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Abstract — Varicella-zoster virus(VZV) is known to be an unstable virus. Infectious cells infect directly adjacent cells
and VZV has the strongly cell-associated nature. Kinetics analysis of VZV proliferation shows different experimental
values due to the environmental sensitivity of VZV. So the prediction of exact yield of VZV is difficult. In order to solve
this problem, a theoretical model is required to estimate more precise yield of VZV. The yield of VZV is related to multipli-
city of infection(MOI) and time of culture in the proliferation of VZV. A model was developed by using the finite element
method considering the cell-to-cell infection characteristic of VZV. The spreading time of plaque forming cells to the neigh-
boring cells was determined as 8 hours by several experiments. It was assumed that plaque forming cells lost infectivity
within 48 hours after it was infected. From the simulation of two-dimensional model used in this work, it was confirmed
that the maximum yield of VZV could be obtained at the MOI of 1:10, which corresponded with experimental results.
The VZV propagation model can be extended to the future 3-dimensional model which is closer to real VZV propagation.
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2-2. HiX| & ©H

v z]= powder A}ej2] DMEM(Dulbecco's Modified Eagle Medium,
4.5 g/l glucose ; Gibco Co., 8451 Helgerman court, Gaithersburg, MD
20877, US.AYE AMg-819] 27, uijA] ¢l Sodium bicarbonate(Sigma Co.)
2.0 g/l, HEPES(Sigma Co.) 2.38 g/l, Pyruvic acid(Sigma Co.) 0.11 g/,
Antibiotics(neomycin sulfate, Gibco Co.) 0.05 g/IS A7}sled wlz] 1L
£ UHE ¥ Autoclave2 $HAHA| W (121 °C, 25 minyd o 3]
(0.22pm pore size membrane)E AHE-3te] clean benchtjell A 213
A }sle] ALg-stsitt. AL fetal bovine serum(FBS, Gibco Co.)&-
*F&ﬁ}“htﬂ 56 ‘Cell+ 30min Me2|zte] AAAAEEE
tionA]Z] & A}&-3tgict.

inactiva-

2-3. Hi0|2A HEkK(Plaque Assay)

A Aol ol vlele]l g Aok 4 9= WH SR plaque as-
say B8 o]-g-5le] 7+d= A E(PFC, plaque forming cells)& A
&9t} o|u} plaque assay-§ £FAHEE HLF A Z5 AMg-3519] o
et 22 assay WP ARt

Plaque assay 2-3% o] 12-well plates]] 4| =£-8-¥(1x 10° cells/ml)
£ wellol] 2mi# Fo] sviekslsic(10 % FBS AH4). Al Z8)ek 2-3d
¥ well-platec]] 3= v|x| & s o2 A A3} wellell vlo|#] 2~ 7Hd
AFE AP 52 3A431e] souls Falsia o) 105-w}c} well-
plate® E&o] A7t B2t TLsA ZEEH=E & vl 2% FBSY}
4% #%]-8- DMEM ®l#] 2mié& oivh 2] 3794 2-3d7E
wieket 3 ul#] 1mlE #i2] FBS 2 %7} 3hagl Aol 1 mlE g
Z9ic}. Incubator(37 “C)ol| 4] 4-6217} incubationd}o] plague 4] o]
F-5 #Astz Frl7 (X 40y o] &3 plaques countingdled titerS-
AR shich

2-4. MIZ37| ¥ Plaque 37| &3

T-flask(25 cm®)ol]) 5% 10° cells/ml®] F% 2 A EE HZs}7 37°C
incubatorell 4] 4] Fot vjokl 3 cell countingS- o] A =7]E2 o}
3} Zhe upH o 2 ZAslgdc). T-flaskoll A 42] F<b vioksl A 22
S(n)E T-flask®] FHA(2.5% 10°um’)S - ed Al g o] =
AAap] 78t Az, Az Fert dEW)R AEL)e] vt 1:7
A AA A22] Hefloll 77k Az (A el o2 st A 3
e)2] v]g)el2} 7HA B Al 2] H7|(W)E thaat 2ol T3fsict.

25><10

A= (m’/cell)

(um/cell)

@
@

Plaque =7]2] &4-& six-well plateol] 3x 10’ cells/well®] 52
AZE AE3a 397 wik’l F nlojzlzd bl Az} HAk
AEE 1:52 Zg9AZ 2283 plaqueo] FAE7] A2tk &
5] vl A} #e3dsto] plaque 715 2A 34t vljokol] ARaX
HHX] = A Al E A= 10% FBS -4 DMEME, nlo]a] Ad] 7o
% A Zoll= 2% FBST-§ DMEM-S wellell ZFzt 5 mld Qol5=¢)
7, 300 T WA S Zolradnt.

W=vVA/7

3. HOIHA S H$ 5F
3-1. 5 HIOIHAC| ZHHK L (step-time) HX
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Plaque®] ©+&-2] =27)(P)= six-well plateo]] 3% 10’ cells/well?] X
52 AEE AHE3ha Al 2ot H4d31Al (confluent) xl2bd wlo]a 2~
o iR A2 G AIFc} 2=l3 plaqueo] A= 7] Albshe
35-E] vl plaqued| ©&2] :271E 345} plaqued| w20 =
71(P) WatE Falgdct. 1ulm Al2e] @59 FZ7|(W)R plaqued]
dE2] Z7|(PYE W] Fol el 2 (M) AlE7) s
2} Alxkstsdct. vlelej 2ol AR st Al E7) o] 23 AAAE
£ FEA7I= Ao e A7k (step-time) S A ()2} ZFe] F3lgir).

M= (cell/day) 3

€|

Step-time = % (hr/cell) @

3-2. 0|2 ZEo| ARBEINT W U JHY

o) ARg-Eez] MR 2HER A Z2] v FA) ZHend-time)
S 12, 24, 36, 48, 64, 89417k o 2 dledw, Ztedd A & A AA
A 322] (multiplicity of infection, MOD)S 1:5, 1:10, 1:20°.2 3}
ek zela 5 vlele 2 Sl digh o] 24 mdle]] AREE A
F £2H= 15X 752 Agste] AR AxY] 55 562502 st 1,
ol 23 ndle] Al EH o)A AN 7ML oh-gw) P}

(1) A Fehe AW ZEDL)] B2} 1:78) Aajzksgolct.

@) +F uloleias] 2AL AR HAEo] AHT APAE 2,
7de) A8e e AL B, W, S, Ne] 4 ko 2 xguic),

(3) A9 AZE 799 A 48417kl 7d5E Yolulichdeath
-time).

(4) &7 LA 2] 50 %rte] ZHE-S 71zt

3-3. Aigalo|Mel Ay
Zrd 8] (MOD2} i F A ZH(end-time)S- W52 3ted tha-3} Zro] A
A3tsict.

(1) AR AZe nlola]x 73 AE7} randomstA] ZH=D com-
putational cell®] -2 lightgray 4] black ©.2 A &A1 zic}.

(2) A|7ko] step-timeol| =3P H step-timeol] w}e} black o & A3}
" AZ2] E W, S, Nusko = ulo)a]x 3bdo] X)2bs] 3, lightgray
£ black> 2 A 3HA| 71t}

(3) Death_time(zt Al 27} 755 s AlZbel =9 724 319
et 22 &2 25 Al F7} F07b5, blackS white 2 213
A # et

(4) End_timeo] = A|B#lo]de] AL AR X751, 71952
7VAl ZHd A E(A0] blackq] A E) £AHE Ak ).

4. gt 3 o

4-1. M| 3! Plaque?| 37| =3

DMEM 2| (84 10 %F-F)ellA AEE 4907 viofsta A2
2715 FAY AFAE 5 1.28X 10°+2.01 X 107)/25 cem™Q 22, 7+
Zke] A Ze] Z7)E 16704266 umZ 2= Q). T2 7 8L 2
% T3 wiR] oA ulole) el ZtdE AEE wiokst plaque 2]
&52] =2719] WshE vl Aol 4% A Fig. 2, 300 Ue}
WHadek. Fig. 2= six-well plateoll 4] ZFd M FE ] 2418 wojZL 7
22 wjfAIzke] F713tell whe} plaqued] 37)% HA Zrl3ke 2
< 9107, Fig. 38 i 7bel) mh2 plaques] 7 &3 o) wig
< Holx v} Plaqued] w3 ZolE 101.2+31.4 um/day 2 Z7}
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Fig. 1. Small computational grid showing the three-states(black, white,
lightgray) computational cells.
(lightgray : uninfected cells, black : infected cells, white : infectivity-
lost cell, 4m, 4, wp, § : progressive direction of infection)

Fig. 2. Propagation of plaque forming cells at 5 days (A) and 7 days
(B) after infection.
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Fig. 3. Change of average short axis length of a plaque.

4-2. HO|YH A AHEE =X

ulola|n FAlo) tigh o] 24 oA viehd HB o ulo]g
2o} 7+ A E7} o] 237 AANEE A A= A== A7
(step-time)S 73}3it}. Plaque2] F w3 Zo] wWsl= 101.2+314
um/day<ld] plaque®] =7] ¥H3} A 3= bidirectionel] gk A3}x]o}
t}. w}e}A] unidirectione)] th&} plaque] B ©& Zo] 3= 50.6
um/day7} v} Al £ =7] 16.70 um/cellZ. plaque?] =7] W3}
50.6 um/day S ol 39 3.03 cells/day2] zho] F-3led =t} 1
22 73R shte] AlErt o]t st AN EE AAAXN7IE
gl deje A7k oF 84172 ALk e

4-3. Monolayer CultureOijAo ZIH|(MOD0]| (2 HO|2AL| AjAL

ubd o2 ulola] o] diEkitel|l M= A e} vlo]e] g
HZa]ol ule} vleleis S A ko] ZA DER|7] wjEol vle|z
2~ 7kedw)(multiplicity of infection, MOy} 83 W= 2= g)
o}, nlele] 2~ 2FAu| 7} 2 A9 DA 2 wlolg vl S5
Axzol At vlolals FA 02 QF sFA XY SR
A ZF=7t F43] 7haste 3N vlelgx A RoE= &
FAE ZA Y {FA7F ol YA D2 AP vlolel Zdu|zl &
€t

7 npolg|~ -4 ulol] 28] 7o) cell-to-cell 2 o] o] 7|
7] W&ol wlele| s M 2L HEH]|7T scale-upA] Z LR 2
|3} 55 npelas o wiokd o) 427} HAEHA|
A=t ohg vlelela QA EE AT EE vt FeE
utolzi ZHAE 78] g AR m2 diaFaitel| 4] scale
-upe] Lo|3lA el & Aol AE} skAdslA 2=k 25 o’
T-flaskel] vlole] 2 ZrJ A2} SFA L] =7} 1:5, 1:10, 1:200])
A vlolelag FAAIR F 12, 24, 36, 48, 64, 89A17k2] MES
plaque assay3s}od 7hadn| o 3-8 @A)

21 73} Fig. 404 M= nle} o] 21gwu)7} A-&-2 3 PFCE
Holz A7te] ZAojAlg o 4= 9z, MOIE 1:52 A7 E o
o}E 7R & AR Axe) £& PFCE wlokF 484 7)ol (& 5=
gt

4-4. HIO[2{ A MMoj| CiEt AE el o|2X 2Y Hnle| H|w
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Fig. 4. Experimental result of varicella-zoster virus infected cell den-
sity.
MOI=1:5(®), MOI=1:10(m), MOI=1: 20(A).
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Fig. 5. Comparison of experimental results with computer simulation
in MOI=1:5.
Experimental results (@), computer simulation (O)

100

Al EH oL flollA] MEgt whH o Adslelw, WS Sl
step-time-2 Hlo|2] A 7+ £ 5 A A 8A)Z7Le B FaA o] e
ALgslgie}. 18] 2 end-time A FES wiokshs 7|7o 2 12,
24, 36, 48, 64, 89A| 7+-& A18-5)9] 2.0, death-time-S 48X 7+ Al &
Hol el #-g3fdct. w3t Al EHo|A-L vlole A A F} &
FAEL $5 1:5,1:10, 1:202.2 3o zhzhe] 7hdu]o) u}E o)
E34q npolax At 8- T3l ek A2k} 23hu] o] wE ulo]
A Q4L Zhdur) Z1EeE s e ek e, Hd 5
ulo|eixe] $8-2 7hdn] 1:10Y o b 48417 F & 5 9l
< & 7 U=l Fig. 572 wvlolg|x ke digt Al g1
APAIS vwg A& vehdct AEHo]dellA zhgu]et A2k
of -2 ule|gi2 F219] Hkx} Ao PFC sl A7 A3
Aol FARIR]E vlo]g A AAE 5 FA) 2ol S Rol: gl
o ol2g A= APz7e] ZEX|gE Aoz oAl ulo)
2 A & W3 A = 9lon], i AgelA] ey =
A ZAG fARE 2738 AlEH o)A Aok sl o2
4 = qlek. zelz Zhn) 1:105 1:2098) AYATS} A B
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Fig. 6. Comparison of experimental results with computer simulation
in MOI=1:10.
Experimental results (@), computer simulation (O)
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Fig. 7. Comparison of experimental results with computer simulation
in MOI=1: 20.
Experimental results (@), computer simulation (O)

ool AABHAl Ael7t v QlEd), oleldt Aol A EHo] o)
A& npolel o] Fala) Abd ke T8jsky 5429 APEL e
314 oo MAshe Aoz, wat A Baol e AkgEolx] HE
o] Al fd) YAyt Aoz ALgHr).

A@A e} Al BHo el A Ho) nlolex g 7edn] 1:59)
1:104fo] 2] Zhednlella] 213 A)171 48X]7F 2418 o) Qojzlon, 7}
FHI7} Aold 2 A wlolga S8l Bl AHE Z7)et
Sk o1& A gHeldd A AT} Axsle AowA] B o2
A o] 844 BedFE Aok g £ A7y sjuas
AT A Beleld S Het] A A x] A2+ e} 7
FE AET} HASE dolmEle Azko] 48X 7kolek Sl e 2E
AAl | eSS F87) gloky AEe wa ARl
Hlelelze] Fajo] Ymn o gl AP AL ol $54 e
FAZE B dv AAWx G ulolelx Zedm Zale] Ao
32 A7) wel] B wdolx] A FwiA njolay s
HAS 3 Azl )] gk A w9} ol njola A
AAAIES] time-distributione]) BE 7h3%5e WS weldt o)2H

B2tZEt HI36H K4Z 199814 8

Oka virus 5 A48k 14 S|A|ZHLF)ZYE] 9] 45 ulo]z] A
(Varicella-zoster virus, VZV) 5] 2l sted 12 E3)e] ozt
A A2 Agrh T-flask AF-L Fslo] 5% nlo|a) 2o 7Hd™
AZ7} AT AFAZES FDA 7 dels A7 BT 87
olflom, £ vlolajael ZHE AEL oF 4847 Fol= S5
Hpolg] o] Zhd5-g AMleHE AL 71 R 0] 24 v el o] f-3}od
ZHdu|(MODs} vlo Al7bell mb2 4 ulole| o] ZAle Fabstat
T NAAek AA AP A vh R 2 o) 24 mdi . 7hedu)
MOy} 271842 79 5= wela]n, monolayer culture 74-$-
Hefl 55 ulole) o] 82 Zhedulz} 1:10Y o) Qe 5 gle-g
gald 4 qlsdch ol2i3t o] 24 mlo: ulola) s Zale] H gl
83l A8 5 & Aolr}. o2 o] 2A A EHo|He Qo
23314 Azejofole 449 4 9)e oz Azts, A4 A
#2] 71813kl FehE wedsln, wat ulelalie) zhed® Azl
time-distribution-& 483+ m o] slte] & ¢ 5},

AL B71%

: cell number in 25 cm’-flask

: length of a cell [um]

: width of a cell [um]

s area of a cell [um®/cell]

: change of plaque size [um/day]

97> gom

- infected cell number in a day [cell/day]
Step-time : spreading time of plaque forming cell to neighboring cell

[hr/cell]
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