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In the global trend of economic integration, international trade and
tourism have become increasingly frequent and convenient providing
favorable conditions for the international spread of emerging and re-emerging
infectious diseases endangering human health. How to respond to this threat of
infectious disease outbreaks in the global pandemic by establishing more
efficient international monitoring network and modernization inspection system
have been extremely important challenges. Since the late SARS outbreak in
2003, Taiwan CDC had implemented a fever screening at airports active
surveillance program utilizing infrared thermal detection instrument to monitor
potential imported cases with various infections (including new influenza,
malaria, intestinal disease, plague, dengue fever, yellow fever, chikungunya
fever, etc.). The surveillance system has been proven to be successful in the
detection of imported cases suppouted by the devoted diagnostic laboratory,
which allows timely control measures to be implemented to prevent further
spread of the imported pathogens. As global warming impact, the geographic
distribution and case numbers of vector-borne infectious diseases are rapidly
increasing. Among them, the mosquito-borne and tick-borne arboviruses are the
most important. The main objective of this project is to establish a
laboratory-based surveillance system for the detection of arboviruses. In 2007,
we established diagnostic tests for the detection and differentiation of various
flaviviruses and alphaviruses. A multiplex real-time RT-PCR has been
developed to simultaneously detect various flaviviruses and alphaviruses in the
acute-phase serum samples. In addition, a sensitive and specific
alphavirus-specific ELISA was developed to detect and differentiate
chikungunya virus infection from flavivirus infections. Through fever screening
at airport surveillance, we have so far identified 60 imported dengue cases and 1
chikungunya case.
Keyword: fever screening at airport, dengue fever, chikungunya fever,

multiplex real-time RT-PCR, ELISA.
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S A g s e B :)F‘?i (arthropod-borne viruses, Arbovirus ) & 4 T
B ER(9) D HFH S B LA dpd 500 5480 2 ¢ 42i8 100
BrRA A LELG A l]};[};’a.q-% & P p‘fséfsfgai(alphaviruses),
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encephalitis, EEE ) ~ & > 5 %4 «{ (Western Equine encephalitis » WEE) ~
3 % 3E 5 % X (Venezuelan equine encephalitis » VEE) % ; Flaviviruses
SERRE % 3 # (Dengue) > ¥ B (yellow fever)~ p & %5 %
( Japanese encephalitis ) ~ & R % @ # / % % ( West Nile
fever/encephalitis ) ~ B F& % #&% . (St. Louis encephalitis ) ~ % = & X
(Tick-Borne Encephalitis Virus, TBEV) % ; Bunyaviruses 73 & 5 T ERR T
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2. #PpE PPETIE (RNAextraction) @ 12 QIAamp Viral RNA Kit
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COb N L RERSPES ESI AR CF U U e S i i
Bt B ORIR S e Fre PR BT 0 R PRI 2
BE o PREHCE o iRl LRSI T i
VLR R PR LR T ko w5 (140 ul) ¥ P RNA iR &2 E
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3. 3lF (Primen)ék 3t &3 0 13RI v xr kg Em
R0 H 3 i At 2 P O DNA B 7 o 323 1 3 % 28 PCR
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PR R E B s F R EE o F iR
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# 2 [P %}*fffﬁi 513 o
4. SYBR Green gy sk 2 8 F &% /R & w44 F & (SYBR
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RT-PCR Kit, QIAGEN % F J& i8] o ik B 4v > 10T 228 1 25ul 0 2x
QuantiTect SYBR Green RT-PCR Master Mix > RNase-free Water >
f&sl+ > 0.5ul QuantiTect RT Mix » # fs 4c » 10ul #%2 RNA > &
Jed ¥ R 5 50ul o £ i {7 SYBR Green one-step RT-PCR » J :
50°CRT i % 30 » 45 > PCR i¥% 95°C 15 & 48 > 45 =x 3R 2. 94°C
15 #5 ~ 55°C30 4 ~ 72°C20 5 ~77°C30 ) (HEB~¥ L E )
5. 5 Bkd &4 47 (Melting curve analysis) : RT-PCR »* i = = (& » £ i&
T3 Bhd A 47 1 95°C, 1 & 48~ 68°C, 30 45 > £ BT 45 K Ik o
X PR R R40.5C/30 /R
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F 0 E T # & - M4 H k% [ 4o Flavivirus-specific mAb
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T A o Chikungunya Jp # A FIZ A 7% 2 51+ 2 @ik g
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A )ﬁi«* 2Kk e
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+ Az H Ry BALB/c /] v Rz k34 F 0 £ 1Y
protein A sepharose 4B Fast Flow #.fr-+ % {i(Pharmacia Biotech)
¥iv o H ¢ Alphavirus virus-specific mAb (1A4B6 & sc—58088)
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FRy (FITC—Goat Anti-Human IgG ) » % >* 37°C3 % 45 30 4 45 »
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Fi v Fif (coating) i 96 FUHr & 2k 1 o SRR S B S
e (PBS)jrie » 26 f£ % 2001 20 1% 2w e Fv ¥ bR
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i 100wl F s 1] P e gieds o e r 100 pul ¥ 33 & s &
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L E PR 1gG duit sk Makpais 2 & 4 100 11> 3% 37°c1: Bl
oo ok 5 0 4 o~ 100 w1 B AR X F A8 PNPP
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fi*r 3£+ G# ¥ % LE RT-PCR #ps (multiplex SYBR
Green I-based real-time RT-PCR ) B 3 & s #4514 );354 @7 I
2L FLIE L S RERIES L EE R R A SRS A
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P20p 0 - I3 RSCHETL  AATE G- BRFRT B
P g E R R FIR S TS R e (16)
H alphavirus-specific primer set ;& & {%f& 51 F % :iE {7 e real-time
RT-PCR #& % & H 120 "g {8 m}lé\‘:,:i LEMEE B A TER - b
TR RE T b o 1 LR AR 2 M%2%£14%&¢ﬂ
Ao BT By o m A R AL R TR 9 Ul (IgMAGHA) & B &
20 §= 640 - ¢+ 5 & & 18 £ Partial E1 AF TR EEED D AT
B Btk £ 4p 2 (IND-06-TN1 of East/Central/South African
genotype) (Bl— )o@ 96 & 6 * 21 p 3 FFIRZ 83 » 3 '&é&H
BN SEF RSB IBCBE G- LD ERL RS B
ST B e R MY I FEEFRLT LN A2 E 2 B
FRAD ST — 4R o H alphavirus-specific primer set ;2 & % fé 5]
+ %32 7 eoreal-timr RT-PCR #: 2 % 15 14 5§ 18 m)]%:i LA B 7)
AITER SR R R fI LR E M 2 RRE 32219
o iRAa o BT b oA 4R PR AR IR e e (IgMHGHA)
A B 5 <20 e 640 o T Bt Partial E1 A Fl2 /s 8% B> T7
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1044 bp partial E1 gene sequences) of Asian genotype °
BAmd EL BHATIE R I T2 2 285 e ke 4
fe 2V i 4 * genecloning > ;2 & E.coli 2 & 7 7 His 6 tag 728
kd By = Jma El AFE 2 ded B o it 8% 30 ELISA o5 o ¥

by f1* # & BALB/c /] v &UFE-R > ER I ’2:[?5:3- P W e R ¥ ||
# 3> ELISA e - % 1 5 f/* El £ ¥ kv &7 ELISA 2 &% >
Bor T ORI R 2 m A R 1gG Ml 0 L A RACR SR LG
erig ooy B4 A2 P okFl e AR b E i
f1# ELISA % > TR B &R d P L&A :}Fai BAp FERR
FRIBEARAIYpFE AR pE ELAFIE Rk T2 R R
K2 5T 2RE S DT MY A P FECTR
B 1 alphavirus 4 2 |4 H $Ryokl > AP 2 = 7 alphavirus
e ELISA #& % :# %] - 1A4B6 (Chemicon) £ sc-58088 (Santa Cruz
Biotechnology, Inc.) ¥ tx ##8 &_%. iT 4 7 & it 12 Alphavirus

virus-specific mAb » ¥ * ** 4P| 78 Alphavirus o 2% i i& * 12w i

)

= flavivirus & i i § & % g o AN E
Alphavirus 7 ELISA & 5 &5 & %> 7 g5k & f& Alphavirus
FiF R M IgM -~ 1gG -~ [gA #uk8 > #F%][Z %70 7 k12 Alphavirus
& 4 o Bl= 5 chikungunya virus £ flavivirus 7 capture IgM and
IgG ELISA > B 2A % 7+ chikungunya virus-specific IgM and IgG
ELISA % % -CK95 % CK96 i 2 95 & 2 96 # g 4 chikungunya
virus eFg T AR P o 7 » 3%t chikungunya virus 5 3 7 IgM
% 1gG F J& > %t dengue virus % Ross River virus B 5 I F & o

B 2 B %1 dengue-specific IgM and IgG ELISA & % > #42744 5 g

# dengue virus e9Fg T b 1RAR 4P & 5 ¥ dengue virus 3 3 0 1gM
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(virus-specific primers) % f7f& 7= i > ¥ @R 5 fp A o 418
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/‘[?54 SRR LB OS E 1P EO6E 6T pFFIRERE B
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A gpa R RAoRT R RN > 93 130 SRR
RoAp T > By A (1963 £ 1 1973 #£) A2 B RRISL &
' 2k ¥]7| (Asian genotype)F? 224 = (5,6)° ¥ F + 5 j£_1960 & I 2003
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Table 1. Primer sets used for real-time RT-PCR screening of arbovirus

Amplicon
Primer name sequence(5’—3’) Region  size
Alphavirus
AL-2 TAA TGC CAG AGC GTT TTC GCA NSI1 414 b.p.
AL-3 GTG GTG TCA AAC CCT ATC CA
NS1-96F GCA GGT CAC DCC DAA TGA CCA TGC NS1 442 b.p.
NS1-538R ACA TGA ADG GGG TTG TGT CGA A
NS4-1125F TGG AAA CGG ACA TNG CNT CNT TTG A NS4 281 b.p.
NS4-1406R  ATG TTG TCG TCG CCG ATG AAV GC
Chikungunya Virus
CHIKV-F AAG CTY CGC GTC CTT TACCAA G El 209 b.p.
CHIKV-R CCA AAT TGT CCY GGT CTT CCT
Ross River Virus
RRV1 GGG TAG AGA GAA GTT YGT GGT YAG E2 120 bp
RRV2 CGG TAT ATC TGG YGG TGT RTG C
Flavivirus
FL-F162 GGC ATA TGG TAC ATG TGG CTA GGA GC NS5 153 b.p.
GTG ATT CTT GTG TCC CAT CCG GCT GTG TCA
FL-R3 TC
FL-R163 GTA ATG CGG GTG TCC CAG CCA GCT GTG TCA TCA TC
1370F TGY GTB TAC AAC ATG ATG GG NS5 250 B.P.
1620R GTG TCC CAN CCH GCT GTG TCA
Dengue Virus
R36 CAA TAT GCT GAA ACG CGA GAG AAA C 200 b.p.
R169 CCC CAT CTA ACC AAT ATT CCT GCT
R170 CCC CAT CTG TTC AGT ATC CCT GCT
Japanese Encephalitis Virus
R145 GW (A/T)A AGC CCT CAG AACCGTCTCGGA A 3UTR  215b.p.
R146 CR (G/A)C GGG GTC TCC TCT AAC CTC TAG TCC
10F CTG GGA ATG GGC AAT CGTG E 315b.p.
325R TGT CAA TGC TTC CCT TCC C
West Nile Virus
WN9483 CAC CTA CGC CCT AAACACTTT CACC NS5 311b.p.
WN9794 GGA ACC TGC TGC CAATCATACCATC
Yellow Fever
Virus
YF-F GTC AAT ATG GTA CGA CGA GGA G C 135b.p
YF-R AGT CAA AAT GTT GAA CAAAAA GAAA
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Table 2. Multiplex real-time RT-PCR for Alphaviruses
Detection (Ct) with primer pair
Strain AL2/AL3 96F/538R

AL2/AL3 | 96F/538R | CHIKV-F/ICHIKV-R RRV1/RRV2 CHIKV-FCHIKV-R CHIKV-F/CHIKV-R
RRV1/RRV2 RRV1/RRV2

Alphaviruses
Chikungunya +(26) = +(23) +(16) -(no Ct) +(16) +(16)
CHIK950004 +(40) = +(31) +(24) -(no Ct) +(26) +(26)
RossRiver | +(18) = +(21) -(no Ct) +(12) +(15) +(16)
Sindbis +21) | +(20) -(no Ct) -(no Ct) +(20) +(20)
NSNC -(no Ct) = -(no Ct) -(no Ct) -(no Ct) -(no Ct) -(no Ct)
NTC -(no Ct) -(no Ct)
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Table3.2007 £ F E #Z 4 # » FE TP VI ¥ 2 4 F Zpd 53
%] (2007/01/01-2007/11/08)

N D1 D2 D3 D4  Unknown| i3+
RS 5 1 1 7
2 7 10 7 1 17 42
R 1 1
_ i 2 1 1 8 12
38 2 2 4 8
5 ke i 3 1 1 1

EER 2 4 8 5 19
A% 3 15 6 1 18 40
Fricy 3 3
¥ B 1
A 2 3 5
B3t 36 26 20 3 56 144
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Table 4. Summary of two imported chikungunya cases in Taiwan.

Patient 1 Patient 2
Sex M M
Age (year) 13 5
Importing Singapore Indonesia
country
Symptom onset 19 Nov, 2006 18 Jun, 2007
Symptoms Fever, fatigue, generalized Fever, generalized arthragia,
arthragia, rash rash

Fever at airport
and first 20 Nov, 2006 20 Jun, 2007
sampling date

Diagnostic test ~ Day 2 after the onset of illness Day 3 after the onset of illness
RT-PCR" + +

Virus isolation + +

IFA titer” =20 =20

Day 14 after the onset of illness Day 19 after the onset of illness

IFA titer 640 640
Chikungunya East/Central/South African Asian genotype
virus genotype

* RT-PCR, reverse transcription-PCR; IFA, immunofluorescent antibody assay.
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Table 5. Indirect IgM and 1gG ELISA to chikungunya E1 recombinant

proteins.
Serum
samples His 6 tag recombinant E1 301F-903R-D  His 6 tag recombinant E1 301F-903R-E
30mins 60mins 30mins 60mins
IgM IgG IgM IgG IgM IgG IgM 1gG

CK95 0.134 0.745 0.231 1.436 0.123 1.222 0.210 2.301
CK96 0.102 2.92 0.175 3.019 0.092 2.983 0.149 3.015
S9604319  0.072 0.131 0.107 0.225 0.072 0.133 0.102 0.233
S9604372  0.101 0.224 0.166 0.424 0.096 0.214 0.154 0.407
S9604541  0.105 0.196 0.174 0.361 0.099 0.190 0.159 0.350

® Ni-NTA His Sorb Plate

® El1-D 2 El-F #_28 kd ¢ His 6 tag recombinant protein of chikungunya
virus

® The convalescent-phase serum samples from the two patients with chikungunya
virus infections (CK95 and CK96) showed positive IgG responses to His 6 tag

recombinant E1 301F-903R-D ¥ His 6 tag recombinant E1 301F-903R-E..

26



CHKINdia/POT 3146001 97 3/AF192902
CHKIMIndialGibhs B3-2631 963/AF 192901
CHKThailandr1 8172501 962/AF 192908
CHEThailandil 455751 97 5/AF 192898
CHEThailandiG44188/1 958/4F 1925896
CHKThailandfCO3295/1 995/4F 192597 Asian
CHEFPhilippines/H15483/1 985/AF 192895
CHEndonesia/RSU1 /M1 985/AF 192894

7 — CHK/ndonesia/0706aTw/2007 EU192143
CHKMalaysiafMALh01 9851 998/AF 354210

7% CHEMalaysiaf0306/8F 37 437/2006/AM397009
CHKMauritius/D5S7 07062 006/EF 01 2355
CHKIReunion/05-061/2005/AM258995
CHKIReunion/LR2006 OPY1/2006/D443544
CHK/Singapore/0611aTw/2006/EU192142
CHIndia/IND-06-TN1/2006/EF027138
CHIndia/INDOSKATI2005/DQ520737
CHKTanzania/S27/1 9530AF 339485

CHIIS Africant 821111 97 6/AF 192903
CHindiafIND-00-MH4/2000/EF 027139
CHKICongo/DRCO1 0i2000/AY549576
CHENigeriaflbH35M 96 4/AF 192893

4|—_ West African
et CHKISenegali379971 98 30AF 1928592

OMNMUgandarSGEa0M1 996/AF07 3456

4

s}

)

East/Central/South African

93

002

Figure 1. Phylogenetic relationships of chikungunya virus (CHIKV) isolates from the two
imported cases in Taiwan. The tree was constructed by the neighbor-joining method using
partial nucleotide sequences of envelope protein 1 (E1) gene (255 bp) of 23 CHIKYV strains.
O’nyong-nyong (ONN) virus sequence was used as the outgroup virus. Bootstrap support
values great than 75 are shown. The two imported CHIKYV strains in Taiwan are designated
by bold type. Viruses were identified using the nomenclature of virus/country/strain/year of

isolation/GenBank accession number. The scale bar on the left indicates substitutions per site.
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Figure 2. Chikungunya virus- and Flavivirus-specific capture IgM and 1gG ELISA.

Figure 2A showed the chikungunya virus-specific IgM and IgG ELISA. The

convalescent-phase serum samples from the two patients with chikungunya virus infections
(CK95 and CK96) showed positive IgM and IgG responses to chikungunya virus but not to
dengue virus and Ross River virus. Figure 2B showed the dengue-specific IgM and 1gG
ELISA. The convalescent-phase serum sample from the dengue patients (42744) showed

positive IgM and IgG responses to dengue virus but not to chikungunya virus and Ross River

virus.
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