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Establishment and application of multiplex PCR assay for
bovine pasteurellosis
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Abstract: [Background] Bovine pasteurellosis, caused by serotypes A, B, and E of Pasteurella
multocida (Pm), is an acute infectious disease of cattle. Polymerase chain reaction (PCR) is an effective
means to diagnose and control this disease. [Objective] To establish a multiplex PCR assay for rapid
detection of serotypes A, B, and E of Pm and provide technical support for the rapid and accurate
clinical diagnosis of bovine pasteurellosis. [Methods] According to the conserved regions of
hyaD-hyaC, bcbD, and echJ genes of Pm, we designed three pairs of specific primers for PCR and
determined the appropriate annealing temperature (7,,) by temperature-gradient PCR assay. Chessboard
test was employed to optimize the primer concentration and then a multiplex PCR assay was established.
The recombinant plasmid standard and positive strain were used to determine the sensitivity (limit of
detection) of the established assay. The nucleic acid samples of 8 common bovine pathogens
(Mannheimia hemolytica C1655, Escherichia coli C237, Listeria monocytogenes C1597, Staphylococcus
aureus C3053, Salmonella dublin C79351, Mycobacterium paratuberculosis C1625, bovine infectious
rhinotracheitis virus CAV1546, and Mycoplasma bovis C65-1) were used to determine the specificity of
the multiplex PCR assay. Three batches of diagnostic reagents were prepared to perform inter-batch and
intra-batch tests on sensitive and specific samples to determine the repeatability of the assay. Three
different models of PCR instruments were used to detect sensitive and specific samples with the
established method to determine the applicability of the assay. The performance of the assay in clinical
application was evaluated by detection of clinical samples and simulated infection samples. [Results]
The optimal multiplex PCR assay was established under the following conditions: 7y, of 55 °C and the
three pairs of primers at the concentrations of 0.25, 0.30, and 0.20 umol/L, respectively. The established
method could simultaneously detect Pm serotypes A (821 bp), B (203 bp), and E (363 bp). The multiplex
PCR assay had high sensitivity. It showed the limits of detection of 43.080, 3.710, and 4.350 copies/pL
for recombinant plasmid standards pMD-A, pMD-B, and pMD-E, respectively, as well as the limit of
detection of 10> CFU for the positive bacterial liquid. Moreover, the established assay had strong
specificity as it only produced bands for the serotypes A, B, and E of Pm and no bands for other
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pathogens. The consistent results of the inter-batch and intra-batch tests indicated good repeatability of

the assay. The detection results of clinical samples and simulated infection samples showed a 100%

coincidence rate with the pathogen isolation and identification. [Conclusion] The multiplex PCR assay

for the detection of serotypes A, B, and E of Pm was successfully established, which provided technical

support for the identification and epidemiological investigation of Pm.

Keywords: bovine pasteurellosis; Pasteurella multocida; serotypes; multiplex PCR
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(A, B. E. D, PP, HrhA4- 38 A RIEL
il REAR g 3, AT 5 I e PR T S A
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1.5 %E PCR RNMAFZEMNEILRML
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#£1 %EPCRENSIY

ddH,O % 20 pL, ZH PCR i 5544 95 °C
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35 4AME#R; 72 °C 10 min,
1.6 EHFRNRERBIEE

DL IR IENE A B2 R L ECHF oA L 2R U
B B B2 R M R . AR RN E B 2 51
EL AT L 4] DNA R, F)FH# 5
3 XHRESFES )5 A T — PCR ¥4, PCR
PG 1% B0 N W BE R Uk A fE L
DNA #EM EIBGR A & I PCR 729, &R
pMDI18-T #H A HE T4 Fiki pMD-A. pMD-B
1 pMD-E, £ PCR %& . ME A LARE
FI R A0 66 BE AN 3 Fob BH I SR ¢
I3 TS DUEL
1.7 $FRMRLE

A3 A I & [OATF I . KImIRa IR
PR A RAT R . A AT ER D . AR
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1.8.1 EHFRAARERBURMIRIE

# 4.308x10° copies/uL [ EZH Tk pMD-A |
3.710x10° copies/uL FIFE L ki pMD-B Fl

Table 1 Primers used for the multiplex PCR

Primer name Primer sequence (5'—3") Concentration of primers (umol/L)  Amplified product size (bp)
CapA-F TTTGTCATCATCGCAACGCC 0.25 821

CapA-R ACGGGGTAGTCCTCAAATGC 0.25

CapB-F TTTGAGCAGCACCTCCGTAT 0.30 203

CapB-R GCCCACAATTCAAATGCCCTT 0.30

CapE-F TCGCTTAGCGCACAAAGGAT 0.20 363

CapE-R CCATTGGCATAGCTTGCTGC 0.20
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1, ddH,O %M 20 pL. PEfbJa il S 25 1F 4
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35 MEF; 72 °C 10 min. PAGAKIS (9 R AR £
K AAF3EFT T PCR 9748 (& 1),

bpb M 1 2 3 4 5 pp

2 000

1 000
750 821

500
250 363
203

100

1 ZEPCRZRHEKXE M: DL2000 DNA
Marker; 1: ZHPCR™¥); 2: FIHFRATZL
AYEE AR 3: 4URIEE B A2 R M CHF
W 4 AURTENR B RIZ R IRAFE; S B
X B

Figure 1 Electrophoresis map of multiplex PCR
results. M: DL2000 DNA Marker; 1: Products of
multiplex PCR; 2: Pasteurella multocida cart A;

3: Pasteurella multocida cart B; 4: Pasteurella
multocida cart E; 5: Negative control.
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A FCAT R L A R JEREE B 73 22 %0 P B TR AT 1
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pMD-A ., pMD-B Fl pMD-E 1E454 g FHAE X BE
SR TN, FVERERIIY W B, M
PEGEAR B 1 B B i 5 (K 2), RHZO Ik
HA RAF R 5
24 BEAMIRILER

# 4.308x10° copies/uL [ E LTk, pMD-A
3.710x10° copies/uL [ & 41 Jfi #i pMD-B F
4.350x10° copies/uL LTkl pMD-E 4%
ddH,O #4710 f5 15 LA B B A A RUR & 5 AE N
PCR Hifi., &R B, pMD-A HIKN BRI
43.080 copies/uL , pMD-B 4 Il F [R &
3.710 copies/uL, pMD-E il T FRJ2: 4.350 copies/uL
(H 3A).

43900 A R 1 B TRk T B AR 1R A T 22
& PCR Y, 45N, A URFNE A B Z R/
ELRATE . A B M2 /B RATHE . 4
JEJERE E Y2 5 B QAR IR A A1k th 2 38
10> CFU (& 3B), W% sk e .

7 8 9 10 11 12 13

Z 7 PCR ; 2. AURJEHE A RIZ /1

CLRATR; 3: A B B RPEE ICAT R 4: 4-URIENE E B2 RV IRATI; 5. W IPES [RFTF
W 6: KBIRARE; 7. R E; 8: & W OMAERE; 9. MK TRE; 10: 4
TR B WERE ;s 11 BIESAZ KRR s 120 PG BRSO 13 P I

Figure 2 The specificity of multiplex PCR. M: DL2000 DNA Marker; 1: Products of multiplex PCR;
2: Pasteurella multocida cart A; 3: Pasteurella multocida cart B; 4: Pasteurella multocida cart E; 5: M.

haemolytica; 6: Escherichia coli; 7: L. Monocytogenes; 8: S. aureus; 9: S. enteriditis; 10: Mycoplasma bovis;
11: M. paratuberculosis; 12: IBRV; 13: Negative control.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FHEARL: B KA HIHR 2 = PCR K H A ) & 57 5 N 5089

A b M 1 2 3 4 5 6 7 8 9 B o

2 000 2 000
1 000 1 000
750 750
500 500
250 250
100 100

B3 FHERNIKERA)FMERB)HERNZE PCREXE  M: DL2000 DNA Marker, A: H4J5
REBRUE S N B 9 £ PCR #Ud%:, 1-8: pMD-A. pMD-B, pMD-E M 10°-10""; 9: PAVEXIIE. B:
WM 2 E PCR HUEYE, 1: 107 CFU; 2: 10° CFU; 3: 10° CFU; 4: 10* CFU; 5: 10° CFU;
6: 10°CFU; 7: 10' CFU; 8: BAYEXHHR

Figure 3 Multiplex PCR sensitivity using recombinant plasmid standard (A) and bacterial solution (B) as
templates. M: DL2000 DNA Marker. A: Electrophoresis map of multiplex PCR sensitivity using recombinant
plasmid standard as templates. 1-8: pMD-A, pMD-B and pMD-E from 10°-10""; 9: Negative control.

B: Electrophoresis map of multiplex PCR sensitivity using bacterial solution as templates. 1: 10’ CFU;
2: 10° CFU; 3: 10° CFU; 4: 10* CFU; 5: 10° CFU; 6: 10° CFU; 7: 10" CFU; 8: Negative control.

25 EEMERRBEM B M) BERURYLRE D (56 ) Je A . ATHFRE

il e 3 MW USRI RS (4% 50 OnBEF TR, IS5 R4 B K R AT B
AT SN REe . AR BN, RSN B 4). SR BIRGEE 2), 56 17 BERUBGLRE
R —3, RUZONEELMEL . 54, 1 W, RURIENE A B2 R B O R R R
Eppendorf Master-cycler PCR ¥ ., VeritiPro™ #% 58.93% (33/56), AL B 7Y 2 53 Mk B AP I
PEAAL . C1000 Touch™ Thermal Cycler 4354 &Y E N 30.36% (17/56) IRAIEYF N 23.21%
IR FRE SRR, 25 R, 3 RIS (13/56). R BT (50 43) 5 ITEK (50 )k
PCR [N &5 53— 3, REBZ AR e T W, ARTRIENE A R R B AT R RN
2.6 IBKRNMBAIENER 23% (23/100), URJERE B Y 2 50 B ECATF IR

N ST () Z2 8 PCR TN AR AR BRI 15% (15/100), REEEEFENR 11%

bp M1 2 3 4 5 6 7 8 91011 1213 141516 17 18 1920 2122 23 24

4 BoMmEERRATELEREMNER  M: DL2000 DNA Marker; 1-6: IfiRFEM; 7-12:
A BAFREN; 13-18: AT PSR 19-22. A TRIRES,; 23-24. ZSFAFES
Figure 4 Test results of some clinical samples and artificial simulated samples. M: DL2000 DNA Marker;

1-6: Clinical samples; 7—12: Bovine nose swab sample; 13—18: Bovine anal swab sample; 19—22: Artificial
simulation sample; 23—24: Blank sample.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5090 (DG ES Gk Microbiol. China

*2 AR A TR mENEER

Table 2 Test result of clinical samples and artificial simulated samples

Sample Multiplex PCR method Pathogen isolation Coincidence
Serotype Positive rate Serotype Positive rate rate (%)

56 suspected infected samples A 58.93% (33/56) A 58.93% (33/56) 100
B 30.36% (17/56) B 30.36% (17/56) 100
A+B 23.21% (13/56) A+B 23.21% (13/56) 100
Negative 10.71% (6/56) Negative 10.71% (6/56) 100

50 bovine nose swab samples A 20% (10/50) A 20% (10/50) 100
B 14% (7/50) B 14% (7/50) 100
A+B 10% (5/50) A+B 10% (5/50) 100
Negative 66% (33/50) Negative 66% (33/50) 100

50 samples of bovine anal swabs A 26% (13/50) A 26% (13/50) 100
B 16% (8/50) B 16% (8/50) 100
A+B 12% (6/50) A+B 12% (6/50) 100
Negative 58% (33/50) Negative 58% (33/50) 100

18 artificial simulated infection samples A 100% (6/6) A 100% (6/6) 100
B 100% (6/6) B 100% (6/6) 100
E 100% (6/6) E 100% (6/6) 100

3 negative control samples A, B, E 0 A,B,E 0 100

(11/100), 38 328 A T AU AR sl & 30, AH
o R LA P A I B HER PSS 100%. 1A,
LSRR B B, R A R
B4 I AR I PSR o

3 wE&#

A= B R AT TR 2 R R JENE A Y B Y
E BMZ AL RFERE-BORG Y, T3
EEORYE . EPET R AL R
JHELOBE L Bl BEA ELECAT RN SR A Y
TR 2 3200 RS E A 5 A 7 27 el 2 v i &
KA AG MM PIREAS . ST, A IR A
T Z2 20 1 B O AR IR B A R R A o g i, (R
o 11 5 AR VR IERE B B 22 AP B FRAT TR A e A
I R, AR % 5 i % A AR 56 e
BT LT A T 22 R B EC AT 1 B0 K T I
B AU(A B )E 4 R AT, B RIS
1 d 4-4HBFET0). Bk, PRsin o i i
Xt B BRI PEA T U A 5 UK . Carter™

BEARAR S 22 5 Pk L TR TR 2 T it ) AN (] 1) ]
] 422 M BE I AT 0 1, (BIZ O AR . B,
AF T I KM . Townsend 25U B e~y 17 %)
ZAREE R RMZE PCR )ik, (HEH
HAUBRPEEAR

AR AR 2 AR RTEY
hyaD-hyaC 3£ | bebD I F ech F 1 FE 5
PEX SRR BE 3 XEH AR ES 1Y,
AR R 454, N7 T AT LA [ B e ) 24 5 S5 g
AR BH EBRZRMERMRERNZE PCR
Tk o R R, U IERE A T B &L
E BRI Z AL R A RSy 8 A B, i
XPE IR 2 AT . KGR A RIS 8 F Jit
RSB TP 14 550 . HLRUE MRS, AR bR
Y ot g AECRS I B3935 31 43.080. 3.710 FH
4.350 copies/pL, PFHE: P& W S A DU T BR 33 K
10° CFU 4l . 7E4RBOEF 40 DNA B, [R 40F
X 3 Fh A 2 A O RAT AT A,
A RIZ AP IR 2 2R, XAReS
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FHEARL: B KA HIHR 2 = PCR K H A ) & 57 5 N 5091

FH SRR AT G, T TS A R 1 B
WeRE . #4 Z2 F PCR 7 I S AR ) 3 SOR: AR
W . AN, I EE M MR, 2
3 FOR[RIZ 5 PCR A HEATHE ] S5 3k N5
FLEER Y —3 e, FIHES W2 E PCR ik
Xof SR BRI AR -5 N T ASDURE  A T T AR
S50 56 BB AE L T, AR A T Z
A B FCAT TR SR e K Ry 58.93%, A= TR IR B Y
Z AN ARG R 30.36%, TRAIERYL KK
23.21%. 4 57 (50 43) 5 HTHF (50 f3)Fe b v,
ATRIERE A T Z A0k AP B IRl 23%,
AJRIERE B T2 8 B AT IR R YL Ry 15%,
TRABRYLR 11% o X AH O 07 20 2 HhoAes I i) e
WatE R 100%, Y5008 4w —8, KW
T A PRA2 b B R 04 g FH A (A

25 Tk, ABFGE ST W Z E PCR ikl
Xif BEAL ARG ZF . M BRI AR B T U
SERE AT PGS BRI R A T, RO B A A
B AT R S AT T B R S, AT R
o7 FH 5
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