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ABSTRACT

Yellow fever, dengue fever, and Japanese encephalitis are three reportable
infectious diseases in Taiwan belong to the yellow fever, dengue fever and
Japanese encephalitis subgroups of flaviviruses, respectively. Development of
rapid, molecular diagnostic system to monitor these already existing (dengue
and Japanese encephalitis) and other potentially invading emerging infectious
diseases (such as yellow fever, West Nile fever/encephalitis) is important. We
had recently successfully developed a SYBR Green I-based quantitative
one-step real-time RT-PCR assay for routine diagnosis of various flavivirus
infections. This assay system had the advantages of rapidity, high sensitivity,
high specificity and low contamination rate in the differential diagnosis of
various flavivirus. To further improve the assay efficiency of real-time RT-PCR
assay, a four colors multiplex real-time PCR system based on TagqMan
amplification was developed to simultaneously detect and differentiate four
different viruses in a single tube. Two sets of four colors multiplex real-time
PCR systems were developed. The flavivirus-specific assay can detect and
differentiate dengue virus, Japanese encephalitis virus, yellow fever virus, and
West Nile virus, while dengue virus-specific assay can detect and differentiate
four different dengue virus serotypes. Isolated flaviviruses and confirmed serum
samples from flavivirus-infected patients reported to CDC, Taiwan were used to
evaluate the specificity and sensitivity of these two multiplex real-time PCR
assays. The results showed that the multiplex four colors real-time PCR assay
constitutes a specific and sensitive alternative to SYBR Green I-based
quantitative one-step real-time RT-PCR assay. Specific and sensitive results

within 6 hours are important in a clinical setting, and therefore, this assay could



improve patient management by appropriate therapy following rapid diagnosis
of a viral infection. The enhanced laboratory capacity to handle large amount of
serum samples due to multiplex PCR assay in a single tube could greatly
improved the assay efficiency in an outbreak and contribute significantly to the

prevention and control measures.
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C6/36  Vero
-70
(D1 Hawaii, D2 NGC, D3 H87, D4 H241)
(D1 157001,

D1 8500600, D1 8500796, D2 454009, D2 454021, D2 466177, D3 8700829,

D3 466322, D3 333137, D4 8700544, D4 8900508, D4 768346)

(West Nile virus, strain B 956, ATCC) (Yellow fever virus, strain
17D, ATCC) ATCC
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Primer Express software (PE
Applied Biosystems Inc., Foster City, CA) 5> -reporter dye
(6-FAM, Cy35, Texas Red-X, Hex ) 3° -quencher dye (TAMRA  BHQ

) PCR 1~10 copies/Rx
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4 (RNA extraction) QIAamp Viral RNA Mini Kit

(QIAGEN) RNA Kit
5 TagMan (Real-time quantitative
RT-PCR Reaction) QuantiTect Probe RT-PCR Kit, QIAGEN

25%H1 2x QuantiTect Probe RT-PCR Master Mix

RNase-free Water TagMan 0.5 %#l QuantiTect Probe RT
Mix 10 %1 RNA 50%#1 TagMan
one-step RT-PCR 50°C RT 30 PCR 95°C 15 45

94°C, 15 60°C, 60

6 PCR

13



PCR

PCR

14

50~900 nM

100~300 nM
3~8 mM
Mg
RNA PCR



TagMan RT-PCR
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. Standard curves of four dengue virus serotypes tested by TagMan quantitative RT-PCR

using flavivirus-consensus probe (R111) and-dengue virus group-specific probe (R120).

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 multiplex TagMan

quantitative RT-PCR using flavivirus consensus probe (R111) and dengue virus

group-specific probe (R120). 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.
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Standard curves of four dengue virus serotypes tested by simple (D1P3~D4P3)and
multiplex (multiplex)TagMan quantitative RT-PCR using dengue serotype specific probe.

Standard curves were generated from the amplification plots of each of the four dengue
strains representing DEN-1 (Fig. 3A), DEN-2 (Fig. 3B), DEN-3 (Fig. 3C), and DEN-4 (Fig.
3D). The starting viral titer (PFU/ml) was plotted against the Ct value of each dilution.
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Flavivirus consensus probe TagMan quantitative RT-PCR
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SYBR Green = TaqMan RT-PCR

Primer/Probe |Sequence Specificity Reference

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

R111 FAM-CTC CCA GCC ACA |Flavivirus CDC/Taiwan, Shu
TGT ACC ATA TGG C-B

D1-P3 FAM-TCA GAG ACA TAT |DEN-1 CDC/USA, Chang
CAA AGA TTC AGG GGG

D2-P3 ROX-CAT TCC ATT TTC [DEN-2 CDC/USA, Chang
TGG CGT TC

D3-P3 CY5-TGA GAG ATA TTT |DEN-3 CDC/USA, Chang
CCA AGA TAC CCG GAG
GAG

D4-P3 HEX-TGG AGG AGA TAG [DEN-4 CDC/USA, Chang
ACA AGA AGG ATG GAG
ACC

R36 CAA TAT GCT GAA ACG |Dengue virus CDC/Taiwan, J Clin.
CGA GAG AAA Microbiol. 41:2408

R115 CCC CAT CTA GCC AAA Dengue virus CDC/Taiwan, J Clin.
ATT CCT GCT Microbiol. 41:2408

R116 CCC CAT CTC TTC AGA |Dengue virus CDC/Taiwan, J Clin.
ATC CCT GCT Microbiol. 41:2408

R125 ROX-CTA GAA ATC TTA |DEN-1 CDC/Taiwan, Shu
GGA ATG CTA TRA AA

R122 FAM-TGT TAG GAA ACG |DEN-2 CDC/Taiwan, Shu
AAG GAA CGC CAC CA

R107 HEX-TGA GGA AAG CTA |DEN-3 CDC/Taiwan, Shu
TGA ACG CCA TA

R114 CY5-CCC TCA AGG GTT |DEN-4 CDC/Taiwan, Shu
GGT GAA GAG A

R117 GGA TAG ACC AGA GAT [Dengue virus Drosten et al. 2003
CCT GCT GT

R118 CAT TCC ATT TTC TGG |Dengue virus Drosten et al. 2003

CGT TC
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R119 CAA TCC ATC TTG CGG |Dengue virus Drosten et al. 2003
CGC TC
R120 HEX-CAG CAT CAT TCC |Dengue virus Drosten et al. 2003

AGG CAC AG
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Detection and differentiation of various flaviviruses by multiplex TagMan quantitative

using flavivirus consensus- and dengue group-specific primers and probes.

Tagman
Strain DEN Genotype MFU1-CFD2- R111 R117-R118+R119-R120
(flavi-consensus) (Dengue-consensus)
(FAM) (HEX)
DEN-1 Hawaii I +(18.89) + (20.67)
DEN-1 157001 | +(20.22) +(20.77)
DEN-1 8500660 | +(17.18) + (17.42)
DEN-1 8600098 | +(19.15) + (20.61)
DEN-2 N.G.C IA + (16.04) + (17.94)
DEN-2 466177 IB +(25.24) +(22.64)
DEN-2 454009 IC + (19.62) +(19.1)
DEN-2 454021 IC +(21.51) + (20.25)
DEN-3 8700829 | + (15.73) + (17.36)
DEN-3 H87 I + (15.94) + (18.7)
DEN-3 466322 I +(23.12) + (24.93)
DEN-3 333137 I +(19.44) +(21.69)
DEN-4 H241 | + (15.6) +(18.11)
DEN-4 768346 | +(19.31) +(19.89)
DEN-4 8900508 I +(21.07) +(28.01)
DEN-4 8700544 ? + (18.75) + (24.39)
JEV (JaGAr) + (18.76) - (no Ct)
JEV (PK1) + (22.35) - (no Ct)
Yellow fever virus +(23) - (no Ct)
West Nile virus +(19.08) - (no Ct)

NTC - (no Ct) - (no Ct)
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: Detection and differentiation of various flaviviruses by multiplex TagMan quantitative
RT-PCR using serotype-specific(D1P3, D2P3, D3P3, D4P3) probes.

Strain D1P3-D2P3-D3P3-D4P3 (dengue type specific probe)
D1P3 (FAM) D2P3 (ROX) D3P3 (CY5) D4P3 (HEX)
DEN-1 Hawaii + (15.02) - (no Ct) - (no Ct) - (no Ct)
DEN-1 157001 +(13.91) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8500660 +(12.41) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8600098 +(16.01) - (no Ct) - (no Ct) - (no Ct)
DEN-2 N.G.C - (no Ct) +(12.81) - (no Ct) - (no Ct)
DEN-2 466177 - (no Ct) +(19.1) - (no Ct) - (no Ct)
DEN-2 454009 - (no Ct) +(15.33) - (no Ct) - (no Ct)
DEN-2 454021 - (no Ct) + (16.04) - (no Ct) - (no Ct)
DEN-3 8700829 - (no Ct) - (no Ct) +(13.81) - (no Ct)
DEN-3 H87 - (no Ct) - (no Ct) +(13.19) - (no Ct)
DEN-3 466322 - (no Ct) - (no Ct) +(19.49) - (no Ct)
DEN-3 333137 - (no Ct) - (no Ct) +(17.14) - (no Ct)
DEN-4 H241 - (no Ct) - (no Ct) - (no Ct) + (13.73)
DEN-4 768346 - (no Ct) - (no Ct) - (no Ct) + (16.16)
DEN-4 8900508 - (no Ct) - (no Ct) - (no Ct) +(17.15)
DEN-4 8700544 - (no Ct) - (no Ct) - (no Ct) - (no Ct)
JEV (JaGAr) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
JEV (PK1) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
Yellow fever virus - (no Ct) - (no Ct) - (no Ct) - (no Ct)
West Nile virus - (no Ct) - (no Ct) - (no Ct) - (no Ct)
NTC - (no Ct) - (no Ct) - (no Ct) - (no Ct)
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Detection and differentiation of various flaviviruses by multiplex TagMan quantitative
RT-PCR using serotype-specific(R125, R122, R107, R114) probes.

Tagman C

DEN Genotype
(R36-R115-R116-R125-R122-R107-R114)

Strain
(200-200-200-400-300-300-300 nM)
R125 (ROX) R122 (FAM) R107 (HEX) R114 (CY5)
DEN-1 Hawaii + (21.56) - (no Ct) - (no Ct) - (no Ct)
DEN-1 157001 +(20.1) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8500660 + (20.01) - (no Ct) - (no Ct) - (no Ct)
DEN-1 8600098 + (22.88) - (no Ct) - (no Ct) - (no Ct)
DEN-2 N.G.C - (no Ct) + (14.95) - (no Ct) - (no Ct)
DEN-2 466177 - (no Ct) +(19.79) - (no Ct) - (no Ct)
DEN-2 454009 - (no Ct) +(19.03) - (no Ct) - (no Ct)
DEN-2 454021 - (no Ct) + (18.57) - (no Ct) - (no Ct)
DEN-3 8700829 - (no Ct) - (no Ct) + (17.33) - (no Ct)
DEN-3 H87 - (no Ct) - (no Ct) +(20.29) - (no Ct)
DEN-3 466322 - (no Ct) - (no Ct) + (24.45) - (no Ct)
DEN-3 333137 - (no Ct) - (no Ct) +(23.31) - (no Ct)
DEN-4 H241 - (no Ct) - (no Ct) - (no Ct) +(16.21)
DEN-4 768346 - (no Ct) - (no Ct) - (no Ct) + (18.66)
DEN-4 8900508 - (no Ct) - (no Ct) - (no Ct) +(21.21)
DEN-4 8700544 - (no Ct) - (no Ct) - (no Ct) +(18.81)
JEV (JaGAr) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
JEV (PK1) - (no Ct) - (no Ct) - (no Ct) - (no Ct)
Yellow fever virus - (no Ct) - (no Ct) - (no Ct) - (no Ct)
West Nile virus - (no Ct) - (no Ct) - (no Ct) - (no Ct)

NTC - (no Ct) - (no Ct) - (no Ct) - (no Ct)
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SYBR Green TagMan
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 R36, R115, R116
**TaqMan MFU1/CFU2/R111
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