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AEE R LB RS FRHESH, 7000~
80%0 4= %9 5 BRD A 3¢, [A] i) BRD AL 4= 15 B4k
(9 40%~50% , S5 3 H A AF 0 K 5423600
TEHAS  RMAE 2014 4R H 5 i ge T8 3R I P R
SRR A 23 %01 . BRD W28 T [ 35 4 b4t ok
HORPR , FE R TRV R B W e R & I
& 12 i BT 5 | HE A (0 HLARER O T o i Kl o
S R 2 2% 2 W IR T TR 20 I R i A B L 1%
T 1 AR A R, ST R PO AR 12
W2 A AR T2 P TR, B H AT C R n Ry
TEAFAEAG I Jer K/ AN 42 4 45 pm) R 7100 A AT
FEEFXT BRD S5 UL 1) 7 Fhops I AR A 45 2 372 S A (My-
coplasma bovis, M.b) . 2 71 U [CHT T (Pasteurella
multocida, P.m) | 2F ¥ LM 2 R AT B (Mannheimia
haemolytica, M. h) . 4 1% G 1 B34 R 7 7 (infec-
tious bovine rhinotracheitis virus, IBRV) .2 IFE1 16 4
i 4A5% £ (bovine respiratory syncytial virus, BRSV) |
A Bl gt Js 2 3 AU a KL X AU (bovine parainfluenza vi-
rus type 3a, BPIV-3a) fll ¢ J& [ # (BPIV-3c) , #37 —
Tl BEAR [ I G L b 7 ol JL 145 ' 5 e PCR Az
J7i, VARG R 2 W BRD $2fik—Fh gk Fi s 2
B PR A T A A I s, S A 12 BRD, SC i
FEHEIRYT M 7 58 A= IR0 a0 4R , L SAT 30T g
BRD ¥ i 2% A 7955 2 W A 5 4 B L B i

1T #MEET*
11 IR LR I A

DARIEAR . B SRR 228 T AT 3 (A BB
B DAL F R ARV I = AT (A1 BT AG L) |

PP AR Qe s S SR AR PP IGE S A 7 A
VLI T 3a Jk T | A RE PR R TS R RE L A R AR
AT U TR L R EEAR B R
B e g 2H ST BT CIEPR Oy B B AL o) AN B R
it 98 S A TR B L SR BEBR B L R4 0 I
FEEE FLDFHEERTE A5 3L ST S DR RO 2 S5
JELR 249 phy 2 35 PO A 52 98 2 00 S DR AT, T T 2

PCR FI ¥ % 2 10 o
2) AT S [CAT B A ok, S 08 k[ 11

/R S AR, HE R R AR AR < DUAR I 1l 7 2 ECFF
R PR PR AZ R S A, 2R 4T H 9 36 PCR 373 K =)
afi Ak [, [ ™= 9 5 pMD19-T 84 % 42, e fb &=
DH50 8% 37 25 40 M 3% 5% , 38 3 W 1 B0 2 , Pk B 5
Bt 1 €0 TR VR AT PCR S8, 6n i BH A 9 T v % b ot
BRVEY A WY a0 o A RS
EREHM BTSSR 2
Amp*LBARK: 3258 2 BUs0R . AR A S
K ¥ DK =1[6.02 < 10% X Jgi bz Joi 5 9k Ji (ng/plL) X
10771/ (oKL TS JE £ < 660) , PEAT J5RE 5 D1 8k
e, —20 CIRAF A& L 1E 98Ot E i PCR ) b
{HE

A SRR 2 R PE T RAT I AR M R R R
WERE A IFIRGE G LA 75 A BT E 7 3a R 3¢ B
PRI 7Ry B 2 s 3 1h b st SRR AR B AR AT R R A
A MO ERSEE (£ 1),

I RAE S o 1150 4 Sl T3 R4 H 2021 —
2022 48], A v it XS [R) 28 3 kA 24 WP I 98 95 1Y)
Ao ZH L PCRASI , 58 13 FE i A Ji BH A

&1 BRD7FEEREHARNES
Table I Recombinant plasmids of seven BRD pathogens

I FEPI ST AL ESAE AR BER/INbp) B AL R A 7 (nt)
Pathogens Accession number Target genes Vectors Insert fragment size and position

M.b CP042939.1 OPPD\F pMDI18T 191(66~256)

P.m CP033600.1 ompH pMD18T 183(329~511)

M.h CP017484.1 GCP pMDI18T 171(247~417)

IBRV MG407785.1 gB pMD18T 118(1 486~1 603)

BRSV AF054664.1 N pMDI18T 149(585~733)

BPIV-3a MH552577.1 N pMDI18T 153(1 322~1474)

BPIV-3c 1.C040886.1 N pUCSH7 1548(1~1 548)

1.2 EERF

iR e Bl Gel-red . 50 bp DNA Ladder DL 2000
DNA Marker. 2X Taqg Master Mix ., 2XT5 Fast qP-
CR Mix(Probe ) Ayt 5t SR A= W ARAT RS 7177 5
PrimeSTAR Max DNA Polymerase &% H &4 945

A (b 50 A B2l (TaKaRa H ) 7= i s HiScript Q
Select RT SuperMix for qPCR J % 5% 57 & | Virus
DNA/RNA Extraction Kit 2.0 (Prepackaged ) ¥ g $&
5] & R e ot v R A W R R A R ]
min s BRI B OMEGA 28 w77 i, SR [m1 i
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A B R AR AR (AU R0 A BRA R = . Bhilis
W E= R T B R ON Ameresco 24 7 77 il s NaCl ok E 2
SR B B 7= i
1.3 SI¥REHEIT 5 &K

M GenBank it i N4 M.6 . P.om M.h IBRV |
BRSV #il BPIV-3 i 3L K241 )7 41, FH MEGAT7 #E17 )%
F T, BeBE 17 51 22 RE AR Y X3, VR S H 915 X
. AR, ARBEAZ R A DU, Pkt REAR RIS )R 24
AW FIME NS ZIFH] ., P FI T, &3 BPIV-
3N [) 3k PR 751 i) P A T AR ARL PR AT, TG 725 5 A2 5 ) AR
it R Pk 7 b BN AT A 2 1 BPIV-3a fl
BPIV-3c WL T 5, 53 BIHEAT 17 51 LR K5 | 9 R
BRI . &, LI M. b (CP042939) | P. m
(CP033600) .M. h(CP017484) \IBRV (MG407785) .
BRSV (AF054664) .BPIV-3a(MH552577) Fl BPIV -
3c(LCO40886)E IS 1541, Tt 7 Bl Jit iy 4 S
5149 B AR R B TagMan #8451 (£ 2) , FI T35 M6 ()
oppD/F &K , M. h ) GCP 3£ [H , P.m 1) ompH %& [H]
IBRV [ gB 3P ,BRSV . BPIV-3a F1 BPIV -3¢ fit) N i
o SIIBER Y AR A Y E A PR R A AL
1.4 REIEHFHRNRERELIEL

AW ST 85 B ) 7 Fh IR L)L 10° copies/plL it
L DNA R AT, 2R FH 98 A48 o i, X 5 | vk B 1~
4.5 pmol/pL, FREF W B 0.5~4.0 pmol/pL., iR K B
57~64 °C, %5 43 R 8 M EE AT Ak, LA CUIE KN
T AR 4G i 2 A8 A AR, o S AR R
v Ao
1.5 HRHLK

PREEULE B L9 DA 6 5 50 B 1 2 T 1 B B
FERR B A FLEEBR T TP SRR EBEER T LRI g
MFF B PRAE RIS 7 A5 75 AR e o 25 2R
BEPERETE W B A R S 1 3a Y A BI) It 8 27 3c
RY 2R P TE A RS B LR A U SRS R IR
DNA 5 cDNA, Jf- DL B , Bz 7K A B XT BR
SR FHARAR IS 19 S5 S B A4 3R 2%, 3047 28k qPCR 1
FRGI J7 V5 B R S ST A S i e i) 7 R R
395 I P A% i PV Bk X
1.6 BRI

W AT IS B i) 7 0 B ToRE DNA ##E47 10
1 Z2 50 i B, LAAN ) B 54 ks DNA SR AR AR, 4351
K 7 B JEUORE DNA A B 28 T AR & b 5 IR A
U5 W S R N AR 2R 454 EAH IR 4544 24T qPCR
P38 WGE AR A B X B AT IR ) SR S A

&2 F-TBRD 7#EE qPCR I BHI 5| ¥R 5t
Table 2 Primers and probes of each BRD pathogen for
gPCR amplification

EIR7E

Primer names

FF31 53"

Sequences 5—>3'

PR/ /bp

Product size

M.b-F TCGCATAACATTAGTGTTGTCG

M.b-R TCTGGTGGGGTTCCTTGA L5

Mb-p FAM-CTCATCATCATTTTCAGG-
TATAGCCGAGAT-BHQ1

P.m-F GCGAGCAAGAAGCGATCA

P.m-R CGACTGCACCTTCATTCAGTAC L83

Porp Texas Red-TACCGCGTTTTGAAT-
GCTATCCACT-BHQ2

M.-F TTGCTCTAACGCTCGCTTG

M.h-R GGACTGGATTTCAGTTTCTCC 171

MP HEX-CCAACAAGCCGTGGTT-
GATACTATTTT-BHQI1

IBRV-F AGCACCTTTGTGGACCTAA

IBRV-R GCTGTATCTCGCTGTAGTCG 18
CY5-CCGCGAGTTCTTGCCGC-

IBRV-P TAGAAGTGT-BHQ2

BRSV-F ACGATACAAAGGACTTATCCCA

BRSV-R CTGCAAAGATTCCTTCTACCC 149

BRSV-P CY5.5-ATTTTGGCATTGCT-
CAATCCTCAAC-BHQ2

BPIV-3a-F  CATCCATAGTTCCTTATGCATG

BPIV-3a-R  TTGGGTCGCTCTGTTTCC 153
Texas Red-CGTTGAGTCTTTT-

BPIV-8a P T CAGCCTGTOTCT-BHQ2

BPIV-3c-F  ACAGTATGTAACAGGACGGTCC

BPIV-3c-R  GCCTCTTGTGTAATCCCCAA 126

BpIv-gep HEX-TGCCACTGCTT-

GACCTAGTTGGAAC-BHQ1

1.7 EEMHKK

W 7 o JaL i B L PR BTORE DNA #4710 /% & 471
Fis B, LA [R] e B8 A Sk DNA SRR, -4 T 3 UKHE Y
AL, FH A4S COE T3 P38 CUE ARl 2
AR S 280, 4y BT 2386 qPCR TR I B G 1
1.8 I REE fie i

W 210 2 DRAT A i R 2 1) S A7 B &2 VRl 3
K, BEJ5 454 EasyPure Viral DNA/RNA 5 5 iR 12
IR 77 & F1 VAMNE Magnetic Pathogen DNA Kit
(Prepackaged ) 4 T 12 2 £ BORR) & i W 5 20 3% 4t
FEATCE T AR 1 S B B P R HR B B g i
ZH #% B2 i M HiScript Q Select RT SuperMix for
qPCR J2 % 50 & g 1 RNA S s o RNt
LY 22 ¢ G E B PCR 5 1 M FIL PCR J5 v X R
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Table 3 Primers for conventional PCR amplification

&4 AT BRD 7HREEE M PCRY IEH & &4

Table 4 Amplification condition of conventional PCR for

of 7 pathogens causing BRD 7 pathogens causing BRD
S - b . i .
'%}li%nif? Fedil 53 F#ﬁiﬂcf P syt BT FUz ] P i
Sequences 53’ . References Reaction steps Reaction time Pathogens
names size =i A IBRV
i 5 min h,
Mpp OATTIAGAAGETT: 238 [12] p dﬁllri i
0= ble redenaturation 1 —
TAAATGAGCGC 10 min M.b,P.m,BPIV-3,BRSV
) "TAGGT- 4 30s M.h,BPIV-3,BRSV
M.h-R CATATCTAGCT A PE Denaturation S
CAAGGCTTTG 1 min M.6,P.m,IBRV
P.n-F ATCCGCTATTTA 460 [13] X , 30s M.h,IBRV,BPIV-3, BRSV
CCCAGTGG iRk Annealing - b P
1 0, rm
— GCTGTA AAC-
m- X
GAACTCGCCAC S 30s Mb
ME TGTTGGTTCTGG- 60 ", Extension 455 M.h
' TACGACGG 1 min P.m,IBRV,BPIV-3,BRSV
GATCCGCTCGC- 5 min MA
MArR IAC B A '
CATTTTGAC i Mb
ACGGGCT- Final extension min '
i s _ 10 min P.m,IBRV,BPIV-3,BRSV
IBRV-F  GGGAAAGACAA- 868 [15]
CAACGE Wi—F . FWT M. AT TR R, 2RI e
GCGGACACGTCCAG- . . R
BRV-R O 03 A DU 3.07 X 10" #8 D1 /ulL, W] AR A Bk AR
vi- 1
CGGCGGTCGAGCG- T
BPIV-3-F 398 [16] e ) e .
GCAAGAG 22 ZHRHAEEEPCREZRRMEZGMTHAE
AGGCGGGAACA- e . ; . e
BPIV-3-R b Al F 7 A IR Ay o 3 A HEAT RS, L
CAGCTGGGACAAT " e
- CAAACTAAAT- - - A LR Pm M ML, 2 035 BRSV . BPIV-3a
N - O
GACACTTTCAACAAG 1 BPIV-3c, & 3 fH5 M.6 F1 IBRV ., % Fhg IR
prey | CATTTCATTCCT: 14149 51 W0 v B O B B A TR T L ik 200 1 20
TAGTACATTGTTG

AT SEATRG I, e —E T AR, WL PCREIY)
H AL R A Y AR IR A R A (£ 3) . R 25
L B 2 i 2 2 X Tag Master Mix 12.5 pL., | FilF
BIMIA 1 uL, BACR 1 pl, ddH,O M E 25 pl. 74
FEIF RN .94 CHRAR 4, 35 R FF (94 “CAE 4, 55 ‘CiB
K, T2 CHEAR) DA 72 CIEAR, APl JEL AR (1 4 1 2
HomsA AR (3R 4) . PCRHI 2.0% BiAbi s e i
Tk WEREE R

2 FHRS5HMH

21 MhEARMNEIEE

P M. 2 W R DNA, I B 5 1 51 ik 47
PCR "3, 3R15 M. A B GCP L[R50 A BE, 5 H i A
BER/NT1 bp)—3k . 2l B Ak, BHME e b
PEHUTORL, HEAT PCR %522 NN P 5, 45 5 /R 5 10

pL By SR AR FR IFAE ] — SO S A T AT .
Z W9 it PCR WY e A R AR R KSRk 5
Fi7R o
2.3 BBERHAEEPCRIREMEIETL

¥ M.b.P.m . M.h IBRV,.BRSV.BPIV-3a
BPIV-3c i) 5 kL An i 5 10 15 22 5 B B i 108~10*
Y601/ ull, 55 WWHHR & 5 VR B AT 8, DL
TG PR B R B A B, AE G 5 O 5 B B REU A (rela-
tive fluorescence units) A 2\ Ak 45 , R AF 2 1K ¢ 6
H# PCR A 1 £k (B 1A~G) , LUK DNA B
e B X B A R AR A, CHE R AR B, 37 2 Bk
qPCRIA ZAruE i<l (8 1H) . 455 8w, 7 Mg 5
T 70 11 26 B A 6 R B RP I HE 0.99 L) |, W4 Fh
T 74§ P R TR R BB Ct {1 =2 ) 1 2 90 R 4P i 2%
HEXR,
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Table 5 Amplification system and condition of multiple gPCR

I/ (nmol/L)  HREFHE/ (nmol/L)

Iy S IR Primer Probe 2X qPCR WFEIK JLI A
Tubes Pathogens . . mix/pl ddH,O Reaction conditions
concentrations concentrations N
” P.m 250 350 )
"l 10 AN 20 pl
Tube 1 M.h 350 350 Refill to 20 pL.
95 °C 5 min, 1 ME#F ;95 C 10s,
e BRSV 250 350 . 60 °C 30 s,40 MG
2 " MR 20 L. 5,40 A
) - co . 5 .
Tube 2 BPIV-3a 400 250 Refill to 20 uL. 95°C 5min 1 cycle,95°C 10 s and
BPIV-3¢ 350 300 60 °C 30's, 40 cycles
B3 M.b 250 350 10 L Z 20 pL
Tube 3 IBRV 350 250 Refill to 20 }LL
® ®
" % 1200 ” :EJ 1 000F
= 5 1223 = ¢ 800F =
A% B D S 600 =~ =
#L{ = = 600 RE = s
= .; 400 2 g 400F ~ o
Z 3 200 E3F 200 S
2 o= == R .
10 0 10 20 30 40
P HUGAEL Cycles
& 1400 e 1600
& = 1400
g 20 =& 1200
i PR H £, 1000 Vo
C3R = 800 p R L g0 i
2= 2 g0 o EE
29 = 600
s 2 400 = =
jog- 5.2 400 -~
< 200 * 5 200 f
= NE= - = 0 2 Z
0 10 20 30 40 0 10 20 30 40
P HAE IR EL Cycles P HUGAEL Cycles
= .
B 5 3000 =g
= Be,
s 2 D o
Ejééézooo FRET
= B
= E 1 000] /S = E
d:o 0 i L é’
0 10 20 30 40 0 10 20 30 40
PRI AEL Cycles P HIE AL Cycles
v eM.b R'=0.996
: L s
ol 8 35 R
zg, 7 i 30
G R S é 1000 7 //’, Z S 25 (M.b) ¥ S 336x-44.849
a3 ) / - 20 (P.m) ¥—-3.361x+40.146
-’T’T{ Q;) 500 g /// ? o 15 289x+3%§08949
= = / 7 Z + — +44.84
= % ) / 10 iﬁ%&%sl‘aéa) It e
~ 00 1'0 ’2‘(') 45'6 4'0 :3 4 5 6 7 8 9 ——— & HE(BPIV-3¢) y—-3.584x+45.071
T HEAE 5L Cycles lg DNABEA R DNA concentration

A:M.b;B: P.m; C: M.h; D: IBRV; E: BRSV; F: BPIV-3a; G: BPIV-3c; H: Friffi£k Standard curves.
1 BEBWEEEPCRITAMIREREL S 7 TR R AR 15 M 2k (A~GOFIFR/E M 2 (H)
Fig.1 Amplification curves(A-G) and standard curves(H) of multiple gPCR used to amplify the 7
pathogens associated with bovine respiratory diseases complex

24 HRMSH R, AR Ry 4590 DR A L IR 2] DNA 5 cDNA , 45 11
FHEE S B 286 QPCR 7 i3 AR P B 42 a4 W 2 R, RAT M.b P.m-A \P.m-B . P.m-D . P.m-
7 A TR B H DL I T R RN SR R B SR kAT F O ML h-Al. M. h-A6., IBRV ., BRSV ., BPIV-3a #l
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BPIV-3c 94 F 20 DNA/cDNA i 8147 3 il £ , i SERY B, B, By F
ﬁ{mf%’ﬁﬁjﬁﬁk ;Fu *H %ﬁ)ﬁﬁiﬁﬂ 5‘&@ ugéﬂéﬂ *ZI:—%]‘ N N - gg:x:gi —]l\\{cband other pathogens
P TR PR B 8 R DA 42 L B G LS SE on
AR R REAR R A PR VS A S5z som
v ILFF B L FER A 2 1) DNA/CDNA K 91 %4 1 2372 o
54 L 3R W1 A 52 9 & 0 qPCR J7 ¥k 45 5 T e
Vlkﬁ 0 10 20 30 40

: i P HIHGAEL Cycles
25 WBLESH B2 RS ATE-CRESH GPCR M Rt i

LA 10 4754 B2 A B 1 10°~10° #5 D /HL i 7 7 Fig. 2 Specific test of the multiple gPCR for the seven
JEECRE DNA AR , 722 B ST i 28K qPCR 77445 pathogens causing bovine respiratory disease complex
ASBR R R AR EAT Y0 L A5 RN 3 BT R, MoA L 107 $D1 /L,

BPIV-3c (1 BRI A B 7 10" #5 01 /pl . M.6.P. 2.6 EEMSH

m IBRV .BPIV-3a 5 BRSV 1 i ki £ /46 0 B 44 K PL10°~10" 48 DU /pL % B 1) 3 -8 B2 B KZ DNA
9001 ‘ _
2 800 g 900
= ., 5 800
i 700 o S =50
= g SO0 2L, 600
$sg 300 R £ £ 500
ATDEE 400 B wEE
e g L= 2 400
= e - 300 Z < 300
.= 200 -
=z EZ 200
== 100 =
z _ < 100
ot 0] = = = 0 e e
-100 ) 30 30 10 0 10 20 30 40
PG B Cycles TR Cycles
S 1000 £ 1400 /
b =T 1200 ’
m g 800 = £ 1000
¢ B SE£ 600 D o SE 800
25 * 400 257 600
5z ZZ 400
—(—% 200 —e% 200
~= 0 ja= 0 B o
10 20 30 a0 0 10 20 30 40
P RAGHEL Cycles YA IR AL Cycles
s 1000 r
<
ey 5 g
o 8 800 = 2 000
=S 600 =g
- e BE, 1500
22 400 g
I 200 B 2 1000
= = =
| £ B
- 0 == 500
0 10 20 30 40 - .
P I4UG A EL Cycles 0 10 20 30 40
»  1000f . AR Cycles
BE 800
=3
. B 52z 600
7 0y = =
DT 7 400
=3 200
©
= ol R
0 10 20 30 40
PR FREL Cycles

A: M.b;B: Pm;C: M.h;D: IBRV;E: BRSV;F: BPIV-3a;G: BPIV-3c.
B3 HREFREELE T HEERESE oPCRA M RBEKRN

Fig. 3 Analytic sensitivity test of multiple gPCR for seven pathogens of bovine respiratory disease complex
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AR, i B ST 1 Z2 15 qPCR KI5 325 43 il itk 47 3
YA P30 A 3 UCHE [E] U3 , 25 2R 4035 6 T, b N

®6 SEHILEER

WA T 2 EUNT 2.5%, LB 56 AR S5 R BN T
5.5% , 2By itk E 2 .
PCREE ST

Table 6 Repeatability analysis of the multiple gPCR

P JE e/ LN EE Repetition of intra-assay Jit[A & Repetition of inter-assay
Pathogens (copies/l.) . . .
Template concentration FHC FrifiZz SD CV/% FHCr FrifEZE SD CV/%
10° 23.61 0.18 0.70 23.99 0.61 2.50
M.b 10° 26.23 0.08 0.29 26.43 0.24 0.89
10* 29.72 0.07 0.23 30.16 0.60 1.90
106 19.80 0.26 1.29 20.13 0.29 1.42
P.m 10° 23.57 0.49 0.20 23.70 0.13 0.50
10* 26.67 0.22 0.80 26.92 0.21 0.79
10° 19.92 0.04 0.18 19.96 0.04 0.20
M.h 10° 23.34 0.09 0.39 23.3 0.17 0.74
10* 26.54 0.20 0.75 26.76 0.24 0.90
10° 24.26 0.37 1.50 24.49 0.32 1.30
IBRV 10° 27.38 0.15 0.56 28.02 0.47 1.60
10* 30.80 0.90 0.29 31.11 0.23 0.73
106 22.76 0.47 2.09 21.92 0.61 2.81
BRSV 10° 26.22 0.03 0.10 25.93 0.46 1.80
10* 30.41 0.28 0.93 29.75 0.51 1.72
10° 20.92 0.68 0.03 20.50 1.06 5.19
BPIV-3a 10° 25.21 0.62 2.46 25.24 0.67 2.66
10* 29.27 0.05 0.17 29.30 0.12 0.42
10° 21.89 0.34 1.58 22.37 0.59 2.67
BPIV-3c 10° 25.52 0.98 0.38 26.06 1.21 4.65
10* 28.61 0.18 0.64 29.32 0.89 3.03
2.7 e R G 3 i i

V5 I AR i B2 BUR% R U, R FH A 9F 9 T 2 ST 1Y
ZWH I i PCR 758 M PCR 7 ik b AT A
GEML LR T AT B ALK ) M. 6 PHAERE S 32 63
(27.83%) P.m FHPERE S, 4143 (36.65% ) JM.A FHTERE
fh 29 43 (25.22%) IBRV FHPEAE S 1143 (11.30%) .
BRSV FHPERE A 143 (0.95%) . BPIV-3c FHEFE & 9
§3(8.57 %) , BAYER: #2578 T M PCR & . O 4h,
B2 BRHOE i PCR )y 38 7] T 229 I IR Al e
BSR4 5 D26 8, JLAG I B 11 Fh iR A B
M. b 55 A B AR TR G B e o 72,706 (8/11)
M.b/P.m I8 RS i 1 3 de 5, 6006 (18/30),
M.b Pom M. h AR ARG v i B e =, 305 1
I3 73.3%(22/30) . 73.3%(22/30) F143.3% (13/
30) s ik A IBRV, 5 26.7% (8/30) ; BPIV-3¢ 5
13.3%(4/30) -

1T BRD 2% J50 R A B L 19 112 W i 52 A
P I PR b 2055 —Fh e PR B RE [R] B4 22 Fhovs
D BRI Tk o ASBIF SR T ST B BRD - R R Y
Z D68 i PCRAGIN J7 2% , % ML A s A i B A
10 copies/plL, 5 FL 1] 7% 5 #£ 458 4 <7 (9 ML A Taq-
Man qPCR J7 ¥ SO E — 250, X 28 @l 3 80 2 3c &
T Y e AR AS I BR >4 10 copies/pl, H4y 5 R B )
T AR FRIAS I FR 441 4 107 copies/pl, HiH BRSV By %
RS I BR 15 5 3 4% JR1 9 8 57 /9 BRSV TaqMan qP-
CR 7 A HC S 1045 , M. b 1) S AR K B 5 2 e 2 (20
#3711 M.b TagMan qPCR J7 %A He &5 10 4%, IBRV
F) F AR A I BR A5 T 3 bR ! 57 9 IBRV TagMan qP-
CR T EEAH HL i 1047, Pom 09 S5 AR A I B 534 o Ak
SE2V ST (9 Pom TaqMan qPCR J7 M HCEG 1045,
FRORAT S0 T A A IR T PR A 458 T 5956 it TagMan
qQPCR AN 73247 e BEARR , AELAE H R HE 19 22993 Lk
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Table 7 Detection result of single pathogen in clinical samples
ZIRYOLE B PCRAGI HWHPCR
95 JE Rk Detection of multiple gPCR Detection of conventional PCR

Pathogens Sample No. PR R it PR/ % PR 2 B/ %

No. of positive sample Positivity No. of positive samples Positivity
M.b 115 32 27.82 10 8.69
P.m 115 41 35.65 33 28.69
M.h 115 29 25.22 9 7.83
IBRV 105 13 11.30 0 0
BRSV 105 1 0.95 0 0
BPIV-3a 105 0 0 0 0
BPIV-3¢ 105 9 8.57 6 5.71

RS KRS HFERSBRGNER P.m M.b M.h IBRV .BPIV-3c #l BRSV, 5 Hih#fz

Table 8 Detection results of multiple pathogen

coinfection in clinical samples

sl PR IREERER e o
Pathogens Sample  No. of positive Positivity
No. samples
M.b=+P.m 115 12 10.43
M.b+M.h 115 2 1.74
P.m+M.h 105 2 1.90
P.m+IBRV 105 2 1.90
M.h+1BRV 105 3 2.86
M.h+BPIV-3¢ 105 1 0.95
M.b+P.m+M.h 115 2 1.74
M.b+P.m+1BRV 105 2 1.90
M.b+M.h+BPIV-3c 105 1 0.95
M.b+BRSV+BPIV-3c¢ 105 1 0.95
M.b+P.m+M.h+1BRV 105 1 0.95
M.b+P.m+M.h+IBRV+
BPIV-3c 105 1 0.95

G T, AL TR R AR A .

I FHIZ T3 %5 R 100 4353 FA WP IR B2 39 1 4 1
BT TR, 5 5 R i iR 7 R i B A
H R TSGR IRE W H L PCR % . 5340, R EZR
FrifE ) IBRV qPCR &l J7 32 (GB/T 27981—2011)
KA bRHER M.6 PCR 53 (NY/T 3234—2018)
XoF AT A R, AR RIS S ST i R I A A %
IBRV 2} 97.14 %, 1 M.b £ 6 3 (80 %0 ) #AIK, T i /&
M T qPCR UM & 75 # PCR TRk

ARG X I AR it G 0 235 R 7, 7 i S A TR
B ARIA 26.08 %6 ,1IESE T BRD R A B YL AP 1E
TR A YL Mo P.n M. h 20 TR 357 B9 5
i, 76 BRD B 15 T & v, N 45 T iR BE B . A
WS b 7 s S A s B8 3 e e BS99 0 43

T 4590 SRS A7 AF 22 5, 3k R BN [R] [ 58 R il IX.
(14 58995 28 FF BRD (9 D8 #8995 S BT o ELAA LU B A7 AE—
Fe S AR 5 — B T R B BPTV-3
FE| N R A T S B PR AR (a R o R0 A 7 0 B S o Il
PR RE A B A6 I 45 SR R, BPIV-3c IR AT R KT
BPIV-3a, X —45H 5 B o 2G5S AR

Zi b ARHIE9E L 1Y B IR 2 B9 Ok E i PCR
Ry vk, B R S vk i RO o R M A R
A, M. b, P.m. M. h IBRV,BRSV  BPIV-3a Fi
BPIV-3c 3 7 Fp J5L i B Rzl L K2 BRD PR 4G )
AT 2 A SR T AN AR TR, R &
BEH N
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Establishment of multiple qPCR for simultaneous detection of
7 pathogens causing bovine respiratory diseases complex

XU Enhong"*?, QI Mingpu "**, XIANG Zhijie"**, HU Changmin®,
CHEN Yingyu"**, CHEN Jianguo’, CHEN Xi*, GUO Aizhen"***

1.College of Veterinary Medicine ,Huazhong Agricultural University, Wuhan 430070, China;
2.State Key Laboratory of Agricultural Microbiology, Wuhan 430070, China;
3.Hubei Hongshan Laboratory, Wuhan 430070, China ;4. Hubet International Scientific and
Technological Cooperation Base of Veterinary Epidemiology/Key Laboratory of Development of
Veterinary Diagnostic Products ,Ministry of Agriculture and Rural Affairs/ Key Laboratory of
Ruminant Biological Products ,Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract In order to improve the clinical diagnosis efficiency of bovine respiratory disease complex
(BRD) with multiple pathogen mixed infection, this study established a real-time quantitative PCR (qP-
CR) for multiple and rapid detection of seven common pathogens of BRD including Mycoplasma bovis (M.
b) , Pasteurellae multocida (P.m) , Mannheimia haemolytica (M.h) , bovine infectious rhinotracheitis virus
(IBRV) , bovine syncytial virus (BRSV) , bovine parainfluenza virus type 3 genotype a (BPIV-3a) and c
(BPIV-3c) , the specific primers and TagMan probes were designed and synthesized for the oppD/F gene
of M.b, gcp gene of M.h, ompH gene of P.m, gB gene of IBRV, N genes of BRSV, BPIV-3a and BPIV-
3c, respectively. After optimizing the reaction conditions, a multiple qPCR was established for simultaneous
detection of the above seven pathogens in three tubes. This method specifically amplified these seven patho-
gens, rather than other major pathogens commonly found in cattle , indicating a high specificity. For M.b, P.
m,M.h,IBRV,BRSV, BPIV-3a and BPIV-3c, the analytical sensitivity as limit of detection (LOD) was
107 copies /L, 10% copies /L, 10" copies /pl, 10* copies /pL, 10* copies /pL, 10* copies /pl., 10° cop-
ies /pLL and 10" copies /pL, respectively , suggesting a high sensitivity. In addition, the coefficient of varia-
tion of the method was less than 2.5% within group and 5.5% between groups , indicating a good repeatabil-
ity. Furthermore, 115 clinical nasal swabs were parallelly detected by this method and conventional PCR,
and the positivity was 27.83% for M.b, 36.65% for P.m, 25.22% for M.h, 11.30% for IBRV , 0.95% for
BRSV, 8.57% for BPIV-3C, with the proportion of coinfection was 26.1%. A total of 11 mixed infection
patterns were detected , among them, the coinfection rate of M. with other pathogens was the highest, ac-
couning for 72.7% (8/11). Within the 30 coinfection cases, the detection rate of M.b/P.m coinfection was
the highest (60%, 18/30) ; the top three pathogens present in the coinfection were M.b, P.m, and M.h
with frequency of 73.3% (22/30),73.3% (22/30) and 43.3% (13/30) , respectively; followed by IBRV
(26.7%,8/30) and BPIV-3c (13.3%,4/30). Overall, this method has high sensitivity and specificity , and
potential application in the clinical detection of single pathogen and multiple pathogens causing BRD.

Keywords multiple fluorescence real time quantitative PCR (qPCR) ; bovine respiratory disease
complex; coinfection; Mycoplasma bovis; Pasteurella multocida; Mannheimia haemolytica; combined de-

tection of multiple pathogens
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