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B OE: [H§x]) 45245 A% X3 (infectious bovine rhinotracheitis virus, IBRV)Z 4% JL4J 5
BymRAR, EALFTRT TREFME, RINE T —Friikien IBRV 697k, [Ba9] &5 —FF
& 40 B JK &-B& Y 38 (recombinase polymerase amplification, RPA)Fe & i#idz 7% b K A8 4449 IBRV 7T
BBk A 7 ik, [ 7 %) £3084%F IBRV 69 ul52 L EAE A o T4 6 B A7 R K. £FHIZR A
F. KBIEF i RIS VAR, @13 R #4240 IBRV 49 DNA R EUR # 7 R 4K
JE. Bt R; 34 B ERAAR R IBRV & 9% 4 0 do & Ao B X TF AR KR R 5 B AR eG4 M Sk AT A ik
i A, [£RTUB2 KA Y BT X4 403bp, FEFNNAFLEREF, F3 68 47H BBERA
315 IBRV #9 ul52 2L B (NC_063268. 1)#&4»/' A 100%, 5T BBLL ALY 38 F, AR A 6.9%10° copies/uL.

xt 34 4R 4 IBRV &t 8@ 4 do & Ao B KT A K 0m R o B ARG M 4 RoAT LI, %555
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F 48, MAEEAR DNA RIRF|GRIFAE M 4 R 692 AAZ KA 110 min, [446 1 AAFTHE RPA. BhtEIX
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A visual rapid detection method for bovine infectious
rhinotracheitis virus

HOU Mengyuan, ZHANG Tienan’, BAI Wuji

Key Laboratory for Food Science and Engineering, Harbin University of Commerce, Harbin 150028,
Heilongjiang, China

Abstract: [Background] Bovine infectious rhinotracheitis virus (IBRV) represents a common
pathogenic threat to cattle, causing substantial economic losses in the livestock industry.
Therefore, it is urgent to establish a rapid detection method for IBRV. [Objective] To establish
a visual rapid detection method for IBRV by leveraging recombinase polymerase amplification
(RPA) in conjunction with microfluidic chip. [Methods] The ul52gene of IBRV was selected as
the target fragment for molecular detection. Pseudorabies virus, herpesvirus of turkey, and duck
plague herpesvirus were selected as the controls. The DNA extract dilutions of IBRV were used
to evaluate the sensitivity of the established method. Thirty-four serum and nasal swab
specimens from the cattle exhibiting symptoms of acute IBRV infection were used to evaluate
the applicability of the established method. [Results] The size of ul52 gene amplicon was 403 bp.
Sequencing results confirmed the amplicon as the ul52 gene (NC 063268.1) of IBRV, with the
homology of 100%, and no amplification was observed in the control groups. The limit of
detection of the established method was 6.9x10° copies/uL. Furthermore, the established
method detected IBRV in cattle with the identification number of SD0213, SD0518, and
SDO0701, which were consistent with the strain isolation results from both serum and nasal swab
specimens. The entire process, from sample preparation to result acquisition, required 110 min.
[Conclusion] We successfully developed a visual rapid molecular detection method for IBRV
by combining RPA, magnetic probe capture, and microfluidic chip. The established method
demonstrates good specificity and sensitivity.

Keywords: infectious bovine rhinotracheitis virus; recombinase polymerase amplification;
magnetic capture; microfluidic chip

A Ye M B A5 R K B (infectious bovine
rhinotracheitis virus, IBRV)f&—Fp5 |40k iE
PR I W TE o A A8 Ytk 55 U4 R (infectious
bovine rhinotracheitis, IBR)J&— F & 1& YL Pk 55
W, I REEAR A PR gy . Bk AN
FHIE#R . RER . IR . SRR . - K&,
HEASHEE R A2 G E BT,
HETH A T 2BRYE S B PE T R 5w 1% s
PR 8 2 MR B B K 2 B R 0,

DRI, TBRV RS 00 Xof ik 2> 5 e 7 B M 28 355 40
REAELEMEN . HAET, LRy ik st
R H XA 510 Ml Ve SR o K F g%
W Kt 1 56 (enzyme-linked immunosorbent assay,
ELISA)IA &2 ik 11, A m . BA M
JZ i (polymerase chain reaction, PCR)FI%¢ Y&
it PCR X 2 Flor 4 5 it (Al e, RABUE
B, (2R TSR NG, X
DIFTHESeme = R 22, MUk, sy — b |
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HERR B R BRI 7 X T IBRV (RS T
BREE,

T 2 il 2R 5 B# P 1Y (recombinase  polymerase
amplification, RPA)EIE T HAH M . PSS E
FIAEE S DNA REHEH—FSERAARY 1
FHART, ZHARARTE B, 7R
— R T AR Y . RPA P37
Yy el LA 3 SRR AR R I H K 0 i 4R S )
YK B 25 4 T PTALARAS I Bl ots A
AR BEAS A DUAE S T AL B K . IR
FEIPOREROE o AP BRI S5 Jy Ry ), A
ACRESE A R A8, e R BIR E b i /D 4 VR R 22
Wb BERAARAG I B AS . B RPA BE R S5 0R R
HEEE, BB AUIIZIRY 1L, BERRIR &
GE SN AR BN O SEI AR R 4 3 Sk
HAT, B RPA S G HNEARD
BN T A BELE G ARG EE . W I 240 i 2¢
. VI]KHE (salmonella), SARS-CoV-2 %5k
JE A W ) oy s 1R

AT H AL PCR 43 Al 7 v, A58 A
PR R Y S A AR 1 25 (PCRAY | BEIE R R G
85, ENEE R E IR R 5E R H AR T
REARAG I A o A, i BT A [m] i 4 S
RPA 5 FIAZ R RS, MG A0 45508 i 18 1Y)
i, DL SOl v A a0y PR T AR g R
W, %o SR A W 03 A 2R G A A R R 2
e

AR

1.1 &&

A A% Gtk B ASUE AR HE(IBRV, T A DR
5 CVCC AV1547) . PHAE R J%% 2 (pseudorabies
virus, PRV, CVCC AV25) . kK %% 9 Ji§ 55
(herpesvirus of turkey, HVT, CVCC AV1543), §

I 9 92 % 7% (duck plague virus, DPV, CVCC
AVI221) ¥ B 55 B AR Y (B ) Fh R
il I FEARIE-T0 °CHAM T IR, 34
BERUEY IBRV 2 BAE 4= 19 I 3 A Sk ok
HILARE R4,

1.2 EERFIFNEE

1Y DNA/RNA #REGAF &, KA
TR (AL O A BRA w5 4 55 5% R LBk
Invitrogen A ] .

e EIRAX, H M EARS g PR A W 5
LHNAT WA, iR TR A R F
PRI A, TR RS R E R AR A R A F
PRI, EAREITOT M) Tk A BR A H
1.3 BRIt

THO 438 28 G0 vh (O T S 2R A — 7 3l 1
PRI 0 2 . IO AR TS b R R
SerEE b, S HZGEIEE S 41 mm, T
T 3 AR R R T 100 pmx 100 pm (K x 58)
R T U TN 1 O VA RO L R/ VA
B 1),

1.4 J55 DNA BUIREN

PR BN W16 TE DNA/RNA 32 UK 7 215 B
FLH IBRV . PRV . HVT Hl DPV F:A [ DNA,
DNA $2 UK T—20 °C& M N R1E4 .

1.5 IBRV # RPA S|4¥FNIREHI& T

GenBank ¥ rh ke & B 428w ag 1 5
[IBRV J& T2 8 1 Y& (bovine herpesvirus 1,
BHV-1)"N = FERSF X ul52 ZERI(NC_063268.1),
i A Primer 6.0 & iT51%, ¥V 31 RK/NRK
403 bp, MRAEZEIRY G T hEP AT S R
SR ERIRMIAERE, (/] FAM #Ric T
I 5, PREE S A 4bp AP
#NR S (0 > Biotin 51 AR ZS A7 BHAL Y ) o 5l
Wy FARET i AR T A TR (R ) A BR A #
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BIGER Do
1.6 HMEREHEK

VB R R MR MEERIATE 20 s, FEEREER.
B 100 pL BEER(10 mg/mL) BB iy 8.0 48, R’
W 25 4sifh =i, Al 1 mL PBS (pH 7.2) 8 B REER,
HIA 500 pL 1 1 mL PBS (pH 7.2)% B0y A=
BIRET, TR ERRER, B 08 E TE
HIRA L, 2RI S 30 min fE0% F: 450 Bk
FEA 1 mL PBS (pH 7.2)F B #i¥k, & MmirEE
Bt 4 cCUKFEDRAF & F o 38 2o R R T e
(A=260 nm WG SR ERE (100 pmol/L)
HA T @R AR B A

ﬁﬁéé%:%xlOO% (1)

KD : C AR @BEERWEE (pmol/L), C, N
WILEHRET W B (100 pmol/L).
1.7 RPA RN{AZRIEN

RPA JZWAKF R 50 uL, [ 52 W4 vk

Inter

1 ¥

IAZZ vl 25 uL. 5149 F (10 pmol/L) 2 uL., 5|
¥ R (10 umol/L) 2 uL, DNA #H#& 1 pL, #
4K 15 uL, IRA WA EE T L oilihmE
B, TSNS R 56 (280 mmol/L) 5 uL 3 31 KU,
REWSEHRECIHNITES, BRVEE
F 37 CCOKBHAERE 4 min, BUH SO 4 801
WHE R, el OV B F 37 °C/KI 4R 40 min.
K SN WHBE I FR UK W 25 43 BT RPA 3735+
1.8 RPA H1ETF R4 R U2

{#FH 50 pL By A5V W (1:1) & B% RPA 779
FRgEMA, 12 000 r/min 8.0 5 min, B S ul |k
MR (RPA ¥ 35O 25 pL 35 @G 2k
(2 mg/mL)iEA . 95 CCHAEIF A 5 min, R
37 °CEFRAEMFH 5 min, SEAL RPA §7# T 5
FrAess, A REYEE Y@ @R @i
TR ) o W3- 1 025 00 8 R o B 4 e S AR R (O
5 uL/min)n# LG R B, SREH—E =R
PBS (pH 7.2, . 3 pL/min)#hyeits Hidig, o

Outer

/T\ 2

m_

1

1 SRR
Figure 1
capture site.

#F 1 RPA 5|{IFIRE F5)

1: BWAE; 2. WhaE; 3. HZGEIA; 40 W8k 5. WAL
Chip description. 1: Input tube; 2: Output tube; 3: Straight channel; 4: Magnet; 5: Magnetic

Table 1 RPA primer and probe sequences

S FERE 741 P17 R (A
Primer and probe  Sequence (5'—3") Amplicon length (bp) Locus

F CAAGTTCATCGCCACCAAGAACTTGCGCCTGCG 403 4 404-5 606
R FAM-GGGAACCAGGGTGAAATTAGCGACGAGCTTGC

Probe Biotin-TTACTAGCATGTACAAGCACTACAACCG

TSI 5% FAM AR s BIRIEE TTAC #4155 4 1 ¢ 51 A H A

Downstream primer 5' FAM marker; The nucleic acid probe TTAC sequence is not complementary to the amplicon sequence.
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VERFTEI A 10 mine o, BROREESS R & F2%
BB (ML B, 434 nm) TSR
1.9 IBRV &% 5410

Pl IBRV, PRV, HVT. DPV 1 DNA $2H
WAE N RPA RSiAR, TCEEEKAE A BA TR, $22 B
1.7 F1 1.8 EAT4:F R, 3 3o B Je A A5 A SCRN 2%
6 WA 4 BT IBRV A6 14 4 S
1.10 IBRV & R & X 1%

# DNA $2IU(6.9x107 copies/pL)i#4T 10 13
fEHRRRE, TR0 R 6.9%107, 6.9x10°,
6.9x10°, 6.9x10%, 6.9x10° 1 6.9x10* copies/uL,
HUAS [V 32 1) DNA $2 ORI BRI (1 pL)FE N
RPA JZ W BEAR , 5 IBRV K Y R L% .
1.11  IsFRAEZARFD IBR 4> E#K4&E

FAAHIFGE 237 ARSI 532 %) 34 453 BE AL Isk G
IBRV ZPE AR 45 0 ML VE FEAS R T ARG . 255 5
R S ST () IBRV 438 X 34 43 BE(U
IBRV 2L 4 1) S A A R A 1 St 40 5
I, A 5% E 7 A I 7 32 6 AN TR IBR 43
BIRRVEA TSI . B IBR 4> BS Kk RPA ¥4 1-31%
A TAY TR A RS,
iz | Molecular Evolutionary Genetics Analysis 10
(MEGA 10) - H EEA A58 b 1 43 B ik 5 1R A
4h IBRV 73 B bk 1) R G LR

2 EREG5M

21 RPA RMAFRYTEFERE

L IBRV J 2 MR LAY DNA %5 A AR
#AT RPA §78, ¥4 5K/ hy 403 bp, S5
K=K 2). T ITIFEE R BN, 520
HPr i Bt 5 IBRV B9 RSP X (NC_063268.1)
AT BR AL IR 100% .
2.2 MRERFHEERE

22 BN AT LAY 6 R T S B B 2R N R W
RS RGN EC R LR 2, 45 R

2 RPA HIEFEEAREIK  M: DNA Marker
2000; 1: IBRV Y RPA §34F; 2. BAEXTHH
Figure 2 RPA amplicon gel electrophoresis. M:

DNA Marker 2000; 1: Amplification products; 2:
Negative control.

*2 WRSRIHEKE
Table 2 Coupling rate of magnetic sphere and
probe

Item Result

WEPE AR Streptavidin magnetic
Magnetic probe microspheres @ probe 1
OD ¢ 0.043

WENEIRET U 144.440

Magnetic probe concentration

(nmol/L)

fBEE 2 Coupling rate (%) 72.220

TR 72.220% , 2 HIHREN S 0EER B B (HEk,
AR S
2.3 IBRV &R M4

Pl IBRV., PRV, HVT F1 DPV ] DNA 2}
B ETT RPA §74%, 35F IBRV [ RPA ¥4k
S AN 3A FTS, A IBRV R EERRE B DNA
VS A AR I RPA S A 3381, Hofthig
PRIIAR B34 745005 o Tl 4t i 28 e e
TR ZE R B, A IBRV G R RH I A 07 1205
T DDMEE B 2 0 500 (8 3C), HAbwm bk
PT35S AR AR 226 (K] 3B). X4k
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RRIA I EER N IBRV HA F 7k
2.4 IBRV &R E

ANTR) B2 1Y) IBRV 95 55 0% DNA $2 BORAE Ky
RPA S WASEHR , Byt HE e g Fi Uk 245 2 s vk 2
M 6.9x10° copies/uL ) DNA $#EEE1E 2 RPA
SN AR R ARAG Y 1S, BRI IR AT
6.9x10° copies/uL A AEMINEIY 14T (& 4A).
PR AR e 128 S Al 4 SR 5 BN A 6 e F
KR —E(E 4B), ULBIAKIN /7 IBRV 1)
K B J2: 6.9%10° copies/uLo
2.5 ImARMMBHEARGNLER

KA ST S 8 IBRV K )7 v %} 34 14
BERURYY IBRV 2P B A= 9 I 3 AE AR 1 7
W, 3 EEA N IBRV BHE, 944852
52 SD0213, SDO0518 Fil SD0701 (& 5), AHF
FE RN 1 7 1 DARE A S BB AR A5 A 0 45 S 1) 4
FRFEATA] S 110 min (AL BEFE A DNA $2HL,
26 min; RPA "1, 44 min; ¥ T @4 @4
PRA M, 10 min; @EAHER, 30 min), AAXS T

bp

403

il PCR 7k, 4% 1 —FmE,
2.6 IBR S ERENLER

Fe FHAHIFGE 3857 (49 IBRV A )5 B %t 34 443
BERUEY IBRV 20k BAE 4= 1 sl 40 s bk itk
AR, 44w =40 5108 SD0213 . SD0518 #
SD0701 A&+ IBR 2 HRAi by BHPE (K] 6A
1 6B). RPA ¥ 11 741 4 R G K & W #r, H
ARSI EER Y 1T )75 5 GenBank A7 1) IBR
FARUEAT LR, 455 B8 BHV-1.abl(AWF5EHY
AYEH) S BHV1.2 (OP035381.1) e EATE—
e, HOEZ X ZREIE, 5 BHV-1.1 (AJ004801.1)
WL PR AR, TS A RS I B A
(1 6C). Z5RFK], AMFFEE S ) IBRV Kl 7
W FREE FI T IBR 5 543 55 MRS T

3 Wit
HHT, IBRV # AR AR 3% . BE

(5335 W PO IANIR V£ AV B L N 537 S b A4 )
W7 LA 1 A g T e B W A

! L

3 IBRV&M4FSEM  A: RPA I3 FElg ke i fh vk BI(M: DNA Marker 2000; 1: IBRV; 2: PRV;
3: HVT; 4: DPV; 5: El/K). B: ARG TREMREIR. C: SO6 RIS P RE k4 R
Figure 3 Specificity of RPA detection. A: Agarose gel electrophoresis of RPA amplicon (M: DNA Marker

2000; 1: IBRV; 2: PRV; 3: HVT; 4: DPV; 5: Enzyme-free water). B: Results of magnetic capture under
natural light. C: Results of magnetic capture under fluorescence microscope.
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p M 1 2 3 4 5 6 bp B ] 2 3
0
403

4 IBRVMRHE  A:IBRV #J DNA FZEGRIEATRT LB (10x) RPA 91 7 Bt IE Bl R 1 L Dk 41
B: RPA ¥4 T-RE30OE BAMEEK. 1: IBRV ¥ JE N 6.9x107 copies/uL; 2: IBRV ¥ K 6.9x10° copies/uL;
3:IBRV ¥ K 6.9x10° copies/uL;4:IBRV ¥ 4 6.9x10* copies/uL; 5: IBRV & J¥ K 6.9x10° copies/uL;
6: IBRV #J# N 6.9x10% copies/uL

Figure 4 Sensitivity of IBRV detection. A: The DNA extract of IBRV diluted (10%) RPA amplicon agarose
gel electrophoresis. B: Magnetic capture fluorescence microscopy images of RPA Amplicons. 1: IBRV
concentration was 6.9x10” copies/uL; 2: IBRV concentration was 6.9x10° copies/uL; 3: IBRV concentration

was 6.9x10° copies/uL; 4: IBRV concentration was 6.9x10* copies/uL; 5: IBRV concentration was
6.9x10° copies/pL; 6: IBRV concentration was 6.9x10” copies/pL.

B
M 1 2 3 bp
1 2 3
403 ---

5 IGARIMBEHARLN A MIEFEAR RPA 18 FEUBFEEIR B Ik . B: MEFEA RPA 18 T4
DSBS K. M: DNA Marker 2000; 1: SD0213; 2: SD0518; 3: SD0701

Figure 5 Detection of clinical serum samples. A: RPA amplicon agarose gel electrophoresis images of

A

bp

serum samples. B: RPA amplicon magnetic capture fluorescence microscope images of serum samples. M:
DNA Marker 2000; 1: SD0213; 2: SD0518; 3: SD0701.
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C Bovine alphaherpesvirus 1 isolate MN2 (MG407776.1)
Bovine herpesvirus type 1.2 strain B589 (KM258881.1)

100 | Bovine herpesvirus type 1.2 strain SM023 (KM258882.1)

Bovine herpesvirus type 1.2 strain SP1777 (KM258883.1)

Bovine herpesvirus type 1.2 strain K22 (KM258880.1)

100
62} Bovine herpesvirus 1 circ and Bicp27 (bie27) genes (M96453.1)
% Bovine herpesvirus type 131-kb DNA (left genome end) (Z254206.1)
Bovine herpesvirus type 1.1 (AJ004801.1)
Bovine herpesvirus type 1.2 (OP035381.1)
BHV-1.abl (NC_063268.1)
|_|
0.05

6 IBR 77 EHREY RPA ¥ B FIRARHERIEIKERQA), MERIOLERIREBFAZLEM(C)
M: DNA Marker 2000; 1: SD0213, 2: SD0518, 3: SD0701. #i5 P )¥ 5 K8k 19 GenBank %55 ;
PRRFORIEACIE S s 73 30 E T RN BAS IR

Figure 6 RPA amplicon agarose gel electrophoresis (A), magnetic capture fluorescence microscopic images
(B) and phylogenetic tree (C) of IBR isolates. M: DNA Marker 2000; 1: SD0213, 2: SD0518, 3: SD0701. The

serial number in brackets was the GenBank accession number of the strain; The value of 0.05 represents the
evolutionary distances; The number at the node means the percentage of confidence limits.

B N By AT B R E HAES AR =y, ARME H4(loop-mediated isothermal amplification, LAMP)
e LG PR A AL 55 TR LR , X LEH AR FkG AL 2%
ARSI, FIH RPA A4S AT EA 24P 3 =k il 5 1.1, RPA 4%
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AR FEAR ST RPA RS 2 4514
1 AMREERN 3 AN G0, FHELZ T, LAMP Il
ETEE/D AANEIPA 6 NEEENLE . LA,
DL T R AL A RPA S5 BN E 45 °CFR
B, T URGEL 3 A, MR TR 5 S
B R, RPA J&— R HAT DL 34 A A% B AG:
ik, WS RIEE = R EER0,

AWEFEHE RPA BORNE R 3R H 19 7 By 4
TR TH, RPA ¥4 IF45 0 RS IBRV
ul52 FER(NC_063268.1)F AR 100%.,
FHAS 7 A&l PRV . HVT . DPV A6 3] 4%
S AR AR s B 568 3A 1 3B), REZS
PS5 BN EEICAS U, R R . B
R, 4P IBRV KGN, 5 A 45 P2 57 /) IBRV
f) PCR i, FZIFE] PCR URNEE IS % &
4t, IBRV DNA Ay fIEAG M BR A4 10* copies/uL,
It H % 7 1 45 5 SR F B R B 5 1 F K AT 43
Mro BRI, AHESE AT LLAE 2 WA T B
F BRI Z5 A, AT B 1 S A O I H Uk Ay
Mres . ik, AT PCR A, RPA S5
P Fr AR S A R IN VR S A T IR,
R DI = O A R /e S 3 N ]
LAMP ;] IBRV , £ FR A 1.68%10* copies/uL,
AWFFE R IBR A 6.9%10° copies/uL, % FiRK:
D750k RAE . R T AR A 2% 1 S B oz
Brfa, XTUCEER 34 BERURGY IBRV 2ME %
AT AN IBRV 20 BRI TR, 255 Eom
ATTIER I E] 34 GIREAS A 3 FIREAAI 45
SEIPAPEE 6),  Hh I o B Pk 5 | Y 40 s 72
AV (cytopathic effect, CPE)FA%0 100%. FRIL
SEPYET Y IBRV 3 S48 R AR BRATAG I 45
RE/DTE 35 d, B8 HEPE S Y IBRV HY
PCR AGM A1) F5 22 3 h LA_E, AKG 5 12 FEAR
BN ARAT R 25 1 4 I AR P B 3] 29 110 min,
A T A A IE]

4 Zi

AW T ST AN T vk B R & K
IZE SRR | PR BRI . AR SE I
FAh, RS I AERET A, BERE XA
7 e ol A D 4 20 ARG DN e e o el 4 8
i 38 3 5O N | P b 2k n] S 3 v ol o R T
R, 3R m AN AR, S RE S TR Y A R
T E] o FEASHIFSE ST A 2 TR B AR LA
WAl A AN A SIE R SE, SCBLEIE R <A
HE, SRR, S5 A 2RI
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