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e bDSTRMREL T T AV ANIEGE AT R B L 72 &

FXAVIAVIAR L PAT YA EDOMTE b =M~ b

DT BORGERZ M L, WHEHIZBWTHRIT TR T, T390 7 AV A EGHE TIEIMAT 212 & 2k, #EIaiRkde, W

&S L 72 d 2 WIZFRE &/ L 72 b s ST s,

WATHY, 795EIAL VAR, 75U A4V AED 7%
THLARY R 2= A4 )LA (SPONV) & & L IZAKV R
Wz =77 4 )V A (SPONV) MiEME 2 s n 5 W29
T AV A DBIET OMFEMEIEK 68% TH Y, MiEFMIC
bRET O R LUMITRF ST E 7289 RKEN
MEHTICE D ST TIZZIKV IR 7 70 A Bl 7 U 7 RO
2 ODEETHAE SN T WD, ZIKV IZTE £ 40-50nm @
BRIk AV ATHY, 7 AL ARNARERBEHETH
H#y12kDa O 2 7 EFE I X ) HERL & LA % 25-35nm
OATRFWIHEEL, 5123 7R F 138 8kDa DIE A&
HE M&HE) L#53kDaokiEAE E&EAE) O
QHHOEHOE» SR INL T RO— 712X o> THb
NT % 2101012 462 B & 308 FAE, MR s
FEIZHoTHBY, ZIKV KT 5 BiHeE 2 FE 5 5 F4
LA BEAE TH S B g N o R0 ZIKV
W EMEAEORD Y IZZFOHEETH 5 prM HHE
(#71820kDa) #H L TWABDS, 7 A )V Ak F7E L
FOMHEND & XIZE prM EHEA 7Y 2 & 0 Oy
ENMMEHEE DI EICE )R T- & 2%, ZIKV O
HIZEHRIET ANV AD T TRFHNIATET 5 10,794 352
D—ARHERNAIZT— FENTW5DH, —A&$ RNA Fi2ix
5 IET— FHHEICHE VT CHEE, prM&HE, E&H
HO3HEOWEERAES I - FERTBY, &5

NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5 o 7 ff
HOFMERAE L 3 FEEHEFET S (K 2) 20,
TS IANVABDT A IVARNAZY A IV ADEGE| X
D fE EOMBNIC I &b & mRNA & LT 75 A
SHORNA THY, 205 HIIEF v v THEEDFIET S
DI WHIZAY AT — VITHETE L v 1617 % 4 )L 2 RNA
38 BN TRIFR S, 1 ADHK 3400 7 3/ FRA S 7%
HERVEAEEZEET 2. ZOHF)EAEIEEB LV
TANVADOBRIZI VYRS, KA VAEHAEE 2 5.
A B PV 308 EMIFAPN T 4 v A RNA o8 v 4
WADET SIS L TwAh, NS & NS4A 13 A v
ADBEHEIZEES- L, NS2A & A L 2k DR L i,
NS31Ew A VAHEDL) »FaF 7 —+ & LT NS2A-
NS2B 3 & 08 NS2B-NS3 ] % ¥ A tJMi§ 5 ¥, %72 NS3
lZ NS3-NS4A B L O'NSAB-NS5 227727 % —Th b
NS2B & & 412 kT > ZYJHT$ 5 192020 NS4A-NS4B
13 NS2B/NS3 12 & o CTHIIBE M AS, BEDY 7T
FHF—PIZLoTERDIV— X VPP E NS Z L2k
D, ERFEMNIZH 2kDa 2K <7 F FH5 &b 2,
NS5 1212 RNA KA RNA K 25— L RU5 Fv v 7
WED A FIWALBHIICEAL AF VTV AT 25 =L L
TOBXDdH 2 BT ZIKV ORI TL2EHED D b,
prM, E, NS1, NS3, NS5 & A5, Mk eizic



pp.1-12, 2018)

|:I 3’ (#) strand RNA

Socap [ mEEOH | FMEEOH
e o bl

I 0 I T

NS2A NS2B NS3 NS4A NS4B

1

1

[22a][] [ ][]

BEERBOBREVAMIVAKFDOHK
K2 75E™AILX RNA DEE#IE

Cleaved NS3

FBEEREOBRE IOV VT

I = e
@ VT FIRTFE—E
V ourHiNED)UREER

TITETA VAR T TET A VABD T A )V AE—REED (HRNA 7 A VA TH D, 74 VARNAGF ¥ v THiEZE SO,
RYAT—=NVEREZZW, TA VA RNAFREE®EEO 1 RKOFR) JurA & LTEREN, R) 7u574 O ERDIV—
AUVBNIEED Y FFINVRTFFF—LIZL YRS, R 7u5 4 OMBEMEY A VvARKOL) v Fas T —EThH
HNS3 & Uy BIZ XTI ENG., YA NVARTIE7 A VARNA & C,prM BLUE # V87 B2 X > TS, JE
Wik 4 >~ 7327 B Tdh H NS1, NS2A, NS2B, NS3, NS4A, N4SB, NS5 (7 A )L A RNA OB G-§ 5.

BIZE5 L Twab 15,25,26,27,28,29).
3. H 74N ZADRIRR

3.1. 1947 55 2006 X TOTI H I A1 IV AR IR
7 M) TENET 7 ) hREORREICAMEL, v
¥, =7, YU ITICEENLT 7)) IRKOMTH
L. B M) THMoOEIIES 2Ty SOy TN
B SAbIZm o TR 1L kmDBGHTIC, Y O/ DY
M) THOADITICH > TER-TWSE Y. ok
TIHEBI T A2 HEDSREEBINTBY TN FETICH
B ANWVA, TTANFANIANVA, )T RNL—17 4
WA, FU 774 )VA (CHIKV), &4 %3bkEh
AN REED T A N ADEEE TV S 308, ZIKV I3
HOFNRESNME TH LT H7XFIV6EHD ) b,
40C DFEEBHFRD 5N/ VEED T 7 IV OILE D 5 H
THEEE N7z 4V A2 (MR766 #) T 5 1925, B4
IM8ETHICIE Y 7T OFCTHiESN/28 5D A
africanus ® 7 =V 5 b ZIKV 25578 (E/1#) ST
Wa U wFhow A v A58 BT Swiss albino <
Y A QRN H VSTV 5 L3 200 ZIKV (2
R4 AL bOMFEFWRETIE, =7 (1954 4F), F

42297 (1959 4F), B ¥ —2 (1960 4F), 7~ I,
ey 7)1 (19654E), = FF¥7, 7¥=7, y<U7T
(1968 4E), A K, FNFF 77V, A= IRKT—),
Foy, =T, HAN—r, %Y, ZV— ), HRY,
YRy T, Gy I (19704F) Fo7 7)) AFEEICB W
T ZIKV OFEAEDHRE S 72 3345, maor oY 74k
DIEBNL 1963 4E 12T 1 OFRT A. africanus 75 57 EEE 1L
72 ZIKV OFF I HER L 72 28 Bk TH - 72 . HHFid
I NEMER HRNCEE T 7 5 2 L BRI ATEIL T &
FURBHLTBY, I—0v by FNEMERD
FTHh2HPALTY D EERIEL . BEOERIZFEE
374C, s, BERUIREIE, BRI CH D 4 2 90 H IS5,
B3WMHIIIME L, ES5WMAIIIRELHELE. £2
W H O M D B 137 AV AH 55 HE (SES679 k) S LAl
AMERIC XY ZIKV & FE Sz Dk, 2006 4F F To ),
v rOEENST 7)) HTZIKV RS EES N z0E, A4
T ) TIIBWT 1975 FICHE S 7z 3B L UV 1971 4F
E LIS IS N E N EN 1RO ATH L. TV T
TIX 1954 2 A ¥ FTHD T ANV ADFAED L ol
HFEWRHEICL > THIE SN, ZOBIL—VT7, 74
JEY (1958 4F), NbhF24, ¥4 (19634F) 41 ¥ KA
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Jex A 0 0 544 0 1
KIE 0 227 5,335 0 102

N—=Ia—% 0 0 6 0 0

ok Axva 0 11,805 15 0 20
oK R IE 63,514 7,802 7 0 190

)T 71) 7 E 113,786 48,979 235 9 172
EES TV 231,725 137,288 11 2,952
R)ET 2,672 811 0 14

au ey 98,803 9,927 0 248

7T RV 3,954 2,397 15 0 14

)b — 7,597 1,530 22 0 0

NAALT 60,146 2,413 0 0 0

TNVEYTF 539 278 41 0 5

TV 0 0 34 0 0

NG TTA 715 20 0 0 2

TWVTT A 0 0 1 0 0

&t 583,451 223,477 6,329 20 3,720

7 (1969-1983 4F), /8% 2% » (1969-1983 4F) 125w
TEDOHFENHE SN TE Y, TOIEIRIZILEWIER 22T,
WIS N TSN 2 AT T o 72720 T 7 B 5
B SN T 2 o 72 5999,

3.2. EARIEERIE A 5 KMAD Y HEFKITHDOIEKX
VHBORA DN E RFATIZ 2007 I3 7012 T
Hox v TETRAELET®, ¥y TETORITHRIZT Y
THRITHY, 74 ¥ THEES N7k E ORIFEEATE W 39
Yy TR TIE 49 NOHEZIER] & 59 N D EEVIEFI Al S
N7z2%, BEENRHAIC LD 3L O BIRD 73% 78k G:
L7z &3l S T2 37, 2013 4R~ 2014 412 IFLFHAE )
AT RIG LD E LZEAFEEE T 400 AL Lo Y 7 2
DOFESER & 28,000 ADFEVEERIASHiH & dL7z 10414249 %
7ALGEAR ) 2 2 7 OFAT Tl ZIKV EGE & FF > - N
L —SEERE D B A O THE S 7z 49 2013 41213
FIVDA—=AF —ETKINTIZRNOTOY A BDFEAE L,
2015 4F- 4 BIZIZ7 9 DOV T35, FEE, BETE,
Wi, M%) 70 7Bk EA L L CRT-PCRIZ &
DO T A BAFEFR S 721290 201548 9 FICIiZ T 7
DIVHEILEIZ BV THHAE W o /NESE S o s s S i,
S HI/NEAENR RAEBI DK B L OERIERE ORD b
72 B R o R R 2 & ZIKV 0 RNA 25HiH & 7z 4748,
2015 4F 11 A2 77 Y VEBUF I RIESE O FEFIHE N % 52
FTTCTHERIBOWTEELRARORME LOBRAERE
(ESPIN) | #EE L7 &512 2015 4~ 2016 41213 10,232

PR PR EEREHE (PAHO) FEFREH L b S&

NDJERME ZIKV BRGRERE WV IEF] 25k S 41, ZIKV O
AT DK & Kk ZIKV BEAE DN % 520 ¢, AR
kRS (WHO) 2016 42 H 1 HIZ ZIKV JE&SfE 125 L
TEBRMIZES SN L ARORE L o %25 (PHEIC)
2EELY. 7IUNTIZ20184FE 1 H £ TI2 231,725 A
O ZIKV &G SRR & 2,952 N O /NIEIE B ASHis S
TWwa ()Y, ZIKV IEREOHRITHIE A F L ahs T
WX T FETIRL, KRE7 T FINT O/ 54T
AT S, 2017 4F 3 H O T ZIKV BgefiE 13 84 [
I THEAL, FOEERIII00 TAEZEZ, 23 DHE
& I T ZIKV BAE IR 5 ¥ 5 > - N L —EREEED
BEPREESNTVD ().

3.3. BRIZH T 3T HhBDEHALES]
INFTICHARIZBWTZIKV 2SFEL TWwWb Z & &R
TG TR <, 2013 F 12 HIALEAR ) A 760 T
B AFEGI AT S 720 b AENC BTl 2013 4F ~
2017 4E DN 20 61D T H B Dl AEBIASTRE SNTE Y,
BEOENLGIMLER) AT, 4, 79V, FI=
HIEFIE, 74 P —HHE, Dx~ A, NP LA, Fa—oN,
TAVEY, AFTaLLIITblzoTns (F3) 51529,
F/20164FEI21E 74—l ARER XD WD T
ZIKV (ZIKV/Hu/S36/Chiba/2016 # : LC191864) 23 AT
SEES N Fokd NI = A HE 2 S ZIKV/Hu/
Yokohama/1/2016 # (LC190723), N\ k J & 2 & ZIKV/
Hu/NIID123/2016 # (LC219720) %23 # S CTw 5
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10183k 5
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DHENZ B TIE 2013 E IO THAJEBI A3HGE S UTEk, 2017 4 12 A £ T2 20 Flo AJEBI ATHERR S 7z, (A #A
FEBIIZ B\ TIZB M 55%, 21 45% THEEERED Sy, (B) B OF M3 Ai1d 10 {5 40 O — i I I BN % )& T
bHolz. WASEBIEE OFE L ENTEOKFEITH R TH o 72 7 V7 5 5 O AJEG S K 30% 780 b7z,

53,54,55,56)

4. 74 IV ZADETRE

41. DH 74 IV ARG & i

CNFETIZZIKV I 17 fEOI £ 0 458 S L Tw 528,
ZDITE A LI T HE (Aedes spp.) DILTH 5. ZIKV O
JEGLBR AT RN BT 5 bk L AR BT B AT A
DEGIEN B D EEZE5NTWE (K1), TR Kges
WXRTEARH L S\, BRMESEHFMRTICAELT S A
africanus, A. apicoargenteus, A. luteocephalus, A. furcifer
HEOWOETHEILTWD EEZ ST 5 LTSI =
NFTOMBEFRETRELE, B REE2ECGLLON
FLHD S P ZIKV LA ST 505, 209 b7
YHERF AT )T TIET 7Y A2 RV (Chlorocebus
aethiops), 7 751+ (Cercopithecus Ascanius schmidti)
b v (Papio Anubis choras) T~ L — 7 Tldt o~
v — % ¥ (Pongo pigmaeus) \ZBWT, 77 I)TIik7
= F I B W TUIEFIII ZIKV DEGEATR ST
V% 5953260 2RIt |2 ZIKV 2 ERBICER S D 20
13 & A EIIARBEEEGTH S, ST A OV A UE
RES Oy oy 77y, RERICBT B
TR DY 7 B OFATTIE A aegypti 1 & 8 A. albopictus
L hOBTE b —H -t FOEREBEHRIZL TV
A. aegypti B & OV A. albopictus (& DENV £ X U8 CHIKV
O THH L. vy TETIEA hensilli, 71 ¥ F K
1) &3 7 Tld A. polynesiensis D3R i Bl OFATIZBE S L 72
EEZOLNTWA. A aegypti (AT /NS REHETH
BIHT 5 2 L STE, B IS O JL WHEIFTIZ 504 LT .

A. albopictus \ZARMLUBOHAR, 77, 7 AV 7, W
TANYS, G=—avX, TITUS, A=A NT T DL
AR L CWA, ZoBE#EIN)IEE, SUELH),
ANOFERB L O OEFRLEFEOk 2 2 EZRIC L) 204
Bz kLTnb.

A. aegypti 12 ZIKV % fE LR 8 & 72 RGBT, #%
HEY 0 HIZW DR T A )V ADFERR S /2, 10
HE ORI 2 %8 CT ZIKV 258858 L, &4 15 H~ 60 HD
P IXH 12 A, aegypti DRI 7 AV ADSFERR & 7z 00,
EHIZH DA~ T X% ZIKV &Y 61 HHE D A. aegypti 12
W &5 Z EI2E DF DA T ZIRT 5 ZIKV O G
DRER S, F/T7 7Y% ZIKV &g 72 H 40 3 54
DA aegypti IR ERD T LX) TH X FENITHT 5
ZIKV @ & g & 2 L 2% L 72 9% » T ZIKV i A
aegypti DR THIGH LT WK L THEIEH 2 i 5 1% %
R EE %, ZIKV IS L 2mid b e d 20 H
VLB ZIKV OEGR & 72 5 2 L DR EN T2,

4.2 MITHEN U B E BB

INFETIZU OFEEHMIBTEITA LS N - P&
PN G SN T WD 9 BHOMEL 2011 FI21 4 F )L
2 S KRENIRE L 72 B0 5 Wy MERUE O 2 wig i/ S— b
F R LERITH LY. oL XWEOMIEH, S
% AV A RNA A3 &7z, 2015 4R 12134 ) 7 iR E 2
BRENZJwE L 72 B D S M EMUE O 20 A28 — b
F =R LB EmESNTBY, 2oL 2 EoIE
oI ANVARNADPRIEENTWA, b b —b MRS
BT, BELSLHE = b F =D D —
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4. TIZIIWEAE/INT A NWICH T B/ NEIEERE
201542 9 ALk 7 7 2 VHEALER & H DI NEHE B O B e 3 Aasiies i, D o A W A ORMGIRRGC X B KT A
ANV AERGHE D NEIE DR K & 72 B T EEFI B B VITIHEFICHS Mz SN —fRIZE BT T A VARG L
72IEHV, A NVATMEIZEE THET 205, HIRSY I 7 A4V AERGT 5 & EEE Y A4 )V AMEDS T 5 2 & A%

ENTWD, HHRIAMEY A VATH LI A7 AV AHEIE

(WA VA 5685 H17,

DRI ETHIGE L 7o, RWOIFEEAEZ L, NEIEZ IEE

FTHEZEZLNT WD, JBERMD T T AV ZAEIHEDFF Y & L TRIMHIE ORI M D LIRS IT 5N 5.

THHD, TP SBM = N F—, BEDS B - b
F=ORFEGLHREINTEY, ZIKV IS L 2B %o
K2 O I BEMERRG:, ARG D37 4 )L A RNA
DI & 72 B DS ERAE X 7z 06676869 F 7= v f L 28
T2 s L Ot SN2 5 5 07 £ L oy,
WO AV AIEGEB THET 555, Kiho> A v
2 RNA & Bfelt ™ A v ARF- D S BRI 2
NZH 188 HB L UN69 HTdH - 7. Kilih o etk A
VARLT- %458 - Bl 5 L3 Lo, g A
VAR F ARG I IFAET & AHIMIEHS A Tld v, £
72 ZIKV i & b O, WS X ORIZB VT b R
HE, BB SN BEIAHE SN TBY 2016 4EI1ILRTE %
A L7z EHEN X N2 TR OBURGe b HE STV 5.

4.3. BFREL

2015 DT T I NIIBIT B Y HEDFATE & b IR
Tz ZIKV B E DY & B BHE 2 & /NIESE S 0 S R 1k ZIKV
JEBRE O A2 s S, BRI L 0 ZIKV
DFAT L KB I EE IR Sz (K1, 4) 7.
A ZIKV 1I2J&ge L7256, MR & RIBIC B W Ty
B ANVAMIERFERT A EPHESN TS
6D 2013 4E~ 2014 BT ALFEEY AT TOY
A EGATICN T A HA M SZETIE, EROH (1 =F
o) ORAED ZIKV A G IR O/NEEDFRE) A 7 Th
HTENRIEEN, TTINONA — TN TOEFFAEIC
BT IR O ZIKV Bdens NEFESSE ) A 7 L3R
MY 552 EPME SN TS DO 25, FK
ANBRE & FEE L 72 IR VE o I B - BHLARSE A & ZIKV
RNA RPUEAME S N7z 2 &5 ZIKV XM REE M %
WE L, BIEOMEHEG THIET 2 L Z2 5T 6D,
LA LA S ZIKV 2SI 5B f % il § 2 X 5 = X 4

12OV TIARW % £ %00 O,

4.4. M %N U 7=

2016 4127 5 TV IZ BTN Z fr L 72 ZIKV f e At
wmEsh (B1). ALEERD) AT 7 TO Y HEBGATIZBW
TIE, M R+ —® 3% 5 ZIKV @ RNA 23 & 7z
B 72T M) TIBT B Y A BGRITICE VT IR
N =205 ZIKV @ RNA A ST b, RETIEIM
WHFIF D7 A VA RNA DA ) — = 7 % KM
ERWTHEG L T b, F72 ZIKV OFEERE PG Hhis
SNTBY, Wil HMEERMREIEEZETL D,

5.V HEDBRKIER & REREZH

5.1. ¥ HEDERKER

ZIKV &3 D% 50% ~ 80% I R FEM K g TH v, 5
FEL 728 D 2 0FBIREERS P, TH L. b MBI
5T HBOBRBMIE3I2 AT, PHBERETL LR
B B9, WiAIE, BETE, S, RIREHE ShE
&G EORERAT 17 H R C 80557, 13k A LIE K
HCEELS 275, FAUSBEIBUN 222 MU & 238160 b
WHENTWDE (FR). T ZIKVIEEICELBWES -
N — SRR A SSE T AR D ME SN TwE, ¥ -
N — SRR CIE Y] 2 e L b ICEB R T A L
DB, SR ZIKV ERYE O R I3 /N, BHENGIK
b, KMk, B, BE, % TENSERE
JKBESE, HERE, MBLEE, RAAIKIESEOLRERE TH
7z 81,82,83,84)_

52. DHIAINADEEREDS
ZIKV O HAEANORATHAEE THREAESN TV R WD
BRI ZIKV B i 2 2 B DI EH L 7- 805
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Wbl FFIoOMENSOHMETHLI EED
WMEEEMBE L B, ¥ BOMEES W3R E A &
MEFRELED S D, B ZIESED S 07 4 v 258
HEVIETANVABLTFOMILEZHNE L, HBEXILYA
VAR E B L § 5. 7 4V A5 BER RN 2
BEOIMTE, M3EHLWVIERTHY, TOHEIZIET 7))
713 KU VB D Vero Ml = A. albopictus H % D
C6/36 M5 % I\ 5 8. v 4 )V Z#AEF DM IE
RT-PCR #, ') 7% A & RT-PCR #:, RT-Lamp %56
FaENTHBY, ENMIBOTEMLE R TV B 868739,
PUE O EIZPT ZIKV IgM o, 2 (59t 5 B UL
W) B XOEES GEwE 1 EME) ICEsxT I
HHWZ:, B ZIKV mfbuE o f &% LA 2R 5
SR BBV THEED ZIKV M % FE 5 L T L K
PEFETE R WIGEAIZIIMo Y £ v AMEEE ZEIZVWI
LUENH L. DA BOEE RN B ERER, AT
WiF, BEAAAEET LT TG HVIEF Y LT =T
Thb., TOMIARY =2, #HH, TTANFA
VB F=a = a B VR Rk, AT vk
NARXL T 7D B\ IEBG MBI CHRAT L TV Ao
BEMIRE (w507, BT 7A, BBEFTA AT
IV, VLT MNAETIE) LO\BOEETH L.

6. ;8B ETFH

—fIZ ZIKV G0 3 2 R A iid 2 <, KHERE
ENRPLTHES, o754 VADT 75> L[HE
BRIZE & ¥ 287 ISR 5 PRIPUER O 5538 A ZIKV O Bl
WIZLENTH D LIRS T 3 8990919298420
L7z CHE ARiGib7 25, DNAT 7 F >,
mRNA 7 7 F >, §EETsrFy, FX5392F2 7
FTIIANA, FRIBIANVASHENET 7 =T 74 VA
Ny 7 —%FP LT 7 F EOREPENICTHED 5
Tw5 92,95,96,97,98,99,100,101,55). }E‘Tf v ]\ 753‘ ZIKV |2 E}ﬁ%’g" 2z
VA7 &R T ERFERIIWIIRIMENS Z & 2T 5 2
ETHDH., FTOOIITW O - BB L Ol o 25 %
W 2 2 EDRBETH L. ZIKV ORI BV TIiX
W oMzl C-oloZE R S1F5 2, NN-
diethyl-3-methylbenzamide (DEET : 714 — b ) & A W& A
IV Ty (€AY YY) HExEER T EYICHEET S
LG ENEETHL. SHERNIEL L 2R KR L
DEFIATEESL L IHA L, KO TIIIEHL 2.
FBEI T ALED V. FRICBWTIRBORA
A2 ) =y (W) OfE, WO L E KD
BRAEDPEETH L. HBHA B W I OB %
HEYAY, EBEEREOEEYOLRSE, BHA XY FTO
SRR OERh 72 EANEEE %0 B HARDERIZ F 7ZEN
G DD 5N WHIFIZ BN T D AR —7 4 VAR A
L 7285802 2.0 & OFEfBh Ik & BRER A CH A, 2013

LR H AN OB AFEBIAFEA L7722 & 55 b iitfTi
BUZHEMT 258 ICER 2 L L § 5 2 L FERE S
NLERETH 5.

7.8HUIC

2013 FFIZHOTF ) DA — A Y — B THERR S L7 K I
T ZIKV OB RO T4 5 1) 7B EN
EHETIHRLA. 5122013 FITIFERDENZ BVTH)
O THAGES] D ey Sz, L7zhio THE, #ilEsk B
Hiii & % XA 2 tF ) SEBVR R 2R $ B - AT D
B NEEZZE L EMIT Y 78, Fo 0727
Bl b HICRERE ZBIZON L LEDNH L. ZIKV OF)
M3, S, BREFOERDSBECED Y, £ DIRN
DT TN TH B 720 BN DA HS 5D EA~D
ZIKV DR AT T W % 785 S vy, BRI ZIKV &G E 1,
FEPNC L) ZOEIEE IR~ Th DA, EEOBMET I
VGBS HT12DT 7 F ¥ DRENPBIIND . RBEGIEIX
[EGE DT B B OTEAE D FBE 20§ 2 BRI 5
Bl TAFBIGEICTRESINTBY, 77 F Y FERRLS
NTWn/zed, FRATEICBIT 5 T 7 B OiATIRI % {84
L, Wk E+0EBT 52 L RORERE, Mg, H
WAER, 17E WESERERE O —F O AR OREZ A KD &
ns.

E

RABHN & F N2 HFFE 0 —EBI1E H A S0 7E B S i
(AMED) oE##H5 [JP18fk0108035] DI TIiTb &
L7z E2ARIROBITICS 725 T TR 7o )
EEAET R OB, RS OE, £ ORFEFEE O
BhE, L CERZEIGENIIEATY 1 )V 25 1 HOERRIZ 0
L DEHHE L LT

FFBRBRICOVT

AFZBEE L, BR T <& FIRRAA R BIERIC & 2 33 1L
bHEEA.

SEW

1) Sakkas H, Economou V, Papadopoulou C. 2016. Zika
virus infection: Past and present of another emerging
vector-borne disease. ] Vector Borne Dis 53:305-311.

2) Wang A, Thurmond S, Islas L, Hui K, Hai R. 2017. Zika
virus genome biology and molecular pathogenesis.
Emerg Microbes Infect 6:e13.

3) Yun SI, Lee YM. 2017. Zika virus. An emerging flavivi-
rus. ] Microbiol.

4) Holbrook MR. 2017. Historical perspectives on flavivi-
rus research. Viruses.

5) Kindhauser MK, Allen T, Frank V, Santhana RS, Dye
C. 2016. Zika: the origin and spread of a mosquito-
borne virus. Bull World Health Organ 94:675-686C.



6)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Mlakar J, Korva M, Tul N, Popovié M, Poljsak-Prijatel;
M, Mraz J, Kolenc M, Resman Rus K, Vesnaver
Vipotnik T, Fabjan Vodusek V, Vizjak A, PiZzem ],
Petrovec M, Av§i¢ Zupanc T. 2016. Zika Virus
Associated with Microcephaly. N Engl ] Med 374:951-
958.

Haddow AD, Woodall JP. 2016. Distinguishing between
Zika and Spondweni viruses. Bull World Health Organ
94:711-711A.

MacNamara E N. 1954. Zika virus. A report on three
cases of human infection during an epidemic of jaun-
dice in Nigeria. Trans R Soc Trop Med Hyg 48:139-
145.

Marchette NJ, Garcia R, Rudnick A. 1969. Isolation of
Zika virus from Aedes aegypti mosquitoes in Malay-
sia. Am ] Trop Med Hyg 18:411-415.

Barrows NJ, Campos RK, Liao K-C, Prasanth KR,
Soto-Acosta R, Yeh S-C, Schott-Lerner G, Pompon ],
Sessions OM, Bradrick SS, Garcia-Blanco MA. 2018.
Biochemistry and Molecular Biology of Flaviviruses.
Chem Rev 118:acs.chemrev.7b00719.

Sirohi D, Chen Z, Sun L, Klose T, Pierson TC, Ross-
mann MG, Kuhn R]. 2016. The 3.8 A resolution cryo-
EM structure of Zika virus. Science (80-) 352:467-470.
Kostyuchenko VA, Lim EXY, Zhang S, Fibriansah G,
Ng TS, Ooi JSG, Shi J, Lok SM. 2016. Structure of the
thermally stable Zika virus. Nature 533:425-428.
Annamalai AS, Pattnaik A, Sahoo BR, Muthukrishnan
E, Natarajan SK, Steffen D, Vu HLX, Delhon G, Osorio
FA, Petro TM, Xiang S, Pattnaik AK. 2017. Zika Virus
Encoding Non-Glycosylated Envelope Protein is
Attenuated and Defective in Neuroinvasion. J Virol
91:JVI.01348-17.

Fontes-Garfias CR, Shan C, Luo H, Muruato AE,
Medeiros DBA, Mays E, Xie X, Zou J, Roundy CM,
Wakamiya M, Rossi SL, Wang T, Weaver SC, Shi PY.
2017. Functional Analysis of Glycosylation of Zika
Virus Envelope Protein. Cell Rep 21:1180-1190.
Abbink P, Stephenson KE, Barouch DH. 2018. Zika
virus vaccines. Nat Rev Microbiol 1.

Egloff MP, Benarroch D, Selisko B, Romette JL,
Canard B. 2002. An RNA cap (nucleoside-2'-O-)-meth-
yltransferase in the flavivirus RNA polymerase NS5:
Crystal structure and functional characterization.
EMBO J 21:2757-2768.

Ray D, Shah A, Tilgner M, Guo Y, Zhao Y, Dong H,
Deas TS, Zhou Y, Li H, Shi P-Y. 2006. West Nile Virus
5'-Cap Structure Is Formed by Sequential Guanine
N-7 and Ribose 2'-O Methylations by Nonstructural
Protein 5. ] Virol 80:8362-8370.

Preugschat E Yao C-W, Strauss JH. 1990. In Vitro Pro-
cessing of Dengue Virus Type 2 Nonstructural Pro-
teins NS2A, NS2B, and NS3. J Virol 64:4364-4374.

Liu M, Wang Y, Lu G, Zhang Z. 2014. Logit-Based
Merging Behavior Model for Uncontrolled Intersec-
tions in China. ] Transp Eng 140:04014059.

FALGOUT B, PETHEL M, ZHANG YM, LAI CJ. 1991.
Both Nonstructural Proteins Ns2B and Ns3 Are
Required for the Proteolytic Processing of Dengue

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

(WA VA

Virus Nonstructural Proteins. ] Virol 65:2467-2475.
Zhang L, Maruthi Mohan P, Padmanabhan R. 1992.
Processing and Localization of Dengue Virus Type 2
Polyprotein Precursor NS3-NS4A-NS4B-NS5. J Virol
66.7549-7554.

Cahour A, Falgout B, Lai CJ. 1992. Cleavage of the
dengue virus polyprotein at the NS3/NS4A and
NS4B/NS5 junctions is mediated by viral protease
NS2B-NS3, whereas NS4A/NS4B may be processed
by a cellular protease. J Virol 66:1535-42.

Zhou Y, Ray D, Zhao Y, Dong H, Ren S, Li Z, Guo Y,
Bernard KA, Shi P-Y, Li H. 2007. Structure and Func-
tion of Flavivirus NS5 Methyltransferase. J Virol
81:3891-3903.

Issur M, Geiss BJ, Bougie I, Picard-Jean E, Despins S,
Mayette J, Hobdey SE, Bisaillon M. 2009. The flavivi-
rus NS5 protein is a true RNA guanylyltransferase
that catalyzes a two-step reaction to form the RNA
cap structure. Rna 15:2340-2350.

Heinz FX, Stiasny K. 2012. Flaviviruses and their anti-
genic structure. J Clin Virol 55:289-295.

Muller DA, Young PR. 2013. The flavivirus NSI1 pro-
tein. Molecular and structural biology, immunology,
role in pathogenesis and application as a diagnostic
biomarker. Antiviral Res 98:192-208.

Stettler K, Beltramello M, Espinosa DA, Graham V,
Cassotta A, Bianchi S, Vanzetta F, Minola A, Jaconi S,
Mele E, Foglierini M, Pedotti M, Simonelli L, Dowall S,
Atkinson B, Percivalle E, Simmons CP, Varani L, Blum
J, Baldanti F, Cameroni E, Hewson R, Harris E, Lanza-
vecchia A, Sallusto F, Corti D. 2016. Specificity, cross-
reactivity, and function of antibodies elicited by Zika
virus infection. Science (80- ) 353:823-826.

Elong Ngono A, Vizcarra EA, Tang WW, Sheets N, Joo
Y, Kim K, Gorman M]J, Diamond MS, Shresta S. 2017.
Mapping and Role of the CD8+ T Cell Response Dur-
ing Primary Zika Virus Infection in Mice. Cell Host
Microbe 21:35-46.

Wen J, Tang WW, Sheets N, Ellison ], Sette A, Kim K,
Shresta S. 2017. Identification of Zika virus epitopes
reveals immunodominant and protective roles for den-
gue virus cross-reactive CD8+T cells. Nat Microbiol
2:17036.

Dick GWA. 1953. Paper: Epidemiological notes on
some viruses isolated in Uganda (Yellow fever, Rift
Valley fever, Bwamba fever, West Nile, Mengo, Semliki
forest, Bunyamwera, Ntaya, Uganda S and Zika virus-
es). Trans R Soc Trop Med Hyg 47:13-48.

McCrae AWR, Kirya BG. 1982. Yellow fever and Zika
virus epizootics and enzootics in Uganda. Trans R Soc
Trop Med Hyg 76:552-562.

Dick GW. WA. 1952. Zika virus (II). Pathogenicity and
physical properties. Trans R Soc Trop Med Hyg
46:521-534.

Geser A, Henderson BE, Christensen S. 1970. A multi-
purpose serological survey in Kenya. 2. Results of
arbovirus serological tests. Bull World Health Organ
43:539-552.

Fagbami AH. 1979. Zika virus infections in Nigeria:

E684& W1,



pp.1-12,

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

2018)

Virological and seroepidemiological investigations in
Oyo State. ] Hyg (Lond) 83:213-219.

Simpson DIHIH. 1964. Zika virus infection in man.
Trans R Soc Trop Med Hyg 58:335-337.

Jung NR. 2016. Clarifying the legal ambiguity in arti-
cle 2.2.2(I1I) of the anti-dumping agreement: A pro-
posed set of interpretative guidelines for “Any other
reasonable method.” Asian ] WTO Int Heal Law Policy
11:369-394.

Duffy MR, Chen T-H, Hancock WT, Powers AM, Kool
JL, Lanciotti RS, Pretrick M, Marfel M, Holzbauer S,
Dubray C, Guillaumot L, Griggs A, Bel M, Lambert AJ,
Laven ], Kosoy O, Panella A, Biggerstaff B], Fischer
M, Hayes EB. 2009. Zika Virus Outbreak on Yap
Island, Federated States of Micronesia. N Engl ] Med
360:2536-2543.

Hayes EB. 2009. Zika virus outside AfricaEmerging
Infectious Diseases.

Lanciotti RS, Kosoy OL, Laven JJ, Velez JO, Lambert
AJ, Johnson AJ, Stanfield SM, Duffy MR. 2008. Genetic
and serologic properties of Zika virus associated with
an epidemic, Yap State, Micronesia, 2007. Emerg
Infect Dis 14:1232-1239.

Roth A, Mercier A, Lepers C, Hoy D, Duituturaga S,
Benyon E, Guillaumot L, Souares Y. 2014. Concurrent
outbreaks of dengue, chikungunya and Zika virus
infections — an unprecedented epidemic wave of mos-
quito-borne viruses in the Pacific 2012-2014. Eurosur-
veillance 19.

Cao-Lormeau V-M, Musso D. 2014. Emerging arbovi-
ruses in the Pacific. Lancet 384:1571-1572.

Tognarelli J, Ulloa S, Villagra E, Lagos J, Aguayo C,
Fasce R, Parra B, Mora J, Becerra N, Lagos N, Vera L,
Olivares B, Vilches M, Fernandez J. 2016. A report on
the outbreak of Zika virus on Easter Island, South
Pacific, 2014. Arch Virol 161:665-668.
Dupont-Rouzeyrol M, O'Connor O, Calvez E, Daurés
M, John M, Grangeon J-P, Gourinat A-C. 2015. Co-
infection with Zika and Dengue Viruses in 2 Patients,
New Caledonia, 2014. Emerg Infect Dis 21:381-382.
Cao-Lormeau V-MM, Blake A, Mons S, Lastere S,
Roche C, Vanhomwegen J, Dub T, Baudouin L, Teissier
A, Larre P, Vial A-LL, Decam C, Choumet V, Halstead
SK, Willison HJ, Musset L, Manuguerra J-CC, Despres
P, Fournier E, Mallet H-PP, Musso D, Fontanet A, Neil
J, Ghawché F. 2016. Guillain-Barré Syndrome outbreak
associated with Zika virus infection in French Polyne-
sia: A case-control study. Lancet 387:1531-1539.

Foy BD, Kobylinski KC, Foy JLC, Blitvich B]J, da Rosa
AT, Haddow AD, Lanciotti RS, Tesh RB. 2011. Proba-
ble Non-Vector-borne Transmission of Zika Virus, Col-
orado, USA. Emerg Infect Dis 17:880-882.

Zanluca C, De Melo VCA, Mosimann ALP, Dos Santos
GIV, dos Santos CND, Luz K. 2015. First report of
autochthonous transmission of Zika virus in Brazil.
Mem Inst Oswaldo Cruz 110:569-572.

Microcephaly Epidemic Research Group. 2016. Micro-
cephaly in Infants, Pernambuco State, Brazil, 2015.
Emerg Infect Dis 22:1090-1093.

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

de Araujo TVB, Ximenes RA de A, Miranda-Filho D de
B, Souza WV, Montarroyos UR, de Melo APL, Valon-
gueiro S, de Albuquerque M de FPM, Braga C, Filho
SPB, Cordeiro MT, Vazquez E, Cruz D di CS, Hen-
riques CMP, Bezerra LCA, Castanha PM da S, Dhalia
R, Marques-Junior ETA, Martelli CMT, Rodrigues LC.
2017. Association between microcephaly, Zika virus
infection, and other risk factors in Brazil: Final report
of a case-control study. Lancet Infect Dis.

Hennessey M, Fischer M, Staples JE. 2016. Zika Virus
Spreads to New Areas — Region of the Americas,
May 2015-January 2016. MMWR Morb Mortal Wkly
Rep 65:55-58.

Kutsuna S, Kato Y, Takasaki T, Moi M, Kotaki A,
Uemura H, Matono T, Fujiya Y, Mawatari M, Takeshi-
ta N, Hayakawa K, Kanagawa S, Ohmagari N. 2014.
Two cases of Zika fever imported from French Polyne-
sia to Japan, December 2013 to January 2014 [correct-
ed]. Euro Surveill 19.

Shinohara K, Kutsuna S, Takasaki T, Moi ML, Ikeda
M, Kotaki A, Yamamoto K, Fujiya Y, Mawatari M,
Takeshita N, Hayakawa K, Kanagawa S, Kato Y, Ohm-
agari N. 2016. Zika fever imported from Thailand to
Japan, and diagnosed by PCR in the urines. ] Travel
Med 23:tav011.

Kutsuna S, Kato Y, Nakayama E, Taniguchi S, Takasa-
ki T, Yamamoto K, Takeshita N, Hayakawa K, Kanaga-
wa S, Ohmagari N. 2017. A case of consecutive infec-
tion with Zika virus and Chikungunya virus in Bora
Bora, French Polynesia. ] Infect Chemother 23:114-
116.

Hashimoto T, Kutsuna S, Tajima S, Nakayama E,
Maeki T, Taniguchi S, Lim CK, Katanami Y, Takeshita
N, Hayakawa K, Kato Y, Ohmagari N. 2017. Importa-
tion of Zika virus from Vietnam to Japan, November
2016. Emerg Infect Dis 23:1222-1225.

Kato F, Tajima S, Nakayama E, Kawai Y, Taniguchi S,
Shibasaki K, Taira M, Maeki T, Lim CK, Takasaki T,
Saijo M. 2017. Characterization of large and small-
plaque variants in the Zika virus clinical isolate ZIKV/
Hu/S36/Chiba/2016. Sci Rep 7:16160.

Taira M, Ogawa T, Nishijima H, Yamamoto K, Hotta C,
Akita M, Tajima S, Saijo M. 2017. The First Case of
Zika Virus Isolated from a Japanese Patient Who
Returned to Japan from Fiji in 2016. Jpn J Infect Dis
70:586-589.

Ozawa H, Tajima S, Nakayama E, Kato K, Yamashita
A, Sekizuka T, Kuroda M, Usuku S. 2018. Isolation and
Complete Genome Sequencing of Zika Virus Imported
from the Dominican Republic to Japan. Jpn J Infect Dis
71.72-74.

Weinbren M. P, Williams M. C. 1958. Zika virus. Fur-
ther isolations in the zika area, and some studies on
the strains isolated. Trans R Soc Trop Med Hyg
52:263-268.

HADDOW AJ, WILLIAMS MC, WOODALL JP, SIMP-
SON DI, GOMA LK. 1964. Twelve Isolations of Zika
Virus From Aedes (Stegomyia) Africanus (Theobald)
Taken in and Above a Uganda Forest. Bull World



10

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

Health Organ 31:57-69.

Bueno MG, Martinez N, Abdalla L, Duarte dos Santos
CN, Chame M. 2016. Animals in the Zika Virus Life
Cycle: What to Expect from Megadiverse Latin Amer-
ican Countries. PLoS Negl Trop Dis 10:e0005073.

de Oliveira-Filho EF, Oliveira RAS, Ferreira DRA,
Laroque PO, Pena L], Valenca-Montenegro MM, Mota
RA, Gil LHVG. 2018. Seroprevalence of selected flavi-
viruses in free-living and captive capuchin monkeys in
the state of Pernambuco, Brazil. Transbound Emerg
Dis.

Nguyen SM, Antony KM, Dudley DM, Kohn S, Sim-
mons HA, Wolfe B, Salamat MS, Teixeira LBC, Wiepz
GJ, Thoong TH, Aliota MT, Weiler AM, Barry GL,
Weisgrau KL, Vosler L], Mohns MS, Breitbach ME,
Stewart LM, Rasheed MN, Newman CM, Graham ME,
Wieben OE, Turski PA, Johnson KM, Post J, Hayes JM,
Schultz-Darken N, Schotzko ML, Eudailey JA, Permar
SR, Rakasz EG, Mohr EL, Capuano S, Tarantal AF,
Osorio JE, O'Connor SL, Friedrich TC, O'Connor DH,
Golos TG. 2017. Highly efficient maternal-fetal Zika
virus transmission in pregnant rhesus macaques.
PLoS Pathog 13:¢1006378.

Aid M, Abbink P, Larocca RA, Boyd M, Nityanandam
R, Nanayakkara O, Martinot AJ, Moseley ET, Blass E,
Borducchi EN, Chandrashekar A, Brinkman AL, Mol-
loy K, Jetton D, Tartaglia L], Liu J, Best K, Perelson
AS, De La Barrera RA, Lewis MG, Barouch DH. 2017.
Zika Virus Persistence in the Central Nervous System
and Lymph Nodes of Rhesus Monkeys. Cell 169:610-
620.e14.

Chiu CY, Sanchez-San Martin C, Bouquet J, Li T, Yagi
S, Tamhankar M, Hodara VL, Parodi LM, Somasekar
S, Yu G, Giavedoni LD, Tardif S, Patterson J. 2017.
Experimental Zika Virus Inoculation in a New World
Monkey Model Reproduces Key Features of the
Human Infection. Sci Rep 7:17126.

Boorman JPT, Porterfield JS. 1956. A simple technique
for infection of mosquitoes with viruses transmission
of Zika virus. Trans R Soc Trop Med Hyg 50:238-242.
Stassen L, Armitage CW, van der Heide DJ, Beagley
KW, Frentiu FD. 2018. Zika virus in the male repro-
ductive tract. Viruses. Multidisciplinary Digital Pub-
lishing Institute (MDPI).

Deckard DT, Chung WM, Brooks JT, Smith JC, Woldai
S, Hennessey M, Kwit N, Mead P. 2016. Male-to-Male
Sexual Transmission of Zika Virus — Texas, January
2016. MMWR Morb Mortal Wkly Rep 65:372-374.
Davidson A, Slavinski S, Komoto K, Rakeman J, Weiss
D. 2016. Suspected Female-to-Male Sexual Transmis-
sion of Zika Virus — New York City, 2016. MMWR
Morb Mortal Wkly Rep 65:716-717.

Musso D, Roche C, Robin E, Nhan T, Teissier A, Cao-
Lormeau VM. 2015. Potential sexual transmission of
zika virus. Emerg Infect Dis 21:359-361.

Mansuy JM, Pasquier C, Daudin M, Chapuy-Regaud S,
Moinard N, Chevreau C, Izopet ], Mengelle C, Bujan
L. 2016. Zika virus in semen of a patient returning
from a non-epidemic area. Lancet Infect Dis.

70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

81)

(WA VA

Bagasra O, Addanki KC, Goodwin GR, Hughes BW,
Pandey P, McLean E. 2017. Cellular Targets and
Receptor of Sexual Transmission of Zika Virus. Appl
Immunohistochem Mol Morphol 25:679-686.

Joguet G, Mansuy JM, Matusali G, Hamdi S,
Walschaerts M, Pavili L, Guyomard S, Prisant N,
Lamarre P, Dejucg-Rainsford N, Pasquier C, Bujan L.
2017. Effect of acute Zika virus infection on sperm and
virus clearance in body fluids: a prospective observa-
tional study. Lancet Infect Dis 17:1200-1208.

Rubin R. 2016. A young woman contemplating travel
abroad: What she needs to know about Zika virus
infection. Consultant 56:1024-1025.

Bhatnagar J, Rabeneck DB, Martines RB, Reagan-
Steiner S, Ermias Y, Estetter LBC, Suzuki T, Ritter J,
Keating MK, Hale G, Gary J, Muehlenbachs A, Lam-
bert A, Lanciotti R, Oduyebo T, Meaney-Delman D,
Bolanos F, Saad EAP, Shieh W], Zaki SR. 2017. Zika
virus RNA replication and persistence in brain and
placental tissue. Emerg Infect Dis 23:405-414.

Miner JJ, Cao B, Govero J, Smith AM, Fernandez E,
Cabrera OH, Garber C, Noll M, Klein RS, Noguchi KK,
Mysorekar IU, Diamond MS. 2016. Zika Virus Infec-
tion during Pregnancy in Mice Causes Placental Dam-
age and Fetal Demise. Cell 165:1081-1091.

Toos S, Mallet H-PP, Leparc Goffart I, Gauthier V, Car-
doso T, Herida M. 2014. Current Zika virus epidemiol-
ogy and recent epidemicsMedecine et Maladies Infec-
tieuses.

Cauchemez S, Besnard M, Bompard P, Dub T, Guil-
lemette-Artur P, Eyrolle-Guignot D, Salje H, Van Kerk-
hove MD, Abadie V, Garel C, Fontanet A, Mallet HP.
2016. Association between Zika virus and microcepha-
ly in French Polynesia, 2013-15: A retrospective study.
Lancet 387:2125-2132.

Lazear HMM, Govero J, Smith AMM, Platt DJJ, Fer-
nandez E, Miner JJJ, Diamond MSS. 2016. A Mouse
Model of Zika Virus Pathogenesis. Cell Host Microbe
19:720-730.

Musso D, Nhan T, Robin E, Roche C, Bierlaire D,
Zisou K, Shan Yan A, Cao-Lormeau VM, Broult J.
2014. Potential for Zika virus transmission through
blood transfusion demonstrated during an outbreak in
French Polynesia, November 2013 to February 2014.
Eurosurveillance 19:20761.

Filipe AR, Martins CMV V., Rocha H. 1973. Laboratory
infection with Zika virus after vaccination against yel-
low fever. Arch Gesamte Virusforsch 43:315-319.
Cerbino-Neto J, Mesquita EC, Souza TML, Parreira V,
Wittlin BB, Durovni B, Lemos MCE, Vizzoni A, Bispo
de Filippis AM, Sampaio SA, de Santis Goncalves B,
Bozza FA. 2016. Clinical manifestations of zika virus
infection, Rio de Janeiro, Brazil, 2015. Emerg Infect
Dis 22:1318-1320.

Oliveira Melo AS, Malinger G, Ximenes R, Szejnfeld
PO, Alves Sampaio S, Bispo De Filippis AM. 2016.
Zika virus intrauterine infection causes fetal brain
abnormality and microcephaly: Tip of the iceberg?
Ultrasound Obstet Gynecol 47.6-7.

E684& W1,



pp.1-12,

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)

2018)

Satterfield-Nash A, Kotzky K, Allen ], Bertolli J,
Moore CA, Pereira 10, Pessoa A, Melo F, Santelli ACF
e S, Boyle CA, Peacock G. 2017. Health and Develop-
ment at Age 19-24 Months of 19 Children Who Were
Born with Microcephaly and Laboratory Evidence of
Congenital Zika Virus Infection During the 2015 Zika
Virus Outbreak — Brazil, 2017. MMWR Morb Mortal
Wkly Rep 66:1347-1351.

Chimelli L, Melo ASO, Avvad-Portari E, Wiley CA,
Camacho AHS, Lopes VS, Machado HN, Andrade C V,,
Dock DCA, Moreira ME, Tovar-Moll E, Oliveira-Szejn-
feld PS, Carvalho ACG, Ugarte ON, Batista AGM,
Amorim MMR, Melo FO, Ferreira TA, Marinho JRL,
Azevedo GS, Leal JIBE, da Costa REM, Rehen S, Arru-
da MB, Brindeiro RM, Delvechio R, Aguiar RS, Tanuri
A. 2017. The spectrum of neuropathological changes
associated with congenital Zika virus infection. Acta
Neuropathol 133:983-999.

Soares de Oliveira-Szejnfeld P, Levine D, Melo AS de
O, Amorim MMR, Batista AGM, Chimelli L, Tanuri A,
Aguiar RS, Malinger G, Ximenes R, Robertson R, Sze-
jnfeld J, Tovar-Moll E. 2016. Congenital Brain Abnor-
malities and Zika Virus: What the Radiologist Can
Expect to See Prenatally and Postnatally. Radiology
281:203-218.

Way HJ, Bowen ETW, Platt GS. 1976. Comparative
studies of some African arboviruses in cell culture and
in mice. J Gen Virol 30:123-130.

Pierre V, Drouet MT, Deubel V. 1994. Identification of
mosquito-borne flavivirus sequences using universal
primers and reverse transcription/polymerase chain
reaction. Res Virol 145:93-104.

Kurosaki Y, Martins DBG, Kimura M, Catena ADS,
Borba MACSM, Mattos SDS, Abe H, Yoshikawa R, De
Lima Filho JL, Yasuda J. 2017. Development and evalu-
ation of a rapid molecular diagnostic test for Zika
virus infection by reverse transcription loop-mediated
1sothermal amplification. Sci Rep 7:13503.

Kamiyama N, Soma R, Hidano S, Watanabe K, Umeki-
ta H, Fukuda C, Noguchi K, Gendo Y, Ozaki T, Sonoda
A, Sachi N, Runtuwene LR, Miura Y, Matsubara E,
Tajima S, Takasaki T, Eshita Y, Kobayashi T. 2017.
Ribavirin inhibits Zika virus (ZIKV) replication in vitro
and suppresses viremia in ZIKV-infected STAT1-defi-
cient mice. Antiviral Res 146:1-11.

Kyle Austin S, Dowd KA. 2014. B cell response and
mechanisms of antibody protection to west nile virus.
Viruses.

Lim CK, Takasaki T, Kotaki A, Kurane I. 2008. Vero
cell-derived inactivated West Nile (WN) vaccine induc-
es protective immunity against lethal WN virus infec-
tion in mice and shows a facilitated neutralizing anti-
body response in mice previously immunized with Jap-
anese encephalitis vaccine. Virology 374:60-70.

Xu M, Zuest R, Velumani S, Tukijan F, Toh YX, Appan-
na R, Tan EY, Cerny D, MacAry P, Wang CI, Fink K.
2017. A potent neutralizing antibody with therapeutic
potential against all four serotypes of dengue virus.
npj Vaccines 2:2.

92)

93)

94)

95)

96)

97)

11

Larocca RA, Abbink P, Peron JPS, de A. Zanotto PM,
Tampietro MJ, Badamchi-Zadeh A, Boyd M, Ng'ang'a
D, Kirilova M, Nityanandam R, Mercado NB, Li Z,
Moseley ET, Bricault CA, Borducchi EN, Giglio PB,
Jetton D, Neubauer G, Nkolola JP, Maxfield LE, De La
Barrera RA, Jarman RG, Eckels KH, Michael NL,
Thomas SJ, Barouch DH, Zanotto PMDA, Iampietro
M]J, Badamchi-Zadeh A, Boyd M, Ng'ang'a D, Kirilova
M, Nityanandam R, Mercado NB, Li Z, Moseley ET,
Bricault CA, Borducchi EN, Giglio PB, Jetton D, Neu-
bauer G, Nkolola JP, Maxfield LE, De La Barrera RA,
Jarman RG, Eckels KH, Michael NL, Thomas SJ,
Barouch DH. 2016. Vaccine protection against Zika
virus from Brazil. Nature 536:474-478.

Robbiani DE Bozzacco L, Keeffe JR, Khouri R, Olsen
PC, Gazumyan A, Schaefer-Babajew D, Avila-Rios S,
Nogueira L, Patel R, Azzopardi SA, Uhl LFK, Saeed
M, Sevilla-Reyes EE, Agudelo M, Yao K-H, Golijjanin J,
Gristick HB, Lee YE, Hurley A, Caskey M, Pai ],
Oliveira T, Wunder EA, Sacramento G, Nery N, Orge
C, Costa E Reis MG, Thomas NM, Eisenreich T, Wein-
berger DM, de Almeida ARP, West AP, Rice CM, Bjork-
man PJ, Reyes-Teran G, Ko Al, MacDonald MR, Nus-
senzweig MC. 2017. Recurrent Potent Human Neutral-
izing Antibodies to Zika Virus in Brazil and Mexico.
Cell 169:597-609.e11.

Wang Q, Yang H, Liu X, Dai L, Ma T, Qi J, Wong G,
Peng R, Liu S, Li J, Li S, Song J, Liu J, He J, Yuan H,
Xiong Y, Liao Y, Li J, Yang J, Tong Z, Griffin BD, Bi Y,
Liang M, Xu X, Qin C, Cheng G, Zhang X, Wang P, Qiu
X, Kobinger G, Shi Y, Yan J, Gao GE 2016. Molecular
determinants of human neutralizing antibodies isolat-
ed from a patient infected with Zika virus. Sci Transl
Med 8:369ral79-369ral79.

Abbink P, Larocca RA, De La Barrera RA, Bricault
CA, Moseley ET, Boyd M, Kirilova M, Li Z, Nganga D,
Nanayakkara O, Nityanandam R, Mercado NB, Bor-
ducchi EN, Agarwal A, Brinkman AL, Cabral C, Chan-
drashekar A, Giglio PB, Jetton D, Jimenez ], Lee BC,
Mojta S, Molloy K, Shetty M, Neubauer GH, Stephen-
son KE, Peron JPS, Zanotto PM d. A, Misamore ],
Finneyfrock B, Lewis MG, Alter G, Modjarrad K, Jar-
man RG, Eckels KH, Michael NL, Thomas SJ, Barouch
DH, Ng'ang'a D, Nanayakkara O, Nityanandam R,
Mercado NB, Borducchi EN, Agarwal A, Brinkman
AL, Cabral C, Chandrashekar A, Giglio PB, Jetton D,
Jimenez ], Lee BC, Mojta S, Molloy K, Shetty M, Neu-
bauer GH, Stephenson KE, Peron JPS, De Zanotto
PMA, Misamore ], Finneyfrock B, Lewis MG, Alter G,
Modjarrad K, Jarman RG, Eckels KH, Michael NL,
Thomas SJ, Barouch DH. 2016. Protective efficacy of
multiple vaccine platforms against Zika virus chal-
lenge in rhesus monkeys. Science (80- ) 353:1129-1132.
Richner JM, Himansu S, Dowd KA, Butler SL, Salazar
V, Fox JM, Julander JG, Tang WW, Shresta S, Pierson
TC, Ciaramella G, Diamond MS. 2017. Modified
mRNA Vaccines Protect against Zika Virus Infection.
Cell 169:176.

Muthumani K, Griffin BD, Agarwal S, Kudchodkar



12 (WA VR #68% 1%, pp.l-12, 2018)
SB, Reuschel EL, Choi H, Kraynyak KA, Duperret EK, P-YY. 2017. A live-attenuated Zika virus vaccine can-
Keaton AA, Chung C, Kim YK, Booth SA, Racine T, didate induces sterilizing immunity in mouse models.
Yan J, Morrow MP, Jiang J, Lee B, Ramos S, Broderick Nat Med 23:763-767.

KE, Reed CC, Khan AS, Humeau L, Ugen KE, Park 100) Abbink P, Larocca RA, Visitsunthorn K, Boyd M, De
YK, Maslow JN, Sardesai NY, Joseph Kim J, Kobinger La Barrera RA, Gromowski GD, Kirilova M, Peterson
GP, Weiner DB. 2016. In vivo protection against ZIKV R, Li Z, Nanayakkara O, Nityanandam R, Mercado NB,
infection and pathogenesis through passive antibody Borducchi EN, Chandrashekar A, Jetton D, Mojta S,
transfer and active immunisation with a prMEnv Gandhi P, Lesuer ], Khatiwada S, Lewis MG, Modjar-
DNA vaccine. npj Vaccines 1:16021. rad K, Jarman RG, Eckels KH, Thomas SJ, Michael

98) Brault AC, Domi A, McDonald EM, Talmi-Frank D, NL, Barouch DH. 2017. Durability and correlates of
McCurley N, Basu R, Robinson HL, Hellerstein M, vaccine protection against Zika virus in rhesus mon-
Duggal NK, Bowen RA, Guirakhoo F. 2017. A Zika Vac- keys. Sci Transl Med 9:eaao4163.
cine Targeting NS1 Protein Protects Immunocompe- 101) Kwek S Sen, Watanabe S, Chan KR, Ong EZ, Tan HC,
tent Adult Mice in a Lethal Challenge Model. Sci Rep Ng WC, Nguyen MTX, Gan ES, Zhang SL, Chan KWK,
7:14769. Tan JH, Sessions OM, Manuel M, Pompon J, Chua C,

99) Shan C, Muruato AE, Nunes BTDD, Luo H, Xie X, Hazirah S, Tryggvason K, Vasudevan SG, Ooi EE.

Medeiros DBAA, Wakamiya M, Tesh RB, Barrett AD,
Wang T, Weaver SC, Vasconcelos PFCC, Rossi SL, Shi

2018. A systematic approach to the development of a
safe live attenuated Zika vaccine. Nat Commun 9:1031.

The Recent Epidemic Spread of Zika Virus Disease

Chang-Kweng Lim
Laboratory of Arboviruses, Department of Virology I,
National Institute of Infectious Diseases, Tokyo, Japan
Mailing address
1-23-1 Toyama, Shinjuku-ku, Tokyo, Japan
Laboratory of Arboviruses, Department of Virology I, National Institute of Infectious Diseases, Tokyo, Japan

Zika virus (ZIKV) is one of the members of the Spondweni serocomplex within the genus
Flavivirus of the family Flaviviridae. The virus was first isolated from a serum specimen from a
sentinel non-human primate in the Zika forest of Uganda in 1947. ZIKV is transmitted by Aedes
aegypti and A. albopictus in an urban cycle and maintained in a sylvatic cycle between Aedes
mosquitoes and monkeys in Africa and Asia. Initially, the virus was thought to cause only mild and
nonspecific clinical symptoms in humans. However, ZIKV became a serious public health concern in
recent years due to an association with congenital malformation known as microcephaly in newborns
as well as Guillain-Barré syndrome and other neurologic disorders in adults. The severe nature of
complications of ZIKV infection have led to an urgent need for a safe and effective vaccine worldwide
including Japan. The first large outbreak of disease caused by ZIKV infection was reported from the
island of Yap, Micronesia in 2007. It was followed by outbreaks in French Polynesia, Cook Islands,
Ester Island, and New Caledonia in 2013 and 2014. In 2015, ZIKV outbreak was reported in Brazil and
has spread across the Latin America, and the Caribbean. The exact prevalence of ZIKV infection has
not been reported because of the absence of a standardized protocol for differential diagnosis and its
clinical resemblance to dengue virus and other flavivirus infections. In Japan, the first human case of
ZIK fever, who developed illness soon after returning from French Polynesia, was reported in 2013,
and until 2017, 20 imported cases were documented. Currently, research on ZIKV has progressed
remarkably thus this article aims to review recent progress in virology, epidemiology, and pathology of
ZIKV infection.



