% %% DOH92-DC 2006

AL R4 L2 Rp AL TS

VRN e A R

o3 3 £

REWE AREAA

FraifFi i HRE

AR T SRR FRE S FRARY B R
e B~ PR MU TR~ a3

HEHF # ’ 2 <

* AFT Y IR L %%’%lkifé‘?i%‘ﬁfﬁ?ﬁ;q%’

‘5‘{(4 BZAIN

&Lk



3
ol
S

\\\?{.r
<l

=

%
i

-

=

AT

Tl
poS

17-21

22-23

24

25-32

33-39

40-51



DE R ERICHE R o AR pF (FERA 2P ARLREE ) 2
ART i g Erg HE (rp Bpd ~d L RRUESE) LA E R
F N BB A SBATINE S R N EBEENE ST F T FIR %
fs %"*mleg\‘/rr“f” = S r'/‘?*"’ e IR s )?3—%7%4»?5&\1#* K/»#’ﬁ‘-@m°
AR htaE 2 - FREGREE B LoE s F 2 LU L G in

p#re o 2 LIFRamEE S LR 0 st M TRLE A7 Lo 1 hig

\

gk R R AP AARE B 2o b i B RE 0 iR e S
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Tr kR E B A B o B 2 A

A¥-~r A FEHE o BEKT O APD FAAEI SRR AE FA L
F¢ ¥ MR 1~50 54 % sa(plaque forming units) o Mt A e 2 2 LS 5
%87 % R E PCR % % 2 AL PCR % % 2 4 A4~ 2 en@Ach 5 3 -

B b1 #om & (Yellow fever virus) ¥ §-¢ 2 $1 2 A Z 91k 2 31+
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ABSTRACT

As a national laboratory responsible for routine diagnosis of reported cases of dengue
fever (DF), Japanese encephalitis (JE), Yellow fever (YF), and hantavirus diseases, we
have set up a diagnostic laboratory with the capability to perform routine tests including
cell culture and virus isolation, molecular diagnosis, serological diagnosis, and molecular
epidemiology. For rapid detection and differentiation of dengue and JE viruses, a
diagnostic system was developed and applied to daily routine. For acute-phase sera, virus
isolation by cell culture and real-time one-step reverse transcription-polymerase chain
reaction (RT-PCR) were performed. For all of the sera reported, serological diagnosis of
specific antibodies based on envelope and membrane (E/M)-specific capture IgM and IgG
enzyme-linked immunosorbent assay (ELISA) were tested. In this report, a quantitative
one-step SYBR Green I reverse transcription-polymerase chain reaction (RT-PCR) system
was developed for the detection and differentiation of four different dengue virus serotypes
in acute-phase serum samples. A set of group- and serotype-specific primer pairs was
designed against conserved sequences in the core region and evaluated for clinical
diagnosis. A linear relationship was obtained between the amount of input RNA and cycle
threshold (Ct) value over a range of 10 to 10’ plaque forming units (PFU) per milliliter of
cell culture-derived dengue viruses. The detection limit of group-specific primer pair was
between 4.1-43.5 PFU/ml for four dengue serotypes. The detection limit of each of the
serotype-specific primer pairs was calculated to be 10 PFU/ml for DEN-1, 4.6 PFU /ml for
DEN-2, 4.1 PFU/ml for DEN-3, and 5 PFU/ml for DEN-4. Comparison between one-step
SYBR Green RT-PCR and conventional cell culture method in the clinical diagnosis of
dengue virus infection from acute phase serum samples of confirmed dengue patients were
performed. The results showed that 83% vs. 67% out of 193 acute phase serum samples

tested were positive for one-step SYBR Green RT-PCR and cell culture method,
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respectively. Further analysis showed that one-step SYBR Green RT-PCR could detect
twice much more acute phase serum samples with positive dengue-specific [gM and/or
IgG antibodies than cell culture method. Our results demonstrate the potential clinical
application of one-step SYBR Green I RT-PCR for the detection and differentiation of
dengue virus RNA. Based on the combined analyses of Real-time one-step RT-PCR and
E/M-specific Capture IgM and IgG ELISA, 95% of acute phase sera from confirmed cases
can be identified as positive or probable cases within 24-48 hours of receiving serum
samples. Therefore, we recommend that the insecticide spray will be hold for suspected
cases unless laboratory diagnosis comes out positive or probable in areas with no

indigenous dengue cases.

Key words: dengue, SYBR Green I, Real-Time RT-PCR
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ABE o p ARG TP L :/;’Pr:‘# B> B R A %542 Japanese
encephalitis (JE), Murray Valley encephalitis (MVE), West Nile encephalitis
(WN), Saint Louis encephalitis (SLE), Kunjin (KUN), Usutu (USU), Kokobera
(KOK), Stratford (STR), Alfuy (ALF)% % i e * «‘If’vi 2% (Flavivirus family)
&l ey Zoeb Rogen s BT (single stranded, positive-sense) RNA 54
B A RE IR o R #(yellow fever, YF)i# ~ # E (dengue) i &

P A5 & (Japanese encephalitis, JE)-‘I}%i s C A3+ k/]%i (hepatitis C virus) %

tick-borne encephalitis (TBE) 5 4 it {7 #< 3 A £ (Shope 1980 ; Monath,
1986)  F & i cn (TR B & 350 L~ F N S S S ENWERY S F
#3F + % (Gubler, 1997) - "iiffrffi’q&jq‘"—ist PEET 0 :/}35% fE5E :fﬁﬁ'ﬁ'—év’ﬂﬁ&é_ %
B~ bl el B fein (73 % na 3R s kg L Ao Blde 1981-1990 - & e

%311{1956-1980 LT ARG R o BRI MDD PF R yﬁgi,‘:&%g]gﬁﬁq

fever, DF) » iz § “#cen¥ E 4 £ 4 % ¢ EREFERS hg £ N a &
(dengue haemorrhagic fever, DHF)Jz ;# (Nimmannitya et al, 1969, 1987; WHO,
1997) c % & M # A 1950 # RF R AL g Loy 2 ?agq;w_ _—

1980 F] 1990 e & [ » £r fede $40t 35 % [ B R 4850 (7 - 1980 # % %
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FrRL 76-77 & hF 2B A H P e R R Gt 0 L AT S R
S AR KRB AR T o ERARSEHY 5 242 ?:fﬁqf}u}t’ﬁi&?ﬁ
Do BOBEERAEREHA > T2 G 21 A= c PRAgUREFRR B FE
Fipth&illt e 25 48X Fd P hE X PR RAL -
PRRpEFFRELE LR Lops 2 8 F BEIS/RE R 5 2
(reverse-transcriptase polymerase chain reaction, RT-PCR)~ 2 Capture IgM and
IgG ELISA & 75 =i - 7 JBd W% £ 2 2 A g E o4 - £ Ui
% 8 M (virus-specific) 2. H R A A ¥ kA 4 > i §_p = 7 Gold
Standard> e £ F] 5 W FHAI we kB £ 1 2 T3 8] B FALAF X
A FF 0 RBRIARALF D > © &b RT-PCR 2 2B » % i Pl
B F P hm & PR RNA) o @ BT A # i B o real-time
quantitative RT-PCR = j# » 2 a7 R &2 @ %en RT-PCR #p iz » & ¥
FEURWETA S RERFRT eI FEE R Akfentdn

RT-PCR = ;2 2 % ¥7e7 Gold standard » 3 »cdk 2 2 7P 2 o

b B N R BE R E DR RREAR S 1 R
L 1A 310 B0 @ FTRT & Blde? RN R GER B AR Y g e
_\1_’-{1?“/” 7 ep % o ”T‘J?E‘—Ffzﬁ te A _u_%“m/n FEEFER e j§ is fﬁi'%‘[é'%l‘
AR RSlAeA BEMREF - FEE N ME TORGE AR NE AL

W ood g Ry # (Hantaan virus) ~ /3 5% T # (Seoul virus) ~ Dorbrava ~ Puumala
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i*i},%i}& ZArilde o ¥ - LB WopiE o A BT AFE M d Sin Norbre ~
New York ~ Black Creek Canal ~ Andes virus % :f}%:‘# R Ar5l4z o g s :}F%i s
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d 3+ 1995 # % & Perkin Elmer 2 @ s # A8 I L 5 2 ey £ 2 8
PCR #jt¥ > Hg & 7 PCR 3 &47& ~ DNA f2 2 ihg # R 2ok i fjiein
BT NiRE TR0 R PCR G ¥ kG HLah® it L EE LE chig
B oot ¥ k7 PCR 2273 2 & PCR {SAJEN 7 AR 0 =5 5LR
¥ 2 PCR Hojisernr 5448 > 52 PCR 2 G 2 » TRk % 3B 7 232 o
e * Bt BRI PR A Ui s ¢ 7 D] £ W FDA fhpt i o gt b 1 R
ER(e Y AP AR ERFPM T A& - B4ph o d 2tk
TEPCREWE G PFE -BRIA -BHFEHEIHmIE 2R A %

BB Lt B A ik BRI G ¥ R PCR T e A3h i ehd & 2
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£38 P £ * Stratagene = ¥ 2. Mx 4000 & PCR & 7| |k 2 ¥ % 2 &
PCR =2 » B it B L om TRk L 9Tinie s Al o Fif Biipa 59
AHER EpA CPCR % Vi €4 ~ i % ELISA » 2tk 4 2 38 2
LR 2 Adl > PIT 22 - RREDREEBLRE RIS DE LR G ok

BEATEE L FMG Ao eniE o
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bt =

(D) Fp*tips 2 Whwier £ Rl C6/36 & Verom e ihd & L %
Fd o G A B2 ARAKEFWT0CY - pd cfiige 5 £ 2
w2 3 54 s 4 (D1 Hawaii, D2 NGC, D3 H87, D4 H241) % &4 § 5
FEAI R RERF T RE D R FE A LY A3t 2 pa k(D1 157001,
D1 8500600, D1 8500796, D2 454009, D2 454021, D2 466177, D3 8700829,
D3 466322, D3 333137, D4 8700544, D4 8900508, D4 768346) - & k 54
(West Nile virus, strain B 956, ATCC)% 7%?93,)%—% (Yellow fever virus, strain
17D, ATCC) «

C) At - op 4 b e BELI G NRE 07 %)~ KRR H O
AN 830 )i F AL R HEFLFTE CRAFE LT
APELFHRILE UFRRE AR SR REED LB EF B F R
o R T0° CA R AR -

()3 FeRPBEES (5 F TR FTRIPNTED T Ba L saw

Fh3 s B3 o F RIFEPIT B33 g3 e DNA B 77 iF

o A K o 513 8 kIFE B # 7 k5 Primer Express software (PE

Applied Biosystems Inc., Foster City, CA) o & k3K 47 7 5 = -reporter dye

(6-FAM, Cy3, Texas Red-X, Hex %)% 3’#%-quencher dye (TAMRA # BHQ
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E)- @%b ¥ kT E PCR AR T L 1iE 1~10 copies/Rx » ¥ %%‘E; il
513+ 2 K32 B S RUMPRDEDZ B F A R ORiE R

Z B E L AR FAARE B - BRI %fﬁii%l—? F3 4 - 2 &

F#omE Fplasmid)Z R FIRHAFwEE HE 2 AR ERE 0 S
PR mA AFIA GRS RER B F R LE PCR #rR5IF RlEL
# o i 4 748 phaS (7 Seoul strain, S segment 43-1332), phaM1 (7 Seoul
strain, M segment 47-1858), # phaM2 ( 7 Seoul strain, M segment
1835-3448) - 1 A 7 4 2 Iﬁs A F ok p v EH E 2 & K (Rattus
norvegicus)RT-PCR F {23 % ke i 4 48 > #1712 * 2§48 (Vector) 5 pIVEX2.3d

-

(P p Roche Diagnostics) o #7i¢ #* 2_ 3513 73+ 4

-

AR FEX VT ICRT

fin

d12. RNA R & 5 RT-PCR i£% {5 » ¥ JE£{F 8 1= I}%% cDNA 7 £ £ 54
enTE R 2 B A TR 55 B R RS RTIR I TR 2 TR

BB FEY A 2AFE o X7 5 ¢ #4k(in vitro transcription) s # RNA

Il

SRR A TE R @Bl A RNA TR ERIEE 6 R A ¥ kR

RT-PCR z_ % o {8 jp|ig s :f}i-‘,.%- R R 2513 R IEAN A o

() :}éﬁ’s)ﬁa'& ¥ EEF B2 (RNA extraction) : 14 QIlAamp Viral RNA Mini Kit

QIAGEN) » & it & i & fm P2 12 % 2.+ RNA o 3 mdf (795 3 L Kit 2_ 4% i
F d

S E o1 B RILL T G 2 g [t T OLE B bk
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PRREE o B Sk ;,%‘-;;t%b,% v EmA EP|HL P e H #H FheT B
iﬁzus)ga A te R BRI SRR FERYT BRI PEES

s R MORIE (S il e Pl Y o R PRSP WL

=

HAEs R deor i 2 € R B FlHL 0 1S B KRB PRI L
R T Ok o

(6) SYBR Green *pr¥ k& F 4% /R &% 84 F & (SYBR Green
Real-time RT-PCR Reaction) : i# * QuantiTect SYBR Green One-step
RT-PCR Kit, QIAGEN Z F JB:iF& o & K 4v > 10T 2E2H 125 ul a7 2x
QuantiTect SYBR Green RT-PCR Master Mix » RNase-free Water > 2«51+ >
0.5 pl QuantiTect RT Mix > #{s4c » 10 pl 4% RNA > 5 BE& ¥ A
% 50 pule £ i2{7 SYBR Green one-step RT-PCR * & : 50°C RT i®* 30 ~
48 > PCR 1% 95°C 15 ~ 48 > 45 =x f I 2. 94°C 15 #; ~ 55°C 30 ) ~ 72°C 20
P~ T1°C30 4 CEB¥ %) o

(7) 3k s 4 7(Meting curve analysis) : RT-PCR ¥ = = {8 » £ &£ 75 8
WA 45 1 95°C, 1 448~ 68°C,30 f 0 B (T A5 X ETR 0 F X PFTR T X
B RA0.5C/30 £/ % -

(8) TagMan rpF ¥ k = § R & % &4 » & (Real-time quantitative PCR
Reaction) : i * QuantiTect Probe RT-PCR Kit, QIAGEN : & J&:##| - iz B

dv o 12T 2] 1 25ul 0 2x QuantiTect Probe RT-PCR Master Mix » RNase-free
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Water » #% &35!+ » TagMan #4- > & {4~ 10 ul #%4 DNA > F 5
H ¥ 5 50 plo i {7 TagMan RT-PCR ¥ J& : 50°C RT i®* 30 4 45 >

PCR &% 95°C 15 &~ 4% > 45 = faFk 2 94°C, 15 §) ~ 60°C, 60 F; (3 B~
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a
(1) f1* SYBR Green ¥ % % & RT-PCR » 2 i I ¢ % 4 © P 9 & b ¥
ARG THEHATR Y 2.3 5 A F AT % 2. SYBR Green one-step %
% 2 g RT-PCR * 2 (Shuetal.)s 7 £ #4210 F & #p 4 chk R4 o 5 1
% 4 £ 3515 (FL-F,FL-R)2 ¥ & 54 £ i 51 5 (DN-F, DN-R) & i » #7
Bl E e FEHE AN s - 2513 %0 pmd A6 - Tt
* 2 513 P B F4e 4 - #7 o 513 DN-F(120 nM)% DN-R (120 nM)
TR iRl A F x4 o 50 T iRle 3] %3 54 (D1 Hawaii, D2
NGC, D3 H87, D4 H241)*h » o 5 s F #1 5 A 3l 2 B 40 12 /575 4 o
(¢4m A% E #opd )07 G437 ¢ S1CtE L4 » 5 500~5000
pfu s 4 £ #718 e % © 315 DN-F(100 nM)2 DI-R (100 nM) > #

B3] A B strain ch % - A5 R :}}%—% ¥t H A Al F R )]%4* e )E?i

J& » 315 DN-F(300nM)% D2-R (150 nM)¥ il % = 2| % £ a4 > 51+
DN-F(100 nM)% D3-R (100 nM)¥t % = 3| # & 4 § & - 2> 313

DN-F(150 nM)% D4-R (150 nM)R] %t 5w 41 % £ 54 § & - 12 3

BEEpA AR opBA R EF Berts]F DN-F 2 DN-R @R % - ~z ]
FEApA o 72§ £ TE one-step RT-PCR #2# & A Bl4-Fl - » Fi¢

B ¥ iF 4.1~43.5 pfu/ml - 1251 % DN-F & DI1-R ~ D2-R ~ D3-R & D4-R >
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(2)

(3)

& RS - ~e Al E x4 o AT 2 ¥ % LE one-step RT-PCR 2 &

ABHAeB - Ao 0 AR T E 4. 1~10pfu/ml- Bl = 5 f(* 5 2 }?3% i

W
hd

| %% - #4313 & SYBR Green ¥ % % ¥ RT-PCR ¥ sz & 4+ 1

| =

LS )

;gs

TArTE g % B PCR A 47 0= /] > ¥ ¥ & P & c0 primer dimer

\w

A

v
T

VIR P 88 SYBR Green I = j2 eh2) 3§ 2 % o | * 513 WN-F (150 nM)
2 WN-R (150 nM)¥® @RI & 2 Repsd > Sphdod T > T4 L Rps
FE-emd R Ed Y EF esl+ YF-F(300nM)% YF-R(300 nM)
PIfHE #pd 24 & - o &5 & 1~10PFU/MI (Flz ) -
12 SYBR Green one-step % % £ RT-PCR * j2 iP5 & #5 * & iF e H
¥ 2 1% 5L Nested RT-PCR = j# 7 b i @ £ = 2 2001 # B 227 % & (%
= Al 4 s e * Nested RT-PCR 2 % ¥ & RT-PCR(DN-F/DN-R
I3 B Bk o d BENA T 24 BEFEIRRBAT FLTE
RT-PCR = ##7@ chlg %325 Bk » 1 Rl 4o 4 kR £ &
1.21~5.08x 10° 2. ¥ o H @ 4 & i {4 (#11 % #16) 2 Nested RT-PCR = i
A2 WRITIEA g PCR A4 0 @ % F kT8 RT-PCR = 2 B ¥ ] 7

Ct B~ %5 34% 29, d b+ LFkzF RT-PCR * /2 2. & %L Nested

o & 4 e SYBR Green ¥ %6 % & RT-PCR » 22 g% 0 & = 447

87 # % 91 #x 2 193 & & & # aa)ﬁaw S et o T R
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SRR Y 5 SRR TR I o E LT I SERRLE R Y R
%% § RT-PCR * 22 %% 8¢ 129 BHRM(67%) 5 53 4 #H 425160
B 1(83%) 5 ¥ % TE RT-PCR Bt 7 Al W2 pmd &8s u i
DEN-1 » 63% ; DEN-2 » 67% ; DEN-3 » 77% ; DEN-4 > 60% « # I 3| %]
i d eh¥ £ 28 RT-PCR 2 1 145 % DEN-1>75% ; DEN-2 > 82% ;
DEN-3 > 92% ; DEN-4 > 100% o & % & 7 % % % & RT-PCR = ;% #7{¥
RS T T A S

(4) ving 3 fp A &P L FF L B pF A Y ¥ £ LE RT-PCR >

F 28 % D 5B HPIRY kT E RT-PCR = /2

M
(w
B
AN
B
S
|
T
\.
[—
Ne)
(U'S)

ARMEATUE E AP NIR BT TS AN PR d s F kT
® RT-PCR = 2 2 § 7k » T2 B % 4vk ~ 1§ &4 F2 IgM 2/

& IgG 5 B ipr > ¥k T & RT-PCR 2 4 gt f,%% A b ¥ e

%+ » 12 SYBR Green RT-PCR = ;%  plw A% n%?n}?s Lo %ﬁ%ﬁi:}fﬁi
FREOREHAFEIRAE FE A 10~10' PFU/MI 2 7 -

(6) 91 # A% EHAHFE M ‘)?“‘?%ié;%«“fr‘% 2 17 0¥ & T E RT-PCR %
ff % 4 % 4 17# (Capture IgM/IgG ELISA)% 47 O1 & B & & #1151

2 ERI LGB RIS EAL oL 447 779 L B 5 RT-PCR
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PR SEA o A 4 h R 0 0 R P TO%IE B B S P n
22%P > @ IgM/IgG ELISA &tk {45 RIE4 s B 3 4c 7 B8 > d 3 5 8
— P 32%H 4 5 F R B S P 80% BT N 95%:nE K Hp A

S

i~

TETD T AERD L Y FL N HN R RIS e R B g enfr
v 3t~ eofler o f1* SYBR Green % # & RT-PCR = ;2 » j& 4 & 7
Pl PR W EGHR 0 2 12 7 15 p ke ’ﬁ 14 85 4 »~

T bl e D (2 -+ ).

(7) 4 TagMan # % % & RT-PCR = i i | % 54 1 3 TagMan = i % 7 %

Sl om S A TR 0 LRI FOLIFE RS A FA A

NA S

Fokogd REAPFRLEZFIR > 7 LNpE AT E o d 33

)

¥ kIF 4 #70 TagMan > 2 e0E — 418 SYBR Green = /2 { 3 ° % = 7] !
F 4 TagMan ¥ % % RT-PCR & 2511 * il 3 2 74« &L - {I7
20 fhp % RI3EA 235 2 42 b - o 3¢ MFUI/CFU2/FLRP + i i)

Berd g omd o WA MRl E FEHET E Ap4 TR ol

=

B Hgaek & 0.1~2 pfu/ml 2 & - % -+ =t # SYBR Green £
TagMan = /2 445 & i Ao FERRE R B D B DR ATR AR 0 397 0T

SRR Gk o

(8) WliFwp+ @ 4w 2 ®m3 SYBR Green ¥ % €& RT-PCR = i #rit

Phgl S o FA @R RSB LU PR E AT o B B
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HTN-S4/HTN-S6 #1335 # (Seoul virus)=#r i ek 2 %

<10 copies/reaction °
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PRERFAHRILE AR A B2 pd A4 F s/ R L R R
& i# (reverse-transcriptase polymerase chain reaction, RT-PCR) % w 77§ = j2 o & &4
ajFe  FliIay A< 242 0 1 &L RT-PCR &% > Flpt i = 0 ik »
F R L B ¥ % T Real time one-step RT-PCR = j# » % kB~ p 5 & 304 9 %

% %71 % 9 Nested RT-PCR = 2 1 g iRl % = 45 R AP Ee A 71 o A- 41 45k

PEEL YL AR A R o b Rt G E - 2 g

N

RilFo VT RAEAFEARE o AL TH RS F L TLE RT-PCR » 2 s 3

TP Ak rie * 2. 8% Nested RI-PCR e TR 2 3 > d0pH 3R 93 10 B

“r3) % % L& PCR * % T it 43 & PCR 7% B J57k(Cycle)® » #8ic Fp # 1 7]
(Real-Time Detection)¥| PCR & 4~ i3 4 » F]pt & 7 g (8 F g 3| e fom chF o o
bl 1 t R T E &Y DNA & RNA 4otk £ o 4o%k 2% Mx 4000 ik %
EEHRR G F RERE  VEET RS IRV ENTELES o p PCRFBH
et o 2IVNERF FEFFEE RGP IRIENHB 0 A T HL G RILEARD

BAERNGZEH M AT Y ﬂ}’#ﬁiﬁ,ﬁRTPCR"}z’ﬁ’F'*7 %ﬁ;,ﬁi 7k T

* o LRFPCRAFIZFLZEF M EFAFY Mo a4r »&H RNA~5IF 2
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. Standard curves of four dengue virus serotypes tested by one-step
SYBR Green quantitative RT-PCR using group-specific primer pair. Standard
curves were generated from the amplification plots of each of the four dengue
strains representing DEN-1 (Fig. 1A), DEN-2 (Fig. 1B), DEN-3 (Fig.1C), and
DEN-4 (Fig. 1D). The starting viral titer (PFU/ml) was plotted against the Ct

value of each dilution.
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. Standard curves of four dengue virus serotypes tested by one-step
SYBR Green quantitative RT-PCR using serotype-specific primer pair.
Standard curves were generated from the amplification plots of each of the
four dengue strains representing DEN-1 (Fig. 2A), DEN-2 (Fig. 2B), DEN-3
(Fig.2C), and DEN-4 (Fig. 2D). The starting viral titer (PFU/ml) was plotted

against the Ct value of each dilution.

2A. DEN-1 Standard Curve 2B. DEN-2 Standard Cune
(serotype-specific primer pair)
45
40 | 40 |
35 35 L
. 30 r 30|
& 25 | g 25 |
e ke
g 20 ‘5 20 |
15 |y =-3.814Log(x) + 43.279 3 15 | y=-4.167Log(x) + 41.888
10 | R® = 0.9946 10 R® = 0.9884
5t 5 L
0
1.00E 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+
+00 +01 +02 +03  +04 +05 +06  +07 00 01 02 03 04 05 06 07
Initial Quantity (PFU/mI) Initial Quantity (PFU/mI)
2C. DEN-3 Standard Cune 2D. DEN-4 Standard Cune
45 45
40 o 4 Ot
3 57 3 5,
~ 30r —~ 30r
€ 25} € 25
g g 25
6 2 0’ = 2 07
1 5/ y=-3.328Log(x) + 39.642 © | gL ¥ =-3.864Log(x) + 41.662
10- R? = 0.986 1 oh R? = 0.9944
5r1 5
0 b 0
1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E+ 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E 1.00E
0 01 02 03 04 05 06 07 +00 401 402 +03  +04 +05 406  +07
Initial Quantity (PFU/ml) Initial Quantity (PFU/mI)

34



B=~F* {g‘ﬁ:}]‘ﬁi 23l 51 F 2 |6 % - 3513 5 SYBR Green ¥ 8 & RT-PCR

F ez A BT Asr@en%% » 7 PCR 24«0+ -] » ¥ ¥ & P & 5 Primer

NS~

dimer & 4 113 - DEN-1 strains, 1-4; DEN-2 strains, 5-8; DEN-3 strains, 9-12; DEN-4

strains, 13-16.

A. DEN-1 B. DEN-2
1234N M 1234N 5678N M 5678N
375 bp 193b
p
171 bp 171 bp 204 bp
Primer: DN-F/DN-R DN-F/D1-R DN-F/DN-R DN-F/D2-R
C. DEN-3 D. DEN-4

13141516 N M 13141516 N

9101112 N M 9101112N

204 bf
171 bp 71 bp 132 bp

DN-F/DN-R DN-F/D3-R DN-F/DN-R DN-F/D4-R
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] = . Standard curves of West Nile virus and yellow fever virus tested by one-step SYBR Green
quantitative RT-PCR using WN and YF-specific primer pairs. Standard curves were generated from
the amplification plots of West Nile virus (Fig. 3A), and Yellow fever virus (Fig. 3B). The starting
viral titer (PFU/ml) was plotted against the Ct value of each dilution.
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- % :Ilisi SYBR Green % * @& RT-PCR #7i¢ * 2 51+

Primer Sequence Specificity Reference

FL-F GCC ATA TGG TAC ATG |Flavivirus CDC/Taiwan, J Clin.
TGG Microbiol. 41:2408

FL-R TGT CCC ATC CTG CGG |Flavivirus CDC/Taiwan, J Clin.
TAT CAT Microbiol. 41:2408

DN-F CAA TAT GCT GAA ACG |Dengue virus CDC/Taiwan, J Clin.
CGA GAG AAA Microbiol. 41:2408

DN-R CCC CAT CTA TTC AGA |Dengue virus CDC/Taiwan, J Clin.
ATC CCT GCT Microbiol. 41:2408

D1-R CGC TCC ATA CAT CTT |DEN-1 CDC/Taiwan, J Clin.
GAA TGA G Microbiol. 41:2408

D2-R AAG ACA TTG ATG GCT |DEN-2 CDC/Taiwan, J Clin.
TTT GA Microbiol. 41:2408

D3-R AAG ACG TAA ATA GCC |DEN-3 CDC/Taiwan, J Clin.
CCC GAC Microbiol. 41:2408

D4-R AGG ACT CGC AAA AAC |DEN-4 CDC/Taiwan, J Clin.
GTG ATG AAT Microbiol. 41:2408

WN-F GGG CCG TCA ATA TGC |West nile virus CDC/Taiwan, Shu
TGA AAC

WN-R TTG CAG TGA ATC TGA |West nile virus CDC/Taiwan, Shu
AGA AC

YF-F GTC AAT ATG GTA CGA |Yellow fever virus |CDC/Taiwan, Shu
CGA GGA G

YF-R AGT CAA AAT GTT GAA |Yellow fever virus |CDC/Taiwan, Shu
CAA AAA GAA A
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22 R pE

TagMan % £ T & RT-PCR #7i¢ * 2_513 % §5 4+

Primer/Probe |Sequence Specificity Reference

DN2F CAA TAT GCT GAA ACG |Dengue virus CDC/Taiwan, Shu
CGA GAG AAA

DI1RP TCC ATT CTT CTT GAA |DEN-1 CDC/Taiwan, Shu
TGA TGA GCC C

DIR GAG ATT TCT TTC TTG |DEN-1 CDC/Taiwan, Shu
AAA CCC CGT A

D2RP TTA GGA AAC GAA GGA |DEN-2 CDC/Taiwan, Shu
ACG CCA C

D2R AAG ACA TTG ATG GCT |DEN-2 CDC/Taiwan, Shu
TTT GA

D3RP TGA GGA AAG CTA TGA |DEN-3 CDC/Taiwan, Shu
ACG CCA TA

D3R CCT TTT AGG ACC TTA |DEN-3 CDC/Taiwan, Shu
ATA GCC C

D4RP CCG GAC TTT TTT CTG |DEN-4 CDC/Taiwan, Shu
GGA AAG GA

D4R AGG ACT CGC AAA AAC |DEN-4 CDC/Taiwan, Shu
GTG ATG AAT

MFU1 TAC AAC ATG ATG GGA |Flavivirus CDC/USA, Chang
AAG CGA GAG AAA AA

CFU2 GTG TCC CAG CCG GCG |Flavivirus CDC/USA, Chang
GTG TCA TCA GC

FLRP CTC CCA GCC ACA TGT |Flavivirus CDC/Taiwan, Shu
ACC ATA TGG C

DNFP AGT GGA GTG GAA GGA |Dengue virus CDC/Taiwan, Shu
GAA GGA CTG CAC A
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Primer

Sequence

Gene

R.E./site/Plasmid

SeoS-F

AAC AGG CCA TGG CAA

CTA TGG AAG
AG

AAA

TCC

Nucleoprotein

Ncol/+43/phaS

SeoS-R

CAT ATT CCC
TTT CAT AGG
GTT

GGG
TTC

TAA
CTG

Nucleoprotein

Smal/-1332/phaS

SeoM-F

GGA ATT CCA
GAG TTT GCT
GGC C

TAT
ATT

GTG
ACT

Envelope

glycoprotein

Ndel/+47/phaM1

SeoM-R2

ATT GGA GTC
TAC AGT CTT
ATC TTC

GAC
TTT

AGT
TAA

Envelope

glycoprotein

Sall/-1858/phaM 1

SeoM-F2

ATT CAT GTC
ACA GAA ACT
CAG GC

GAC
GCA

CCG
ATT

Envelope

glycoprotein

Sall/+1835/phaM2

SeoM-R

CAT ATT CCC
TTT TTT ATG
AA

GGG
CTT

TGA
TCT

Envelope

glycoprotein

Smal/-3448/phaM2
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F A T :}Iisi SYBR Green % £ ¥ RT-PCR = j# i# * 2§54+

Primer Sequence Specificity Reference

HTN-S4  |GAl IGl TGT CCA CCA |Hantavirus Am. J. Trop. Med.
ACA TG Hyg. 47:210, 1992

HTN-S6  |AGC TCT GGG TCC ATA |Hantavirus Am. J. Trop. Med.
TCA TC Hyg. 47:210, 1992

SF-1 CAG AAA GTC AAG GAT [HTN-SEO CDC/Taiwan, Shu
GCA GAA AA

SF-2 CAG TAT GAA AAG GAT |HTN-SEO CDC/Taiwan, Shu
CCT GAT GA

SR-3 GGC TCT ACC CCT GTA |[HTN-SEO CDC/Taiwan, Shu
GGA TC

SR-5 GTC TGC CTG CCT CTT [HTN-SEO CDC/Taiwan, Shu
GTT GT

SF-8 CCA TCA TCA ATA TGG |[HTN-SEO CDC/Taiwan, Shu
GTG TTT GC

SR-9 CCC ACA GTT TTT GAA [HTN-SEO CDC/Taiwan, Shu

GCC

AT
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: Detection and differentiation of various flaviviruses using dengue group-

and serotype-specific primer pairs

Strain DEN Genotype DN-F/DN-R DN-F/D1-R DN-F/D2-R DN-F/D3-R DN-F/D4-R
DEN-1 Hawaii 1 +(25% +(24) - (no Ct) - (no Ct) - (no Ct)
DEN-1 157001 1 +(24) +(22) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8500660 1 +(26) +(25) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8600098 I +(27) +(25) - (no Ct) - (no Ct) - (no Ct)
DEN-2 NGC 1A +(17) - (no Ct) +(20) - (no Ct) - (no Ct)
DEN-2 466177 1B +(21) - (no Ct) +(24) - (no Ct) - (no Ct)
DEN-2 454009 IC +(19) - (no Ct) +(23) - (no Ct) - (no Ct)
DEN-2 454021 IC +(19) - (no Ct) +(24) - (no Ct) - (no Ct)
DEN-3 8700829 I +(26) - (no Ct) - (no Ct) +(25) - (no Ct)
DEN-3 H87 I +(22) - (no Ct) - (no Ct) +(23) - (no Ct)
DEN-3 466322 I +(28) - (no Ct) - (no Ct) +(27) - (no Ct)
DEN-3 333137 I +(26) - (no Ct) - (no Ct) +(25) - (no Ct)
DEN-4 H241 I +(19) - (no Ct) - (no Ct) - (no Ct) +(25)
DEN-4 8900508 I +(25) - (no Ct) - (no Ct) - (no Ct) +(26)
DEN-4 8700544 ? +(24) - (no Ct) - (no Ct) - (no Ct) +(27)
JEV (JaGAr) - (no Ct) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
West Nile virus - (no Ct) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
Yellow fever virus - (no Ct) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
NTC® - (no Ct) - (no Ct) - (no Ct) - (no Ct) - (no Ct)

“ Total of 45 cycles of amplification was carried out using one-step SYBR Green RT-PCR for dengue virus detection and differentiation. Ct values
were measured by adding dengue virus 500~5000 PFU/ml and the results were shown in parenthesis. Negative results were defined as the Ct

values more than 40 cycles of amplification.” Non-Template control.
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22~ 90 & F T FEHp AL Ff" ¥ %L E RTPCR # g4 5 £

Serum sample  Nested RT-PCR Q-PCR(DN-F/DN-R) pfu/ml
1 + +(14) 5.08x 10°
2 + +(15) 3.7x10°
3 + +(26) 8.29 x 10?
4 + +(31) 35
5 + +(30) 91.7
6 - +(18) 5.87x 10"
7 + +(16) 2.53x 10°
8 + +(25) 1.32x 10°
9 + +(24) 2.42x 10°
10 + +(27) 3.02 x 107
11 - +(34)* 6.21
12 + +(17) 1.06 x 10°
13 + +(19) 2.94x 10*
14 + +(16) 2.49x 10°
15 + +(16) 1.85x 10°
16 - +(29)* 1.45 x 107
17 + +(20) 2.23x 10*
18 + +(24) 1.67 x 10°
19 + +(16) 221x10°
20 + +(20) 1.64 x 10°
21 + +(20) 1.88 x 10°
22 + +(16) 2.13x 10°
23 + +(24) 242x 10°
24 + +(20) 2.5x% 10
NC (40)# - - (no Ct) 0

*B AL RT-PCR A1 - S 2 (R I 2 & B 1L -
#2LE E Hom A TR 40 £ > B RT-PCR = 2 2 % & Btk iR
rg_ II‘::':‘ o
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# = ~ Comparisons of results between SYBR Green one-step RT-PCT and cell culture

method
in the detection of dengue virus from acute phase sera®.

No. of  positive serum samples detected by

Serotypes Confirmed
b
Cases Virus isolation Group-specific Serotype-specific

(%) primer pair (%) primer pairs (%)
DEN-1 8 5(63%) 6 (75%) 6 (75%)
DEN-2 162 108 (67%) 132 (82%) 132 (82%)
DEN-3 13 10 (77%) 12 (92%) 12 (92%)
DEN-4 10 6 (60%) 10 (100%) 10 (100%)
Total 193 129 (67%) 160 (83%) 160 (83%)

*Sera collected during day 1-7 after onset of symptoms are referred as acute phase samples.
® All serum samples were selected from confirmed dengue patients with positive dengue virus
isolation
in the acute phase sera or  4-fold increase of dengue-specific [gM or IgG antibodies in the

pair sera.
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# ~ ~ Comparisons of results by SYBR Green one-step RT-PCT and cell culture

method for the detection of acute phase sera® with positive or negative
dengue-specific IgM and/or IgG antibody.

No. of positive serum samples detected by

Acute phase Confirmed

sera positive.for Cases Virus isolation Group-specific Serotype-specifi
dengue-specific (%) primer pair (%) ¢ primer pair
IgM or IgG (%)
antibodies

TgM-IgG- 138 119 (86%) 133 (96%) 133 (96%)
ToM+ IgG- 24 5(21%) 12 (50%) 12 (50%)
TgM- TgG+ 8 3 (38%) 6 (75%) 6 (75%)
TgM+ IgG+ 23 2 (9%) 9 (39%) 9 (39%)
Total 193 129 (67%) 160 (83%) 160 (83%)

*Sera collected during day 1-7 after onset of symptoms are referred as
acute phase sample.
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4 4 -~ Statistical analysis of results of serum samples from confirmed dengue
cases reported in 2002. Based on the combined analyses of Real-time one-step
RT-PCR and E/M-specific capture [gM and IgG ELISA, 95% of acute phase

sera from confirmed cases can be identified as positive or probable cases within

24-48 hours of receiving serum samples.

Day after
onset

Total serum No.
tested (n=779)

% (RT-PCR+)

% ELISAIgM+

and/or IgG+)

% ( RT-PCR+
or IgM+ and/or
IgG+)

95

96

95

70

33

95

130

72

30

93

48

128

I

39

97

97

58

53

90

80

36

88

98

45

22

80

93

58

nd

93

93

27

nd

100

100

10

24

nd

100

100



# -+ ~ Imported dengue cases identified at airport (14 out of >400 reported) in 2003

Case number  |Onset day Import Nations |Serotype Active surveillance
at
21 20030709  |Cambodia D2 C.K.S.airport
24 20030805  [Vietnam D2 C.K.S.airport
26 20030812  |Thailand D4 Kaohsiung airport
28 20030820  |Vietnam D4 C.K.S.airport
34 20030917  |The Philippines DI C.K.S.airport
37 20030930  |Indonesia Dl C.K.S.airport
38 20031013  [Thailand Dl C.K.S.airport
39 20031015  |The Philippines D4 C.K.S.airport
41 20031023  |Vietnam D3 C.K.S.airport
42 20031024  |Vietnam D2 C.K.S.airport
45 20031028  |Malaysia D2 C.K.S.airport
46 20031028 |Malaysia D2 C.K.S.airport
52 20031204  |Indonesia D3 C.K.S.airport
53 20031204  |Indonesia D3 C.K.S.airport
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# -+ - Detection and differentiation of various flaviviruses using flavivirus-consensus

primer pairs

Strain DEN genotype MFU1/CFU2/DNFP IMFU1/CFU2/FLRP
DEN-1 Hawaii I +(19) +(19)
DEN-1 157001 I +(17) +(17)
DEN-1 8500660 I +(13) +(15)
DEN-1 8600098 I +(17) +(17)
DEN-2 NGC IA +(15) +(14)
DEN-2 466177 IB +(21) +(22)
DEN-2 454009 IC +(18) +(18)
DEN-2 454021 IC +(18) +(19)
DEN-3 8700829 I +(14) +(14)
DEN-3 H87 11 +(13) +(13)
DEN-3 466322 II +(21) +(21)
DEN-3 333137 II +(18) +(18)
DEN-4 H241 I +(14) +(14)
DEN-4 768346 I +(15) +(16)
DEN-4 8900508 i +(17) +(17)
DEN-4 8700544 ? +(15) +(16)
JEV (JaGAr) +(18) +(15)
JEV (PK-1) - (No Ct) +(18)
West Nile virus +(17) +(15)
Yellow fever virus - (No Ct) +(19)
NTC -(No Ct) - (No Ct)
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%+ = ~ SYBR Green ¥ TagMan = i $5 £ & jiRl3 5 %

Patient’s serum

SYBR Green* (Ct )

TagMan** (Ct )

S9201814 20.14 19.15
S9201818 26.15 27.63
S9201839 15.59 19.66
S9201840 18.52 16.38
S9201842 36.97 No Ct
S9201850 21.37 19.4

S9201852 18.36 16.52
S9201733 22.44 18.36
S9201814 20.14 18.13
KSD859%4 24.59 18.83
KSD8598 25.34 23.05
KSD6843 22.62 12.08
KSD6846 39.84 No Ct
KH1719 24.78 17.52
KSD10209 29.59 24.65
KH1667 27.16 27.59
KHI1671 17.4 18.19
KSD10358 30.11 24.15
KSD10754 25.21 21.5

KSD10357 24.37 18.63
KSD7844 23.45 22.53
KSD7929 24.66 24.43
H9201821 23.31 16.98
H9201832 27.35 20.54
26568 38.3 32.69
26611 26.13 25.03
*SYBR Green DN-F, DN-R

**TaqMan MFU1/CFU2/FLRP
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