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[Abstract] Objective To understand the types and distribution of Arboviruses in Hainan
province. Methods Blood-sucking insects were collected in Hainan province from 2017 to 2018.
After laboratory treatment, BHK-21 cells and C6/36 cells were inoculated with grinding supernatant
of all blood-sucking insects to isolate all of involving virus. Arbovirus genes in blood-sucking insects
were detected in parallel by RT-PCR method. Results A total of 15 062 mosquitoes were classified
into four genera (Culex, Armigeres, Aedes, Anopheles) and 11 360 midges were collected. Culex
tritaeniorhynchus was in the majority and accounted for 92.88% (13 990/15 062) of all the
mosquitoes collected. Four strains of virus isolates were notified by tissue culture method. Three
strains of viruses belonged to Japanese encephalitis virus (JEV), with the other one as Getah virus
(GETV). Five pools of JEV gene amplification were positive, from Culex tritaeniorhynchus. Results
from the phylogenetic analysis showed that they belonged to genotype JEV-I. The minimum infection rate
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of JEV was 0.57%0 (8/13 990). A total of 5 pools of Akabane virus (AKV) gene amplification were
positive. The minimum infection rate of AKV was 0.44%o (5/11 360). Based on the S gene and M gene
sequences of the virus, data from the phylogenetic analysis showed that the five AKV strains carried
by midges in Hainan province were in a separate evolutionary branch and with formed unique
geographical distribution. Conclusions JEV and GETV had been isolated again from the mosquito
specimens in this survey, since the 1980s. AKV was detected from the midge specimens in Hainan
province. These results showed the needs of strengthening the programs on detection and monitor of
JEV, GETV and AKV that were related to animal and human diseases in order to reduce the risks of

related diseases in this area.
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100 DH10M865(2010,China: Yunnan,KT229572.1,Culex tritaeniorhynchus)
100L YNTC07172(2007,China: Yunnan,KT957419.1,Culex tritaeniorhynchus)
100 pp 0M978(2010,China: Yunnan,KT229573.1,Culex tritaeniorhynchus)
99 L YN0911(2009,China,JF706267.1,Culex tritaeniorhynchus)
9 SC04-17(2009,China,GU187972.1,Culex tritaeniorhynchus)
8 oor JEV/Taiwan/TN1205b/M/2012(2011,Taiwan, KF667326.1,Culex tritaeniorhynchus)
H10100739(2012,Taiwan,KF667324.1,Homo sapiens)

10 HENO0701(2007,China,Henan,FJ495189.1,pig)
i GZ56(2008.China,Guizhou,HM366552.1,CSF)
54 Sw/Mie/84/2005(2005,Japan:Mie,AB698906.1,Sus scrofa domesticus)

Sw/Mie/34/2004(2005,Japan:Mie,AB698909.1,Sus scrofa domesticus)
— [LN02-102(2002,China,Liaoning,JF706278.1,Culex modestus)
61— SH53(NA,China,JN381850.1,Culex tritaeniorhynchus)

7 XJP613(2007,China,EU693899.1,Mosquito)
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Gl

JEV/MQ/Yamaguchi/2013-2(2013,Japan, Yamaguchi, Yoshida,AB981184.1,Culex tritaeniorhynchus)
oor @ HNDZ1751-2(2017,China,Culex tritaeniorhynchus)
@ HNDZ1833(2018,China,Culex tritaeniorhynchus)
L— YNTC07018(2007,China: Yunnan,K'T957420.1,Culex tritaeniorhynchus)
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100 100 Muar(1952, Malaysia HM$96272.1.Homo brain)
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16-1-676(Japan : Ibaraki,Miho,Equus caballus,2016,L.C223132.1)
16-1-599(Japan : Ibaraki,Miho,Equus caballus,2016,1.C223130.1)
16-1-674(Japan : Ibaraki,Miho,Equus caballus,2016,LC223131.1)
15-1-1105(Japan: Ibaraki, Tsuchiura,Sus scrofa domesticus,2015,L.C212973.1)
15-1-752(Japan : Ibaraki,Miho,Equus caballus,2015,L.C212972.1)
14-1-605-C2(Japan: Ibaraki,Miho,Equus caballus,2014,L.C079089.1)
14-1-605-C1(Japan: Ibaraki,Miho,Equus caballus,2014,L.C079088.1)
121H26(Japan : Nagasaki,Isahaya,Culex tritaeniorhynchus,2012,1.C152056.1)
HNJZ-S2(China,pig,2015,KY363863.1)
L @ HNDZI1712-1(China: Hainan,Culex tritaeniorhynchus,2017)
— 66 HB0234(China: Hebei,Culex tritaeniorhynchus Giles,2002,EU015062.1)
JL1707(China: Jilin,mosquito,2017,MH722255.1)
9%l 00— HNNY-2(China,pig,2016MG865967.1)
HNJZ-S1(China,pig,2015,KY363862.1)
9 JL17/08(China: Jilin,mosquito,2017,MG869691.1)
HNPDS-2(China,pig,2017,MG865969.1)
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100 HNNY-1(China,pig,2016,MG865966.1)
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100 104
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South Korea(South Korea,swine,2004,AY702913.1)
YNO0540(China: Yunnan,Armigeres subalbatus,2005,EU015063.1)
YN12042(China: Yunnan,Culex tritaeniorhynchus,2012,K'Y450683.1)
SC1210(China: Sichuan,Armigeres subalbatus,2012,1.C107870.1)
LEIV 17741 MPR(Mongolia,Culex sp.,2000,EF631999.1)

WI—I 10-C2(Japan : Ibaraki,Miho,Equus caballus,1978,LC079087.1)

MI-110-C1(Japan: Ibaraki,Miho,Equus caballus,1978,1.C079086.1)
Kochi/01/2005(Japan : Kochi,Sus scrofa,2005,AB859822.1)

10 JL1808(China: Jilin,cattle,2018, MH722256.1)
E]E SD17/09(2017China: Shandong,fox,2017,MH106780.1)
HuN1(China,porcine,2017,MF741771.1)

{ L MI(China:Hainan,Culex sp.,1964,EU015061.1)
GETV-SAGV(Japan,mosquito,1956,AB032553)

100 LEIV 16275 Mag(Russia,Aedes sp.,2000,EF631998.1)
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69 @ HNDZ1717-1(China:Hainan,midge,2017)

46 @ HNDZ1831(China:Hainan,midge.2018)
96| @ HNCM1741-2(China:Hainan,midge,2017)
5 @ HNDZ1717-2(China:Hainan,midge,2017)
@ HNDZ1718-1(China:Hainan,midge,2017)
GXLCH16-70(China,Rhizomys pruinosus,2016,KY381274)
9|~ NM/BS/1(China:Jilin,Bovine,IU,KU375444.1)
78~ HN10169(China:Hunan,Anopheles sinensis,2010,MG731557.1)
HN10174(China:Hunan,Culex quinquefasciatus,2010,MG731558.1)
DHL10M110(China: Yunnan,Anopheles vagas,2010,K'Y284023.1)
L ON-1P93(1U,1U,1993,AB232213)
80 KSB-5P03(1U,1U,2003,AB232318)
Okayama2001(Japan,Bovine plasma,2001,AB289319)
100 AKAV-17/SKR(South Korea,Cattle brain,2010,JQ308772)
AKAV-35/SKR(South Korea,Cattle brain,2010,JQ308774)
KSB-3/P/06(Japan Kagoshima,Bovine plasma,2006,AB426280)
KS-2/Mo/06(Japan Kagoshima,Bovine medulla oblongata,2006,AB373232)
71 KM=2/Br/06(Japan Kumamoto,Bovine brain,2006,AB426272)
KM-1/Br/06(Japan Kumamoto,Bovine brain,2006,AB426271)
49 YG-4P85(1U,1U,1985,AB232179)
i Iriki(Japan,Calf cerebellum,1984,AF034941)
8 ON-2E98(IU,IU,1998,AB232262)
33 CY-77(Taiwan,Bovine erythrocyte,1993,AB232319)
OI-1E87(1U,IU,1987,AB232187)
JaGAr39(Japan,Aedes vexans,1959,AB000852)

67 ON-1E91(IU,IU,1991,AB232209)
991 YG-88-2(Japan,Bovine erythrocyte,1988,AB232196)
ON-89-2(Japan,Bovine erythrocyte,1989,AB000867)
KT3377(Japan,Bovine blood,1977,AB000857)
AK7(South Korea,Bovine fetus,2006,FJ498795)
OBE-1(Japan Okayama,Aborted fetus brain,1974,NC_009896)
93FMX(South Korea,Bovine fetus,1993,FJ498797)
K0505(South Korea,Bovine plasma,2006,FJ498796)
K9(South Korea,Bovine blood,1993,DQ973189)
KSB-5P95(1U,IU,1995,AB232224)
R7949(Australia,Culicoides brevitarsis,1968,AB000854)
MP496(Kenya,Anopheles funestus,1972,AB232320)

82

98

33

25

82
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7 @ N2018FPCRIGAVERSA; @ 9201 74EPCRIfHE K AR A
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e Sy 1 RY i PR AR A A 1 AT g 52 i L T
NG

SR EE AR 5 | B E B A 3 LR R &%
PR T HA TG N2, 2017 4F H 2= TE i p 44 —
IR R — IR S R EE B GL  RiA T, 45
K2 200 KATHEFEHAE G 5 ~ 10 dFETS, 150 23k 2
FGAEFE B AR TR . Zhai 25 HRAE 1964 4F Yang
EAEMF A D5 BN RO R A B YR 42 21 1 Rk
WTE. BTRR 50 24, PR oS 51 1 bR e 3 2, 3R
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89 KM-1/Br/06(Japan Kumamoto,Bovine brain,2006,AB436954.1)

98] KM-2/Br/06(Japan Kumamoto,Bovine brain,2006,AB426281.1)
100) K S—2/Mo/06(Japan Kagoshima,Bovine medulla oblongata,2006,AB373233)
KSB-3/P/06(Japan Kagoshima,Bovine plasma,2006,AB426282.1)
AKAV-35/SKR/2010(South Korea,Cattle brain,2010,JQ308778.1)

@ HNDZ1717-1(China:Hainan,midge,2017)
@ HNDZ1718-1(China:Hainan,midge,2017)
CY-77(Taiwan,Bovine erythrocyte,1993,AB297851.1)

100 Iriki(Japan,Calf cerebellum,1984,AB297820.1)

100

DHL10M110(China: Yunnan,Anopheles vagas,2010,KY284022.1)
10% MZ-1/C/00(Japan,Culicoides spp.,2000,AB297845.1)
64 KSB-2/P/01(Japan,Bovine plasma,2001,AB297846.1)
10?HN10169(China:Hunan,Anopheles sinensis,2010,MG731557.1)
HN10174(China:Hunan,Culex quinquefasciatus,2010,MG731558.1)
64 KSB-3/P/87(Japan,Bovine plasma,1987,AB297824.1)

100 100} KSB-2/C/87(Japan,Culicoides oxystoma,1987,AB297823.1)

100

o — |
0.05

7 : @ F201 74EPCRIRS FHAEFR A

60+ KSB-2/C/90(Japan,Culicoides jacobsoni,1990,AB297829.1)
FO-90-3(Japan,Culicoides spp.,1990,AB297831.1)
ON-2/E/94(Japan,Bovine erythrocyte,1994, AB297835.1)
JaGAr39(Japan,Aedes vexans,1959,AB297818.1)
KT3377(Japan,Bovine blood,1977,AB297819)
87 OBE-1(Japan Okayama,Aborted fetus brain,1974,NC_009895.1)
1od 0 93FMX(South Korea,Bovine fetus,1993,FJ498799.1)
100t AK7(South Korea,Bovine fetus,2006,FJ498801.1)
K0505(South Korea,Bovine plasma,2005,FJ498800.1)
K9(South Korea,Bovine blood,1993,FJ498798)
KSB-1/C/94(Japan Kagoshima,Culicoides oxystoma,1994, AB297836.1)
ON-2/P/91(Japan,Bovine plasma,1991,AB297833.1)
YG-88-2(Japan,Bovine erythrocyte,1988,AB297827.1)
100 |, KSB-1/C/88(Japan,Culicoides oxystoma,1988,AB297826.1)
ON-89-2(Japan,Bovine erythrocyte,1989,AB297828.1)
R7949(Australia,Culicoides brevitarsis,1968,AB297849.1)
MP496(Kenya,Anopheles funestus,1972,AB297850.1)
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M it SR AR B R, 1 7 A — 2 i X BT B
BETEIC R e rin % 2y o SRR 0 A M 0, S0 o
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AFTEAFAEAL o IR AR (19 SCFEAE GenBank
ok AR F) 1980 4F-AQ LR 75 73 B MR I ZE R P31, G
T HEAT 30 45 1) £ AR 15 1 2 B R 057 s 28 5 (4 43
HEWEE BT HUAR
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0, DA AR 5 4 336 T fRR R A 165
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