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Establishment of a triplex qPCR detection method for
Mycoplasma bovis, Pasteurella multocida, Mannheimia
haemolytica and an epidemiological investigation

MA Yanying', GAO Lei', GONG Fengju’, WU Yulun', LI Xuwen', ZHANG Zhi’, SUN Xueqiang?,
PAN Zihao'", YAO Huochun""

1 The WOAH Reference Laboratory for Swine Streptococcosis, College of Veterinary Medicine, Nanjing Agricultural
University, Nanjing, Jiangsu, China
2 Qingdao Lijian Bio-Tech Co., Ltd., Qingdao, Shandong, China

Abstract: [Objective] To establish a triple qPCR detection method for Mycoplasma bovis,
Pasteurella multocida (P. m) and Mannheimia haemolytica (M. h), and to conduct an
epidemiological investigation of bovine respiratory disease complex (BRDC) in large-scale dairy
farms with it.[Methods] Sensitive quality control samples were prepared using the purified strains
isolated and identified in our laboratory. The conserved genes of the major prevalent strains in
China were used as targets, including the uvrC of M. bovis, Kmtl of P.m, and /ktD of M.h, to
establish a multiplex qPCR containing multiple pairs of primers and probes. By optimizing the
parameters of the reaction system, a triple qPCR method was established and its sensitivity,
repeatability and specificity were verified. The coincidence rate with the bacterial isolation and
identification method was verified. A total of 1 252 clinical samples suspected of BRDC were
tested using the established method, and the prevalence and spatiotemporal distribution
characteristics of three pathogens were analyzed based on the test results.[Results] The R* values
of the standard curves for the triple qPCR for detecting M. bovis, P.m, and M.h were 0.998 6,
0.994 6 and 0.998 6 respectively; the minimum detectable quantities were 2.50x10°, 1.26x10° and
7.50x10* CFU/mL, respectively. The intra-batch and inter-batch coefficients of variation of the
reaction system were both less than 2%, and only the specific amplification curves were observed
for the three sensitive quality control samples established. The results of the test showed that the
concordance rates of M. bovis, P.m, and M.h with bacterial isolation and identification methods
were 100.00%, 98.40% and 97.60%, respectively. The epidemiological survey indicated that the
total positive rate of bacterial pathogens in BRDC was 75.9% (95% confidence interval (CI),
73.4% -78.3%), among which the proportion of mixed infections was 48.8%. The incidence was
higher in winter, and the positive rate in the northern region was significantly higher than that in the
southern region (P<0.001). [Conclusion] The multiple qPCR method established in this study
demonstrated excellent specificity, stability and repeatability, which provided a candidate solution
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for the detection of major pathogens of BRDC in China. The analysis of the co-infection
characteristics and geographical-seasonal distribution patterns of BRDC bacterial pathogens
offered meaningful references for the formulation of precise prevention and control strategies.

Keywords: Mycoplasma bovis; Pasteurella multocida; Mannheimia haemolytica; epidemiological

investigation; multiplex qPCR
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disease complex, BRDC)J& 4= Bk A 4~ Fll 45 4~ 57 5
b i R ) g B 1) —1 ) R R AL B
e, W Z R A E D R SRR,
o, ZRMEOCAFE . b= IR R A4 52
JE AR B AN P R BRDC 7E 2Bk
N B B 1 R R AAE TR HAE N 3R4
A 65% (B 5 BRDC #HG, B
100%, FET-HAMET 35%4, S T ™EHS
Geik . WY R4 3 E A JE BRDC 1) 3220
JEAARPT, LA R (4 A 2 R R )2 B0
PECT AN [ 1 XA R R 2 0 1 4 2 %) 3 TR 4
ZREPE RN 25 P 5 i e 2 PO T e i T
R A sy EPNGEDS), 2R & R AT sk
F R [ I I Y, A ) R ) T i
T oA Rl 250 R 25 5 A gL 2%
PES IRAF R A BURH Sz . PIET SR =R
HHSE ) H e S H A AR P R R

LAk, Z T qPCR PRy 2 S5 A ey il
(P Bt 9z o T DR ARG JT Y, (B
BRDC il 44 22 Z2 £ %F B —Ji i, ek = Frife
FEAEN, A, FRE BRDC 89476 2 B0
B, e AR A i R VR AL B L 28 43
A FUAE 1 A AT 2 R g0 e AU, R AR 9 6k B
A S AR wvorC SE . Z 8 MEEL IRAF IR Y Kmil
B DR AN = TQAT T8 B ZkeD JE AR 48R
M7 = gPCR A 5 i, JExi4E 51 M
HATRATIR S A

1 mRE7TiE

1.1 #H@mXKIE
110 {3 PEIGE B REAS R 15 0y P EAEAS G

P4 actamicro@im.ac.cn, 78 010-64807516

b B A KA S S AR R S AR R o
#, W5 NJAULLSC2022085)/E M4 Rk K
G RFEAS , PR AR TR BUEIREE A0l . 1184
Oy E BT REA N 68 03 4l SUREANE AT
WA, REHSES A ST AT
A A TIEA T I A B I R AR A 240k ) 2 B
RINE W B SEAR B 24 3, ARk . A . PRI
DRIXE 5[] B £ Bl 4 B PRI RRECIR A0 44 Ui Jnd 3
FHim (2395 °C) . B ARSI KOG # AR, &85
BTN 51l N S = 6 @77 - N SIER TR N
AFERE R 5% A, (RSt #e 2tk ek
W1 R A4 5, A R Aok A LA .
1.2 Bk, EEXFIALE

KinBaRE ., BEYIIRE ., &% 0H
HEREE . IR . P REERE . AR LK
W RZEME AR . 2R SRAR . R SR
T RSN . AR R R E RN
AW TE A AR TR . PRSI 1A R
WEIMAFTIE . A5 BT L il 98 S B A1 TR A
I A BEEKTA, ¥ R AR R 2R DR A

S Z WM 2RO KT E SX1804-1
(2018 4 73 5 11 B 74 48 B 450 37 s i 4% 40 2 i 21
20, IMmiER A R i [OFF R HB2011-1
(2011 4F43 B [ AL B R, g AR
AV % 3 B S IR AE . 43254 HBOS-1
(&S5 NC_018077.1) el K822
ALY

1xTag Master Mix, 75 537 WA VIR A R
NI

H %R B UL B, m il MERE A=)
BHE R A RA ] 9t a 5 PCRAY, &R
RERHE A IR AH],



OEH % | WMAEYFHR, 2025, 6509)

4201

1.3 MR SEIE

e 4 Rossetti 2519 4 B8 Ak 4P Klima
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J 37 °C 180 r/min 1H I % K 15 5% 8—10 h,
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1.4 SIRENEITSHI%

M\ GenBank %4 16 MU 11 #k 4 5 JF AR Y
uvrC RN | 7 MRZ AT AT E ) Kmel FE R A
11 BRI S [CHF IR Y TheD KEIN, {3 DNAStar
111 AR SEAT P80 Hx, O 326 A 6 PR A AR
DX, XA BE PR3 ) ARy LR A 5 A X
I, B Primer Express 3.0 # 4 PEAL 549 — %
K(AG {H>-10 keal/mol) Fl & Je 4544, %1154
FEREF . R AL 9 GiE 1 (FAM, VIC, Cy5)
SEAES, Db P, e 6 fh =
ELIYIRE LG, IR E s AL YR (1)
A RN B

B 05 158 19 5 | 0 FNRER DL 100 pmol/L 114 ¥ Ji

=1 HUSIIRERE RECHI 8 R MR &
Table 1

BV EECHI R AR R o B A% IR FHA BT A i Mb/
QC/DNA., Pm/QC/DNA. Mh/QC/DNA i 1xTE
ZE P10 5B E 107 1N, B R
WE 3ANEML, = qPCR X W 1K £ (25 pL):
1xTag Master Mix 12 pL, M. bovis, P.m, M.h
f F . FHE519(100 pmol/L)4% 0.06 uL, #R%H
(100 pmol/L) % 0.03 uL, DNA #i #z 5 puL,
ddH,0 7.85 uL, = qPCR FZ W 544 37 °C i
7 2 min, 95 °C FAEME: 3 min; 95°C AP 10 s,
60 °C iRk 30's, 3t 40 MG . I FAM,
VIC. Cy5 %OtfE'y . il s 5 | et 4l &
1) CAERY ¥E L, B8 CAHS/ N A ihZk
A2 A
1.5 RNk

XTI R e B L 1R ik B R A2 At s ]
SHEAT AL o 38 A T AN [R) 5 | R A Uk B 1Y
PDEBARR (R 1), BEFR CAE /N By 1 ph £k
e LR e BE AT AR AL o DA i R B DR A
AR IE KRE (55-65 °C, LA 2 °C MBI BEFT I
N, PR AER KR . FE AR LR AR
RS, AR SRR ] (10-60 s, LA 10 s A
FE), b kil CAEMY B, e e fE
FEAHEA]
1.6 FrERZES

K FH B o 9 TSR B TR RV B S,
TE 2 0P AT 10 586 BE R FE 2 107 CFU/mL.

The reaction mixture system for optimization of primer and probe concentrations

Primers and probes Combinations of primer probes at different concentrations (uL)

(100 pmol/L) Group1  Group2  Group3  Group4 GroupS Group6  Group7  Group8  Group 9
M. bovis-F 2.0 2.0 2.0 4.0 4.0 4.0 6.0 6.0 6.0
M. bovis-R 2.0 2.0 2.0 4.0 4.0 4.0 6.0 6.0 6.0
M. bovis-P 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.3 1.6
P.m-F 2.0 2.0 2.0 4.0 6.0 4.0 6.0 4.0 6.0
P.m-R 2.0 2.0 2.0 4.0 6.0 4.0 6.0 4.0 6.0
P.m-P 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.4 1.8
M.h-F 2.0 2.0 2.0 4.0 4.0 4.0 6.0 6.0 6.0
M.h-R 2.0 2.0 2.0 4.0 4.0 4.0 6.0 6.0 6.0
M.h-P 1.0 1.3 1.6 1.0 1.3 1.6 1.0 1.8 1.0
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B R R R A R X a2 5, BiEIX
(517 = e 175 7

2 BRE5M

2.1 BRMRITmEE

PR RVE L, R SE R ZREEIK
T DARI I 2 AT PR R A B R T ) 0 )
4 5.0x10°, 4.1x107 1 3.0x10” CFU/mL, 4 C,
{HZ9R 25 B, S BBAH B () UM B 45 i Mb/QC/
DNA. Pm/QC/DNA F1 Mh/QC/DNA X ) CFU
4% Wk 5.0x10°, 4.1x10° F1 3.0x10° CFU/mL
(R 2)o 1B RURE IR BEAR B S5 A TR T- A0 3,
RIATA5- 2 A AR R T B5 i o
2.2 5|4, IREHFIRER

AT T 9 BRI IREN (R 3), H
A4 7 AR I EREE S FAM, 22 3 PE I IRAT TR 1)
BREF R VIC, ¥ MM 2 AT B B94E R Cy5. Fl
FH DNAStar 11.1 #4538 51 9 — R AR & Je 45
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MR CAERPY G L, w8 TAHA 6 fE i

#x2 TEBBETZAMEBRNE. RIS RFEMS:ZRENFEHYCHE
Table 2 The average C; values for qPCR detection of P.m, M.h and Mycoplasma bovis at different dilutions

Dilution P.m average C, value M.h average C, value M. bovis average C, value
Bacteria liquid 19.67 20.60 26.65

107! 23.06 2391 29.04

107 26.50 26.35 32.76

107 29.91 30.83 34.51

107 33.69 34.42 N/A

107 36.88 38.29 N/A

107 39.51 N/A N/A

Blank control N/A N/A N/A

N/A: Not available.
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Table 3 Sequences of primers and probes

Number Primers name Primer sequences (5'—3')
1 MB/F1 CAGTGCTGATGTTGAATA
MB/R1 GCTTCATTAACTTGTTGTA
MB/P1 FAM-ACCGCCATCAGCTATAACTAAGTCAT-BHQI1
2 MB/F2 GAATTTACGCAAGAGAATGCTTCA
MB/R2 GCAATGCCTCTTTATTTGTTTTACAG
MB/P2 FAM-TGACGGCGCTATTAA-MGB
3 MB/F4 AAACCAAAGCCTTAATTGACCT
MB/R4 TCCATATTTGGACCTAGTCCTT
MB/P4 FAM-ACCGGTTTGCAAAGTCGCACT-BHQI1
4 PM/5F GGAGTTTGGTGTGTTGAG
PM/5R CAGACTGACAAGGAAATATAAAC
PM/5P VIC-AATCTGCTTCCTTGACAACGGC-BHQ1
5 PM/6F CCTTGTCAGTCTGATTTATC
PM/6R GACCAAAATAGGTAACCAATA
PM/6P VIC-CCGCTCTGTCGTTAATGGCTTC-BHQ1
6 PM/7F GCTYGTTGTGAGTGGGCTTGT
PM/7R GCCGTTGTCAAGGAAGCAGAT
PM/7P VIC-TTTGTTGGGCRGAGTTTGGTG-BHQ1
7 MH/8F GATCGAATTATTGTGATG
MH/8R GGTGTAAGTAGGAATAAAGTC
MH/8P Cy5-CAAGGCAAGCACCACGAATTACT-BHQ2
8 MH/9F TATTAGCAACCATTGGGCAACA
MH/9R CAATCACTTGCCCTGATAGCAT
MH/9P Cy5-ACCTTTGGCTAGGGGCACACT-BHQ2
9 MH/F1 TGTTAGAGGCCACCGCTCTG
MH/R1 CGCATCCGGGCTAATATGTTT
MH/P1 Cy5-CACCTCCTGCCCTGCTGCAACAA-BHQ2

=4 NHESIEREHES

Table 4 Six combinations of the primers and probes

Triple primer probe
combination

Primer probe number

Group 1 1 4 7
Group 2 1 5 7
Group 3 2 6 9
Group 4 2 4 8
Group 5 3 4 9
Group 6 2 4 9

HIr%, HCfEE/D, 3 D EIE Y R 58 B 1
Prihsk, Hy oy (s 1),
23 RNFMHMMER

XFGIH . PRETHEE | B IR HAE fR I [R]
RIS, W A B U B LR .

RZR 25 uL, 3 MR RN . TSI 9k
(100 umol/L) 0.2 uL, #4EF¥4 0.08 uL; HAH
it I IS AN JE % 20 uL, SUMBEHR K 5 L.

AW ER RN EF: 37 °C I H 2 min;
95 °C #2814 5 min; 95 °C 281k 10s, 59 °C B
Kk 20s, 40 MEA; FE 59 °C BFILEE FAM,
VIC F Cy5 5055
24 BENHFRERZ

MRS AR . 2R MR AT R S hiA
AR5k 8x107, 4x107, 4x10" CFU/mL,
PEIUZ R I IEA TR0 A R S5 AEdRe e R A5 F T
AT o dEd Aoy, AT~ qPCR A5ifE
MZR(E 2). 25w, PRifEMREMEER BT,
2 RS B 92% . 93% F1 93%, fF4
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Figure 1 The qPCR curves of six combinations of primers and probes. A—F: The qPCR curves of group 1 to

group 6.

A g0 B ao0p € aop
301 301 301
U 20+ U 20+ U 20F

10t y=47.15-3.544x 10 b y=46.24-3.491x 10F y=43.06-3.489x

R=0.998 6 R*=0.994 6 R*=0.998 6
L L L L 1 1 1 1 1 Il Il Il 1
0 2 4 6 8 10 0 2 4 6 8 0 2 4 6 8
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Mannheimia haemolytica Pasteurella multocida Mycoplasma bovis

El2 =Z=qPCRiMEMZ. A: Wit AR OFREINZL; B: AL RERENZ; C: 43K
JEAAFARIEIT 2k
Figure 2 The triple qPCR standard curve. A: Mannheimia haemolytica detection standard curve; B: Pasteurella

multocida detection standard curve; C: Mycoplasma bovis detection standard curve.
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Figure 3

The sensitivity of triplex qPCR. A: The qPCR curves for detection of M. bovis at different

concentrations; B: The qPCR curves for detection of P.m at different concentrations; C: The qPCR curves for

detection of M.h at different concentrations
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Figure 5 The specificity of triplex qPCR. 1: The

gPCR curve of M. bovis; 2: The qPCR curve of P.m;
3: The gPCR curve of M.h.
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Table 5 The results of clinical sample detection

Pathogen Bacterial Triple gPCR Kappa
isolation result coefficient
result Negative  Positive

M. bovis  Negative 116 0 1.000 0
Positive 0 9

Pm Negative 115 1 0.984 0
Positive 1 8

M.h Negative 109 2 0.976 0
Positive 1 13

x=6 125203 ImRAEFEA EZHEFAERS
Table 6 Distribution of prevalence rates of major
pathogens in 1 252 BRDC suspected samples

Pathogen Number of positive  Positivity rate
samples (%, 95% CI)
P.m 412 32.9(30.3-35.6)
M. bovis 328 26.2 (23.8-28.7)
M.h 267 21.3 (19.1-23.7)
250 -
3 199
:g 200 -
2 150 |
= & 121
3H © 111
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=
s 0r 32
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Statistical chart of the number of co-

[

infections in detected samples.
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2 R T H A X 3 ( =476, P<0.001).
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Table 7 Statistics of pathogen positivity rates in various regions

Region

M.bovis positive
rate (%, 95% CI)

P.m positive rate
(%, 95% CI)

M.h positive rate
(%, 95% CI)

Province/city/Autonomous region with high
incidence

Northeast China
North China
Northwest

East China
Central China

40.7 (33.1-48.8)
41.1 (34.7-47.8)
37.3 (29.6-45.7)

15.7 (10.9-22.0)
14.6 (8.4-23.6)

48.5 (40.8-56.3)
46.8 (40.2-53.5)
44.4 (36.3-52.7)

20.2 (14.7-27.0)
19.1 (11.9-28.8)

28.1 (21.7-35.6)
23.4 (18.1-29.5)
23.9 (17.5-31.7)

11.8 (7.6-17.7)
10.1 (5.1-18.3)

Hulunbuir, Tongliao, Chifeng
Hohhot, Baotou, Ulanqab

Bayannur, Ningxia Hui Autonomous Region,

Xinjiang Uygur Autonomous Region
Shandong, Anhui, Jiangsu

Henan, Hubei, Hunan

Southwest China 8.9 (2.9-21.3)  15.6 (6.9-29.8) 6.7(1.8-18.5)  Yunnan
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Figure 7 Number of positive samples for pathogens

based on seasons.
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