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Abstracts

This 3-year project updates the distribution of dengue vectors and
understands laboratory infection of chikungunya virus on common
mosquito species in Taiwan. One hundred of Aedes larvae (including
pupae) will be collected in 7,826 wards in 368 townships, 25
Counties/Cities from 2009 to 2011. Update to October, 2009, a total of
3,095 wards submitted collection of Aedes larvae and 2,066 wards
compledted submition of 100 Aedes larvae. Aedes aegypt still confined in
Kaohsiung City, Tainan City, Kaohsiung County, Pingtung County,
Tainan County, Taitung County, and Pinghu County. Comparing with
surveys in 1988-1996 and 2003-2004, new additions were Gaoshu
Township, Pingtung County, Nanhua Township, Tainan County, and
Wang-an Township, Penghu County. Aedes albopictus was commonly
found island wide below the sea level of 1,760 m. Laboratory infection of
chikungunya virus (African strain) on common mosquito species in
Taiwan was conducted. Virus replication was found in 30-40% Ae.
aegypti females 3-5 days after feeding blood contianig virus, and in 20%
Ae. albopictus 6 days after feeding. No virus replication was found in

Culex quinquefasciatus and Armigeres subalbatus females.

Keywords : Aedes aegypti, Aedes albopictus, Chikungunya virus,

Taiwan
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BT E ARG RS L ARG 9 F R H
% wa3x Aedes aegypti L. ~ v #zadx de. albopictus Skuse ~ [# X 5@
ix de. alcasidi Huang ~ % ~ saix Ade. annadalei Theobald ~ # ¥z
ix de. desmotes Giles ~ *v X zaidx de. gardnerii I1mitator
Leicester ~ 5 *mix de. malikuli Huang ~ © *z@ix de. patriciae
Mattingly % v #saix Je. pseudalbopictusBorel (i p i 2004 ) -
HY B2 pardrd Mprdsr F]l o r A B d g > L LA A5 AR
fﬁy?aﬁﬁfiiOﬁﬁ/Qﬁ*v?’/?*\%%%? o4& # (Lien 1978, Lienetal.
1992, Teng et al. 1996) > L & 3% % ¥ 3 # B - 7 8 F 4 F 30
ST R Y sk Feng A B3 (Teng et al. 1999) - & #
w2 (1986) 1% fFd F iR F F 47 L TR E A B 2 pin 2 o
SpiE A TR f 86 & TS FA A AR B AN LB B A
Brgr e Mprix s G g E B0 3 L ETHEEY P E S Ndpdic e 3 3N
FiEF2002 B FEFAARER M ASADE 0 IR FA HET
FsE > T RPp 20030 EHIR L ATHE L TR o HE B RPIFEE

ﬁﬁﬁﬁ%Uﬂjﬁ@°ﬁﬁﬁﬁﬁé%ﬁfﬁj@%ﬁﬁﬁ’ai

-ﬂ\

e &’ﬂggﬁﬁﬂﬂﬁﬁ HR R o
DI pAREE 0 TioA ¥ # 4r 1-2°C (Hansen et al.
2006 ) > ¥t 4 F"J"f,% o ﬂd»iwlé#émf}% iﬁ%:\a‘_ﬁﬂ%féh—,ﬂ%

BipEdx R R I AR S em R R e
oo bldods 2 padx o F 3t S g 300 R o BE ARG %‘Kmﬁ’.ﬁ:g“i’%dm—i
% ¥ %]3 (Chang et al. 2007)- Aifd @ 4 ¢
s XA S DA HAES . FIRE % P e T2 7 1= 2 %
HoOMUMEFF iEamE T > B2 mixt T g A 0 blick 2
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PO FRATE oo Mzaix 5 A s (Hawley et al. 1987) ~ Ta’;'% *
(Madon et al.2002)~ R I EEZ X BTl g > @ A F > S -
BBHEA B R BFLH DI 0 @ F A o PHRF F P
ROMHAIEALRA B A ADORLFTER N AAT VL BFRE

IF ~F AR B BAFE AR (Meeraus et al. 2008, Krockel et
al. 2006, Williams et al. 2007) > H ¢ x 134 %F B § KB R PFEiT
Benfip s ok # O g BN G = A(DFTH g e R
(Ooi et al. 2006) > (2) =i * g P B » 2 (J)RM# * ot A
HPE oo H P X R g P B e b (Ritchie et al. 2004,
Facchinelli et al. 2008, Kittayapong et al. 2008) ¥ F P& &
b I SR TIPS Sl s A S SN LA S S ?}?5-* BIE B IasE *
FORREREFE 9B o

&2%@4ﬂ1%3ﬁ AP REL IR TR A e
Bk o A2EME e RO T (B2 ) 2B AR R T2 (B
PAacfE IR ER) P L (P AL ER - FRE KRR ER
LT RTR B ARL RS T L) 2 5
LA I T RO IR CETT BT N I kI
BR~EG FoRFEy § A EREOEITINLIRE o T
(2005-2007 + ) fergiFEd -] & (@ 34 &% Comoros ~ & i e 7
‘v Madagascar ~ § ~ P& Réunion ~ B ¥4 & Mayotte ~ #cR & 27§
Mauritius £ % A f: § the Seychelles) it {7 » 7 | #ic4z 18 288, 000
HI(WHO 2007)-2007 & #3& ~ 17 {7 5 b #Az 18 200 H)(deLambalerie
et al. 2008, WHO 2007)- £ & (2008 # ) { fAtesini > £ 1 98
EQP 4P Sk KG 1T8BHH B P BB~ mH86 6] (8 K
TTT O~ R 4G~ 37T+ 20 PR 2GIZ S EE 25 16])



A2 mE]92 6 T kA 19 B RRE AR T (FTRELFL 52008 £
97 5pATHAE)

Approximate Global Distribution of
Chikungunya Virus, by Country, 2008

W= -~ B apeh2sk s * R (FpE2RERE AR

http://www. cdc. gov)

B 2 R s o AR BT R A 0 ¢ d
Ae. furcifer (Edwards), de. taylori Edwards, Ae. luteocephalus
Newstead, Ae. africanus (Theobald), Ae. necafricanus Cornet,
Valade & Dieng > & 7 ' B JE >t D I fE— 3 2 maix (Powers and Louge
2007, WHO 2007) > 372 & &~ ]~ FL ALY 2 HCR & 87§ I8 7 0
TRbE R G o6 Mprdx 0 BB AFHRFET 2 L B4 e K e
caspius Pallas ~Ade. detritus Hal. ~Ae. vittatus Bigot ~ %
Anopheles stephensi Liston (Mourya and Banerjee 1987, Yadav et
al. 2002, WHO 2007) - s & toypidxtip A W P07 3-5 % > )’j'*u
L7 B o a FApS iGN FE 812 AR 5T B



i 4 (Mourya and Yadav 2006) o ¥4 5 % 3 PR % #cy 0 pdris
i 3 LIBEAP FELE B IFRHFROBE L G R
(Turell et al. 1992)c k33§ L ALY “TA 3ehp 4 R aF %2 & %
i o v MBI 4 F s {8 12-14 % 5 77% (WHO 2007) > 4p
Fore MR A% 2 E 14 p o 25 3%% (Chen et al. 1993) -
By 2o & Bt o & # (Togaviridae ) a s+ b (Alphavirus )
S H U RNA £ 2 11.8kb (B1= ) F & tp# th (2R HRE L
) hEr R L] § 2 R 1A BN m Atk (k) BBl A
F1226 =% 325 - BHEZRX% (Alanine—Valine) @ s+ R % it {7
i z}:)ﬁa:}ﬁsi fv METIXAY P AF W 4eid 2 B 4 (Tsetsarkin et
al. 2007,de Lamballerie et al. 2008)- }* R %+ i 2 Flpx+ d &
2RI G e MBI ATR o KA Jls Rpix L d poA g~ T
AR engn kom L ehe Mpdix A Y - A7 At ehg k (Hawley et
al. 1987T) »'F 7 %% 5 S #s %A IR Rumix L FH 5 F
Boom R L ALPARE ] o A0 ABIIX A S A AR E 5 @ gt
P2 EF P T ERY ANk o S R Y MBIX S

oo - B

nsF1 nefF nsFS nsF C-B &2 -6 B
i S & gy
5 NTR Junclion I NTR

B= ~ B >opopa A FIMEHE (4F A Powers and Logue 2007)

PERDP DR A BRI RIS T 0 TR R
BRASR FY FHREREAMDHE 0 BRSO AE R ABEY
}Zf;?\/ﬁi—%-ﬁj},a‘ﬂjllgl;J ’ 'jﬁzp r/?f" \f]ii—a-]?"m" gt o



AL
- FEABEBEASTAS
ldx % f i B

FA IR~ ¢ RS AR g IRERT GEA B BT F R A chmiir 2 o
K T0%rpp e ¥ Fwv B2z > #2100 82 4=+ 0 7
Az AP (98-100 # ) s 30 ~ ¢ W2 g 3025 BAH 368 3 FR4L
7,826 BT 2L o

bR Y B R FREET T B 2
¢ t 7 R 2,051.47 21 411
¢ ¥ Bk 1,074.40 26 589
¢ & P Fh 4,106.44 13 261
¢ Z Rk 1,290.83 20 387
¢ o 163.43 8 214
v w &R 1,820.31 18 271
A AT < 2,052.57 29 1,016
A Gl 2,143.63 12 235
A ¥ Bk 1,220.95 13 471
At AT R 1,427.54 13 182
A N 132.76 7 157
A 377D 104.15 3 120
A e 271.80 12 449
At & Rk 151.66 6 37
At L BR A 28.80 4 22




L - KB 3,515.25 16 147
S [t 4,628.57 13 177
& £ &R 1,901.68 18 357
] o @ R 2,016.01 31 521
! B ZEHL 2,792.67 27 441
! ER N 2,775.60 33 464
& P R 126.86 6 97
% £.57 60.03 2 108
2 ooR T 175.65 6 233
& A 153.59 11 459
B3 &3 36186.64 368 7,826

2. R HADL

Fla b B8 2 ERE % €3 B s fAsgnmie o #7050 gt 38~ ¢
M~ AME g FEF2BAC AT AELERTFE % 301
Bedaiyr % NMALIAGRFLFEREPAZ A 1HFeR s
=80 Tl 2 Baixrs Bih S B(BG-sentineltraps)24 -] FF > ) 2
FUfs ~ % 'K ~ caproicacid %351 0 G digk o Haa il vk o
SR ES AT v A% E o R LN o Rz &) (98-100 £ )
w24 BEL e
3.8 % s A F B R

PR REEE s Tk F (AR P M Z i e R ki
AIR) TSt AR B 2 s pF > LA w A 2R S 100 #
WELPZ 28 T A RMAE FREGE PR 50 B2 b - AR

2-3 Broadx S 2% A B(BG-sentineltraps)— % (24 B/ B ) p 5 54
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f% ~ 4 'k ~ caproicacid # 3 31 & > & ik o HwF Ik o
S eBFEA R SR R EFH
LB fi &k 3 0%

SR ARA LOux BT 50 Azmir ~ £F 7ax Culex
quinquefasciatus Say ~ v "R § 3% Armigeres subalbatus
(Coquillett) 2 H 2 sadx » A F % 34 % 7 £ > 2 Z UK F ks

¥ 2 W40, 5xD29. 5xHT. 5 "k & & & » 4§33 14 5 =g » -2 ®4+ 10%
Bk 2TEELR o b G R B RS e SRR o TF LSRR
Sedxen @ dp (V4T {846 B AN g 5 12 0% kR o TR Bl A
“Poo F oA NTF BB Z padx A v MBX 0 B TR LRk o
2. R it ¥ chumpa ik

%iﬁ%%éﬁ%%ﬂ%ﬁﬁ%um%g%i%é@%@ﬁo?
FRUTiR ¢ ihpsa tkG 3 k0 — 5 CHK/Singapore/0611aTw/2006 > & p
Aroc A~ 2 B m A dR o B
East/Central/SouthAfricagenotype » ¥ — &
CHK/Indonesia/0706aTw/2007 » 5 p & 24 » 2 B thpmd 5 e
East/Central/SouthAfricagenotype (Shu et al.2008) -

3.k F&k

#-2-5 P #ix Brpdxr 5-10 & o 3 E A EAr > (A KR g
BA BlAE TS AU 24 A BFiF- EHFr ) EFEC
R At AR HEPN > B 28C A R4 Fa ] X8 B
SFRA AL 2R IR G 0 F Rt o iR 1]
oo R AT s S o BIE 2P {4 oo BUUPEER S JEv
w0/ )m~1p~2p 3P ~4p ~5p ~6p~12p ~18p ~24
P ~30F ~36 P - B ZMpdxs= odx B2 > T x-200C e
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AN NIFRERE A%k o A 2-3 K o
4. 3% Sy F e
b SR L 2 5 TagMan®RT-PCR # 5% > ¢ (Pastorino et al.
2004, Rezza et al.2007)-
(Dt p o+ RNA eh% B 32
a. #-H LgxF 2% 1.0ml Mc®EE Y 0 4er 0.5mL BA-1747% » ¥k
* 1 3= 78 0 3mm B IR -
BA-1:2:% 1 X medium 199 with Hanks’ balanced salt solution,
0.05 M Tris Buffer (PHT.6)
1% bovine serum albumin
0.35 g sodium bicarbonate/L
100 U streptomycin/L
100 U penicillin
25 ug amphotericin B (Fungizone)/mL
b. 14 tissue lyser B F 1 ~ 4847 Fidx f e B
c. #32Fi% » v 14000rpm & 10 4 !f;%_“,lfé R FFIE
d. P~ 1001 % 2 &7 1. 5ml Me g 8w g @ > 3 4e » 150 1 L BA-1

n>»

PRNE EEI

\

/

e. B 560 L 77 carrier RNA s0AVL 3% 3 1. 5mL A & ggs g @ o
Tder T4A0 L % 3¢ 4 e %8 > vortex 1 # 4808 £353 -

f. 28 (15~25°C)™ &% 10 4~ 4 -

g. 4u /\:sir;f]a‘:a‘— 560l » B XH- Adr B F R

AU B S E Sy o ME S PR T IRRT o

i, % @R &% 630 L 4 A = 4 3 QlAampspin column(*c % ** 2 mL

=

collection tube * )> E + 5 > 12 14000rpm #:# 2w 2 & 45 -



#-QlAampspin column *< ¥ #7172 mL collection tube } -

j. ol B QIAampspin column #7Z + » 4c »~ 500 L AWl /37% » &
+EFSF > 2 14000rpm ## i s 2 4 45 0 - QIAampspin column
¥ #rem2ml collection tube F

k. -]~ # B QIAampspin column 7% + » 4c ~ 500 L AW 272 7% » &
FESF > 0 14000rpm #id e 2 A48 0 5L T R 0 £

1. #-QIAampspin column *x ¥ &7 1. dml Ac & 3rs ¢ + > 14 14000rpm
Wigdpe 3ol REREZEY DAEEE J RO -

m. #- QlAampspin column *c & #7¢7 1. Sml M5 & g~ + > 4 » AVE 70
Lz #5210 ~ 48> 14000rpm &2 3. 2 4 450

n. #ix3t-20C & -80°C » &7 Fop= teirl ™ o

(2)TagMan®real -timeRT-PCR #& 2% = i
TagMan®real -timeRT-PCR # % = /= cofe = 4o .

Volumn/reaction
Component Pastorino et al.  [Edwards et al.
(2004 ) (2007)
2 X Reaction Mix buffer 10ul 10ul
(Invitrogen )
Forward primer Variable (9pmole ) 0.9uM
Reverse primer Variable (9pmole ) 0.9uM
Probe primer Variable (2pmole ) 1.25uM
Rnase Inhibitor ( Rnasin, Variable (8U) ---
Promega )
MgSO4 --- 6.75mM
RT/Taq (Invitrogen ) 0.8uL 0.8uL

13



Extracted RNA 2.5uL Sul
Distilledwater 6.7ul 4.2uL
Total 20uL 20uL

By 2 pate Bk e chd e gl BSIR g 40T

TERY I E B35 =% A FR R
Primer

Pastorino F-CHIK AAGCTYCGCGTCCTTTACCAAG 10366-10387

etal. R-CHIK CCAAATTGTCCYGGTCTTCCT 10554-10574

(2004) P-CHIK CCAATGTCYTCMGCCTGGACACCTTT 10465-10490
Edwards CHIKEIF TCGACGCGCCCTCTTTAA 10865-10882
et al. CHIKEIR ATCGAATGCACCGCACACT 10973-10991

(2007) CHIKEIP ACCAGCCTGCACCCATTCCTCAGAC 10902-10926

B B 2 RNA AR 10
e ¥t pe e 0 NTC (Non-Template Control ) > RNase-freewater
i#17 real-time RT-PCR ¥ B %2 £ 472 % o 2 B R A 4T » (2 i3

BRI R

Pastorino et al. Edwards et al.

Step Cycles | (2004 ) (2007)

Time |Temperature| Time [Temperature

Reverse . .
o 1 20min 50C 30min 50C
Transcription
PCR Initial . .
o 1 2min 95C 15min| 95C
Activation
Denaturation 45 Ssec 95°C 15sec 95°C

Annealing ~ . .
45 Imin 60°C 0.5min 58°C
Extension

14



e ESE CtEM> 35 Pl g A A~ | (Edward et
al. 2004 s»PCR A4 127Tbp) - F A Y ~ | EH LR ek > B ¥
Af TRt 0 i NCBI FALE W % -

(D d B 7 A

F PRI ERFE L REER > JI* 2T a 2513 (Edwards et al.

2007) > =+ ZP~efps 4 RNA- A4 ] 5 570bp > #X 18 A > 2 {1 *

AP B ezt (4o NCBI) i {7+t 44 o

5% Primer &7 5 -3 AFREE

CHIK10264F GGCGCCTACTGCTTCTG 10264-10280
CHIKI11300R CGACACGCATAGCACCAC 11281-11298
CHIK10564F CCCTTTGGCGCAGGAAGAC 10564-10582

CHIK11081R  GACTTGTACGCGGAATTCGG 11081-11100

(5l 2 s % 35 % A 4
E 3% RT-PCR B i enbx y 2 P gt e » EFpa 4 -
1. #-% 1-50 &5 2%~ 1.5ml #c&:#F @ > 4> 0.5mIBA-1737% -
T3 | REIR F)E o0 3mm BLIF IR o
BA-1 %% 1X medium 199 with Hanks’ balanced salt
solution, 0. 05M Tris Buffer (PHT.6)
1% bovine serum albumin
0.35 g sodium bicarbonate/L
100 U streptomycin/L
100 U penicillin
25 ug amphotericin B (Fungizone)/ml

2.7 tissue lyser B 1 4 4847 Fdx fj fmz B o

—

3. #-d Mzrix C6/36 e A LY 23 B P AR A F P A -
Rosmre o 100 p LB 3ol 0.2 M hiEip® > >+ o
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BAF-BAFRIC FEZET 2/ FfIsfede » 2 fetal

calf serum (FCS)a4Fixis » 2 28C &2 T = -
4. 3 5 (Smear )fe &

BE-ABPEAFRTE S - BIUKY I
teflon-coatedl2well ergt & » pt . ¥ 25 T BRIE 4 BIEEH
] BIEMEERE o R T AT ff?m 1 laminar flow # 28°C ™
FE Aoty LAR AT A& wie R 20
C  NFERFweRE2F -5 2Z(REAHF RBEHER) -

5. PAP(Peroxidase-antiperoxidase) % #
(D MppFT s > B3R TEF I HS OE R (1:1000) 5

i 40 A~ 48 o
(2) re 12 PBS %% » 27 rabbit anti-mouselgG (1:1000) % & 40 &

1\‘-15%

(3) fmrz 12 PBS i&jis » ¥2 peroxidase-rabbit anti-peroxidase
complex (1:1000)% & 40 ~ 45 -
(4) # * 0.2mg/mL diaminobenzidine (DAB) % 0. 2%E% -k -
(D) lmPe A kB MME THRE - F B L £4F- /R
E5
- EEIBRRHSASTAS
BOARDIE P ot B2 AT SRAEY > 353 g(g]—;g\,_),%

<
My
e
5>

TMAER > LEHRIHET 24T B LF 23 ATEANLT60 2

~
7\
T

PR RS ) B A s AT AL S A F L BRI
Sat B SBAEL S SAKEESER (B ) B 3 (1B
FreRIo) HE DB R padx > 352 sadx 5 BAE > BFE BOBEIE A
o) 5 53.0-100.0% 25 P 6 BEARSTHEINB A Ik Y F
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TR LN 23 %A REHE E50.9-T3.0% 22X THE X e A
LR 5 i 23.0-34. 1% 0 B 22RR 2T BFRED TH 0 B A mdx s O A
Wil e 0.0-72.1% 2P 5 14 BReER % (51.8%) 7 IR 2 mix (f
Loy A ARSRE S FRE 3 B SRAEE 2 ik i iBEE ) B A RR 33 B R
47 R Emix st F A5 0.0-59.9% B P 5 20 BREED ®
(60.6%) 7 #R%E 2 sy (HRB4E 2 x5 B3 ) | BIRER
#Beyg (3.0%) 5w BE 3l BIREELD ® B 2 s o F A B 5
0.0-19.0% 2 ¢ 5 6 BEEH % (19.4%) 7 ¥ R& % mrix > 15 B FR4L
£ 8Pp(48.4% ) & KL 16 B 784D F o3 2 sadx A ol 5 5 0. 0-2. 2%
He WL A7 3 B2 sdxr 2 BIREIRG #cdyp > PR 0 BARES
0.0-16.8% - p-=c 3 A 22 T7-85 &£ 2 92-93 &£ 34 & T »L fie > ATH e
TeHEEAR IR S fle (VAR BPEY E N

21107 2BT7,826 BH LY > 273,00 BHZ o 2
100 & a2 BBt 2 > 2 2,066 BH2Z (£ )oEk2 sadxs 2
MWl e Mpaixk b o0 & 215,604 & ~ B2 madx=tz 053,014 & &
H 57 (&AW Rdx o~ § B FIx (x fuscanus Wiedemann ~ B &
®3x Cx. bicornutus Theobald ~ = sa ®#dx (Cx. tritaeniorhynchus
Giles ~ %%y 7dx Cx. pallidothorax Theobald ~ /& =~ Fdx Cx.
halifaxii Theobald ~ ¥ % }dx Cx. murrelli Lien ~ i %dx Cx.
neomimulus Lien % 8 #8) 22,127 & ~ #4x#* Chironomidae 2,516 & ~
Faxh (6 EEIR) 1,075 & - uim 146 & ~ Fsfh (54 Rix
Tripteroides bambusa (Yamada )) 52 & ~ R s (sa%rf ix Anopheles
maculatus Theobald) 32 & 2 £ ix % (p A% ¥¢x Ochlerotatus
japonicus shintienensis (Tsi and Lien)% ¥ x % ¥x Oc. FElsiae

vicarious (Lien)) 11 & o 2 R43 4t & 4 fRF3 & Fapais

17



BZ 4 FES 5 91, 2% (=268, 679/294, 627%100% ) » & SniE T 5 e &
ok EF AL A T4 0O/8=- ) 3 LRt h s s
¥ o

KEP FHREIRAAFHF P T a3 FEAF PR 4% (i
AT Lk E %) B R (FREFEALEILH) L 2B L

B RAGBTEEINLL Y 2 127 S AR E o 0 Rmdx s B9 2 B oL u
FIATHEFO600 = 2 25590 ~ B F600~700 = = 24 %~ V42 B
1,760 = = 2 # R (£ = ) 421,900 = = 2 = T L @4 Rvg <
F¥x Oc. Harveyi (Barraud) 10 €2 p 2§ 3x 10 & - L #%F ¥x Oc.
Togoi (Theobald) Rl >t St RrTiira > H s B2 fAsge 57
FRRIE AT R B E R F B RIS AN RIx~ IR RIE Cx. sasarl
Kano, Nitahara and Awaya ~ #-k 7dx Cx. sitiens Wiedemann ~ maie
72k Cx. mimeticus Noe ~ v "REIXE 94 o
= 9?%i&2%1?ﬁﬁﬁﬁ

SRR TR SRR L SR o I ST SR KRR R S

RpAIr s FF FIXE 6 LRI R AR EFEIN A e T A oK Em
prppdreion FA90% (2= ) v Mpadxkw F5100% (2 ) 2
RS AR LFEHR S - XL ROENE X2 5T X075 10-20%
prixp B B (CtiE ] »v 0= #ripl2 5] CtE29.8) @ % = £ §
AP % - X2 5 2 X T 100 st o & B 4o 58 (Ctig | >0 = #f
P12 B CtiE26.5) >t % = 3 7 % 5930-40% vpipm 4 P B 5 > @
163 6x 2 18% 3 20%3273 7 o v Muadx s - & Bd%k > TR 8
567 40%F 4F W (CtiE ] »0= #rpl2 B Ct1829.8) @ % = K &
BoORPTER - X2 %2 % g 10%epix g p :)I%fr 43 7e (Ctie ] 0
A2 Eo ) CtiE28.0) 0 12% ~18% 2 24 = R 5 20%wpdx 5 4F & > %
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R Sk B H6X 5 20%0psxt AF MR % (CLiE ] 0% 7Rl
2B CLiE26. 7) - B pdxx i F 5100% 0 wpms & A48 (CtE
A0 iRl B CLiE28.6) B3 5% 6% 2 5 5 10%egdx ¥ i) 2]
F om0 AFEIES A FRA o 350% (£ )0 0 LA AR (Ct
B4 0% ripl2 B CLiE27.0) *T12% 2242 » 07 R FIpH 4 -
1

-%;\?.

-l

A=

SHE RBEBBENAT BT ET AT RR DA
o ERHPN DG RGP B BEEH 20 ER AFIRITHE LT A
FEs La ki YA BRI LM Y0 Ak s tdih o AT B
1760 = & o 23pagit pARRE > TI0F K4 1-2°Co g B
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R W \ \ 286 2,933 3,219 91.1%
T8 \ \ 190 1,635 1,825 89.6%
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fow o~ B2 siopde g 4Ok 24 2L kR (1x10°PFU/mL) -

EhR A SRS /S
i B 0= 1= 2 x 3= 4 =% 5% 6 =% 12 = 18 = 24 X
I 1 29.8 30.7 31.3 22.8 33.0 28.1 33.5 31.6 32.6 33.6
2 29.8 31.2 33.0 31.6 ND 28.5 34.4 32.7 32.7 33.6
3 30.1 31.6 333 33.0 ND 33.3 34.9 35.2 33.1 35.1
4 31.2 31.8 33.9 34.8 ND 33.8 35.1 ND 33.4 39.2
5 31.2 32.0 343 ND ND 35.0 36.2 ND 34.0 ND
6 31.5 32.0 35.9 ND ND ND ND ND 39.2 ND
7 31.5 33.2 36.0 ND ND ND ND ND ND ND
8 31.6 33.7 ND ND ND ND ND ND ND ND
9 ND ND ND ND ND ND ND ND ND ND
10 = ND ND 7 ND ND ND 7 ND ND
II 1 26.5 24.9 25.2 15.5 16.7 13.8 14.2 33.6 15.6 30.8
2 27.9 28.8 26.9 20.2 19.3 15.2 16.5 ND 29.8 32.2
3 27.9 30.1 30.9 21.8 21.3 15.9 31.3 ND 30.7 32.5
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4 28.0 30.1 40.0 31.6 22.9 31.7 31.6 ND 31.8 ND

5 28.2 30.8 ND 33.5 31.2 32.3 31.8 ND 32.0 ND

6 293 31.2 ND 34.0 33.8 339 32.1 ND 34.2 ND

7 294 31.2 ND ND ND 34.8 33.1 ND ND ND

8 29.8 31.7 ND ND ND 36.1 354 ND ND ND

9 30.6 34.1 ND ND ND ND ND ND ND ND

10 ND ND ND ND ND ND ND ND ND ND
27.9 25.5 28.6 30.8 332 316

L 248D 29.7£1.5  31.1£2.1  32.8%4.2 33.9+2.7

+7.0 +7.0 8.1 +7.0 *1.5 £5.5
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23 00 RBUFIRER S A 2 A 250 kR (1x10°PFU/MmL) «
TR ixp o {8 X Hic
B %3 0= 1= 2 * 3% 4 % 5% 6 * 2% 18=% 24 %
I 1 280 275 33.0 32.3 32.1 20.8 22.1  19.1 26.5
2 28.8 290 33.6 32.8 33.6 27.2 31.7 326 30.1
3 29.7  30.6 33.8 ND 33.7 32.0 ND 339 31.9
4 297 310 33.8 ND 33.8 32.7 ND ND 34.1
5 30.1  31.7 33.9 ND 33.9 337 = e 34.4
11 1 267 282 31.0 32.5 31.6 ND 213 326 328 33.8
2 27.1  28.6 31.3 33.1 32.1 ND 28.0 377 336 34.4
3 277 29.0 32.5 33.8 33.4 ND 31.8 40.0 337 35.4
4 285 303 32.6 33.8 34.7 ND 33.7 ND 339 35.6
5 285 307 32.8 36.3 40.0 ND ND ND  34.1 ND
6 28.8 309 32.8 40.0 ND ND ND ND 344 ND
7 290 315 ND ND ND ND ND ND 369 =
8 295 400 - ND ND ND ND - ND 7+ =
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9 29.8 ND 7 7 7 7 7 7 ND 2
10 29.9 v = v = v = v = v = v = v = v = A
I s 28.8 30.7 32.1 34.3 33.8 334 29.6 32.7 33.0 34.5
+SD +1.1 +3.1 +0.8 +2.1 +2.9 +0.8 +5.1 +7.3 +2.6 +1.0
Ct>40% 0.0% 6.7% 10.0% 13.3% 40.0% 53.3% 25.0%  333% 133%  20.0%
e X 0.0% 6.7%  30.0% 13.3% 13.3% 13.3% 125%  26.7%  6.7% 46.7%
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x84 sow 6 X Hc

e 0% 1= 2% 3 % 4% 5% 6 = 12 = 18 = 24 =
1 28.6 40.0 329 33.5 ND 29.6 ND 32.7 ND
2 28.7 ND ND 34.3 ND 31.8 ND 33.0 ND
3 28.8 ND ND ND ND ND ND 33.1 ND
4 28.9 ND ND ND ND ND ND 34.0 7=
5 29.0 ND ND ND ND ND ND ND 7=
6 29.0 ND ND ND ND ND ND ND 7o =
7 30.5 ND ND ND ND ND ND ND 7=
8 31.1 ND ND ND E ND ND ND o
9 31.7 ND ND ND . ND Eo o 5
10 32.8 ND ND ND v = = 7= s o

T2 33.9 30.7

299415 40 32.9 33.240.6
+SD +0.5 +1.5
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LS 2o {8 % #ic
YmEL 0= 1 = 2= 3= 4 % 5= 6= 12 = 18 = 24 =
1 27.0 --- 33.5 339 33.0 33.5 ND 31.8 33.1 324
2 30.0 --- 34.6 ND ND 40.0 ND 31.9 33.3 ND
3 30.1 --- ND ND ND ND ND 329 33.8 ND
4 30.5 --- ND ND ND ND ND 33.1 34.1 ND
5 40.0 --- ND ND ND ND ND ND 35.0 7=
6 ND --- ND 7 ND ND ND ND ND 7
7 ND --- ND 7= ND ND ND ND ND s
8 ND --- ND 7= ND 7 ND ND 7 7=
9 ¢ = - F* = ¢ = v = >* = A >* = >* = F* =
10 7* = - >F = 7* = 7* = >F = 7* = >F = >F = sF =
= 31.5 --- 34.1 36.8 32.5 33.8
33.9 33.0 32.4
+SD +5.0 +0.8 +4.6 +0.7 +0.7
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Abstract: In Taiwan, the important mosquito-borne diseases include Japanese
encephalitis (JE), dengue, and malaria, in which only JE is known as an endemic
disease at present. This paper updates the current status of these disease vectors and
pathogen activities to evaluate the disease risk. Since 2004, small to medium dengue
outbreaks (202-2000 cases) have occurred annually, mostly in southern Taiwan where
Aedes aegypti (L) distributes, Occasionally, small cutbreaks (smaller than 20) oceurred
in other areas without the presence of Ae aegypti, Dengue virus infection in local
vector population was detected sympatrically with the human cases in the same
outbreak., JE cases have occurred sporadically after the introduction of vaccination
program since 1968, The predominant species was Culex tritaeniorhynchus Giles
(93.9%), followed by Cx fuscocephala Theobald (3.4%), and Cx. vishnui Theobald
(2,6%). Overall population densities were high, with the highest number of 37,440 per
trap-night. JE virus was active in mosquito populations during Mav and June, The
distribution of Anopheles minimus Theobald was limited to a few villages at the
foothills of southern and eastern Taiwan, The highest numbers of An, minimus adults
trapped per trap-night were between 23 and 206 in 6 villages. Chikungunva infection
has been found in the travelers from endemic countries since 2007, In conclusion, the
threat of these mosquito-horne diseases is increasing because of the frequent introdue-
tions of pathogens and the high densities of disease vectors in Taiwan,

Kev words: Japanese encephalitis, dengue, malaria, vectors, Taiwan

travelers carry dengue virus from endems-
ic areas into the island (Shu et al. 2009).
Later, this virus will pass to Aedes

INTRODUCTION

In Taiwan, the important mosquito-
borne diseases include Japanese encepha-
litis (JE), dengue, and malaria, of which
only JE at present is known as an endemic
disease. Routine surveillance on these dis-
eases, including human cases and mosqui-
to wvectors, has been conducted. Since
1968, vaccination of children has become
an annual nationwide campaign in
Taiwan to prevent human JE infections.
After that, only sporadic JE human cases
are reported each vear. Dengue fever in
Taiwan is a travel-related disease because

mosquitoes, and cause small or medium
local outbreaks of dengue (Huang et al
2007). Since 1973, a small number (< 84)
of imported cases were detected for malar-
ia every vear (DOH 1991, Taiwan CDC
1992-2009). Additionally, 2 imported
chikungunva cases were detected in 2007
(Shu et al. 2008).

Among 9 species of Stegomyia in
Taiwan, Aedes aegypti L. and Ae
albopictus Skuse, associated with human
dwellings, are the principal vectors of
dengue. The former species
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geographically distributed to areas south
of the North Tropic of Cancer (Lien 1978,
Huang and Chen 1986, Teng et al.1996),
This species is more important in the epi-
demiology of dengue in southern Taiwan.
The population of Ae aegypti was
identified as a mixed abdominal-scaling-
pattern form of Aedes aegypti aegypti (Su
et al. 2003). Aedes albopictus is distributed
throughout the island, below an elevation
of 1,500 m above the sea level. This mos-
quito is responsible for epidemics of
dengue in those areas without Ae aegypti,
such as the small outbreaks in Taipei
County (1995), Taichung City (1995), and
Taipei City (1996) (DOH 1996, Wu 1996).

In Taiwan, Culex tritaeniorhynchus Giles,
Cx. vishnui Theobald (previously known
as Cx.  annulus Theobald), and Cx
fuscocephala Theobald are the main
vectors of Japanese encephalitis (Rosen et
al. 1989, Cates and Detels 1969, Wang et
al. 1962). Pigs served as the amplifier host
in the transmission cycle of the JE virus
{Hurlbut 1964), with a rather high infec-
tion rate (over 50%) across the island each
sumimer, In 1958-1959, Cx.  fri-
taeniorhynchus (98.9% and 83.4%) was
predominant species in northern and cen-
tral Taiwan while Cx. fuscocephala (69.29%)
was predominant in southern Taiwan by
the light-trap data (Hu and Grayston
1962). The percentages of Crx vishnui
were between 0.0-12.1%. In a 1962-63
survey, Cv. vishinui was the predominance
species ilandwide followed by Cx #ri-
taeniorhynchus (Lien 1978). Later, the spe-
cies composition varied in surveys,
depending on site, methods and mosquito
stages (Mitchell and Chen 1973, Rosen et
al. 1989, Lin and Lu 1995). Culex tri-
taeniorhynchus larvae seemed to have a
very high resistance to the insecticide,
temephos, in central Taiwan (Teng et al
2005). Among the 15 Anopheline species
that are found in Taiwan, Anopheles mini-
mus Theobald is regarded as the principal
(perhaps the only) malaria vector (Lien
1991). The distribution of this species
covered the entire island in surveys from
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1955-1957, but is now confined to south-
ern and eastern Taiwan (DOH 1991, Teng
et al. 1998). Based on recent surveys, this
species could be characterized as a An
minimus species A (Chen et al 2002,
Somboon et al. 2005), outdoor-resting, a
slow-moving stream breeder, and an
opportunist blood-feeder which fed on
cattle, dogs, hogs, pigs, and non-chicken
birds (Teng et al. 1998, Chang et al. 2008).
Other mosquito species, listed as the
vectors of diseases in other countries, are
An. sinensis Wiedemann, An maculaius
Theobald, and An. fessellatus Theobald,
Ae. vexans (Meigen), Cx. guinguefasciatus
Say and Mansonia uniformis Theobald.

Mosguito-borne diseases are emerging
and re-emerging in many areas of the
world, especially in tropical and subtropi-
cal areas (Gubler 1998). Without human
vaccines or effective mosquito control,
these mosquito-borne diseases have in-
creased extensively in numbers and terri-
tory. For example, the chikungunya
virus, originally transmitted by Ae
aegypil, has mutated and adapted to Ae
albopictus (Tsetsarkin et al 2007, de
Lamballerie et al. 2008). The information
on the current status of vector species and
pathogen activities to evaluate the disease
risk is important for evidence-based con-
trol policy-making. Therefore, the objec-
tive of this paper was to update the infor-
mation of vector mosquitoes and the epi-
demiology of the diseases they trans-
mitted in Taiwan.

MATERIALS AND METHODS

Disease surveillance and laboratory diagno-
sis

Mosquito-borne diseases, including JE,
dengue, malaria, chikungunya, West Nile
fever, Rift Valley fever and vellow fever
are classified as notifiable diseases in
Taiwan. They require physicians to
report the infection within 24 hours of
clinical diagnosis, except for JE (within 7
days). Additionally, fever screening at air-
ports in Taiwan was launched as part of
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active surveillance for a panel of notifiable
infectious diseases, including dengue, ma-
laria, vellow fever, and chikungunya (Shu
et al. 2005). The arriving passengers are
screened for fever by infrared thermal
scanners. Later, the airport clinicians
evaluate the passengers with fever for fur-
ther diagnostic testing decision. All
serum specimens collected from suspected
cases are tested by capture IgM and IgG
ELISA. If specimens are collected within 7
days of on-set, RT-PCR and virus isolation
are also carried out.

A confirmed case of mosquito-borne
viral diseases (JE, dengue, chikungunya,
vellow fever, and Rift Valley fever) is
defined as one of the follows: (1) positive
for virus isolation; (2) positive real-time
onestep RT-PCR test; (3) positive
seroconversion or =four-fold increase in
the amount of disease-specific [gM or IgG
antibody from appropriately timed paired
serum; or (4) high-titer disease-specific
IgM and IgG antibodies in a single serum
specimen in which cross-reaction to other
related diseases had been excluded, for ex-
ample JE to dengue or dengue to JE. The
detailed protocol of each method for
dengue was described in the papers of Shu
et al (2003, 2004). For malaria, a con-
firmed case is defined when malarial para-
sites are identified in blood smear slides
by microscopy and/or a positive PCR test.

Scout surveys for dengue vectors

In routine dengue vector surveillance,
the wards were randomly selected using a
stratified random sampling scheme by
county/city if there were no reported
cases. At each visit, the first floors, base-
ments, and surroundings of a cluster of 50
—100 houses were surveyed. The first
house was either selected randomly or the
location of the reported case. Traditional
larval indexes, Breteau index and premise
index, are calculated as the positive con-
tainers and the positive premises per 100
premises,

Since 1987, small sweeping nets have
been used to collect Aedes mosquitoes in

3

outbreak and high-risk areas in order to
detect dengue viruses. The high-risk
areas were selected on the basis of historic
dengue incidence, high Aedes density, and
frequent human activity. In 1995-1996
and 2003-2008, Aedes mosquitoes were
collected extensively from high-risk areas
island-wide and in southern Taiwan, re-
spectively. Collected adults were brought
back to the laboratory either alive in small
paper cups or frozen in dry ice or icepacks.
Live mosquitoes were kept 4-5 days
under room temperature for blood diges-
tion and virus replication. A 10% sucrose
solution was provided. All mosquitoes
were identified, pooled according to spe-
cies, sex, and location, and then stored at —
20°C or —B0°C until tested. The detailed
protocols of virus isolation, RNA extrac-
tion and a real-time RT-PCR method were
described in the papers of Chen et al
(2009),

Light traps for JE and malaria vectors

In the period of 2004 and 2008, Pest-O-
Lite light traps (Local manufactory,
Taiwan) were hung in villages in the foot-
hills to study the distribution of An. mini-
mus. These light traps also were appropri-
ate for surveillance of JE vectors They
were hung outside houses with animals
and rivers nearby for 1-2 nights. Later,
mosquito samples were sent to a CDC lab-
oratory for species identification.
Additionally, mosquitoes were collected at
pig farms or natural parks, by human col-
lection or CDC updraft black-light traps
baited with carbon dioxide (Model 1312,
John W. Hock, Gainesville, FL). These
traps were hung downward overnight,
Collected mosquitoes were transported to
the laboratory for species identification
and JE virus detection. Details of the spec-
imen treatment and assay were described
as mentioned in dengue vectors,

REesuLTs

Epidemiology of mosguito-borne diseases
After 40 years of silence on mainland
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Fig. 1. The monthly dengue indigenous cases in Taiwan from 2001 to Sep. 2009 (In order to show the
interepidemic periods between outbreaks, 10 was added to the number of dengue cases per month
except for 0).

Table 1. The mosquito-borne diseases occurred in Taiwan from 1957 to September 2009,

Dengue cases ) Malaria cases
Vear Indigenous Major lrﬁﬁ;ﬂf g
DHF. Death) st Imported - Introduced Imported
1987 527 DENV-1 — — 0 35
1988 4389 DENV-1 — — 0 46
1989 16 DENV-1 19 15 ] 45
19590 L] = 10 33 ] 35
1591 149 DENV-1 26 20 g 26
1952 4 DENV-1, 3 19 10 g 42
1993 L] —— 13 11 0 36
1594 222 (11, 1) DENV-3 22 13 0 34
19485 329 (5, 0) DENV-1 40 27 0 38
1996 20(3, 0 DENV-3 35 21 0 38
1997 19 DENV-1, 2 57 5 0 47
1998 238 (14, 1) DENV-3 110 22 0 49
15949 40 (4, 0 DENV-3 28 24 0 30
2000 113 (1, 0) DENV-4 27 13 L] 43
2001 215(11, O) DENWV-2 5b 33 L] 28
2002 5,336 (242, 21) DENV-2 b2 19 ] 27
2003 E. DENV-2 pil-] 25 2 32
2004 DENV-1 91 32 ] 18
2003 202§ } DENV-3 104 35 ] 26
2006 965 (19, b) DENWV-1 108 29 ] 26
2007 2,000 (11, 0) DENV-1 179 a7 0 13
2008 488 (4, 0) DENV-3 226 17 ] 18
2009/9 101 (1, 0 DENV-3 153 16 L] L]
Total 15,795 (340, 29) == 1435 457 2 738
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Taiwan, a dengue outbreak was detected
in southern Taiwan in 1987. Since then,
the characteristics of dengue epidemiolo-
gy from 1987 to 2002 cycled with small
outbreaks (ie. 100-250 cases) almost
every 3 years and large epidemics (i.e. over
4,000 cases) nearly every decade. After
2004, outbreaks with a case range of 202-
2,000 occurred each year in areas with the
presence of Ae aegypti. Only limited
dengue hemorrhagic fever cases (up to 19)
were detected each year except for 2002,
in which 242 cases were found with a
mortality rate of 8.7%. For the past 10
years except for 2002 (Fig. 1), the epidem-
ics started from June to August and
stopped in January or February. In that
year, cases were detected all year round
until April of the next year, Clusters of
dengue cases smaller than 20 were
detected from time to time in areas with-
out the distribution of Ae. aegypti, for ex-
ample, Taipei City (2008), Taipei County
(2008, 2009), and Changhwa County
(2009), where Ae. albopictus was prevalent.

Since 1987, the numbers of indigenous
JE cases were between 5 and 37 cases per
year (Table 1), distributed evenly in coun-
ties with agriculture production., The
cases occurred mostly in the summer
season (May-August) but sporadically in
other seasons, In addition to the imported
malaria (13-49 cases per vear) found in
Taiwan, two introduced cases occurred in
August 2003 (Table 1), since the eradica-
tion of malaria in Taiwan. One case in-
fected with Plasmodium falciparum and
the other case co-infected with P
falciparum and P, vivax. The two cases of
locally transmitted malaria occurred in a
rural area of Taitung County, where 3
malaria-risk behaviors (working frequent-
ly in a malaria-endemic country, sleeping
outdoors during night and raising hogs
around the house in Taiwan) were
identified. Additionally, 21 cases of im-
ported chikungunya were detected by air-
port fever surveillance from 2007- to Sep
2009. No other monitored mosquito-borne
diseases, including yellow fever, West Nile

(A) "

(B)
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Fig. 2. The preliminary data on the distribu-
tion map of Aedes aegvpfi (A) and Aedes
albopictus (B) in Taiwan in 2009. (areas in
black color indicated larvae or/and pupae
collected, areas in gray color indicated no
larvae or/and pupae collected, and areas in
white indicated no data available)
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Table 2. Composition of dengue vectors collected in residential areas, southern Taiwan in 2003
Aedes acgypli Aedes albopictus
Cd:;f:"" Female Male Total Female Male Total
No. - Na. % No. % Nao. % No. -] Mo, %

Indoor 1,338 278 2401 499 3739 7TIT7 25 14 ¥ 0.4 32 18
Outdoor 349 72 725 151 1,074 223 1057 607 654 375 1,711 082
Total 1687 350 3126 650 4813 1000 1082 821 861 379 1,743 100.0

fever, and Rift Valley fever were detected.

Dengue vectors and dengue virus detection

The distribution of Ae aegypti accord-
ing to 2009 larval surveys was still limited
to southern Taiwan, Taitung City in east-
ern Taiwan, and Penghu island (Fig 2A).
Inside southern Taiwan, this species was
collected in all areas in Kaochsiung City
and Tainan City and parts of Kaohsiung
County, Tainan County and Pingtung
County. Aedes albopictus larvae/pupae
were collected throughout Taiwan (Fig.
2B). For 2008, in a total of 1,449 wards
with 14,614 wvisits in southern Taiwan,
mean (=5SD) Breteau and premise indices
of Aedes immatures were 4.25 (£6.52) and
272 (£3.74), respectively. Among
643,767 water-filled containers, 5.7%
(36,910) of the containers were found to be
positive with Aedes immatures  Most
breeding containers were water buckets
{37.6%), pottery pot (7.4%), flower vase
(5.8%), plant saucers (5.5%), used tires
(4.6%), polyester containers (4.4%) and
plastic containers (3.2%). Most positive
containers (90.6%) were found outdoors.
In a 2003 survey, 7T7.7% (3,739) of Ae
aegypti adults were collected indoors
{Table 2) However, almost all Ae
albopictus adults (98.2%) were collected
outdoors, More Ae, aegypti males (65.0%)
were collected than females (35.0%) both
indoors and outdoors but vice versa for
Ae albopictus (37.9% vs. 62.1%).

From 1987 to 2008, dengue virus infec-
tions were detected in field-caught Ae
aegypti females (25 pools), males (1 pool),
and Ae albopictus females (2 pools) (Table
3). Mosquitoes of RT-PCR positive pools
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were collected sympatrically with human
cases in the same dengue outbreaks, All
four virus serotypes were detected in
mosquitoes with DENV-1 (46.4%), DENV-
2 (17.9%) and DENV-3 (32.1%), and
DENV-4 (3.6%).

JE vectors and JE virus detection

From 2004 to 2008, the 3 wvector
mosquitoes of JE, Cx. tritaeniorhynchus, Cx.
vishnui, and Cx. fuscocephala, were collect-
ed all over the island. The predominant
species for all 10-survey counties was Cx.
tritaeniorhynchus (mean=93.9%, range=
64.1-100.0%) followed by Cx. fuscocephala
(mean=234%, range=0-30%) and Cx
vishnui (mean=2.6%, range=0-59%).
The highest number (37,440 per trap-
night) of Cx. tritaeniorhynchus adults col-
lected per trap-night was found on Sep-
tember 2008 in Chaiyi County, southern
Taiwan; other traps attracted over 5,000
adults per night in all surveyed counties

Among 31,146 adults collected from
2006-2008 for the virus infection study,
JE virus infections were found in females
of Cx. tritaeniorhynchus (25 pools) and Cx
fuscocephalus (1 pool) collected in Taipei
City and llan County in northern Taiwan,
Hwalien County in eastern Taiwan, and
Kaohsiung County in southern Taiwan
(Table 4). JE viruses were isolated from
half of the positive pools. The genotype of
JE virus isolated was type Il except for 2
virus isolates in 2008 (Type I){data sub-
mitting).

Malaria vectors
The distribution of An. minimus was
limited to a few location at the foothills of
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Fig. 3. The distribution map of Anopheles minfmus in Taiwan, from 2004 to 2008 where areas with red
colors indicated that An minimus adult were collected at least one time and areas with gray colors
indicated that no An. minimus were collected.

Southern and Eastern Taiwan (Fig. 3). night) of An. minimus found in 1 village of
Since 2004, a total of 413 villages in 9 Taitung County (June, 2004), 1 village of
Counties have been surveyed but relative Pingtung County (May 2006), 2 villages of
high densities (23-206 females per trap- Hwa-lien County (May and June, 2007),
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Table 4. Japanese encephalitis virus infection in field-caught vector mosquito species during 2006-2008.

Culex tritaeniorhynchus Culex fuscocephala Cx, mishnui

Month Pool Females Positive Fool Females Positive FPool Females Positive

no. tested pool no, no. tested pool no. no. tested pool no.
Jan 9 101 0 0 0 0 0 0 0
Feb 1 93 0 0 0 0 0 0 0
Mar 21 THS i] 1 3 i 1 50 0
April ] 215 ] ] 0 i 3 3 0
May 129 44549 f ] 7 1 7 658 1]
Jun 134 4669 17 2 51 0 21 311 0
Jul 45 1,391 1 0 0 0 17 117 0
Aug 113 4592 0 7 70 0 24 135 1]
Sep 259 11,939 1 10 193 0 36 1,042 1]
Oct 15 232 ] 0 0 0 3 3 1]
Nowv 17 283 ] 0 0 ] 4 4 1]
Dec 19 289 0 0 0 ] fi 11 1]
Total 776 29018 25 25 394 1 122 1,734 0

and 2 villages of Tainan County (July
2007 and November 2008). The numbers
of An. minimus adults trapped per trap-
night were below 12 in 64 villages (15.5%)
and 0 in 343 villages (83.0%).

Discussion

The frequency of dengue outbreak
occurred has increased for the past & years
and the high number of JE vectors and
malaria vectors were found in Taiwan.
Additionally, new introductions of
chikungunyva virus cases occurred
through travelers from endemic countries
to this island. Therefore, the threat of
these mosquito-borne diseases is increas-
ing. The control strategy for each disease
varies. For example, introductions of
dengue virus cases occurred so frequently
each year that lower vector densities
should be prioritized. The pathogen intro-
ductions for malaria are less frequent and
their vectors have limited distributions
and unstable populations; therefore, this
disease should focus on patient diagnosis
and management.

The distribution of Ae. aegypiti has been
documented in southern Taiwan since
1978 (Lien 1978), while Ae. albopictus is
distributed  throughout the island.
Factors affecting the distribution differ-

ence of these 2 species are temperature
{Chang et al. 2007), interspecific competi-
tion among larvae (Juliano 1998, Barrera
1996, Ho et al. 1989, Black et al. 1989),
larva-induced egg hatch inhibition
(Edgerly et al. 1993), mortality induced by
a gregarine parasite (Munstermann and
Wesson 1990, Blackmore et al. 1995, Yeh
et al. 1994), mating interference (Nasci et
al, 1989) and the greater reproductive effi-
ciency of Ae albopictus females (Klowden
and Chambers 1992), Only temperature
and gregarine parasite were demonstrated
in Taiwan (Chang et al. 2007, Yeh et al
1994). However, these factors are not
lethal and could not stop the spread of this
species into other areas of Taiwan (Chang
et al. 2007).

The extremely high numbers of the JE
vector, Cx. tritaeniorhynchus, which were
commonly collected island-wide, deserve
special attention. Although there is a
good national vaccination policy for JE,
sporadic cases still occurred each year.
The detection of the new genotype of JE
virus in the field raises some questions
and should be monitored further to clear
the impact of this new event. Moreover,
this mosquito species can also transmit
Rift Valley fever virus as seen in the King-
dom of Saudi Arabia (Miller et al. 2002), as
well as serve as a potential vector of West
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Nile virus. Therefore, a prevention strate-
gy of environmental management
through larval habitats of Cx. #ri-
taeniorhynchus should be launched to de-
crease transmission in high-risk areas.
This control effectiveness on the same
larval habitats (drains and rice fields) of
malaria vectors was demonstrated in ma-

laria control (Castro et al. 2009,
Klinkenberg et al. 2003).
ACKNOWLEDGEMENTS

We thank the people who helped collect
mosquitoes. Thanks also extend to Liang-
chen Lu for species identification of mos-
quito samples during this study period. In
addition, this study was supported partly
by scientific research grants from the
Centers for Disease Control, Taiwan in
2006,2007, and 2008 (DOH95-DC-2028,
DOH96-DC-2008, DOH97-DC-2008, DOH98
-DC-2013).

REFERENCES

Barrera, B 1996. Competition and resistance to star-
vation in larvae of container-inhabiting Aedes
mosquitoes. Ecol. Enfomol , 21: 117-127.

Black, W. C,, Rai, KL 5, Turco, B. J. and Arroyo, D. C.
1989, Laboratory study of competition between
United-States strains of Aedes albopictus and Aedes
aegypii (Diptera, Culicidae), J. Med Enfomol., 26:
260-2TL

Blackmore, M. &, Scoles, G. A. and Craig, G. B. 1995,
Parasitism of Aedes aegypfi and Ae albopicius
(Diptera, Culicidae) by Ascogregarina spp.
(Apicomplexa, Lecudinidae) in Florida. | Med
Entomol., 32: B47-852

Castro, M. C,, Tsuruta, A, Kanamori, 5., Kannady, K.
and Mkude, 5 2009, Community-based
vironmental management for malaria control evi-

en-

dence from a small-scale intervention in Dar es
Salaam, Tanzania Malaria [, 8: 57.

Cates, M. D. and Detels, R 1969, Japanese encephali-
tis virus in Taiwan: preliminary evidence for Culex
annuius Theob, as a vector. J. Med, Eniomol , 6: 327—
328

Center for Disease Control (Taiwan CDC), 1992-2009,
Number of confirmed cases of second-category no-

52

Med. Entomol Zool

tifiable diseases in Taiwan-by county with histori-
cal data (I). Taiwan Epi. Bull., 8-25,

Chang, L. H,, Hsu, E. L., Teng, H. ] and Ho, C. M. 2007,
Differential survivorship of Aedes aegypii and Ae
albopictus (Diptera: Culicidae) larvae exposed to
low temperatures in Taiwan | Med. Entomol., 44
205-210.

Chang, M. C,, Teng, H. 1, Chen, C. F,, Chen, Y. C. and
Jeng, C. B. 2008, The resting sites and blood-meal
sources of Anopheles minimus in Taiwan. Malaria
1. T: 105

Chen, B.. Harbach, R. E. and Butlin, E. K. 2002. Molec-
ular and morphological studies on the Anopheles
minimus group of mosguitoes in southern China
taxonomic review, distribution and malaria vector
status Med. Vet Enfomol., 16:253-265.

Chen, C. F, Shu, P. Y., Teng, H. ], Su, C. L., Wu, I. W.,
Wang, I. H, Lin, T. H, Huang, ]. H. and Wu, H. §
2009. Screening of dengue virus in field-caught
Aedes aegypti and Aedes albopictus (Diptera
Culicidae) by one-step SYBR green-based RT-PCR
Assay during 2004-2007 in Southern Taiwan
Vector-Borme and Zoonotic Diseases, 2009 (In press).

de Lamballerie, X, Leroy, E., Charrel, RN, Ttsetsar-
kin, K, Higgs. 5. and Gould, E A, 2008
Chikungunya virus adapts to tiger mosquito via
evolutionary convergence: a sign of things to
come? Virol, [, & 33,

Department of Health (DOH), 1991, Malaria eradica-
tion in Taiwan. DOH, The Executive Yuan, Repub-
lic of China, Taipei, Taiwan

Department of Health (DOH), 1996, Report cases of
infectious diseases in Taiwan. Health Rep., 13 1-
406 (In Chinese),

Edgerly, 1. 8, Willey, M. 5. and Livdahl, T. P, 1963,
The community ecology of Aedes egg hatching
implications for a mosquito
Entomol, 18: 123-128,

Gubler, D.]J. 1998, Resurgent vector-borne diseases as
global health problem. Emerg. Infect Dis., 4: 442-
450,

Ho, B. C, Ewert, A and Chew, L. M 1989
Interspecific competition among Aedes aegyvpli,
Aedes albopicius, and Aedes triseriafus (Diptera,
Culicidae) - larval development in mixed cultures
J. Med. Enfomol | 26: 615-623.

Hu, 8 M. K. and Grayston, J. T. 1962. Encephalitis on
Taiwan [l Mosguito collection and bionomic
studies. Amer, | Trop Med Hvg, 11: 131-140,

Huang, C. C. and Chen, C. 5. 1986. A review on the

invasion FEcol



Vol 60 No.4 2009

distribution of Aedes aegypii and Ae albopictus in
Taiwan. Tunghai Biol, 13: 32-43 (in Chinese with
English abstract).

Huang, ]. H, Liao, T, L. Chang, 8. F,, Su, C. L., Chien,
L.J.,.Kuo, ¥.C, Yang, C.F, Lin, C. C. and Shu, P. Y.
2007. Laboratory-based dengue surveillance in
Taiwan, 2005: a molecular epidemiologic study.
Amer. J. Trop. Med, Hyg., T7: 903-909,

Hurlbut, H. 5. 1964, The pig-mosquito cycle of Japa-
nese encephalitis virus in Taiwan J. Med Enfomol.,
1: 301-307.

Juliano, 8. A, 1998 Species introduction and replace-
ment among mosquitoes: Interspecific resource
competition or apparent competition? Ecolgy, T9:
255268,

Klinkenberg, E, Takken, W., Huibers, F. and Toure,
Y. T. 2003. The phenology of malaria mosguitoes
in irrigated rice fields in Mali. Acfa Tropica, 85: 71—
B2,

Klowden, M. I. and Chambers, G. M. 1992, Reproduc-
tive and metabolic differences between Aedes
aegypii and Ae albopictus (Diptera, Culicidas). [
Med, Entomol., 29: 467-47 1.

Lien, J. C. 1978, Ecology and control of mosquitoes in
Taiwan. Special Publicaiton of the Institute of Zo-
ology, Academia Sinica, 3: 37-69 (In Chinese).

Lien, J. C. 1991, Anopheline mosquitoes and malaria
parasites in Taiwan. Kaohsiung [ Med. Sei, 7: 207-
223

Lin, T. H. and Lu, L. C. 1995. Population fluctuation
of Culex iritaeniorhynchus in Taiwan. Chinese [
Entomol., 15: 1-9.

Miller, B. R., Godsey, M. S, Crabtree, M. B,, Savage, H.
M., Al-Mazrao, Y., Al-Jeffri, M. H, Abdoon, A. M,
Al-Seghayer, 5. M, Al-shahrani, A. M. and Ksiazek,
T. G. 2002. Isclation and genetic characterization
of Rift Valley virus from Aedes vexans arabiensis,
Kingdom of Saudi Arabia. Emer Infect s, &
1492-1494

Mitchell, C. . and Chen, P. & 1973. Ecological studies
on the mosguito vectors of Japanese encephalitis.
Buil WHO, 4% 287-292

Munstermann, L. E and Wesson, D. M. 1990. First
record of Ascogregaring latwanensis (Apicomplex:
Lecudinidae) in north American Aedes albopictus. [
Amer. Mosquito Conir,, 6;: 235-243.

Nasci, R S, Hare, 5 G. and Willis, F. 5 1980,
Interspecific mating between Louisiana strains of
Aedes albopictus and Ae aegypti in the field and
laboratory. J. Amer. Mosguito Contr,, & 416-421,

11

Rosen, L, Lien, ]. C, Shroyer, D A, Baker, . H and
Lu, L. C. 1989. Experimental vertical transmission
of Japanese encephalitis virus by Culex tri
faenioriynchus and other mosquitoes Amer J
Trop. Med. Hyg., 40: 548-56.

Shu, P. Y., Chang, & F,, Kuo, Y. C., Yueh, Y. Y., Chien,
L J, Sue, C. L, Lin, T. H and Huang, J. H, 2003
Development of group- and serotype-specific one-
step SYBR Green l-based real-time reverse trans-
cription-PCR assay for dengue wirus. [ Clin
Microbiol , 41: 2408-24 186,

Shu, P. ¥. and Huang, J. H 2004, Current advances in
dengue diagnosis, Clin. Diagn, Lab, Immunol, 11:
642-650.

Shu, P. Y, Chien, L. ], Chang, 8. F,, Su, C. L, Kuo, Y.
C., Liao, T. L, Ho, M. &, Lin, T. H and Huang, ]. H
2005. Fever screening at airports and imported
dengue Emerg. Infect Dis, 11: 460-462

Shu, P. Y, Su, C. L, Liao, T. L, Yang, C. F., Chang, 5
F.,Lin, C.C,, Chang, M. C,, Hu, H. C. and Huang, J. H.
2009. Molecular Characterization of Dengue
Viruses Imported Into Taiwan during 2003-2007:
Geographic Distribution and Genotype Shift
Amer. | Trop. Med. Hyg 80: 10391048,

Shu,P. Y, Yang, C F,, Su, C. L, Chen, C. Y., Chang, S.
F., Tsai, K H, Cheng, C. Hand Huang, I. H. 2008,
Two imported chikungunya cases, Taiwan. Emerg.
Infect Dhs, 14: 1325-1327.

Somboon, B,, Thongwat, D, Somwang, P., Teng, H. I,
Tsuda, Y. and Takagi, M. 2008. The specific status
of Anopheles minimus sl collected from Taiwan
Southeast Asian [. Trop. Med. Public. Health., 36
BO5—608,

Su, Y.C,Chang, C. Y, Hsu,E L, Yin, C. M. and Ho, C.
M. 2003, Genetic relationships among Aedes
aegypti populations in Taiwan using phenytypic
and RAPD-PCR markers. [, Amer. Mosg. Cont Asso,,
19 329-338.

Teng, H I, Lin, C. and Wang, 5. T. 1996, The distribu-
tion of dengue vectors and its possible explanation
in the coastal area of Chiayi County. Chin J
Entomol , 16: 155-165.

Teng, H. ], Lu, L. C, Wu, Y. L. and Fang, ]. G. 2005
Ewvaluation of various control agents against mos-
quito larvae in rice paddies in Taiwan. J, Vec, Ecol ,
30 126-132.

Teng, H I, Wu, Y. L., Wang, S. I. and Lin, C. 1998
Effects of environmental factors on abundance of
Anopheles minimus (Diptera: Culicidae) larvae and
their seasonal fluctuation in Taiwan Environ

53



12

Entomol,, 2T:324-328

Tsetsarkin, K.A., Vanlandingham, D.L., McGee, C.E.
and Higgs, S. 2007. A single mutation in
chikungunyva virus affects vector specificity and
epidemic potential. PLoS Pathog, 3: e201.

Wang, 8. P, Grayston ]. T. and Hu, S. M. K 1962,
Encephalitis on Taiwan, LVirus isolations from

54

Med. Entomol Zool

mosquites. Amer. J. Trop. Med. Hyg., 11: 141-148

Wu, Y. C. 1996, Recent outbreaks in Taiwan area
Health Rep., 6: 2-6 (In Chinese).

Yeh, M. L., Chen, C. S. and Liu, K. C. 1994, Experimen-
tal infection of Aedes albopictus and Aedes aegypti
by Ascogregaring latwanensis. Tunghai |, 35 87—
106 {in Chinese with English abstracty



SR RERE EH LA AR T2

B A1k 98 & 67 29 p 3T

CEE &7
sk /(1. R
* ik

(1) =wgEyiFs > LREFLRK? > F90°
(2) "E& PR -

(3) = Apsdepr» 277550k o

(4) AMT I - k-

2. Bppcan Bt o P ARG [ HeEmE L

AR SR
T ;8

DD 3 HES L AN R A F 8

N ) ©

ESo 2 I W
(1) ci'c;;ig{, » gL T g - R o

(2) 719 ~ = 5 0 e Ak A .

(3) = &% Bhpr > b aci o »a R 1 2 0ig 5 o
(4) ARaFMEd - R o

2. BcH

(1) niv;.?_wj, 3§¢@pgs§;t o
(2) 283”3
(3) % ~m&

7RI

g 12-P

;t‘ o

BB [ R @ g o 2 ARLE . RS RIS L
2 BEHCE  ERERE S ML G RS

55



G =&

Bl pop

B (D) AMFTR B4hid > Ha T 55 (PFRHFI 3 - R) o

(2) &) \cipzigf@_g LEd o

(3) #AXERHFEF 4 2 R7 S Ak BF R IR T iR 2
s (7 o

2. BACH

(1) g @ BRESER- 5,

(2) btz & K= tmo]

(3) % ~HL&§ RIS -

(4) &35 4= = o

B[l g ot RELHH o
BOR. K&

(1) %92 HIRE £ 4] o
(2) Eerg o

(3) %~ RS (- 7).
OETIZRE T S

2,

(+ RI® 5 2009/6/28 4 B
http://www. arbovirus. heal th. nsw. gov. aufe st » § W4 » &%)
Hedx PP PR > meESE 0 2 gF L Ra S o

fil

56



http://www.arbovirus.health.nsw.gov.au/

