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Because of the increasing international traffic, global warming and
climate change, infectious disease vectors have expanded their
geographical distributions and threaten the health of human population.
Vector-borne viral diseases transmitted by blood-feeding arthropods, such
as mosquito and tick, are among the most important infectious diseases to
emerge in the human population. In recent years, dengue and severe
dengue become the world's most widely spread mosquito-borne viral
diseases and threatened more than two-thirds of the world's population.
West Nile virus dramatically expanded its geographic range in North
America. Chikungunya outbreaks spread quickly on Indian Ocean, West
Pacific Ocean islands, and in Southeast Asia and Caribbean countries.
Tick-borne encephalitis emerged in Europe and Asia. In addition, a new
Phlebovirus (Severe fever with thrombocytopenia syndrome virus; SFTSV)
was detected and caused outbreaks in China, Japan and Korea. Taiwan is
located in the subtropical region and has a large number of arthropod
species. Among them, many species are potential vectors for vector-borne
viral diseases. The introduction of vector-borne virus pathogens into an
area where competent vectors had existed, may cause new and devastating
outbreaks in the country. Therefore, there is a need for establishment of a
laboratory based surveillance and diagnostic system for the effective
detection of unknown / emerging vector-borne viral diseases. In this study,
we develop the isothermal nucleic acid amplification assays (LAMP and
RPA) for detection of dengue and Japanese encephalitis viruses. Rapid and
sensitive diagnostic tools for detection of arboviral infections can help for

disease control and case management.

keywords : vector-borne viruses, dengue virus, JEV, ,LAMP, RPA
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Table 1. RT-LAMP primer sets used for detection of dengue virus and

JEV.

DENV-1 (NS1)

DV-1F3 GCGGTGTTTCTTGGACCAT

DV-1 B3 CTGTCCAGGTGTGAACTTCA

DV-1 FIP TGCCAACTGCGATACACGTCAT-GGATTCTGCTGACATGGCTG

DV-1 BIP AGGCGGACTCGGGATGTGTA-AGTCACAAAAATGCCGCTTC

DV-1FLP ACGTGCTCCTTGAGTTTAATCC

DV-1BLP AACTGGAAAGGCAGAGAACTCAAA
DENV-2 (NS1)

DV-2 F3 CAAACAGCAGGACCTTGG

DV-2 B3 ATC CAT CCT CACCTCTGT

DV-2 FIP ACATTCTTC GGTTAC CACCACTTTTTG CAAGCT TGAGAT GGACT

DV-2 BIP AGA GGG CCT TCT TTAAGAACAACTTTT TGG TGG TAG TGT GCAAGA
DENV-3 (NS1)

DV-3 F3 CCCTCATAG AGG TGAAAACC

DV-3 B3 TGAAGT GGT CGTT CCAATT

DV-3 FIP GGAATGATCATGTCACTCTCTAGCTTTGCACATGGCCAAAATCAC

DV-3 BIP AGAGTCTAGCTGGTCCTATTTCGTTTTTTC CTAAGT GCC AGG GTC
DENV-4 (3°UTR)

DV-4 F3 GTG GAC CGACAAAGACAG

DV-4 B3 GAAAAAAGT CCG GTT GAG

DV-4 FIP TTCATTTTTCCAGAGATCTGCTCTCTTTTTTTCGAATCGGAAGCTTCGT

DV-4 BIP AACGAAAAAAGGTGGTTAGACCACTTTTCTTCACCAACCCTTGAGGGGT

DV-4 FLP GCG AGAGAAACCGCGTGTC
DENV (E gene)

DENV 1/3 B3 GTGAGCAAT CCTTTT GAG

DENV 2 B3 TGC AGC ATT CCAAGT GAG

DENV 4 B3 GAAAAAAGT CCG GTT GAG

DENV 1/3 FIP GGTTATTCATCAGAGATCTGCTCTCTTTTTTTCGAATCGGAAGCTTCGT

17




DENV 2 FIP

GGTTATTCATCAGAGATCTGCTCTCTTTTATTCTTTGAGGGAGCTAAGC

DENV 4 FIP TTCATTTTTCCAGAGATCTGCTCTCTTTTTTTCGAATCGGAAGCTTCGT

DENV 1/3 BIP AACGGAAAAAGACGGGTCAACCGTTTTTCTTTGTCAGCTGTTGCACAGT
DENV 2 BIP AACGGAAAAAGGCGAGAAATACGCTTTTCTTTGTCAGCTGTTGCACAGT
DENV 4 BIP AACGAAAAAAGGTGGTTAGACCACTTTTCTTCACCAACCCTTGAGGGGT

DENV 1234 F3

GTG GAC CGACAAAGACAG

DENV 1234 Loop

GCG AGAGAAACCGCGTGTC

DENV (3°'UTR)

DEN 1/3/4 F3

CAAACCGTGCTGCCTGT

DEN2/ F3 TGAGTAAACTATGCAGCCTGT
DEN 1/2/3 B3 ACCTGTTGATTCAACAGCACC
DEN 4/ B3 ACCTGTTGGATCAACAACACC
DEN 1/2/3 FIP AGGGGTCTCCTCTAACCRCTAGTCTTTCAAACC-TGGAAGCTGTACGC
DEN 4/ FIP AGGGGTCTCCTCTAACCRCTAGTCTTTTTTGCCACGGAAGCTGTACGC
DEN 1/2/3 BIP ACAGCATATTGACGCTGGGARAGACGTTCTGTGCCTGGAATGATGCTG
DEN 4/ BIP ACAGCATATTGACGCTGGGARAGACGCTCTGTGCCTGGATTGATGTTG

DEN 1/2/3/4 BLP

CAGAGATCCTGCTGTCTC

JEV-1
JEV-1F3 CGG CAT GGA GAAACAGAG AA
JEV-1 B3 CCTTCAGAG CCAGTTTGTCC
JEV-1 FIP CCT GCC AAC GCT TGATGG AGG GAA GAG GCACAT GCCACAA
JEV-1BIP AGC CAT CGT GGT GGAGTACTC GAG CCT GCATTT CAG GTGAC
JEV-2
JEV-2 F3 TGGGAGTGAAGAGGGTAGT
JEV-2 B3 TTTTGCCCCGCTTGTTCA
JEV-2 FIP TTGGTGGGGGCTAATGCTGAATTCGAGGGCCAGTACGATTTGTG
JEV-2 BIP GGCCGATGGAGAGCAGTGGAAATTTTCGTCGATGAGTGTTCCAAGT
JEV-2 BIP TTGAAGAACGTGATAAGAGCCAG
JEV-2 FLP GTGGCAATGAAACATCT
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Figure 1. Dengue viruses (DENV-1~DENV-3) NS1 gene 3!+ ‘& >
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Figure 2. Dengue viruses (DENV-1~DENV-3) NS1 gene 3!+
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Figure 3. Dengue viruses (DENV-4) 3’UTR 3513 % s RT-LAMP 2_ % — 4
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Figure 4. Dengeu viruses (DENV-1~DENV-3) E gene 3!+ % > RT-LAMP
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Figure 5. Dengeu viruses (DENV-1~DENV-4) E gene 3!+ % > RT-LAMP

2_ & &7 & (Sensitivity) B &

(A)

(B)

- ~ - ~ = “Iﬂlgﬁf}?ii
7RNA % #7F i (7 RT-LAMP &
o BARA 5 25ul -

(A) % - 2% & s A5+
©) %= Uwipd 42554
Lanel:% & 4 RNA 107 |
Lane3:% & =24 RNA 10° |
Lane5: % & :;ﬁai RNA 10 X
W: water

B) %= =g ips sy
Lane2:% ¥ 54 RNA 10°
3

Lane4:{g?ii:;’ia%, RNA 10
Lane6: % ¥ 54 RNA 10"

23



Figure 6. Dengeu viruses (DENV-1~DENV-4) 3°UTR 3!+ % > RT-LAMP
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Figure 7. Dengeu viruses (DENV-1~DENV-4) 3’'UTR 3!+ % > RT-LAMP
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Figure 8. Japanese encephalitis virus (GI, GIII) JEV-1, JEV-2 51 3 % »
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Figure 9. Japanese encephalitis virus (Gl, GlII) JEV-2 513 % > RT-LAMP
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Figure 10. Dengue viruses (DENV-1~DENV-2) 3’UTR 3513 & » RT-RPA

2Pl

(A)

Int [mv]

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1200
1200
1100
1000
00
a00
700
600
s00
400
300
200
10—

0
1]

(B)

Int [mV]

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000

200

800

700

600

500

400

10 20 30 40
Time [min]

200
200

100

U

0

10 20 30 40
Tme [min]

(A) TwistAmp exo +ListeriaM, real-time fluorescent DNA detection kit (% £74 )
1 - DNA (4ul), volume (50ul) 2 - DNA (4ul), volume (25ul)

3 - DNA (4ul), volume (25ul) 4 -NC

(B) TwistAmp exo( D1-2) test
1 - ListeriaM-DNA (4ul), volume (50ul) 2 — D1-RNA (4ul), volume (50ul)

3 — D2-RNA (4ul), volume (50ul) 4-NC
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