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$ 0 48 S DA 1 T B 0 DA AR L L R 0 U
X, P65 Z& 11 1] g 51 7 it 4 40 o (v e 1 6 e
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Dk B A% 5 W 36 J5E 8 ( Nedf) | 2 Py p97 2 0% il % 32
5L £ 7R B B R T, EG A B R 1A b I A T
B 20N FN LT B 4R 0, B0 % i 48 S S W A O 4 1
HOWPE 5 T Nedf 608 R2 4% C oK Uik HL R4 Hb 6o 02
JEUPE , H A L 38 40 5% i 48 S JRUMR R A K. Yong
SR L p97 B 1A T AR Y TgA A1 IgM H H At
PR PR R 35 -60d H 8. oAb, Hsu 25 43K,
p97 B R1 X fE B3 2 5B, 12 32 B i b S vk o2
Z—. Peter K Fagan %7 % B, HI % i 48 32 Ji A BF
HHRAEAT BRI P, S 5 Nedf (9 R2 W3 C K
ity [7) Y 4% 5 2 1 o) 4 8 T 0 8, LI 2 2B A0 b X
HE 2 T 8 0 0%

A 538 i i DA v e s, #  4  R k p36
p46 FI p65 M E A EFLIP TR A C36 (pYA-
36) .C46(pYA-46) F1 C65 (pYA-65) , I LA/ B AR
FRUR I 3 A T 20 T bR G R SR . S — R
2L T R ) SR R, AR 6 S o o I R I I A
JEUIR p97 [ R1 XAl NedF fy R2 W7 3L C A sy 41
Bk COTR1-Nrdf (pYA-97R1-Nrdf) 5 C36.C46 F0I
COS LA 7E— 2, LI 3R A5 T 47 (2805

1 AR %

1.1 &

11,1 JFORLRI B A% < OKL pY A3493 Fil asd B2k bk kK
M AP X7213 | 35 E ALK K2~ Dr. Roy Curtiss Il
HAZ WG s asd BEH GG HRAE B FLYDPTTIR I €500 |
4 1 #k C36 (pYA-36) Fil C97R1-Nrdf (pYA-97RI1-
Nrdf) & & 40 Jfi B. pGEX-KG-46 F1 pGEX-KG-65
A S 1 B A AR AT

1.1.2  FEiK7F]. DAP Iy H L7 Sigma 2\ &) ; 2% Fh
YT T4 DNA &35 L B Taq DNA B AW H
K% TaKaRa 24 w5 /IN i 57k 42 BRI 81 0 it 0] &

Wy | S BioFlux 23wl 5 A= 16 %8 %€ 48 W H b M it 2
Pyl R A BR2A w5 4 il 58 S AL AR (MP Ab ) FiI/ly
By TR (IFN-y) S/ BUH 40 4 324 (IL4) i
R A 8 73 M iR @ KW B BRI AR ) R AT R
ﬁjo
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Table 1  Primers used in this study
::::Zr:f Primer sequence(5'—3") :riz:it:jlli}l)lﬁed
p46(Sa I 1) AAAGTCGACCATGAAAAAAATG 1260
p46 (Hind Il ) AATAAGCTTTTAGGCATCAGGAT
p65(Sall) AAAGTCGACCATGGCAAAAGAA 1803

p65 (Hind 1l )

1.2 BEx&H

asd B4 Bk X7213 Fil C500-7E TSB/TSA K73 3%
W, 3T CHRAE/# AL KE g2 ), T A DAP(2,6- 480 ik
BER ) AU 50 pg/mL,
1.3 EZHRN pYA-46 T pYA-65 HIHMBEEE

DLE 9% 78 I e i A% 22 35 0 il R SR AR pd6 JE
PRl i) o 2H JBTRL pGEX-KG-46 fif B4, H1 51 ) p46
(Sall) /p46 (Hind Il ) #£47 PCR 47 3§ I [ i, [m] i 7
YyFn 5k pYA3493 43 4T Sal T F Hind T X fif§
I, FER SO 3% 42 | 1% 277 W) i e AR ek asd TR
M K FF R XT7213, P Jf 32 HUBTRL i 17 PCR Rl
YIS 5E , T AR A5 41 R pYA-46, [R) B E4T 5540
JAL pYA-65 R E 5 %
1.4 EHE# C46 (pYA-46) 70 C65 (pYA-65) 11y
MESLE

N S5 8 I 1 T 4L T RL pYA-46 HL ALk asd St
KB R Bk C5007R 322, T DAP B TSA “F-Ar |8k
WA P 15 9%, 9 519 p46 (Sall) /p46 (Hind IIT)
PEAT PCR S5, 0 1k /% BH P 52 41 4 bk fin 44 4 C46
(pYA-46) , [Al# J7 144 2 ¥ 41 AT bk C65 (pYA-65) Jf
HEAT %5 o
1.5 EHE# C46 (pYA-46) F1 C65 (pYA-65)
SIMNEEAMDIBRIZEE

PRI 41 R #k C46 (pYA-46) Fil €65 (pYA-65)
[ A T 75 F TSB WK £5 75 3 vp,37°C ,200 r/min
B 12 h,4CHUE 12 h, #2 1: 100 R FL 1 5 3 TSB
iR LR 5% 6 h,8000 x g Bf.0> 10 min, FIF K&
0.22 pum 8 BT 1, N AF R LTS 20% — 4 £ R 1K
¥ 20 min, 13400 x g %0 20 min, J3EH 1 mL JE7K

CCCAAGCTTAATCCTGCTTGA
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LMEPE% , 13400 xg B5.0 5 min, BRI 1 IR, r
P38 F M 0 B A Il A% 32 DR AR I 5 A — Bt #E AT
Westernblot % 7F .
1.6 E|HE C46 (pYA-46) F1 C65 ( pYA-65) 4
EFERAR

530 F H A T bR C46 (pYA-46) Fil C65 (pYA-
65) . % A B Bk C500 K 75 B kL @ Bk CpYA
(pYA3493) R L 4%/l TSA VM5, 43 5l &% 422 B HiAf
WE CEFLBERE CH BRI RN R R A AN
FUAH B0 R S AL AL, 3T C R A AR . WLEE
T L TR HE A5 A DAL B U5 AR Ak &, B R AR R
PRS2
1.7 ZEHHE# C46 (pYA-46) 1 C65 ( pYA-65) Y
ERFHERAR

530 K B 2H B Bk C46 (pYA-46) Fll C65 (pYA-
65) 2 Fh TSB 35572 3 37 C HF &, LA 1: 100 fAFR
Pe#G4% TSB ¥ 3% 3 ,37°C 200 v/min ¥53% , 5§ 1 h
WU OD gy o [RIFE T3 32 25 i 22 AS Ak €500 FI asd
LR 2 R €500 K 23 Bk B Bk €501 (pYA3493) 1Y
AR £, A A KRR S g R A — 3L

1.8 Z=ZHHE# C46 (pYA-46) 1 C65( pYA-65) Y
EERENE

53 90 ¥ H 2H T bR C46 (pYA-46) Fil C65 (pYA-
65) 7£ TSA 1537 5L P M bR £k 1% 9%, Bk O T 95 T
TSB #5 % 3£ ,37°C 200 r/min 535, # 1:100 [ 14
FULL e H2 TSB WM 85 5% S rp 15 3% 12 h, 1K &
1: 10011y Lo 9 5% $2 31) TSB $%5 3% 3L vh | ¥ 2230647 50 Ik
Bz, Sy BNHEAT PCR 558 WL 3 41 181 bk 1) 38 4% 15
1.9 SAFEHNNRHNEEIRE

¥4 80 H 6 A BALB/c /NEUBEALST N 8 4, A
PR 2 FA e 1R, g 2 K, e il 45 0 200 L,
TR R 6 x 10° CFU, M op 4 52 41 1 vk &
WA, ME AT IT AR, AR N BT R ERi . 2
ol 4 AL REHL PRk 2 FOBUR A, I G 5 i 45 B
WRELAIAE . 1R G /N BROFE B S R 4 h ARk A
£, S PE R R 30 L 10% NaHCO,,5 min J5 3%
VEH B DR, 30 min 5K S ROK RUEDEL, BLARLES
Witz 2,

®2 MRAOREREET

Table 2 the design of immunogenicity in mice

Groups Number Immunogen Immune way Number of experimental animals
the treatment groups I C36 + C46 + C65 i.m 10

I C36 + C46 + C65 p.o 10

I C36 + C46 + C65 + C97R1-Nrdf p-o 10

Y M +PAC i.m 10
the control groups v CpYA(pYA3493) i.m 10

VI CpYA(pYA3493) p.o 10

Wi TSB i.m 10

VIl TSB p-o 10

1.10 B2 3 B2 40 B Y %2 % 4 iU

TC R 2% AT il 4 9L 40 A2 T, 0] 00 vk B oy
4 x10° A4~/mL, I A 24 FLATR RS F: AR, 9L 2 mL,
HARAI AR K% T4 A T H AL A p36
+p46 + p65 A A 5, L5 I 40 A IV 4H SR H
p36 + p46 + p65 + p97R1-Nrdf 75 [ VE b Hll 3k S, 7 5
B E AR RAWEZ N S pg/mL, A2 448 it
TEERE . AR =R E T 37°C 5% CO, i
FERRE SR 24 h WO A M bR SEAT AR
1.11 i « il BIE 70 RE bk E2 £ B A9 A6

/0N BRI I T M DA K 2 5 1 R ) e ik L A
JIEL 0 %5 it 9 S S A B A4 (TFN -y FT TL-4 (13 3 52K ]

M 58 S JEARSLAR (MP Ab) (/B y T4 & (TFN-
v) LA Ko /IS B 40 A 3R -4 (TL-4 ) il 36 4 928 3 A 3K )
S AT AR [ B0 A 1) e i b v i 2, DUGE
A 45 SR B OD (B 4% b 5] 46 B0 A 7% =
1.12 %ito#

XF S B IS P R 25 e R A B E R AT L K IR
AT G 53 HT o

2 ERFpAN

2.1 EARNMAE
2.1.1 FHF K pYA-46 [ 5 5% & . PCR 45
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BRY R pa6 FEH R BE RNk 1200 bp, 5 i
R/NAEAE 5 F 20 50 28 i U s A A 8] R /N i 56 TR R
Bro X ULEAA E M E 4 TR pYA-46 524 1E T .
2.1.2 FYFR pYA-65 [HF H 5 % HL Uk g5 R
WRYTHE 1 292 1800 bp 1y p65 B A v Br, K/
T B ) AH A 5 i U EE 41 Ok JS 7E 1800 bp A A4
FEAE EL 09 B 2 W 3 4 4 i 4 TR pY A-65
2.2 EHAEHKRMHESEE

Hi PCR HL UK &5 SR nl W4 3 1) p46 4 JE R
/NZA 1200 bp, p65 F B R /INE 1800 bp 7247, 3 5
T B i R/ AH W A, X 3% W) R 41 T Bk C46
(pYA-46) F1 C65(pYA-65) Tk £ i T .
2.3 EHEKMNEZEANDMRIELETE

Kl 1Western blot 2% 5 i 7/~ , A 5 4] IF ¥k C46
(pYA-46) LI Jz B /1 €65 (pYA-65) 43 Jil) 43 il 5= ik
p46 Fl p65 1, 3X P Rl 2R 11 X BR A8 15 0% 1) B o
G 3 JELAR BH M 1M 3 & AR R S R RO

KDa M C46 KDa M C65

72—
<46 <«65kDa
55—

A B

B 1 Western blot £EE R RKIE

Fig. 1 Identification of proteins by Western-blot.

2.4 BEAEKRHENSFEST

A AR PR S5 S, AL Bk C46 (pYA-46) |
C65(pYA-65) Fl 7 JFi ki B Bk CpYA (pYA3493) 5 3%
AT AR C500 468 R I H 88 W 242 200 ROB 4
BEFN B2 0 , (ER RE R I BT h A b o LR IR 2
FLBE A REE SR B U, oA bR M — 30, 1 B R L
1] TR 1 BURVRRAE
2.5 BEHAEKRMEKSEST

MIEL 2 4 TR R A Kl AT D, 4 TR RR
C46 (pYA-46) . C65 (pYA-65) . CpYA (pYA3493) A
AR R C500 (4= KB #— 2, {H C46 F1 C65 1Y
AR RS CpYA FI €500 A4 42, €500~ 1] fig B T Skt
e asd L PR B B o R B 12
2.6 BHAEKRMRERENE

Iy B AR CFU B985 1.5.10,15,20,25
30.35.40 .45 1 50 1R 55 3290 A AHL, H 519 pd6
(Sall) /p46 (Hind Il ) 5% p65 (Sall) /p65 (Hind Il ) 1
11 PCR, K I 8 21 J5i R 7 C500 - i1 33 1% £ o

1.2¢

10}
0.8}
o 06} ——C500
o (5007
04} ——CpYA
—*—C46
0.2y —*—C65
0 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10 11 12 13 14

B2 EHEKRMEKELE

Fig.2 The growth curve of recombinant S. choeraesuis strains.
39 A HI B 35| C46 (pYA-46) F1 C65 (pYA-
65) st L fsE Pk PCR %5, b 1 - 11 B% 1.5,
10.15.20.25.30.35 .40 .45 1 50 fCA P 5 45 5, -
Jy C500(pYA3493) X i, H 4 R B mfgfm s 1y
Aed B i Sy, 3% B 41 TR A 3 4 R PR P R e
% .

M1 23 456 78 91011 -

Pwvwwveoweeew <—1200 bp

B3 EAFRKMNEMEREGE PCREE

Fig. 3 Genetic stability of recombinant S. choeraesuis

strains by PCR.

2.7 1% MP Ab IFN-y 71 IL-4 {4 Il & B

2.7.1 AR IEARBUAR (MP Ab) £ 25 58 : )\ &
4 v % 2R il R SRR BT R 1 s A AR A nT D G
W02 B A K i 25 s Tk 3 I 4 N il 38 IV 4
(P<0.01),id% THS O I IVAHLL K5 T 4H
HNVAHATRZE 25 (P >0.05), {H 552 H ¥k 2
XTI (P <0.01), Hr G50 M4 1 52 H
fmik 176.6 ng/L, AR Tl 1 41 2 4 3 J8 B 0 i
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FE 197.59 ng/L; 86 T4 AN IV AL RIREAE 2 4 2 J
I 3% 3 d5e g , B I, O 126. 84 ng/L, J5 EH M &, R

136. 62 ng/L,

250
—— [ (i.m C36+C46+C65)
r —8— [[(p.o C36+C46+C65)
% 150 —— [1I(p.0o C36+C46+C65+C97-Nrdf)
E —X— IV(i.m M+PAC)
S 100 f —%— V(i.m CpYA)
° —&— VI(p.o CpYA)
or +— VII(i.m TSB)
0 . —=— Vlli(p.o TSB)

preimmune one week  two weeks one week two weeks three weeks four weeks
after the firstafter the first after the afterthe afterthe  after the
immunity  immunity  second second second second

immunity immunity immunity immunity

Time
B4 HEBMXEZFEREE(MP Ab) BT

Fig.4 The dynamic changes of antibody level of per group.

2.7.2 /PRy AR (IFN-y) KU 455 A S 4% MHESNVHZFHARE(P>0.05), Hi, KLk

¢ IFN-y KR E 5 1 V0 WA B & & T
YR (P <0.01) , iR 50 IV 20 #) 8 2 i Tl 56 VI,
VI 4L (P <0.01),HEFmTIRXEVAHCP<
0.05), ik 1 HREm TIKEHIVAHA(P <0.05) 7
R THS T A, X5 DA S5V DL S 5
900
800
700
600
500
400
300

¢(IFN=y)/(ng/L)

200
100

I 4176 2 % 3 JRS 5 732. 71 ng/L; it % 141 AINV 41

2 402 A F B w5, 4 B 671.4 1 677.53 ng/L;
Mg M4 7E 1 % 2 J8 Bk 21 55 = 800. 16 ng/L,
Fp2H TFN-y 550 fili 98 3 SRR B0 44 35 B 5 = (B A8 15 (]
MR A B,

—— [ (i.m C36+C46+C65)

—8— [ (p.o C36+C46+C65)

—&— [II(p.o C36+C46+C65+C97-Nrdf)
—X— [V(i.m M+PAC)

—X— V(i.m CpYA)

—8— VI(p.o CpYA)

—+— VlI(i.m TSB)

—=— Vlli(p.o TSB)

preimmune one week two weeks one week two weeks three weeks four weeks

afterthe  afterthe  afterthe afterthe afterthe  after the
first first second second second second
immunity immunity immunity immunity immunity immunity

Time

5 BEyTFTME(IFN-y) HTEW

Fig.5 The dynamic changes of IFN-y production of per group.

2.7.3 /NREAIMA R4 (TL4) K I 4528 i 1 & R IALIAE 1 % 1 s B e, 4165. 33 pg/mL; 1

6 454 IL-4 (A4 nl L& B8 T 41 > K50 T
H>REWIVA > 5 14, & ez b 25 508
BE(P>0.05) A B ERH TXHACP <
0.01), Hrf 3RIGTZH7E2 % 1 JH E5ik142. 18 pg/mL;

I MALT 2 4% 4 Ji 35 128. 37 pg/mL; ik IV 4135
Pl feFy 143.8 pg/mLJ2AE 1 )5 2 JH .
2.8 Hfi MP Ab IFN-y 0 IL-4 fy#: il 45 R

PRl 7 e il ) G T 235 SR AT DL B I e S AR Bt A
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180
160 —— [ (i.m C36+C46+C65)
140 + —— [[(p.o C36+C46+C65)
3 120 —&— [II(p.o C36+C46+C65+C97-Nrdf)
]
g 100 —X— [V(i.m M+PAC)
:? 80 —¥— V(i.m CpYA)
S 60 - —&— VI(p.o CpYA)
o —+— VII(i.m TSB)
20 ¢ —— Vli(p.o TSB)
0 1 1 1 1 1 1
preimmune one week two weeks one week two weeks three weeks four weeks
afterthe  afterthe  afterthe afterthe afterthe  after the
first first second second second second
immunity immunity immunity immunity immunity immunity
Time
B6 RABMEPNEA(ILA)FHETL
Fig.6 The dynamic changes of 1L-4 production of per group.
AR VA > a5 141 > A5 M4 > a5 141 1000 BIFN-y
- p N p 900 mlL-4
>IE VA > a5 VI > o5 T4 > L5 T4 ; 800 |
NERS “p e 700 +
IFN"Y 7J(E|Z‘il‘:3}%jg1ﬁ;g/ﬁ I éﬁ > 'I«Kgﬁ 1 gﬂ > ﬁl:g/ﬂ\ JIl| éﬂ 2 600 b
b p \ p o ) L
>HE VA > LB > KB VI > gl >k £330
B VA T IL-4 Kl W2 > a5 IV 24 > i ;gg
V] > e 20 > 5% VI > 080 1 40 > 50 T4 100 ¢
0

> V. bl UL, e 5 2 il 2 2R B il 48 52
JEARFLAR AN TFN -y 7K 285 T 0 R4

2000
1500

1000

c/(ng/L)

500

I I [t v \4 VI ult Vil
Groups

7 Bfi MP Ab IFN-y 71 IL-4 92l £ R
Fig.7 The result of MP Ab, IFN-y and IL-4 in lung.

2.9 BKEBHREMKNLER

Pl 8 L iy Ao I 45 B Bk 1 TFN-y 7K SF R 38 50
I2H >5e 140 >384 > mIVA > 5 VA
>RE VIZH > K56 VIZH > iR 56 T4 5 1L4 K SF £ 3
AR M4 > R56 T4 > IVA >R85 1 4 > i
VA > a5 VI > K50 T4 > 050 V4, ks
SRR, T BE AR IFN-y A1 IL-4 7K V-3 5 T 4%

Groups

B8 MRiKE4AE IFN-y 1 IL-4 &I & R
Fig.8 The result of IFN-y and IL-4 in the splenic lymphocytes.

3 it

WP IR R B R R T, T R IR 1=
AR5 TR bR L 8 AN T B AR A A L 2
IR SNIRGTIEL, N AE S5 TR 7= Az STgA B[R]
PR A B PR ORI 200 M S i o 5 HL B T e AR
ARG, W8 VD T TR B AT B R 1A 1 | S ARk | B 3 I
PSR A A O A . AV TR
A2 R R R A (0 MR i B ) S B AT D5 i R 4l
XGRS BIAE AR . TR E, 0 ) IR A B B A e
AT BINE T, He LPS A Sy —Fif Py 7 4/ 550 T LA e 32
0RO R AL 1 b IR RE VDT IR FE R A
i 5 — B ] N AT AT R 5, DA ot HG A g AT
gtk , nl 4 25 IS 22 I N8 S g

WERLUP TR E C500 #k B A B 1Y S i I 1
AE PG 2 B | J) 0 A0 a2 S R R 114 9 8 2 48 HL A A
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16, APt L b B R 22, AR R R B R
VIR asd FEBIC RS . ARG T BH
PR R A5 T AR L DR ) JSOREAE VD T I B A AR SRR
FE IR I HNKEAL A SR XD 1T IR G i e 28 3K
J11", Peter K Fagan %5 (1997)"7 F| H ¥ 1] ¥F B4
SL3261 FRAEHAR SR T84 Mili & 32 B AR Nedf /) R2 W J
FF FTRR G /DN B, 0 S 7 S i 50 A 5 S 2V HH o

R R R AR HCH U IR U E I AR 5 — 1B
B £, - ELIE AL I8 I I 3 25 26 5 2R 40 2 4 RS o0 L
AR YL 1 F2 2R A%, PR 20 REE 0 28 AE KT IRk L T
AAEWILE Ve . B T 2 B e e Y
Hh, 356 FH T S A 9 1 P I BR A4 15 min, F: 3K
PE VS BE T 22 HE A WL A 25 103 B s i
1990 4755 i 53 A 55 R BH | 28 1) 18 fe P8 0 32 D A4 il 56
PEH G Z PR R = AR T A IE R R G B E
WP RS T I Ak TE 5 T G 2 TR] A% b AR G 9 HL
] 2 AF I Y o TR B 2H TR AR LA /DN R R Y A g
BRI A, LR RCR S aF, FIRK 2, % B PRSI,
A8 Z A EA R e vk, RATH R T
UL A i o A A gz 7 X

SIS AE SRR /N B A E 2 R R C36 + C46 +
C65 T C36 + C46 + C65 + COTRI-Nrdf J5, #7554 T
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live attenuated Salmonella enterica serovar typhimurium

Immunogenicity of attenuated Salmonella choleraesuis
vaccine strain expressing immunogenic genes of Mycoplasma
hyopneumoniae in mice

Fengying Ma, Haoyong Zou, Qigai He "
State Key Laboratory of Agricultural Microbiology, College of Veterinary Medicine, Huazhong Agricultural University,
Wuhan 430070, China

Abstract: [ Objective | The study was carried out to construct and characterize Salmonella choleraesuis vaccine strain
expressing immunogenic genes of Mycoplasma hyopneumoniae and to test its immunogenicity in mice. [ Method] We made
p36, p46, p65 and p97R1-Nrdf, the main immunogenic genes of Mycoplasma hyopneumoniae, to insert into the prokaryotic
expression plasmid pYA3493. Then these recombinant plasmids and pYA3493 were electroporated into C500 asd- mutant,
resulting in the recombinant Salmonella choleraesuis vaccine strains C36(pYA-36) , C46(pYA-46), C65(pYA-65), C97RI1-
Nrdf(pYA-97R1-Nrdf) and CpYA(pYA3493). We characterized these recombinant Salmonella choleraesuis vaccine strains
and tested the immunogenicity in mice by intramuscular injection or orally immunized. [ Result] The results of the
immunogenicity in mice indicated that the group orally immunized with C36, C46, C65, C97R1-Nrdf showed significantly
higher Mycoplasma pneumoniae antibody than both the group orally immunized with C36, C46, C65 and the group
intramuscular injected with the Mycoplasma hyopneumoniae bacterin (M + PAC) (P <0.01). The group intramuscular
injected with C36, C46, C65 showed higher IFN-y production than the group injected with the Mycoplasma hyopneumoniae
bacterin (M + PAC) (P <0.05), but there was no significant difference between the group orally immunized with C36,
C46, C65 and the group orally immunized with C36, C46, C65, CO7R1-Nrdf (P >0.05). The highest level of IL-4 was
found in the group orally immunized with C36, C46, C65; higher levels of IL-4 was observed in the group orally immunized
with C36, C46, C65, C97R1-Nrdf than the group injected with the Mycoplasma hyopneumoniae bacterin (M + PAC) ; and
the lowest IL-4 level was found in the group injected with C36, C46, C65. There were no significant differences among them
(P>0.05). The Mycoplasma pneumoniae antibody, IFN-y or IL-4 production of the each group was obviously higher than
the control group (P <0.01). [ Conclusion] The attenuated Salmonella choleraesuis vaccine strain expressing immunogenic
genes of Mycoplasma hyopneumoniae which has immunogenicity in mice especially by intramuscular injection could probably
serve as a vaccine against mycoplasmal pneumonia of swine.
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