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Establishment and preliminary evaluation of rapid detection of tick-borne
encephalitis virus by reverse transcription polymerase spiral reaction”
YAN Meitian s ZHENG Yutong s\WAN Nan”
Department of Clinical Laboratory ,General Hospital of Northern Theater
Command ,Shenyang ,Liaoning 110016 ,China
Abstract : Objective To establish a rapid method for point-of-care detection of virulent tick-borne enceph-
alitis virus (TBEV) under isothermal conditions. Methods A pair of specific spiral primers were designed for
TBEV gene NS1,and the reverse transcription polymerase spiral reaction (RT-PSR) was established under i-
sothermal conditions. The reaction conditions were optimized,the specificity and sensitivity were analyzed,and
the coincidence rate of RT-PSR assay was evaluated by whole blood simulation samples. Results The RT-
PSR method for TBEV detection was successfully established and optimized. The RT-PSR method could a-
chieve reverse transcription and amplification in one step with only one enzyme at 61 “C ,and the TBEV detec-
tion could be completed in 55 min,the results could be read directly with the naked eye by addition of SYBR
Green [.The RT-PSR method had high specificity and high sensitivity,and the minimum detection limit was
107,341 X10"° ng/pnL,which was 100 times higher than that of PCR. The coincidence rate of whole blood sim-
ulated samples was 100% ,and the sensitivity was 10 times lower than that of RNA standard samples. Conclu-
sion RT-PSR method has good specificity and sensitivity,and could be used for rapid point-of-care detection
of TBEV.
Key words: tick-borne encephalitis virus; reverse transcription polymerase spiral reaction; point-of-

care detection
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1.1 FEiLH 2XEasyTaq PCR SuperMix, pGM-
T 7k 7 & . EasyPure Plasmid MiniPrep Kit,Fly-
Cut Sal [ . T7 High Efficiency Transcription Kit,
EasyPure RNA Purification Kit, EasyPure Blood
RNA Kit W [ b st 28 B 8 R A BRA AL SYBR
Green | .DNase/RNase-Free Water. f1 I i Ity A Jt
HRKEFFHARARA AL Bst 3.0 DNA R & i
H NEB 23 &, S0 [ Sigma 22 7],

1.2 B % 76 GeneBank H F# 49 f TBEV
J¥81,ad ik BLAST 43 #r i BUOR T X, & B NST 26
PRSPV TR R 3w, I 2 % TBEV 2k 3K 4% 5 41

(NO. JQ650523) L NS1 K _E ) 310 bp FF41 (55
2 892~3 201 kxR )¥ 3D & #6E A RN T A
RN R B A F pGM-T #4K E (pGM-T 35 B i 571
&L At e A WHEARARAFD I % 4E TOP10
JRAZ A M, DL 25 %6 H iR AT B A A . B RO T
K2t Sal 1 PG ILE AL | 4l )5 3 2 1 Sh 5 5% 3K 57
Gt & EWHERA R A A #l % RNA fx
WA

1.3 3Ii%it L TBEV 25 sk #k 5 91 4 57 X NS1
FE /) 310 bp JF AR . b A Primer 5. 0 &3t
—XTHEHET| P (Ft/Bo, %51 ¥ PCR B 1E . X 1] 5]
Yy (F/B) FIHL Y F 5 (Nr/N) 4 i, Nr Fl N T 51 i 7
ML A R, F A B B Tm {H e Nr AN & 5 C L E LU
Wl F A B 5 H RS 45 & BT I80E . 514 ki
YR G CRBO A RN A A . RT-PSR K il
TBEV i 54750 F1 Tm {H W3 1.

*x1 RT-PSR # il TBEV B AT ASI¥F5IF Tm &

I 1P EI (5 —3" Tm(C)
F CGGTGGCAGAGTTTGGAGTT 59
B CCGGCCATGAGCAATTTCT 60
Ft acgaattcgtacatagaagtatagCGGTGGCAGAGTTTGGAGTT 67
Bt gatatgaagatacatgcttaagcaCCGGCCATGAGCAATTTCT 66

/NG SR F 5 (Ne AT ND

1.4 RT-PSR KR Jiifk H T Bst 3.0
DNA REBEA 2 S 2 il 35 B A8 vk 1 #5752 0 Ak
F AL SR S R 0 B A B A k25 L
) RT-PSR i fA % :8 U Bst 3.0 DNA 45,2, 5
pL ) 10 X Isothermal Amplification Buffer Il ,0. 8
mol/L #if 32 #%. 4 mmol/L. MgSO,, 1. 4 mmol/L
dNTPs,Ft.Bt % 1.6 pmol/L,RNA 4 1.0 pl, 5
JG Il DNase/RNase-Free Water #8552 25. 0 uL., VA
TBEV &R 20 RNA Jy Bt . AR 4 2 4 57 19 B R 1 &
47 RT-PSR, Lk DNase/RNase-Free Water & B
X R, AT B Ok A TS G AR ROV R A 25
pL B A IS, 42 TR 7E 65 CHH IR 4 B I h U 55
min, 378 2R B 0EBE I B UK AT R E . T B
ARl e P, Dk S TC S RN L K L BRAE A2 AR 0T HLAE I
o TR R R 2 B BRI A% A A B 9 AE
1.0 pl 1 20 f it 19 SYBR Green | | f2 W1k %
w3 A P R UL T 0, 72 A R P R I B R TE
65 °C 4 JB W PRI 55 min. 4F RT-PSR £ 4 #EAT AL
b BEE R BEAR B 60 °C 61 °C .62 "C .63 C .64 C,
65 °C.Bst 3.0 DNA REEKEME N 2.4.6.8.10,

12 U, B 2o o BE BB E R 0. 2,0.5.0.8.1. 1.1, 4
mol/L, MgSO, ¥ FE# & B 4.6.8.10 mmol/L,
ANTPs W EREEH 1.0.1.4.1. 8.2. 2 mmol/L, A I
Z5 10 7 JE o B B TE) 5 7 Sl 30.35.,40,45.,50.,55,
60 min, 45 1. 5 %0 Byt i 58 JiE P Uk 2% 4 1) 5 B R I
BT 32 O 3 S o A By A

1.5 RT-PSR 50k & RS (LR =%
HI A R AlA LR (PY e B 7 S B R 7 . 55 B
B AT I TBEV (9 RNA AR #E & 78 7 25 4 1 F
N RT-PSR #EA7 K50 50 30E 1% 05 35 9 R S .
AT 4 W TBEV RNA i & ¥ & N 107. 341
ng/pL #EAT 10 %86 BE A6 B (K B 107,102,
107,107,107, 107 7,107 7,10 ° %), 43 BIHL 1 pL
547 PCR 1 RT-PSR 473 , i I 1. 5 %0 By Jig 68 s v
K S0 VI P i B ARG I B L 5 AT R A A

1.6 UL MARARKN T TBEV & ZIH 55,
ANy WCBE WIf PR A A, TR I 3 B A £ B 194 4 1ffL s AR Ay
BRADUBR AR B4 356 5, AL 60 T B VR A9 TBEV RNA,
il 7 AR AR AL, 4 it TBEV RNA [y 28
WHESr A 107, 34 X107 1,107, 34 X 10 °,107. 34 X
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107%.107. 34 X 10 *,107. 34 X 10 °,107. 34 X 10 °,
107.34 X107 ng/pL, L4l 4 1l b5 A 4F S B 1 % JiE
8 EasyPure Blood RNA Kit ¥ B 4 #f 17 RNA
PRI

2 Z& £

2.1 RT-PSRKFRMHE KL 305 b5 5 I H Tk
iR TBEV 3 5 41 HY BT B9 bR 45, B b
Xf BB G455 . TBEV 2R 40 A9 SYBR Green | M1
Ak g, B AR R R AN AR O HAE SR AMT R
TBEV HEPH 4 0] Wk @50, IR Tt . 45 R %
BH,SYBR Green | A[{EN RT-PSR 845/~ 5 (FE 1),
UE T # S A9 RT-PSR IR K R Bl 171, 7E 60~
65 CHMFT 61 C 2k e 5t I Tl M 5 76 9] 45 R 1 2%
HETFARRIIMA 2~12 U Bst 3.0 DNA B4, 25 5% 1
7.6 U Y Bst 3.0 DNA A5k 55w e i i s 43
HIMA 0. 2~1. 3 mol/L Bt 30, 45 K &7 0.5
mol/L ¥ 5 i S0 0 45 SR e B A 54 .6 .8.10 mmol/L
WRERR B B MgSO, ., 45 R /R 8 mmol/L B9 45
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[4] & 55 min B HFRAR (K] 2),
M 1 N

A R 1.5 YoBNE Bl BE I L Uk 45 1, M 2l 5 000 DNA #Ric 4, 1
23 TBEV ) RNA 5 #E i, N B %F B (DNase/RNase-Free Water)
Bl SYBR Green T 7E H A& FH 8™ Wi B 445 % Cl SYBR
Green | EEMETY &Y B AL HE:B.Ch 1.2 3 TBEV Y
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1 RT-PSR M# &R
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RNA FruE M TE HZROEF SYBR Green [ Hp #4725 Ny
St fa, o @l A 3 DR BE PR X R 7E B 4ROk F SYBR
Green [ {5t , R TBEV 1) RNA b5 b 1 4
SR R g a0, 45 R W RT-PSR ] 5§ 7 &
W TBEV(E 3), C i B 84k 43 1l #E 47 PCR Al
RT-PSR, H 3k 45 5 & 78 , PCR 7E 107. 34 ng/pL Hi B
10 '.10 2,10 ° 10 " 5B &0, Yk gL T
107.34X10 * ng/pL BFJCH B 454 , RT-PSR 7 107.
34 ng/pL Wi BE 10 1,10 7,10 7.10 .10 °.10 ° A%
A 2, 24 v AR T 107, 34 X 10 ° ng/pL B
TCHI Al R R FIAE A AR RIEE AL T R a5 R Y
He ik 45 AR [F) . AT L RT-PSR i A 46 BR 2 PCR Y
100 fi5, WL 4,

2.3 Bl embiA  RT-PSR & 7 FpoR 6 ik B 1
TBEV #6l 4> 1fi b5 A<, 85 - 2 55 & %0 100%, W
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A
AR L% e I Uk 45 8 B H 1SR J6F SYBR Green
T RT-PSR R R 258 C B2 AT SYBR Green 1 ) RT-PSR 4%
SE3M 5000 DNA FRiE# .1 8 TBEV RNA,2 N EHA& 3K (75 8 %
T RE  H A B RS H L B B A MR #) 5 Ny BT 4 %t IB (DNase/
RNase-Free Water) .,
B 3 RT-PSR 4 B 445

HABA 15 Y BRIk A5 S C M RO TF SYBR Green T B RT-PSR 453 :D H 446 F SYBR Green T B RT-PSR 4528 M N
5 000 DNA FRic4.1~8 TBEV RNA [ 5 ¥ BE 4> % 2 107. 34 X107 1,107, 34 X 107 2,107, 34 X 10~ *,107. 34 X 10 ',107. 34 X 10 °,107. 34 X

107°.107. 341077 ,107. 34X 10~ % ng/puL. N N ¥4 I (DNase/RNase-Free Water) ,
4 RT-PSR RE1E 5317

AR

LA R E ) oAb E

HAN L SY BRI Uk 25 8B N A 26T SYBR Green | ) RT-PSR 45 5;C M6 T SYBR Green | () RT-PSR 455 M

5000 DNAFRIC# s 1~ 7 J9 Bu & e B 42 531 8 107, 34 X 101,107, 34 X 10

2
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107.34X10" " ng/pL ) TBEV L4 MARA s N Sk BV Xt B8 (R ke FE 2 11 2 4 AR AS) .
5 WAERERER TBEV £ M4 #4524 70 BA 4 33 B A 44 RT-PSR 4 R
3 it it

B A T E 2 (PSR 2 2015 4F LIU 4857 1 A

S WY — Bl BT B9 S IR R 974 J7 i, FIH Bst DNA
A WO BE B AR I RE PRE TE S DNA A BTG
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DL SR B A F DNA SR A A F 0 A7 46 I L 3% 5 2%
HEE X5 % (Ft/Bt), Bl £ PCR W 1E. [0 5| ¥
(9 5" m A 5 Ne/NLJIE H Nre Fil N F 5104 it
R N SE B R B P (D—>Q . O —@) | it
BOQ>-0.0-0) . BH(@) . Bl (@), # ks
i1 245 ¥4 14 3" s 4 252 1) I AEE A (D), Fe 2438 3 BB Oy
(@) KA 38 (I 6) ., A 52 By B ble s | w2 R bk
VR S A

HEr. B A #5850 PSR 7 i dE AT 40 L B
A0 # AR I T e O 2 A ST RNA R
UL € ol VA1 B S RS UL £ e A g A VAL N
PRI A 00 5 SR i 45 A RE 52 I PSR 47 88, ACHIF 5% 7 7 1
RT-PSR Y55 —Fl /il . B Bst 3. 0 DNA &0, B A
A LA % 4 TG P L I EL A T e T 3 e SR T IS L AE
SRR AR TR — P g T [ R ST B 00 SR R AL R B8
IEAh PSR 2R A 2 Hfofin A €4 45 % 390, R LA i B
FH P 52 17 FR) B (0, 22 S R 3 Pt 1) DK 52 15 2%

[Fd
-
3 — B 5 5 ——WEn ‘Be 3
By,
5,
AEm ‘Be 3 5—— - Be 3
3 ——pEcn B 5 3 pFen -,
5
L
5 -INFIE ‘B 3 3 Fen EERING— 5
By,
5 - INFEm B 3 5 Nr mEm BN Ne 3
3-Nrc nFen EERNT— 5 3 pFen BN -5
3-INFEECE ENT— 5 5 - INFIES BeINe 3
- 3 EENe— ¥
5 ‘N B 5 Nr E
TFT N BT VBN N WER
5 N By 3 5 Nr E :

E:O0—>0.O0—>@ N3 WA, OO . OO Nk, @ N H i,
©H i, AT, @Al H BT 0P 1.
& 6 PSR # &

TBEV 4k 3 A~ W #, Rk M £ TBEV ( TBEV-
Ew . AW % TBEV(TBEV-Sib) #lik %4 % TBEV
(TBEV-FE)"""™ IR i 479 £ 2 & TBEV-FE. i 17
T XA T AR R e VTR PN 52 M XL B 8 = R
WA I, BHET TBEV 8 3s i /0 )7 B4 i
B F 0T R TRAS I J7 2% o (B S MK 24 7 TR B R TR A
5 S PP U v T LR D RO AL B

P ) R BOR A s R AN O ik E 2 PCR,
B 52 7R TR AE PR R T ARG B 0 52 2 A S B TR B AR A
VR AR L A R G T A0 Sk AR A A T AR A SRR
{ER A = B BRAEBE . ARWFST 57 RT-PSR #£ 16 1
ZME T BT — XRS5 g T S B R K,
HA m RS | Rk Y 2 s8] R p AR A R L T
SCEL I JZ Bl % TBEV (4K i & U . 68 % XF TBEV
HEAT R4, X IERL  EAT BLA T R AR ST IR
HEEFET-M AR,

AT AR 5 RT-PSR J7 ¥k 9 J5 21, DL TBEV NS1
SR —XF 514 Ft/Bt, % N 4% 4 S 2 oy
R LR R AR AT A 5 O 1 Y R A A R T
25.0 p BRI R H .6 U B Bst 3.0 DNA B4 fiff .
0.5 mol/L K & 3% ., 8 mmol/L A MgSO,, 1.8
mmol/L # dNTPs, 1. 0 pL A RNA # #, Ft, Bt %
1.0 pL, A TG JC B 7K #h 55 25. 0 pL, 61 “C1H 42 )8
WH R 55 min, SYBR Green | fiE 53U DNA 454,
I AE 0 AR Ry S, 52 A &2 & 98t . fH SYBR Green
T 2l PSR SR » R MR B 5 0 45 o R P s A

BRI ERY 1 7 TR RNA f5 2 ek 1730
5% 1 RT-PSR kil 7 ik e A S NI 61 °C L i %
SERF BTG A 30~68 °CL,IEH 155 T RT-PSR ) ik
B I R R S R I AT D5 R SR R G [R] B AT 24 R
B R Y 38 vk B AT 95 CHIER A M, B A B
fn A DNA fi# fig it . i RT-PSR A 75 2 555 A #it
ST, 23K 3 SN i BE I {5 AT LU DNA RUEE it IF
K ) BOBUEE 1Y) 2 25 P-4

T TBEV ZZUMW . A 5 I Em A, N A
WG T 7 FhAS [ ok B B4 & i AR A4S . | RT-PSR
PEATRE I K A DU 25 5 5 m A RNA ARdE & 47 %) B
PR 1207 2% K I 52 B 4 il R YL AR AR (Y BE 1 . AR B S
ghE R W i RT-PSR K AU bR A () 75 & 2R 7T 3k
F] 100 % , e fRAS W BE A 107, 341 X107 ng/pl, 42
/v RT-PSR 6 i 5 i o] A YT 4 1L b A o 6 &= A9
TBEV #4757 #E B A

2 LTk ,RT-PSR # J5 % %F TBEV BA R 4f
4 e S 1 R R B L A PR 2 PCR A9 100 %, AR,
1Z 5 ¥ T FHASCARS 15 B0 AR IR R i 3 580 1H IR 46 R
W) T B — P L 38 5 X2 FE R Y B A R B RS
W 25 A A AR TR L R R R v, SE B T B A
Kl . By F 3£ 2% TBEV B2 W,
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