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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 and Zika outbreaks spread quickly on West Pacific
Ocean islands, and in Southeast Asia and Caribbean countries. Tick-borne
encephalitis emerged in Europe and Asia. 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 already exist, 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 quantitative
reverse transcription PCR (qRT-PCR) for detection of Chikungunya and
Zika viruses. Rapid and sensitive diagnostic tools for detection of
arboviral infections can help for disease control and case management.

keywords : vector-borne viruses, Chikungunya virus, Zika viruses, ,LAMP,

qRT-PCR
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i 1® ;\fr/%%ﬁi}?ﬁ‘kﬂ—}%—% ( vector-borne viruses) i# 4 ﬁf‘a ERER VI ERTE
By~ HANFEETE S PP F L HY £ uixd (mosquito)
2 kEN (tick) #74% fmpfaﬂ* :ingaﬁxpa‘lﬁ o T HE K4cF A F N F R
Bt 2IRACH AR D S (15) 0 B A v A A 2
PR R Bl e B F LR B 3E(6-12) 0 L4475 3 (Tick-borne encephalitis)
BRCH & LR (7 (13) » ATfEen® R &7 s 4 (Bunyavirus, Severe fever with
thrombocytopenia syndrome virus; SFTSV) (14) &® BxH -~ P & ~ 55K
T PRI OEGFA PR A GE e SE LT AT R E O G
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% & (Flavivirus ) ~ # = 17 T # # (Bunyaviridae ) % = % ?ﬁx:}?si F
(Reoviridae) -5 # - Alphaviruses #7351 4= ch i & B 5 3 A 2
(Chikungunya ) ~ % 27/# :;,ia:% T ( Ross River virus disease ) ~ & = & #5 &
( Eastern Equine encephalitis, EEE ) ~ & > 5 *% ¥ (Western Equine
encephalitis » WEE) 2 £ 33 p £ 5 "% 2 (Menezuelan equine encephalitis »
VEE) % ; Flaviviruses 314z 01 & 7 5 5 % £ #.(Dengue )~ %+ 7 5 (Zika
disease) ~ & %@fﬁ (yellow fever) ~ p # %% % (Japanese encephalitis) ~ &
R B # 7 % (West Nile fever/encephalitis ) ~ ¥ g% % %% 3 (St. Louis
encephalitis ) % #4457 3 (Tick-Borne Encephalitis Virus, TBEV) % ;



Bunyaviruses 3l 4z 0 i & 5 g5 5 4c {148 & & %G L (California
encephalitis - LaCrosse encephalitis) ~ % # #t (Rift Valley fever)~ 2 5. 2
F 37 -k % 4 & # (Crimean-Congo hemorrhagic fever ) ~ 2 & x| 5

SR R R # (Severe fever with thrombocytopenia syndrome virus;
SFTSV) > 2 g & & 5lde2 Mo £ 2 Wop i3 & 5 Reoviruses 514 ani
£ s F Red 7 i rd #4(Colorado tick fever virus; CTFV) ~ Banna virus
(BAV)#73l4= 2 #g i & o
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FEPREER S Z2EBADPCRE B oV AR TR F PN
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4= LAMP ( Loop-mediated isothermal amplification)= ;2 » # & * Eiken
Genome site #7 B 2% e RT-LAMP #&:& 7 F & » RT-LAMP & J& 5 60
min > 60C -

T & pF PCR 2 7§ & # 4% PCR (quantitative reverse transcription
PCR,gRT-PCR) = 4 % 5 #15 7dx* > FIZ H Pl FAR ~ <R B
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k3t 2 F05 % 5 11% RT-LAMP 2 gRT-PCR = j# B % i 4
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BRZFE 2L 2 feE BHE GG ) S0 R 008 S BB 17 5
FHhGEERE2Z 22 2 o 23R (&5 248 36C) 0 Mk
MEZRpEREEIEFENd ZEAMEINEEFTHRT o FTHRI Y
I TENAC kAP FEFT BT LGRS TTE

oo b fapd 2 kRAEp ATCCd Hu F 3o p 74 4 =
s 4t (PRVABC59-~1BH30656 -PUCS7/ZK Eg plasmid~CK9700032)-

. # P~ RNA : {1* QlAamp Viral RNAKit (QIAGEN) # 5~ 2 it 5 4

fa o A& RILL A K5 2B FliL 0 T OUER OB PR
oo RSB FES T Ea IR P o Emeh FdeT
AR A S e 2B fRR S AR TIRRT O R ERPIETR
3 E M B OREIR 1S g # 4 3] 3 o Fl4 P R PmRRE R
@’@@@%Mﬁﬁ%%%ﬁiiﬁﬁ%%%ﬁuﬁﬁ,’Qu%$%
Prpgie T % o o (140 pl) ¥ S RNA kg5 k2 5P 0 B fs #-RNA B
70 ul % -k (Water , containing 0.02% sodium azide) -

51 F (Primer) 2k 3+ 82 & & ¢ iz RT-LAMP £ qRT-PCR }%IE";Q;LJ}%% g -

515 el vt 4 (ZIKV) 2 B 24 (CHIKV) £ ¢ & pdtp 4 o

fI* L E TR PCR 2 8 F #4-PCR > 2 (iRl 5+ ma g 40 f1* &

% %% RT-PCR = 2> B# 1 - 212 SYBRGreen = ;2 5 A#H rpry

% 28 RT-PCR = 2 Rl %+ o & % ¢ ot (Rl sed & &% w4 5
#3513 > ¥ g* SYBR Green H 4 3¢ qRT-PCR = j2 ] %+ 4 I



PNz Jf%\:}fﬁi 22 PUC57/ZK Eg plasmid {2 ey & - &2 i3 ,?fu:;?ai S
o E L R PEF IR 0 qRT-PCR & 3 fx ‘}%" Poirie s S 2 @ 5L
T B RS R
5.7 F *PFPCR %2 7 & 5 #4-PCR ¥ J&i% i2:12.5 ul, 2X QuantiTect SYBR
Green RT-PCR master mix ~ 0.25 ul, QuantiTect RT mix ~ 0.6ul, Primer mix
(10 uM) -~ 5ul, Template RNA - RT: 50°C, 30 min ~ Taq polymerase
activation : 95°C > 15 min ~ Denaturation : 95°C ~ Annealing : 55°C - 30 sec -
Extension : 72°C » 20 sec ~ 77°C » 20 sec » Jz & % & &, 45 Cycle » Melting
curve: 95°C 1 min~68C—> 95C > 2 g & 0.2°C /sec’ Jc & ¥ k& ~
25C > 10sec »
6. Loop-mediated isothermal amplification (LAMP) : LAMP & - #&i: 53 &2
B E 12T (60-65°C) -k I P ph e 2 o TR 41 6 Primers &
&= B outer ~ = @ inner f== B loop primers » 6 primers 7 %3 target
sequence F 18 B =% o Primer e73k 3 ¥ & % LAMP & 3+ 4c48 (Net
laboratory, Japan, http://venus. netlaboratory.com) - Primer & f4c™ :
Forward outer primer (F3), backward outer primer (B3) - forward inner
primer (FIP) and backward inner primer(BIP) - forward loop primer (FLP)
% backward loop primer (BLP) - FIP ¢ z Flc 4= F2 - BIP # 7 Blc
= B2 > FIP 2 BIP primers 7 & HPLC % it o FLP 4= BLP primers ¢ 2
complementary to the sequence between F1&F2 and B1&B2 regions - LAMP
A F 4 5 strand displacement DNA synthesis » &_d ** Bst DNA
polymerase £ 3 % ¢ strand displacement activity - & LAMP &~ i #2 %
7 DNA denaturation # 3> c2 7 afz @ T &7 5 e T % 7] RNA :ﬁf,i 2=
LAMP # 4c » F i 45ps (RT) #£ 5 RT-LAMP -
7. RT-LAMP & J& ix it 12ul, 2x reaction Mix ~ 1ul, Enzyme Mix (Bst



and AMV) ~ 5ul, Primer mix ~ 5ul, Template RNA - 60°C,—- -]
P~ 80°C5 4 48~ 4C o

8. RT-LAMP # 3= 2_ i Bl @ 12 2% X &7 7 7+~ % LA-500 = ;= id
RIE P o
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[
L %t pd 2 2 pd RT-LAMP J 32 515 3% ~ & % 2Rl
F— T & W F :}?5*25?)?” 2:,)%4 225 F e AT ®

w7 fpen RT-LAMP 513 & -4 Ay ’2:)?3% T f)ﬁi—% 2 1R e

2. CHIKV 1-2 (3’°UTR)3! 3 % » RT-LAMP 2_ |3 o
a. %8 RT-LAMP & — |5 Ji » #5253+ 2 513 % (Table 1) » 1%

b. # P RT-LAMP §&c & » #7133+ 2 313 & (Figure 1) » 1% %
A% 0 A 24 2 LAMP-DNA ¥ £ Rl G50k
% % 10 pfu/mL(Figure 1) -

3. ZIKV 1-2(3°UTR)31 % & » RT-LAMP 2_3p[3& o

a. #%# RT-LAMP % - 45 Ji » #73k 32513 = (Table 1) » i *
AT EE AR A HEE 2 LAMP-DNA 7 5> 2513
B ARLF-AFI RS ASRS T REF B K
251+ 3 & -+ (Figure 2) -

b. # B RT-LAMP & &t & > #73K 32 51 % e (Figure 2) > f1* & &
AAris % o RN+ p4 2 LAMP-DNA = B fe iRl & 5Tk
% v ¥ i 100 pfu/mL 12 T (Figure 2) °

c. #1* LA-500-LAMP =rp=§ R ip| T_ik > ZIKV-1 primer * i % %
AF(10, z574k)** 32 min, AS(10, 7 $k)>* 25 min 4% i g
AF(1000, 2t-'4x)* 52 min, AS(1000, &y 7+ $.)>* 47 min A& 1§
B ~ NTC ** 52 min 4% i ] o ZIKV-1 primer #x * Loop ~ &
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& 5% AF(10)>+ 13 min, AS(10)>+ 13 min 4% © i8] ~ AF(1000)>+ 22
min, AS(1000)*+ 21 min 4 i @] ~ NTC ** 36 min #£ i ;2] (Figure
3,4) -

d. f1* LA-500 —LAMP = pF§ &Pl €& » ZIKV-2 primer * &%
% AF(10)*>* 49 min, AS(10)** 41 min 4% 8 i8] ~ NTC a4
ZIKV-1 primer 4c + Loop * /&% % AF(10)>** 26 min, AS(10)>*
20 min 4% i ;p] ~ NTC 144+ (Figure 5,6) o

4. ZIKV (Envolope gene)3! + % > RT-QPCR 2R3
a. 1P RT-QPCR % - {4~ R » #1 3+2_ Envolope gene 31 5 &
» 1% MX3000 &~ 45 > & I i+ )J%-rr z_ RT-QPCR- DNA
PEROA G Y- v 2 s FlF R ;}354, S PRSI S
By 2 \—;%:;};3%; c’rfu,é?g:;};qi EF R FREFLFEG
£ — M (Figure7) -

b. # ] RT-QPCR &t & » #73k 32 Envolope gene 31+ & »
* MX3000 A 7 & T ook A E 0 2R DL oM R
(PRVABC59) ~ £ 4 (IBH30656) ~ PUC57/ZK Eg plasmid 2
RT-QPCR-DNA + £ > ¥ Bl & s B ¥ & 8 pfu/mL (R®=0.99,
Efficiency=91%) ~ 9 pfu/mL (R?*=0.99, Efficiency=101%)% 36
copies /RX (R?=0.99, Efficiency=105%)(Figure 8,9,10)

c. Tmig 5 825, 82.5,83.5 (Figure 11,12,9)
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z_ 18] - RT-LAMP & qRT-PCR = fa ¥z etk # > i > ¥ & 1-3 /| pF
PRAEPEMAS o B RRARE AT U TEERESE

ARFEPFRAMIZOEF BTN FENEERR -5 & -
12 point-of-care 7k~ + Poid faRlsa M o AP B I HF p4 &
Ay 2?:}]%%; 2. LAMP ¥R > 22 3 & - M FaTR § £.<10~100 pfu/mL
ZOfF T oRg Peid 20 A 4B E TR R R o QRT-PCR ZIKV 31 3+ 2 ihg
seR e v 1~10 pfu/mlL o & ke-see 2313 ~ 328 - F RIER
BREE S BEPRBEHAF B2 L iEE o 3£ Real-Lamp etk B &
20 A4 Ak gl d koo e iR AT AR S 100 pfu/mL - Real-PCR 2
B Ep RS 0RRGRIFEATR S 8pfumL > e gATRERE > W
» $ Real-PCR if ® - %] Real-Lamp £ 3 E-& e 2rc g BH > A k¥
B L @A ptRR > AL E FRFERIE ISR Y o b
» H#-FF 3 Alphavirus 2 Bunyavirus 2. 2 3+ %73 2 » # Y 2 PFéie
J,%L%z%% I G %L)?smﬁﬁ c AR REFFHE NS A2 AL v
FEFER RRAANLBEHZ P o
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Table 1. RT-LAMP primer sets used for detection of CHIKV and ZIKV.

CHIKV
CHIKV-1 F3 TGC GAC GCT GAAAACACG
CHIKV-1 B3 TTGGCG TCCTTAACT GTGAC
CHIKV-1 FIP TGA GCC CTG TAT GCT GAT GCAAGA GCG AAG CACATG TGG A
CHIKV-1 BIP CAG CTAAGCTCCGCGTCCTTGTCG CCGTTT GCATAG GC
CHIKV
CHIKV-2 F3 ACATGC CCATCTCCATCGA
CHIKV-2 B3 AGT GAC GGC GTT GGT CAT
CHIKV-2 FIP ACC TCG CAC GACATG TCC GTG GAT GCG GCC TTCACT AG
CHIKV-2 BIP GCACCCATT CCT CAGACTTCG GCG AAT GCACCG CACACTT
ZIKV
ZIKV-1 F3 TGTTGTCAGGCCTGCTAGT
ZIKV-1 B3 TGAAGGGTGGGGAAGGTC
ZIKV-1 FIP TCGGCCTGACTATAGGCTTGGT-GCTTGGGGAAAGCTGTGC
ZIKV-1 BIP AAGCCATGCTGCCTGTGAGC-TCTTTTCCCATCCTGCGC
ZIKV-1 FLP TTCTCCTGGGGGGGTCACAG
ZIKV-1 BLP CCCTCAGAGGACACTGAGTC
ZIKV
ZIKV-2 F3 GCAGCACCATTGGAAAAGC
ZIKV-2 B3 ACCACATCAGCAACGTTCC
ZIKV-2 FIP CCAAAGTCCCAGGCTGTGTCTC-TTTGAAGCCACTGTGAGAGG
ZIKV-2 BIP TCAACTCATTGGGCAAGGGCA-ACCAGGACATTCCTCCAAAC
ZIKV-2 FLP TCCATCAAATTTTTGGAGCAGC
ZIKV-2 BLP CAAGACTGCCATTCTCTTGG
ZIKV
ZIKV-F GCAACATGGCGGAGGTAAGAT
ZIKV-R GCTCTYGGTGAATTRGGCGT

18




Figure 1.Chikungunya viruses (CHIKV-AS) 315 % > RT-LAMP 2_ % -

1+ (Specificity) ¥ % 57 & (Sensitivity)p] 3%

(A) (B)

CK DI JE 7K NTC CK D1l JE ZK NTC

(©)

(A) ~(B)ICHIKV-1,2 515, v By 24 ~ - A1F L4 ~ p A% U b i
Fi% P RNA 5 #5932 7 RT-LAMP 5 Ji > 488 4% 5 250l -

(C)~ (D) CHIKV-1,2 513 % r2Jiy 24 & 7 & #¢ & 10°~10" PFU/mI
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Figure 2. Zika viruses (ZIKV-AS) NS1 gene 31+ % » RT-LAMP 2_ % -

1+ (Specificity) ¥ % 57 & (Sensitivity);p| :&

A) (B)

ZK UPIRTIE CK NTC ZK D1 JE CK NTIC

(D)

PN RS TE P EEr

RNA % #4727 RT-LAMP * J& > 2484 5 25ul, 50 min -

(C)~ (D))ZIKV -1,2 513 $ 11 i+ 5 4 i& (7 § ¢ & 10°~10" PFU/MI
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Figure 3. 1 #* LA-500 — LAMP =r p=§ & Jp] 1% > B3E ZIKV-1 primer
F B o
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Figure 4. 41* LA-500 — LAMP T 5§ & Bl 1% > B)3& ZIKV-1 primer £
loop primer F PR o
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. /
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Figure 5. 1% LA-500 — LAMP = p#§ & Bl 1% > B|3# ZIKV-2 primer

F R/ -
Measurement Item:60-60min
Amplification{BaseLine AdjustmentON):cAbs

06 7 1 —

05 Vil //‘ CH, 2 suss

04 / CH 8 = NIC
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A
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Figure 6. 1% LA-500 — LAMP T g% & Jp| 2_ik > B3 ZIKV-2 primer B
loop primer ¥ PR o
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Figure 7.i¢ * ZIKV primer sete 12 ZIKV plasmid ~ ZIKV ~ DENV 1-4 3] -
CHIKV ~ JEV -~ Yellow fever virus £ West Nile virus RNA Z #45 :& 7

gPCR * & -
Strain Detection (ct)
with primer pair

ZIKV plasmid + (24)

ZIKV + (26)

DEN-1 (8700828A) — (no Ct)
DEN-2 (9200491A) — (no Ct)
DEN-3 (9200439A) — (no Ct)
DEN-4 (8700544A) — (no Ct)
CHIK — (no Ct)
JEV (JaGAr) — (no Ct)
Yellow fever virus — (no Ct)
West Nile virus — (no Ct)
NTC — (no Ct)

Plasmid Construct Map.
OrderID: 16020203+

The gene was cloned in pUC57 by EcoRV.

TCTAGAT GaaccT ATTGGC ATC GGATCC
Xbal BamH |
25
] 25

MIIHUC saquency prmet | 20),17- e b lg.' ms':' “m Bisl Mol gy EcoRV Bamhl Sl gz
5 GTAA AAC GAC GGC CAG TGAATT CGA GCT CGG TAC CTC GCG AAT GCA TCT AGA TAT CGG ATC CCG GGC CC
3' cA?? 1176 C16c0G 6T ACT TAA GCT CGA GCC ATG GAG CGC TTA CGT AGA TCT ATA GCC TAG GGC CCG GG

Ml
= pa LN pwl L ‘;n

G TCG ACT GCA GAG GCC TGC ATG CAA GCT TGG CGT AAT CAT GGT CAT AGC 16T 17C CT6 3¢
CAGC TGACGT CTC CGG ACG TACGTT CGA ACC GCATTAGTACCAGTATOGACA AAG GAC §*
S N AN e | 10 -
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Figure 8. §1* ZIKV SYBR green real time RT-PCR :i& {7 3§ t§ » # ZIKV
Plasmid 2 10°~10" copies/RX & {7 ff -
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Figure 9. # P RT-PCR & 57 & > #r3k 3+ ZIKV z_ E gene 51 3 ‘&> 11 ZIKV

Plasmid i& {7 153 ¥ 34 (10°~10%) -
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Figure 10. # RT-PCR ®4¢ A » #1% 2* ZIKV 2 Egene 515 % » 2 ZIKV Asia
(PRVABC59)¢ {7 152 & 418 (10'~10°) &2 ZIKV Africa (IBH30656) & {7 52 o 4

#(10°~10°)
Asia PRVABC59 )
ZIKA128F+378R(400-400nM) Asia TE buffer Africa IBH30656
Well| Well Name | R Last | Ct Final Tm ZIKA128F+378R(400-400nM) Afica TE buffer
A11| 9.2x10" | 8181 | 9.29 + 82.75 Well| Well Name [R Last| Ct Final Tm
B11| 9.2x10° | 8028 | 12.02 + 82.35 A0|  8x10° | 8446 | 16.44 N 82.75
c11| 9.2x10° | 7676 | 15.61 + 82.35 B10| 8x10° | 7506 | 18.77 N 3735
D11| 9.2x10° | 7976 | 18.9 + 82.35 10l a0 | 8100 | 204 N 2 35
E11 9.2x10: 8148 | 22.85 + 82.25 010! sx10® | 7161 | 2576 . 8235
F11 9.2)(101 8043 | 26.23 + 82.25 c10] &10r | 7482 | 29.31 N 22 25
G11| 9.2x10 | 8341 | 29.73 + 82.25 5
H11| 9.2x10° | 7762 | 34.14 + 82.75 (;ll?] Slﬁ?: ;igg iiacst * gii
G11] NTC | 2305 | NocCt ] 76.75 '
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Fluorescence (dRn)

Figure 11. 41 * ZIKV SYBR green real time RT-PCR :i& {7 3 t§ » # ZIKV
B 825

Asia (PRVABC59)14 10'~10" PFU/mI i& 7 4§ - Tm

R'(T)
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Fluorescence (dRn)

Figure 12.4]* ZIKV SYBR green real time RT-PCR :i& {7 3§ t5 » #- ZIKV
Africa (IBH30656),7 10°~10° PFU/m i i+ EeTmiEs 825-
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