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FENREBHEFREE - RIFHFREHDEEE @ WUREFSREEREEEI
EE{DBEHFZERIARMNOFBEERRETENERIKANRITINED » EREXR
TR 3% - AR EN=ERE (genus Flaviviruses) A @ QERERITR
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B O 2% S o 3k R BE B OR 2 HT
MROLBBEWNEAFHER —K
R[] o B A% W9 4% UL th B 48 78 i it
MBEERE MRFEBEBERA
ITRK—BEER - RBl LR EE L
MBI EY - BE/NZE EWER
BRABRE  BrFHmTENRT
HEMERRBERFNRESN - 2
#2022 FREETF L IEN LB K
BHBGERY > BraRuat LA
BAWE A B A AN
202247 A25 HEH2HEALS
B REAWARRFARE  £E&
Bl R 0 AR R - BEor BRI R
NG EHERIEFHAEHENMNN
FWE—FSE%  BRERFNH TR
REREAGEBRB AW RE2] -
EHERFHEESRTEFGH £2H
HERNERGAT  ERFEIT
B —1E A Wy B A R 2 B T 7
NMiAE - BETE—FHyes R E
EE > ETRHENRFHCER I
RENEY  FENBERLEERO %
R L B R R - AT R B
LU M kA EE LR AR
AR K MATWE A - AT REHT
AR E WSRO R L RRAT
Al MIFREE ABEXEMRERE
(Flaviviruses) I\ - EBH RATHRZ
RS &R X AR i

= 4=
1T

it

B4

ARBEIRUERSUEENE

5 7 ¥ 7% B (Ribonucleic acid, RNA)
e HRWICHH 70 £EREF - &
T B WS ROR K B R B
VEREERE MEFPTERAHE
BREAFRWNERBEEZEDR S A%
BERE M4 B HBARBERFEE
HHRE HREREREZTIRES
Bl EBEWETHFF  EREFW
RETREAURHERITHE L
W B - LB EHNFF (Dengue
virus, DENV) % > Mz T - &
F_RERARBZHELHLFBEX
T EE W DENV K/l - WS
BEREH 4 BALER EEBHAW
42 —WAHAEEE DENV RATH
WE o Wkl FEEFREREF (West
Nile virus, WNV) ¥ 1999 4 1%
(Zika virus, ZIKV) F# & 2014 F i
AN EMERIARAT > R HHERFEF
AR R L HBTIRENE
g FEFHEMNER SRR HE
BRE -HMWEREREHATERE
J B BLE H A R F (Japanese
encephalitis virus, JEV) AT & &
ARE M - A RFF (tick-
borne encephalitis virus, TBEV) 1 &
Bf B % # (Usutu virus, USUV) 7 BUM
HRATHIE TR - HER T RENA
FEEEP B4 -
ERBENRATHERRBRTH S
BEBEBENMHNER  BEER
BHRNEFERRER  AETEN
WMWALAE T RN R F AR
Bd -~ ZRHFEGHWENNHER
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TR FREIZ WY R FRRATIS] R T
B#mAm A ARFECHERE
LREEMAE - I H R RS E
LEEWMREHYNEEREE 7
%1 Tembusu virus %[6] > & %5 ik
BARERTWREERE(T - 5k
HESYE I REREENETE
FoBRBAFHIRFEENIIAN
Fo Az B 0151 © T Tembusu
virus 7 2019 & 6 &L 1 F K
FEERES] EXESRAREW
ARIUATT K B

ABRWHFERFREWERE
BHEERBERR (BERRERE
RWBHBEE AR EMEAREFW
Fem (L3~ RSTERBE R -
BB~ RRWEIE - IERAIFRR
B KREBERBIETRFAWA
¥ WEAfEnBAENERE B
RHLEWAHA (Bl ZIKV) - K4
50~80% W7 H G # R A= BAE R 0
HFT e RER > MASEHEMNR
W% E RS AR BB R IR
THRE Z 8RR FRER
AL ~ Bl 870 o 2% > B b A 3 Ak
EBRRZE L EE c ERFERET
BYHFRAWNABABREI| REREDY
FEs o Hthmi A THRAEL R RS
B0 B

1. Spondweni virus (SPOV) :
W%~ % E B — 8% B (sero-
complex) * X FER KA K ¥ Ik %
B o B RIE RN KOG R BB
B BAABREKREEAEE 2
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MAVEEBAR TR EENRSFE
ﬁ o

2. Usutu virus (USUV) : 2] & #
HAM R RE R RERER D —
I EF BN ERE > RFEE 1959 £&
MIEBH - 1996 FZHRER KK
KB R A #E 0 2015~2016 [ &
REBEBNFSIERERARER S
ML HHRFEEZALAN
o BEWEBRNEWEEEZN - A
BREGHEUBESE  EMHEIER
BB REEERKEEMNR ©

3. Tlheus virus (ILHV) : 2 8
B AR SR 0% 7 JB A B — A 7% B 0 O
#FOWMFE 1944 FHEEEEH - B
HEEEFTHEMNRT  ABREHR
BT HRBBEEMRKS - Ao eI
Jis RAEAR ©

4. Rocio virus (ROCV) : % &
B A SR 7 JB A E — A 7 B 0 O
FoOWMFE 1975 FHEEE KK
B 5 LB - ERRATH G EER
13% WRTER 20% FEHNAET
Ji SRR E % R o

5. Wesselsbron virus (WSLV) : £
Sepik ¥ % [ & 7t T 2R B oL 0 B 0
HGF - XEHE 1955 FEMFENE
FHWBEH > ERITEEWFEFN
RTRBEREFFNRERE  EAH
R4 BB ERRWER - ot e
B REAR - B A E R AR
FEEFN  BERRHRATHER
H R e

6. Tick-borne flaviviruse : £ g1 ¥
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BEFNREFEEELRA HHER
R MY KA mEEWH WAL
HimF A R ERF (bunyavirus)
WHEHNEREELE A tick-borne
encephalitis virus (TBEV) * £ E R AT
EREFBEIT - HA - REH KB
MNER > BERLETHRA RELE
WHERHEI T - B TBEV $1 7 0
B % % F Z H4 © Omsk haemorrhagic
fever virus (OHFV), Powassan virus
(POWYV), Kyasanur forest disease virus
(KFDV), Alkhurma haemorrhagic
fever virus (AHFV) and Karshi virus
(KSIV) ° & KSIV and POWV &%
% i % - T OHFV, KFDV and AHFV
R &l

BL AR EAR2HE

AXBETHRAAREEZRZ
(Bunyaviruses) - E{EFEEN T E
B 2019 F 8 K#E DB R L K
BEEARLRE - T BAA R ER
o OHREERARFTHEE > BHikH
RAROZRERCRERTWEAR
HEBEZAMEMNT A - § 8K
RERE (LWTHMBEREE) BEW
ENHBFAER RN RERE
BRmzBEREDE T ERE Gra
FEEREEZME (https://www.cdc.
gov.tw/Report) * H # B E K HF =
CEENREENREREFELR
#2015 FEWMEEBBERKE
Dtk - 68 EHBRANEER

AT > 3K 43419 EmHF - L+ 218
B3 T ° W2020~2021 £ R F K E
¥ PR AE 3 M % (COVID-19) 9% 1 %
B FRERERNEE  FEHINEAN
R EER (WBREHRREARK)
Mo RO BEE > EARMRARZS
BT ELER AR E A
REERWHEUR  ROHETE
BEEH % 30 A ET# 2R
BEREEABINGNRED  EESH
BARLHBBAE -

RN EEBEBWELRATE
HNEAARARFUTRBHEL2FAR
BAMRWENRD T  #282H
TR +4z— (B—) Fiml - 2F
8 5B A MR AR AR B & DL
HoBEBBERAETE 42— (B
o) ER L RED WM R AR
DR B AR % D = B ke
MABLAELRERET R EH
B—F R ENERERNRITHR
PHRAREFAAEREFIEF T
B 3R B AR ok o R e TR Y B o
THRERE DA EFBERE RS
03 7 5% # (Langya virus) [10] > B
SHBEBRPIETRERERZT -
BA R B— R BB 7 % e DL B
HoEBEBERBRRLENSE o

= =
Bl AU 4 18 B R oA B 0 b oy

YERELREAELE B4 YFV,
DENV, JEV, KFDV and TBEV - &
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¥ - YFV % 6% W % W% %
EWWHEREFLE © B Max Theiler
#1939 FHE @A NRAENE F R
TR 1% P B B 0B F Asibi JE Ak
(1] EFAERELETHEN RE
RETRIWEHZ—  REHT
—FIEAERGHEREZES - Fl
YFV Wk &R EARERE £
ATFEUMBMEER A RE - HEH
% F % M{ERF & E Dengvaxia fr
H AN %% #F W F /X E ChimeriVax-
JE (LW %% % IMOJEV) > WA E
B REBEFFEHEER - SA14-
14-2 E—RBEZMERW JEV &&
P WARER  LEEMNPENERZ
R EEEBLRER  TERF
R RF W SA14-14-2 JEV EH kL JE
ERERNBERKTEE > HbE
78 B B R % % {# ] ChimeriVax-JE #
HA&EE o HMF A JEV » TBEV #r
KFDV W@l # k> il
MEENERFRETLETEER
REEE  BRAECMEARRER £
CMEFEEFNEREE - Uh#EK
HRIT o
HARERER &R EER
REEDHRAERNENEETEGE &
HHBRERERADHRERNEH
Z& Bk BEEERE—ERE
FEE IR BN EERERE
i 7 A B P4 o fe ROE - W] 38 A
MERNTRE2EEG RETRERE
BEAR W) B AR R PRI T B AT G o3
BHREE  BAVEREEBER

J& (antibody-dependent enhancement)
[12] o SR & 3 e o WY &k &t A0 B % 40
ZEEBE - ENRFEEERELRY
Dengvaxia & & 2016 F# 15 TN E
— 184t DENV Jk & - E{ERA 9 &
PLEH 45 T - B8 T 5 E %7
AREHRREE HEEERATHER
AR - £FFFH2EERART
B3 TE dengue-naive B/ NREREIEH
& SRR RO R N
# o WP HIWAEWEE DENV R #
EEE (R EREBE)NF M TAK-
003 fAR B X BB XA A A E X
i 8 0 45 47 B 28 BT B TV003) 4 4l
REBSTFENBRMBER K &R F
BAR R F A 3-UTR X R FE R
7 HHRPER RABR 091k 51 R B
FMEMAERZLRELZE CF %
Hra A B (anti-prM) HEE BB RS
3% (fusion loop of envelop monomer,
FLE) z#iff > LB BEF IR
FHERPHEEHERE  MAZTHE
Dengvaxia % JZE# L ET - Hig
R mEErEH R EEREEN
MR EzZ— EhEMETeRE
B 47 1 fx 7% dengue-naive HYE A - T
TEEMTE R 8RR ETE AL
BERA > TSR FBE3] -

Boh o B A RO E B
BRERFHNIEREELATAER
XOR & - A8 BRI 5 B O S HT R B
WMEERERELENTE GF B
BEFNREE RZTR > HRLE
EREATERAAEEEER
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WEZFRELEGWAEREZHRE -
HRE A BARENERTENS
MK - R B F M - AT OSUR
FHOVBERF WX R ETIE LA B
W R k—) BT ERERZE
PR R ERNEERE > HEF
FEdER A MEEEHR
PR B AL (epitope) FEE E &
B ] fusion loop (L E [t - L &%
ERFFAKXKEN BE-dimer £ - FHib
XHBEHEIE S EDE 18 - wAE
M E AT R LR B AL (quaternary
epitope) EHRENW E ZOHEZME
RFWER > FREHRAEEZE X
AR EEERFRIAARTER W
E-dimer 3R [14] 2k i 34 8 & 0y & %
¥R #RAL15] 0 BHTETRDH
BREEERE  EAF—HELFR
WEEIR  THFBERZFATE
HEREWNILE  TEFAEREZE
SRR B BB AT R E AT > il
mRNA ZH+& B&E - "B RFHH
Bz A TRERRER

385
FRERBREERSG LNSE -
bRy

BHRMBEY B RBEE &
e~ BRESH - B —EEYRHR
AW WIE RS 10 3 15
FoomAE 23 B 28 RETZH
Elth2 B R R FZEFLE
JHFBR o 48 2015 £ F] 2021 4 0 B
BT RE 37 BILAMEB WS
ERBEWIHR - HF 20 B2 EHA
Rl (re-purposing) WY - R FE
MKREGERABRHT2EH=ZE : 0%
BERFRERE ERMFREAR
K ZEHES HYUHAHKEZ
E & H ~ NS5 RdRp (RNA-dependent
RNA polymerase) * NS2B-NS3 & H
BefrZm N EH ao-HEBEBINE
REEYRHBNEIERE  HBW
- ZREEFANA WG CHE
HE LW ERERalE A4
EEBEAEREYEER (FDA) #tE

rK— BEZUPNSREZARRESRTEE

Immunogen Host  Antibody name E-domain IC50 Neutralizing viruses References
DENV Human EDEI-C8/C10 EDE 24~95ng/mL  DENVI1-4,ZIKV [17]
ZIKV Human MZ4 DI-DIII linker 8.3 ng/mL DENV2,ZIKV, DENV3 (moderate)  [18]
ZIKV Human Z004/006 DIII 237ng/mL  DENVI,ZIKV [19]
ZIKV Human ZK116 DIII lateral ridge  52~105 ng/mL  DENV1, ZIKV [20]
ZIKV Human MZ20 DII be loop potent ZIKV,DENV1-4, JEV [18]
ZIKV Human MZ54/56 DII fusion loop  potent ZIKV,DENV1-4, WNV [18]
ZIKV Human 1Cl1 DIII lateral ridge ~ potent ZIKV,DENVI [21]

71 : DENV: dengue virus; ZIKV: zika virus; WNV: West Nile virus; JEV: Japanese encephalitis
virus; IC50: half maximal inhibitory concentration; EDE: E-dimer envelope protein; DI/II/III:

domain I/II/III of envelope protein
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B 6 4 30 % ZIKV 2 48 3% % A )
RPEHWEY BT REBER
RAHNSERRELNREFENT
21] - AL BYHET LR RERZIN
B E I 0 {E AR F RO\ ER R S B 1Y
BEYHEL  LEREREFEA/G R
IEREE N B RS B 1Y .45 celgosivir,
balapiravir, chloroquine, prednisolone
¥ lovastatin » R T i5 &b 28 4y & 18
BR R Loy z 2R - B R ER %
%7 2 A2 S HR (NST) M AE By ER R
A ERE AERERUTHA
1R Z F s A T LRI A Y
& 4T IEE (dosing frequency) °
DA celgosivir Z| - B B 7 4F W # /
BELE R AR B ERZERR
AR RELEEMEEY 75 2. K%
BEVWEATEREFRFZAR O b
R G R EAR > W—ERFML
EER FE - BB EBAR > m L
FEERRATERRRLT 55 Lt
BRI R o B biE R ER R B R
2 iy 28 R G T 3 AR ER R 37 ) R B R
RT3 REHBA R SARS-CoV-2
WENNE TR TEHEEY
(cationic amphiphilic drugs, CAD) » &
19 28 18 5 ok e DUAR T T = 4 R4
WEREME T RFA B ARFER
[22] - CAD 8 i 5 iz o B 45 A6 I 1F R
R R B AR BRI - K
MTERFER  EEFREERE
PR B 0T B A A L W e
71[23] °

¥ &8

2016 4 - Ffh £ 4 (World
Health Organization, WHO) BET—
U BEEE - DUmE s At HE R L
B R A B 2R - 2018
% BLEBEATE TKRR X, 0 ER
R — W] A6 B ok An R R HE 5 RS Y R
EEERATR24] - FAEHE® &
BEET mENEEELROER
) fx 2T 7 B K 2 3 0 3O R
FF 0 B o 3Rk 0 R IE B oo AR R
metagenomics By 7 R KX B BR R
FAg - TR EBET R E R R
Pl B LW 2% > B KHT R
W - RN BEKRIIE R mRNA &
M —RBERESRELRL
YU 7 B WA B AR AR
iR ERTEE TR R
] R IR oK 5T AR B R K R o &
T OERR RRBEFAHER
universal J% & # & & T $ 90T % A F
IR BEETRENEEAE -
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Threats from Emerging Infectious Diseases
in the Post-COVID era: Retrospective and
Prospective view of Flavivirus

Pi-Shan Hsu'", Day-Yu Chao™’

'Department of Family Medicine, Taichung Veterans General Hospital,
*Graduate Institute of Microbiology and Public Health, College of Veterinary Medicine,
3Department of Post-Baccalaureate Medicine, College of Medicine,

National Chung Hsing University, Taichung, Taiwan

SARS-CoV-2 ravaged the world for more than 2 years and caused significant
casualties, but several advances have been made through the endeavors of global
scientists, including release of whole genome sequences using next-generation
sequencing technology within a month immediately after the discovery of the
pathogen, as well as development of vaccines using mRNA technology and anti-
viral therapeutics, especially the human monoclonal antibodies developed during
the early phase of the pandemic. At this moment, most countries have adopted a co-
existence strategy. However, the pandemic brought turning points amid the crisis.
We need to learn the hard lessons from the COVID-19 pandemic to prepare for
and prevent the next pandemic. This review focuses on flaviviruses, describing its
epidemic histories, progress in vaccine and anti-viral development, and advancing
new technologies in pathogen detection and disease surveillance. An integrated
prevention strategy is proposed in response to the threat of emerging and reemerging
infectious diseases.

Key words: Emerging infectious diseases, flavivirus, dengue fever, vaccine,
antivirals
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