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Abstract: This study aimed to identify the suspected pathogens causing rabbit mortality in a large-
scale meat rabbit farm in Ningxia and analyze their pathogenicity. The causative pathogens and their
pathogenicity were determined through necropsy of deceased rabbits, bacterial isolation and culture,
16S rRNA sequencing analysis, PCR identification, antimicrobial susceptibility testing, and challenge
experiments in mice and rabbits. Results showed that 3 Gram-negative bacterial strains were isolated
and identified as capsular type A Pasteurella multocida, Proteus mirabilis, and Escherichia coli
through 16S rRNA sequencing and PCR identification. These strains were designated as QF24-
PmoO1, QF24-Ps02, and QF24-Ec03, respectively. Antimicrobial susceptibility testing by the Kirby-
Bauer (K-B) method revealed that QF24-Pm01, QF24-Ps02, and QF24-Ec03 exhibited resistance
to commonly used clinical drugs such as penicillin, kanamycin, and enrofloxacin, but were sensitive
to ceftriaxone. Detection of resistance genes showed that all three isolates carried resistance genes
aadB, strA, strB, blargy, and sul/l. Virulence gene analysis indicated that Pasteurella multocida
carried 16 virulence genes, including exbB, exbD, and hgbA ; Proteus mirabilis carried ureC, zapA,
atfC, atfA, and pmfA; and Escherichia coli carried eaeA and fimC. Mouse pathogenicity
experiments revealed LDs, values of 9.27X10° CFU, 1.43X10° CFU, and 1.88X107 CFU for
QF24-Pm01, QF24-Ps02, and QF24-Ec03, respectively. The results of the mixed-infection
pathogenicity assay in mice showed that mortality occurred at 9 h, 18 h, and 16 h post-inoculation in
the QF24-PmO01, QF24-Ps02, and QF24-Ec03 groups, respectively. In contrast, the QF24-
PmO1+QF24-Ec03 and QF24-Ps02+QF24-Ec03 co-infection groups exhibited mortality at 6 h and
13 h post-inoculation, respectively. Histopathological analysis revealed that both single and mixed
infections resulted in tissue damage in the lungs, liver, and intestines. The primary pathological
changes included pulmonary interstitial edema, capillary congestion, and neutrophil infiltration;
hepatic steatosis and disordered hepatocyte cord arrangement; as well as intestinal epithelial shedding
and villous rupture. In the rabbit pathogenicity assay, all rabbits in the QF24-Pm01 + QF24-Ec03
co-infection group and the QF24-PmOl group succumbed at 24 and 36 h post-inoculation,
respectively. The mortality rates at 7 days post-inoculation for the QF24-Ps02+ QF24-Ec03, QF24-
Ec03, and QF24-Ps02 groups were 60%, 20%, and 40%, respectively. Necropsy findings
demonstrated that rabbits in the QF24-PmO01+QF24-Ps02+QF24-Ec03 co-infection group
exhibited pulmonary congestion and edema with a ground-glass appearance, as well as splenic atrophy
and dark brown discoloration. These pathological changes were consistent with the lesions observed in
clinical necropsy examinations of affected rabbits. This study demonstrates that the pathogenicity of
Pasteurella multocida 1s enhanced when co-infected with Escherichia coli, and that Escherichia coli
and Proteus mirabilis exhibit increased virulence when co-infected. Therefore, co-infection with
Pasteurella multocida, Proteus mirabilis, and Escherichia coli may be the primary cause of high
mortality rates in meat rabbits at the studied facility. Consequently, in addition to preventing
Pasteurella multocida infection, control measures against Escherichia coli and Proteus mirabilis
should be reinforced to reduce the risk of mixed infections and associated mortality.

Keywords: rabbit; Pasteurella multocida; Proteus mirabilis; Escherichia coli; antimicrobial

resistance; virulence gene; mixed infection
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il 9 L= R AE R AES . SR YA AR A R S
L BURE PR R FLME AR RS SRR L i T
5| M A B I, B A A S R N R AT
AR, R T4 7 AR TR AT I 51 R /Y 2 Fh 3l W) 8 g 1
B MR 2 AT R K B 7R H
o) 5 480 P R v R X A S AR AT R A B AR o
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[Fi] g it T YR 5 e g %) 5 e L DA I Sk R A T P R
W £ W R YT 5 B E S R A AR

1 #REFE
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(Tryptone soya broth, TSB) | ik & A if K & & 5
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FHBEAYHE ARG ABRA R R R, WA
IR E R AW R A BR A R BAR M W A i
M A HARB R A ;2 X Taq SuperMix, 1§ H
it ER s A R A R

H BB (ICX41, T sk TALS A RA A ;
PCR 1% (846-x-070-301, Biometra) ; {8 Ji 5 3% 46
(HWS-160Y, 7 3 B 2 52 560 A 2% A BR A 7)) 5 15 i
P& 3% K5 97 46 (ZQLY-180V, b AL 28 A R A
Al ) s S R B HL(GTR320C, # g l s AL 7% 3%
A PR T B AR £ 58 (GelDoc-Tt, 12 [ B &2
Sy BT AR A BR A | ) 5 w3l A W 2k Kl 22 o
% 4t (MicroScreen, 7y R X #% il & ( K ) A R
YNCID
1.2 REHE
1,21 I R ) K B 40 B 43 B K 9% X3 HAET:
FARIEATHIRE , JO TR R 4O I RN 4180, R 2k
Bz P F I B (1 PR R S BBR B % RN 22 R L3 A B
FREE BT A 37 CCHE IR 1 FR A B 97 24 he PREL
AR B SR L A (R 2 B B T R £ 4 R B R
JoR K 0 B B 3R B RN 22 e I B AR R R ARk — 20 Al
b o B2l Ak 5 B TR T AT A 2 e, 2D IR AT A 4o
TR REERA T EBE A bR E A E
2) 0 N4 G YL 40 s, KUk 5 3) T INBLE YL 40 s, K
Ves4) 1 95% (5 30 s, 7 Bl K ¥k 3 5) T 41 42 Y
50 s, K VB T 56) M BE (100 ) Mg Y a5 4 .
1.2.2 HFAEw¥%EE 4l Ak 5 ) BT VR R
F TSB K ## 3£, 37 °C, 200 r-min 'J& 3% &5 3% 16 h,
DL N A, i o PCR 3 38 B G AT 18 ezl 45 57
PRI VIR A B.DEF B3 F 4 5 i A 16S
rRNA L 51 E B W 1, PCRY KRR H K
BAR 1.5 pl, B N URRE RS 4% 1.5 pL (VR B
10 pmol-L.7") , 2XTaq SuperMix 15 pl., ddH,O
10.5 pLo PCR [ W & ¥}y : 95 ‘CHl 22 1 5 min;
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95 °CAF 15 s, Bk 15 s, 72 ‘CLEAH 40 s, 34 NG,

2524 8 16S rRNA P73 77 ) 1% 24T M i 2 A= ) 44

72 ‘CHEAH 5 min, 4 CLRAF 8 i BER KA 4% RARAENF.
x1 51MER
Table 1 The detailed information of primers
175 74 P 519541 (5—>3") Fr BeR/N/bp Z:7% SCHR
Serogroup Genes Primer sequences (53" Fragment length References
All kmt1 F: ATCCGCTATTTACCCAGTGG 460 [13]

R: GCTGTAAACGAACTCGCCAC
A hyaD -hyaC F: TGCCAAAATCGCAGTCAG 1044 [13]
R: TTGCCATCATTGTCAGTG

B bedD F: CATTTATCCAAGCTCCACC 760 [13]
R: GCCCGAGAGTTTCAATCC
D dcbF F: TTACAAAAGAAAGACTAGGAGCCC 657 [13]
R: CATCTACCCACTCAACCATATCAG
E ech] F: TCCGCAGAAAATTATTGACTC 511 [13]
R:GCTTGCTGCTTGATTTTGTC
F febD F:AATCGGAGAACGCAGAAATCAG 851 [13]
R: TTCCGCCGTCAATTACTCTG
16S rRNA F:AGAGTTTGATCCTGGCTCAG 1492 [14]
R:GGTTACCTTGTTACGACTT
1.2.3 RGKE oM 403 B TR B Y 16S TIRNA W QF 24-Ps02 F1 K B #F B QF24-Ec03 B ) 43 7l #2

7415 NCBI#UHE £ 16S ribosomal RNA sequences
HEAT LE X, IF T R IR F 4 . i Mega 11. 0 3k
Xt A 5T 0 16S rRNA 751 AT 2% A9 ] 5 471
AT align 43 #7 , 38 £ Maximum Likelihood 7 #4 #
REREW.

12,4 43 B9 T bR T 24 5k DR 2 g ik DR ARG ) %
ZCERL15], AT 2L A Hm R FHLZL
20 Fhit 25 BRI 51 ¥ . 2% SCR[15-17], & A 24 Fh
UL P B 0 B AL, 8 ol e 248 B A 11 25 ) ik PR R
L3 TR RS AT B 25 S0 B 51 9. 5140 34 s AN o I A=
MEARARAF G . PCRE &ML 2,27,
1.2.5 Z98As MR SC G IR 50 56 = An E AL
Z A 2 b, R Kirby-Bauer 4% 1 97 Bl i , 18 U
R LR NN RN 7 NS SE O = S SR O 11Y 7 NSO /A
BIKRE RIF&GER BEER KRER UWHER . £
TR BB E R E &R & Ha
BRI E N ER SRR B NS R M
R 20 Bl 25 B 4R R 2EAT 25 O, RS CLSTER 31/
M 100 B B i 24 3 50 SCR S 0 47 45 SR 0
1.2.6 43 &5 o bk AR Al 2l 2 7 e 38 1B
Az Wy HE A 2R 23 B 2R B8 MlicroScreen I 5E 7 B T Bk
A Rl 4, B AR T R TR A R R - 1)K IR AT
W QF24-PmOl W M T 1 mL MTB, & 72X FF

i 71 mL TSB, Bk E X E 3N EE A, IFRES
FI0E A S 2) 85 B R g 1 48 FLBUCA I 3% Al 1, %
R . 3 A S BORE - K 600 nm, i
37 °C, %% 800 r-min ', [A]f% 1 h &l — % OD A , ik
¥ MK 24 h 4)f# ] GraphPad Prism 9. 0 &b B Ji
LR I 22 AR R M R .

1.2.7 il

1.2.7.1 /MR FH XL Pk QF24-PmO1 HL 14 V%
R T MTB, QF24-Ps02 Fll QF24-Ec03 B 14 7%
F T TSB,37 °C,200 r-min '"#E% 155 . 3k B
HHReaNHAERKN . B EREWH4°C,5000r-
min ', &0 5 min, 3 B, A SE & PBS it T E
o BT BOR TR EBORE o % 100 2N
SR AL EE AL BE 2L RIS SN, B 4 4, B
i ESANEE RYE L, P8 3R B R e
e R ECH 107,107, 10°F1 10° CFUmL ' 4 48
JEE o T T S AR N T B R ) QF 24-Pm01 . QF 24~
Ps02 F1 QF24-Ec03 B ¥ 0. 2 mL. ic 556 7= B [A] ,
TR i LDy 55 AN 841, 4
BB SR MR LD il 56 45 5 8 B R e
10" CFU-mL "o RIS i 9 7 X7 8Os, 0%
Fl A 0.2 mL- H 581 20 341/ B4 3 i 4 1
® QF24-Pm01 . QF 24-Ps02 Fl QF24-Ec03 B4 W ;
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# QF24-Pm01 . QF24-Ps02 #il QF24-Ec03 14 ¥ %
1o 1: 1 VAR R AT IR A o 40 4 417 4T QF24-
Pm01 5 QF24-Ps02 IR & W W ; 55 5 41 7 5 QF24-
PmO01 5 QF24-Ec03 & 4 1 i ; 4 6 411 4 QF24-
Ps02 5 QF24-EcO3 18 & W W 5 55 7 41 7 9 QF24-
PmO01.QF24-Ps02 #ll QF24-Ec03 1R 4 B Wi ; 45 8 41,
X HEZH 7 49 45 B PBS. TEE e, 10 sk /0y UGS floiR
A BT A], JCBR % 1 T R 5T TN B, 2R AT 4
TR 73 125 4 S I R B VR B ZU 2 D)

1.2.7.2 FBRICEFIRE AR TR K 33 ®
W B ¥ E 10° CFU-mL ' # 40 2 %K % 40 i
84 AR ESANEE , RIH Sk bk 4 o7 X ik
I, EME NI mL- A1 58 T4 5 QF24-
PmO1 B ; 565 2 41 78 5 QF24-Ps02 B W5 56 3411
55 QF24-Ec03 W W - QF24-Pm01, QF24-Ps02
M QF24-EcO3 B Wi #% 1: 18 1: 1: 1A FH e k47 1R
Ao AHTES QF24-Pm01 5 QF24-Ps02 IR &

W3 55 5 40 TE S QF24-PmO01 5 QF24-Ec03 18 &
W5 55 6 ZH 1 5T QF24-Ps02 5 QF24-Ec03 1R & &
W5 85 7 AR RS QF24-PmO01 ., QF24-Ps02 il
QF 24-Ec03 14 B8 W ; 5 S 2, 4 MR 2 R i i 45 i
PBS. W51 57 5K G RS #OIR 25 R B8 T B ] £
FIBET R A, WS A ) s BR AR Ak .

2 # R
2.1 IGEKE®

Il PR 5] 4G 93 B e, WL %€ 2% TN JUE 2% B 1Y R A8
A, il 7 1 i B A B I S R B IR (L 1A AR AR
% 4 b B A 9 50 BT IX T BB U2 T 2 R M IR AT
PR . N 2E 4 R AR A (BB 5 IR U i
(E1C) s '5 BA U] WA 2R i 52 (B 1D) 5 fiz 1 W]
WO, W REAR B RS A B i 1
Fe R RAR Y BT (B LE) 200 28 5 K AT 18 30
o i PR AF AL BE 45 1

AL Bl B. B CLBF;D. HBE B
A. Lung; B. Spleen; C. Liver; D. Kidney; E. Intestine
1 RERIKE

Fig.1 The necropsy examination of deceased rabbits

2.2 FEHSBESR

2o DB 4y B Al R L e RBEKE A3 H
I3 HE K G 1 0 JHE R T 38 2 B 3 R 2 B M T
(E2). WEE KI5 B bk ATE TSA 55 3 B4
KB, 76 4576 N A 90, Bl &6 1Y I F 18

TR B SR EARA K . HRR BTE TSA #5597
He b B T OV AR R R 0 R 2R AR TR
Ry R A A, I 52 B0 R WA TE] 2 = SR HES 9 T
IR F [ AT ] 00 8 P R o R B
PLBIR A L % B AR E O & 2 i ] L S B
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W% B AR CTE TSA Ki e Sk R E W ol 3 o i
W e R DLW BT 0K N T

FEBLBIE P Al bR T8 8 IR G R E 6T R A
W2 /N T

ALB. SR ERERR A S SR R VR OR  B5UIR R R 22 RE B BRUI B R A LA TR VE IR A CL A BRI AR A 22 (1 000<) 5D
E. 7> B PR B 2 576 1 2 WK S BN B 9% 25 A A2 FRBLIUIR 35 97 b A RVE TR 455 F. 20 BBk B 22 e (2. (1 000 ) 3G \H.
IR B TR C I 78 T 2 1 R DR 52 B0 0 5 2 A 22 RE DL B e 3 2 LA R3S S L h B PR C 2 2 6 (5.(1 000 )

A, B. Colony morphology of isolate strain A on TSA medium and MacKay agar medium, respectively; C. Gram staining of

isolated strain A (1 000X ) ; D, E. Colony morphology of isolate strain B on TSA medium and MacKay agar medium,

respectively; F. Gram staining of isolated strain B (1 000X ) ; G, H. Colony morphology of isolate strain C on TSA medium and

MacKay agar medium, respectively; 1. Gram staining of isolated strain C (1 000X )

B2 ZHABEENBSMERFENR

Fig.2 Observation on morphology and culture characteristics of 3 strains of isolated bacteria

2.3 HTEYMZFLTERREELENN

LA B.CHMENBIRR , Bk AY R T
kel FE PR, 2 W43 B R A AT BEJE 2 RV RAT
(& 30) , ¥ — 38 5 PCR LW 50 % 52, & % 4 bk
R A R 2 M L ECRE T (R 3ID) o il Al T
16S rRNAGE 5P 83 174 B Wk A BRI CHY
16S rRNA Z& a7 (Bl 3111) B¢ 97 348 7= 9 3% 2\ =) i 47
Sanger ¥ . RGEK BT E 4 Frs . 535
Bk A 5835 0 NR041810. 119 £ A% Pk B R AT
] U5 1 ol 99.93% (& AA) | 0K H iy 44 QF 24-
PmO1; 43 B Wtk B 5% 5% 5y NR043997. 1 i) 41 5
AR AT 1 R R 4 99. 79% (1 4B) , B0 Hodr 44 4
QF24-Ps02; 43 25 &tk C 5 % 5 % i NR074902. 1
49 K B K T ) M S 99. 29 % (&1 4C) L s Hofir 44
1 QF24-Ec03,

2.4 MAREMSHAEARULER

4y B B Bk QF24-PmO1 ., QF24-Ps02 F1 QF24-
Ec03 fy it 24 36 M (% 2) fag Sy 5 (£ 3) PCR Y™
S50 3Bk O TR AR AR B AT A BHE T 2R T 2 R
aad B ; 5 % R 2L 25 & K serA RN serB s B- WY Tk i 2
i 245 3 (K bl s B8 B DS T 245 IR sud 1. R 2R St
25 5L floR | B~ N B Rl 25 Tif 25 56 R blaox, FVRE i 25
it 25 3 A sul2 L FE QF24-Ps02 W 7 £ . QF24-
Ec03 i E A MU 3 2R S i 24 5 A rer A T M 5 i) 256 i
25K gnrS.

45 0 R, QF 24-Pm01 A 4k B 1%
BUH T exbB . exbD . hgbA . hgbB Fl tonB; Fh Bt &
K I fimA | hsf2 T ptfA 5 BB (A &3 H ompH |
PLpB. pst. plpE 1 oma87; #8 A b ¥ 1 1k B 3 [H
sodA ;W YR TR 1% B8 AH OC 55 Rl nanB 5 175 BH R R AH OC %&
B pmyase QF24-Ps02 H-AG Ik i 47 5¢ 3 A wreC, 45
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bp bp bp
2000 2 000 2000
1000 1000 1000
750 750 750

500 500 500

250 250 250

100
100

L kmel FeH 938 M. Marker; 1. /- B MK As2. 0 BRI B; 3. 48 B TR CsN. BIPEX I P 28 CIRFFA . 1L 20 B TR Bk A
SJE RS IV AU % S5 SR M. Marker; 4. 2RI IE AR ;5. SEMEMVE B AL ;6. JEMLMTE DAY ;7. JEMEIME E AL ;8. JEME MG F AL
N. BPEXE R, IO 435 B Ak 16S IRNA &I 455 . M. Marker; 9. 28BS Ak A3 10. 43 BT bE B3 11, 43 B Bk C 5N B o:xt i

1. Amplification of kmtl gene: M. Marker; 1. Isolate A; 2. Isolate B; 3. Isolate C; N. Negative control; P. Pasteurella multicide.

100

II. Identification results of serotype of isolated strain A capsule: M. Marker; 4: Capsule serum type A; 5. Capsule serum type Bj
6. Capsule serum type D; 7. Capsule serum type E; 8. Capsule serum type F; N. Negative control. Panel III. The amplification
results of the 16S rRNA from the isolated strain: M. Marker, 9. Isolate A, 10. Isolate B, 11. Isolate C, N. Negative control

B3 SEEKm]EE EEMEER . 16S rRNA K5 R

Fig.3 The results of PCR amplification for the isolated strain’s kmt1 gene, capsular serotypes and 16S rRNA

A QF24-Pem01
100% NR 041810.1 Pasteurella maltocida ssbsp. septica stezin CCUG 17977 168 ribosomal RNA partial saquence
100% NR 115138.1 Pastenrella multocida subep. septica strain PM24 163 ribosomal RNA partial sequence

NR 115137.1 Pasteurella multocida strain NCTC 10322 168 ribosomal RNA partial sequence

100% 100% NR 115136.1 Pasteurslla multocida subsp. gallicida strain NCTC 10204 168 ribosomal RNA partial saquence

100%

NR 041811.1 Pasteuralla multocida subsp. gallicida strain CCUG 17978 168 ribosomal RNA partial saquence

100% 190% NR 041809.1 Pasteurella multocida strain CCUG 17976 168 ribosomal RNA partial sequence

NR 118749.1 P: ila dagmatis ATCC 43325 168 ribosomal RNA partial sequence

97% NR 118748.1 stomatis strain ATCC 43327 168 ribosomal RNA partial sequence

99% | NE 11B747.1 Pastenrella cania strain ATCC 43526 168 sibosomal ENA partial semence

NR 025073.1 Haemophilus felis strain ATCC 49733 168 ribosomal RNA partial sequence

B 97% QF24-Ps02
&E NR 043997.1 Proteus mirabilis strain NCTC 11938 168 ribosomal RNA partial sequence
100% NR 113344.1 Proteus mirabilis strain JCM 1669 168 ribosomal RNA partial sequence
NR 114419.1 Proteus mirabilis strain ATCC 29906 168 ribosomal RNA partial sequence
97% NR 179961.1 Proteus cibi strain FI2001126-3 168 ribosomal RNA partial sequence

96% { NR 115878.1 Proteus vulgaris strain ATCC 29903 168 ribosomal RNA partial ssqence
e { NR 181529.1 Proteus fascis strain TJ1636 165 ribosomal RNA partial sequence
95% NR 179839.1 Proteus fascis strain TJ1636 16S ribosomal RNA partial sequence

NR 159332.1 Proteus columbae strain 08MAS2615 168 ribosomal RNA partial sequence

[ NR 149294.1 Protens terras subsp. cibarivs strain 1S9 165 ribosomal RNA partial sequence

98% | NR 146019.1 Proteus terrae strain N5/687 168 ribosomal RNA partial saquence

oo [ QF24-Ec03
NR 0263321 Shigslla dysenterias strain ATCC 13313 16S ribosomal RNA partial sequence
\W‘: NR 136472.1 Escherichia marmotas strain HT073016 16S ribosomal RNA partial sequence
NR 0749021 Escherichia fergusonii ATCC 35469 168 ribosomal RNA complete sequence
1000% NR 027549.1 Escherichia fergusonii ATCC 35469 168 ribosomal RNA partial ssquence
4‘; NR 1049011 Shigsita boydii strain P288 168 ribosomal RNA partial sequence
100% 100% NR 025569.1 Escherichia afbertii strain Afbert 19982 168 ribosomal RNA partial sequence

NR 104826.1 Shigella sonnei strain CECT 4887 168 ribosomal RNA partial sequence

100%

NR 114079.1 Escherichia fergusonii strain NBRC 102419 168 ribosomal RNA partial sequence

100%

e NR 114042.1 Escherichia coli strain NBRC 102203 168 ribosomal RNA partial sequence

09% L NR024570.1 Escherichia eoli strain U 5/41 16 sibosomal RNA pastial sequence
A. QF24-PmOL(Z A PEE AT H) ;B. QF24-Ps02(FF FAEIATH) ;C. QF24-Ec03( K %)
A. QF24-PmO1 (Pasteurella multocida) ; B. QF24-Ps02 ( Proteus mirabilis); C. QF24-Ec03( Escherichia coli)
B4 HBHERETI6SRNA EFAFIWRFELEER
Fig. 4 Phylogenetic tree of isolates based on 16S rRNA gene sequence
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Table 2 Drug resistance gene test results

He [N 2T A QF24-Pm01 QF24-Ps02 QF24-Ec03
Gene classification Gene (Pasteurella multocida) (Proteus mirabilis) (Escherichia coli)
2 FMEH 2% Aminoglycosides aadA25 — — —
aadB + + +
S % Chloramphenicol class floR — + —
PO ¥R 2 2 Tetracyclines tetA — — +
tet(H) — — —
tetB — — —
tetGG — — —
BEFE F 2 Aminoglycosides strA + + +
strB + + +
A2 Quinolones gnrS — - +
qnrA — — —
qnrB —
B- N Mk 2 blariy + + +
Beta-lactam antibiotics ermA _ _ _
blaoxa — + —
blacrx-s — — —
blag,y — — —
Z K2k Polypeptides mer-1 — — —
it e 2% Sulfonamides sull + + +
sul2 — 4 —

CTRIR A — RN B

« » - «__» .
+ " means positive; “—" means negative

R3 BHERBRMNER

Table 3 Results of virulence genes detection

& AT ICH 1 53 K K B
Pasteurella multocida Proteus mirabilis Escherichia coli

A 45 7 IR & A 45 7 SR £
Virulence gene Results | Virulence gene Results  Virulence gene Results  Virulence gene Results
exbB + oma87 — ureC + astA —
exbD + oomph + mrpA — cva/cvi —
hgbA + plpB + zapA + eaeA +
hgbB + psi + atfC + fimC +
tonB + PIE + atfA + JyuA —
Sfur — soda + pmfA + hiyF —
fimA + sodC — ucaA — irp2

hsf1 — thpA — rsbA — iss

hsf2 + nanB + papC —
PIA + nankH — SitA —
pIMA — pmHAS + stxl —
tadD - stx2 —
oma87 + vat —
SR — R B

« | » e “__» .
-+” means positive; ~—  means negative
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& oMn

SR S 57 %

J& B A O FE I zap A, ATF B B A AT 3L
atfC, ATF [ B 45 14 W 5047 AH 5C FE I arfA Fl PMF
T4 6 45 H 3 B A 56 JE DR pmfA . QF24-Ec03 B A
A8 BB 2 eae A FER TR B W5 fimC A .
2.5 AHlR

2 5t e 2 SR 3R WY 3 bk 0 5 TR R T Sk 7 e b
BokRE RIFRR BER KKER BBDAE .
MATER FHMER ZHERB G RMTER

R4 SEERGHREER

AR 24, %) Sk 6 A BUBR . QF24-PmO1 X 2% 74
AR AR A JE % U QF24-Fs02 X 3k 788wk 2 fil
QF24-Ec03 X 2 % P4 #k | Bl 52 75 Ak | Sk 96 0k = F1 &2
D5 9 AU . QF24-Fs02 Fl QF24-Ec03 X /U 3
R ZWAE ERDE FHEREMZ . QF24-
Fs02 X 2% P4 Ak B S P4 Ak 52 0 B it B T 245 . 3%
B S 5 4 B 10 3 8K 43 5 TR Ak & T 25 B 4
H(E4L),

Table 4 Results of antimicrobial susceptibility test of the isolated strain

EZ N cutiwear:| AR ARIEAT K ¥
P25 aa/ Pasteurella multocida Proteus mirabilis Escherichia coli
Antibacterial - (pg-H") B E/ mm MEE AR/ mm MBI AR/ mm
drugs Content Diameter of Sﬁi@fﬁf}? Diameter of Sﬁﬁ@?% Diameter of Sﬁi@?%
o Sensitivi e ensitivi e ensitivi
inhibition zone y inhibition zone y inhibition zone y
RN VIAR 10 19 S 10 R 17 S
Ampicillin
Fif 2575 R 20 11 R 0 R 21 S
Amoxicillin
3kt Wk 30 15 I 20 S 19 S
Cefuroxim
S At e Ak 30 9 R 14 R 19 R
Cefazolin
3k 0l # 30 25 S 30 S 28 S
Ceftriaxone
By K < AL 30 9 R 16 R 9 R
Amikacin
FIRER 30 10 R 12 R 0 R
Kanamycin
B R 10 0 R 0 R 9 R
Streptomycin
RRER 10 9 R 0 R 12 R
Gentamicin
IEZN=3 30 18 1 0 R 0 R
Tetracycline
EZIE S 30 16 1 0 R 0 R
Doxycycline
Rk &2 10 19 R 9 R 0 R
Enrofloxacin
Wi B 10 14 I 10 R 0 R
Norfloxacin
IS 2 0 R 0 R 0 R
Lincomycin
5205 B 23.75/ 17 I 0 R 19 S
cotrimoxazole 1.25

(BT,

Carried forward)
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(#£%&4 Continued )
ZRAMEKFHE A3 5 AR AT A K FF#
WHEZY e Pasteurella multocida Proteus mirabilis Escherichia coli
Antibacterial - (pg-H") 4 1 /mm AP 4% /mm M B A% /mm
< JEE B TR . TR
drugs Content Diameter of Sﬁi'“ TEB{: Diameter of Sﬁi TI% Diameter of S@z TI%
inhibition zone enstvity inhibition zone enstivity inhibition zone enstivity
WA H 30 22 S 7 R 9 R
Flufenicol
HALE R 15 11 R 0 R 0 R
Kitasamycin
ZHRE B 300 10 R 0 R 11 R
Polymyxin B
BER 200 11 R 12 R 0 R
Neomycin
HRR 10 14 R 0 R 0 R
Penicillin

R. 251, PREEHUR;S. BUK
R. Resistance; I. Intermediary; S. Sensitive
2.6 HEKMENE
3BE A B R AR A R R I e A5 R S TR .
QF24-Pm01. QF24-Fs02 1 QF24-Ec03 43 & & £

SN 7.4~9.5h.2.2~10.5 h fil 2. 2~11.5 h, &b
TR B0 2 B B4 A5 RE B, 40 T DL LA 9 5k
P BB U5 RS R R AR R

7—
—— QF24-Ps02
6= ==« QF24-Ec03
5 -e. QF24-Pm0l
2 —— TSB
5 44
o —— MTB
2 34
a
e
2—
1= ".0-.-c-o-c--li.;_;,'_..‘..»‘
0 T T T T T 1 | — —
0O 2 4 6 8 10 12 14 18 20 22 24
IsHia)/h Time
Bs5 =ZKoBEENERKML
Fig. 5 Growth curves of 3 isolates
2.7 ERMEIKE WE 6(D) IR . W4 hJE, 440/ B H B0RS f
2.7.1 /N IR 2 Z AR . FEEE NI 2R B L HE 5 0k B A AR,

A F AR R ORI AT R P 4G Wk BE Dl 1,46 X
10° CFU-mL ', 2.70x10° CFU-mL ' fl 4.51X
10° CFU-mL ', 28 1.2 F1 34t e 2 /N BB fF i 2 an
K 6A B A C Bk, 38 b B2 A0 o F 50 A5 2 1 [T 18
LDy=9.27X10° CFU; & % & B ¥ W LD;=
1.43X10° CFU; K I # W LDs;=1.88X10" CFU,
TGV SR AR FE T /N By L JHF R s 28 20 20, I DA v 7
UG B R N R B TR o B A 0 EE /D BRUAE AF I 2k

X BR 2R UL SR . QF24-PmO014QF 24-Ec03 46 /)N
I 6 habT- 1 2,9 h N4 #B4ET: ; QF24-Pm01+
QF24-Ps02+ QF24-Ec03 41 /N LB 8 J5 9 h ) BLAE
7,11 h N AT ;QF24-PmO1 /N R ILFHE S 9 h
BT, 13 h N e T A4l /N I 5 12 h
HEAET .

2.7.2 RRUFIAR CHE 5 A7 0 1 2 W
Kl 7, QF24-PmO1 Bl 8% 4 40 | QF24-PmO1-+
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A Pasteurella multocida

100— !
“ 105 CFU-mL"
80 * 10°CFU-mL"
SE el , — 107 CFU-mL"
il —— 10*CFU-mL"
& E 40— ' . PBS
w2
20
0 I | I T | |
0o 1 2 3 4 5 6 7
[5}]i]/d Time
B Proteus mirabilis
100— .
“ 10°CFU-mL"
) 80 ' © 10°CFU-mL
§§ 60— | + — 107 CFUmL"
PN [
v 2 i - —— 10°CFU-mL"
&3 —— PBS
20
0 T T T T T T
0o 1 2 3 4 5 6 7
I E]/d Time
(& Escherichia coli
100 —
- 10 CFU'mL!
80 ' ' 10°CFU-mL!
(2]
L E ol | — 10’ CFU-mL"!
s 60
go 2 —— 10° CFU'mL"
&5 407 ' " pBS
20—
0 T T T I | |
0 1 2 3 4 5 6 7
I 1a]/d Time
D
— —— QF24-Pm01
- QF24-Ps02
80 — —1— QF24-Ec03
8 &é & —— QF24-Pm01+QF24-Ps02
:«E- § —— QF24-Pm01+QF24-Ec03
& g 40+ — | ¢ —— QF24-Ps02+QF24-Ec03
wn
- L , . QF24-Pm01+QF24-Ps02
—I +QF24-Ec03
0 . —— PBS
[ | T I | [ [

0 3 6 9 12 15 18 21 24
Hif]/h Time

AL ZARMEE AT BN A AN B e B TR AT B B /N A AA s C. R AT T IR /DN BRAE AF I 45 D AN T T R
g/ A £&
A Survival curve of mice following Pasteurella multocida infection; B. Survival curve of mice following Proteus mirabilis
infection; C. Survival curve of mice following Escherichia coli infection; D. Survival curves of mice infected with different
bacterial suspensions.
Ee6 AEXWANRHEFTMHL

Fig. 6 Survival curves of mices subjected to distinct experimental conditions
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QF24-Ps02 #H . QF24-PmO01+ QF24-Ps02+ QF 24-
Ec03 4 % % W 7 7 36 h & #B 5L - ; QF24-Ps02 .,
QF24-Ec03 Bl YL 20 8 R ICRE G 7 d AF 15 2R 43 53]
9 60% il 80% 5 QF24-Ps02+ QF 24-Ec03 J& 4t 4
7TAEEHE K 40% . QF24-Pm01+ QF24-Ec03 4 %
RILEE G 24 h &dR3E T, DL b W58 36 B QF 24-
PmO1 F1 QF24-Ec03 & & 5 B0 M 1 o, QF24-
Ps02 Fl QF24-Ec03 1 & J5 B0 M8 i .l &1 8 7f
U453 56 21 5% e Il AR A R [A) R RE T A i ik

QF24-Pm01-+ QF24-Ps02+ QF 24-Ec03 iR 4 J& 4x
21 X 50 R T U 2 4 3 IR 550 IR A ) R Gk i A
AF— % . QF24-PmO1 41 , QF24-Ec03 4 il QF24-
PmO01+QF24-Ps02+ QF24-Ec03 41 I 41 4147 3K %€
Ao QF24-Pm01-+ QF24-Ps02+ QF24-Ec03 & &
T 2 3 00 e 9 4 2 IR K 60 L 25 4 I R i )
FRMBA LR — 5, QF24-Ps02 H K R 'E A 1
I 57, JH Al 3 56 4 5 A L T S e A

—i QF24-Pm01
100 - QF24-Ps02
50 ‘ L QF24-Ec03
o2 —— QF24-Pm01+QF24-Ps02
ﬁ;—g 60 ’ " QF24-PmO1+QF24-Ec03
4&% 40 ) —— QF24-Ps02+QF24-Ec03
. QF24-Pm01+QF24-Ps02
20+ — +QF24-Ec03
0 T T

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Hifi]/h Time
B7 EAREBLEEERE

Fig.7 Survival rate of rabbits after infection in each group

Negative

QF24-Pm01

———
B8 HmRMXBEREINKRER

Fig. 8 Pathogenicity test rabbit necropsy results

QF24-Ps02

i
Kidney Spleen

112

2.8 WHENMNRALAFREFWNE

R A 56 A /N B Bl T RN B ) g o B )
AL AR AL & 9 iR o 45 R EBOR, &4
JE e 2 359 3 B H M TR SR K B I RE 4 AL B AL
B 40 I A Kot A Fe i, FLR I s N AT D b g v
B0 M3 . QF24-PmO01+QF24-Ec03 IR A& /8
2 /0N BRI 9 BE K il A5 PN O 2% B BE 0L 40 BA 1Y) E B
PR URL W) BT DL Ko W TR PR 2R, HE o 7 AR R A

OF24-Pm01+
OF24-Ec03

. . "
[ SN AL APTIT,

QF24-Pm01+0OF24-Ps02
+OF24-Ec03

&
%
L,

QF24-Ec03

afi JE YL 41 W Ol ™ E ; QF 24-Pm01+QF 24-Ps02+
QF24-Ec03 21 /)N B fili 6 BE Ko 1fi 47 P9 W 48 3] K 4
W B 4 UKL W T, 7 A0 TR A B 5 A B 4l J
AW NI R, QF24-Pm01+QF24-Ec03 1R & & ¢
/N BT 25 9 0 35 Rt , BRI
9 ML)z SRV, M A R OS5 [A) I U % B R
JH- 4 BT 25 5 B, ML A% I 4 HL% e iR . kg 2]
AN R B N B b e A0 B T B T B T AL
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[ESR 57 %

Jo Jes o B ER R i A U 5 T QF 24-Ec03 21 /)N B
Jo 98B FE L AR A IR R L BRes b Al
MESMARE S RBIZHAARAR, 280
JC 40 M 21 Yo 35 AR, L e A R R A At R e AL TR
v

Lung 200x

QF24- s
Ps02 )

Liver 200x

3 it 8
AT AF SR, f 8 QAT T 6 47 5 B, il K AT
mu%# S T B 5| A e 3 T 0 A, o 3 B
2 TE R . U AN & A I Y T

Intestine 200x

(B9 Fig.9)
(# T % Carried forward)
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(Z®E 9 Continued)
y l‘x
PBS

AR =100 pm
Scale bar = 100 pm
a. ML L s b PR A0 45 30 5 . e IR S5 5 [ S 7 i s ol I VL 1N AV TR P SEOIR 0 JB 5 e I I M P T DAL I R M R A 5
£ fili L BE L5 1605 AT L O R A R R 5 g N AL L BT PN S A R B B A5 s h IR L 5 1. AR B R A 5. A
R sk SR SRR s L R AR TE s, I IR N S U R sn. I OE MO BB % sp. OB AERE LN
B ss. Hh s 2

a. Vascular congestion; b. Neutrophil infiltration; c. Pulmonary interstitial edema; d. Presence of eosinophilic flocculent material
within alveolar spaces; e. Presence of eosinophilic, proteinaceous material within alveolar spaces; f. Presence of basophilic
granular material in alveolar walls and blood vessels; g. Hepatocyte steatosis (fatty degeneration) with small, round vacuoles in
the cytoplasm; h. Venous congestion; 1.

Hepatocyte necrosis; j. Karyolysis; k. Focal inflammatory cell infiltration;

1. Hepatocyte necrosis; m. Tissue debris within the intestinal lumen; n. Exfoliation of intestinal villi and villous epithelial cells;

p. Invagination of epithelial cells at the base of intestinal villi; s. Neutrophil infiltration

9 BHNMRBEREM. FFNBHRERGER

Fig. 9 Pathological findings in lungs, liver, and intestines of mice post-virus challenge

TECRE AR B B B o B 22 R PR T TR TR K AT
B, EAET AR E FE T S vh o B K W R B AN
AR . R, R T 2R ML RAFRE A7
ARG TR K B KT TR TR G I g i A O i B AR D
ENGIENGR - I 8RR TR A S N = N | R
JBEA R Z2 351 8 IRHFF TS L A 5 22 08 T I AR A
B o /I BRSO P O e 5 R R < 4 B TR PR QF24-
PmO01,QF24-Ps02 1 QF 24-Ec03 fi4 2 ¥ £ 5C & /3
B R 9.27X10° CFU, 1.43X10° CFU #1 1.88X%
10" CFU, /NRIBE G IR 25 R LW, 5 g g ge 4
K H AR A Y A, B RATE S KRR S
SRR 2 ) B VRS 9 . SR T EE I, 7R 1 S A (]
20 RO R L R 7 d Bl g AR A R
HIBIH FRICT . A W5 R TE 2 Tl D 2 ) Jgk gy
HLAA £ 38 3 375 5 G 28 40 0 1 40 1 2 P 52 g 40 i
PR 149 43 0 > 5% T i 32 B 92 SO, 5 R — SR A
Fb VR A TR e 5 SO 7 R I AR R e L A
SCHR A IE A 1m] B g R M A 0 R 22 R PR I IR AT T
S5, R ZR G A0 0 AR EE A 3 R e 0 T R
JiE 3 R 3 5 A B S H B R B R A R R A
SRR T R SR Y S5 R AR — B, B R B, A AR B

T A5 0 g 24 5 it 70 o i ik L b R el
AR IR SRS ER AT B AT E R
EEA B, OIRFFR A R TEAT WA K5 AT
TR A IR e 5 G it I R AL JIE s 722 55 AR IR SE T2 K
G 78 AR RL, (EL R 00 AR AR L 3K T e S 4 T
TR 1Y S JE U I8 e ) o D K Bl W) g A AE —
ERRH

KN FF BRI A5 72 AT TR 38 O A B b i R AR
FAFPEBUR T L P sz T AR B2 21 A FRH
W, A5k R RHEYs , e EmE R BT AR
EOR R e A R PN R SIS S 8R4
T2, 58— YL AR L, K T TR A R R O T TR
A J5 B0 PR R s 5 R S g A R — L,
B = IR G R T B0 Tk 1 0 BARBL AT A R
=L, DNRREALY SR 3
PR AT 58 Il R 8 A AR R X R
Al S A2 R B R0 R 0 A TR AN A 43 T A T8 38 T T
A SEET LI

E NS T N 0 B R AN K
exbB . exbD Fl hgbA %5 16 B 5 Jy FE PR, K 4 68 4
1k Wy B AL T sod A B PR 4G I iR sodC KR, X
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Fourour 2527 A BB Bk o, s0d C 3 N Al sod A KX
AN 23 [a) I A7 AR WF 50 45 R AR — 2, BR e T S
T RN IR A W 0 A Tl A5 T DR AR L
VR34 5 20 T 1 A A7 RE ) 4 et Bk R e ) LA e
JEl g 0 A A AR N AR,
50 Sl R A A AR T8 Mk AR B
FF 0 2E A7 3 7 R I, BF 55 R B wreC L zapA |
atfC .atfA . pmfA K R K 79. 5% Lh b o AW 4
B Y AT 5 2 AT T A 0 DK A DG L DY wre €, 42 J 2R
P A G L DY zapA , ATF B B4 A E 5 arfC,
ATF B B 4584 W 2007 Z K arfA T PMF B B 45 44 0
B AR G N ponfA L5 RB . A S AR TEAT IR 10 #E )
B A A O PR 7 B0 i b ELAT Y B TR
PEL R T 1B A W IR TE B G AE O R 3 R
PEF L RO MR 0 45 R R R e A AR
TEAF T 5 R G B AL 40 80 I, 3 15 B A F 5% 0 15
() 73 S A2 JE AT TR B AT — 8 19 BO 1 T 45405 W R &
Gt KGR eaeA M fimC B 1B, fimC A
T MEBWHLE, SIRREFHA . eaeA 7K
JoFF 5 1 W b K 4 e Y B B 485 i ) SR
(89 R M A T At T 05 )5 ) i O 2B R TS O 1Y) A T
P I

AW FE T 3 bR B R T 245 3 Y aad B L strA
strB | blarey M sull, B IGFF TR i 45 47 5 - 9 I i 2
blaoxa M blacrs, T 25 5 P, 25 5 748 JE AT 0 #7417 5~
PG B2 2 blaon i 2T 24 3 TR sul2 R 55 2 2K
2y BL N floR , K AT T 485 2y WA o T 2 TS 28 L T S
AU IR 28 28T 25 3 1A er A o T 24 35 R AT 3 3k 7K O 3
DRI 6 8 TR 1A 4, — 8 e () 485 7 170 Tif 24 5 P T
REJEAH AL 2. 25 BOK 45 2R, = MR or B WX
925 19 Fir 245 4 S AN [ 2 B A9 T 24, X Sk 760 iy 8 iUk
% E A R T 2 S A T AR . R X
TG 3 % 58 IR DL K A B 1 B0, % 37 nl e 2 2
AL RATFE AR A, SRR B R L R
TG B IS AL A S 92 7 AR o 5% 4 3 T 4 15 it A~ )
AL, FR 58 o B0 G A W i DT 4k & K AT T
GRS R S N TR O ) NG W )
BT

4 & it

RHUTFE R T Z AN A & 5 2w
IR i FT B IR 5 TR R AR S8 49, ) A A S B 41 1
B o B BT I AR B AT IR S R O PR3 55, A

S35 KT 6K T R 5 0% B B B A4
I 5 e 5 HF B4 1 e 0 I F 5 0 3 I
RIS ASTE T U8 1 7370 308 6 5 2 45 R A 1 1 9
(ot SN T E 20 E T e E € JEE AN
U L 7T ) 2 K L 964 2607 S A7
T
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