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A =7]v] 7] =] @ vl o] 2] 2 (tick-borne encephalitis virus) ¥

D in vivool A9 EElF WA 4

A=7])mf 7§ dufo] 2] 2 (tick-borne encephalitis virus, TBEV):=
Flaviviridae family, Flavivirus genus®l| &3t vlolg] 22 A Al ZFsh
2N7AZY] Yle] He= F8 AAFEuvteld] 2~ (arboviruses) &
shufolt}, o] mlolg] 2o 2ot A =7|uj7f> A (tick-borne encephalitis,
TBE)S 4, 2lAlo} & oprlo} Ao A Fastn, o] AJEoA F
SERATAY A7 Ha e dAWoln oA =y
TBEVel o3 ¥ s dyAE = AN BRI F71E
H g ejubek el QIR ofAlol ZbEol e uiolE s Ee 9
SR A, =W TBEV w7 Al A2 §o= mFo] & wf
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o
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AME TBE 2A7FsAE woha & & Ao shAw obA7hx #
A e AAolth ¥ ATelAE FulelA &
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B3 4, &5 R wAA #HAE ol&stel TBEV #HAF*E

=z
Ast T TBEV 447 A%8 AAE gadoz 344 A% ¢
ICR v} 2% o] §@ vholejs 2elg Amste] o7 Ax4 3

AZHFE 559 TBEVE &gst3th. TBEV &8 FY +A+4
e EXS BAux AEajokAdozmwHE RT-PCROZ A A
envelope (E) A& T3 & F24Ystod 71449S +435A
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ol =2t M ES v F43 A R F 5575 EF Western
olg ol Zalom (97%o]de JFA), Western o}gol A7t EAH

o2 e obvlmit Adol & mEH 2L FASA ols

m\;

L A= Fd R F= TBEV 5 Western o3 9 EAS
E

N

Fde 3ed9 1, Sofjin-HOY Neudoerfl < H] 3]
domain I ,II, Mol A S A olr=2te] kg3 glstit),

&g F9 E @S F43tE 37F4 domain® 574 o=
2 gho] W Ao PFE FE=A golr7] A 6% ICR vt¢-2=E
ol gste]l AN EEFS mlusdt. 1 23 e F b5 =

2

X529 Sofjin-HOYW Neudoerfl 59 H]|3&}o] neuroinvasiveness<2}

neurovirulence’} % 3%t}
E AT4E T g HxE o AsT5E (FAF AxF)=2H
B TBEVE &g stdom, sudeFe @& HAdAd2 E &9

Aol 4 2e® TBEV FUReF9 E ayl a4 2 594 2
© TBEV Ay Ad 2 #aATe 4% #4% JnE AT
2ot}

94 HE % A=) u Y Gubele s, ¥9F, Western o},

E ol olwn =2t X3} neuroinvasiveness, neurovirulence
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Y FAFSE AFAGASE vl AE7I7F H &L Aow Wi 9]
=
TBEVl o3 92 443 wet a4 2712 v4s 5 dsd, 17]
(viremic phase)© =W F 4~14Y Afole o & WE72 A4S A
ARE 5ol Al Mgty SAl= HolA etk wHEAre % T70% A==
1714 3 E%7% A sxo] 20~30% 27] (neurologic phase)®
A o] Al7lelE MY FAE RolA Hrh At 2/37F 1
710 Qe ym A 1/32 27]17F AlAtE o] 2718 AF A+
ofub Aol o]=7] % stw uE FAe] A o AT A} =& AUE
TBE<] €2l WA TBEV: dExdulo]lz| 2 (Japanese encephalitis
virus, JEV), @7vlolgl~ (Dengue virus), 3&ulo]zi~ (Yellow fever
virus), 9l=Evydntolei~ (West Nile virus) 53} 20| Faviviridae family,
Flavivirus genusoll &3k vlold =2 A Az A7z Hdddo] FHE=
Fo AAEEvsfutelel 2 (arboviruses) ol stiteltt’ TBEVE (+)
single strand RNAES F3dz=2 7Fx a1 9low =A7]= ¢F llkbolth. Alw
S 3y 7 open reading frame (ORF)S ¢+3 313t ORFE= 71 3ki}9
polyprotein®] HMH =2 EA(co-) EE F(post-) MAAAHS AA 37K
o] FEEW A (structural protein)@} 771e] W] FZEW A (nonstructural
protein, NS)¢| wrEo it} 3719 Fx2uWde 53 5 capsid (O),
pre-membrane / membrane ( prM /M ), envelope (E) 0.2 &5 315 o] 9}
Ed upole] 29 27 B Aol "EAQ replicase® A E 79 v
2 A2 NS1I-NS2A-NS2B-NS3-NS4A-NS4B-NS5 v 2 5315 o
QIth! ORFolo ol = Ao FZo] upo]eg)e] Hxl w9, 7% packaging

of Fo3 9% FIvtu d#HH 5, 3'-NCR (noncoding region)©] <l



Mo e rzamA FoA E3] envelope (E) proteing mlo]# &
H g Az A AEFEA 7 A et vo]ly a9 AlE

ol S FTASE 7lee 7FHAH, F3FA L protective immune

ta

responses FE3E FQ wpolzls FPo gy urp!t we =
ol A e] E protein®] 54 ofv]=4t X3 neuroinvasiveness®} neurovirulence
oF 22 WA dFE vAe Fa AR 95 drpa Haxo] 3l
o' TBEVE @A7b4 9449 24, 84 94, 94 ¢ A5Fa9
A AL EUd2 =ZA Western, Far-Eastern, Siberian subtype?] | 7}#|
o}% (subtype)o.& EHFHATE™ ! 7} o}y Ex o7 WA Far-Eastern o}3

2 Russian Spring—-Summer Encephalitis (RSSE)2t11 %= &E2)w, Faujs|A)
7V Ivodes persidcatus?) o}d 0w TFE o}do| Hla] AZbE HAFAS Ho)
o AL ok ~30% A= Zeld Utk Western ol@ 9] A$E
Central European Encephalitis (CEE) 2}3i% &89, Jrodes ricinus’t 8
A2 dE o} o ® Far-Eastern o} R U gk HATAS Holw

AL oF 1~5% AEw Bud s vk® A HAE Siberian oF#E L 2] A

N

ofe] AAjuotA oA HExw EeH|Zl ofgo® Western ot K th=

o

Far-Eastern o}&8 ¥ 2 A5 X Roly FRWMNA= fvodes persiulcatus

= Far-Eastern o}3 3} wlatsjr v #Ql #9& dor]e ofgd o= defA

et
FAAA f-2vtetel . TBEV 2@l & B sk A= glo, ¢
2~

gupet et Ay dE, T7 T FE oA olA Y FTUFEA A Y nBioly &
w2 % TBEV 93 Hd&a B HASAS Holu dds ¢
A= 47 EWEAEA TBEV el o3 @WrisA, 28 AW
7 R 7IF¥stE A dAsE wisHA$  (arthropod-borne infectious

diseases)?] &21*% 29 mgls wl TBEV wAA FA=7]HF7F o



oo B AFME FWelM Hud U, &3 R A FANA e
TBEV #9el®8& ZAS5om, £558 (b43) 2A=2E TBEVE
welstgith, ®£9 28 TBEV ulielFe A4 E protein 47492

B0 o) vE A s1E 2R mole)s
Fobol ABFARA, AR obn i NG L vivodl A9 BAY FA

s Bd FURAFY BAYERA 54 2459

vt o2 Aol o

1



1. A8

. AA
(1) 437
TBEV #44 4% 2 2ot a¥adey sgunddsd 434
vpole g oFE ARMG AAARA F LAAA (W EHA)
2 TBEV AwelddAs L98 % 6279 84 £& ¥ H502 A8

sl

(2) =5 = wAA AA

STAaAE T Vs (B2, A, A5, A9 649 (FFH, 34, o

, ORI A, 2ol A (WA, 3, dx2A)E ol&okda (Table 1),

I =R a7 I 9= T = >~ b= o = PN
(9, 574, d=, A%, 45, F9F, A, &=, F5, 9, A, °

Aol A flagging =+ dragging WH S ol g3dto] AH AFAY 5%

oA woldl =75 o] &5tk (Table 2).

U AlE R outolg &

TBEV =&+ % 3+7Y FZHd e BHK-21 (baby hamster
kidney, ATCC No. CCL-81, Manassas, VA, USA) A ¥Z A835Y
BHK-21 A|¥% Minimum essential medium (MEM, GIBCO, Grand
Island, NY, USA)el 8% fetal bovine serum (FBS, GIBCO, Grand



Island, NY, USA)¥} HYyAd (1001U/m)/ Z=EZEnFo] A (100 ug/ml)
(P/S, GIBCO, Grand Island, NY, USA)S #H7kgk #jA=2 37T, 5% CO:
Hj o7l ol A wieFst i o, 39l & WA MEE Aiete] /A5

AT Ag%E TBEV ZF3F+ Neudoerfl  (Western ©}9%), Sofjin-HO
¢} Oshima 5-10 ¥ KH98-5 5 (Far-Eastern ©}3) (Dr. Ikuo Takashima
A&, Hokkaido university, Saporo, Japan)S ©] &3}t ZF vlolgj A~ A
T 24417 ol o] o} wkg-2 (ICR)ol Hl HEst 5~79 F AbA #}
H] 59
10% FBS, 1% P/S7} ®£33d HWi¥ phosphate-buffered saline (PBS,

/?)1—

01)1
o

Hol= npg-

L

HE FHHeR AEsdu. A4S v

rr

pH 7.4, SIGMA, St. Louis, MO, USA)Z 10% (w/v) fFANS WHE

Precellys® 24 lyser/ homogenizer (Bertin Technologies, Saints, France)=

EHsAct o] 4T, 10,000 rpm o2 3087 94 Byl Asds F
o

ekl Abgst7] A7RA -70Tel ®abel



Table 1. Animal host samples collected per regions for detection of

tick-borne encephalitis virus

Provinces Regions Animal hosts Organ samples (No.)
Gyeonggi-do Dongducheon wild boars spleen (7), liver (8)
deers liver (3)
pheasants liver (6)
CTOWS lung (1), liver (1)
magpie liver (1)
Hwaseong wild mice lung (18)
Gangwon-do Wonju wild mice spleen (42), lung (20)
Hongseong  wild mice spleen (16), lung (11)
Jeonllabuk-do Gurye wild mice lung (9)
Gyeongsangnam-do Hapcheon wild mice lung (52)




Table 2. Tick samples collected and used in this study

Provinces Regions Scientific names” Related hosts
Gyeonggi-do Yangpyeong A /longicornis
H flava
Lnipponensis
Dongducheon A /ongicornis dog, deer, wild boar
H flava deer, wild boar
Lrnpponernsrs wild boar
Jeonkog H japonica
L npponernsts
Gimpo H flava
Gangwon-do Wonju H flava
Pyeongchang A /longrcornis
H flava
Lrnpponernsrs dog
Jeongseon . longicornis deer, wild boar
H japonica wild boar
Lnipponensis
Jeonllabuk-do Jangsu H flava raccoon dog
Muju H flava
Namwon H flava
Gyeongsangnam-do Jinhae H flava
Jeju-do Eoseungseng  A./ongicornis dog, horse

b H, Hemaphysalis . /1, Ixodes

_10_



GRg dA, =5 2 A AAdA e TBEV A %2 RT-nested
PCR (Reverse transcriptase — nested polymerase chain reaction)< ©]-835}%
ot WA 7 PAAREE vlolgi2 RNAS FE37] flslA 9474 4§
Aol HHFAE o]t sF5E AVAA= 4 A7E 10% fetal
bovine serum (FBS, GIBCO)¥} #yA&d (100 1U/me), ~EFNEwLo]2l (100
pe/me)o] E3F Wi phosphate buffered saline (PBS, pH 7.4)0l A&
om, HerjAgAY Ass =7 1~20 vkElE poolingste]l 10% FBS

(GIBCO)¢F #lY A4 (500 1U0/me), ~EFEnto]2l (500 pg/me)e] E3¥ Hf

10,000 rpm o = 20~30%F ¥4 e o,

2
N
rir
4
(=}
(@]
=,
fz
rJ
ol
28
38
=y

RNAS F&393, 1}

(1) AAZ5H nvio]y =~ RNAY F=
ZF A A oA mpo]lzl~ RNAXE viral RNA extraction kit (iNtRON,

Sungnamsi, KOREA)E o] §3}o] #| A7} Al A= vl o] we F+==35}

32
o

. 8.%shd lysis buffer 250t AA FA Y 1505 ¥ Aol 4

—]

10837 ¥+8A171 % binding buffer 350 S H715FA . spin column¥

{0
jubad
Mo
i)
i
=)
oo

ato ZAle] RNAE

s

AA 71 % washing buffer 500ul
2 Al A%t} elution buffer 30-40ulol =o] RNAES F=3I9t. F&
¥ RNAE one-step RT-PCRol AF&3&dx, YAl -70Co HP3A
t}.

- 11 -



(2) RT-nested PCR
Yol 7]&3 W ow R RNAE o8, HAAA TBEV #+A
A2 7HZ&35 1A RT -nested PCRS 483t th” W4 Maxime RT-PCR

PreMix Kit ((NtRON)Z ©]&3}l¢] one-step RT-PCRE 33 5 o

il

T30 2 /starMaster mix PCR Kit (iNtRON)Z nested PCRS 3 5} o]
E

g fAE FET. TBEVE E @l f44

ol\
I

of o]g+

primer= Table 33} #t}.

Table 3. Oligonucleotide primers used for TBEV envelope gene
detection by RT-nested PCR

Primer name Polarity Sequence (5'— 3') (S,SS
For one-step RT-PCR

TBE 913 (F) sense TGC ACA CAY YTG GAA AAC AGG GA

TBE 1738 (R) antisense = TGG CCA CTT TTC AGG TGG TAC TTG 5
For nested PCR

TBE 1192 (F) sense CAG AGT GAT CGA GGC TGG GGY AA .

TBE 1669 (R) antisense ~AAC ACT CCA GTC TGG TCT CCR AGG TTG TA

One-step RT-PCR<& & Wh&o] 20407} ¥ == RT-PCR PreMixture
o] template RNA 5-10u¢, primer-TBE 913 (F) (10uM) 1x¢, primer-TBE
1738 (R) (10uM) 1x¢, DNase/ RNase free distilled water (GIBCO,
Grand Island, NY, USA)E #H7lsto] 45CelA 30+, 94CeolA 52 <k
HH8-g th 94Tl A 30%, 52TColA 30x, 72TCeolA 1% o=z 25

- 12 -



cycles WFS F 72Co A% 559 W& %A 02 GeneAmp® PCR system
9700 (Applied Biosystems, Lincoln, CA, USA) o]&3}o] AA &

Nested PCRZ % wWbEg o] 207} %= PCR mixtured template
DNA 1-5u0, primer-TBE 1192 (F) (10uM) 1x{, primer-TBE 1669 (R)
(10uM) 1ul, /~starMaster mix Solutions F 7}3sto] w371 % =
GeneAmp® PCR system 9700% o] &, 94Col A 287+ w&a S 94T
oA 20%, 62TClA 10%, 68CeolA 20x9 o2 30 cycles W& %
72Ce A 5&EF FA AT o]#A fojxl PCR FTFAEL 15%
agarose geldlA] #7]9d% & SYBR Safe™ DNA gel stain (Invitrogen,

Eugene, Oregon, USA)&E A alo] 3hel&} ¢t}

. TBEV ulo] 2= #3 2 FA
k%

o dA, w5 2 viZiAl AAeA TBEV +d47F A&€ HAS
O~

ggo s wolgs 2o AEdg. TBEV #4147 4%8 9444
o A% #AR oy HAFANS &F @ wiAA A Aol o
N 71w el weh fAT F 94 2Hsel de AFAs Asad
o

(1) vtolg & 2L d
q, s B OviZRAl AAE S 24413 oo dof w2 (ICR,
&

o}

g

Q]
=

KCDC, KOREA)9] HW=Z 202 HE %,

[\
(=]

2259

pus

r
il

e
]
N

p

2

HE ALA vhH] F9 F4L mol hgsE FRAoE ME A

Ty
ol
2

l

AbE A7A -70Cel Bk AT,

(2) vtol g 2~ E&IFA AF

_13_



h Hz2 A

(4) TBEV A= A&l

By 10% HgAlds T-25 22~ (Corning, NY, USA)el o2&
v oF g BHK-21 cell (ATCC No. CCL-10)oll #9Az1 & 37T, 5% CO2
NF71ol A AW ™ (cytopathic effect)o] YERE wj7h2] wjFstch. B

T 96AIE M F A2 AlzuwFAS o] gk, dA 7= RT-nested

jus)

(th ALY FFAY L

[e]

1@ wlole 2o AR FA FA

BYE 10% H4AAe v R B35 wjokE BHK-21 celld] €A1

S 7d" AEE 05% Trypsin-EDTA (GIBCO, Grand Island, NY, USA)&
Aelste] G2A7 the 5% FBSS 1% P/SE ¥3e MEM (GIBCO)O. =
AEF7E 1x10° cells/m ¥ 7l FHA 713, 24 well Zeto]l=o] welld 20404
nglolt). o] 2 37°C, 5% COy wlE7]ol Al 3641 wloke F A=olg 7
Ol 80% OMMEC R 2087 AT WE FATTHol=E FU4 I

74 70Co maadn. Wizl Feeiole] G094 Hlole 17

HE g&eto)l=o] WA AAT FFF (Neudoerfl )5 E7]o HE35}Ho]

Az neddgw tF 234 (Rabbit hyperimmune antiserum against

- 14 -



TBEV-Neudoerfl strain) (JENO Biotech, Chuncheonsi, KOREA)E 1:1,0002
= PBSl 31X et 2} wellell 20u# ¥olFi Fx7F A% = 37C vl
710l Al 304 7F WES A TE wkg-o] FUW PBSE 1021t 23] A FHstar, o]
2} 8A| 9l FITC-conjugated AffiniPure goat-anti rabbit IgG (Jackson
ImmunoResearch, West Grove, PA, USA)E 0.0001% Evans Blue°l 1:300
oz FAMAA 7 welldl 20w FolFi FE7F FAEH= 37C vl
A 303 ARES AT whg-o] Eud oAl PBS®E 1023 23] A HE o
S mounting medium (Light Diagnostics™, West Murray, Utah, USA) &
Holxm g cover glassE Qo] ¥3dM 7 (Axioskop2 plus, ZEISS, Switzland)

sloll A #A=sFAtE (x 400). Evans BlueE o] €3 thx9 4 (negative

g

staining) & F3l AEZZo|A nlol s Fo]AHQd FPo] #AEH TBEV ¢

How BRHY

AW BelFohe] AFFARA L AgH AA E @y opmpAg s B
ekl

H

b 25 10% vkt ¥ Al oS BHK-21 celldl #AAIA 22 Al

HjoFel o 2 X E ok A3l viral RNA F% WH o2 RNAS F=3590)
AA E @ F& FAA o] EolA el primers A ZFEle] (Table 4), Maxime

RT-PCR PreMix Kit (iNtRON)E ©]8&3 one-step RT-PCR ®WHo=z ¢f

1,483bpe] AA E FHAE FFH3 AT One-step RT-PCRE & §F&-Ho] 20
W7t EHE=Z RT-PCR  PreMixture®] template RNA 3ul, primer—Neud

_15_



(E-ful)-F (10uM) 10, primer-Neud (E-full)-R (10uM) 1x¢, DNase/ RNase
free distilled water (GIBCO)E F7Fsto] 45Tl A 30, 94ColA 5& &<t
HhEgk thS 94Tl A 30%, 57ColA 1, 72TColA 13 30x9 o=
30 cycles HFS & 72Co| M= 529 S ZA0F GeneAmp® PCR system
9700 (Applied Biosystem) ©]-§3lo] A A3}

One-step RT-PCRZ TZ% ¥ 72t #8599 Fdx AE (9 15Kb)<
Qiaquick PCR purification kit (QIAGEN, Hilden, Germany)& A ZAM7}
AA G o] we}p o] gt AAT §F, FAA AES pGEM-T Easy
vector (Promega, Madison, WI, USA)°ll 3:19] H] &2 (molar ratio) % ¢
F B AL 1A wRE e ECOS"™ Competent cell (DH5aq,
Yestern Biotech, Taiwan)ol 32 HAIA Y. FA HAEA £ coli oA
Z gl ~u =2 PurelLink Quick Plasmid Miniprep Kit (Invitrogen, Carlsbad,
CA, USA)E AFg3ste] ®e)d & Arasr Zeok I (New England Biolabs,
County Road Ipswich, MA, USA)o. = 37ColA 1Az dAw+dto] insert
DNAZE 0.8% agarose gelo] #A7)¢Este] syt 24 2+ &
9] Zgtxv|= DNAC w3t 7] g #4-2 (5°) Macrogen (Seoul, KOREA)
o 9 F3st o ABI PRISM BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems)E AFg3}o] whs & & ABI 3730xl sequencer (Applied
Biosystem)Z ©o]-&3&to] 2139l o1, insert DNA| thal 53 37 & w5
Al ST @7IAE BAe o]8 % primer= Table 49 2oH,

gdE FuUEET HAA E @9 FH1x 9714 L2 DNAstar (ver 5.06,
Madison, Wi, USA) Z2 138 o]&3te] BAsgtt d7|Md BAe= 7t

F9 Ak 2~37 o9 SHA cloned ol 34T,



Table 4. Oligonucleotide primers for amplification and sequencing of

the complete E protein gene of Korean isolates

Primer name Sequence (5'— 3') Positions” Application

Neud (E-ful)-F TCG CGT TGC ACA CAC TTG GAA A 973-994  amplification

Neud (E-full)-R CGC CCC CAC TCC AAG GGT CAT 2440-2460 amplification

Neud (E-full)-seq TTT CTT CAG AGA AAA CCA TTT TGA 1472-1495 sequencing

T7 primer AAT ACG ACT CAC TAT AG . sequencing

SP6 primer ATT TAG GTG ACA CTA TAG . sequencing

b Sequence of TBEV strain Neudoerfl (GenBank accession number : U27495)

G ASFARA 2 AdH opm i A BA
sholdl FReFol A4 E vy 74 2 delw ohulwak AHE o] E,
AFHATA BAL E3 subtyping 2 bt AL Hm, B4 A

FHATA XY= MEGA(ver 4.0, Tempe, AZ, USA) X =213 9]

*

UPGMA (unweighted pair group method with arithmetic means)H <& A
bootstrap confidence intervals= 1,0008] ®¥F&E-3% % HA3s}o] phylogenetic
trees 2¥H? IR Fe AA E v fA42 971G vud )=
T TEY 9714 ¥E92 GenBanks ©] &3 om (Table 5, MEGA (ver

40) ZZ1: 9] Clustal W WS A}43le] A A5
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Table 5. TBEV prototype strains used for comparison with Korean
TBEV isolates

Year of

isolation GanBak accesson No.

Strains Source of virus Geographicd origin

Oshima 5-10 Dog blood Hokkaido, Japan 1995  ABO001026

KH98-2 |.persulcatus  Khabarovk, Russa 1998  AB022295
KH98-5 |.persulcatus  Khabarovk, Russa 1998  AB022296
KH98-10 |.persulcatus  Khabarovk, Russa 1998  AB022297

Sofjin-HO Human brain  Primorsky, Russa 1937 AB022703
Vaslchenko Human blood Novosvirk, Russa 1961 M97369
Aina Human CSF  Irkutsk, Russa 1963  AF091006
IR99-2m3 |.persulcatus  Irkutsk, Russa 1999  AB049350
Neudoerfl l.ricinus Neudoerfl, Audria 1971 U27495
Hypr Human blood Brno, Czech 1953  U39292
VL99-m11l |.persulcatus  Vladivostok, Russa 1999  AB049345
Absettarov Human blood Spaedurg Russa 1951  AF091005

Kem | I.ricinus Tatdbanya, Hungary 1952  AF091011
LY ATFARA 4 o] &3 FHEHF H VST YT HEA

i 2 AYg% olv-A A9 Huwi= DNAstar (ver 5.06) Z =13

lo

vt in vivo ANA ] FUEHF WA &4

ulg- 2o A = 289 neuroinvasiveness, neurovirulenceE X FF 4

o} wlastgleh EF HEF AW wpx ], @FoAe TBEV 47t
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T YR T TFEFo nloly~ 97E Plaque

assay 2 =43 A, 2oFshd BHK-21 cellS 6 well plateo] 3x10° cells/well

=

A A& AEZujgAdSE MEM (GIBCO)S o] §3to] 10v = whA 3] 45}
BHK-21 celldl 200

wl/well BE3 3 37C, 5% COs Wl 7lol A 108 tA o2 A plate

S 5o FHA AT AAAAG. 1A F PBSE AESTS Al

Y
ro

o2 vg £33 2xMEM (GIBCO, Grand Island, NY, USA)el 10%
FBS, 1% P/S, 05% Agar % 3% T/ 57F #7FHE Agar overlay solution
< well & omH P53 37C, 5% CO2 wleF7]ol A 4~54 vk 10%
formalin solution (37% formaldehyde solution 125m¢, PBS 375ml)Z A
3 S, 1% crystal violet (Methanol 350m¢, 3% <#F< 150ml, crystal
violet 5g)o 2 A F plaquedE AlF3ste] vlolg 2 971 [PFU (Plaque

Forming Unit)/ml]E =4 35}4

(2) Ph92 BAE ol §@ FURAF PAY BA
<

T T Hdd £42 657% v~ (ICR, KCDC, KOREA)E ©]

(7}) Neuroinvasiveness® neurovirulence Y] 2!
B oAdo= gl EESF (KrM 93, 213, 215, 216, 219 ) 9 R=F
(Neudoerfl, KHO98-5, Oshima 5-10, Sofjin-HO <)¢] neuroinvasiveness<}

neurovirulenceE H| 3}t nlolgj s~ 97tE A T U F=F
5 77 8ubElE ¢ T1F 2 = 1o neuroinvasiveness HlulE Hir® PBS
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(PH74)E o] &84 348 & vlals 10000 PFU /50409 whole]x~ ol7l=
54 F (subcutaneous inoculation)d} S 2™, neurovirulence Bl &= wh] g
10PFU /20t [t ¥ PBS (pH7.4)E o] &3 2]A] o] ujolejx Q7= Y
WA F (intracranial inoculation)d ¥, <5 ¥ 289 ¢ ##stHA wpex

o AEL, ATAE/NE FAFALY

(W4) w92 HolAe nlojgjx 7 @ A A9 F3aA
7t W3 24

4% 5 d vhgs W, ARelAe] wpolez grwsst F8Y A}

Hel s 2b72 Al gy, 2 AddAes Ul Fd KrM 2133 3+
9] Neudoerfl (Western ©}3), Sofjin-HO (Far-Eastern °}3)5Z5 o] £ 3}
Atk HAEWH 2 JAeFS HYAd 283y sdeiH, 35 F 51

olt

Aoz AU 3vtelo] vhezo ¥, WYL AEF R AAT AHEE
A7A -70Ce] nesah WA vk oA wholez 97b W

_4

rlr

&S v 9 HE o]§ 20% (w/v) HFANE THE F A V)&
plaque assay® SAsIR o™, w2 T oA FstagArt W=
ZH 374253 AA Y (Plague reduction netralization test, PRNT)=
o &3key sHalshod ek

WS Qofstd Aol AT A S 56T 3023 =245

-

L

%, MEM (GIBCO)& o] &sto] 115 ~1:2560 74A] 3] A& thg &%

o
-

o212 (2,000 PFU/me) ek 4o (2Ambolels = 1:1) 37Tl 1A 3F T3}
™

Sk ol g AL gate] 7 welld 10044 HE el

rE
olo
>
L
i
T P
ol
nH> Lt

gt plaque assay WH ¥ Attt FsteA e A
AL plaqueE AFsto]l xR (vlolgl Ak HE3 welDol A9 plaque

Fob vlaL, 50%s AaAZl 2o 4l (PRNTs)E Alttste] 4 st
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a, 8 FEEA 977 1110 o] d] A% A oR dA s AT

SUReF 9 BFFE 47 de B o0 4FF $o FFAE7

7 BXol= 54 =Z ¥ SigmaStat (ver 3.5, Systat software, CA,

USA)E o] 435} One-way ANOVAS Tukey testE ol &3] A4 A5
S Yoy, Ay HI+ETAAZ FASA D Pakel 0.05 v o &
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m. 23

1. 9%, =5 2 "WAA HAAA TBEV +d1 A&

FuE 94, %% 2 uA dAcAe TBEV #44 d%2 9l

2
Gl
5|

0 2 RT-nested PCRS 33 Ay JdAH

v
Aol B & 6279 €4 e HAHF HAA F 17dA TBEV

N

A2 HES oF 27%9 FAHES UHEUNAL, F 195 A9 wFEE F
Z1AA (oA, =57, AHA, AbFe WA, d, kx22) F 11d (5.6%)0l
A TBEV #dA7F A= 5 Av (Table 6).

Table 6. Detection of TBEV from animal hosts by RT-nested PCR

Animal hosts No. positives / No. samples (%) Prevalence (%)
Wild mice 7/168 (4.2) 3.6

Wild boars 2/15 (13.3) 1

Deers 0/3 (0) 0

Pheasants 2/6 (33.3) 1

Crows 0/2 (0) 0

Magpies 0/1 (0) 0

Total 11/195 5.6

A HAZ o] & AAQ wiZlA, F HX=7] AAE A S (adult) 2 3H
(nymph)S EF X383l F 2% 4F 24607MAE AR o5 A
55 =, dAydEE 1~-2078 4 poolingste]l TBEV #F2xE &3 Z2

I B S
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3 % 197 pools % 12 poolsold TBEV #+3dAZ HAZE3lo] 04%9 74
S UEUAT. grE =7 HAAA ] TBEV tig Fdz &<
A3 SHFor N Be 5 BRI Haemaphvsalis longicornis| 4l

& e =5 W Lvodes nipponensisol A = FEAE (16%)S UE

=

Atk (Table 7).

Table 7. Detection of TBEV from ticks by RT-nested PCR

) . . Ixodes

Developmental Haemaphysalis H flava H japonica nipponensis Total
states longicornis

No. positives / No. pools / No. individuals
Nymph 1/16/288 1/8/68 0/0/0 0/0/0 2/24/356
Adult male 2/63/841 1/14/205  0/4/56 1/13/121 4/94/1,223
Adult female 1/51/585 2/14/179  1/6/51 2/8/66 6/79/881
Total 4/130/1,714 4/36/452  1/10/107  3/21/187 12/197/2,460
(%)" (0.2) (0.8) 0.9) (1.6) (0.4)

Y Value in parentheses are percent positive, they were analyzed by the
minimum infection rate (no. of detection positive pools / no. of examined

ticks in pools x 100).

2. TBEV &9 % ¥#
A, =F 2 viyhA HA=EE TBEV 427 A& dAE A%
].

olej ¥el

o2 AT 2442 o9 o} w42 (ICR)E o] &3 »
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E5tm Bl WE 10% HFAY T 10% HAFANE FGAA 2L
Az F3Aozry FA4E AFARAT (Fig. 1), 498 ALE
o) g N WE F

a}
AatAt (Fig. 2). #83 vlolgl 2= KrM 93, KrM 213, KrM 215, KrM
3

" - e

M K93« KiM213 KiMi215 KrM216  KrM219

-

Fig. 1. RT-nested PCR products of the E gene derived from cell
culture fluids infected TBEV Korean isolates. [lane P, positive control
(Neudoerfl strain); lane N, negative control (distilled water); lane M, 1
kb DNA ladder; Size, 477 bp; lanes KrM 93, KrM 213, KrM 215, KrM
216 and KrM 219, TBEV Korean isolates]
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Fig. 2. Indirect immunofluorescence assay for BHK-21 cells inoculated
with TBEV isolates KrM 93 (A), KrM 213 (B), KrM 215 (C), KrM 216
(D), KrM 219 (E) and negative control (uninfected normal cells) (F). We
used rabbit-anti TBEV hyperimmune serum (1:1,000) and FITC-conjugated
AffiniPure goat-anti rabbit IgG (1:300 in 0.0001% Evans blue) as 1% and 2™
antibodies, respectively. Cells were visualized using a ZEISS fluorescence

microscope with FITC filter. Magnification 400 x.
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3. FNEHAFY AA E ¢ F3AA E714E 2 A9 opr =it A
4 (deduced amino acid) ¥4
Fg B eA" WIS 5579 HA E @ d7149 2 dgE o}
Mgt A9 7 E2E 5 AA E 9 14 $F F TA 29SS A
A st Adet (Fig. 3). &8 AA E ¢ Fd4 97144 2 d94
obul =4k AL GenBankel s A8kt (KrM 93, EU276109; KrM 213,
EU276110; KrM 215, EU276111; KrM 216, EU276112; KrM 219, EU276113).
ol#A FHH HA E @9 FHA dVHLES 7S Raud &

N
il

(Table 5)¢] AA E o9 A7 d3 nwst A3 559 FYEaF= zhz)
Western ©}3 3} 97.1~98.1%, Far-Eastern ©}3 3} 84.1~84.9%, Siberian ©}
P 85.0~85.6%°] FEdS UEtWom, doE ofrx=At A Hlal A
Western ©}3 3} 98.2~99.2%, Far-Eastern ©}& 3} 94.6~95.4%, Siberian ©}
B 952~958%9 AEAde Hol @7IMEI AgH opmwt Md R
T2 T Western ot8 % =2 F54dS
T3 Tl T 5579 AsA vl
oful At IS A-Eete] vluwg 4
hexapeptide®Z %2l % EHLPTA (o}v]x=4F 207~212¥)A Fo] REE AS
3te18l 4 1L, Flavivirus type specific hypervariable domain® & <& E
chufo] 231~234¥ ol =4bAE (GAQN)E £ AFolA Hlug 7]&
Western, Far-Eastern o}3d] 3t EIFE3 dAsA (Fig. Q).
Atz A9 ofulxst AE AF Western ofF ol &ah= ] Foll A vt
EAA o2 Yehve ofv x4t A Y (Signature amino acid)S = Ul 5
5% EF ZHAL &S 9 5 ddew, o SAA ofw x4t
HAA R LS v 2o [47(Ala), 88(Gly), 115(Ala), 178(Glu), 206(Val),
267(Ala), 277(Glw), 317(Ala), 407(Lys), 426(Ala), 431(Ser), 433(Ile), 437(Val)].
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53] 206, 3174 ob:ete] A9 7 obgulth 5449 ofmlwmit HAL
e el (Fig. 8.

o2 Tl F 559 EEF 459 E @ol Ao ofmx=il A g

|

S oHlas] 2 A3 F 37 HlA sk o] e ofri=gte] A gkE e el
B9 E &S e e 2z domain®® olm sl X3S wlas) R
Z 3 domain I (1~51%, 137~189%, 285-302" o}wu]=Ak)o] A 6 positions
(47, 153, 167, 178, 181, 292¥), domain II(52~136%, 190~284H o} v =4})
of| A 14 positions (52, 83, 88, 115, 120, 122, 198, 201, 204, 206, 239, 244,
267, 277¥) domain IM(303~395% o}r:=4h)¢] A9 3 positions (307, 317,

331l A ofpml =it A& gQlekdla, 2 WHoes Sl s 550l

g

A yvElkd ofu Al X3S wlaws] 2 23} domainl 94 2 positions
(181, 292H), domainI ol 4] 8 positions (83, 122, 198, 201, 204, 239, 244,
277 ) o A ofm =4k %3S 815t} (Table 9).
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e
——
—

3000
2000
1630

1000

«—3015bp (pGEM T vector)
+—1488bp (Insert DNA)

Figure 3. Results of RT-PCR and cloning of the complete E gene of
TBEV (A) RT-PCR products of the complete E protein gene derived from
culture fluid infected Korean isolates [lane P, positive control (Neudoerfl
strain); lane N, negative control (distilled water); lane M, 1 Kb DNA
ladder; lanes KrM 93, KrM 213, KrM 215, KrM 216 and KrM 219,
TBEV Korean isolates]. (B) Identification of insert DNA (1,483bp) by
double digests with Zco/?/ (lane M, 1Kb DNA ladder; lane 1, KrM 93
plasmid DNA; lane 2, KrM 213 plasmid DNA; lane 3, KrM 215 plasmid
DNA; lane 4, KrM 216 plasmid DNA; lane 5, KrM 219 plasmid DNA).
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Table 8. Nucleotide and deduced amino acid identities (%) of five Korean isolates compared with prototype

strains
Korean isolates Westem subtype Far-Eastem subtype Siberian subtype

KrM 93 KrM 213 KrM 215 KrM 216 KrM 219 Neud KeM 1 Hypr Abs Oshi KH98-2 KH98-5 KH98-10 Sof V199 Aina Vs IR99
KrM 93 - 99.3 994 99.3 99.3 97.7 97.5 972 98.1 84.2 84.3 84.1 84.3 84.5 84.7 85.1 85.0 85.5
KrM 213 98.6 - 99.5 99.5 99.6 97.8 97.6 97.2 98.2 84.2 84.3 84.1 84.3 84.5 84.9 85.2 85.1 85.6
KrM 215 99.0 99.2 - 99.5 99.5 7.9 977 B 98.3 843 84.3 84.1 84.3 84.5 84.9 85.1 85.1 85.6
KrM 216 98.2 98.8 98.8 - 99.5 97.8 97.6 97.1 98.1 84.1 84.3 84.1 84.2 84.4 84.8 85.0 84.9 85.4
KrM 219 98.4 99.0 99.0 98.6 - 97.8 97.6 97.2 98.2 84.2 84.3 84.1 84.3 84.5 84.9 85.1 85.0 85.5
Neud 98.8 99 () 99.0 98.6 99.0 - 98.2 98.3 98.7 84.3 84.1 83.8 83.9 84.3 84.6 85.0 84.9 85.5
KeM I 98.4 98.6 98.6 98.2 98.6 99.2 - 97.6 98.8 84.1 83.8 83.5 83.7 83.9 84.3 84.7 84.7 853
Hypr 98.6 98.8 98.8 98.4 98.8 99.4 99.0 - 98.1 84.2 84.0 83.7 83.9 84.3 84.4 84.9 84.9 85.1
Abs 99.0 905 99 98.8 99.2 99.8 99.4 99.6 - 84.1 84.1 83.9 84.0 84.3 84.7 85.1 85.0 85.5
Oshi 95.0 95.2 952 95.0 95.4 958 958 95.6 96.0 - 957 95.6 95.7 95.7 958 84.8 84.8 85.1
KII98-2 94.6 94.8 94.8 94.6 95.0 954 954 95.2 95.6 98.8 - 98.8 98.9 97.7 97.8 84.7 84.7 85.0
KH98-5 94.6 94.8 94.8 94.8 95.0 954 954 95.2 95.6 98.8 992 - 99.5 97.6 97.5 84.6 84.6 84.9
KH98-10 95.0 95,2 952 95.0 95 4 958 958 95.6 96.0 99.2 99.6 99.6 - 97.6 97.7 84.7 84.7 85.0
Sof 95.0 952 952 95.0 95.4 958 958 95.6 96.0 99.2 99.2 99.6 99.6 - 98.1 84.7 84.7 85.0
VL99 95.2 95.4 954 952 95.6 96.0 96.0 958 96.2 99.4 99.4 99.4 98.8 99.8 - 84.8 84.8 85.1
Aina 95.4 95.6 95.6 954 95.8 96.2 958 96.0 96.4 972 96.8 96.8 97.2 97.2 97.4 - 99.9 96.4
Vs 95.4 95.6 95.6 95.4 95.8 96.2 958 96.0 96.4 97.2 96.8 96.8 97.2 97.2 97.4 100.0 - 96.3

IR99 95.2 95.6 954 952 95.6 96.0 956 95.8 96.2 97.0 96.6 96.6 97.0 97.0 97.2 99.0 99.0 -

* Nucleotide identities above, right and deduced amino acid identities down, left.
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Hrlz2l6
Hrlzls
Heud{E)
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b5 0
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'l W WOW W F F F

AT a1 420 426 4;631433 37 4 448 450 458450 470 480 400
ErhA9E RVFQETHEEGI ERL TVI GEHAWDF GS AGGRPEE 5] GEAVHTVL GGAFNEI FOGVOFLPELLL GVAL AWL OL NMRHF TMSMEF LL AGGL VL AMIL GV GA
EEBMIZLZ e e e A 1 U o
BrRA21S i B P P o L
EXBIA16 L L. .. ., T
=< o, o P LIG. . ... S
HoudfE) e e e e e e Ll W
Eom KED o e e e e o [ D S e
HYPRE) 17N [N PR LB B [ P,
BhetEl e Ll W B
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EHOE-E) ... ... Boooooo T LT.%W...L.......... Lo LW LWL W
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VLOMED ... ... Boooooo T LT.%W...L.......... Lo S Y
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Fig 4. Comparison of the deduced amino acid sequences of five Korean isolates and prototype strains. Only positions being
different from the Korean isolate strain KrM 93 sequence are presented. 'Signature’ amino acids for each of the subtypes are
highlighted by gray boxes and bars : W, Western subtype ; F, Far-Eastern subtype ; S, Siberian subtype. Other variable amino
acids are indicated by red doted square. The codon for glycine 277 in isolate KrM 216 and glycine 431 in isolate KrM 219 differ
from that in the Siberian and Far-Eastern strains (in red shade areas). Hexapeptide 207~212 (red dash line) and tetrapeptide

231-234 (red solid line) are underlined. Numbers above the sequences correspond to amino acid positions in the E protein.
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Table 9. Comparison of deduced amino acid differences of the E
protein between five Korean isolates and other TBEV strains using 7z
vivo virulence assay. Gray shade areas indicate amino acid changes in
five Korean isolates and red letters show that the single amino acid

change.

Amino acid changes

Position” TBEV Korean isolates Oshima KM

Neu Sofjin-HO
KrM 93 KrM 213 KrM 215 KrM 216 KrM 219 5-10 98-5
E-47 A
E-52
E-83
E-88
E-115
E-120
E-122
E-153
E-167
E-178
E-181
E-198
E-201
E-204
E-206
E-239
E-244
E-267
E-277
E-292
E-307
E-317
E-331
E-407
E-426
E-430
E-431
E-433
E-437
E-448
E-452
E-458
E-460
E-462
E-463
E-471
E-473

ZZI>P<KM—<-—-"<-MU>»XA2>0<M>» M A<AMOO0OM<>»O>»2>0O2>0N
—ZIrP»<rr—-<-—-"<-—-0Orr>»X4H4r0<mr>»anm<AALOoOmM<>mMm>»>»0O<n >
ZZIrP<rr—-—<-<-0Orr>»x4H4r>»0<mMmr*»On A<AA<OomMm<>>m>»>»0O>»0n>
ZIrPr<r—=2-<-0OrCrr>PXAA>P0FZar>r>Tanm<mAX<OoOm<>m?>»>»0O>»n>
ZIrP<r—-<-—-<-@@FrX4Hdr>r0o<mr>rm<AXAX<O0OmMm<>m>»>»0 >0 >
Z2IrPr<r—<-<-—-nor4Ax4ro<mrr71m<AmMm<oOom->mon-4 >» 2>
ZIrPEILKMLKrrS<Ar4a3>» - <<O0OnmmMmmnAm<ooo<>rmon-dn>»Z2wn
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Fig. 5. Phylogenetic tree illustrating the genetic relationship of prototype
strains and TBEV Korean isolates (KrM 93, KrM 213, KrM 215, KrM 216
and KrM 219) in red square. The reliability of the trees was tested by
bootstrap re-sampling analysis (1000 replications). The scale bar indicates
the number of synonymous substitution per site. Numbers at the nodes

indicate percentage bootstrap support.
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7zt KrM 2135+ 25%, KrM 2195+ 50%, KrM 216+ 87.5%, KrM 93,
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Neudoerfl). Sofjin-HOF 2] 7% neuroinvasiveness W] ZAI}o A= =
g+ KrM 213F 4 EF5 9 NeudoerflFol vl 3 WA o] =A
el A 9F (Fig. 6), neurovirulence B 22 ¥ (Fig. 7)ol A& KrM 213
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Neuroinvasiveness®] =+ AEE 2 HAAE7|S AR Sofjin-HO
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32

T (0%, 12.8+274) > KrM 2135 (25%, 16.4£79%) > Neudoerfl7 (25%,
184+£78%) > KrM 2195 (50%, 225+62%) > KrM 216 (87.5%, 26+5.7%)
> Oshima 5-10F (75%, 26.9+2.8¢) > KrM 935 = KrM 2155 = KH 98-5
F (100%, 28Y) o= eSS ™, neurovirulence= Neudoerfld (25%,
15.3£8.0¥) > KrM 2135 (625%, 22.4+78%) = KrM 216+ (62.5%, 22.4+8.1
d) > Sofjin-HOF (875%, 26+5.74) > KrM 219+ (87.5%, 26.4+4.6%) >
KrM 935 (87.5%, 26.9+3.2%) > Oshima 5-10F = KH 98-5F = KrM 215
T (100%, 28Y) o= JEb
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Fig. 6. Survival of adult mice subcutaneously inoculated with TBEV.
Mice were inoculated subcutaneously with 10,000 PFU of TBEV isolates
[KrM 93(@), KrM 213(A), KrM 215(l), KrM 216(4), KrM 219(l) ]
(A) and prototype strains [ Neudoerfl(O), Sofjin-HO(4 ), Oshima 5-10

(1), KH98-5(C) ] (B). Survival was recorded for 28 days post-inoculation.
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Fig. 7. Survival of adult mice intracerebrally inoculated with TBEV.
Mice were inoculated intracerebrally with 10 PFU of TBE virus isolates
[KrM 93(@), KrM 213(A), KrM 215(H), KrM 216(4), KrM 219(H) ]
(A) and prototype strains [ Neudoerfl(O), Sofjin-HO(4), Oshima5-10
(), KH98-5() ] (B). Survival was recorded for 28 days post-inoculation.
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Fig. 8. Replication of TBEV strains in mouse brain. Mice were inoculated
subcutaneously with 10,000 PFU (a) or intracerebrally with 10 PFU (b) of
TBE virus strains Neudoerfl (Hl; surviving, [J; dead), Sofjin-HO (4p;
surviving, <; dead) or KrM 213 (A; survivng, 2; dead), respectively. Each
virus titer is shown. Geometric mean titers are calculated for each time
period in Neudoerfl (red dotted line), Sofjin-Ho (blue dotted line) and KrM

213 (dotted line) strains, respectively.
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(a) s.c.; 10,000 PFU/mouse (b) i.c.; 10 PFU/mouse

A0—a—a—a—d 43 1 ! 1 1
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Fig. 9. Developing pattern of anti-TBE neutralizing antibody titer of mice.
Mice were inoculated subcutaneously with 10,000 PFU (a) or intracerebrally
with 10 PFU (b) of TBE virus strains Neudoerfl (l) or Sofjin-HO () or
KrM 213 (M), respectively. For each time period antibody titers are shown

as a geometric mean of 2-3 mice.
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Abstract

Isolation of tick—borne encephalitis virus and 7z vivo

virulence analysis of TBEV isolates

Seok-Min Yun

Department of Medical Scrence

The Graduate School, Yonser University

(Directed by Professor Tai-Soon Yong)

Tick-borne encephalitis virus (TBEV) is an arthropod-borne
virus belonging to the genus Jfavwiwirus within the family
Flaviviridae. 1t is endemic in central Europe, Russia and parts of
Asia and represents a significant public health problem in these
areas. Although tick-borne encephalitis (TBE) has not been
reported in Korea, it seems quite probable that tick-borne
encephalitis by TBEV occurred in Korea since an increase of the
number of unknown encephalitis patients, distribution of the main
vectors of TBEV in Korea and TBEVs have been isolated near
the countries including Japan, China and Russia. But TBEV has

never been investigated so far in Korea. To investigate whether
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TBEV 1is present in Korea, Human, vector ticks and animal hosts
were tested to detect and isolate TBEV using RT-nested PCR,
cell culture and inoculation into ICR mices. As a result, TBEV
were isolated from wild rodents (lung tissue) in Korea. We
determined the complete envelope (E) protein genes of five
Korean isolates and analyzed the genetic variability within five
Korean isolates or with 13 other TBEV strains. Five isolates had
high identity with Western subtype (97~99% identity) in
nucleotide and deduced amino acid. The phylogenetic analysis
showed TBEV isolates from Korea were clustered with Western
subtype. Results of deduced amino acid alignment of five isolates
conserved unique amino acids as Western subtype strains. It was
found from the result that provide the first evidence of the
presence of TBEV in Korea and five isolates was characterized
by Western subtype.

To 1identify whether the amino acid substitutions of three
domains in E protein associated with neuroinvasiveness and/or
neurovirulence, /7 vivo virulence assay in 6-week-old ICR mice
were performed. The results showed both neuroinvasiveness level
by subcutaneous inoculation and neurovirulence level by
intracerebral inoculation, five Korean isolates were lower than
Sofjin-HO and Neudoerfl strains. The amino acid substitution of

domain I ,II,II in E protein between five Korean isolates and 2
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other TBEV strains (Sofjin-HO and Neudoerfl strain) were
identified.

From these studies the precise mutation sites were unable to
identify involved in attenuation of neuroinvasiveness and/or
neurovirulence of five Korean isolates. However, one or more of
the amino acid substitutions in domain I II,Ill may be assumed
to the contribute to attenuation of neuroinvasiveness and/or
neurovirulence of five Korean isolates. The results of this study
will provide a valuable information for the development of an

effective vaccine and diagnosis of TBEV.

Key Words : tick-borne encephalitis virus, isolates, western
subtype, envelope protein gene, amino acid substitution,

neuroinvasiveness, neurovirulence
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