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B E: [¥F %] FFR %R %4 4E(bovine respiratory disease complex, BRDC)Z W % & R A= % H %
EARSI ALY L AE M KA T4 FR A%k M. 514 BRDC #) ém%:ria%/ﬁi%ﬁi@mligmf
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ZH R BPA 5/698 . FAEE A 0.72% (95% CI: 0.2%—1.7%). PCR # |G it — 3 3t A A 5
HAmMA S B, ERFIMRERMEZKATE, L+ AR 14, A2R 34K, A6 & 44K, Bk /F
5| %! (multi locus sequence typing, MLST)% & 4 ST1 & 5 #&(5/8), ¥ A mF A Al #= A6 & ; ST2
A 3 Ak(3/8), AHmFA A2 A 20 MRS FAHERAFEH, L AL3AE 174, A:L6 & 44k, MLST
A ER ) ST B A= ST7T A, ST1 & 17 #(17/21), 334 A:L3 &; ST7 & 4 #:(4/21)4 A:L6 A,
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Isolation and identification of bovine-derived Mannheimia
haemolytica and Pasteurella multocida
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HU Changmin'??, CHEN Jianguo™"*3
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Abstract: [Background] Bovine respiratory disease complex (BRDC), a bovine respiratory
disease characterized by bronchopneumonia, is caused by interactions of multiple pathogens and
factors. The main bacterial pathogens causing BRDC include Mannheimia haemolytica (Mh),
Pasteurella multocida (Pm), and Histophilus somni (Hs). [Objective] To understand the
distribution and serotypes of Mh and Pm associated with BRDC in China. [Methods] We
employed PCR to detect Mh and Pm in 698 samples (359 nasal swabs, 321 tracheal swabs, and
18 lung tissue samples) collected from 698 cattle across 54 farms in 16 provincial-level
administrative regions including Henan, Hunan, Hubei, Zhejiang, Anhui, Shandong, Ningxia,
Gansu, Guizhou, Heilongjiang, and Inner Mongolia from July 2022 to January 2024. Bacterial
isolation and serotyping were performed on the positive samples. [Results] The positive detection
rates of Mh and Pm in the samples were 2.15% (15/698, 95% CI: 1.2%-3.5%) and 10.32% (72/698,
95% CI: 8.2%—12.8%), respectively. Co-infection was detected in 5 (0.72%, 95% CI: 0.2%—1.7%)
samples. From the positive samples, 8 strains (1 of serotype Al, 3 of serotype A2, and 4 of serotype
A6) of Mh and 21 strains (17 of serotype A:L3 and 4 of serotype A:L6) of Pm were isolated. The
multi-locus sequence typing (MLST) results for Mh showed that 5 out of 8 strains were of sequence
type (ST) 1 (serotypes Al and A6), and 3 strains were of ST2 (serotype A2). The 21 strains of Pm
included 17 strains of ST1 (serotype A:L3) and 4 strains of ST7 (serotype A:L6). [Conclusion]
This study isolated and identified the main bacterial pathogens causing BRDC in cattle with
respiratory symptoms in specific regions and revealed the prevalent serotypes, virulence genes,
and resistance genes. These findings lay a foundation for the development of related vaccines and
offer theoretical support for the prevention and control of BRDC.

Keywords: bovine respiratory disease complex; Mannheimia haemolytica; Pasteurella multocida;
bacterial isolation; PCR identification
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AR PRI PR 255 1iE (bovine respiratory disease
complex, BRDC)J& H T s Fe I 55 o 2%
s WL B IR AR SR 2 R R A
YERWM, DARwR BRI I 20 TR e Ji 5 4 S
VRS Z2 A I BT 5 | RS A A4 WP R e e T MILAA
52 3 N ORI S e A, B0 T A A
FEAEJI3 SR, AL R A DS S R S g
W RGP, HAIBIT A . A R FSE T3
GHENAFEF L ERE REFH K., 5k
BRDC 1 4 P 1 o it 3 28 ¥ I 1 2 QAT 1
(Mannheimia haemolytica, Mh). £ A% [ AT
i (Pasteurella multocida, Pm). i 2H 21 B4
(Histophilus somni, Hs)%:P, 21 j 4 J5 38 5 LA
5 A IR G IR B AP TE, AIFEE 3%
1) N7 ORI 5 R A, R R ANUAR S
S A SRR DT 5 | 1) A 2 410 o A 2 5 | A 4 TR
gk R BRGLEE R Z -, RE — HERKR
THUBR I & A &, BRDC RER 1 il A &
W BT KA 7 R AR e ) 32 R P
I, ASBIFTE R B [ 2 i X BRDC A&
o A= 1) S A B EAEAS X i 221 R AR AR 3
17 Mh Jz Pm /) PCR &G, X460 Ay B4 o
AT 4T B, A S sk 1) I 3 AR
Z A S F A1 43 B (multi locus sequence typing,
MLST). M 25R™, DI HE 7 M 2536 H 4%
AW B T fEIRIE BRDC 4 B 149 I 0 i
FFRU AR s, I R R R 2 W T 2%
I PR BT I6 A28 1 R ik 2 28 4t Rk S A i
A

i R

1.1 #m
FEASR IR T 2022 4F 7 F 5] 2024 4 1 A ],
MR, WL B WL BB IR, TR

Hr . Se . BIpvn, WNEEHSE 16 NHLIX
54 M3t 698 kAR 698 I AEA, HoAudE
AT 359 iy, BT 321 iy i ZH 2R
18 1y
1.2 EERFIFNER

AP L2 DNA $2HURA & , RARE LR
B AC) A BRA T O BAT e g F i, W E
AEYAE BAEA I, PERUN R A
WTRAA,; bR, SN A YR
FIABRAF . BERHIKAL, b —EY R
AR PCRAY, HUM P H B A BRAF
1.3 EHE

Ji% 25 M1 i K 5 A 7 (tryptic soy broth, TSB) .
[ 1 i K S8R (tryptic soy agar, TSA)FIK
L>iZ ¥ (brain heart infusion, BHI), BD /A #];
MH [ ¥ (Mueller-Hinton Broth), % & &&H% T
Ml e g T A e AR A BRA ]

MH N7 : MHB #7K 21.0 g/L, 121 °CK
15 min, M.

[ R MR R SRR SR AL TSA KK 40.0 g/L,
121 °CK & 15 min, %8 5%0Y LbBIIMAGHT A= 4
M3 BT 4R 4 2E IR AT, il A TSA [k
B 5L AR A i B AR (M4l ) o
1.4 455 PCR &M

20T 5L 2H DNA R BGRH) & %R
DNA PEATHEHEC, F PCR §" 3445 Pm, Mh H
R SRS KMT & LKT, K2l Pm . Mh 5467
b T R A R A BR A Fl & (3R 1) PCR
WK Z . 2xTaq Master Mix 10 uL, . T
514710 pmol/L)4% 1 uL,DNA £4% 1 uL,ddH,0
7 uL. PCR JJW 24 95°C 3 min; 95°C 15,
55°C 15s, 72 °C 15 s, 35 MEFF; 72 °C 5 min;
16 °CE BT -LF. PCR =W 1%I iR AE A
TRAGI
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Table 1  Primer sequences of LKT, KMT and 16S rRNA-specific genes
5194 B 5191751 /PNUN 1B AR E
Name of primer Primer sequence (5'—3") Size of product (bp) Annealing temperature (°C)
LKT F: GCAGGAGGTGATTATTAAAGTGG 207 50
R: CAGCAGTTATTGTCATACCTGAAC
KMT F: ATCCGCTATTTACCCAGTGG 460 55
R: GCTGTAAACGAACTCGCCAC
16S rRNA F: AGAGTTTGATCCTGGCTCAG 1500 55

R: GGTTACCTTGTTACGACTT

1.5 HENDBHELES

FEAE )L A AR vl 4R R 47 50 PCR
G 00 BE P 1 R it 3 e S A R £ 4 b i - A
W, BIET 37 CCR IR SRA 15 5% 18-24 h,
WAL TETE A B A K AB DL, K BERIh B 1B ik
P B TR PR B R T 5% F LAY TSA AR bk
fratifk.
1.6 ZHLEHREY 16S rRNA EEFFIEE

W AT 3 URalifb e 04 B AR (5 F 2 ok 72
PREAN A LN 4] DNA, I RAHAE AR, (20
i 16S rRNA J:KE 53R 1)iff17 PCR 1
16S rRNA JE[H F Bt . PCR JZ WAk & [A] 1.4, PCR
S 44 95 °C 3 min; 95°C 15's, 55°C 155,
72°C40s, 34 PMEIR; 72 °C 5 min; 16 °CE R}
TRAF PCR 7724 1% RE AR E B L VK AN /5 326
BB YR (A6 ) Bt A B2 BT DU 2
A BLAST (https://www.ncbi.nlm.nih.gov/) |- it
FTEEXT, DT 568 A0 B R o 28
1.7 PERKMFRERE

W 240 J5 1 4 B B PR A i P Al b R 2k
37 °CHi5% 18-24 h, UM LI, /5
IR S5 [ TS T 3 (3R 2), OWAR R
MW 1.4, PCR F=¥128 1 %35 BEHHEE I HL K G
W JE I EL 45 5 o
1.8 TEEMRE MLST 778

%t PubMLST (https://pubmlst.org/)® 3} F fF

PR AL 95 il 1 2 FCAT TR 1 48 5 [ (adk, aroE,
deoD, gapDH, gnd, mdh, 2wf) & £ 2%k I [ AT 6
)% % B K (Adk, aroA, deoD, g6pd, GdhA, Mdh,
Pgi)i#F1T PCR 43, I NAKRRFISAFR 1.4, 37
1 J5 26 R E RN A D) B A R A w1
I 25 S AE PubMLST (https://pubmlst.org/) [ i
FTEEXT,  DATIT 42 4R R A ST A4,
1.9 SDEEWRSHERRRAERLERE
X} 225 SCHR 6] B B 40 1% 1P 2
FCHAFER 9 25 10 FhEg AL, A d A MU B
RN SMEARE OGN | HEgE LSS
EAOCEN | BRES S E PR . = 50
WE AR DGR | AR B AL B AR G . 2
AR SCEE A | I Y TR A O 35 PR A A B A
KIERPIPETT PCR 473, LUK 225 SCHR([8]
1 H B 20 2 ) 2 5P L IRAF R 7 25 25 8
JIMCEE R, FRER S 4B . B R A
KEL L AME R I SCHE Y | AR A B Ak Bl
AHOCHE PR | MV PR VA DG S A | i B O R
AHOGIER | B R ARG 1T PCR Y71,
M. KRS 1.4 ]2 1.6 DIRIUY 8 FEA ML
PE S [FF BRI 21 BRZ R T IRAT IR 1Y DNA
Bk, BPR 8 RIS 21 P 24 2L N, (045 2 b
172K (aadA25, aadB) . 54 %5 2 (floR) | % 3 (StrA,
SrB) . FMEIATERZS(gnrA, gnrB, gnrS) . B-IN kAL
(blaTEM, blaOXA, blaSHV, blaCTX-M-2, ermA)
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*2 FEEMESE. LPS EFEASEFTASY
Table 2 Primers used for capsular serotyping and LPS genotyping

H AL 195751 P RN 1B R

Target gene  Primer sequence (5'—3’) Size of product (bp) Annealing temperature (°C)

Hyp F: CATTTCCTTAGGTTCAG G 306 53
R: CAAGTCATCGTAATGCCT

Corel F: GGCATATCCTAAAGCCGT 106 53
R: AGAATCCACTATTGGGCACC

TupA F: TGAGAATTTCGACAGCACT 78 53
R: ACCTTGGCATATCGTACC

hyaD-hyaC  F: GATGCCAAAATCGCAGTCAG 1 048 53
R: TGTTGCCATCATTGTCAGTG

bcbD F: CATTTATCCAAGCTCCACC 758 53
R: GCCCGAGAGTTTCAATCC

dcbF F: TTACAAAAGAAAGACTAGGAGCCC 647 53
R: CATCTACCCACTCAACCATATCAG

ecbJ F: TCCGCAGAAAATTATTGACTC 512 53
R: GCTTGCTGCTTGATTTTGTC

fcbD F: TCGGAGAACGCAGAAATCAG 852 53
R: TTCCGCCGTCAATTACTCTG

L1 F: ACATTCCAGATAATACACCCG 1307 53
R: ATTGGAGCACCTAGTAACCC

L2 F: CTTAAAGTAACACTCGCTATTGC 810 53
R: TTTGATTTCCCTTGGGATAGC

L3 F: TGCAGGCGAGAGTTGATAAACCATC 474 53
R: CAAAGATTGGTTCCAAATCTGAATGGA

L4 F: TTTCCATAGATTAGCAATGCCG 550 53
R: CTTTATTTGGTCTTTATATATACC

L5 F: AGATTGCATGGCGAAATGGC 1175 53
R: CAATCCTCGTAAGACCCCC

L6 F: TCTTTATAATTATACTCTCCCAAGG 668 53
R: AATGAAGGTTTAAAAGAGATAGCTGGAG

L7 F: CCTATATTTATATCTCCTCCCC 931 53
R: CTAATATATAAACCATCCAACGC

L8 F: GAGAGTTACAAAAATGATCGGC 255 53
R: TCCTGGTTCATATATAGGTAGG

T A 259 (sull, sul2, sul3). PUFFEK K (tetA, FH 2 Fh T i BB TRV 0 0l 42 o A I
tetB, tetH, tetG)LL & Z k2 (mer-1)JE R BIYEST R I8 . IR FZEERE . MR E A i . Bk
PCR Y, &M, KRES 1.4 K 1.6, L BAR R . RIS . VP R &

1.10 S EEHRAE LIS SR W ST T T RO AR AL E R, RS
PEBCETE 1.5 RE3Rp0 A EREVEA T HE O ANE O, BT 37 cCAESE R PR
AT 5. 7%, 24-48 h i WG @2k, K MHMEE,
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B BAE ().
1.11 D EEKREKHZANE

W 2liAb S5 1 53 B TR MRAE 1% Fh & 4 Fh T
BHI ;35 5, 37 °C., 180 r/min }5 3514 7% ) 1%
1% R B3RP T BHI 595 50, ey S
JEWRHC180 uL, fESAER, MASAMNEK
Mo AL 24 h JE B, EA T8RS B

2 ZEREH0
2.1 HEM PCRIEMER

PSR B REAAZ R 1 PCR AR, 43531
ot VS I Y G T % 22 2 T B G T S e O
LKT., KMT A7k, FrdS r= 9 28 da ik s i,

0] JLR /NS 5k 207 bp Fl 460 bp a7 4541
WA AE R UL 15 X 698 ByREA BEAT T A 1
2 RFF TR S 22 A8 P B IR TR R S PR R ) LK
KMT (ARSI, Az 28] 4 T — A~ 40 P Sk B 4 1)
Ve XH BEIYER, 450 SR i b 2 AT
W HEHISA 10 4, di 18.52% (95% CI:
9.3-31.4), Z 7 M B CHF IR FH M43 47 20 1,
di H 37.04% (95% CI: 24.3-51.3); MU I 1EE
AT B M 2 A1 B IRAF T A KE R E, B
PEREA 7914 15/698 . 72/698, BHEAS: H %
I8 2.15% (95% CI: 1.2-3.5) % 10.32%
(95% CI: 8.2-12.8), —FHIRAIRYAUA 5/698
By, BATEHRHN 0.72% (95% CI: 0.2-1.7) (3% 3).

E1 AMMHERTFEA)SZIMHERTEB) PCREMZER  A: M: DL2000 DNA marker; 1: Mh4;

2: Mh5; 3: Mh6; 4. Mh8; 5: FHM:XIRE; 6. FHPEXTHR, B: M: DL2000 DNA marker; 1:

Pml; 2:

Pm5; 3: Pm8; 4: Pm9; 5: Pmll; 6: Pml3; 7: BAMEXHAER; 8. PHPEXHHR,

Figure 1

PCR amplification results of Mannheimia haemolytica (A) and Pasteurella multocida (B). A: M:

DL2000 DNA marker; 1: Mh4; 2: Mh5; 3: Mh6; 4: Mh8; 5: Negative control; 6: Positive control. B: M:
DL2000 DNA marker; 1: Pm1; 2: Pm5; 3: PmS8; 4: Pm9; 5: Pm11; 6: Pm13; 7: Negative control; 8: Positive

control.

*®3 EREAEMFEAERZRAMR

Table 3 The number of positive samples submitted for testing and the field positive rate

2 BT 44 PR A PRAEFE A PR iR

Bacteria Positive sample Positive sample rate Positive field Field positive rate
number (95% CI) (95% CI)

Mh 15/698 2.15% (1.2-3.5) 10/54 18.52% (9.3-31.4)

Pm 72/698 10.32% (8.2—12.8) 20/54 37.04% (24.3-51.3)

Pm+Mh 5/698 0.72% (0.2—1.7) 4/54 7.41% (2.1-17.9)
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MR EEESR
TR EA s B I, SETE IR IE R
8 TR FE TR VR 42 B T M P Al b R 4 Ak 2k iR AT 4l
b, PRECRDEVE EA TR 2 R (i der, TR
2R 2% PR Y P I 2 FRFF TR 7 S SR
B ALY T 230 B R A AR e, O B BRORR
XA AR GTH; & R 2 8
EL ECAT A S o L T 22 B S A PR MR e, kAT
R G 2),
23 DERKIWILERETEER

Vs I A 2 ECAT TR RN 22 % 1 L PR T 6 %
LI ARG Z5 L 3 & 4. 300255 8 #k Mh,
Al B EE 12.5% (1/8)5 A2 B 5 HE 37.5% (3/8);
A6 BT I 50% (4/8); 4riiEl 21 ¥k Pm, A:L3 #Y
g7 1L 80.95% (17/21); A:L6 B (5 L 18.18% (4/21).
24 DEREKIENCRESER

HHE AR AHTE 408 F0E) DO O F i
P B FCAT A K 22 28 1k L FRAT T A AR 56 P9 8 kA 1
AARSE e, T UL I 2 AR R Y 8 AR B T
PRTENE & Wi e o R R U0 . TR from
WA N o i, PRE RS . MG IR Eh AT
W B, b EIRE . PR . v-P
I e 5 2 R I A A IR 45 R I, 2R
PEW IRAFIR Y 15 R0 B8 TR bR AE W A iR vh

2.2

A

20 pm

& 2

YIR K e DoF s, Hod 2 Bk e f fE R & %
VR Z BT | M Ak R 6 ) FH e 45 SR 44 R B M
BESERT . BiAb AR . RS . V-P iR
T 5 58 1 Mot S Tl X 0 5 SR B 0 R B 1k (3 4
%5).
2.5 DEEK MLST o RILER

X I LA 22 A TR A8 K B R R4 T PCR 373
FHM R . I P28 AE PubMLST (https:/pubmlst.org/)
AR, AT AN ST AL, Wit
FCAT A LU X5 5k ST1 ORI ST2 AU, ST1 & 5 ¥k
(5/8), ¥ M I 7% 780 A1 I A6 AU ST2 &I 3 #£(3/8),
RMLVERD A2 B Z R B O R E X5 5
ST1 YA ST7 AY, ST1 AY 17 ¥k(17/21), ST7 #l

4 ¥R (4/21) (3R 6 1 7).
26 NEEKRSHERRWMAERSE
ELER

VS I 2 AT B A3 B kg T B i
LKT. dnaA iX 2 FEZRIIEFE (K 5), BREE
A6 I Mh8 5 A4 5 HMRAFTEAR L fopA 5
PtfA By SE A 22 540, ASTR] I 3G Y 19 TR Ak 7
JIEDRIR DL B i 2 5 5 O[] i R 2 100%485 4
floR. tetB. strA. strB iX 4 Fizh¥sEN; £4%
PEE IRFF R 2R B0k A:L3 . A:L6 FIEE S
T4 S 48 5 R R TEA T (nanH) K 7 2% A ¢ 3 X

B

20 um

BMHERTEAOESAMERTEBMEZRERRRE

Figure 2 Microscopic image of Gram stain of Mannheimia haemolytica (A) and Pasteurella multocida (B).
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E3 BFMMESERTE AL (A)A2 (B A6 (OB RZRMHERHEMBE A Z(D) PCRENER A
M: DL2000 DNA marker; 1: Mh2; 2. FHPEXTRE; 3. BHYEXTER, B: M: DL2000 DNA marker; 1: Mh4;
2: Mh6; 3: Mh7; 4: BAVTEXTER; 5. BHEEXFAR, C: M: DL2000 DNA marker; 1: Mhl; 2: Mh3; 3:

Mh5; 4: Mh8; 5: PHYEXGHE; 6. BAYEXTHE. D: M: DL2000 DNA marker; 1: Pml; 2: Pm2; 3: Pm3;

4: PHPEXSRE; 5. FMEXTIR,

Figure 3 PCR amplification results of Mannheimia haemolytica A1 (A), A2 (B), A6 (C) and Pasteurella
multocida serotype A (D). A: M: DL2000 DNA marker; 1: Mh2; 2: Negative control; 3: Positive control. B:
M: DL2000 DNA marker; 1: Mh4; 2: Mh6; 3: Mh7; 4: Negative control; 5: Positive control. C: M: DL2000
DNA marker; 1: Mhl; 2: Mh3; 3: Mh5; 4: MhS; 5: Positive control; 6: Negative control. D: M: DL2000 DNA
marker; 1: Pm1; 2: Pm2; 3: Pm3; 4: Positive control; 5: Negative control.

El4 ZRMUHEBERMHERZELER L3 2A)RSZRMEERTERZEMLEE L6 BX(B) A: M: DL2000
DNA marker; 1: Pml; 2: Pm4; 3: Pm5; 4. Pm7; 5. Pm8; 6: Pm9; 7: Pmll; 8: Pml2; 9. Pml3; 10:
Pml4; 11: Pml5; 12: Pml6; 13: Pml17; 14: Pml8; 15: Pm19; 16: Pm20; 17 BATEXEE; 18. FHME:XT
B4, B: M: DL2000 DNA marker; 1: Pm2; 2: Pm3; 3: Pm6; 4: Pml0; 5. PHPEXIAR; 6. BAMEXIAA,

Figure 4 Pasteurella multocida lipopolysaccharide serotype L3 (A) and L6 (B). A: M: DL2000 DNA
marker; 1: Pm1; 2: Pm4; 3: Pm5; 4: Pm7; 5: Pm8; 6: Pm9; 7: Pml11; 8: Pm12; 9: Pm13; 10: Pm14; 11: Pm15;
12: Pml16; 13: Pm17; 14: Pm18; 15: Pm19; 16: Pm20; 17: Negative control; 18: Positive control. B: M:
DL2000 DNA marker; 1: Pm2; 2: Pm3; 3: Pm6. 4: Pm10; 5: Positive control; 6: Negative control.
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x4 AOMEBRARELRBER

Table 4 Biochemical identification of Mannheimia hemolytica

Item Mhl Mh2 Mh3 Mh4 Mh5 Mhé6 Mh7 Mh8
FLHE Lactose - - - - _ _ _ _
MM Fructose + . + - _ _ _ _

2 2E B Maltose - - - + + _ _ _

Pl h7{FHE Arabinose - - - - — _ _ _
ABE Xylose - - - - _ _ _ _
W% M Glucose +

T # K Mannose +

KB Fructose + - - - _ _ _ _
‘H #% 5% Mannitol +

LI BLWE Sorbitol - - - - _ _ _ _
TP Guaiacol - - - - _ - _ _
€3 T Indigo substrate - - - - - _ _ _

itk = Hydrogen sulfide - _ _ _ _ _ _ _
FHJE2] Methyl red - - - - - - — _
V-P _ _ _ _ _ - - -
M ERER Citrate - - - - _ _ _ _
JR Z il Urease - - - - — _ _ _
5,5 i 2§ Ornithine dehydrogenase - - - - - _ _ _

x5 ZRAMEBRMFEELAKRER

Table 5 Biochemical identification of Pasteurella multocida

Item Pml Pm2 Pm3 Pm4 Pm5 Pm6 Pm7 Pm8 Pm9 Pml0 Pml3 PmI8 Pml19 Pm20 Pm21

FLHE Lactose - - - - - - _ - _ _ _ _ _

WEBE Fructose - + + +

72 2 % Maltose -

Pl h7AF B Arabinose -

ABE Xylose - +

# % BE Glucose - +

H #& ¥ Mannose - +

JM# Fructose -+
+
+

+ + + — _

+ o+ o+ o+ o+ o+ o+

H # Mannitol -
1174 Sorbitol -
TFEE Guaiacol - - _ _
%E L Indigo substrate - - 0 — -
#ifb A Hydrogen sulfide — - - -
FH 24T Methyl red - - - - - _ _ _ _ _ _ _ _ _

V-P .
ML ER LR Citrate - - _ _ _ _ _ _ _ _ _ _ _ -~ _
JRZ [ Urease - - - - - - _ - _ _ _ _ _ _ _
L e I T . _ _ _ _ 4
Ornithine dehydrogenase

+ 4+ + o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+ o+ o+
[

[

+ 4+ + o+ o+ o+ o+ o+

|
|
|
|
|
+
|
|
|
|
|
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Table 6 Isolation of Mannheimia haemolytica strain
typing result

%t 'S SIE R 1t 375 MLST
Number Podocarp serotype

Mhl1 A6 1

Mh2 Al 1

Mh3 A6 1

Mh4 A2 2
Mh5 A6 1

Mho6 A2 2
Mh7 A2 2
Mh8 A6 1

R71T HZRUEBRTEIEEKRSTBELSE
Table 7 Pasteurella multocida isolate strain typing
result

% JBMIER PR ML R MLST
Number Podocarp Lipopolysaccharide
serotype serotypes

Pml A L3 1
Pm2 A L6 7
Pm3 A L6 7
Pm4 A L3 1
Pm5 A L3 1
Pmé6 A L6 7
Pm7 A L3 1
Pm38 A L3 1
Pm9 A L3 1
Pm10 A L6 7
Pmll A L3 1
PmI12 A L3 1
Pm13 A L3 1
Pm14 A L3 1
Pml5 A L3 1
Pml6 A L3 1
Pm17 A L3 1
Pm18 A L3 1
Pm19 A L3 1
Pm20 A L3 1
Pm21 A L3 1

(toxA), A:L6 BUAHEN 5 iR AR %
B Z AR HE A pfhA, T A:L3 B 100%45547 ; A:L3
RITG hgbB JE[K, A:L6 ¥ Hi K 100%; A:L3 Fll
A:L6 (M558 R LA AR R = 5 IR LT
A B-M I SEH (E 5-8).

Mhl Mh2 Mh3 Mh4 Mh5 Mh6 Mh7 Mh8

5 FIMERTESHER

Figure 5 Mannheimia haemolytica virulence genes.
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Figure 6 Mannheimia haemolytica resistance genes.
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fals
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Figure 7 Pasteurella multocida virulence genes.
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Figure 8 Pasteurella multocida resistance genes.
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2.7 DEEREREN

i F 4 B B A il e o A A0 45 21 )5 4
AR ) o B R AR R R 2R (8 9), SR I
PES AR 0-3 h MR, 4-8 h X HH
KW, RIF AR E R ; 2R B R RTE 0-2 h
FIRGEH], 36 h UE AXTEOE KB, RfJE AR
EW], AR AR M e 25 2R BT o H R AR TR S
TR LA
3 Wik

A W T P 255 AE (BRDC) W5 B2 Ji 14k
RO . S s 2R R N R, 5|5
FE 540 R FIBE T B F2 2 Il A, 0 Hs2 i Wy
WHEEA Flig s A4+ . 5 BRDC AH 5 B9 i 44
Ewiae, FEAUMEENES RFE. 280

EL ERATBAT L B0 8 2L R R S SRR S, e
A= S AN e AR

BT R IG RIRAT B R A 1, AS RSN
G RFEAUEAT T PCR AN . ANER A4 1, FR%E
FE T HARMIER . AW IR RE R I 698 43
FEATEAT T 35 1P 2 FCAT B B 2 8 M L AP I
FrSEE PCROAGIN , 75 1 52 FO AT 1 Je 2 Rk B
FCFF TR 19 BH A R 2 31k 2.15% (95% Cl:
1.2-3.5)% 10.32% (95% CI: 8.2-12.8), &Ik
YL FME R 0.72% (95% CIL: 0.2—1.7), %I
PE 2 FCFF B9 BH MR 280N I 2 % M 1 IR
LTI 22 R M B AT TR A I DR 77 A 1Y) 5% T ¢
K, BT B AN A, A kB
mES AR DL A6 TR F, [ 50% (4/8);
Z AR AR LA Pm AL3 B3, (5 1 80.95%.

| 1 1 1 1 ] 1
0.0, 0.0,

0'0 L I 1 1 I |
0 5 10 15 20 25

Time (h)

0.0 L 1 1 1 1 1
0 5 10 15 20 25

Time (h)

B9 AMMERVFESEZRMERFEFIEMBREKIMLE A-C HFMIESRHE A1, A2, A6
RUERKMZ, D EWZAMEERFE A:L3, A:Le B KiZk.

Figure 9 Growth curves of different serotypes of Mannheimia haemolytica and Pasteurella multocida. A—C
were the growth curves of Mannheimia haemolytica A1, A2 and A6, and D and E were the growth curves of

Pasteurella multocida A:L3 and A:L6.
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AT AE R IS 0 B DL R B, 2018 4, #15C
SEU2VRE 0 ) 1] b, DX W 3 PR 2 1 S 58 3 1401 7 4
BT, Sy E] 10 RV I 2 A I BN
A6 B 5 A 22 5 W AU A b b DX ot 1
SR HE T8, AL B 66.67%, A6
ii bt 33.33%; 2022 4F, RARFIINFRE NS
HIADC Wb . ARG B E] 11 bR k=
FOAFRE, o ALT 7 Bk, A6 B 48k, /i
F| 12 Bk RIEERATRE, 288 A B Ak
JEI A S S 75 1 48 16 SEAE A= TR N 4y B 31 &2
A AR A:L3 B, 1] DLE Bl A1 B AT
B ARSI GE A BRGSOkl vy, oA
F5E & ARSI 35 R A RUSI61TT 22 | R if 5% 2%
ST LA B AP [ A U I 2 R R
WATHEOLLL AL. A6 b3, PRI Wil
TR E W A P IRA T AR Z AN AT P
TATHERN A R, BT DAY i A 22 5P L IR
FRTE A BUAH G ¥ I

ARG R I B FCAT R B 2 AR ML B
FFIR AT 200 5 )7 F1 0 B, &30 MLST 4 Fi 28
R —, IR B EEEURE T AL,
A6 AUy ST1 AL, {45 1 A2 7k ST2
Rl MOCEHFR R, H&H WL ST1 BUKRZ 407
BIME AR B ok, SR LAY ST2
R SR AR B RS X AR SR I Y
Mh MLST 43125 5 —%; Hotchkiss AW
FH, 105 MR A E RS ST1 AN,
A AT & 3 Pm 9 MLST LK B ST1 M &2,
XA S AB T 45 R — B

A B T T 25 W RE AT R TS AR T
PRI, 4 IR WIS I 2 AT R X 2 Fh 25
B, AT LA IR AR T PR AL R K BPER AN
95 2F T 43 B B Y 22 28 1 B EC AT 1 % i
T 25558 44%, T B35 SE Bk B BT AN [R]
S DNIOE R ER7 B E 2= d W AW S R7-POF=IE )

T 2050k 10%, XA RN 2R N 2.5%,
XRED R L ZEAR A, AR50
10%H1 5%, XTPUARER . BRI E MK KER
100%BUR% , (H 2R 24 P AR BUSSR AU 27.5%.
AT B R IR R . PR R LR
K e 75 R FERUER EXTEE R 25 R B 100%
fEORK, Uk BHAS [R) b DX PR 7 B I 25 2T AN
6], BRIk AT 25 P R AH A, FLA 56
2l 2 TR ) 45 L AT 2 35 IR A 0 ) 45 SR AT 22 5%
25 T B B AR P AE T 25 T RE e 2 R AE
FH & R S5 , IATT S BI 2 26 7Y 5 3k IR 4 51
AT

4 B

ABFSEE POR A Ak 40 | PR
FALSEHLIC TG 16 A H X O A B L7 4 IR U
9 5 1 L A R SR, 78
VAT 5 M PERERE S TP 485 8 Bl L 2
FORF A 21 k2 A HE B FCRF I, 6% B0 2
FRHEEAT AM0T, BB AT SR LA, O
ORI 3 90 T2 0t LA 25 5% AT
GE R DA TR T k08, I FLAr s
B e S AT B R L, AT
— A B
B

R A 24 0 W25 ) 225 ) A
SAME B AR BB AR o R B R
KA SCEE s B 1 B AR IR A R L 3
0 T AR S 4 5 D
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