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[Abstract] Objective To investigate the molecular characteristics of Japanese encephalitis
virus (JEV) living in vector mosquitoes, from Zhejiang province. Methods A total of 13 620
mosquitoes were collected from the monitoring stations located in Cixi city and Xianju county in
Zhejiang province, in July and August, 2009-2010. Nucleic acid of JEV from the mosquitoes was
monitored by using real-time RT-PCR. The virus strains were isolated with BHK-21 cell line, with E
genes of the isolated viruses amplified, sequenced and their phylogeny and homology analyzed.
Results The positive rates of JEV for those mosquitoes collected in the stations of Cixi and Xianju
were 17.0%(27/159) and 3.4%(1/29) , respectively. Twenty-two JEV strains were isolated, accounted
for 15.4% among the 143 batches of mosquitoes collected in 2010. All E genes in the 6 sequenced
virus isolates contained 1500 nucleotides encoding 500 amino acids, in which no inserts and deletions
were identified. The identity rates of nucleotide and amino acid in E gene were 99.2%-99.8% and
100.0% among the 6 JEV strains isolated from Zhejiang, 99.19%~99.3% and 99.2%-99.8% between
the Zhejiang strains in 2009-2010 and the Zhejiang strains in 2007-2008, respectively, 87.6%-88.0%
and 97.8% between the 6 Zhejiang strains and the vaccine strain SA14-14-2 of JEV , respectively. The
phylogeny tree of E gene indicated that the JEV isolates in Zhejiang during 2009-2010 was located in
the branch of the genotype I . Conclusion Mosquitoes collected from Cixi and Xianju areas carried
JEV, with the rate of JEV in Cixi higher than in Xianju., All the Zhejiang isolates in 2009-2010 were
proven to be the genotype [ of JEV.

[Key words] Japanese encephalitis virus; Genotype

DOI: 10.3760/cma.j.issn.0254-6450,2012.01,018

E2MA  AREHKEX £ (20092X10004-210)

e 47310051 BN , BV LB BT 7B P O PR PE 2R  0#E K R) ; BRT BB S0 e B R%); (B 5K
il et L RE 30" N g, &)

E{HES ™33, Email:jyyan1960@hotmail. com



LR AT 2 A 2012461 HEE 3345 18] Chin J Epidemiol, January 2012, Vol. 33,No. 1 <79 -

WAFHEZ AR (Z ) EEAPHE . B AR
BHETHWERRTY., HLEBRFIRFERT
X, ¥ JUAE Z IR R R R E 0.5110 T LA L SRR W
BAE1000EH. RTH—SRERIMERE, ¥
B WL 4 I b 2% 8 (JEV) #im B 18 OL AL JEV
B FRATIREHHE , 2009 —2010 5 AT IL4 2 i i
i f e o FF R 2 iR R 3R o

HH 5% E

1L ARARBERAE. LA RETHAUERES
B W, SRR M R T e DL R
AR, B EEN S ZFHEMN, 20094/
20104E7 B FHZE 8 H b AR FHE ST e, 3 i 5L
28 SR AE P R4 P P AR . ARAREUE -20 CCIKAE
10 min, 5% B B0 MEBGH AT M, PR EHEE,
%40 ~ 50 B, iR A S Bio )5 R TIRIE KA, A
FhEHZEERZINELEE,-80 CTHRBKHER
TE. 2009 4 12010 4 43 51 5K 4 4 6470 2 #01 7150
R, Hoh = # g i sr 51 24 5250 H(81.1%) #5345
H(74.8%) . -80 CARIRKETEH W REHFE F
FRAS R B A BB 25 P, A Hanks ¥ 1.5 ml 7t
SRS LS mi BHE W (R & 4 I 7 50O RE
PSSR EAN L . BB RBARLG
4 °C 12 000 r/min, B5.0> 30 min, MR EIEWAT
MRN8 .

2. JEVAME % E . RSBk BHK-21 41
S 18 T o 94 T 2 sl o Lo 8 B 8 T 42 ) e
g, BOAEAEIRA L5 R M T BHK-21
W, BN 2T BERM2000,ET
37 °C 5%CO. 3555, B MH h )5 # KRBk, A
Hanks 1% 2 1K SRS A 1.5 ml 4R ZEF K, R &
F37C 5%CO. B PIEHR. & HMEHMHRE,
TR EEmEhEEEE IR MR EEEF,
AR AL B SR WO B -80 IR
K. A EKRLEESRICER2]. BRREECKA
#% [ Qiagen 2 7l i) Rneasy mini iK1 & , & 58]
BATHRAE ., BUBARAS b 75 ¥R 200 pl B 40 M4 B9
100 pl #£ B RNA, #E K MK FI%% 6 € & PCR U7
B, Bl EcE 2], H EBE TAM T EAER AR
A1 RAFRHAREEEY TRARA G —S Rt
=4 PCR A7 & (DRRO64A) , #1580 B #EFTH:1E
FH—#ERT-PCR Y M EREN, 5145 B0
3], RARBKEEEY TRARAA —$E
RT-PCR X7 & (DRRO24A) , #iAF 5 B#etE. K

i &4 % .50 °C 30 min, 94 C 2 min; 94 C 30 s,
52 °C 30 5,72 °C 2 min,40/MEH ;72 CHEAH 8 min,
By 728 5 ul, B 1.5%BRRs i EE e ik . PCRYIY
FEMAlAL G BRI U FF B B R A YR A R
NFISE R . BUAE &b FE 0 FF 51 E X 5k A DNAman,
Clustal X # BioEdit 814 , #H LA FIMIEE R Fl Mega 8K
1, BRI B R AR A s L (ND) , RIS BEPPAG R A
1000 bootstrap fH . #F 6 Bk7> BBk E 2 b4 5 $dg i
A% GenBank,

g R

1. JEV B Re ke i - 2538 W T S BUREA 6375 H,
43R 159 it , JEV BB R4 27 #1E(17.0% ) 5 il & Mg
AUBCREAR 2150 K, 4 29 #iE, JEV  ER FH A 1 4t
(3.4%) ; AR HEAT 4336, T 2009 42 71 2010 SR 40AF
A3 9 144 #EF0 44 # , JEV B ®i PR 4 B o0 8 it
#1204, FHE R4 3K 5.6%H145.5% ; BT B B FH
YRR R IE T S H R, 2R M S PR
R0 B8 FAE WM A , 2010 £ 50 JEV K i
B BB T 20094 (1),

£1 2009—20104FEHTT 4 BEEA S IEV B BREIIL R

% L 4 BRIt I Bk Wb

WOER R =ik e e PitE

& T e

2% 2009 5070 130 127 1 1 1 7 54
20010 1305 29 29 0 0 0 20 690

fhE 2009 1400 14 3 6 4 1 1 7.1
2010 750 15 15 0 0 0 0 00

At 8525 188 174 7 5 2 28 149

2. FREATES 2010 FEZE IR AL B Wl 3t 143
i, B IEV 24k, R BN EER 154%(F
2), Horh 25 1R W b5 JEV MR PR A9 20 SR A o
NAEIKE 4K, TEREYEYLELER
PCR 3Kt 9 4 PR , 38/ B dk T W B E IR
W FE , 0 B HE 22 GenBank BLAST B fF LR, 4R
B 5 E R 50 MERRFFI IR H JEV,
B A K S E R B S M JEV, BT FETERR
P4 F R R W 5 =AM AL, 2009 4R R M
P 8 SR AR BE S B HBAE

3. E 20 RIS 7 : A 2009 4E R AR FRAE 9 28
VR 43 B Bk v vk B 2 Bk (ZJ09-52.ZJ09-108) . 2010 £F
22 B4y S Rk R R B 4 £ (ZJ10-7.ZJ10-10.ZJ10-23
Z110-45) - H% % E XA, FF T E R (nt) FF51
W5, B4 TN 3 ik E B 2K 1500 nt, #2565
500 N E M (aa) , KRR T ot FHAFERE . WP



. 80 - PERITRERE2012E1 A 3388 1) Chin J Epidemiol, January 2012, Vol. 33, No. 1

Bk 2 [8) E Z: B nt F1 aa [RIRAE5 51 4 99.2% ~ 99.89%F1
100.0% , 55 #7148 2007 — 2008 £E 43 B ¥k 22 [] nt #1 aa
A B4 43 5 K 99.1% ~ 99.3% 1 99.2% ~ 99.8% ; 5 HE
Hitk SA14-14-2 nt Fl aa [FIIRHE 7 51K 87.6% ~ 88.0%
M97.8%. 5 HT L i 4F- 53 B 4 5] VR 1 55 165 1) 2003
4 |5 21050 B5 Bk SHO3-124, nt 1 aa [F] 114 51 8
98.9% ~ 99.3%7#1 100.0% , 2008 £E & ¥ Bk TPCO806¢, nt
1l aa [RIIEPE ST 51K 99.2% ~ 99.89%F199.8%,

F2 2010FEHFTEREHIEVAEZER

B W % BRI A JEV
®OR O o=wmg o%e suE P spy R
BOBOB s e s (%)
BE 410 9% 82 3 2 1 2 22(24.4)
filifg 2740 53 18 7 0 10 18 0(0.0)
Ait 7150 143 100 10 2 11 20 22(15.4)

HE BT =R

4. JEV E &N aa J°3 2 5437 : E 2B 4555 500
A aa, 6 ¥R PR E XM aa FFHIEL—3, SHIT
4 2007 —2008 45 B HRAHLL , 0 BUFETE 2 ~ 4 AT
ANaafi HAR, XA HAN T EE aafii
(E-107. E-138, E-176, E-177, E-264, E-279,
E-315) 84X ; 5 #ivk SA14-14-2 L3, 6 Bk
W FFARTE E & H 5001 aa FE 51 FRFETE 14 LRI &
ER. EEENMNEZR aa iR, LA SERTE
B 5 SA14 8k P3HRE 2 —B, 5 Hibk SA14-14-2
YARR(E3), EEEALEHR ] . TANXa%s
B3 6 34,

5. 58 5> B ¥R 5 GenBank F 8B AR
ER ARIEGREIJEV bR SETH X, RN g8
B, AR HIBREMIEVII % 1 ~ V
SANEE WY, 2009—2010 FE#TIT4H 3B bRl F 1
AT (GI )X E,2007—

BEABEAT IEV BRI , 25 5L B R R WA W & i b
JEVAF R AR (17.0%) 3 &5 TIUB LI 5 (3.4%) ;
2010 4FBUEE P JEV B 1H # B B & F 2009 4E ., 2010
M ERIZ I S B A B B 22 BR JEV R B M B R
1K 15.4% , T A R AR 35 40 8 PR RE A R IR T =
WS, B = MR SR WL A R 2
By B

96 SC04-27 (CHIN 2004)
921@ 7110-23 (CHIN 2010)
95/ @ 7110-45 (CHIN 2010)
771 @ ZJ10-07 (CHIN 2010)
8|l TPC0806¢ (TAIW 2008)
A JX69 (CHIN 2007)
JaNAr04-32 (JPN 2004)
YL0806f (TAIW 2008)
K05-GS (SKOR 2005)

SHI7M-07 (CHIN 2007) |G 1
@/110-10 (CHIN 2010)
@ /J09-108 (CHIN 2009)

@7109-52 (CHIN 2009)
A 1X61-08 (CHIN 2008)
A X67-08 (CHIN 2008)
A ]X66-08 (CHIN 2008)
SHO03-124(CHIN 2003)
SHO3-103(CHIN 2003)
HNO04-40 (CHIN 2004)
FU (AUS 1995) Gl
100 WTP-70-22 (MGL 1970)
991 SA14 (CHIN 1960)
SA14-14-2 (CHIN 1960)
Yixing2-09 (CHIN 2009)
Nanjing10-08 (CHIN 2008)
P3 (CHIN 1949)

YNJH04-25-3 (CHIN 2004)
99) FJ03-94 (CHIN 2003)
GZ04-89 (CHIN 2004) Gl

Nakayama (JPN 1935)
Beijing-1 (CHIN 1949)
JaNAr09-90 (JPN 2009)
1001 VN105 (VN 2002)
CHO0706a (TAIW 2007)
JKT6468 (INA 1981) | GIV
Muar (MGL 1952) 1GV

—t
0.01
I @:2009—2010FHIITH SM B4k A :2007—2008 SEHTIT 4
STESEE; BERRAY R (BHRRIE, B :CHIN: R, TAIW: P E
&1 ,JPN: HA& ,SKOR: #[5 , AUS: B K F] ¥ ,MGL: T3k 75 F ,
VN:#igi, INA:-ENERTE ¥
E1 #TE L5 Btk S AL JEV B E B X b4 #E

+3 2007—20104EHTIT.H JEV B AE T METE E B MR

2008 4F i 1L & 2 B tk (XJ69, 5 A aa S5 LU
JX61-08. JX66-08. JX67-08) 5 e ® H B
2009 — 2010 4 43 B Bk % % i HE 51 B g I I I
o 138 176 177 107 129 222 244 264 279 315 327 366
E—i&, WA #F 05 BRE SAl4-14-2 1990 K V A F T A G H M V s A
XFZFEENEKEDTIE 19499 E I T L - - E Q K A - -
SH03-124 Bk #1 TPCO806c #% , £  ZJ10-07 2010 E 1 T L M S E Q K A T s
— . . Zjlo-10 2000 E I T L M S E Q K A T §
F—GI#HAZE(ED. 685K ;00 %0 B 1 T L M s & Q K A T s
FHERXZEGenBank, ¥%5K% 20045 200 E I T L M S E Q K A T §
_ 20952 2009 E I T L M S E Q K A T §
IN216865 ~ IN216870, ZJ09-108 2000 E I T L M S E Q K A T §
it # 1X61 206 E I T L M S E Q K A T §
I1X67 20060 E I T L M S E Q K A T S
. NPT XJ69 200 E I T L M S E Q K A T 8§
BEM AR E—%zebi[[‘é L XJP613 2000 E 1 T L M S E Q K A T S
Wil 55, 2009—20104E Xt W5 i o ¥ o BR SAI4-14-2 I P3 50, LA K M T 4 A BB R



PEGATRY 452012461 HEE33 %% 1  Chin J Epidemiol,, January 2012, Vol. 33,No. 1 - 81 -

2009—2010 4 #7714 6 BRI - #k Z [6] E 3£ A nt
HEFLIHIH02% ~0.8%, ERB/, nt 5%
SRR ESR, KEH nt TR aa HISHE=
i, B TIBR 58, 5] & aa B4k, BRI, 6 BRI T #K
E#H aa FF5E 2 —3, 2009—2010 FH#TVLE 6 £
JEV 52007 —2008 ‘A Lt , 7 E 2K B9 nt Fl aa B 2
SELRHR0.7% ~ 0.9%F10.2% ~ 0.8% , R B/,
BRI LTI AR S R GBI JEV AR RN,
TS B SR # SA14~14-2 A HLTEEE A X nt
Maa ZRBEHINH12.0% ~ 12.4%F12.2% , 5 E5H
FEHEURER 2001 FRETXIERIEVERN T &
BSEEBRSAI4-14-2 I nt Mlaa R R 5K
12.2%M12.8% ~ 3. 2%

JEV E &N X R U6 5 i aa SR EE 1A X,
W4 2009 — 2010 4F 53 B k5 2007 2008 £E JEV ¥k
M, ANFEE2~4 M1 D aa IS ER . BHA
HEEEXRAMWEE aafl SGEHEKX; 5EH &
SA14-14-2 L, # E [ 500 1~ aa 7 5 P FF7E 14
MRS ER, EEXFMNEE aa i SHITH
JEVEP3tksEeMFE. EAMREREERE 1384
BERBELRBEARERENTE NS BETE,
ERRSERERN S AT ERE), 5PIHKM
SAl4 AR, RAHTLE RGP BEHIEVEER
HHEKFE, AEEAMI MEESEHEN, B H
7 A8 F B4 P E 45 H b T B9 E337-345,E377-382,
E397-403 =P REBNY, EX—RKBEENERS
SEMEENRE, EEHRHRS PR S
A R, Wi FR R PR TE TR 2 B P R £ B e Y,
AHFFE S B R AE K X 3R 55 i BK SA14-14-2 58 2
—B, B XTHTITA JEV W E X B aa 515047, I
SR EAE 0 2N v AR TE RS b P LU SR VLA
LR FATHR o

JEV B, B3R B Chen %! ST Y
Fik, WA IJEV B H 4 P 456 ~ 695 6L F PrM X
B9 240 1> nt BF % A kAL H 1 8/, BT LA B JEV
AR, HiZ B IEVARERT ~V
4B, SR T B R M nt R HITEY
BT RE R BN S R AR, ENEFER YA
JEV E R RE KRR 4 RIS R aE , X Fh 7 E: 40 B8
o4& B8 7,55 # bR 60 20 A6 B LR MR ARAE IR 1G
B MY B FETTRIEVSAERT ~ V
SAE, AR FHERE 2K 1500 nt 17 EEH 5
£, 2009—2010 FHTVLH 6 BRIEVHHER TG 1 &,
EH X RBEMFED B2 LY SHO3-124 Bk HI G

™ TPCO806¢c ¥k, HEREFITHEKRSBG] BM
G %, —F 2 [ # nt ST 10%, Heop, —ih
KAZEIG] Mk, — X RH5EFGIA
Bk, AKX R 7 G 1 BF0 G I AL A & 3L ]
AT HITTAE 2007 —2010 SE B M IR ZE Rk 9
GI &,

$ £ x W

[1]Li XY,Song H,Fu SH,et al. The molecular biology of Japanese
encephalitis viruses isolated in China. Chin J Virol,2004,20(3) ;s
200-208. (in Chinese)

FEhEE, KE LT LA % PRRTHECERRRED TEY
ZEAPHERER. IR, 2004,20(3):200-208.

[2] Xie RH,Xu F, Zhu HP,et al. Development and evaluation of
TagMan-based one-step reverse transcription polymerase chain
reaction assay for the detection of Japanese encephalitis virus.
Chin J Epidemiol ,2009,30(3) :277-280. (in Chinese)
BARIR AR RRITF. B A THEZ AU £ 554 TaqMan
NS W R R EE IR ik B B oL R . R AT
2£4,2009,30(3):277-280.

[3] Pan XL, Liang GD. The genotype-special primers for amplying
and sequencing the genotype [ & [l Japanese encephalitis virus
. Chin J Exp Clin Virol,2009.23(4):254-256. (in Chinese)
Waesy R ZIAG RN T WAKRES EN4T19.
HAs I RING R B 22, 2009, 23(4) : 254-256.

[4] Uchil PD, Satchidanandam V. Phylogenetic analysis of Japanese
encephalitis virus: envelope gene based analysis reveals a fifth
genotype, geographic clustering, and multiple introductions of
the virus into the Indian subcontinent. Am J Trop Med Hyg,
2001,65(3):242-251.

[5] Wang HY,Fu SH, Li XY, etal. Isolation and identification of
genotype | Japanese virus in China. Chin J Microbiol Immunol,
2004,24(11):843-849. (in Chinese)

EFGL A, 28T RE RS ERERE [ RN
RIFTE. PERCEVRGAEF 74, 2004,24(11):843-849.

[6] Fan XL, Yu YX, Li DF, et al. The stability of E protein gene of
the Japanese encephalitis live attenuated vaccine virus SA14-
14-2. Chin J Virol, 2002, 18(1):39-46. (in Chinese)
BATR.AAH. 2SS HITHZRAWRBREEZN
SA14-14-2 EEINMTE P, 71,2002, 18(1) :39-46.

[7] Ni H,Chang GJ, Xie H,et al. Molecular basis of attenuation of
neuron-virulence of wild-type Japanese encephalitis virus strain
SA14.J Gen Virol,1995,76:409-413.

(8] Takada K ,Masaki H, Konishi E, et al. Definition of an epitope on
Japanese encephalitis virus (JEV) envelope protein recognized
by JEV-specific murine CD8 cytotoxic lymphocytes. Arch Virol,
2000, 145:523-534.

[9] Wu SC. Lin CW. Neutralizing peptide ligands selected from
phage-displayed libraries mimic the conformational epitope on
domain I of the Japanese encephalitis virus envelope protein.
Virus Res,2001,76:59-69.

{10] Chen WR, Tesh RB, Rico-Hesse R. Genetic variation of Japanese
encephalitis virus in nature. J Gen Virol, 1990,71:2915-2922.

{11] Chen WR, Rico-Hesse R, Tesh RB. A new genotype of Japanese
encephalitis virus from Indonesia. Am J Trop Med Hyg, 1992,47
(1):61-69.

[12] Nga PT, Parquet MDC, Cuong VD, et al. Shift in Japanese
encephalitis virus (JEV) genotype circulating in northern
Vietnam: implications for frequent introductions of JEV from
Southeast Asia to East Asia. J Gen Virol,2004,85:1625-1631.

[13] Wang HY, Takasaki T,Fu SH,et al. Molecular epidemiological
analysis of Japanese encephalitis virus in China. J Gen Virol,
2007,88:885-894.

(Wi H $#1:2011-07-30)
(X4t FES)



