
Thbb, KETIEIEEL D b BREHARSCER
HESECHE LB CIFMREALRET S D
DEEZLNE.

THETIEZEERICR - Th 5 FigitnEL
BHROENEDH, FHESADREEN LY S
ZEPLRETLOMIOVTIETSRIEREIZ R
ERTwiy, TERVEYOEEZIERHTS

ZEINHDHY, FAKUEOEEETRRY 5%
ZARENTVA, ARRIIEHETIIFICES
KETHD, ChPFBLA MUV A EFERLTH
BADRELXELERDLEVIDDTHE. 4
%, B CREEREEITIZLCELT, &
HCOFMBEEADEELERTE H0E50%
AT L TS BERD 5.

2. & #

HAETIE1992F L ) CBIEBMFRIZH LT
A4 v &—7 28 (IFN)IEEIMThNG L) Ilko
7-. IFNMMRE*Z T -BEOH 3 ETY 4
VADHERE N, CEEBHFAPEELZ. L
P L, IENBEEZITTH 74 VADITEEET,
FFRZECIMENAZRBETHBEISL V. &
IChDETIRIENDZI IS Wi 7 A F1b#l
DBEENTEHE EDTVELDIFRFARDE
THABEE TR o7, [FNIEELZIT%IC, I
HRPEAZRET L) AZFEVEBEOHY Y
BT AL, BEvE, Bl IFNTHRELZ2 -
oz b, WBEAMOFHERESERL TV
EBEBHITHENTVBEIY, ZORTEEIMBOE
EAVEE SN, EEO C BBMITARE M
LTBY, IO NDOFEPA) AT 4o
TBLALEND HY.

IFNWEEZ %17 C RUBHIFREEIZOVWT
UECTHBERTROBBBE2To12L 25,
104EF81C1L.7% DEBE THRESADEED bh iz,
ERINCRETT 5 &, 65RO ERE TIZ10E

* Prevention of hepatocellular carcinoma in elderly patients with chronic hepatitis C.
** Namiki IZUMI, M.D.: REEF R+ 2REELEH (5180-8610 B i3E R I 1-26-1) ; Department of Gastroen-
terology and Hepatology, Musashino Red-Cross Hospital, Musashino 180-8610, JAPAN
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WKEZAGN o/, L2DoT, BEET
IESVRABSNTH, FOBRDFRFALVIE
BEPO i+ 2RERRo RN EVRIFERT
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5. Bz X7z LIEROFRS AL 25 L,
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We created agent-based models that visually simulate conditions of chromic viral infections using two
software. The results from two models were conisistent, when they have same parameters during the
actual simulation. The simulation results comprise a transient phase and an equilibnum phase, and unlike
the mathematical model, virus count transit smoothly to the equilibrium phase without overshooting
which correlates with actual brology tnvive of certain viruses. Weinvestigated the effects caused by vary-
mg all the parameters included in concept; increasing virus lifespan, umnfected cell lifespan, uninfected
cell egeneration rate, virus production count from infected cells, and infection rate had positive effects
to the virus_count durning the equilibriam period, whereas icreasing the latent period, the lifespan-
shortening ratio for infected cells, and the cell cycle speed had negative effects. Virus count at the start
did not influence the equilibrium conditions, but it influenced the infection development rate. The space
size had no intninsic effect on the equilibrium peried, but virus count maximized when the virus mov-
ng speed was-twice the space size. These agent-based simulation models reproducibly provide a visual
representation of the disease, and enable a simulation that encompasses parameters those are difficult
to account for in a mathematical model.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The power relationship between these agents changes along
with the progression of the disease. In the very early stages of

Allviruses need hosts as a basis for their life. When a virus enters
the host body, it invades cells and uses both its own enzymes and
those of the host cells to replicate. Host cells fected by viruses
launch a self-defense system known as the innate immune system
(See and Wark, 2008; Naniche, 2009), which inhibits viral replica-
tion and uses the human leukocyte antigen system and cytokines
to elicit an immune response. Immune cells that have received sig-
nals from host cells activate other immune cells, neutralize viruses
i the serum by means of antibodies, and prevent the virus from
replicating and proliferatmg by destroying or curing host cells. Viral
mfection 1s a disorder based on the interactions between viruses
and cells.

Abbreviations: HIV, human immunodeficiency virus; HBV, hepatitis Bvirus; HCV,
hepatitis C virus.
* Corresponding author, Tel.: +81 422 32 3111; fax: +81 422 32 9551.
E-mail address: jitakura@musashinore.or3p {J. takura).

0303-2647/$ - see front matter © 2009 Eisevier Ireland Ltd. All rights reserved.
doi:10.1016/j.bosystems.2009.09.001

mfection; as the host defense mechanisms are immature, the virus
has the ability to overwhelm the host cells, actively replicate, and
proliferate. Subsequently, as the capacity of the immune system
unproves, the speed of viral proliferation drops and the virus count
reaches a peak. Infected host cells begin to be disrupted by the
immune system or virus particles, and symptoms appear as a
result. If the immiine system is stronger than the virus, then the
viral counts decline, anid, 1n transient viral disorders, the virus 1s
finally eliminated and the host recovers. In chronic viral disorders,
however, the power relationship between the virus and host cells
reaches equilibrium; and a long-term power balance 1s maintamed
with the virus count reaching a plateau.

Mathematical models have been proposed to study the dynam-
1cs of such viral disorders, and are regarded as bemng of value in
uniderstanding this phenomenon (Ho et al, 1985; Nowak et al,,
1996; Neumann et al., 1998). However, these models are difficult to
understand for clinicians, and their applicability 1s somewhat lim-
ited in everyday practice. In clinical research, measurements of viral
dynamucs 1n patients for short duration have been made for human
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Fig. 1. Simulation design and an exarmple of simulation results. (a) Model concept. Viruses, uninfected cells, and infected cells were treated as agents, and parameters were
set for each of these and for interactions between agents (underlined). (b) Flowchart of the program. After preparing the simulation, we entered the interaction cycle; in
which virus steps (such as movement) and cell steps were repeated. One cycle was counted'as 1 tic, and the simulation concluded after 1000 tics. {¢ and d) Simhulation screen
using (c) StarLogo and (d) RePast. Yellow circles are viruses, green squares are uninfected cells, and orange and red indicate infected cells, with.orange mdicating the latént
period, In StarLogo, all the agents are shown on the same scréen, but in RePast; viruses and cells are shown in separate windows. (e) Example of a sumulation chartn StarLoge.
After the start of sirnulation the virus count and infected cell count increase while the uninfected cell count decreases, with equilibriun state reached after a certamn number
of tics.
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Fig.2. Comparison of sumulation results in (a) StarLogo and (b) RePast. The results Were consistent when the parameters were made consistent. (Virus count [average £SD|:
StarLogo 1458.03:173.1, RePast 1462.71:£178.8, p=0.94. Uninfected cell count: 364.24:£304, 368.11 £33.4, p=0.83. Infected cell count: 105.73+13.0, 107.74:13.0,
p=0.24. Unpaired Student’s t-test.) Parameter values were set as follows: 1nitial virus count, 100; unminfected cell count; 880; mfected cell count, 0; virus speed of movement,
5 gnids/tic; infection rate, 10%; uninfected cell regenerationrate, 1%; latent period, 3 tics; and virus reproduction rate, 5/cells/tic. The following parameter settings were taken
from actual measurements: virus lifespan; 4.5 tics; uninfected cell lifespan, 49.8 tics; and infected cell lifespan, 6.7 tics.

immunodeficiency virus (HIV) (Ho et al,, 1995), hepatitis B virus
(HBV) (Nowak et al,, 1996) and hepatitis. C virus (HCV) (Neumann
et al., 1998), and research 1s also underway on a range of models
based on animal experiments and cell culture systems. As chronic
viral disorders persist over long periods of time complete follow-
up of viral dynamics is difficult. Furthermore, limitations of items
that can be measured, such as the difficulty of measuring whole
numbers of host cells, make it extremely difficult to investigate
their consistency 1 mathematical models.

The recent ascend of dynamic-models owes much to advances
m computers. Computer performance has improved markedly in
recent years, not only in terms of their calculating capacity but also
with regard to image displays, and models that offer a visual rep-
resentation of viral disorders are now being reported (Gilbert and
Bankes;, 2002: Duca et al., 2007; Shaptro et al,, 2008; Castiglione et
al;, 2007). One advantage of such visual models 1s that by provid-
ng a visual representation, they make understanding the disease
status easy. Another benefit is that they enable parameters to be
dentified that are hidden as background notse in mathematical
models. However, these models have sgme problems; it 1s diffi~
cult to prove the reproducibility of the simulation results denved
from different languages or libraries, difficult to prove the validity
of the model's concepts, and difficult to prove that the simulation
results accurately reflect thereality. In this study, we created agent-
based comiputer models that visually simulate the conditions of
chronic viral infections using two software. The reproducibility of
two. agent-based computer models and the differences between
agent-based models and the mathematical model were analyzed.

This agent-based model enabled us to investigate how each param-
eter included in the concept affects the conditions of chronic viral
infections.

2. Methods
2.1, Selection of Software

In this study, we used two different types of softwares: StarLoge version 2.0
(http://education.mit.edu/starlogo/) supplied by MIT Media Laboratory and Recur-
stve Porous Agent Simulation Toolkit (RePast-3.0, http:/frepast.sourceforge.netf)
supplied by the Argonne National Laboratory. StarLogo uses Logo, one of the simplest
programming fanguages, and has a fixed graphical user interface. RePast 1s a library
that uses Java, another programming language, which also hasaa fixed graphical user
nterface;

Logo 1s an assembly language, and StarLogo carries out processing sequentially.
Java is an object-ortented language, and RePast has a faster processing speed than
StarLogo. In addition, StarLogo has a number of stipulations to simplify stmulations,
such as parameters can only be set up to five' decimal places and the simulation
space 1s also fixed as 51 x 51 square grids. RePast; on the other hand, has fewer
such restrictions. Thus, it offers a higher degree of freedom n program settings than
starLogo. Taking simulation space as an example, in spite of the restrictions imposed
by the underlying operating system’s image display system, any number of grids can
be set and a hexagonal grid could also be chosen rather than a square one. However,
tisers must stipulate and set all parameters themselves, This means that they must
first declare the shape of the grid and the number of grids they will use to fill the
simiulation space: Java 1s also miore difficult to Jlearn than Logo, and debugging and
correcting the program is alse more difficult. Thus, it 1s difficult to judge whether or
ot the results agree with the planned ssmulation.

In effect, these two different types of softwares are polar opposites. It is simple
to start a simulation in StarLogo, but producing results takes time and itis difficult to
carry out more complex simulations. In RePast it is difficult to compose the program
and judge whethier or niot the planned study has actually been achieved, but the

- 250 -



J. Itakura et al. / BioSystems 99 (2010) 70-78 73

simulation itself takes only a short time to complete and there are lesser restrictions
1 the construction of a simulation model.

2.2. Concept for Modeling

We applied the basic virus-host interaction mathematical model to the agent-
based simulation system with slight modifications. The mathematical model was
used to describe the dynamics of HIV {Ho et al,, 1995), HBV (Nowalt et al,, 1996),
and HCV {Neumann et al,, 1998) and the only agents involved were host cells and
viruses, without the inclusion of immune cells. The effects of the immurie system
are expressed by varying parameters such as lifespan of host cells and viruses.

Fig. 1a illustrates the study concept. Viruses have the ability to infect healthy
host cells (uminfected cells) and the infected cells produce new viruses. Both cells
and viruses have definite lifespans, and the lifespan of infected cells 1s usually shorter
than that of uminfected cells. Uninfected cells automatically regenerate within the
space, whereas infected cells only arise due to infection of uninfected cells. Viruses
also lack the ability to regenerate themselves and are only produced from infected
cells.

2.3. Parameter Settings

In the present study, as the StarLogo settings are arcumscribed, we limited
the simulation space to 51 x 51 square grids. However, we made an exception here
while mnvestigating the effects of s1ze of space on the simulation results. The numbers
of viruses, uninfected cells, and infected cells could only be set before the start of
the simulation. As described in the later, our simulation ran m cycles, with 1 cycle
defined as 1 tic.

in mathematical suniulation models, the death rate 1s required as a parameter.
However, in our program we set lifespans for viruses and umnfected cells. These
lifespans were not uniform; but were set to have a deviation of about 10%. The
lifespan of cells was shortened by infection with ratio decided beforehand.

The infection ratio was meaningful only when an infected cell and a virus coin-
aidentally occupied the same grid, and this was used to calculate the probability of
the ifection océurring 1n that situation. The virus production rate was set as the
number of viruses produced by an nfected cell during 1 tic. Infected cells could be
set as a parameter indicating the latent pertod between the time of virus infection
and the time of virus replication.

In order to emulate the tissue repair capacity, we set uminfected cell regenera-
tion rate such that grids without any cells had a specified probability of producing
uminfected cells on: top of themselves: As a result, the more the cell count declined
within a space the more regeneratéd uninfected cells were produced, whereas the
number of regenerated cells declined as cell count increased.

The number of grids through which a virus could:move m 1 tic was set as
the speed of movement; and the direction of movement was set within a range
of 90° toward the top of the simulation'space. The program used a: arculatory
methiod of movement: when a virus arrived at the top of the space; it was translo-
cated fo the bottom, and moved again toward the top. Cells were fixed on'the
grid.

2.4..: Simulation Flowchart

Fig. 1b shiows a flowchart of the pragram. First; the simulation space was pro-
duced; after which'each parameter was defined and the initial settings were made.
Next the agents = viruses and uninfected and mfected cells = were produced. The
simulation cycle was as follows Viruses moved to a new grid, and if an uninfected
cell was present, this was infected with a probability based on the infection rate. The
lifespan of the virus decreased, and viruses that had completed their lifespan and
those that had caused an tnfection were removed from the space: Infected cells pro-
duced new viruses, the lifespans of both uninfected and infected cells decreased.
Then, cells that had completed their lifespan were eliminated and a new: cycle
bepgan; The program was; set such: that the simulation ended after this cycle had
repeated 1000 times. This meant that one simulation’ was complete after 1000
tics.

2.5, Data Collection

The RePast model was programmed such that data for each tic was saved auto-
matically as a text file at the end of the sumulation. This text file could be opened by
a'database software; The StarLogo model was programmed to stop the simulation
and collect data after every 50 tics.

2.6. Mathematical Model

In order to compare the results of this agent-based simulation, we used a viral
infection mathematical model, which we improved as follows:
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Fig. 3. Comparison of results of agent-based simulation and mathematical simu-
lation, Both sets of results were consistent for the equilibrium phase, but differed
1m the shift in transition phase. Black line: mathematical model; grey line: results
of sumulation i RePast. Parameter values were set'as foliows: nitial virus count,
100; uninfected cell count, 880; infected cell count, 0; virus speed of movement,
5 grids|tic; infection rate, 10%; uninfected cell regéneration rate, 1%; latent perrod,
3 ticsy virus reproduction tate, 5/cells/tic; virus lifespan, 10 tics; uminfected cell
lifespan, 50 tics; and cell lifespan-shortening ratio as a result of infection, 69%.

\'s
%F.—.pl-cv (3)

where; T is the tininfected cell count, I is the infected cell. count, and V is the virus
count. Unimfected cells are supplied to the space with a probability s{2601 = (T+1)j,
as the number of grids m this agent-based sinulation model was 2601 (51 % 51).
The death rate of uninfected cells is d; the death rate of infected cells 1s 8, and the
death rate of viruses is ¢, The infection rate 15 indicated by B. Viruses are released
from 1nfected cells'at a probability p.

2.7. Statistical Analysts

Statistical’ analyses were performed by statistical tests using the program
StatView 5.0 (SAS Institute Inc.). All tests of significance were two-tailed, with p
values of <0.05 considered to be significant.

3. Results

3.1. Reproducibility of Chronic Viral Infection Disease Models
Using Agent-based Simulation Methods

We constructed the chronic viral infection model with StarLogo
library. Fig. 1c shows the simulation screen, and Fig. 1e shows one
sample result. Immediately after the start of the simulation, the
virus count temporarily dropped 1 accordance with the onset of
an infection: Subsequently, the virus count started to increase with
an increase in the infected cells and a decrease in the uninfected
cells. After-a certain number of tics (around 300 m this example),
although the virus count;, infected cell count, and uninfected cell
count had some fluctuation; an'equilibrium state was reached. We
use the following descriptive terms in this paper: the: transient
phase 1s the period during which virus growth peaks, and the equi-
librium phase is the period during which an equilibrium state 1s
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