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Growth Characteristics of an Attenuated Japanese Encephalitis Virus in a
Monkey Kidney Cell (Vero)
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(Received :

An attenuated Japanese encephalitis virus (JEV)

1997. 12, 1.,

clone SA-14-

Accepted :

1998. 3. 15.)

14-2(Vero) was obtained through successive adaptation of a

primary cell adapted strain, SA14-14-2(PDK) to Vero cell, a continuous line of monkey kidney cells. The virus titer reached above
the 107 plague forming unit (pfu) per mL of culture supernatant with 3 passages in Vero cells and was maintained close to this
level in the further passages. The optimum temperature for the virus growth was 35°C. Growth pattern of the virus indicated that
optimum time for the virus harvest is 4 days post infection and the virus accomplished rapid initial propagation even in medium
containing no serum supplement. The roller bottle (RB) system and the spinner flask (SF) system using micro-carrier (Cytodex-1)
for the JEV cultivation were explored. When RB, SF, and T-flask culture system were compared, there was no significant

difference in virus vyield.
post infection; neither

Furthermore, the results indicated that virus could be harvested multiple times from 3 days to 9 days
severe cytopathic effect (CPE) in the infected cells nor the decrease in the titer was observed on duration

of 9 days.
Key Words : Japanese encephalitis virus, Vero cell, roller bottle culture
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spinner flask& ol &3 wtolg|A tigku]g 7ol Wated 1
Zagint.

Mz % gy

HzF ¢ dlolgjAx

YEHGupolela QS 8 AL SFAEE Adert
13991 Vero cell24 w34 449 Walter Reed Army
Institute of Research (WRAIR, Washington D.C., USA)d| A
Bokurottt Parent ubolgiAR AR JEHGulo]gire o
=3} 4579 SA14-14-2(PDK)ZAM WRAIR A Eofuksl}

x| ¥ 83

|z Eagle’'s Minimal Essential Medium (EMEM,
GibcoBRL 11700-077, autoclavable) & 33 ZFH5l =2 £
121TAM 158 &2t Bt 433, sodium bicarbonate 2.2
g/L, L-Glutamine 0292 g/L, Neomycin 2 50 mg/mL7} ¥
L& Arlslyth 832 fetal bovine serum (FBS, GibcoBRL
16000-044)& 55TolA 308 Hzleld A4AAETEL 284
A F 10% (vv) T2 dioklde] Hrpsle ALE&EHTh
Vero cell vj%el= EMEM #i=]o] 10% FBSE 713k A 3|
A& AHEE 3, vholE 2 vlYS EMEM wiz|e] 2% FBSE
A71IAY FBSE A7bskA g fAMAE AHESH T

MEZ 2 vlo|a|A b

Vero Al XFE AA A4 <to] Bad Ald4=7} 1399 master
cell bankZHE AUl 37T FE7IAM HH3] &80 =9
T YA (1500 rpm, 5&)3t 45 AE WEi Vero cell¥t
< A2 HLGAA 175 em’T-flaskel 2o AujA 2 wjorat
At wid 4-59 Fo] gHstAl A MEE phosphate-
buffered saline (PBS)Z A ojll trypsin-EDTA £4& A4
3led cell monolayer® 1:3 E+ 142 35C, MRS 175
em’T-flask 2 Aviejdatgich A 2 vlo]g 2o o2 ool
A3 roller bottle culture® tE3 o] Faatgdc} 2749
175 cm’T-flaskel 243 A& Vero cells 718 #ioz
gojuo] 850 cm’-roller bottledl HE& 31 FBS7H 10% S0
7+ EMEM A& 200 mL '2¢] 35T F24elA 497 05
mmo.E wjgaEtsich

o|Z A (Microcarriers)

2 A9 AHES mggEAe s oges
Cytodex-1 (Pharmacia LKB)E AM&3lch old2AE 20
g/L 7} 52 Akl FWo] silicon®E coating®d £7)
P PBS £92 10 mL/g of bead’} |58 4o 3-547F 4
& F¥3] swellingAl At 4EA4E AAT § hA] PBS £9
€ 92 swellings 29 W5 F 3¢ (121T, 158)3H A

Sl

Plaque assay

#94 vtolglxe titerE &3] A3 plaque assay 4
& Agate uigd o dle]2{A%-E plague forming unit
(pfu)& ZAsldch Plaque assay 2949 24 well plateo] A
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¥2 IHE sl 2x10° cells/mLol HEE 7 wellel 1
mL¥ goi sjdsyTt, vpely iy A Fx2 IdMEa 7
7t} wellell A wgAE AAT T vio]g{~ MAS 01 mL
A welloll Fuigtgh 247 BEAZ F ool A 3] A o
< AA3E methyl cellulose 0.8%, FBS 2% 4% EMEM
A& well & 1 mLA ¥o] 35T, CO; incubatord X 7¢ %
ob wjkElgth. Methyl cellulose ¥l%4S AAdL AT 1A
o (ethanol 200 mL, PBS 750 ml, crystal violet 10 g,
formalin 50 mL)& welld 1 mL¥ Y1 308 $¢ A&dA
HAsln 582 Mol & plaque 5 Ao vlo|E& titer

€ AtstA

Suckling miceo§ M 2| neurovirulence ¥+

3789 BALB/c mice 20mglE 3 IFSZ mouse?
10*-10" pfugl ©ho)g)2& W (intracerebrally, ic) A22 F
Atstg el Miced] AARES 333 uld #Esle DS Z2H
a3l

1=

< U b

dfo[2{A 2| vero Cell Adaptation (&3

gExguteldd A (JEV)9 Vero cell 44 s A1&4%
parent ¥lo]H2¥ SA14-14-2(PDK)Z PDK Ati4E 8olth
5X10°709] Vero cellsS 80 cm’T-flaskel HE3 ¥, 35T
CO» vjek7lell 49zF wjeksle Vero cell monolayer® #H|a}
Aok vlojgls ZHdS Y& flaskZH-E wjxE AASLZ PBS
2 29 AFE g 4719 parent HolElAF 01 moi
(multiplicity of infection)Z ZGAHT. ZEE 43 vlojg~
adsorption (F2)& 35C CO: wl¥7lolA 2417 Fot A&
41, 8 ¥ FAvA (EMEM + 2% FBS) 50 mL& #7138}
I CPEZ #&3WA 35T CO: wi¥r)e] 79z wj%abgich
utolel 2 i 7|7t Bt vl WAL TAE o AFAEE
AHEAE AAS b, Y §32 FBSY 4o 70T &
Hat ATk Plaque assayE& Aldistd wlolgxg A IZA&
plotting ¥t A3 vlolg]2& g T 49 WPt 5 A9 vlojyix
titer7b 2X10° pfu/mLE Hznze] 2@tk (Figure 1). 47]9)
vpolgf ~Ag vhe]d 2~ Vero cell 1AYZ HHstr dg A
9 seedZ AME3IYT: nbol2lA Vero cell 2AUE 1AWE
Vero cell monolayerdl 0.1 moiZ ZEAIA 49 7 v g3t
AL, plague assayE Al&ste] wlolz)x titerE AT
4719 wWEez wulolglx w%E 16AWAA sy} A
Figure 1o14 R+ ule} Zo] Vero cell 3AUFE HlojA
titer7k 10" pfwmLel E@ste] 16474 $Ago] el
ok SA14-14-2(PHK) #F8 ol &% 39 AWie Wil |
dosed 10°" TCIDs?) HlolHAZ #Aatn(11), £ ATHAA
MFZF SAl4-14-2(Vero) wloleAFE Ao o)™
Bikenoll Al Az 7]& JdEHYE Walo G50 48she vio|
g2ko) ek 10°-10° pfu BHEATH (data not shown). whe}
A Vero cell 3A1d) S4-6 Fei3 vpolgize Wal 43e 43
Bt v&& T3] Zevn fdste wlelgx gz 4as 9
& master seed virus A4t9) seed® AHESISTE Production
seed (Blo]& 2 Vero Cell 5A)gt WA upo]g A (njo]z] 2~
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10°

Virus titer (PFU/ml)

Passage No.

Figure 1. Passage and adaptation of JEV in Vero cell.

Table 1. Intracerebral virulence of suckling mice inoculated
with Vero-passaged JE viruses (PS represents passage in
PDK or Vero cell).

Virus Inoculum  PFU Inoculum  loglDsy LDs/PFU ratio
JE Vero - 0 PS ;

2. . 1.0
(PDK - 8 PS) 0x 10 73
JE Vero - 5 PS 11 x 107 70 09
JE Vero - 6 PS 17x 107 7.2 09
JE Vero -10 PS 15 x 107 72 1.1

Vero cell 641tHE A48t micedlM neurovirulence® A%
3t A3 parent Hho]# 29 SA14-14-2(PDK)Et} & AHX
2 yehdaz, o] ghe bl & Vero cell 10AH74A FAHIA
t} (Table 1). & WAl vle]ziA (mlo]d 2 Vero cell 64)
o EUTY FAA AdL B3 A parent HiolE 2R ¥
B 5709 nucleotides WolE EF3tn 53 FFe EAQ
138, 176W A lysine, valine2 ®#37F 1c12). 4719 A3
ZM SA14-14-2(Vero) mholgl2e QA ¥7F opyz} of=53}
FFEMe chMo| ol WAl sde Y FFE AUHY
t}. o]F production seed virus {(BFe]& & Vero cell SAHE
wlolgla A% 27 &F Agdd AT

dlolg{ Ao HE Hjg =H

JEHgutog 29 FAo] G FE AAZA X, ol
Ha zhdn], 83 AL 59 FH uig 2ds AEFAD
B < %EJ #zle] uwlet wpolgx mfe] 44, FA #Y &
A9 84 To] 48kg WA H=4 Igarash, Morimoto & (13,
14) o] JEVE Z7Zt mosquito cell, bovine kidney celldlA %
AN u 37CAAM 28T AlololA B|TE Ao L7t dopA|
o AE F4o “AAT vlolgx F4E BTy B
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3wl gtk B AgoMe dpolzs HE NEY B 2EE
ztzt 37, 35, 30, 28C 2 #A3t wloly A titerd] Pl wjd
5o a#HE A} 80 cm’T-flaskol ¥4 Vero cell
monolayerdl JEV production seed virusE 0.1 moiZ 74
AX ztzhe) 2xmolA wj¥s A3, Figure 2014 2e vt 2
o] Hjk2 eyt e E EF3ln vlo]y A F4 AL FUF
& & 5 AT BTAA nloled A& kit 490 A
< o, 40x10° pfwmLE 7H4 EE titer (pfu/mL)& RS
of Axte 47le dTAREFHe AFHE AcEHA Az &
EFAEE AMEE A, 2 APdME 35T 48" Axy
seed Blo|#AE AMER Wil Ao Algdch 35T ulol
1A gl M vl 7iZhd CPEY 44e RW 29 F 2Y%
B CPE7F Al#t=o] 4494 A4 Ax9 30% =7t CPEE 2
gdon A AE2 50%7F CPEE 29 monolayer’} A 3
57 AlFshs 5USEH vtol# 2 titer’t F23] HolR7] Al
At ol CPEQ 37t2 wpolg| AJite] Aoddis AL
ME7E 2olA el @4bolet 59tk Ag blolexg
AAsked 37, 35, 30, 28ColA o 79UZt infectivityd] W&
zAbe A3 2% 9@ Aoy g1+ thermal inactivation
kinetics& Kol HAC0Z Ho} (data not shown) 2% W&
ulolgl~ AJARS] ztolE thermal stability®] zpolBrthe L%
ztolo] wWE viral replication &2 xlold 23t Aol AR
gk T Figure 79 ZATtel AR uie} Zo] wig wiAE
ARG A2 2SS A vlolyze ik T A7ITE A
dEE Ao 2 Hol nutrient depletiono] HlolZ| & At T
& & 5 3tk

upol g2 9) Z+n] & uwlolglAg titerst SFAHELY HiE
(multiplicity of in fectlon moi)oll Wl vlolg A9 F4] o)
2A a3 ¢ de o, B AgdME 02 0.1, 005, 0.01 moi
2 upolg|art g MEE 73 upolgzg] FAE 2ALE}
At 02 moiz FAE HE7 AL titerE Hol WY 713

10° ¢

10° E

Virus titer (PFU/m)

Day after Infection

Figure 2. Effect of culture temperature on JEV propagation
in Vero cell.
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A
55 Bole HE AYdtnE 01, 005 001 moig ZEH
EE9 ASde F4 Ay HI titerd E'_O]t w717k
Yyo] FU&H} (data not shown). °]
vho} 7o} JEVE %7} 34 £%7} of &
titer7} wpel ol AA FA FAMo] vl I“ o4 go] U]Ul uj

9 Ao Algdd 9 Afde 3ty AlZeld 2 oo
master seed virus bank?] FE%} AdHE Ao m017} 73
&£4% master seed virus bank®] F%H& Sojung ujojaA
At v &9 A2 38 7gE £ 9

vlolg] 2 ZFalo m= WA Ags 2}?451_7] s dho]g
2% H¥Eo ZEAZ T ME & 83 %2 72+ EMEM
AX wiFet I wlelgl A FA £5F vl FAMSIYTE Figure
390M K mlel o] 5% FBSE AME§ A4 2% FBSE
AHES AL EAE ARSI ¥ S BE bjsd A 3
g BSth ole Yoz de|zl ApdY 84 oA 4R
o nlolgl2 MY Fa W grhy upelg| s FAo #H g7
Ao MAHE ARZ 5% A dWAde FBSE JEVY 7
ool dgS vAA e A £ 49 sFAEE AE9
confluentd}7] ¢+ Vero cell monolayerys Hpolg]A Ao
Aol dax g2 HE AN F8A wiNE o] &3 vlo|
2l BALE ulg o] F nloly A AA @AM =HE £d F
Ue A A Dot FHo] AAsle vlFe] & Pog mF

of & u, ¥4t =§ fFeld 2= Aadd.

o| M E o835 Vero cell v}

vpolejo] thak wgE Al=dy] ¢ $A4 Vero celld) 7|
HEAE o] &3 spinner flask culture® Al=stgch 849
upo] g A2) ZAS YalM T-flaskE o] &8 wjoka ohatslx
2 Vero cello] confluentdtzl ml@2 Aol monolayerg #4st
T Ao Fasich udgAdMe  g34A  Vero cell
monolayer #A wXE HE AT 27| =9 4Es 1@

10° ¢
—o— 2%
—O 0%
—v— 5%
. 10
=
=
g
E 0
10°
- I 1 t | | It
0 1 2 3 4 5 6 7

Day after Infection

Figure 3. Effect of FBS concentration on JEV propagation
m Vero cell.
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871 sl 450 mLe) ddeix (EMEM + 10% FBS)7F #1$)
2 500 mL spinner flaskol ztzb 2X10°, 4X10° 2 8x10°
cells/mL& Vero cell& HF3ta vldeA] glo] 2417 ¢ 30
pmeZ wEk wjRd & 29%9 Cytodex-1 "|HEA 50 mLE
Wlste njgeAly HE FEE 02%2 2T o/ 8y
ZH 50 rpmol A @& wak wakEtEA Ao AE FEE ud
AT AEY HF FEE ULd e whgos AA
At Z flask2HE 1 mLE #3 PBSZ udeAE 29 A
Mtz B&Ee e MEE trypsinizationd ohe, SelE A
E& trypan blueZ €43 3 haemocytometerE WA E2] A
= countmgdoi’fﬂ AAS T Figure 4904 B2 uieh 72
o], 4x10° cells/mLe %71 AIE 552 HZEH spinner flask
b 79ANA oF 3x10° cells/mLe} Hi HF BEE BYD,
cell monolayer= # A" Aoz #H#AYAUT (Figure 3).
8X10° cells/mLe) %7] ME2 429 spinner flasks 937
2x10° cells/mLe] % F58 RYD, AE dF 27)d AE
7t AR Aoz 9AAE clumps?t Av)7 AddA Zo] o
ZA5= Ao 2 Hol (data not shown) AE9 It} & AR
< Axe FAE Fudte]l o3el ALY vYEgA B o
d%g vR Aoz Ag®ch £3 2x10° cells/mLe) x7] Al
22 FEd spinner flaske v #% 43 429 &2}
Ao 25 ugdA o] B3 o (data not shown), HE2]
3% £5e UvA flasksd] vlal )¢ =31, HFFEE 1x
10° cells/mL mlgroz #alsjol HAAM oj4e z7] HE ¥
o] vigebAlol o] AE wiekol] WS- Fashe AAbetgith

Roller bottle® DIB S & o83 Hio|2|A 2k vfet

DHEAE ]88 spinner bottle culture®t roller bottle
cultured 3 vloje|29f dlF wjde FY¥str F A9 ut
olg)~ F4l FMS wlwEYtt (Figure 6). DHHFAE o] &8

Cell Density (X 10°%/ml)

Time (day)

Figure 4. Effect of initial cell density on the growth of Vero
cell on Cytodex-1(@ : 2x10°, W : 4x10°, A : 8X10° cells/
mL of initial cell density).
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( Figure 5. Photomicrograph of confluent Vero cells on Cytodex-
1 before virus infection (100X magnification). Vero cells
started to detach from Cytodex-1 after virus infection and
eventually cell monolayers were peeled off from mocro-
carrier.

spinner bottle culturecAe] sl F4 FML d3#
e $Hoz ZAIAL 4%10° cellymLd %7] HE $&E
HEg 02% v PGA % spinner flaskE W 74A wiA|
AT 200 mLe PBSE vyl 49 Vero cellg 29 Al
Hatglek 1.5x10° pfu (0.1 moi)el vlolei~E 43 50 mL
< flaskol A7kstz 2412 <t 1580t} flaskE swirling ko]
vlo]g A #gode] vYGAE FEI HAARF At ofF
450 mLe] X uiAE kst 747 50 rpmelAd A%
vjekatsich ik 717k 7Y B¢t vl wigdEdel dRE FH
3t plaque assayE F#3tel wlo|H A9 titerE AASHTE
Figure 62| SF1%} SF2& wlolix~ 74 ¥ fAWMAZ 4%
g3 38 EMEM ¥ 2% FBS 3% EMEMo] A4d 7%
Sojrh SF29 2, 3UA HI titerdd 1.1x10° pfumLE B
o9 SFl¢o] SF2Rt AAHog okzh e vlo#A titerd
Rgou SFI 9 SF2 2% #4 3 29%E 497 10
pfu/mLE {+& titer7} FAHA

Roller bottle culturedl Mg} npolejx F4 FML o3 2
o woz zAEAY 850 cm’-roller bottleo] 8X107 7He]
Vero cell® AEsle] 4947 05 rpmo 2 314 st & iz
2 AAST 24x10° pfu (0.1 mod)el wlely2rst FiE
EMEM 10 mL& #7189t} Roller bottleg 2A1%F §¢F 35T

P

M oy

10°
—@— RBI
—O— RB2
—— SF1
F —{— Sk2
- 10k b
E F
jos)
.
& L
£
- 100 .
105 ! ! ] L ] t ]
0 1 2 3 4 5 6 7 3

Dav after Infection

Figure 6. Comparison of JEV propagation in roller bottle
(RB) and spinner flask (SF) culture using microcarrier (In
the cases of RB1 and SF1, culture media were replaced with
EMEM right after infection, while RB2 and SF2 cultures
were refed with EMEM containing 2% FBS).

Fa2AoA 05 rpmeg HAAZ ¥, vio]HadE AAsD
PBSZ 24 ZEAEE AAd & FAMAL 2% FBS 24
EMEM< #A7lstAY (Figure 62 RB2), 84 8% EMEM
2 #A7EY (Figure 62 RBl). ©]% 747t 35C 244 A
05 rpmol A 3 wjeFaiEA ofd wjddSdy dRE HE}
o] plaque assayE S35t wloly A9 titerE AASHT.
Figure 6014 ®& upsh o] RB29) 294 HI titers] 3x 10’
pfu/mLE ®gon, RBlo| RB2ECh Aoz ozt vhe n}
o] A titer® B oY, RBl ¥ RB2 35 79 3 24A5-H
59742 10" pfu/mLS HE titer7t fAEAG AEHoR, b
o] 22 9] roller bottle #]%o] spinner flask B¥H T} wlo]eix
titer@ell A 20 WA 3u) $-3 A4S yerdn, 107 pfuw/mL
S g WY s &F Ao aeu 7o wy 2F
T-flask @l o} o] B&EHY wiAE Algsioqr vlo]yfs
Z20 #gdn, HuxY tierd Hol: wo|ge 29 ¥
29 ZM T-flask wigeld B 29 @3} o] roller
bottle ®j%kelt}  spinner flask %ol E  Vero cell9)
physiology 7} T-flask sjgeiAel zke]7b AW, ke 3
Aoz Qg progeny HholElA9 APHEETE Frhed 719
3 Aoz ZZHrh

npolei A 7+ AA spinner flask$t roller bottleo] A ¢
Vero cell £41& A8 HW, spinner flaskolX e AE 5
x10° cells/mLo] T roller bottled]de] HE FEE 12x10°
cells/mLelt}. SF2¢t RB29] 1 wle]zi titer7t 247} 11X
10" pfu/mL, 3x10" pfwmLol=2 ©9 AME BAkg Hio|2
29 k& AMNSBYH spinner flask ¥%olAME 33 pfu/cell,
roller bottle 8l AE 25 pfu/celloltt. Y moi7t 01
pfw/cellolgl e B zhzh 33u) 250W) 2 npol@j vt Fal® Zo]
ot £2 9 AkelA nlelys 7 F dehte CPEE ¢
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& &2 Axd AFE nHIA AT Ao Yehys
titer2 B o roller bottleolA12] GAMEG wlol2A APt
2ol spinner flaskolAe] AR dizF 78] AL 5L Ao
Btk 4719 olf2E oY 7HA o|fE F5T F UMAY,
e vlolY A 79 A8, shear stressol 93 ulolglA B3
3}, && M40 BE micro-carreryte] Aoz Qg ATy

29 83 4% W9 £ 4T & U

ol

dlo| 2 A multi-harvest

2 YR dedupolg 29 A=E3] (attenuated) TF
o} ok (wild type) & T8 v 47HA 71&& AFH AA
=4, 52 ¥, nIgdzy ojujxAt MY, cytopathic
effect (CPE, AXHALgaho|th(15, 16). & Aol A&
Exgulo]g A% parent vlolE A9 =g ulelglx AAS
atg fAEE g3 53] vlolglA 7AHEAEY CPEE Hiol
2 W% 712F uls FEtz goA #2500 (Figure 7). v
olei~ 9 roller bottle W%¥Ale) 107 pfu/mLE W sk 713t
o] 4ot & A, Tela wI7IL Fol HEMEY CPEY} o
¢ tledle] Vero cell monolayerZb wi¥7Izh o) A& f-2

He FozRY ARES FEAELZNE He vlo]HA titer
g ZE dlolgjx wlAE W o4 FE & leAY s
Ae n#stgrl 850 cm’-roller bottle]l confluentdtAl =gt
I [cPE: + + + + A ]
10°F E
EW0E =
= : E
[£29
a.
5
g 10°F E
10'

Day after Infection

Figure 7. Multiple time harvest of JEV cultured in roller
bottle every other day from day 3 to day 17 post infection.
(CPE : +, less than 30% of the cells exhibit CPE;

++, about 50% of the cells exhibit CPE;

+++ about 75% of the cells exhibit CPE;

++++ the monolayer is totally destroyed).

Vero cell monolayerel vlo]#{AE 0.1 moiE ZAAA
3 EMEMOIA wiokstict 2+ 3 3dRE 179712 29
#HoZ widkdlg F8A EMEMEZ 100% TA A wjore
A&3tHe. ek ol A A& wvlojga gl 3,5 7, 9,
11, 13, 15, 179 3599 plaque assayE T3t nlolg A

oo
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titer® 243 Figure 7oA 2& uie} o] 7 £ 3¢
BE 99744 107 pf/mLE W titer7t $XHE Ho] g
QAx, 17YAA% titer7t 10° pf/mLe ZF3sich 4r1e 2
e FAste #HoAM dlg f2ld AR roller bottle 3
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