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Abstract

An agent-based infection model that takes into account the role of immune cells and antibodies has
been constructed, and the effects of various factors on the spread and convergence of infection were
analyzed. The obtained results show that the calculated behavior of infection spread and recovery was
qualitatively consistent with the actual phenomenon. The model also reproduced the occurrence of
second wave after the regulation and mitigation of social movement. The fundamental mechanism of a
pandemic is that the probability of a healthy person encountering an infected person progressively
increases or decreases as the number of infected persons or recovered persons increases. The existence
of antibodies is not an essential factor for this mechanism. The model also revealed that the time required
for recovery becomes short as the number of invaded viruses decreases, indicating that measuring body
temperature could help identify the infected person who is highly harmful, having a large number of
viruses. To control the spread of infection while minimizing economic deterioration, it is essential to
identify and exclusively regulate highly dangerous infected persons' behavior, including self-regulation,
by monitoring body temperature.
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FicHERE L, 2Rk ANMTEI E Z O AERA ORISR L L THEC 2BIRDAIREZHB T 2K 47 v
ThET ) VIFETH Y, BFCHDOFEMED A /1 = X LR RERRICK E R E BT
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Infected (t) = Z N J.VP (t) * RatejRelease * Rateiabsorb (1)

jeneighbors

where, AN', ..., (t) :number of viruses of agent i transferred from neighbor agents at the time t

AN’

N,! (t) : number of viruses of agent j at the time t
Rate’ :virus releasing rate of agent j

Release *

Rate' . :virus absorbing rate of agent i

absorb *
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FRIC X o To A V2 EBUT—E DEIA (virus-attack rate of immune cells & 7z i virus-attack rate
of antibodies) THMIHD 32 LINET 2, UEDIREL Y, RIEL ZRRPUAIC X 2 7 4 v 2 J%K
WAEIZQ)RXTEZ b D, Virus-attack rate (X HARIZICH R THIRD FTHRRE W EBEI NS
7z, ZnZih, 03101, 05101 D—HREEBTH AT —Y =V MERDEE L7z,

AN’ (t) = N',, (t)*Rate',... 2)
where, AN',, (t) : Decreasing increment of the number of viruses during the time stept

Rate' =Virus attack rate of immune cells or antibodies

attack
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after infection for antibody emergence) X 7+2 o~k CcH5 21—y = v MEHAEDfEHE L 72,
T VUARA DR Y 4 A 2T ESERF D 7 A v 285 D & ¥fs  (virus-count multiple for
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t _tiinfected and N iVP (t) > N i\/P (tiinfected )* MuItipleiantibodyfemergence (3)

where, t: Current time, t'

ti
antibody _emerging *
Multiple' antibody_emergence - VITUS count multiple for antibody emergence
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=V MO EHEREL AT A —2flie LTH R %, FREREED > 728G oy
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antibody _emerging

: Time of infectionof agent i

infected

: Elapsed period after infection for antibody emergence of agent i

N iVP (t +1) = (1_ Ratei - Ratei )* N iVP (t) * I:eategrowth + AN iInfected (t) (4)

Release attack

where, Rateg,,.. : virus releasing rate of agent i
Rate, .., : Virusattack rate of immune cells or antibodies of agent i
Rate .q: Virus replication rate defined as a constant value

AN'| s ()1 Increasing incerment of the number of viruses due to infection
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FRFLiE (X virus releasing rate D EET & L, EELFOfE T 10° & 5EE L 72,

N iVP (t)=0,if N iVP (<N imin ()

where, N' *virus releasing rate*virus absorbing rate

I|m|t

Crltlcal value for zero viruses assumed as 107°

I|m|t
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K1 Yz VFORUERRELUANT A — 2K

Variables Initial value or definition

Number of agents 2000

Area of network system 1000 x 1000

Maximum Distance of agent's move 1100

Critical distance for infection 5

Initial number of the infected i

Number of virses hold by the infected initially 5000100 (arbitrary unit)

Virus replication rate 1.4,1.6,1.8,2.0

Virus attack rate by immune cells 0.3+0.1 uniform random number
Virus attack rate by antibodies 0.5+0.1 uniform random number
Virus-count multiple for antibody emergence 0.5+0.2

Elapsed period after infection for antibody emergence |7£2 uniform random number
Minimum-virus-count multiple for zero viruses 0.001*0.001*0.001 (arbitrary unit)
Virus releasing rate 0.1+£0.05 uniform random number
Virus absorbing rate 0.1+0.05 uniform random number
Position (x,y) in the 2 dimentional space defined at every step

Distance of agent's move [0,maximum distance] uniform random number
Direction of agent's move [0,2 7] uniform random number
Agent as an object in the neighbour defined at every step

Number of virses calculated at every step

%2 EFACHECTIHEENG 2 0RO~ 7 DM

Variables related to individual's attribute Variables related to the state of the network system

Number of viruses Average number of neighbours per capita

Position in the 2 dimentioanal space Number of the infected(% per capita)

Agents of nearest neighbour(Object) Number of the newly infected(% per capita)

Number of viruses contaminated by infection Number of the newly recovered(% per capita)

Infection-related state variables Accumulated number of the infected(% per capita)
Uninfected Accumulated number of the recovered(% per capita)
Infectious state with antibodies in operation Number of the recovered with antibody(% per capita)
Infectious state with immune cells in operation |Number of the recovered without antibody(% per capita)
Recovered with antibody Number of the infected with antibody(% capita)
Recovered without antibody Number of the infected without antibody(% per capita)
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*Human : ARlA 7Yz F2RL 2XTEBNZBH T v X LCH 2R 5, 20 Z0EHO
Germ A 7Y =7 F2RET %,

- Germ ANV, RIEBCEER, PUARICEER RYVREE R EFOBIEAEBEIRA L. ¥
AN ZABEEB DGR % Z TR,

- Network : Human OAZEEHR. X Human [ OMH AN ERGRZEHL, =—Y = v DK

RucBb 2R ZZ TR,
- HumanAggregator : Human 4 7Y = 7 F D4R, B X WEREER G LR Icb b~ vk
BORIHRZZ TR,

Dlof, RVELT 4 XLD=0D L7277 & (Agent, AgentAggregator), HLEAERKIC 5
b % 7 7 A (RandomGenerator), »¥ 7 X — 2 R UNAHIJ11CB D % 7 7 Z (SimulatorConfig)
FEA TV 27 b DERE TR T T LROETEZ TR D 7 7 A (SimulatorApp) 72 £, AR
9ffld 7 7 AT E NG,

AR 7B R AP OMY TH b, 7r—F ¥y — L EK1ITRT,
a) XT7 A —ZEDFHAIAH
b) K2 7 2A Tz b DAERKE EBYIHEDFHE
o) UTORTy 7hER#EEYIRLERE T YIS,
c-l) UTZFT -V 2V PTOWTHEYVRYT, =T— V2V MEZIZ 7 Vv XLy vy 70T 5,
s BT —Y v b OfLEEE D HE T
T —Y 2 v b (neighbor) DFFE
- 7 AV A BLEZEEL O T
cHIL YV FOREERDO 7Y T T b
c-2) BPCBHEL o~ 7 nfEHOGIEE Y v E T T b

START
Define parameter values

‘ Create classes and set initial values of variables ‘

———————————— =0 to tmax

1

Redefine the position of agents
I
‘ Define the neighbor agents
|

‘ Calculate and redefine the virus-related variables ‘

I
Print out attribute variables of agents

I

A Agentid ++

‘ Calculate infection-related aggregate variables ‘

T

Print out calculated results
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- I RATEN R o 522

c A NRBIE (= R 7 NRE) O

- ATEYHIRR S O % 1 o il R AFERR o 52 2

3) KNI AxA—% (K13H)

s T —Y v 2000 A, FTEEIEE : 1000 X 1000, HEfil] E BRI EE < 5.0
- WIARAEE 1 1 AL fRE 7 4 L2 5000%100

- U 4L ZHGER ¢ 1.4,1.6,1.8,2.0

CHRGIZIC X BT ANABEER 03201 O FKELEK, T—Y = v MEE
S PURIC X B AN REER 05101 o—fEELE. =T —Y v MEE
PiERE T CORRAAT Yy T TE20—KRELEL Y v MEHE
s AN AR, TINE S 0.1£0.05 0 —FEELE. =Yz v FEE
cXu b AahIRNTALZER 10°X0.1x0.1
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TE 3, X2 ICEREHE— ANDRED LEE DL — = v M ICELEMEW S 2 BT D 3 EH %R,
212B W T Agentl IWIAZMFIC BT 2R PETH 5, Agent 13 1% Agentl 22H X4 LAT v
TACRPICERE L=V 2 P TH D, KITIFRRL T Wn2s, RiC Agentl 2 H ST 3
DIt Agent 155 TH O, ZORHHIZ X A L X7 v 725 TH B, L L Agent 155 23&GLT 5 Hi
IZ, Agent 13 25 Agent 1373 % X £ LA T v 7" 6 DIKFRi CTREYL X 4, Agent 1373 7 Agent 1019 %
YL X &, Agent 1019 2% Agent 1911 ZJERXE+T 15, 2D X 5 ICKET L TlE Agent Hifiy T
ERERE O 2B CE 2, RIEERED [FETH 5,
M 2 1B WWT, JEPREEZED Y A L 2J 52X Agent 1,13,1019 TIZHIM L, Agent 1911 Tl
WYL THd, A NVZAEDEN ST 2 0080 F 20 13 RIFIC L2 VA NVAKBICK 50D v
A v ZBEFHIC X B ARBIEM O K/NBERITIRTE L T3, ThbbRENOEWE AT Y 4 L 2IK
BERIRKE L, VA VAMABIIREO NI 53 25, —FRENMENEANTIEY A LR
BTN 2, /2% —EHRFE L 28137 4 v 2 ARE OB IZTXTAaLRY
TARTDI—Y =V FTBWTY AV ZEBULRFHERE & & b ISP E & o Tnd, Tl
PUARRAEL ZNIC L2 VANV AKBRPHRBIEZICHRTRE W LTk E, 2L, V4



ABEER WA Lo TRIE 27207 A M AEBZEADHFEIFEANIC L > TR > T 5,
RETNVTIRHBPEOIK L PEROBRICE T, T—Y = v MIEKREREL 5 2, 20K
. RETHVICEOTRPITIELEE L OEBOAIC L > TRETZLREL TE Y Z Ut D A
RIMRE X BTV W TH 5, K 3 ICEEBIEROH 2R3, KIZH T Agent 1556 1 3
EER L, 2O 21T AV AEBIRD EE 2 ETTRE S RoTwd, ThPUEREICK
2b5DTH5, —J7 Agent 613 TV A NV AHAEIIIE S 221D L T b, Thid Agent 613 1%
PAERECELTICHARRIZEOATHEICE > TWE T L EZRLTWS, JiURBRET 2 2E0
. Q)RR T X o ic, BERD v A L2 {J{F, =—¥ = v FEE OPUAFRERFIAR., kK UH
RIIZED T AN AKBERDORE X ITIKFET 5,

e Agent 1
Agent 1019

Agent 13 Agent 1373
Agent 1911

» 1.00E+05 \
g —
£ 1.00E+01
=z \
1S)
5 1.00E-03
< ISR
g 1.00E-07
Z

1.00E-11

0 20 40 60

Time step
M2 BEREFEOHOSRT—Y 2 v PO v A VZEAROE, BREEFE S IS L TEFTL T
W poflER T, (VA4 RHER 1.8, mAfTEIEEHE 100)

Agent 613 Agent 1263 Agent 1556
o ™ 8.00E-10 4.00E-11
O O
3 9 3
= « 6.00E-10 3.00E-11 & ~
= 4 E O
5 © STy
Nt 4.00E-10 2.00E-11 &
o = o
€2 3 o
E = 2.00E-10 1.00E-11 & w
z <= A £ =

0.00E+00 0.00E+00=
50 . 100 150
Time step

M3 BEEERET -y MCBT 57 A VA ABZE OB (TSI 2 & F—)

4 RO 5 ICBEYE R SR ICE 2B ICE T 2 v A v 2@ 8 (M4) LEEICET 51
il (K5) OFE#HZRT, K4I1RT X5 ICBRERHICERRE 2 S lEFEF BRI NS 7 A4 L2 1{H
BULBRRHAARE T 2 13 8T 2, TR T w2 R ICE VT, BREH» LT B
INDVANZBMBBEREDBRAT 2 VAN ZEO—HMICEE L2 &, Tabb T 4L
H (virus releasing rate) B X 7 A L R (virus absorbing rate) DRIFRIC X %5 b D, KK
REASPRET 2 VANV ZREDYURE GO RENIRIC K - CTHRfEFE L & D IE T F 2728 T
H5bFT-R5ITRT &SI, BB D 7 A )V ZJAE Y 7o 13 ERIRICE S 2 HEIE R K 72 5,



T LiF, BRI RENCRoERE T, KifffE e & b ichffic Bl 2 RI3ERs & %
KL TW5b,

S . 100E-01 %

29 )

% 2 1.00E-03 o®

» — [ ]

v g

Z & 1.0OE-05

E °

= .g 1.00E-07

5 o

2 < 1.00E-09

5 ® .
Z 1.00E-11 .

0 50 100 150
Time step at infection

4 G L PEROERRIC I 1T 2 ERERF R T D 7 A4 L 2 EL & G o BA fR
(7 A ZHIEE 1.6, AR BIERRE 100)

e Without antibody e With antibody

1000

100

—
(@)

[ J
1 !

1.00E-11 1.00E-08 1.00E-05 1.00E-02
Number of viruses at the time of infection

Time required for recovery

X5 &G O R £ CIc B3 5 IR & G Y A v 2 i e DB
(7 A v 2GR 1.6, I ABENERREE 100)

4.1.2 BPEEBLORIEZFBICKITT v 4 Vv A BEGER DR E
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