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Establishment and application of triplex RT-qPCR for detection of
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virus and Palyam serogroup virus
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Abstract: [Objective] To establish triplex RT-qPCR detection technique for rapid screening and diagnosis of
bluetongue virus (BTV), epizootic hemorrhagic disease virus (EHDV) and Palyam serogroup virus (PALV)
infection. [Method] NS3 gene of BTV, NS/ gene of EHDV and VP7 gene of PALV were used as target genes
to design three sets of primers and probes for the establishment of a triplex RT-qPCR assay. The sensitivity,
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specificity and repeatability of this assay were evaluated, meanwhile different BTV, EHDV, PALV serotype
strains isolated in China and their corresponding positive blood samples, as well as reference strains of 24 BTV
serotypes and six EHDV serotypes were used to verify detection effects of the assay. [Result] The
amplification efficiencies of the triplex RT-qPCR assay were all more than 90%, and the copy number detection
limits of in vitro transcribed ssRNAs were all low to 10 pL™', which was equivalent to those of single plex RT-
gPCR assay for each virus. There was no cross reaction with akabane virus, peste des petits ruminants virus,
foot-and-mouth disease virus and bovine ephemeral fever virus. The intra-assay and inter-assay variable
coefficients of Ct value were all less than 2%. The established triplex RT-qPCR successfully detected viral
strains belonging to 24 BTV serotypes, six EHDV serotypes and three PALV serotypes, indicating that this assay
possessed remarkable group specificity. The established triplex RT-qPCR assay could effectively detect the
positive blood samples collected from animals infected by BTV, EHDV and PALV, and the results were
consistent with those of monoplex RT-qPCR assay. [ Conclusion] The triplex RT-qPCR detection assay for
BTV, EHDV and PALV has good sensitivity, specificity and repeatability, and can be used for the simultaneous
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diagnosis and screening of these three viruses in clinical samples.
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Table 1 Representative strains of different serotypes of bluetongue virus, epizootic hemorrhagic disease virus and Palyam

serogroup virus isolated in China

miE%Y Serotype  ##k Strain - 43 & A7 Isolation year 43 B5 i & Isolation place kIR 5N Animal source

BTV-1 V147 2012 = M fisE Shizong, Yunnan #%F Sheep
BTV-2 V146 2013 2 g7 Puer, Yunnan 4 Cattle
BTV-3 V025 2013 7 Mif% 77 Dehong, Yunnan 2 Cattle
BTV-4 V030 2013 = M Puer, Yunnan B2 Cattle
BTV-5 V084 2012 2 FM%% Shizong, Yunnan 14 Cattle
BTV-7 V089 2014 J”Z=3li2k Shantou, Guangdong 14 Cattle
BTV-9 V008 2013 7 #if%97 Dehong, Yunnan B2 Cattle
BTV-12 V007 2012 ]~ 474 7* Nanning, Guangxi 2 Cattle
BTV-15 V061 2014 =M Puer, Yunnan 2 Cattle
BTV-16 V109 2012 = Hfis% Shizong, Yunnan #%=F Sheep
BTV-21 V057 2013 VL5408 Xuyu, Jiangsu # Cattle
BTV-24 Vo015 2013 7 M%7 Dehong, Yunnan B2 Cattle
EHDV-1 V128 2013 J”Z:ili2k Shantou, Guangdong Wy Cow
EHDV-5 V127 2015 ] PR /K Rongshui, Guangxi 7K 4E Buffalo
EHDV-6 V274 2014 Z % 7H Puer, Yunnan B#2F Cattle
EHDV-7 V296 2013 Z F i Shizong, Yunnan /K4 Buffalo
EHDV-10 V280 2017 Z F i Shizong, Yunnan B2 Cattle
CHUV V144 2012 Z F i Shizong, Yunnan B2 Cattle
DAV V157 2015 7 B3 4177] Honghe, Yunnan 7K4E Buffalo
BCV V252 2016 ]~ 7k Shantou, Guangdong it Cow
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)4 FE 4L 51, B MEGA-X #4777 81 % H 4y
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FERR X 751, FIH Primer Express 6.0 #4411

FHNE )4 7 1% 51490, 2059 Fl FAML VIC #1 TAMRA
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PR A #]4 k, 7 RNase-free /K82 20 umol/L.
14 tREmAHIE
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T7 Al pLB-CHUV-VP7-T7 3£ [X FF %1 5 41 i ki, i
F Xba 1T WUIEEHEAT BORL BRI 26 MEAL . B 1 pg 46
165 1) DNA VR NBAR, {8 F T7 1450 5l Gk
47 BTV Seg-10 (822 bp). EHDV Seg-5 (533 bp) #ll
PALV Seg-7 (950 bp) ssRNA [{{R4NE S, [ Bifk &
N:DNA 54 5 pL. RiboMAX™ Express T7 2x
Buffer 10 pL. T7 Express Enzyme Mix 2 uL, JIA
RNase-free 7K #h5F % 20 pL; 37 °C &M 30 min. fifi
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Table2 Primers and probes used for detecting bluetongue virus, epizootic hemorrhagic disease virus and Palyam

serogroup virus by triplex RT-qPCR

PIGERRCALE I e IS K /bp

Blk7ilE73as . e FIEERE T 5(5'—3")
. Amplification or  Amplification or .
Primer/Probe . Primer or probe sequence
label location label length

BTV-NS3-F Seg-10 189~207 TGGAYAAAGCGATGTCAAA
BTV-NS3-R Seg-10 266~285 ACATCATCACGAAACGCTTC
BTV-NS3-Probe Seg-10 243~264 FAM-ARGCTGCATTCGCATCGTACGC-BHQI
EHDV-NSI1-F Seg-5 12~32 TCTTCGTCGACTGCCATCGAG
EHDV-NSI-R Seg-5 66~94 AACATTTTGACATGATTKGCRTARTAACT
EHDV-NS1-Probe Seg-5 34~63 TAMRA-TGGAGCGCTTTTTGAGAAAATACAACATGA-BHQI1
PALV-VP7-F Seg-7 275~295 CATCAATGGCAACAATCGGTG
PALV-VP7-R Seg-7 346~369 ATTCAGCATACCTGTAATTCGTAC
PALV-VP7-Probe Seg-7 314~341 VIC-TTCCATATACAACGTCGGCAATGACAAG-BHQ!1
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2.2 =& RT-qPCR FFEMEML S
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Fig. 1 Specificity test of triplex RT-qPCR
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Fig.2 Sensitivity evaluation of bluetongue virus, epizootic hemorrhagic disease virus and Palyam serogroup virus in vitro

transcribed ssRNA to triplex RT-qPCR
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RUFRIZeE, AHRREL (R) ¥I7E 0.998 UL L, 51 Ct34MA (58 3) FREAAH FL @ L) —H RT-qPCR
B (E) 5 91.99%~103.42%(18] 2d. 2e. 26). &3 ARSI 2045 DI 1x10" uL™' B BTV, EHDV M
FE R AN 3 sSRNA HLE 5 = # RT-qPCR /&l ) PALV IR, 5 EANSE R —2,

%3 BEM=EF RT-qPCR /5% Ct HELE"
Table 3 Ct value comparison between monoplex and triplex RT-qPCR

i 1 W AT M H L 97 B Y ) I 28 oL 375 0 0
s DAL . - o . .
Nucleic acid copy number Bluetongue jlrus ‘ E}plZOOth hemorrhagl(i dlseas? virus Palyam serogrilp vmfs
HLE Monoplex = Triplex 5.5 Monoplex —H Triplex HALH Monoplex — 7 Triplex
1x10" 8.57 9.00 9.05 9.15 6.47 6.80
1x10° 11.63 12.17 12.23 12.26 9.22 9.20
1x10°% 15.43 15.72 15.71 15.76 13.75 13.45
1x10’ 18.83 19.11 19.35 19.04 16.83 17.05
1x10° 22.30 22.34 22.59 22.48 20.92 21.01
1x10° 25.40 25.75 26.15 26.12 24.59 24.55
1x10* 28.50 28.87 29.47 29.59 28.09 28.13
1x10° 31.75 32.10 32.65 33.17 31.03 30.96
1x107 34.38 35.04 35.51 36.03 34.28 34.61
1x10' 37.78 38.11 38.28 38.64 37.48 37.66
1x10° — — — — — —
1107 — — — — — —

1) “—” &FAbm H

1) “—” indicates not detectable

2.5 RERBZERHRINEN B IR RSO ST e (3 DLy 10° p ) T g — A

¥ BTV.EHDV Ml PALV 3 MUl #E ) ssSRNA il BEAZ FRAAOR B K (35 DL 107 ul™) B, =
oy e B 3 MR SEATUR S, RN TR #E RT-qPCR KA 0T LLRIES AL 2 3 Fhs 85, F H
H A= # RT-qPCR fill. 455 (% 4) B, —Fli 558 RT-qPCR 45 R LM B % R

T4 RERBUBHERBENZE RT-qPCR VLR
Table 4 Results of mixed virus nucleic acid samples detected by monoplex and triplex RT-qPCR

Ff i e IR P5 N4 pL! Ct
Sample Virus Nucleic acid copy number HLE Monoplex — i Triplex
1 BTV 1x10° 23.20 23.24
EHDV 1x10* 30.45 30.57
PALV 1x10° 35.33 35.66
2 BTV 1x10* 29.48 29.85
EHDV 1x10° 37.01 37.08
PALV 1x10° 21.82 21.91
3 BTV 1x10° 3543 36.09
EHDV 1x10° 23.49 23.38
PALV 1x10* 29.07 29.11

1) BTV: ¥ & %55 3 ; EHDV: iR AT t 55 5% 35 PALV: 144 Tb48 o 7 L% &
1) BTV: Bluetongue virus; EHDV: Epizootic hemorrhagic disease virus; PALV: Palyam serogroup virus

26 EEMRAE 7%, BTV.EHDV M PALV ¥k ## 8 = % 3 Nk
PLiss Wi 3 M BEFE I BTV EHDV MU R B 4tk R HETR] Ce B AR v 2239 7E 0.5 LA

PALV (1] ssRNA 1ERRAR, 47 3 NMEREATEM, A, &5 REEYE 2% LR, v ==K R0 T 3 Fi

R RERE 25 10 AEA, @I TR it R EE AR A I 38 A R r A e 1

AR 5 REOTMN 2 EAR R M. 4558 (R 5) &
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Table S Means and coefficients of variation in repeatability tests of triplex RT-qPCR

T BE ¥ U A /ul ct” A5 57 2 $0/% Coefficient of variation

Virus Nucleic acid copy number ~ #t}4 Intra-assay ~ fth[A] Inter-assay LA Intra-assay ftt8] Inter-assay

BTV 1x107 18.61+£0.19 18.89+0.29 1.05 1.54
1x10° 25.39+0.26 25.32+0.40 1.03 1.58
1x10° 31.37+£0.43 32.54+0.46 1.37 1.40

EHDV 1x107 19.32+0.25 19.12+0.30 1.30 1.59
1x10° 26.28+0.32 26.66+0.48 1.22 1.82
1x10° 32.62+0.35 33.17+0.40 1.08 1.19

PALV 1x107 16.85+£0.20 17.15+0.24 1.16 1.38
1x10° 24.58+0.27 24.43+0.40 1.10 1.64
1x10° 30.91+0.32 30.55+0.50 1.03 1.44

DEOP HAE A B A AT £

1)The data are mean + standard deviation
2.7 BHSIGKMM&REARARE N

X 2012—2016 FAEFKE 7 # 1) BTV, EHDV

A PALV A [F] ML 75 Y 55 0k S 73 25 L 93 5 16 O 128 1
WFEAF BTV, EHDV 2% 8RR [R5 HE AT H 8
F1=H RT-qPCR Killl. 455 (& 6 A 7) Bor, A
HF 50 4 37 1) = H RT-qPCR 5 iEX S5 S bR AR IR
7y B R R R I Ct {E N 14.67~27.62,

X ML AREAKE I Ct {N 27.69~35.24; BAH RT-
qPCR Al #5856k Ct {H°N 15.08~26.04, % ML
ST Ct 18 A 28.03~34.67 . % 2 Fh 5 5k (A I 25
FHHT RN E T E 0, P>0.05, LR EZER . AW
FUEE L) = F RT-qPCR J5 i Al HER R I H [ P 4h
BTV.EHDV #1 PALV A[A] IfiliF 84 5 ik S i PR LK
P A F St IO R AS () L 37 2R AL R, LA AT

*6 BEM=F RT-qPCR NP ESBRESHRE. RITHE D MAHRS AR LM E RS SRR X N E M mikE

AHIIEIR 3

Table 6 Demonstration tests of bluetongue virus, epizootic hemorrhagic disease and Palyam serogroup virus strains
isolated in China and corresponding blood samples by monoplex and triplex RT-qPCR

BRI it S Ct(Ji B FE i Virus sample) Ct(I % F¥ i Blood sample)
Serotype Strain HLE Monoplex = H# Triplex . # Monoplex = H Triplex
BTV-1 V147 16.21 16.79 32.01 32.63
BTV-2 V146 22.12 22.60 30.89 30.67
BTV-3 V025 19.03 18.87 30.02 29.82
BTV-4 Vo030 23.13 23.45 31.52 31.76
BTV-5 V084 20.57 21.67 31.87 32.21
BTV-7 V089 25.23 25.12 31.13 30.53
BTV-9 V008 17.55 17.63 30.21 29.98
BTV-12 Vo007 21.06 20.15 28.03 27.69
BTV-15 Vo061 18.73 18.67 32.89 33.13
BTV-16 V109 20.12 19.32 33.34 34.27
BTV-21 V057 24.32 25.07 32.08 31.45
BTV-24 Vo15 17.55 17.34 34.67 35.24
EHDV-1 V128 18.67 18.69 30.34 29.68
EHDV-5 V127 20.23 20.12 29.76 30.20
EHDV-6 V274 22.95 23.32 34.32 34.46
EHDV-7 V296 15.15 14.67 33.58 32.14
EHDV-10 V280 16.07 16.12 30.31 29.07
CHUV V144 21.22 20.69 31.68 30.57
DAV V157 16.32 15.32 30.57 31.75
BCV V252 23.46 24.54 31.76 32.62
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Table 7 Demonstration test of reference strains of bluetongue virus and epizootic hemorrhagic disease virus by monoplex

and triplex RT-qPCR

JlIRE RS Ct i 7 7Y Ct

Serotype H.H Monoplex — & Triplex Serotype L Monoplex — & Triplex
BTV-1 17.09 16.72 BTV-16 19.66 20.07
BTV-2 20.62 21.45 BTV-17 15.08 14.86
BTV-3 21.09 22.63 BTV-18 18.60 17.32
BTV-4 18.32 17.82 BTV-19 22.23 21.12
BTV-5 20.44 19.31 BTV-20 21.15 20.67
BTV-6 21.16 20.08 BTV-21 26.04 27.62
BTV-7 22.67 23.43 BTV-22 22.62 23.51
BTV-8 15.96 15.67 BTV-23 25.34 26.02
BTV-9 22.26 21.30 BTV-24 20.26 19.09
BTV-10 20.68 21.67 EHDV-1 19.68 18.93
BTV-11 21.75 22.52 EHDV-2 21.79 22.22
BTV-12 21.63 20.03 EHDV-5 18.60 17.45
BTV-13 22.78 23.12 EHDV-6 19.73 18.96
BTV-14 24.06 23.56 EHDV-7 20.62 19.65
BTV-15 23.12 22.67 EHDV-8 19.63 20.05

FeretE, 5 E A R B2 7
3 Wiesge

VB9 5% 5 BTV. EHDV M1 PALV iy 7Y
ZFE, R IEBAME, WAT I E S, I Bk
e BUAAFALE 3B 3 FHACL I AR IR o [ AT 9 8 4R
T8 3 PR B A UG E . 2013—2016 FEAE
A tEATI CRME) BHF LT BT, mRA B4
B R k2 B A S AR B 08 S E A SE UG EE AR
B IE 22 A U B R s AN TR S AR R g
B 7 BTV.EHDV # PALV, XX 3 Fp & ) 5
B2 W2 — T KB AR, AR AN BEAS I HE e 1 Fof
995 1 1% IR BH VL 200 57 ok 2 s 758, 3800095 B RSN 1)
KR, AR T w1 . 2T, AR TE
A RT-qPCR % B 5 i ks I ki b, g7 7
k%t BTV. EHDV Al PALV K= RT-qPCR il
i

% H RT-qPCR J71% 5 52 519~ W5 A B 2%
PR Z R MY, KL AR 7 el dE BTV
NS3.EHDV NSI 1 PALV VP7 %[ i 75 B AR 57 1
RV G B AR S PR SRy U2, R BRAE S 5 AR %
i L e e R B I NS PR - S e
BLAST J# 5155 b4 A i {2 5| W0 AR 1) £ 3 14 A
RS . S SON AR AR IR KR, AR AR 5
VIFEREHIR EE AT T — RAURAL, #E T st
Mk, B E A8 b5 Py, B R A5 1) 5 AR
[F) R B A7 1 5 S 00 1) A BT $0 P B B A1, AT 52
B B B A 3 [F) e R 4T 3 oo 23 A G, Y
AR R BRG]

AW FH BTV, EHDV #l PALV {4k 4h %
3% ssSRNA #f = RT-qPCR R i HE47 IR I 241
Frvie 2, 45 R R, = 5 N R 3 AR A i
ssRNA #5 DL HU A M FRAE 10 uL™" 251, 5 e
SN EL, R R 25, 285 850 g Ty
FERIA TR BN AL LB M B —H RT-PCR
For I 75 9 1 B AR 45 DU HY PR A 10 wl™'s Nunes
SR ROl 1) FH T e SR YN 4 BRI AT EE I RT-
qPCR Al 772 45 WA R U R 10 ul™'y =353
5 AT . A FT R I bR A il 2R 1 A S8
REYKTET 0.998, ¥ G R FAAF H K
T 90%, 74 RT-qPCR ¥ 14 B2 AE 90%~110% 1)
AHEH .

R A A & 3, BTV, EHDV Al PALV 7E Il K
b H IR A BRI, 3 o A B I R I B
SRR ZE SR Rk, AR 3 o E A Rk
JE BIAZ TR A AR HEAT VR s 43 AT e TR P A TR AR 2 75
SRR FEAL IR B A AE T . SR BR, — M
A% PR AR AR FEE 5 v T 5 — s 2 AR AR B8 AL (G
FIT 37 f) = F RT-qPCR J7 ¥4 SR mT LA [i] i A6 0] 1)
3 Pl EE, JEH SR EENSE R EHEZER, BW&
TR BERLRR ORI B AR B4 B A I F AN 2 . E
SIS, X 3 R EE s AR 3 MNIREE AR
ssRNA #EATALI, 28 57 RE /N T 2%, KA I
T[] = RT-qPCR il 77 4 BA BT i As e P
AR M, A R IR R .

2017 XS #5377 BTV Al EHDV W)
# RT-qPCR fa 7%, (HAEAT 7 1 # BTV
EHDV i % 545 J 36 E « A B 70 DAL E RT-
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RT-qPCR il 77 v iy 57 J 3 25

qPCR f M 7 iEAE NS I, (@& L) — 5 RT-
qPCR [HI XA [F BTV 1 EHDV [l % 2 % 8 4k
AR E 3 ERATHIAE BTV. EHDV Ml PALV [
R IR S FERH M MR S AT AR DN . 5 SR BoR, A&
WF & 57 = B RT-qPCR J7 3% B A B4 B A 7
P, AT DUAS I AN 5] 03 Y 1) 22 sk A e B E 3=
BLRAT B BER S L MUARE 5 A 6 RO B AL IR, 5
BRI R R E R .

i bpTR, AR ERE A TR
17 F 1 77 G 0 ARG HL DX 3 b U B A N —
NHA, BIRES | —F =15 RT-qPCR &l 7%,
AN T R A BTV, EHDV 1 PALV 3 ik 4%
P& 7 1R I 23 . 1% 07 R AT N T Xl N B304
a7 BRDR 0 I, 6 LA PR 4 RN B e T
HZHEME . LAk, £ 8 RT-qPCR Kl 7R 56 25
BRTRI b FEAS F &b I8 BRARIG, W] A i B i 4
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