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Elements of the TagMan technology

Fluorophore Dark Quencher PCR Primers
| |

(o RTUETIRRETIG Q-
| YT

Probe Sequence

Step 1. Primer and probe annealling

—_— O

I / Taq DNA polymerase

th increase
N

Step 2. Primer extension

"'r\t"«
%

77 8 uamennaa 79 Pri obe uazduisnanla

.....

ﬂuﬂq 1Y) TR
n:;g::plex il V.bC — | j 5 o/

SRR - o )

§$ 238 8637 §-F
- -

317 9 F29ENaN1TUAAINATEN real-time PCR Tusinsdaadnynynuiu

(http://www.nature.com/labinvest/journal/v81/n6/fig_tab/3780299f1.html)
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n1gaanuu Primer WAL probe
WANNITAMFLNNTBNUUL primer }N1991 PCR
dl ° \ . dl o oAl a_ a .
1.AYTABNALULL primer ATARNTUNLENTadRarla TnrAsUANLALS primer
Nanunsnldaunudn el fdui

2. wanilang 3 999 primer A23H G vi3a C gl 1-2 Fd

dimer

5. ANMNENIUAY prim

6. A1 Tm 284 primer 1an probe AYSHAN Tm 44n91

ARERT
1srH1nd 10°C :

AW 150 LA A1UFU real-

\

S ANTNINUBY Primers 11114

7. IUIAAIINEIN
time PCR
IPEINNTRRNWLL prime

o .

A1Aty w1n primer lad@unsni (WlA FRINENEINNNIAALNNTBIUAY

~ Y o aAana - —
bt it 13¢199 L9
NeNENNUIANIEIMNNz AN AU TS 1991611

O o e

AU INENTNEINS
RINININUNINYAY



uny 3
8ANUWNFIE

sluuunisIan

Cross-Sectional, Descriptive study

Developmental research

wAsasiia aUnsal wazdsAd
® MicroAmp PCR

Microcentrifuge ; (1 7"'«. n® Scientific)

Polypropylene L A» Gen® Scientific)

® Pipette tip: 10 ) Scientific)

® Glassware: Be ‘Cylinder and rez :\ bottles (Pyrex)

® Refrigerated micro 7 i al. 16R Hettich)

® _70°C freezer (Forma

® -20°C freezéh ( '
v

Mastercycle -;J‘

® UV Transilluminator ( Blogeomed

e Waﬁﬁfrﬂ NINEINT
ATETIUNN AN Y

“Orbital incubator $15
® Autoclave (Hydroclave MC10 Harvey)
® Multi-block heater (Lab-line)
® Balance (PB1502 Mettler Toledo)
® Microwave oven (Sanyo)

® Roter Gene 3000 real-time PCR (Corbett research)



TusunsuldaiasnzianaL Sequences
® CLUSTAL X program (version 1.8)
® BioEdit Sequence Alignment Editor (version 7.0.4.1)
® Chromas Lite (version 2.01)

® Molecular Evolutionary Genetics Analysis (MEGA) (version 3.1)

om&oﬁ (Invitrogen)
J

fT/%egy (Promega)

N1 cloning

® One Shot TOP10 Che
® pGEM-T Easy Vec
® X-Gal (Prome

® |PTG (Isopro

° Imprompt_'l e

® Random Pri

N19%1 PCR Wwag real-time

; Eiifiﬂﬁﬁﬁﬂﬁim VD
ARSI TITa0AY,

® SeaKem LE agarose (BioWhittaker Molecular Applications)
® FEthidium Bromide (SIGMA)
® Primers (BioDesign)

® Probes (TIB Molbiol)
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UszdinsAnE

1
o

ARSI

tagan Tsanenunaguun dsdaneuuny duilufadiann daiuls

2
o
szanu 1 imeuiwasann1sdinfuninaalulsanauiasnyisduatneiias 142 faag19ann

a

3 =2 ] dll a o I dl A a dgj % %
N19ANUI LT TINT AN LL[ﬂLu‘ﬂ\‘i“’ﬂﬂﬁ\lMQEHWQW@Qﬁ/ﬂfJWNﬂ’]ﬁ‘mﬁLﬂﬂiQ?@ﬂﬂuﬂuﬂWLL@ZiQ?Z@

Q q

'
o 1 a

a | Ao 2 o = o | o Yo A oy
LANNHINNINATUITU ’Q\‘Iu']ﬁ\l’]ﬂmﬂﬂﬁ‘m\l’]m 290 AR ﬁ"m‘mMQQHdeim?UﬂﬁiﬂuﬁluLL@QQW

a dy v a o ' a dal A o 1 1% A o 1 v Aa
mmm@%mmuqum 39 AIRENLAY FAALTIALANNAN 26 RIDEINS LL@QL@@ﬂW]Q@H’]\?‘H@\TIQ?WHQH

0% (% 1

nueINIUszNI 4 FAet1NNNINNIT9LATIEN completé genome waNATNT EAHAI0EN9B T

£
IS v a A

NlFRAnTelaFaTAunUe1Te lasaaNTAT I WIGS ANBEINENe AR ABLAINYNGRITEY assay

—

a9

¥ 1
A o [

=2 o 1 = qg/j & or 2 4 I & a ° ' o A
NNENUTITUNN MQ‘ﬂﬁl’Nsﬁﬁ‘NVNVNﬁi;]]ﬂLﬂU?ﬂHWiQIMQLL%LLmQQmWQN -70°C aunIaztinun i

ANTANHINITAIIAN AR

—

NMFATUINAUIALTEEN AN 1A .

o Y o Bt Tl W o
suasaetlnglidnsnisagiany Tagann Ut uazloianed Asuaniningns
ANINITANUIUTUIAABENY :

add v ol ok

N = 7°PQ/d’

§ A" =

o

e Z:Z NezAupAnn@esiu 95% =196 - =

P: dmmsn1smsanuEalaiataunLen (P=0.075) uagledainan (P=0.023)

Q:1-P - o
1 7
d: ANAANNAAIALAAEYU (d) = 5% UBIBATINTATIANL LTS 1254

FRENN1IANUILIEBARTINI T LT AR 3 ALRST = 0,23% uazlafaTiaunuen 0.75%

2

Nippen = (1.96)°(01075)(0:926)/(6105)
=106.6

2

N, = (1.96)7(0.023)(0.9%7)/(0.08)

=34.52

ety Wsnateduivliadaunuantlszanm 107 dratrsuarlofamanilszunn 35 faating

v
FANVNUNA 142 DN



20

AFALUUNUIRE
n1sdnm Viral RNA a1n sample Taeldgmuinendidagyl viral Nucleic Acid Extraction, RBC

Bioscience
o G¥uannsivatinegilon 15N1ms 200 pl + VB buffer 15119 400 pl udatinl vortex

o ssialingauunivieadiunan 10 w

® 5N 95% ethanol U5N1519

' , —— = Ay
® 19 mixture 18 VB column-A3 trifuge 91 12,000xg, 2 W7 WA

v v
® FAiu W1 1UTN1mT 400 1l W@ ‘ LANNANTTUAN

® |fy R-wash 13113 IAACentrifug T2 LAUNANTTUANTS

e 4l 3w LL’ZQJ'JVL‘JJ centrifu
% SR

N15LE5EN cDNA AN @A
transcriptase ‘l‘,ﬂﬂ%ﬂﬂ’imﬁﬂmﬁmmega, Madison, WI

. mixtuﬂR%EJ»,’Ja%lﬂM@%&Lm'3'
* ARSI INY1a Y

o uinidaflunan 2 wit

S 1LY plagid control A28AE reverse

® 4 reverse transcription mix 7 pl W&a Lnfigouundiied unad 5w
I a & o
o 1iufigunniiazec luaan 1 9aTus

o iinigouund 70°C e 15 wn
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N1SLAZEN Plasmid positive control (Promega, Medison, WI) Tmﬂ‘fi‘l’a%’ﬂ%@uqum ECSA
strain waz TasaLnanng 4 serotype

Ligation
* Ligation 2211974 PCR product AU plasmid (pGEM-T) LBIFEIN mixture

® 2x buffer (5 pl), T4 DNA lig

product (3 ul)

e antlulinig

mpetent cell azang

! ¢
Lmﬂf}‘ﬁmm uinan 1.5 Fala

* centrifuge 71A1337 4,000 rom a0 5 1

.m&uﬁ%ﬂﬂwQMHWﬂi
N

o

® Spread a1 LB agar plate LL@“’LH1 uummunu 37 C ANNAY

Colony selection

° ﬁﬂmrﬂm colony Nuuu LB agar plate Tpeaziaen colony TGl

o

* (Gen colony #119ldaslu LB broth e 200 rpm figauadl 37°C luiaan

16 92034 el BN Ta s
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Plasmid extraction
o a al
*  {NuUANEEANN LB broth 1.5 ml 1 l@aglumaas 2 m
e smaeniiud 13,000 rpm unan 1 wfinda mdaulaie azvae pellet

* 5 lysis solution (Witfin) U3NNmT 400 pl wédatinld Vortex 30 3u1#

smininmsgar i ﬁﬁm;ﬁﬁwﬂﬂﬂﬁj RNA, cONA

mmmu?zg%‘lﬁmé’m%’mnmmmmﬂ?mmwa&RNA 7ipaNEQIPEU 260 nm fiag

o o G TV AR A G 0 o o

ANNANTUEIRIERINEIUITNIN A /A, ATRANREIEUIN 1.7-2.0

RNA Purity = -
A

280

Amualil A, = AMNNIAANARLAIEINARATEY RNA AIINENIAAY 260 nm

Aey = ANNIAANAULANGINAAUD3TLFUNAIINENIARY 280 Nm
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AUIIANINLE29 RNA, cDNA smsgulumiiag pg/mi tneiAses

[ %

BioPhotometer, Eppendorf L&aA 11 naasidisndy et
ARIANLENd a9 RNA Tumiag Copy/

[RNA] Copy/ pl = [RNA] (g/ l) x 6.02 x 107
Length of RNA (nt) x 340

ANIANNIEINTUTeY cDNA hiag Copl]

-
[cDNA] Copy/ ul = [cDNA] (g/pl)x 6.02 x 107
Length of cDNA (nt)x 660

\

N15¥1 Serial dilution LNBATUUARNNLANT VAR template

11 cDNA nsuasAudildR@oN L FIfEA I T Nazdne 10' — 107 Copies/ pl
° ° .. v, "! . | vy o | Y v v
Tnenn99in serial dilution Taafnupla i dilution factor WAL 10 wRotiusiazAadindunn 14

flu template Tun199n real tije PCR _ $ag#ndimit of detection A A udindiuafiged

ald ol

ANl fa il

L

dl . all v [ o o - v a
m19797 2 Primers Ndluntswndadiianale nansusinaeloiataunue

Product | | : =
fragment gene | primer | Position* Sequenice (5'-3") Tm (°C)
size (bp)
1 5'N6 18F 18 CACGTAGéCTACCAGTTTCTTA 53.0
o nsP1 87 1R 871 ATGEGAACACCGATGGTAGGTG 54.4
2 nsP1 616F 616 AACCCCGTTCATGTACAATGC 52.4
°19 nsP1 1435R 1435 CGGFACCACAAAGCTGTCAAAC 54.8
3 nsP1 1317F 1847 CACTGACCTGCTGCTGTCTATG 56.7
o nsP2 | 2130R 2130 AGTCCTGCAGCTTCTTCCTTC 54.4
4 nsP1 1412F 1412 CGAGTTTGACAGCTTTGTGGTA 53.0
o1 nsP2 | 2227R 2227 ATGACTGCAATTTTGTATGGGC 51.1
5 nsP2 1908F 1908 CAATCTCGCCTGAAGACTTCC 54.4
o nsP2 | 2709R 2709 TCCACTACAATCGGCTTGTTG 52.4
6 nsP2 | 2530F 2530 GTGCGGCTTCTTCAATATGATG 53.0
o nsP2 3343R 3343 TCCAGGCCTATTATCCCAGTG 54.4
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Product
fragment gene | primer | Position* Sequence (5'-3") Tm (°C)
size (bp)

7 nsP2 | 2577F | 2577 | AACATCTGCACCCAAGTGTACC | 54.8
Y o2 | 3504R | 3504 | GTCTOCTGTTGGOCGGTATAAT | 548

8 nsP2 | 3332F | 3332 | TAATAGGCCTGGAGGGAAGATG | 54.8
3 | 4134R | 413, | CTACGCACTCTTCATCGTICTT | 530

9 nsP2 | 3885F | 8885 / [{GAACGAGTCATCTGCGTATTGG | 54.8
0 o | 4728 | 4725 A AGATETCTGOCATATCOACTC | 530

10 nsP3 ["4458F | 4458 | TCTTTACAGCCATGGACTCGAC | 54.8
O opa T samrl mpta. | TOTACTTIGCGCGACTOATACG | 548

11 nsP4 | 8B30F /5630 | ACGGACGACGAGTTACGACTAG |  56.7
R 16980 41| COCAGTATTCTTGGTTGCATG 52.4

12 nspdf| of84F Jl ®184% | AAAAGAGCACGCTTACCACG 51.8
% o ff oaed 7-6936'1 " AACTIGAAGCGCGTACCTGTC | 54.4

13 nsP4 | J6732F 4| 6732 | TCATAGCCGCACACTTTAAGC 52.4
"% opa | 78R i s “lLaceAccGeeaTACAAAGTTAC | 544

14 nSP4 | 1278F~ 7218 ;;G’gAGGTGACGAACAAGATGAG 54.4
e C | 8034R| 8034 [ CEECTTAAAGGCCAATTTG 48.9

15 G _7910F 7910 TCCAACTCAAGCACGAAGG 51.1

e T2 | 8670R | 8670 | GICTGTCGCTICATTTCTGATG 53

16 E3“ | 8450F | 8459 | TGCTTGAGEACAACGTCATGAG | 54.8
o E2_ | 9240R | 9240 TTTGTGATTGGTGACCGCG 51.1

17 E2l| 9093F | L9093 ¢ AGTCCGGCAAGGTAAAGATCAC | 54.8
o8 6K | 9861R | #9861 | AAAGGTTGCTGCTCGITCCAC | 544

18 E2. | 79648F | | 9648 /| AGTTGTGTCAGTGGCETCEITC | 56.7
o E1 | 10403R | 10403 | TAAAGGACGCGGAGCTTAGCTG | 56.7

19 E1 | 10145F | 10145 | ACAAAACCGTCATCCCGTCTC | 54.4
1o E1 | 11158R | 11158 | TGACTATGTGGTCCTTCGGAGG | 56.7

20 E1 | 10959F | 10959 | CAGCAAGAAAGGCAAGTGTGC | 54.4
% anc [ 11e02r | 11802 CTCCTACGTCCCTGTGGG 54.9

Primers 7 Midufudiui 1-19 uae forward primer 28989U7 20 N1A1NNNIANHINBUNTN

v

1(44) uaz reverse primer 18989u7 20 gnaanuullnalag®aain accession NO. NC_004162



F11319% 3 accession number, a0uW, T A.A. ArudulaFataunuen

Accession number

AU, U A.A.

CHIKV

FJ807891

EU703762

aulpilidme, 2008

UILALTEl, 2006

| 2elllai, 2006

F7849nA, 2008

aganlLls, 2006

Forobick d

L]

A [y
AYIF 1A

25
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AN91497 4 accession number, a0117, 1l A.A. d1uduladamen

Accession number mmuﬁ, U A.a.

DENV

HQ166035 wlNTn, 2007

agnlils, 2008

Fanlls, 2008

aen 115, 2007

g, 2001

2001

nel, 2001
I, 2001

ngl, 2000

n1591 PCR zi’m%’umsmﬂnm

Lmﬂ,asza‘mﬁﬁ pudAdlalng

111 cDNA W@Wﬂ‘ﬁ?ﬂﬂﬂ‘ﬂmﬂZQEI’]’]’%,EIﬂlfﬂ'ﬂdﬁ‘iﬂ]ﬂuﬂuﬂ’]ﬁﬁ‘ﬂi’}i‘@ WaNuIATadasing

) T P o s PER b ot 2

LL@“’@'WI?‘LILL’J?ZQ Lﬂ\‘lﬂ (43) AINANALY

Lu@ﬁ ﬁﬂ aﬁﬁcﬂ imuu %PL’Q m Eilq”ﬂa t%yld Inei% gel

electrophore5|s T 2% agarose gel wazld 100 bp ladder Wusauanauinaas PCR

product
] 1 v
5in gel Inadansin lWLEnuiuau PCR product 314NaNF89N"T Aatl

@M PCR product a1n gel 7fAganuiAqe HiYield Gel/PCR DNA  Fragment

Extraction Kit (Bioscience)

PAALLLIA LAsIdamIIAni U131 First base laboratories SDN BHD
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n159i1 phylogenetic analysis WAZALASIZY sequence WiBLNUFIUTRYA
o MsAlATzsTRlElisunsy BioEdit Sequence Alignment Editor Way Molecular
Evolutionary Genetics Analysis, Version 3.1
® Jpmziansuiualaneds BLAST search (Basic Local Alignment Search Tool) a1n
giudeyalu NCBI  uAa1sU sequence  waztnseaneiufaeldsunsy

CHROMASLITE (v.2.0) tazSeaMan (DNASTAR, Madison, Wisconsin) AINa1AL

o TaelunnsfniAnvun kA o5 e s daelis 3 A5uULNeighbor-joining, Model

WU Nucleotide: Maxiftif Composite Likeliiood WAL A1 bootstrapping Winfiu 1,000

N1991 Multiplex real-time PGR

a

; i >
nn1sUFuanias i aub anasnigisgnuea e sifisevisdminlafagaunuen

wazlafmasilnauiy panudliEuded drimer ﬁ@glmj’fm 0.2-0:8 pM, ANinduaee probe
Ufaglugag 0.2-0.5 pM uaz Aghwddutes Mgffl;ﬁ‘éq"’luﬁqq 06 mM mmfuﬁﬂﬂﬁ’]ﬂﬁﬁ?miu
Lﬂdﬁl‘ﬂ\‘i real-time PCR Corbett Resea"rch Roto"r'-"Géne 3000 Iuﬂ?‘mm‘ﬁwm 10 i Cl:mll?lg\‘i
Tu7unea denaturation ‘1/1 95°C Lﬂuwm 2 U mnuumuma 40 ﬁ"ﬂ‘].l‘ﬂ@\mu annealing Wag
extension Tmﬂﬂ@mmmﬂwﬂu annealmg 1‘14@8&‘2:%‘3’1@ 50°C way 65°C Tmﬂm@muqﬁﬁ

mmmmzﬁm LLZ\]'DL&’]‘U{]ﬂ?ﬂ’]%\‘l‘ﬂﬂ\ﬂ')i@ﬁﬂl&ﬂ%%ﬂLL@“’VLQ?@ Lm\‘mmmumﬂgmmnu

N15AATIERANNADARINTAYA et
Apnziiiayantignasuisunnaedlaatiaunuen TTNANIMEEYN 1T WANFAINAIN
A = > = | o . o
Nezunnulszmapedinunsa et e uasaa RN RN a8 D uNLIprimer UAT probe M
AATZIRAINNTTINT Multipléx real time RT-PCR annn1sl primers Lae probe
wesusiar1o3a dagrnnsariy sl Iaanugneulwvsanaraiuldvzaliawalils primers
-dl ' ﬁg/ @ ngj a 1 & a a
WAz probe NANTANFENNTRIIATE IIFAVS 2 T ile’ atinadnlsrAnEn W
= ¥ aa . . o Qd-dl
LRELMEUAIINAINITNLBINIAIIAFIERD Multiplex real time RT-PCR fuAnaw’|
dniianla (sensitivity) ANANNE (specificity) UAzANYNEEY (accuracy) aeinsls Angn 35

o

= ~ P o ° g
‘ﬂu"'lﬁ?‘ﬂill ff]ﬂ'NvL? Iﬂﬂﬂqﬂﬂﬂ’]?ﬂquqm N1



. ~ | el ax A o <
ANTINN 5 LL?Nﬂ\‘lﬂ’]?LV]EI‘]Ji‘&M’J’]\‘]QﬁN’]ﬁli‘ﬁquLLﬂz’Jﬁﬂ’]?ﬂ FNUNUUNN
adal
INITNIRNTTIU
(PCR, Gold Standard)
Total
NALIIN NANL
(positive (negative)
A5n19N HaLan TP+EP
W LN TN (positive)
i _ NAAL
(multiplex real FN+TN
time PCR) (negative
TP+FP+FN+TN
Total
TneAuanAnsne) Aas

mm%(%nsitivity) =T (

ANNNAUNE (Specificity

v ’ ! ;
AINGNADN (Accuracy) = (FR+TN) /

7

1l

AU INENTNEINS

ARIANTAUNIINGIAE

28



unii 4
NANITNARDS
HANNTNAREIANNNT5YI1 PCR LN complete genome aadlasadAunuen
Flenmasedafiaidedninasinideliaiaunueuda dudenfneefifanan uay

AN9dnNLA WWaNN complete genome WAZARBENSTIUNNTN complete genome Fiail

1Burnunnnadog Inafsaazidaafania09i 6

dl v % 1 dl o o o a
AT 6 ARNAFIRLNNUININT complete genome e VL’J?'ZQ‘]]ﬂuﬂuF;IW
3 i S o

o A:ll [~3 o “' «‘5 a o 1
Sample code AUNNURARENT Z\@’]u . enBank TUAUARAIMINEN
Reeessiont
CU-Chike61 | GQ905863 Serum
CU-Ckik009* o 779 Serum
N N
CU-Ckik10 U301780 Serum
CU-Chik683 P . CU301781 Culture isolate

o -

TN
4 5 6 T g

gﬂﬁ 10 waANKANNTILEN PCR product U agarose gel

o = = | = | v o =
FAILAUNLLAAIADLANE fragment TILFAE fragment 1% primer AIM1TIN 2
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HANN5ILATIZY Complete genome Uadla5aTAUNUEN

Slelkuadniy Sequence  1alasaiAunuenic 4 fedredaimndieuifieuiy
ﬁq@ﬂwiﬁm?ﬁ@uqummﬂﬁwu (S27) mezﬁq%uj ‘17‘1"1/\1‘1_1Lﬁ'ﬂﬁﬁ“’]ﬁyﬁ?ﬂ@’mﬂﬁ‘zmﬂm’]mL%EI‘W‘U’]"]
Sequence TavliaTiAuNuET 4 FaRaaaIndiRneiuanni 99.79-99.80% iawfiuriusa
FuLLUL (Prototype) Aanuln&LAzanU 97.0% wasiilafauiufetnainuilssinanniaded]
AN IndiAgaiuszan 99.83% Tmﬂﬁm@Lﬂ?ﬁlﬂmmmwmﬂm@:ﬁiuﬁmjﬁﬁm@Lﬂ?ﬂlﬂmmm
lualugaufinansialildsiulasedsas Tun luded e protein MAWA P23S, V271 uarke3R,
luwedag E3protein 18w 1247, Jugied E2 protéin Wiki-GoZK, 174M, G79E, N160T, A164T,
L181M, S194G, 1211T, K252Q, M267Rs'5299M, T312M, A344T, S375T, uaz V386A litag 6K
protein LAwA V8I waz 154V Tiudad Edprotein lﬁﬁl,m' A226V, M269V, D284E, uaz V322A Laz i
donfinansvialusiiulugaifsiidlad @i ”Lﬁﬁ@'ﬂ; lugag nsP1 protein 1HuA T128K, L172V,
E234K, T376M, M383L, 1384L 14811 Q4B8R, uasL507R lutias nsP2 protein léiur 854N,
H374Y, C582Y, S582N, L539S L.av A793V‘1wﬁﬁj=§1 nsP3 V175I, Y217H, P326S, V331A, T337l,
K352E, I376T, A382T, L461P, S462N: Ll;@z P47}S Jél,u‘ﬁ")\‘] nsP4 l&un T75A, T254A, Q500L,
1514T, V5551, La V604l Lwimﬁ‘t,ﬂala}gl,;ﬂmmm?fﬂii?}u‘lu strain %ujﬁwumﬁﬂuuﬁﬁﬁiﬁuﬁu
(44) u@ﬂmnﬁwﬁﬂqiLﬂ?iWLLﬂMﬂg‘@@;@hUNﬁﬁ@lﬁwﬂuh%@%@uqumfﬁlujﬁqmeﬂu

AN9199 7

T linenizdullsfu(@UTR wag SUTR) anfnsulasuuilas wudn CU-
Chik10 8n171dAasunilag T=A AHnpala InAnIuMLeT 64 NI 5’UTR d9uLizinns 3UTR &

Ansmellauag A 19R% 49,27 AU 14,869+1 1342, Al s, S27 wanisilasunlasiie

a o’

o a4 A ~ |y A o o
W‘].ITLﬂQ?MJﬂ‘LAﬂ‘L&EHmfﬂu’]‘wwuLN@L?’J“]‘LA‘VHJ?:LVMN’]L@Lﬁﬁﬂ LL@@\?Q’]N@Q']NLMN@Hﬂum@QiQ?@GﬁQ

q q

@ . = g &
2129 UL ANNINNUIANN 795 LAANIAN T AN Y
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P9T 7 ﬂﬁ‘ﬂﬂ:ﬁﬁtu‘ﬁL‘]J?VIF;IMLL‘]J@\‘]VL‘]JLﬁ@LﬁﬂUﬁU%@uquﬂﬁﬁQLL?ﬂ
region | Polypeptide | Protein S27 CU- CU- CU- CU-
position position Chik661 | Chik009 | Chik10 | Chik683
nsP1 29 29 P S
186 186 N D
nspP2 614 79 P S
nsP3 1671 338 L M
nsP4 1950 87 Y- | ¥ H
2458 595 N L K
2463 600 R 1 I
2468 605 i/ ;
2469 606 L v M
E3 290 90 s Y\
E2 409 84 Fals vl | AL
632 307 || =

o o

*6i7 ﬂm‘ﬁLL@mﬂummqﬁﬂﬂm@zﬁ‘iuﬁqﬁ P=Profine, S=Serine,.N=Asparagine, D=Aspatic
acid, T=Threonine, M= MethnTrre—YnyrGSTne—H:Hrstldme—K: l;ysine, R= Arginine,
|= Isoleucine, L= Lwucine, F= Phenylalanine, Q= Glutamine

a v

2 o a dl d‘ o o o
u‘ﬂﬂ@’]ﬂﬂ’]ﬁ")Lﬁ?WZVﬂﬁ‘ﬂﬂzNIuV]L‘ﬂﬂﬁluLLﬂﬂﬂiﬂﬂl‘ﬂﬂiQ?’&‘ﬂﬂuﬂuﬂqLL@’J g€3IN1NIT

q q

a & . % dl [~ A A A v a o o
ATIARDLUILATIEUNIN phylogenetic MY %QLﬂuﬂ’Wﬁ“Vﬁ')’WNﬂQWNLﬂuﬂuﬁi'ﬂlﬂmﬁﬁl\mu%ﬁ‘@
. dl 1 a :: dl !
strain 214 281 Top (R adh A ig e complete’ genome (gﬂ‘m 11) WAz BULLDNIZLNNATU

2199 E1 gendl (317 12) 1asainnisauunanadaisiugaaslafatiaunuen ardaainalngines

q q

fu E1 gene \ludnAty Tnaazifiudnlaiagaunuanlunisdneiianindipesivlafadaunu

a ' q

eNANUNLISEINANNLALTI(FIB07899) N4



32

Thailand/2008/GU301780

96, Thailand/2009/GU301781 | This
Thailand/2009/GU301779 | study

93| Thailand/2009/G Q905863

99 | Malaysia/2008/FJ807899

India/2008/GQ4 28213

Italy/2007/EU244823

dia/2006/EF027137
|/ |Eingapore/2006/FJ807896
: ’!;'—m." 061EF02?138

2006/EF027134
Hesh/2008/F.J807898
2008/FJ513675
a/2006/EF027136
a/2006/El 2?135

] chelles/2005/AM258991
5 478 4 m 2005/AM258990
= p» *’ 15/AM258995
S 1 3 #\.. AM258992
)05/AM258993
JNI2005/AM258994
2006/DQ443544
D06/FJ959103
auritius/2006/EU564334
/2000/EF027139
. Tanzania/1953/NC 004162
g e 22/AFA00250
“:} = Nataysia/2006/EU703762
| ' 73/EF027141

D - ' 0 ml:l. 027140

Senegal/1983/AY7267 32

| FTﬁEJ’WlEJWﬁWEﬂﬂ‘ﬁ
) TRt ok L1




33

Thailand/2009/GQ905863
hailand/2009/GU301779 This
hailand/2008/GU301780 study
hailand/2009/GU301781
Malaysia/2008/FJ807893
Singapore/2008/FJ445492
India/2007/GQ428213
Bangladesh/2008/FJ807898
* a/2008/FJ513661
gapore/2006/FJ807896
'l‘“ #'// 027134
\ pOTel2008/F J445511 —_—
| In 006/ 13
ﬁ I l|| FFO ba genntype
' India/2006/EFC
'.. ndiz ilm N2
REUNION/2005/4
106/ EU703762
D08/FJ807891 Aslan
=F027141
genotype
. West
5 - African
genotype

0.02

ﬁMﬂ@ﬂﬂﬂ;Wﬂﬁﬂﬁ A

ﬁ“ﬂ‘Vl 12 LAAIANNARNUENS phylogenetlc WwWallaaumey E1 gene m@q’l,qmmuqum

RSN e

ll’)ﬁ‘ZQLﬂﬂﬂ@qﬂﬁﬁuﬁlﬂll@ ﬂQLLZ\iﬂ\ﬂuGﬂ?’NW 3uar 4 NUINRAUAR AN auTuszrdnglaFaus

avsn AslEIARNTAaRe0NULY primer WAL probe AaRuaaslunnaf 8 Tneflnsfimiloutusa

wan<lugin 13 duiulafagaunuen uazgli 14 drwdulaiamsn



AFlo2sos[e

ChikF10378-10398

317 13 uama alignment ¥

- e R TR

Loiws silcorammansunenfoy cinnals

1 R S A B oo

5t pACTACTRCT TAGAQE MR TR CTILCY

S—— Lovemrmrmnsnssstis snmnm 1-

b siciacnnnanneadhs vrnnnd"

R T L

bevredlisssnanosninoifunsannn I--

34

mmzmnnrmrm FRRTCICTICRECTIGEATATT

T TR, SULTRCR R R Rl A R

co il Jeidicsnsniniorsssiosroanillasnhevsissonienveses C1.
LS | GRG R S DRSS v 1
T | IR SR % TR S— €1.
SRS | P ISR S ISR eS———," -

Tl T

R L S R P —— <.

DenR10674-10694

ve



35

A1147 8 inummﬁnlﬂummﬂnuuu
. , Tm (°C) PCR product .
Tfa Probe/primer (553 0\ AU
- ' size (bp)
ChikF10378-10398 GCATGCA AGCTCCGEG 58.3 130 10378-10398
iﬂf,, "";

CHIKV ChikR10487-10508 Tl Gg% \CC 56.7 10487-10508
ChikP10443-10456 Cy5-ATGC C:JI LCA CCGT( BQ 60.8 10433-10456
DenF10520-10541 GACTAGYGGTTAGAGE c 56.3 174 10520-10541

DENV | DenR10674-10694 GHRGAGA&E@G%I 58.3 10674-10694
DenP10610-10634 JOE-AA - 61.0 10610-10634
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ANITUAZANMNIANTUTAIAITAN N 1E4iN Real-time PCR
dll o o Y Y ! dl ¥ o asa ¥ ! dl
Waninsdiuanudnduresanssten linlizeauds wudn dunsimunzas
Auiurinljiseleiunnsganinaae 10 pl AIR19799 9 Taanisdiuaaaidinduaes
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F19799 9 wanpINLEHIATIATANIENTuesan e U AT multiplex real-

time PCR
an3 1Fmg/AudNd W
2X reaction mix 5l
SuperScript™ 11l RT/Platinum® Tag Mix 0.2 l
ChikF10378-1039 0.5 uM
ChikR10487-1 0.5 uM
ChikP10443 : 3 0.2 uM
DenF1052 /A// 025 M
DenR106 /e 025 UM
DenP10610"1 a 25 uM
aSQ| N .25 mM
Fhiad
distilled wate “4‘5:-:("" Al
W
template Lzl 1l
Lr-’u{-;-f.Td y
total '-r'rié_ 2 10

a

e

aNN17UsUU MMﬂNﬁL"PﬁJ‘T

4

WLFNANNNI0N LRI LR ] LANUAILA BRI 39

ATTIFIE emma‘mq@z@ty 1904

RS IRRETY

AUINENINYINT

A19199 10 me&wnmmmv@wmmama‘mﬂgmm multiplex real-time PCR

£

117

WAL

N mﬁnn extension 91 72°C Iunﬂj

d

predenaturation 95°C 2 U

denaturation 95°C 15 U7
annealing 55°C 10 A%
Second annealing 60°C 10 Au1A
Extension 72°C 20 3uA
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Wanaaaun1aNLBNIUIA3EN19 Multiplex real-time PCR wazndtyyninas
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Tne §3enilaifl Template Tinansdayannaiiisduiegaingesdtyain Cys uaz JOE
wananUfisaisasdliiianagiiatBanouiddatiiaiuuge danmaaauauiindunign
RaunransIagen En plate Lmumumm 10 copies/yl

all ¥ ! ]
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Standard curve of DENV1
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mﬁm%u%i kBt deiih 8 30 ot i i auaied 26
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N15ATIAFAUNUAIDLINNIIARUN

dl o o 1 dq‘/ 7 dl Aa dl” v a A % =
LN@‘LHﬁ]'J‘ﬂEI’Nsﬁﬁ‘N’Q’]ﬂQﬂ@ﬁl%@\?ﬁﬂfl’]EW]L?J@VL'J?’&?JQHQMEI’]M?@VLQ?’&Lﬁ\‘lﬂN’W]@’&‘ﬂ‘U

o A

WMeuAuatnns PCR 438 semi-nested PCR  danaifludgnismiiuieenfusize gold

2

©

standard WauAUATAT multiplex real-time PCR AWmununn tnglsiaasnesianun 290

v
o 1 Y o

Faat19 WUI138N17 PCR - @1N170A9aun lnsaTAunuanviza ladaiaad lananum 125

q 9

a

snasing Taeflulndadaunuan 60 Faatinduaslndaindn 65 Faata faatinainmalae

Q q

38n13 PCR wudnilensaalaedanis multiplek-feal time PCR anunsnmsnalivnsinasing

4 v
v a

UANANUAIRLNNITN1T PCR- #3929 T L 15 49aaas 7987931 162 Fnasing 411190

1
%

neaanulnedanns multiplex realtime RCR lfan 12 saatng 15ABEN1T multiplex real-

time PCR IWAWauN1 HAgaf laflanng 138n1e POR Ui

i

Real-time/PCR Real-tim_e/ﬁCR T R_eal—time/PCR Real-time/PCR
(+/4) (), & ‘ L &1 (-++) e
CHIKV 60 50_:; '.?'f:-__i 3 3 116
DENV 65 __-;ﬁ_oq Tﬁ 9 0 174
total 125 _ 150 12 3 290

JUN11 wanenain oL THUWELIEUIN998NIs real-time PCR uaz PCR

NSATUIUNERD B
[} aa dl al o adal ad [ add‘ 1 dl A 1 =
AINNITANUINNADANBLNUALIEN1F PCR UnAnaidlulsninmene wuan &
Al (sehsitivity ) 19128107 .65%; AN Z (specificity) MML92569% LAy AU
Qnfiad (accuracy) WNML 95.82% TneiAv lGNtINANAet 9N Rainnasdadngyaasn

v
v a A

A o a
\TalaFaTAuNueaNiTa i aLe9

a ' q
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= A4 v oy Y S o =
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s - p (A
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1
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A7UnALazanlsIENaaINNITWAUIIENS Multiplex real-time PCR
nsagalafataunuauay lhianaNa1Nns0nsaliuaneds [ PCR, rapid test,

ELISA, HI test WaZNI9LNIE Lfﬁ@if;m AN ANANILED LAAINTIALEY UseANBNINIAY

I
a 12laal

pstindeie WuddnAysienismsaanienisunnd Tnadauminddelaifaznnsnsmalaga
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=< Yy o aal PR G & 9 ~ 5 a LA A a &
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A A A
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aa 2%

Tdamnzaasdfisenfoe Tnelfulmanzauiulafaflisfeanniuiunnuini dag
ANAMNATA MAuA Hanula (sensitivity) WAL 97.65%, AINNAUNIET (specificity)
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UszAnBnangandn Wesannisasn

erotype WATNITRATIAN serotype
294 105aLA9N aun30nn L £119 PCR 4@a1 sequence Liienn BLAST Lyl

4 U4
ugudieyails

AU INENTNEINS
RINNIUUNIININY



518115219

(1) Pongsiri P, Auksornkitti  V, Theamboonlers A, Luplertiop N, Rianthavorn P, and
Poovorawan Y. Entire genome characterization of Chikungunya virus from the 2008-

2009 outbreaks in Thailand. Trop Biomed 27,2 (2010):167-176.

(2) Guzman MG and Kouri G. Dengue: an update., Lancet Infect Dis 2, 1 (2002); 33-42.

(3) Strauss JH and Strauss EG . The

evolution. Microbiol Rev. %

(4) Khan AH, Morita K, Parwdeu& I—@\Aathenge EG, and Igarashi A.

Complete nucleoUd( 7 hi _ Kand evidence for an internal
polyadenylation sité. i %

(5) Faragher SG, Meek AD, Ri . "" ! aa\qgme sequences of a mouse-
1o rvirus. Virology. 163, 2 (1988):509-

|ruses gene expression, replication and

526.

(6) Schlesinger SS and ' ' i and assembly of alphavirus

glycoproteins.

pf -;,r

Flaviviridae, pp. 1:_2)1 —148: PTe"nu’m’ New Yor

(7) Simizu B, Yamamoto ashimoto K, an

virus. J Virol. 51, 1@84 254-

ﬁﬂﬁ%ﬁ%ﬂﬂﬁm
N TV YD TR

(10) Tricou Vi vu HT, Quynh NV, Nguyen CV, Tran HT, Farrar J, et al. Comparison of two

dengue NS1 rapid tests for sensitivity, specificity and relationship to viraemia and

antibody responses. BMC Infect Dis. 28, 10 (2010):142.

(11) Ross TM. Dengue Virus. Clin Lab Med. 30, 1 (2010):149-160.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pongsiri%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Auksornkitti%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theamboonlers%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luplertlop%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rianthavorn%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poovorawan%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guzm%C3%A1n%20MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kour%C3%AD%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khan%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morita%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parquet%20Md%20Mdel%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hasebe%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mathenge%20EG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Igarashi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Faragher%20SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meek%20AD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rice%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dalgarno%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simizu%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamamoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hashimoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogata%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chambers%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hahn%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Galler%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rice%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tricou%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vu%20HT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Quynh%20NV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nguyen%20CV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tran%20HT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farrar%20J%22%5BAuthor%5D

50

(12) Robinson MC. An epidemic of virus disease in Southern Province, Tanganyika Territory,
in 1952-53. I. Clinical features. Transactions of the Royal Society of Tropical

Medicine and Hygiene. Trans R Soc Trop Med Hyqg. 49,1 (1955):28-32.

(13) Hammon WM and Sather GE. Virological findings in the 1960 hemorrhagic fever

epidemic (dengue) in Thailand. Am J Troo Med Hyg. 13 (1964):629-641.

% hikungunya virus: re-emergence of a

3 2377.

: 'ma. World Health Organization

(14) Powers AM and Logue CH. C

zoonotic arbovirus, 200

(15) WHO.Chikungunya Fe

[Online]. 2009 Avai

http://www.searo. 75.htm. [2010, Jan]

(16) Ng LC, Tan LK, Tan KY et al. Entomologic and

Emerg Infect Dis. 15, 8

virologic investigati
(2009):1243-1249.

(17) AbuBakar S, Sam IC, Wong PF, ﬂatﬁahn g 0oi PS, and Roslan N. Reemergence of

Jp-r';‘_ﬂ,r F:i’ 'J-
Endemic Chlkunglﬂnya MaIaV'sré"Emé - ; , 1.(2007):147-149.

(18) Ungchusak K.Chik nya: Thailand co ine].2008. Available from:

http://www.promedgail.org, arc 028.340ﬂ[2008, Oct]

(19) Powers AM uﬁiﬁﬂ ﬁaﬁlﬁ e of Chikungunya and
O’nyong- nﬁ EIPTﬂj lineages and distant
ev%u ﬁo en Virgl. qw ,{,icﬁ 1(7,|1 Ej ./ E]

, ;]ut@attanakowit N, and

(20) Theamhoon ers Rlanthavorn raianantathavorn
Poovorawan Y. Clinical and molecular characterization of chikungunya virus in South

Thailand. Jpn J Infect Dis. 62, 4 (2009):303-305.



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powers%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Logue%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ng%20LC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20LK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hapuarachchi%20HC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pok%20KY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22AbuBakar%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sam%20IC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wong%20PF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22MatRahim%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hooi%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roslan%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powers%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brault%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tesh%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weaver%20SC%22%5BAuthor%5D

51

(21) Field V, Gautret P, Schlagenhauf P, Burchard GD, Caumes E, Jensenius M, et al. Travel
and migration associated infectious diseases morbidity in Europe, 2008. BMC Infect

Dis. 10 (2010):330.

(22) Ahn A, Schoepp RJ, Sternberg D, and Kielian M. Growth and stability of a cholesterol-

independent Semliki Forest virus m

tant in mosquitoes. Virology. 262, 2 (1999):
452-456. ;i

:@W epidemiology, mechanism of

T—

(23) Siler JF, Hall MW, Hitch
transmission, etiolo ity and prevention. Philipp J

Sci. 29 (1926):1-3

(24) Sabin AB. Dengue.

man. pp. 361-373.

(27) Carvalho SE, Marti .

of American Dendl
(2010):60-66. ‘o LY

s oo LW AN AN ANEDN T e
AR TRy

(29) Chandak NH, Kashyap RS, Kabra D, Karandikar P, Saha SS, Morey SH, et al.

a T. Comparative analysis

nome sec@nces. Virus Genes. 40, 1

Neurological complications of Chikungunya virus infection Neurol India. 57,2

(2009):177-180.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahn%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schoepp%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sternberg%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kielian%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carvalho%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin%20DP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oliveira%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ribeiro%20BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagata%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guigon%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mostyn%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grant%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aaskov%20J%22%5BAuthor%5D

52

(30) Anand. Chikungunya Fever Guide [Online]. 2011. Available from :

http://www.chikungunia.com/chikungunya-treatment-symptoms-

prevention/chikungunia-is-much-deadlier-than-you-imagined/. [2011, Jan]

(31) Briolant S, Garin D, Scaramozzino N, Jouan A, and Crance JM. In vitro inhibition of

Chikungunya and Semliki Forest viruses replication by antiviral compounds:

u///)irin combination. Antiviral Res. 61, 2

A— !
(32) Brighton SW, Prozesky, ' & HWikungunya virus infection. A
me
retrospective stud i 1 J. 83):313-315.

(33) Lokireddy S, Saro

synergistic effect of interfero

(2004):111-117.

\

enetic predisposition to
Chikungunya—-a b unya affected families. Virol J. 6

(2009):77.

(34) WHO. Guidelines for treatm eng ue Hemorrhagic fever in small

hospital World health or

ST

e Ve
(35) Burke DS, Nisalak ﬁ Johnsor” DE, ‘and" S ospective study of dengue
ll L

infections in BangkgK=AfTJ-Trop-Med-Hyg: 387 1 (19: 38):172-180.

(36) Innis BL. Dengue ancmiengue he
infections pp 103-146! @hapman & Hall, ondon, United Kingdom. 1995.

(37) Solomon T, @wy\lgj \QJJ‘Q gJVannw g‘la:]Lﬂ Igengsakulrach B. et al.
105
9
(38) Gibbons RV and Vaughn DW. Dengue: an escalating problem. BMJ. 324, 7353
(2002):1563-1566.

(39) WHO. Dengue guidelines for diagnosis, treatment, prevention and control. Delhi, India,

2009


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Briolant%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garin%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scaramozzino%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jouan%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crance%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brighton%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prozesky%20OW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20la%20Harpe%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lokireddy%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sarojamma%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramakrishna%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gibbons%20RV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vaughn%20DW%22%5BAuthor%5D

53

(40) Panning M, Grywna K, van Esbroeck M, Emmerich P, and Drosten C. Chikungunya
fever in travelers returning to Europe from the Indian Ocean region, 2006. Emerg

Infect Dis. 14, 3 (2008):416-422.

(41) Gibson NJ.The use of real-time PCR methods in DNA sequence variation analysis. Clin

Chim Acta. 63 (2006): 32-47.

(42) M Naresh Kumar CV, Anthony ﬁand R Sai Gopal DV. Molecular
characterization of chi% ra Pradesh, India & phylogenetic
relationship with Ce _ d Res. 126, 6 (2007): 534-540.

(43) Chutinimitkul S, Payu d Poovorawan Y. Dengue typing

assay based on J_Virol Methods. 129, 1

(2005):8-15.

(44) Schuffenecker |, lteman” _, Vaney MC. et al. Genome

microevolution of chi ‘Indian Ocean outbreak. PL0S

Med. 3,7 (2006): €263.

(45) Rianthavorn P, Pri antathav Wutt | Wi , Theamboonlers A, and

Poovorawan Y. An-putbreak-of chikungunya insouthe m Thailand from 2008 to 2009

~Int ﬂ Infect Dis. 14
el165
(46). Ahn A, Schoeﬁi u% ’t; % Enlm i W &J)vf/.t]\ ad‘jablllty of a cholesterol-

mdependent Semliki Forest virug' mutant in mesquitoes. Virolegy. 262, 2 (1999):

SN TN NNINETR Y

(47) Naze F, Le Roux K, Schuffenecker |, Zeller H, Staikowsky F, Grivard P et al.

caused by AfricanBréin (2010): e161-

Simultaneous detection and quantitation of Chikungunya, dengue and West Nile
viruses by multiplex RT-PCR assays and dengue virus typing using high resolution

melting. J Virol Methods. 162,1-2 (2009): 1-7



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Panning%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grywna%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Esbroeck%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emmerich%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drosten%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%20Naresh%20Kumar%20CV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anthony%20Johnson%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22R%20Sai%20Gopal%20DV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuffenecker%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iteman%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Michault%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murri%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frangeul%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vaney%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rianthavorn%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prianantathavorn%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wuttirattanakowit%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theamboonlers%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poovorawan%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahn%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schoepp%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sternberg%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kielian%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naze%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Le%20Roux%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuffenecker%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zeller%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Staikowsky%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grivard%20P%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Virol%20Methods.');

AULINENINYINS
ARIANTANNINGIAY



55

A1AKNUIN N (Appendix A)

N9LATANATLAN

1. 5XTris borate buffer (5XTBE)
Tris-base 54 N3y, Boric acid 27.5 n3u, EDTA (pH 8.0) 20 NadaMT, Farinduaul
1,000 findans wkaiulifenmyiisios

2. 1XTris borate buffer (1XTBE)
SXTBE 200 Sa@ans, 1inds 800 HadaRAs

3. 2%(w/v) agarose gel 4
Agarose Gel 4 n5u, 1XTBE 200882804, wauaaualihdialilasiunaundn gel azazanenilu

i

dadeny L
4. 10% Ethidium Bromidg o

Ethidium Bromide 30 lailasamsMinAat 300 ﬁz@ﬁm
5. Loading dye 4

0.25% Bromphenol blue, 40%(w/\) sucrése in Wa}tqr FainauauiBuans 50 aAans uda

fiuf 4°C (1o ik

6. PBS transport Media St TR,

)

BS 50 {a@ans, Penocillin + Streptomycin 5,000 titlasang, 4ilild microcentrifuge tube 1.5
NARAMNT NADART 1 NARART- '

7. LB agar 100 Nadamg
agar 1.5 N34, yeastBxttaét0.5 MInQpeptone /M AdH INAGH 0.5 N5 Barinndulisi Bunasson
{100 Hadans udannll autoclave mmfm@lﬁgmmﬁ@mmLL&QLEN ampicilin 100 M g/mL
wiawmlaplatellazsans 35 198am3

8. LB hroth 50 HaAAAT
yeast extract 0.25 N3, peptone 0.5 dnfu, NaCl 0.25 n3u, Futinnauli Bunmssaaniluso
Aanans waatnld autoclave

9. SOC medium 100 NAAAMNT
yeast extract 0.5 NN, peptone 2 N3u, NaCl 1 HadaRT waz KCl 0.25 mK Farinauli

asnmaiilu 100 Hadans aniwannglag 100 lulasdans uaz Mg® 13u1m9100 lulasans
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and northern parts of T

obtained from 2008 to 20
to determine the relati
Results showed that 2008-20
African genotype and were m
Singapore in 2008. This was in
which were caused by an Asi

aswraised'public health concerns. In the present
pflete ge
s in.Thai
offthe study” vi
itand: Lsolatesfbgloqged to fthe East, Central and South
closely relate,d to isolates detected in Malaysia and
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genotype. We describe several novel mutations in Thailand
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mé sequences of four CHIKV isolates
d. Phylogenetlc analysis was performed
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Chikungunya Virus (Qj{IKV) 1S an
enveloped, single-stranded RNA virus of
positive polarity with a genome'of =11.8 kb
(Khan et al., 2002) and ‘belongs to the
family Togaviridae ‘and'genus Alphavirus
(Strauss & Strauss, 1994). The 5’ two-thirds
of the genomic RNA encode the non-

structuralproteins whilesthe"3’ ‘one-third

serves as MRNA for the synthesis-ofviral
structural proteins (Faragher et al., 1988).

CHIKYV is responsible for chikungunya
fever (CHIKF), of which main clinical
features are fever, chills, headache,
myalagia, maculopapular rash and
arthralgia (Mohan, 2006). Although many of
these features are non specific, arthralgia
seems to be more specific to CHIKF than
any other clinical findings (Rianthavorn et

167

al., 2010). Plﬁfo‘édnetic analysis of the
CHIKV genome-based on partial E1 gene
sequences has identified three genotypes of
CHIKV; West African, Asian and East,
Central and South African (ECSA)
genotypes. (Powers et al., 2000). CHIKV
was first isolated from a febrile patient
during an epidemic of dengue-like illness
in Tanzania (previously Tanganyika) in
1952-1953 (Robinson, 1955).

The virus'is understood to-have come
from Africa and was subsequently
introduced to many regions of Asia (Carey,
1971). The first isolation of CHIKV in Asia
was reported from Thailand in 1958
(Hammon & Sather, 1964). Since 2004,
several outbreaks have occurred with
millions of reported cases, involving new
geographical areas (Powers & Logue, 2007)
such as Kenya in 2004, Comoros in 2005
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(Sergon et al., 2007), and several Indian
Ocean islands in 2005 (Schuffenecker et
al., 2006). Furthermore, India reported an
outbreak of unprecedented magnitude with
more than 1.38 million cases in 2006-2007
(Lahariya & Pradhan, 2006; WHO, 2008).
Furthermore, CHIKV has caused large
epidemics in Southeast Asia with cases
reported in Indonesia in 2001-2008(WHO,
2008), Singapore in 2008 (Ng et al., 2009),
Malaysia in 2006 (AbuBakar et al., 2007)
and Thailand in 2008 (Ungchusak, 2008).
Virus strains circulating in Asia were of the
Asian genotype until a shift to.the ECSA
genotype occurred in India in-late 2005.

In Thailand, outbreaks of GHIKV have
occurred in Prachinburi ;1%&)/ i
(1988), Khon Khen (1991); g*

(1993), and Nongkhai &

in many provinces of So
The initial outbreaks spre

2008). The area mostly affected by UHIKV
was Narathiwat, the Southernmost provisice
of the country. There are plenty of Acdes
albopictus, the Vecto"ll of CHIKYV, in
plantation areas abu i
Thailand, from where G-HiKV was isolated
from Ae. albopictus duqng the initial
outbreaks (Ungchusak, 2008). We have
already reported the clinical and viral
molecular characteristics of initial. CHIKEF
outbreaks in Thailand (Theamboonlers
et al., 2009). The,same study indicated
that CHIKV strains involved in the
initial outbreaks in, Thailand.-belonged to
the ECSAi genotypelreported from the
rest of Southeast Asia after 2005. These
isolates harbored the E1-A226V mutation
(Theamboonlers et al., 2009; Rianthavorn et
al., 2010) that is known to increase the
virus transmissibility via Ae. albopictus
(Tsetsarkin et al., 2007). By December
2009, CHIKV spread to the Central (17
provinces), Northeastern (15 provinces)
and Northern (11 provinces) parts of the
country affecting more than 46,000

J

individuals. The estimated rate of infection
was 75.40 people per 100,000 people
(Bureau of Epidemiology, Department of
Disease Control, Thailand, 2008).

In this study, we established nearly the
whole genome sequence of CHIKV detected
in four serum samples obtained in 2008
and 2009. In addition, the phylogenetic
origin and the diversity of CHIKV strains
responsible for the re-emergence of CHIKF

hailand were examined.

in
z

“WIATERIALS AND METHODS
Sample Collection
An outbreak of CHIKF was reported in the
Southern Thailand in 2008. Samples were
andomly picked up from sera that were

.teﬁted positive for CHIKV by RT-PCR. We
‘randomly selected one positive serum

mple (CU-Chikl10) reported in 2008. In
09, with the outbreaks still ongoing, we
i.éceived more sera and selected 3 serum
sai;flplfes for genetic characterization; two
CQ -Chik661 and CU-Chik683) from
iwat, and one serum sample, CU-
Cl’ﬂ.kﬂw from a patient who had returned
from Nakhonsrithammaraj. Both areas were
deﬂms-m the Southern Thailand. Sample

~ details are showq’ in Table 1. The details

168

racterization of E'1
gene have bee_ reported elsewhere
(Thea.mboonlersl-et al., 2009, Rianthavorn
et al., 2010). =

Cell preparation

African green monkey, Cercopithicus
aethiops Kidney cells, Vero cells, and
Rhesus monkey kidney, Macaca mulatta,
LLE-MK,.cells wereyused t0 propagate the
virds from serum sanmples. These cells
were maintained in growth medium, DMEM
(Sigma, USA), supplemented with 10% heat
inactivated (56°C for 30 min.) fetal bovine
serum (Sigma, USA), 1.1 g/l sodium
bicarbonate, 2mM L-glutamine, and
antibiotics (100 U/mL penicillin, 100 pg/mL
streptomycin). Cells were incubated at
37°C with 5% CO, in a humidified CO,
incubator.
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Virus propagation
CHIKV infected serum samples were
diluted 1:5 in RNAse free PBS solution
(final pH 7.2-7.4) before grinding in RNAse
free PBS solution (final pH 7.2-7.4) and
filtered through a 0.22 pm filter. Only the
CU-Chik683 sample was propagated in Vero
cell culture and was passaged once before
sequencing. The rest of analyzed isolates
(n=3) were sequenced directly from sera.
Briefly, confluent monolayer Vero cells,
approximately 5x10° cells per Ty flask,
were inoculated with prepared samples for
90 min at 37°C on a rocker platform. The
monolayer infected Vero -eells were
maintained in growth mediuwm; DMEM
(Sigma, USA), supplementew
inactivated (56°C for 30 min) fegal

serum (Sigma, USA), 1
bicarbonate, 2mM L-

inoculation — the culture supernatants were
collected into bio-freeze vials and kept'at -
80°C for viral RNA detection by RT-PE€R
and viral titration assay by plaque tltr_%n
on LLC-MK2 cells. o T

containing 4% neutral red was added and
incubated as above for 24 hours for plaque
identification.

Whole genome characterization

RNA extraction and RT-PCR

CHIKV was isolated directly from the

patient’s sera (n=3) or from cell cultures

(n=1) originating from the first passage

Vero cells (Table 1). Viral RNA was
xtracted using the Viral Nucleic Acid

kf)llon Kit (RBC Bioscience, Taiwan)

aec rﬁ‘g)o the manufacturer’s protocol

and_amplified by reverse transcription

« polymeraseschain reaction (RT-PCR), using

the Superseript III platinum One-Step
Quantitative RT-PCR System (Invitrogen,
Carlsbad, CA). The reaction mixture
‘consisted of 2 pl of extracted RNA, 5 nl of
2)5 reaction mix, 0.25 pl of superscript
Teverse transcriptase III platinum Taq

lymerase, 0.5 pM of each primer, and

pl'of nuclease-free water. The RT step
él'ld PCR amplification were performed in
a;rf{,_aE-ppendorf Mastercycler personal
(Eppendorf, Hamburg, Germany) under the
fol ing conditions: reverse transcription
at M'@ for 30 min; subsequently, initial
deﬁf’uratlon at 95°C for 3 min; followed
bjs&:]iﬁ-‘cyé-les of denaturation at 95°C for 1

~ min, primer annedling at 55°C for 1 min,

Plaque titration assay- -
LLC-MK2 cells were used for the plague
assay, modifying the pro't'q)col originally
described by Malewicz &-Jenkin (1979).
Briefly, LLC-MK2 cells were maintained in
DMEM (Sigma, USA), supplemented, with
10% heat inactivated (56°C for 30 min) fetal
bovine serum (Sigma, USA).” Ten-fold
dilutions of the infected Vero cell
supernatant were diluted in 5%, RPMI-1640
serum free ‘medium (Sigma,  USA).
Subsequently, 70-80% confluent LLC-MK2
cells in a 6 well culture plate were washed
once with Hanks’ balanced salt solution and
then inoculated with 250 pL of ten-fold
diluted samples at 37°C for 90 min. After
that, the first overlay agar medium was
incubated at 37°C with 5% CO, in a
humidified CO, incubator for 3-5 days until
plaque formation. The second overlay

alid—exbension=at72°C for 2 min; and
concluded by fme.lJextensmn at 72°C for
7 min. All prlm(?rs, except for the reverse
primer of fragment 21, are previously
published (Schuffenecker et al., 2006).
The sequence. of.the.newly designed
reverse primer (of fragment 21 was
5’CTCCTACGTCCCTGTGGG3’. The
amplified PCR products were analyzed by
eleetrophoresissom a 2% agarose gel in TBE
buffer and. stained*with ethiditm bromide.
The expected products were visualized
under UV light, excised from the gel and
purified with the QIAquick Gel Extraction
kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions. The
purified PCR products were then used for
direct sequencing by First BASE
Laboratories SDN BHD (Selangor Darul
Ehsan, Malaysia).
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Assembly of Genome Sequences and prototype, 99.83% to a Malaysian isolate
Sequence Analysis (Accession number FJ807899) and 99.81%
Genome sequences were analyzed using to a Singapore isolate (Accession number
the BLAST programme available in NCBI ~ FJ807896).

database (http://blast.ncbi.nlm.nih.gov/

Blast.cgi). Subsequently, they were edited  Non-structural region

and assembled in CHROMASLITE (v.2.0)  Compared to S27, the CU-Chik661, CU-
and SeqMan (DNASTAR, Madison, WI)  Chik009, CU-Chik10 and CU-Chik683
software. All sequences were aligned isolates displayed 32 identical substitutions
using Clustal X version 1.83 and in the non-structural region: nine in nsP1
phylogenetic trees were constructed gT 28K, L172V, E234K, T376M, M383L,
applying the neighbor-joining method and Z/g 4811, Q488R, and L507R), six in
nsP

/AN a3 ¥7a porta

Kimura’s two-parameter with 1,000 : AN, H374Y, C582Y, S582N, L539S
bootstrapping method implemented in the and ‘A?93ﬁ.eleven in nsP3 (V175I, Y217H,
MEGA 3.1 program. —_— «' P32685, V331A; T3371, K352E, I376T, A382T,
L L461P, S462N, and P471S) and six in nsP4
/ ; (T75A, T264A, QH00L, I514T, V5551, and
RESULTS ‘ V604I). These changes were also found in
' /' __other isolates from the Indian Ocean
Complete genome anal Islands in 2006 and 2007 (Schuffenecker et
Thailand = al., 2006), Kerala, South India in 2006-2008
We analyzed the nearly c e genome reekumar et al., 2009), Sri Lanka,
sequences of four CHI 'nghpore (Hapuarachchi et al., 2010) and
representative of the 2008 an ) Mqlaysia (Huang et al., 2009).
' - nterestingly, at codon 524 of nsP3,
there was an opal stop codon (UGA) in the
résent isolates that was not observed in
Table 2. The length of genome'sequénces - 527 andiRoss strains. This opal stop codon
of four isolates presented in this paperswas was also detected in related alphaviruses
11,811 base pairs except for the iselate €1 an'ﬁl«:‘ﬁteﬁously reported CHIKV isolates
Chik661 with a sequence of 11,738 base  (Schuffeneckercifal., 2006). It is believed
pairs. Subsequently, they were-aligned-wibl L0 have aii ii role in regulating the
27 complete genome séqﬂ_ences available  expression of nsP4 by read-through
in GenBank. Overall, the ge"n'pme structures  mechanism (Sllfr'auss & Strauss, 1994).
of these four isolates were.consistent with ~ Additional specific changes were also
the previous work. The isolates analyzed in  observed in CU-Chik10 (nsP1-P29S, nsP1-
this study were.very ,closely related, . ~N186D, nsP2-P79S, nsP3-T338M, nsP4-
showing a nucleotide identity of 99.79- |/ N5H95K, nsP4-R600I, nsP4-T605S, and nsP4-
99.89% with one angther. Furthermore, they © L606M)"and CU-Chik661 (nsP4-YS87H)
showed an average whole genome  isolates. There was also a unique
nucleotide, similarity of‘ 97 0% to=the=S27 o nueleotide-substitution-in the 1selates of this

Table 1. Samiple details

Sample code Date of collection Place GenBank Acc. No. Sample type
CU-Chik661 25 May 2009 Narathiwat GQI905863 Serum
CU-Ckik009" 4 Sep 2009 Bangkok GU301779 Serum
CU-Ckik10 21 Oct 2008 Narathiwat GU301780 Serum
CU-Chik683 27 Jul 2009 Narathiwat GU301781 Culture isolate

“ patient returned from Nakhonsrithammaraj, the province in the Southern Thailand.
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Table 2. Novel amino acid substitutions identified in Thailand CHIKV isolates

Region Polypeptide  protein  qor  y; cpivGg1  CU-Chik009 CU-Chikl0 CU-Chik683
position position

nsP1 29 29 P S
186 186 N D

nsP2 614 79 P S

nsP3 1671 338 T . . M

nsP4 1950 87 Y H . .
2458 595 N ' / . K
2463 600 R\\\\ | //// . I
2468 605 e ! S
2469 606 -i‘i? J é M

E3 290 39-_.&-’ ] el

E2 409 70 1 O
632 ‘

study; a synonymous chan, ' i the 32 TR, the sequences

d in this study showed a 14-

eletion in a stretch of 19

at nucleotide position
region.

Structural region

that were common to all four 1solates‘=wﬂfréﬂ : a 06). However, CU-Chik661 isolates
in C (P23S, V271 and K63R), one; 19,'E3- 4 s‘%_only a single nucleotide (A)

(124T), fifteen in E2 (G57K, I74M, GTIE; « deletio mtﬁire
NI160T, A164T, L1SLMS194G, I211T, ?Q

K252Q, M267R, S299M; 1

S375T, and V386A), two in 6K trates the phylogenetic tree
and four in E1 (A226V, M26£ based on full ge%&ime analysis. Our isolates
V322A) proteins. The only isolate (CU-Chik009, CU-Chikl0, CU-Chik683 and
displaying specific changesmwas CU-  CU:Chik661) were most closely related to
Chik009 with tﬁ Ti%; ﬁ ?’] sﬁnﬂ) ﬁm (Accession No.
changes (E3-K 7 er, they cluster together

Q307R). At nucléétide position 9138 with isolates from 2007 2008 Indian, Sri

1solates of this study had reverted back fo Lankan, Italian and Singapofe outbreaks.
m ANIRST RN PR =
mutated sequenc as been
recent CHIKV isolates. extensively used to infer the phylogenetic

relationships of CHIKV. The phylogenetic
5’ and 3’ UTRs tree based on the partial £'1 gene sequence

The 5° UTRs of all four isolates were  showed all study isolates within the ECSA
largely similar to recently described  phylogenetic group (Figure A2). In contrast,
isolates. Only CU-Chikl0 showed a the 1958 outbreak in Thailand had been
mutation (T—A) at nucleotide position 64.  ascribed to a strain of the Asian genotype.
Neither insertion nor deletion was observed.
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96

93
99

- Thailand/2009/GU301779 | study

r India/2008/GQ428213
- Italy/2007/EU244823

Thailand/2008/GU301780 .
Thailand/2009/GU301781 | This

Thailand/2009/GQ905863
Malaysia/2008/FJ807899

India/2006/EF027137
Singapore/2006/FJ807896
India/2006/EF027138
dia/2006/EF027134
gladesh/2008/FJ807898
008/FJ513675

s/2005 AM258991
05/AM258990

01/2005/AM258995
ion/2005/AM258992
on/2005/AM258993
005/AM258994
2006/DQ443544
a‘c.‘-*u‘;

2006/EU564334

R027139

anda/1052/ AF490 59
Malaysia/2006/EUT03762
~India/1978/EF027141

963/EF027140

Fr

enegal/1983/AY 726732

were identified
GenBank accessi number.

HIKV. Viruses

ar of isolation/
€ bottom in tes the genetic

distance in nucleotide substitutions per site. Numbers represent the
bootstrap support o‘twd for respectiveibranches

AULINENINEING

DISGUSSION

In Thail
Bangkok i
and was an'Asian genotype strain (Powers
et al., 2000). Subsequently, CHIKV emerged
in Thailand with gaps of 2-18 years
between outbreaks: Prachinburi (1976),
Surinn (1988), Khon Khen (1991), Loei and
Prayao (1993), and Nongkhai & Nakorn Sri
Thammaraj (1995). All these outbreaks
were caused by CHIKV of the Asian
genotype (Powers et al., 2000). CHIKV is

172

presently causing one of the largest
ast, 50 years.

QSR AR S TR T

with fever, rash and severe arthralgia was
detected at Laharn health center in
Narathiwat. CHIKV was suspected and
subsequently confirmed by the HI
(Hemaggutination inhibitor) test and RT-
PCR methods (Ungchusak, 2008). Since
then, CHIKV has been spreading to the
adjacent and nearby provinces of
Narathiwat including Songkhla, Pattani and
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rThailand/2009/GQ905863 ]
Thailand/2009/GU301779 | This
Thailand/2008/GU301780 | study
Thailand/2009/GU301781
Malaysia/2008/FJ807893
Singapore/2008/FJ445492
- India/2007/GQ428213
— Bangladesh/2008/FJ807898
Sri Lanka/2008/FJ513661
Singapore/2006/FJ807896
India/2006/EF027134
Smgapore/2008lFJ445511 ECSA
| genotype
| Asian
genotype
West
- African
genotype
| |
0.02
Figure A2. Phy.}}netlc tree based on the quences. Viruses
were identified hy-using-the-noiene Y ar of isolation/
GenBank acce ] >s the genetic

Yala with seveﬁuﬂmﬁﬂ ?’Eﬁﬂ)&iqﬁine involving all
reported in each ly rivate hospitals in
been disseminatedlin the nearby area o November 2008. Considering the preceding
Narathiwat but is also circulating in oth outbreaks-in Malaysia, it wyassumed that
= R I R A
Central, ysi f Thailand
country ha ing caused more than 46,000  where both countries share the border.

infected cases (Bureau of Epidemiology, This study has demonstrated a high
Department of Disease Control, Thailand, level of similarity among CHIKV isolates
2008). Due to their magnitude, these detected during the same outbreak. As
epidemics have raised a public health  compared to high levels of genetic drift
concern in Thailand. Consequently, the expected in an RNA genome, this low level
Bureau of Epidemiology, Thailand included  of genetic variation suggested a high
CHIKF as one of the notifiable diseases level of conservation of this RNA virus
and launched a nationwide passive in the course of a particular outbreak.
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Our study represents the first molecular
epidemiological analysis, to our
knowledge, of a CHIKV outbreak in
Thailand. In this study, the phylogenetic
analysis based on partial glycoprotein E1
sequences further confirmed that recent
CHIKYV dissemination in Thailand was
caused by a virus of the ECSA genotype.
The same genotype has been identified
during recent outbreaks in Malaysia,
Singapore, Indonesia, Sri Lanka, Reunion,
Seychelles, Mayotte, Madagascar,
Mauritius, and India. This is in contrast to
the Asian genotype virus strains that were
responsible for previous outbreaks in Asia.
Interestingly, all CHIKV-is
analyzed during the curr
Thailand have shown

to the same family as CHI
mediates the entry of th

binding of the viral envelop to the target
membranes (Waarts et al., 2002). Previous:
studies have shown that the '
mutation of SFV did abolish the €holesterol
dependence of the virus (Vashishtha ét-ai.,
1998; Ahn et al., 1999). This substitution;
therefore, enables thé_‘lvirus to evade

Cholesterol-independeMJ;osqu%éu@h—AcknoM@dgaﬁ?ﬁ

as Ae. albopictus. Corréspondingly, the
most predominant m0§'¢uito species
transmitting the wild-type (E1-A226)
CHIKYV used to be Aedes luteocephalus,
Aedes furcifer, andiAedes taylori in Africa
and mostly Aedes'aegypti itv Asia, However,
recent reports have denionstrated Ae.
albopictus as the predominant species in
many CHIKE~outbreak sareasg~which
coincided'with/the spread of mutant CHIKV
(E1-A226V); In addition, during more recent
outbreaks, CHIKV has spread to several
regions of the world, where Ae. albopictus
is existent, but not Ae. aegypti, further
indicating the potential of Ae. albopictus
mosquitoes in transmitting the virus
(Kumar et al., 2008).

Another interesting observation was
the presence of an opal stop codon in nsP3
region. The same observation has been

reported in all recently reported CHIKV
isolates. It is known that the population of
quasispecies of viruses could seep from
repeated in vitro passages. Therefore,
restricting the number of passages is very
important because the infecting viral
population may keep up a correspondence
to a quasispecies (Domingo & Holland,
1997). Accordingly, the appearance of an
Arg codon instead of the opal stop codon
in S27 is perhaps explained by numerous

i viiro passages of S27. This is further
(S wmed in a previous experiment, which
has SHUV‘V'inﬂlat the Opal stop codon could
' changeto-Argin ONN viruses (Lanciotti et
al.; 1998): 5
Though the analyzed CHIKV isolates
from Thailand were genetically closest to
‘those described recently in Malaysia and
Singapore (Hapuarachchi et al., 2010,
‘I‘Iﬁang et al., 2009), we detected several
vel amino acid substitutions in our small
cohort of viruses. As the virus is still
éd'.ljculating in certain parts of Thailand,
fni:j,hejr evolution is expected within the
Thailand CHIKV population. This warrants
further investigation of a large cohort of
OHIKV from different parts of the country,
in order to better understand the evolution
of CHIKV:in Thailand.
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SHORT COMMUNICATION

Whole-genome characterisation of Chikungunya virus
from Aedes albopictus collected in Thailand

Chikungunya fever (CHIKF) is an impor-
tant public-health problem in several coun-
tries. The causative agent, Chikungunya
virus (CHIKV), is an enveloped, single-
stranded RNA virus in the geri}_l_s_d.lphamms,
of the family Togaviridae, and was initially
discovered 58 years ago, in
1956; Griffin, 2001). The clini
symptoms of CHIKF in
arthralgia, myalgia, headache
and MclIntosh, 1988; Joh
1996), with the arthralgia,
for several months or eve
specific to CHIKF than any
symptoms (Rianthavorn ez al.,
cases may also show haemorrh 1
such as epistaxis or 1
(Schuffenecker ez al., 2006).
The first known outbreak of CHIKE an
Thailand was confirmed,; b, antlbody testing,
in the 1960s (Hammon and Sather, 1964).

jv n their E1 genes — that enhances the
tra, )ﬂ) b111ty of the virus by this species
(Pongsmr"" al., 2010; Rianthavorn er al.,
220105 Tittle is known about the CHIKV
carried by mosquitoes in Thailand. In this
study, the entire genome of CHIKY isolated
from Ae. albopicius collected in Uthai Thani
rovince, in  western—central Thailand

; (Fig. 1), was charaeterised, allowing the viral

Iso‘l'ates from the mosquitoes to be compared

with those previously collected from humans
the south of Thailand (Pongsiri et al.,
10).

idd

5§
) A a:

of
"'JerATERIALS AND METHODS

= s .,.'
ImAngust 2009, human bait and sweep nets
were' used to collect mosquitoes both inside
i the houses 6fathe sporadic CHIKF cases

then occurring in Urthai Thani province, and

Since then, there haze_:"jlbeen outbreaks
reported in many of the country’s provinces,
especially in the south, where the latest
epidemic began in late 2008 (Thavara er al.,
2009; Theamboonlers ez aly 2909; http:/
203.157.15.4/chikua/; www:promedmail org/
pls/apex/f?p=2400:1202:4499468516694014::
NO::F2400 P1202 CHECK DISPI AY,F2400

P1202_PUB_MAIL ID:X,74552). The two
species of moscuito that areconsideredto be
the main vectors oft CHIKV, Aedés aegypti
and Ae. albopictus, are both abundant in the
southern provinces of Thailand, especially in
the many rubber-tree plantations. Aedes
albopictus may be the most important vector
generally (Charrel ez al., 2007; Thavara er al.,
2009). Although the CHIKV that were
recently isolated from patients in the south-
ern part of Thailand harbored a mutation —

© W. S. Maney & Son Ltd 2010
DOI: 10.1179/136485910X12647085215778

outside (WithinT(_)g_;h) of the same houses.
The mosquitoes—were divided by species,
gender and colle¢tion location (i.e. inside or
outside) and subsequently pooled into five
groups: one of four female Ae. albopictus
collected imside, One “of seven male Ae.
albépictus, collected outSide, one of seven
female Ae. albopictus collected outside, one
of two malexde. aegypri collected inside, and
oneof six'female Ae. aegyptrcollected inside.

All the pools ofimosquitoes were kept at
—70°C until checked for CHIKYV by culture.
The legs and wings of the mosquitoes were
removed before each of the pools of the
insects was ground in RNAse-free phosphate-
buffered saline at pH 7.2. Each resultant
suspension was centrifuged (at 9500 x g for
5 min) before the resultant supernatant solu-
tion was filtered through a 0.22-pm-pore
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FIG. 1. Map of Thailand showing the location 0‘ the mosquito-collgetion site in Uthai Thdni, and the area
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membrane filter. Each filtrate was transferred
onto a culture of the C6/36 (larval Ae.
albopictus) cell line, growing in Medium 199
containing 10% (v/v) heat-inactivated foetal
calf serum, 1% (v/v) of a commercial mixture
of non-essential amino acids (Sigma), 2 mM
L-glutamine, and 1% (v/v) of a solution
containing 100 U penicillin and 100 pg
streptomycin/ml. Each culture was incu-

bated at 28°C in an atmosphere containing
5% (v/v) CO, (Pongsiri et al., 2010).
Approximately 5-7 days post-inoculation,
the medium from each culture was collected
and checked for CHIKV RNA by reverse-
transcriptase PCR (Pongsiri er al, 2010).
The viral RNA detected was subjected to
whole-genome sequencing (Pongsiri ez al.,
2010), before the ‘new’ sequence was anal-
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ysed, edited, assembled and compared
with the relevant old sequences, using the
BLAST programme (http://blast.ncbi.nlm.
nih.gov/blast.cgi) and the Chromas Lite
(Technelysium, Tewantin, Australia) and
SeqMan (DNASTAR, Madison, WI) soft-
ware packages. The subsequent phylogenetic
analyses were performed using MEGA 4.0
software (Tamura er al., 2007).

RESULTS AND DISCUSSION

Only one of the five pools of mT;sf itocs'that
were tested — that of th%“‘L fermale
Ae. albopictus collected outside =
PCR-positive for CHIE
genome sequence for the CHIK
sample was almost comple C

and submitted to the GenBank
under accession number GU90
sequence showed 97% similari
S27 prototype, and a mean, si
99.8% with CHIKV isolatés ffom cases
of CHIKF investigated in T)}qﬂgn_d
(GQ905863, GU301779, GU301780 and
GU301781). In the 5’ cap region, the
genomes of the isolates from infected
patients in Thailand: displaved 100%

region. The A226V change, which has been
seen in some other recent isolates of CHIKV
from Thailand (Pongsiri er al, 2010;
Rianthavorn et al, 2010), is known to
increase the transmissibility of CHIKV via
Ae. albopictus (Tsetsarkin et al., 2007). The
genome of the CHIKV from female Ae.
albopictus also showed a synonymous sub-

Sti”[l%‘? at G10932T.
[je[ection of CHIKYV in wild-caught
Ae. qug in the present study is not
_lconvincing proof that Ae. albopictus are
transmitting the virus in Thailand because
H the virus detected may have been present, in
one or more recent bloodmeals, in one or
Snore of the abdomens of the tested mos-
quitoes. The presence of the A226V sub-
stitution in the CHIKV isolate does,
however, support the probability that Ae.
opicius are transmitting CHIKV in the
stdy area.

A 39-bp deletion, from positions 11,520-
11,558 at the 3/ non-translated region, was
se‘e_m:l..in the genome of the CHIKV from
female Ae. albopictus. This deletion has not
been seen in any other CHIKV sequences.
When _‘;i"th‘_e relevant fragment (positions
11,520-11,558) as cloned, using the
PGEM vector (Promega, Madison, WI),

nucleotide  similarity ;_'\'jdth the ‘new’
sequence of the CHIKYV -from female Ae.
albopictus. Ly

Although, compared with the S27 proto-
type and the other CHIKYV sequénces in the
GenBank databases the ‘new’ sequence' did
not show any novel amino-acid stibstitutions
in its non-structural region, it did have
four synonymous nucleotide substitutions:
A1681G,I12656C, T3007C and T5443C.
The T3607C 'substitution was alsé' seen-in
CHIKY isolated from Ae. furcifer in Senegal
(accession AY726732).

The structural region of the genome of
the CHIKV from female Ae. albopictus
showed two amino-acid changes, from
alanine to valine at protein position 4 in
the E3 region (the result of a nucleotide
change from cytosine to thymine) and from
alanine to valine at position 226 in the E1

and seven of thé resultant clones were
sequenced, only-five of the clones showed
the 39-bp deletion seen in the sequence
directly obtained from the PCR product
(unpubl. obs.). It is possible, however, that
thiescultured viruses |originated from more
than one of.the mosquitoes in the positive
pool.

A phylogenetic tree based on the El
gene indicated that the CHIKYV isolated in
this 'study“was ‘of-an East' Central/South
Africa (ECSA) strain (data not shown).
Another tree, based on the whole genome
(Fig. 2), also clustered the ‘new’ isolate
with others of the ECSA strain, and
indicated that this isolate was very closely
related to CHIKY isolates from humans in
southern Thailand (GU301781), Singapore
(FJ445484), Malaysia (FJ807899) and
China (GU199353). The CHIKF in western—
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central Thailand probably represents’ s_piﬁead
from the south of the country and, prgwously,
from Malaysia.

The most recent out.bléak of CHIKE in

GU301781 Thailand2009
GUS08223 Thailand2009 This study
FJ445484 Singapore2008
GU199353 China2008

+ FJ807899 Malaysia2008

- GQ428214 India2008

- EU244823 Italy2007

- FJ513837 Sri Lanka2008
EF210157 Inr?al;2006

FJ807898 Bangladesh2008
U372006 India2007

-

FECSA strain

-
.

-Asian strain

FJ807897 Indonesia2007
EU793762 Malaysia2006
AY726732 Senegal 1983

\ 4

idd

West African strain

le- ;genome seq).}er}ces of various isolates of Chikungunya virus, each
be and the country }nd year of its isolation. The numbers represent the

dla

g
J-,l

n‘f“

m%u‘ftoes collected in an area of central
1) ﬂa‘ncl affected by CHIKF (i.e. one of
the three pools. of female mosquitoes) was

found infected with CHIKYV, the CHIKF in

Thailand began in Oc;_gﬁ;er 2008, in the
south of the country, close to the border
with Malaysia, (www.promedmail.org/pls/
apex/f?p=2400:1202:4499468516694014::
NO::F2400_P1202 CHECK#DISPILAY,
F2400 P1202_PUB MAIL I1D:X,74552),
and soon spread to mafy proviiices in'the
south (Fig. 1), with some sporadic out-
breaks further north. The present study
appears to be'the first m which the'genome
of CHIKV from mosquitoes' caught in
central Thailand has been characterised.
The sequence seen shows the same amino-
acid changes (nsP2-1.539S, nsP4-R82S
and E2-K252Q) as seen in the sequences
of viruses collected, from cases of CHIKEF,
in outbreaks in Thailand, Singapore and
Malaysia (Ng et al., 2009; Hapuarachchi
et al., 2010; present study). Although, in
the present study, one of the five pools of

this area remains _sféglradic, perhaps because
the climate during the rainy months, when
Ae. albopictus generally thrive, is cooler than
in the south of Thailand. Attempts to limit
transtission in this area, by removing
potential breeding sites for the vectors, also
seem ‘to' have ‘met' with some success
(www.thaivbd.org/cms/images/situation/mn
chi.pdf). CHIKYV has recently ' been detected
in male Ae. albopictusy indicating-that vertical
transmission of this virus may occur (Thavara
et al., 2009). Vector control remains a reason-
able intervention against CHIKF, however,
even if vertical transmission does occur.
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