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Because the international traveling occur much more frequently, and
the effects of climate change due to global warming, the unknown /
emerging arthropod-borne virus (Arbovirus) infectious diseases now
spread rapidly in the world and increase the threats to global public health
security. Among these, the mosquito and tick-borne diseases are the most
serious arboviral diseases. Taiwan is located in a subtropical region and
has a wide range of arthropod species. Many of these arthropods have the
ability to spread arboviruses to human. Therefore, it may cause local
epidemics, if the arbovirus was imported into Taiwan. It is necessary to
establish a laboratory-based diagnosis and surveillance system of arboviral
infections. In this study, we developed multiple real-time fluorescence
guantitative RT-PCR using virus Genus (or group) consensus primer sets
to detect flaviviruses and Bunyaviruses. Fever screening at airports in
Taiwan has proved to be an effective surveillance system of dengue and
chigungunya. In our study, we coordinate with the airport fever screening
system to detect arboviral infections in febrile patients, and to help to
reduce local prevalence of arboviral diseases in Taiwan.

Key word: Arbovirus, Flavivirus, Bunyavirus, Fever screening at

airports.
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*tF 29 %22 5 41 SYBR Green l-based 2 TagMan

probe-based ¥ £ 7 ¥ RT-PCR = j* » B &% 404 ’I%“* 2_J

LTS E

L el 2 paRkRh o BRI IFp AR L LES
B mE Bhom o 2 RFE G R A MR R
o BB T O T e B R 2 o 2R Y AT PUR 2 RN
Pt FENd EAME I ELFHRE o FHRE IR
B2 TFENALACAHPFEFRT HeBFEF2 BRI TE
Boo bfEmEF L RRS AR REED TN LES SR
im# > &pp ATCC g4 ﬂiéﬁ’%?ﬁx%gﬁﬂvfaifio

2. .-)P‘;.% PR £ L G E R }?HH; ¥ % RG(risk group)3 %
RG4 chips & » @iz pb] & B-17 > 143 J&r‘s (Genomics) & = 5 4 1%
fiz cDNA iF 5 RT-PCR 2 fi-(Template)- = & = &g & 2 ik cDNA
B 74T @ (1) Phlebovirus AH12/China/2010 strain segment S

(GenBank Acc. No. HQ141591), nucleotide sequence
1-1000/pGEM-T Easy Vector; (2) Tick-borne encephalitis virus
TBE/JE316708/8954-9353/pUC57 vector; (3) Murray Valley
encephalitis virus MVE/AF161266/8977-9376/pUC57 vector; (4)
Kyasanur Foreat disease virus KFDV/HM055369/8962-9361; (5) Rift
Valley fever L segment virus RVFV/HE687305/2292-3290; (6) La
Crosse virus L segment LCV/GU206122/2895-3894; (7)
Crimean-Congo hemorrhagic fever virus L segment
CCHFV/DQO076417/6871-7880 -

3. 3% (Primer)&ik 81 &£ & ¢ L &P A T/F78 0§ :)Fa:% s
(Flavivirus) ~ fe f: 2 5 4+ B (Alphavirus) ~ # & 354 2
(Bunyavmdae) XS 3 X0 E IR R e

cdef pE B mEAF K7 100 0 AR i ep A X T oL e
(group) » ¢ 4& dengue virus group ~ Japanese encephalitis virus
group ~ Kokobera virus group ~ Ntaya virus group ~ Spondweni virus

group~Tick-borne encephalitis virus group % Yellow fever virus group



% > 4o¥ iF 4% 4o polymerase gene = B e L B 7 B BT
BRES G2 PR ET D IR BRADEFARAEE - [P
# 4+ i (Alphavirus) 2 d 95 304 Ap i A x v oA
s (complex)» ¢ 35 EEEV complex~ SFV complex ~ VEEV complex
WEEV complex % ; # £ ﬂ:@ai # (Bunyaviridae ) 7;:1,%% R
% » & 4& Nairovirus 4 (.5 20 ﬁésﬁfsi ) ~ Orthobunyavirus % (%
90 ﬁﬁ:ffai ) ~ Phlebovirus % ( % 100 Jf;é_f}]%i ) :)]%i 73 &
FEB A HE o BARRF B AR R S o D g
WFEPENEE B S E S pAE Pp B s )RR e
ik bk LE PCR ehg st A ¥ 12 3]i2 1~10 copies/Rxn > ¥ g d
PRSI+ 203 RMP RS2 B F RERLER R
BiEE2 B0 % > ey k2 AR & (o

4. % RNA: 12 QIAamp Viral RNAKit (QIAGEN)# B~ % # it 5 4

Pip o A& RIZ S A 5 2 2 - fli 0 ¥ ER M
2 RNARE » L gl FAad o &a @ ip e Fw
G e T LR MR A A B R AR TE R
ol padeil? 2 RNase 4 /4 » L MR {8 ch i 4o DI
Flir® > @ RNAZ @ 28 8 > L Sl 2 4o » R 2R
W S A L 0 B fs 2B R - RNA B 91 o s (140 pl) <
RNA &35 & 2 35 > B is % RNA 3 * 70 ul -k (Water ,
containing 0.02% sodium azide) -

5. SYBR Green ¥k z & F 4% /R &%84 F & (SYBR
Green Real-time RT-PCR Reaction) : ¢ * QuantiTect SYBR
Green RT-PCR Kit, QIAGEN % & JR3EH] o & B 40 > 11T 288 ¢
25 ul 7 2x QuantiTect SYBR Green RT-PCR Master Mix >
RNase-free Water » 2 f& 51+ » 0.5 pl QuantiTect RT Mix » # { 4v
» 10 pl # % RNA > £ b f84% % 50 ulo £ & {7 SYBR Green
one-step RT-PCR & J& : 50°C RT i * 30 4 4% - PCR iT* 95°C 15
& 48> 45 = TR 2. 94°C 15 45 ~55°C 30 45 ~ 72°C 20 #) ~ 77°C 30
Fp (GGEegkE) (23) -



6. %5 Bk¥ 3 4 $7(Melting curve analysis) : RT-PCR ¥ &= = (& »
LiE{Tip B M4 47 1 95°C,1 448 ~68°C,30 ) > L7 45 &
oo & & PBe R R +0.5°C/30 5/ AR -

. TagMan s ¥ £ 2 § & €855 /R &% &4 F & (TagMan
Real-time RT-PCR) : i * QuantiTech probe RT-PCR ready mix
(QIAGEN) Kit % F Rz # o & B 4e x» 0T 33EH 125 ul 90 2x
QuantiTect probe RT-PCR mix > RNase-free Water » g% 51+ > 0.5 pul
QuantiTect RT Mix » & {5 4 » 5 pul 4% 1 RNA > * & ¥ 884 5 50
ule £ i& 7 TagMan one-step RT-PCR # J& : 50°C RT =% 30 4 44 >
1 initial cycle at 95°C for 15 min > 50°C for 30 s » 72°C for 1 min and
45 cycles at 95°C for 15 s and 48°C for 3 min with continuous
fluorescence data collection (## B~% & & ) (24) -

S S8 XE EXILE T F s SR R L S S
i~ ke sk (CSF).5 C6/36 ~ Vero & F * 2wtz £ ) 7 %
oA dgEdiE AL A B - M H R e Flavivirus-specific mAb
(D56.3) ~ JEV group-specific (E3.3) ~ dengue group-specific (ATCC
HB114) ¥ A A §F kA ¢ > MNFT A Y2 HF 2 Bl 53 o
RT-PCR = ;£ 1§ ‘)E‘Jff}%i Pipes+ > 3 RT-PCR A B > 7 8 &%
AP REPRITAE Ao
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1 223 p4 B(Flavivirus)s + % % 3 Flavivirus ¢ 7 - F 4
R
H2 S ETEFEFRTEPEMAE S I F ’fﬁ\?i GRS I

( FL-FIm -~ FL-R3 2 FL-R4) - ¥ i &) 23 1 & 55 7 e s 4

¢ 4 Ag"%}” $ 4% ot e 2 SYBR Green-l 3 4

?HEE A 1~4 A](DENV-1~4) ~ p 2 "5 4 ~ @ L Bpd
Saint Louis encephalitis virus (SLEV) ~ & #5 & ( YFV) ~ #5437
3]?33- (TBEV) ~ Murray Valley Encephalitis virus (MVEV) ~ Kyasanur
forest disease virus (KFDV) ~ Zika virus (ZIKV) (Table 1, Figure
1) ¥+ TBEV eh% st & 7 £ 5 19 copies/reaction (Figure 3)° MVEV
@Ak ¥ iE ) 12 copies/reaction (Figure 4) » KFDV & st B #
Z %) 24 copies/reaction (Figure 5) » ZIKV g ack P|¥ £ 5 50
copies/reaction (Figure 6) » ¢+ = 2 P 50 2 ¥ v B f % A+ 2 6l
FieFPL% o0 TagMan 5 A#H 2 5 € Ty L2 § P
BE o A F R Y ke m 4 (Table 2, Figure 2)

2. = * Bunyaviridae viruses 2 4 %+ ¥ #7 % 5. Bunyaviridae ¢ 2
300 1t e > ¥ 4~ 5 5 i Hantavirus B (G & m 4 )
Nairovirus /& ~ Orthobunyavirus /; ~ Phlebovirus /& %2 Tospovirus /; e
G ERE SRS AT RS (B  SAP
BE) BB ARy ERE g p S+ - Tospovirus frps & 2
£ g %18t 5 Nairovirus |53 20 %+ » ¢ z Crimean-Congo
hemorrhagic fever virus ~ Nairobi sheep disease virus ~ Dugbe virus
* L& ehivp it & - Orthobunyavirus %3 90 fap+ - ¢ 2
La Crosse encephalitis virus ~ California encephalitis virus ~ Oropouche

virus %54 o Phlebovirus %3 100 &4+ - ¢ 7 Rift Valley
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fever virus Severe fever with

/4

Sandfly fever virus
thrombocytopenia syndrome virus %54 > % i = = % Fd G
¥ o Nairovirus & % i€ 31 3 (NR-F1 - NR-R2)#+ Crimean-Congo
hemorrhagic fever virus % 57 & ¥ £ ¥)<5 copies/reaction (Figure
7) » Orthobunyavirus /; + i€ 51 3 (OB-F4 » OB-R2)%¥t La Crosse
encephalitis virus sng& a7 & 7 £ <10 copies/reaction (Figure 8)
Phlebovirus 4 % i 51+ (RV-F4 » RV-F3) 4t Rift Valley fever virus
#Fac kR ¥ & X<5 copies/reaction (Figure 9) - ¢t ¢k Severe fever with
thrombocytopenia syndrome virus 2. % — {313 %2 ( SFTS-1F -
SFTS-1R) % SFTSV & At & ¥ i 4 5 copies/reaction(Figure 10) -
22 A XH3NIZLBHAZE- B2 B o

B Flavivirus & 3 587 78§ b 6l FHF B4 2 5%
P2 AR 2 o b A Rl fe 1 2 S O dengue viruses 2
Japanese encephalitis virus > & R p T & H = § J,;\‘?—% Z_pnfT o
B&?* Bunyaviridae viruses & 3+ #Z % v -‘:‘{:};ﬁ R i s
TLER PR SRR ST K
(NR-F1 > NR-R2) ~ Orthobunyavirus /; + if 51+ (OB-F4 » OB-R2)

\\-\

FiR & Nairovirus £ 51+

% Plebovirus /% i€ 51 3 (RV-F6 » RV-R5)i& = multiplex SYBR
Green I-based real-time RT-PCR» & # 4 & 50 £ %352 ’;%1};3 S ;Fi
R ek e > 25355 A o F] Bunyaviridae viruses ¥ 3F % i
# ¢ 5ldeng gk > @ 35 La Crosse encephalitis virus ~ California
encephalitisvirus & » F]pt 3V i e 7 # 8-11 7 A § B4R 3 %
Ao A 2 30 & (Flavivirus &) a4 4% 8 - S % 4rik
T LR I BEEEBE e P REEET R A S B

:l wu\\'—' i"e} o
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Table 1. Primer sets used for real-time RT-PCR screening of Arboviruses

No [Name Seq Regiol position [Note

1 |FL-F1m GCC ATA TGG TWC ATG TGG CTN GGA GC NS5 | 9056 |flavivirus consensus primer

2 |FL-R3 GTK ATT CTT GTG TCC CAW CCG GCT GTG TCA TC |NS5 | 9257 |flavivirus consensus primer

3 |FL-R4 GTG ATG CGR GTG TCC CAG CCR GCK GTG TCA TC |NS5 | 9257 |flavivirus consensus primer

4 INR-FI CAT GCA YGC AAC MAC WGA AAT GTT L 6876 |Nairovirus consensus primer

5 INR-RI GAA CAG CAG TGT ATY GGR CCC CA L 7104 |Nairovirus consensus primer

6 [NR-R2 RGA RCA GCA GTG TAT YGG RCC CCA L 7107 _[Nairovirus consensus primer

7 |OB-F4 YAA GTT GAA YCC TGA YGA RAT GAT L 3007 _[Orthobunyavirus consensus primer
8 |OB-RI ACT CCA TTT WGA CAT RTC TGC ATT L 3256 _[Orthobunyavirus consensus primer
9 |0OB-R2 GWA AAA WAC ATC YTG RGC ACT CCA L 3274 |Orthobunyavirus consensus primer
10 |RV-F4 GTT TAA GAA RCA RCA GCA TGG DGG L 2822 |Plebovirus consensus primer

11 [RV-R3 AGG TTC CAC TTC CTT GCA TCA TC L 3063 |Plebovirus consensus primer

12 |RV-F6 ACW AAG TTT GCH CTV ATG CTA TG L 3077 |Plebovirus consensus primer

13 [RV-R5 TGV ART ATT CCC TGC ATC ATB CC L 3348 |Plebovirus consensus primer

14 |SFTS-1F GGA AAC TGG RAG AGA GAA CT S 425 |SFTSV-specific

15 |SFTS-1R GAA GTG AAC AAG TGG TGG TT S 626 |SFTSV-specific

Table 2. Primer sets used for TagMan real-time RT-PCR for the
detection of Flaviviruses.

No |Name Seq Note

1 [MFUlv2 |TAC AAC ATG ATG GGA AAG CGA GAG AAR AA flavivirus consensus primer

2 |CFU2V2  |GTG TCC CAG CCG GCK GIG TCA TCA GC flavivirus consensus primer

3 |FLR-P [HEX]-CTC CCA GCC ACA TGT ACC ATA TGG C-[BHQ] flavivirus consensus probe

4 [DENV1-P3 |[6-FAM]TCA GAG ACA TAT CAA AGA TTC CAG GGG G[BHQ-6-FAM] DENV-1-specific TagMan probe
5 [DENV2-P3 |[AmC6+TxRed]AAG AGA CGT GAG CAG GAA GGA AGG GGG AGC[BHQ-TxRed] DENV-2-specific TagMan probe
6 |DENV3-P3 [[Cy5]TGA GAG ATA TTT CCA AGA TAC CCG GAG GAG[BHQ-Cy5] DENV-3-specific TagMan probe
7 |DENV4-P3 |[5HEX]TGG AGG AGA TAG ACA AGA AGG ATG GAG ACC[BHQ-5HEX] DENV-4-specific TagMan probe
8 |JEV-P3 [6-FAM]TCC GTG ACA TAG CAG GAA AGC AAG[BHQ-6-FAM] JEV-specific TagMan probe

9 |WNV-P3  |[AmC6+TxRed]TGC GTG AAG TTG GCA CCC GGC CT[BHQ-TxRed] WNV-specific TagMan probe
10 |SLEV-P3 [Cy5]TAC AAG ARA TCT CCC AAA TCC CAG GAG GA[BHQ-Cy5] SLEV-specific TagMan probe
11 |YFV-P3 [5HEX]TCA GAG ACC TGG CTG CAA TGG ATG GT[BHQ-5HEX] YFV-specific TagMan probe
12 |KFDV-P1  |GGA GCG GGG GTT GAG GGG ACC AGT C KFDV-specific TagMan probe
13 |TBEV-P1  |GGA TCT GGA GTG GAG GGA ATA AGC T TBEV-specific TagMan probe
14 |IMVEV-P1 |AGG AGG AGG AGT TGA AGG AGC TGG TAT T MVEV-specific TagMan probe
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Table3. X313 2 FHAZ - 12 8%

Sensitivity and specificity using
Genus consensus primer sets

Primer set Genus Virus Sensitivity Specificity

FL-F1m/FL- Flavivirus TBEV <20 copies/Rx Alphavirus (-), bunyaviridae (-)

R3/FL-R4

FL-FIm/FL- | Flavivirus MVEV | <15 copies/Rx Alphavirus (-), bunyaviridae (-)

R3/FL-R4

FL-F1m/FL- Flavivirus KFDV <25 copies/Rx Alphavirus (-), bunyaviridae (-)

R3/FL-R4

FL-F1m/FL- Flavivirus ZIKV <50 copies/Rx Alphavirus (-), bunyaviridae (-)

R3/FL-R4

RV-F6/RV-R5 | Phlebovirus RVFV <10 copies/Rx Alphavirus (-), Flavivirus (-),
other genera of bunyaviridae (-).

OB-F4/0OB-R2 | Orthobunyavirus | LACV | <10 copies/Rx Alphavirus (-), Flavivirus (-),
other genera of bunyaviridae (-).

NR-F1/NR-R2 | Nairovirus CCHFV | <10 copies/Rx Alphavirus (-), Flavivirus (-),
other genera of bunyaviridae (-).
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Table 4. The results of multiplex real-time RT-PCR using Bunyavirus

consensus primers in 50 serum samples from airports fever screening

system.
Well [Well Name [R Last Ct Final Call |Tm Country
G4 S10102860 2861|No Ct - 71.95]India
H4 S10102861 2925|No Ct - 71.45|Thailand
A5 S10102862 2660|No Ct - 72.15|Malaysia
B5 S10102863 2799|No Ct - 71.65|Singapore
C5 S10102864 2673|No Ct - 71.15|Malaysia
D5 S10102854 2858|No Ct - 72.05|Indonesia
ES S10102855 2817|No Ct - 72.05]Singapore
F5 S10102856 2858|No Ct - 71.95|Malaysia
G5 S10102857 2738|No Ct - 71.95]Philippines
HS5 S10102858 2981|No Ct - 71.95|Singapore
A6 S10102859 2669|No Ct - 71.65|Singapore
B6 S10102850 2719|No Ct - 72.05|Singapore
C6 S10102851 2798|No Ct - 71.15|Thailand
D6 S10102852 2866]No Ct - 72.05|Philippines
E6 S10102853 2705[No Ct - 72.05|Singapore
F6 S10102835 2832|No Ct - 71.15|Cambodia
G6 S10102836 2725|No Ct - 71.95|Philippines
H6 S10102837 2997|No Ct - 71.45|Philippines
A7 S10102838 2717|No Ct - 72.55|Philippines|
B7 S10102839 2912|No Ct - 72.05|Philippines
C7 S10102840 3133|No Ct - 71.15]|Philippines
D7 S10102841 2848|No Ct - 72.05|Philippines
E7 S10102842 2760]No Ct - 72.05|Thailand
F7 S10102843 2876]No Ct - 72.45]|Thailand
G7 S10102844 2935]No Ct - 71.95|Philippines
H7 S10102845 3049|No Ct - 72.45|Thailand
A8 S10102846 2861|No Ct - 72.55|Thailand
B8 S10102847 2910|No Ct - 71.15|Singapore
C8 S10102848 2866|No Ct - 72.05|Singapore
D8 S10102849 2990|No Ct - 72.05|Philippines
ES8 S10102830 3007]No Ct - 72.05]Philippines
F8 S10102831 2974|No Ct - 71.95]Singapore
G8 S10102832 2909|No Ct - 71.95]Vietnam
HS8 S10102833 2741|No Ct - 71.45]Philippines
A9 S10102827 2832|No Ct - 71.65|Egypt
B9 S10102828 2820]No Ct - 71.65|Indonesia
C9 S10102829 2920]No Ct - 71.65|Malaysia
D9 S10102821 2900]No Ct - 72.05|Malaysia
E9 S10102822 2974|No Ct - 72.05]|Thailand
F9 S10102823 2853|No Ct - 71.95]|Indonesia
G9 S10102824 2821|No Ct - 71.95]Vietnam
H9 S10102825 3257|No Ct - 71.95|Malaysia
Al10 |[S10102826 2647|No Ct - 71.15|Malaysia
B10 [S10102812 2864|No Ct - 72.05]Indonesia
C10 [S10102813 2858|No Ct - 71.15]Vietnam
D10 [S10102814 2752|No Ct - 71.65|Thailand
E10 [S10102815 2787|No Ct - 71.65|Cambodia
F10 [S10102816 2777|No Ct - 71.15|Malaysia
G100 [S10102817 2940]No Ct - 71.95|Philippines
H10 [S10102818 2892|No Ct - 71.45]Philippines
All |RVFEV(.lng 11001 17.12|+ 78.25
B11l |CCHFVUOp 8142 23.46]+ 78.7
Cl1 |LACV(0pg) 11099 22.14|+ 79.15
D11 |NTC 2806|No Ct - 71.15
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Table 5. The results of multiplex real-time RT-PCR using Bunyavirus

consensus primers in 30 CSF samples from patients with encephalitis.

Well |Well Name  |R Last [Ct Final Call |Tm

Al [C-3988 2744|No Ct |- 72.15
Bl |C-3989 2800[No Ct |- 72.05
Cl [C-3987 2900(No Ct |- 72.45
D1 [C-3985 2860[No Ct |- 72.05
El |C-3982 2816(No Ct |- 71.65
F1 |C-3981 2795[No Ct |- 71.55
Gl [C-3978 2962|No Ct |- 72.95
H1 [C-3976 2816[No Ct |- 71.95
A2 [C-3972 2894|No Ct |- 72.15
B2 |C-3971 2719|No Ct |- 72.05
C2  [C-3965 2826[No Ct |- 71.65
D2 [C-3963 2879|No Ct |- 71.65
E2  [C-3961 2777|No Ct |- 72.05
F2  |C-3957 2796|No Ct |- 71.95
G2 |C-3956 2861|No Ct |- 71.95
H2 [C-3955 2889|No Ct |- 72.45
A3 [C-3953 2831|No Ct |- 72.55
B3 |C-3954 2836[No Ct |- 72.45
C3  |C-3948 2853|No Ct |- 72.45
D3 |C-3945 4814|No Ct |- 72.45
E3  |C-3946 2985[No Ct |- 72.05
F3  [C-3943 2829(No Ct |- 71.95
G3  [C-3942 2888|No Ct |- 71.55
H3 ]C-3940 2829|No Ct |- 71.45
A4 |C-3937 2803|No Ct |- 71.65
B4 |C-3936 2811|No Ct |- 72.05
C4  [C-3933 2863|No Ct |- 71.65
D4 [C-3932 3029|No Ct |- 72.05
E4 |C-3931 2945|No Ct |- 71.65
F4  |C-3928 4233|No Ct |- 71.55
All |[RVEV(.Ing){ 11001| 17.12]+ 78.25
B11l |CCHFV(10pg| 8142] 23.46[+ 78.7
Cl1 [LACV(0pg) | 11099] 22.14[+ 79.15
D11 [NTC 2806(No Ct |- 71.15
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Figure 3.

SYBR Green | - based Real Time One-step RT-PCR
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Figure 4.
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Figure 5.

SYBR Green | - based Real Time One-step RT-PCR

(Kyasanur Forest disease virus — using Flavivirus consensus primers)
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Figure 7

SYBR Green | - based Real Time One-step RT-PCR
(SFTSV-specific primers)
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Figure 8.

SYBR Green | - based Real Time One-step RT-PCR
(Nairovirus-consensus primers)
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Figure 9.

SYBR Green | - based Real Time One-step RT-PCR
(Orthobunyavirus-consensus primers)

LACV, F4R2,800nm

Log fit values

L] SYBR Standards, RSq:0.982
SYBR. Y =-3.527°LOGCO + 11.70, Eff = 92.1%

Figure 10.

SYBR Green | - based Real Time One-step RT-PCR
(Phlebovirus-consensus primers)

RVFV,F6RS5,200nm
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