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WA RA, EZW A PERE . BRDC R AR 5 A B IR GL % UIAH OG, Horh 2 % 1 2 IRMF B
(Pasteurella multocida, Pm). &Il 1 = KA B (Mannheimia haemolytica, Mh)Fl i 4 v 55 10 K &
(Klebsiella pneumoniae, Kp)$5x& 5] #2155 m N E 205 5 . B EEIGRH B T4 H$iE R I697 BRDC,

P G P R TR 77 30 HRTERXT Pmy Mh R S A0 HO A B RTE S T, TCE
XF Kp MR S E, IR B Pm. Mhy Kp B2 BCE T . KL Pm. Mh. Kp =K
RS T X B BRDC B HEE Y.

Zrik: (1) SRJ PCR J K3 5 AN SIS A3 70 B/ 5 #k Pm. 4 ¥k Mh. 6 Pk Kp #EAT € R MM
TUMTE, SPNTHRRTE D BEDR L 2 B R A sl 40 B BOW IR 56 BT Pmy Mh. Kp BURTEH:
K FH 58 FG 2 R B2 o B 3B B (LDso) «  (2) K% 0 6 #k Pm. Mh. Kp BB HEKZ 0.25%
R KE 5, EH A, R, RS EAER, DARGRERES N TH 0d. 14d. 28d4H
H R R o s S /NBR, R E) 4 ELISA Aorill 6o 2 26 /N B L i rh Hu ARk, B 45 28 42 .d A
3xLDso 1 Pm. Mh. Kp # N EFEHATRE RS ARG, #0E 3 MR R R mE. (3 Himithm
34k Pm. Mh. Kp &H B KIERS, EH AWM. R BRSENMEFDHTHE 0. 14d, 28d &
T80 BT 73 s S e /N B B R ) ELIS A 58 AN [R) A% 77 =36 05 1l 71 e /N RS 7-119°d N 1gG
Fe 1gG RS HTAIE K HAEE ;. FIH BLISA W7 &l e )5 7. 42 d /NR MG H IFN-y. TNF-a.. IL-2.

IL-4. IL-6+ IL-10+ IL-17 53WhsK-F SRRk R0 B35 A IFN-y. IL-4 43 7KF; ELISPOT Al /)N iR
JUR AR ES 2 L TREN-y FR) 20 WA 7K s T LA A 3XLDso 77 Bt it i s v 46 07 ROIAT BB R ik 5t 3 Fhgm i
H5Hw. BRERMHEEE, 50T E 0d 14d SR N ES R, SR 4 ELISA Al 4
5 0-42 d If3E H PR K .

iR, (D) 5SERPm BN AR, 4%k Mh ¥y AL IER, 6 ¥k Kp 3 1 #ko K2 A, 2 ¥k K54
MiERY, 2 kv KS7 M8, 1 IR EMER; PmAL. Pm180. Mh95. Mh93. K17. K2 N
PPERGREE,  LDso 225124 109 cfu/ mL. 10%° cfu/ mL+ 107 cfu/ mL. 10%2cfu/ mL+ 105 cfu/ mL.

10%7cfu/mL. (2) 6 # Pm (Pm180. PmAl1) . Mh (Mh93. Mh95) . Kp (Kp2. Kpl7) 5.
Wl PR N A A IR S/ U AR R e 1gG, o PmATL Mh95. Kpl7 %257 & 435l
N 1x10"%fu/mL. 1x10°cfu/mL. 1x10%cfu/mL 7 A2 B4Ry PR LA K- SR B R 25 v T S0 Ath 3 PRI
RN (P<0.001) , HICERTIREH _EiA 3 AR A [F B bk S S RV 7L R 2R A
ZmEm T HRFEREH (P<0.001) , PmAl KEE/E HM. 3 &2 M FIEAAE RN 90%, MRk
FIHAFE 26 80%, Mh95 BE: & il WAL . B0 i< 2 i A7 15 2653 70N 90%. 80%- 80%, Kpl7
BUEE Jm MR 0 100%, W 38 2 RV R AT 50 109 90%- 80%. (3D PmAl. Mh95.



Kpl7 REF R . 36 2 BV 4N BRI RE P A4 R 1 1gG K 1gGl. 1gG2a 5 1gG2b
BUGUAR, A R /N B AR R X 3 o B PR B A K P AR 5 v T I R Ve 1) 5 B B 2 MR A R4 (P
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IL-4, IL-6+ IL-17 (530, e il 2/ R0 AR TL-4 73 Wb /KPR B 8 B 2 T IR . SR 2
MTEERIH (P<0.01) (P<0.001) , #5552 B4/ BB M IFN-y 2 W KPR S & T H
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Abstract

Object: With the continuous development of cattle breeding industry in China, bovine respiratory disease
complex (BRDC) occurs frequently, which seriously affects the production performance of cattle. The
occurrence of BRDC is closely related to bacterial infection. The occurrence of BRDC is closely related to
bacterial infection, among whichPm Mh Kp are important pathogens causing the disease. At present, the
commercial vaccines against Pm and Mh are whole-cell inactivated vaccines, there is no commercial
vaccine against Kp, and there is no multi-vaccine to prevent Pm, Mh and Kp infection at the same time.
Therefore, the study of Pm, Mh, Kp triple inactivated vaccine is of great significance for the prevention of
BRDC.

Methods: (1) PCR was used to identify the capsular serotypes of 5 Pm, 4 Mh and 6 Kp in the laboratory
and the virulence genes and drug resistance genes of the strains. The pathogenicity of Pm, Mh and Kp was
analyzed by bacterial pathogenicity test, and the median lethal dose (LDso) was determined by Karber 's
improved algorithm. (2) The Pm(Pm180 PmA1), Mh(Mh93 Mh95) and Kp(Kp2 Kpl7)were elected and
inactivated by 0.25% formaldehyde, white oil, propolis and astragalus polysaccharides were used as
adjuvants to immunize mice with different immune doses at 0 d 14 d and 28 d. The IgG in the serum of the
immunized mice was detected by indirect ELISA. On the 42 nd day after the first immunization, the Pm,
Mh and Kp with 3xLDso were used to carry out the challenge protection test to determine the optimal
immune dose of the strains. (3) The PmA1. Mh95. K17 were mixed by formaldehyde inactivation, and
white oil, propolis and astragalus were used as adjuvants to immunize mice by subcutaneous injection on
the backon 0 d . 14 d and 28 d. Indirect ELISA was used to determine the IgG and subtype in mice within
7-119 d after immunization with different adjuvant triple inactivated preparations. ELISA were used to
detect the levels of [IFN-y TNF-q IL-2 IL-4 IL-6 IL-10 IL-17 in serum and IFN-y IL-4 in spleen lymphocyte
supernatant on 7 and 42 days after the first immunization. The level of IFN-y in spleen lymphocytes of
mice was detected by ELISPOT. Then the challenge protection test was carried out by intraperitoneal
injection with 3xXLDso. The calves were immunized subcutaneously with 3 kinds of bacteria combined with
white oil and propolis adjuvant on neck on day 0 and day 14, the IgG in serum were detected by indirect
ELISA on 0-42 d after immunization.

Results: (1) 5 Pm were serotype A, 4 strains o Mh were serotype Al, 1 Kp was serotype K2, 2 were
serotype K54, 2 were serotype K57, and 1 was capsular indeterminate type. The LDso of PmA1, Pm180 ,
Mh95, Mh93, K17 and K2 were 105! 1063 107 1082 10>° 10%7 ¢fu/mL. (2) 6 Pm(Pm180 PmA1), Mh(Mh93
Mh95) and Kp(Kp2 Kp17) with white oil, propolis and astragalus polysaccharide adjuvants could induce
mice to produce corresponding IgG. The IgG levels of PmA1l, Mh95 and K17 with immune doses of

I



1x10'%fu/mL, 1x10%fu/mL, and 1x10°cfu/mL were significantly higher than those of the other strains
immune groups (P< 0.001). The protection rate of PmA1, Mh95, K17 with different adjuvant groups by
doses of 1x10'° 1x10° and 1x 10°cfu/mL in the challenge protection test was significantly higher than that
of the other immune groups. The survival rate of the white oil and astragalus polysaccharide adjuvant group
with PmAT1 challenge was 90%, and the survival rate of the propolis adjuvant group was 80%. The survival
rates of the white oil, propolis and astragalus polysaccharide adjuvant groups with Mh95 challenge were
90% 80% and 80%. The survival rate of the white oil group was 100%, the propolis and astragalus
polysaccharide adjuvant groups were 90% and 80% with Kp17 challenge. (3) The mice immunized with
triple inactivating agents with 3 adjuvant could produce IgG against Pm, Mh and Kp and IgG1 IgG2a and
IgG2b antibodies. The IgG levels against 3 bacteria with the white oil group were significantly higher than
those in the propolis and astragalus polysaccharide groups. The propolis adjuvant group could produce
IgG2a and IgG2b antibodies, the astragalus polysaccharide adjuvant group mainly induced mice to produce
IgG1, IgG2b and IgG3 antibodies; the white oil adjuvant group could induce the secretion of IFN-y 1L-4
IL-6 IL-10 and IL-17 in mice. The propolis adjuvant and astragalus polysaccharide adjuvant group mainly
induce IFN-y TNF-a IL-2 IL-4 IL-6 and IL-17. The level of IL-4 in spleen cells of mice in the white oil
group was significantly or significantly higher than that in the non-adjuvant group and the propolis and
astragalus polysaccharide group (P< 0.001). The level of IFN-y in mice spleen cells in the propolis and
astragalus polysaccharide group was significantly higher than that in the white oil group and the
non-adjuvant group (P< 0.001); After Pm challenge, the protection rates of white oil and propolis astragalus
polysaccharide group were 100%, 90% and 80%. After Mh challenge, the protection rates of white oil and
propolis astragalus polysaccharide group were 90% , 80% and 70%. After Kp challenge, the protection
rates of white oil and propolis astragalus polysaccharide adjuvant group were 100%, 80% and 70%. Both
adjuvant immunization groups produced IgG specific to 3 bacteria, but the IgG levels in the white oil group
were significantly higher than those in the astragalus polysaccharide group (P< 0.0001).

Conclusion: (1) Through the analysis of pathogenicity and antigenicity, Pasteurella multocida PmA1,
Mannheimia haemolytica Mh95 and Klebsiella pneumoniae Kp17 were screened from 15 strains of bacteria
as triple inactivated strains. (2) After immunizing mice and calves with PmA1, Mh95 and Kp17 triple
immunogens prepared with white oil as adjuvant, mice could produce higher levels and longer duration of
specific antibodies, and could resist the attack of wild strains. Calves could produce specific antibodies
against the 3 bacteria.

Key words: Bovine Pasteurella multocida; Bovine Mannheimia haemolytica; Bovine

Klebsiella pneumoniae; vaccine candidate strains
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$B1E %t AAFRFEMETEMNIL
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W Pm WML 2 46, BRE% S 5ME R 281 4. Dabol'8UA I OmpA RE
5HERBLEEDSEMNMSE Pm &iFHE E 400 . MarandiM 58 A\IFE H ARG Pm 1)
F A MLIE Al 2] OmpA H H NPk, REZE AW REE RIS R EEAEH .
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1.2.2 BEZ¥E
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1.2.3 FEMiE
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