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The Japanese encephalitis virus (JEV), a member of the Flaviviridae family and Flavivirus genus, is transmitted by
mosquitoes. JEV, of which some 35,000 cases are recorded every year, is a positive RNA virus. Two types of JEV
vaccines have been developed to prevent the onset of encephalitis in humans, namely formalin-inactivated and live-
attenuated vaccines. JEV inactivated vaccines are usually made using the Nakayama-NIH or Beijing-1 strains of the
JEV virus. In this study, the immunological response to the Nakayama-NIH and Beijing-1 strains was analyzed as part
of the effort to compile basic data which could lead to the selection of a suitable vaccine strain. To this end, the virus
titer of Beijing-1 was found to be two-fold higher than that of Nakayama-NIH by plaque assay. Moreover,
Beijing-1-induced neutralizing antibodies showed a higher level of titers when confronted by Korean JEV isolates than
Nakayama-NIH-induced neutralizing antibodies (1:320 vs. 1:160, respectively). However, as a minimum ratio of 1:10
neutralizing antibody titers are required to protect against JEV infection, both strains in effect exhibited a sufficient level
of neutralizing antibody titers. What's more, Beijing-1 was found to induce a somewhat higher cytotoxic T lymphocyte
(CTL) response than Nakayama-NIH. Taken together, this can be taken to mean that Beijing-1 may in fact be a more
effective vaccine candidate strain when it comes to inducing a high level of protective immunity against JEV infection.
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M =
Y Hjodntol g2 (Japanese encephalitis virus, JEV)E
[e)

Y S 714 RNA slo|#]~2 X4 Flaviviridaeol <3}
+ wlo]giz=o|t} JEVE 11 kb Z°]¢] single open reading
frameS 7HX|a QQa = S 24 capsid (C) protein
I} membrane (prM/M) protein 2 envelope (E) protein®] 1
ow vl el A R NSIHE NS57HA] EAj8ka )

T} (20). 193541 Kasaharaol] ©]3l == Fe]¥lom (6,

18) ol A= 1932l EAAo R BE o] 1949
d 56165 0] LAYl oH, 1950 d thell =
1960\ tholl = 14597 o] T3} o} 1970 A thell b4 =
AH it 86 = FHAsklth (1). Lo 19821 11979
o] #Aprt wAste] o] F =]l ot WAl HES
&3l 1990t o] - wid 3~41ge] ghajuto] st
ol ofalf gk} o] kg i
g Agko] HAT (34).

ouu.qoaﬂ}o]a/\ WAl ARkl AJEE T 9 straine
A 3FF7F Aok b HolA e £ WAl
© 2+ Nakayama-NIHF=$} Beijing-157F AF&-5aL 9o
], primary hamster kidney (PHK) Al ¥oll4 23l oF=3}
WA= SA14-14-255 AFE-SFaL QAT ofrJo} i
o] 7ol A E&3} WMAIAZTE Nakayama-NIHFS A}
L3k loy, S5 W dEoM= Beijing-17E A}ﬁ
skl Qlrh Aol M= A el AH]shs WAlS
Beijing-17-5 ARg-3to] A|xshal 7582 Nakayama—NIH
FE A&k drk 53 Nakayama-NIHT % Beijing-1
T BT uE Ao ield dEsdntely s iy
FEo tisl wAlFE-ES Holal glov), dnkAow
Beijing-15-7} Nakayama-NIHFH.t} o 42 F3pihg-5&
woltka oA T} (9,1521). AA ol A= 19701
hH-E] Nakayama-NIHFZ o]-&3lo] B3} WAl Az
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A B =il @A A R AR E AL 2)\’”—
B35l W A15=2] Nakayama-NIHT 2 Beijing-15701] %%
S wo] F ulo]y =5 Balb/c wH-2=o] ﬁg—o}@
Z} mfo]

2o g A AAE, = welFeke]
kS cytotoxic T lymphocyte BHS- % v}oFsl ol el
5 vlaste] dA ajoll A B8sl WA =T
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gy dutol ] =0 AH8HA typed 1A Nakayama-
NIH, Beijing-1, 28] 1 JaGArFZ WH Xt} (11,14,15).
Aol A= AA el A WAAZFE AEEIL
Nakayama-NIH®} Beijing-12 F= H|ula}g] o],
JaGArT A A5 A3lelA 7 Blasqitt o] 2l
19873l ¥-2]¥ K87P39, 20011 =0l #2]¥ K20015+
IUlelA] FElE ddEdntely x eFolt) o2l
vlo] g~ B AR A7 Abko] e 2| ol A
Lol AREERQITE Y-S vlolel 2~ VERO AlXE
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2. Plague assay 2! &3}t

Nakayama-NIH, Beijing-1 % JaGArs=2] wlo]zx 97}
= gl3ty] Y3 plaque assayS A AEFITE VERO A3
o A7) nlelel=ES HFskaL A F A& AT
< 108 At 3451 6-well plate2] 3 well & 90~95%
2 A VERO Al 100 pl¥ HZF, 90%3F 37°C CO,
Hj 7]l A wieFsaitt. o] § ZF AEEFE nfo]e

7} Z3E o] 9E wjA] AEAE AAS H, ZF well'd
0.5% agar’} $H7-%°] U= complete DMEM<S 2 ml¥)

Z7¥ske] oF 10%-7F clean bench Wl A XIA1F] 0. 24
agars 3l F 37C CO, #lg7|olA oF 48417t Fot
ekttt vlo]2] 227} CPE (cyto pathic effect) S -F-2s

= Aol #AHAS ul, Camnoy's fixative solution (75%
methanol-25% acetic acid)S 2 Aol oF 103+ 223}
o] AAANZ F, 1% crystal violeto. 2 FA&FATE YA H

ZeAE Aste] blolei2r 971E plaque-forming unit
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JEV SHAIRIZEZ2] HHSHA H|w

(pfu) per milliliter= A4 3}A T}

3 A7kE <l fﬂ | flake] AR A 56T
oA 3081 H]EEAIZ F 11002 5E 29 EA 3}
a7 200 pfu® Z43F Nakayama-NIH, Beijing-1 =2 JaGAr
Fo} T 2393k ofS 37 ColA 98 FIAFHLE 1
2132 6-well culture platedl] A1 12} vl ¥ VERO Ao
vlolg] 2~ 3 E3AS welld 0.3 miy HE3ske] 37C
CO, W7ol A oF 90%7F S22 & 05% agar/| X
¥l DMEMEIAIZ 37°C CO, wi¥7]|olA] 27k HH“é}
AT HiolY 27} CPES st Zlo] #&AH S o,
Carnoy's fixative solutionS- 2+ A|3Zel| °F 1087+ X2 6}04
TGAZ & 1% crystal violeto = 3213} @HFJ
gaE ]TOPS’i‘jr. S A7FE vlele 2 2k
50% ol HAaAZIE Ao A sAulge] AR

33t
3. Indirect Immunofluorescent Assay (IFA)

24 well plateol] H% cover slipS AL 2 9ol 24
AlZF &?F VERO A5 vttt viek¥l VERO AlE
ol Nakayama-NIH<} Beijing-1525 Z+2} 1 multiplicity of
infection (moi)= HZ3kaL 24A)7F 3 cover slipS %4
2] A FAske] 20T A3HAl B3¥ methanol 2
acetone©] 112 49 Ao 583F Yol NEE 1A
kAT ©] & Nakayama-NIH®} Beijing-15-%2 ¥ v}
¢ dHE ol & 0}04 1:1000.2 5% FBS7} %34 PB
o} 28 % A7} 4% cover slip YollA 3087 WH-
AlZiek o] ¥ PBS® 534*‘ 33] AlH = ohA] w2
ol i3l wH-8-5H= Alexa-594 (Molecular Probes, Carlsbad,
CA, USA)Z 1:1000.% 3]A}&te] 3087k wk-$-3l & &4
&n)7 (Leica, Davig, FI, USA) 0. & #2513,
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AAsigon 109 Aom 3 Wl sir. 33
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5. Cytotoxic T lymphocyte (CTL) &t

A= npele] 2ol gk CTL ¥ % w412 Pan 59
e W@k ARSI (16). M % hee] et
W, target cell24 RAW?264.7 Aﬂji_ = 96 well plateo]]
welld 1x10°0.8 HEsle] 3t Ecg_} wj kA ZTh CTL
W& SA5t7] sk Aol 100 moi= ZF wpolH2E
target cell2 T]2] 96 well plateol] ¥l ¥3+ RAW 264.7 A3
o 7+IAZAt). Effector cell 1x10° pfu® E7}o= 7t
Hiolgl =5 nhg-2o Eﬁo“’\]ﬂ 5 10¥0] AvA FY
PO thA] WS A7 F 3UA HES FAoR
AEete] HIGAEE vFEo] ARSIt vIgAl 2=
A F<F 37T, CO, wiF7Iol A mfgFate] ARE-SF3IT H
M| o] 2)e CTL W32 lactate dehydrogenase (LDH)
release W82 57313121 Promega (Madison, WI, USA)
o] 4] Y2 Cytotox96 nonradio- active cytotoxicity assay kitE
o]-g3te] =43t} Effector cell¥} target cello] DA H]
o] WA effector cellS FH|sle] UX i Fulo]HAE
Abdoll 7FAAIZ] RAW264.7 A EF]

7 Eet wjeket £ 250 gollA] 4% 5t YAlEEl el
AN 50 plE immunoplateol] ¥ & substrate =3
50 WIS Yal GAoA 30k Fot vESAIALE v F R
3l7] 913l stop &< 50 pIE Y- % microplate reader
o]-g3to] 490 nmoll A FFEE Skl CTL v
54 A o3 22 2 oA A8l

Cytotoxicity (%) = [(experimental - effector spontaneous - target

EHA F 44

o]o il m\m

spontaneous) + (target maximum - target spontaneous)] >< 100
4 1t
1. Hol A Ho71 £F

oéy_ﬂoaﬂ}o]gq/\e g?_O_Z]xile]—_‘l =i Hﬂ]ﬁﬁhﬂ}
=< &83Fo] Nakayama 2 JaGAr0l immunotypel =
U »2231 (14), Oya &< Atz shh-a-5 o] -85
Nakayama 2! Beijing-1 groupS = 23131t} (15). ©] &
Nakayama-NIH 2 Beijing-15+ #WAA|%F2 &85 1
AT (1521). °]5 Hlole]F50] VERO AlEFolA A
Aehe whole] = A7tE xAteY) 94511 1x10°* pfu ¥}e]
H2=E 6 wellel FdsHAl HET 5 2487 Fol] A=
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Figure 1. The viral titer of Nakayama-NIH, Beijing-1 and JaGAr
in VERO cells at 24 hours after infection. The results shown are
the averages of three independent assays, with error bars represen-
ting the standard deviations.

ol o
1=

FAsE] wlelg) 2 7S ARSI Beijing-15
7} Nakayama-NIHF=¢} JaGArs=ET} oF 2~3d] A= &
2 A7 RAFHY (Fig. 1). )= LEHA MAS A
FujokS Fa A o] Beijing-15+ HRol2lA~ 9 717b
o mfele| e Hla 20 H E7] witel ¥ AAA

o WAL AN F eSO H),
2. BEIEA Aot

Nakayama-NIH, Beijing-1, JaGAr Al 72| YR dn}
olg]~& wlole] 2 T 10vte] 9] Balb/lc v}-2=¢f 10 7F
2 33] "SItk mA e Wl & 2 o whg-
Aol dHE Srsto] 7} btole] ol gk 3t
FA7FE SAsATE vk A4 FEEArEE 54
A7} Beijing-17-5 WS U}—C’r"\/] Bt F3EA 7}
1:640°]™, Nakayama-NIHS= Sk npg- 52
320, JaGArTE W3 nfe-rE52 1:804 =31 A 7 =
BT} (Fig. 2A). T3k oA B IA7F i
Autolef ol gk AU Flshy] sl (HHE A
AWS A A)8ke] Nakayama-NIH 2 Beijing-10 th3F &=
o] FA7F BHHNTS skt (Fig. 2B).
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Figure 2. The antibodies induced by Nakayama-NIH, Beijing-1
and JaGAr. (A) The neutralizing antibody titer to each JEV. (B)
The indirect immunofluorecent analysis to detect JEV antibodies.

=) 25 K87P39 2 K2001 thal F3kekAl 97t 1
3205 Moyt 181} Nakayama-NIHS=ol] 23] A§Ak
A kA= R dEE dntelg 2o dis) Zhzt
1:160¢] FstatAll7He VeI (Fig. 3). wehbA Beijing-
157l ol A4 F3}3A17F Nakayama-NIHT=ol ] 3}
Aabyl FEA R SfelA EelE dEydnlo]
25 ¢ Z Fgsitta & 4 Qo) v Nakayama-
NIHF SA] el A sl die dnpole] ol of
sto] F3FakA|717E 1:1600] UEb o, dkEow AR
HAufolE 2ol el 1:10 o] F3A7E vEpH
Hlo]e] 2~ 74elS whs SR F8leo] Arkal RaEd
7] wj&ol (9) Nakayama-NIHol| ¢]&l =¥ S3}akA47}
Tulite] dEEAute|y~E Wolsh=d T2 F3ks

& HoFa glvkar & 4 9t} (Fig. 3). BE ol @
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Figure 3. The cross-reacting neutralizing activities of anti
-Nakayama-NIH and anti-Beijing-1 polyclonal antibodies from
immunized mouse to each JEV and Korean isolates, K87P39 and
K2001.

8% 3ol Avhe T owlole~E o83 BaE WAL
A5 AHgstel MRS RISk Aol Y 4R 2
e BelFE Aol Ao} Qi vholelsE AMgshe
2 A 71EA) WUk o] JES ofgahzt] Egol
4 Aoz pod oud WA dd g @
9 Fig. 20041 Mol 7} vhole2sk Mg 10v}e)
vho @R BUgom Aol 7} wholel el tistel
A g3t
4. CTL g+2

Nakayama-NIHF-¢} Beijing-15-5 313412 Aikal=
AN Anuke-S g2 o2 Fatelglnt (Fig 2 &
o|¢} A 5 wlole]ze] |3k CTL Vhe& =
F4 Heukg-o] AE gelste] Bt} 3ute] <] Balblc

x10° pfue] wlol¥ g 77 B7o
gk 5 109 Foll 23 WS g & 3UAel ¥
G229 HE AFEate] v AEE FRsgith v%
M FEZ effector cell2 3Fo] dEAnlo]dAE A
7] RAW264.7 cell-- target cell2 3lo] CTL W+
33ith Bejing-157+ CTL WHs-S S8l &sid A7}t
25% AXxoldl H]3}e] Nakayama-NIHFE 18% Ao
L3lE AEE BAFA (Fig. 4). Wb Beijing-1577}
Nakayama-NIHFE.t} °FF 52 CTL W& HoF1 o
1} Nakayama-NIHF-% Adgk CTL RE3-S HolFal 9l
thar g = Qlrk 719 Aztel] wEW (16) Akol =
iy Futolej 2ol o] frigl CTL ¥hE-o] 30~40%
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Figure 4. The cytotoxic T lymphocyte response of splenocytes
from immunized with Nakayama-NIH and Beijing-1 strains. The
results shown are the averages of three independent assays, with
error bars representing the standard deviations.
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Aal Qv (2,12,23). E3F 1994 o] Helw = 2
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A3t 754 thar ERlsk3it} (7,8,15,19,22).

AAl AFEEIL Q= dEHGuAe A T ERE
Wi 5 ok s 32998 o]83F Baks} wilo]
I ohE Shhe ofss) Wialojt) BEs) Wil v]EA
o2 Jolupe-2 = =2 primary hamster kidney cellS ©]
Q.

gato] HigE vloly g X2URS o] gl EE3)
ako] AzfskaL Qe whHol ofEst wiale SA14-14-25
= A}E-3Fo] primary hamster kidney cellol 4] AAFstar 91
om R FEolA fFEEHIL IF FTRA o]F AL
&5kl Tt o] T &=, A, T, vlE T mAA e
= 7P gl ARH AL gle WAl s Milow n)
$-22 H oA 294 neural antigen®} & A WH-§-2] ThE
dol il A G7PE A o2 v, 7 59
ool el EFsta 7P @ 713F Alghol Al
AREE o] ko, thekek o5t W kA dHolE7F g1
ol ol AA7A 71 FEshAl AR A AL Ak
(317). olelgt &3} MAlS AlZste vpo] ATl =
Nakayama-NIHZF=¢} Beijing-15= 5 7FA17} AR& 5 3L Qlck
(21). 7 WMAIA| =Tl i3 thgek S0l % Etstal
WA Z=rol] wheh - {0 MAARFE B
I Aok sl E dA7EA] Nakayama-NIHFS &2
st AR ZF 2 ARkl vk ey 2R AT E F
3l Beijing-15-7} Nakayama-NIHF-X.t} & ¢ L& =3}
P s HAFaL vk Havt Qe 5 Wil zTe
Aol thgh vheFeh ool AAH AL AT (15,21). HE=7F
Nimmannitys 52 th7toll A Nakayama-NIHS=$} Beijing-1
o A= HAES F8l F WAlAZF2] seroconversion
rates H]algk A3}, 7 vpoly X FIb AR AaE o
ER 21} Beijing-177¢ll o]l Alz=¥ #Ale] GMT level
o] ofzF Eotthal Harskglth (13). whebA 2 Aol A
= 7 HAA T Qe 545 vlaste] el
L R B B R B L == P o) TR S e o
B AGE F3) vlolzlaE 7ZAAIZ] VERO cellolA]
2477 o] wlo|#H 2 A= Beijing-157] Nakayama-
NIHFET 2] A% =k} (Fig. 1). ol g AR w4l
AAE A Beijing-177F BAIA o= F o FE3hs o
skl Qlvh gk mhg-exe] FolRkA A eS Hlal
3l A3} Beijing-15-7} Nakayama-NIHFH.t} 3} fold %
< T3A S BT o AA Aozt A
= Sk} (Fig. 2, 1:640 vs. 1:320). =3k CTL WHS- A
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Beijing-15=+ 25%, Nakayama-NIH>+ 18%=ZA4] Beijing-1
F7F B w2 ANE BT o & apolE HoF
A= BT} (Fig. 4). olelst 2752 7 7 WAlA
25 B57F A A9 9 CTL vkS 5 713841 WYy
4 ukgo] frAlste] WMAlAZTE AREE =Y & A
7F Y5 BT ok £ A9%1& o]7] Nakayama-
NIHF2] b7} Aol =follA Eed dExgulo]e
2291 KO94P05 % K87P399] th7} A& ARE-ste] =i
oA el L dntely ~E] vigh WAk Fahk-g
A7hs AR A, ) 2590 K94Pos 2 K87P39
o] o7t A7 ) B FE dsiA o e T35
A7FE RAFS gRlselth (1), 18y 5 SEl5E
dEHPutole] s~ ESSPUAIA TZ ARESHE Al B
o FHo] dgolE Eetal b FellA oA &3
Asol HA ol delA miE ARgEhE A=
A7F ek weba 7]Ee] WMAIAIZETQ] Nakayama-NIH
Beijing-15-5 w4 3] thAlsks s8] A= L
vlolea BE|F5 AR A Bk, olv] gl A}
AE T e WAART F o o] FujelA
Aupol 2 7S A= ¥ a&AR0A T
ol Moty ARE FHah= Ao B A %
A} SRgiTh oef sk oA B ofn] g
el A el Y Artolel ol gk wat
"ol A= Beijing-1577} Nakayama-NIH==ol 1]}
= o 5842 F3eS BT dAe (Fig. 3,
:320 vs. 1:160), Beijing-17-2] A4k @&o] =rhe= A
#& 9 (Fig. 1), Nakayama-NIHT7} o} 7}A] &= =]l
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