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Abstract

We investigated cross-reactivity against Actinobacillus pleuropneumoniae (Ap) serotype 15 strains isolated in
Japan by conducting protection test in mice immunized with porcine pleuropneumoniae vaccine. On conducting
pathogenicity tests in mice using seven strains of Ap serotype 15, we found that six strains showed high
pathogenicity, which was the same as that of Ap serotype 2 strain SHP-1, with a mortality of »>80%. The remaining
strain showed low pathogenicity with a mortality rate of approimately 40%. Protection tests in mice vaccinated with
three types of vaccines were conducted using four strains of Ap serotype 15, with the SHP-1 strain of Ap serotype 2
as a positive control.

While the mortality of vaccinated groups challenged with the SHP-1 strain was = 20% and was lower than that of
the control (non-immunized) group (>80%) ; differences in mortality between the vaccinated and control groups
challenged with Ap serotype 15 strains and differences among vaccines, could not be determined. Our results suggest
the necessity for developing new vaccines against Ap serotype 15 because cross-protection could not be ascertained

in mice immunized with preexisting vaccines.
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Actinobacillus  pleuropneumoniae (LL T . Ap) 1% . K Mg & i ¢ @ J& ELTHOLNTED, Ap
BYFEIZERNICBVWTOBRO TERERDO 1 DL ENTW5, Apicid 1l ~ 158 E Tol
HRAERSL, BENTHOHIRD Apx 2 8MARKHEEZL, kWT 1B, sHBTHDH L
NN, b 3 miEMADERD 8 HILLEE DD (i 2013), Ap JEYLIE O ¥
e L <, NSk TEAMEM THD 1, 2, SRICHT 20D REZ2HET DT
FrRnEICHRINALTWD, —FH, HEFL722nbo0 ETHEMFEHULUAATHENIZEB VT
BEEN2 Ap O MEROREBEITHE X TWD, FFIZ Ap OmiFER 15 (LA, 15 B E) 1 E 2002
FECRBENEHFLVOBER TCHVA ATV T E2RLICHEREINTWDIHES, BN
TH 2007 FEI2F DIELEDH D THE S (Koyama & 2007), F D% OFAEIZ LV 2007 4 LU
RO DEERICB W T 1S BHEOGFEENHER I TV D ([ 2013), 2002 4~ 2014 4 O fH
WEYRHERSOEBICE S FBil - g ESISEBETCWNEINT Ap 617 B 15 B H
X 24 BE(3.9%) ThHV EHER 1, 2 KNS HIZRWVWTELL, HEPBDOLNDIRNTH D .
0w, WHREMEXIIHT D2V 7 F 0D IE, 1. 2 KO 5 HEOEKRKS N FET
Ho., BESFEOFELE R IMBE I, BAREEEzSRET I OIER Y, — K, VI F
VI EN RS EREEZOLORNL Y WIAVMERE CORERISENHEI N
N, BEANTHBES R SREBEICHTLIRE®RICOVWTIEAHATHSL, T2 THEIL, %
U 7 F o THRELEY Y22 BREOERNSEBK THEL, V7 F U OREIGHEZ
LR

Ap HEERR E MFER A © Ap O MG R BIIL ., 7 /v N IL B KIS (Suzuki © 1988 ; Morioka © 2016)
EORr~<w)VF 7Ly 7 A PCR (Tuni & 2014)IC LV i L7z, 15BEFEEINTZHKED O By
BEFE R OV B s N R 72 7T HRZHER L7z (Tablel), KO RICIE, "— A v T a2y
22 (LF, HDEMICHE MG (A@EBEERK. 56°C3050 THEILLEZLD) & 5vol%& X 0.1
wiv% B -NAD {8 % 1 vol% Tl 2 7= & ¢ X I HI & K 55 #2 [7] 38 FE o %51 i K& OY B -NAD & % I
ZTebDxE H W,

ALK THAREMER (DA EYFEORALE) (LT, TEAAREE) v ,)
(BARKFEEL 202) OKRT 7 F 7 3y F 2« Fro=a—F=x (1-2-5% fH#zMEHEHE)
EYSE (7 Va2 M) RiEET 272 F oo ik (LT, Ap D ER) 2B 5K
BHBICHENR L CEBLAE, SHEOXKEZ3IICTREIBELEEEHKREZFIKR S L.
HI B2 81T 10 5 2 OV 100 (20 A IRE . 10 wv% b F VRIS TEHIZ10EARLEZbD (Fh
AL A& AR R 100 £5 TN 1000 £5) A MBEEK E Lo, SR BEEE & 1B 10 B 5 i s
M ddY ~ 7 2 (HAR SLC(HK)) DOMEREMNIC 05 mL &M L, #ME% 1 BAMALE LB EL
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oo BEREOEFEKOWEIL., BM{E K OB -NAD # 1 x 7= HI #RXEH A H T 37 °C 24
Mg Efoao = — IV EHLE, Table2 ICZF DO R Z T, EERHIKOFIKOKE
BT 14 ~42 X 100 CFUmML Tho72, ~ T AWK T HHMEMEE., SBRIREBRICHWE 78
DL 6 FRICTE VT 100 EA IR T 90%LL Lo BNHER S v, H24-79 BRELA D BRI > W T
%, 1000 5 A R TR T HE /I T L, H21-86 #£ & Y H25-19 £ Tl 80% ATl ThH 72, —F .
H15-22 #RIZ oW TIEJRIE 2 10% L F I T 10 AR LEb0 (REHR 10 f5) TH 6k
AL 10 5~ 1000 5O WVWTNOHRICE N THIETEDN 40 ~ 455%TH D . JFHREMERN
ORI THE VK THDL EEZLNT,

R 7 F v KMAER R T 2R ORRD 3EBEOYV 7 TF 2, &Y
T F ORGP RO G LT 5 MG E ORI %A Table 312 R LT, B, £V 27 F
VOMEBEBREBEICEBTANMARIZITV I F U BIEAES VA EHAWEREBERER TH Y
T F LU ARDPCEENRENOU I F U 28EBLEELE Y NXEF UV XOHIAKRHE TE
it STV 5DH,

DEEEPAVEREGHARCIIAELRHFORR : S HELLOREM KR T 2R
FELT, UZ7Fry BOWHARIETH 210 TEAEFEE] o Ap /i sl Bz R L
T~ AZHOWEREBEHRBOZN Y 7 F L ARV CIKBWTHLHEATE20ERT S
Lz, RBRICIE Ap Wi BREFBICIEHBO~ T 22 10ERHD 30 L, xR
BE30LZH W, AEEOGESMHIZIV I F L2 UBEHEEKR T 20 /HHKL, 20
05mL Z EENICERE T 28, SREHAT LIV ZF I METYanxry boRAND D
TENLU I FUOORREBFITOTHEREIFERAO 1HHZY OK~DOFEE & (1dose) D
1/10 & (0.0mL XX 02mL) # K FH 53+ 2L L, RELERESLSHFOBEESICOWV T,
WA OB LETHHEBBOMBRTHL 1, 2KV SHEFED S B 2% 0%, LT S D
HENABRECTHD 28E O SHP-1 iz A Wiz, 2 B E SHP-1 Bk CTO X B2 X L., & HEE O
HLRIL W%, ETHoTmDIIx L, REHOTAORTRIIWVTLOBAIZEWNTD
20%LL F &R L7 (Table 4), [@AEX KLU ] O Ap HMial BT, xFHEED 80%LL E & R L7
Rl RBRAEIL 2000 T CTH DL I ENMEAEETH D, 2HE SHP-1 RO RBRER TV 72 F
AN CIZBWTHLZOEMEZMEZLTWDL I ENE, AGESLEME T~ RITHEZME
LRGSR E2E T 22 TCRAO ISAEFEICIHT IR ERIGCHEZHNDZ & LT,

BEEZRAVCEREGERR 28 EZ2A 0 THER I EEEERBR EFCRE HWT,
YU AWK LT R% EORTREL RTIHIEMELNHER SN 158E O 5 H H21-77. H21-86,
H22-48 J TN H24-79 D 4 #k %2 8RR & U CRCYL P 30k 2 32 0E L 72, Ap 1Al s Bk o ) & T,
XTHBEDO T F X 80%LL EN T Lk o WBEE &I T 5B O A4 5 % iR
LEEINTWD, vUZAORBEMHERBRBEOR R IV 15 BE O BB O K& A REIT.
KRR DL T LD 80% UL E a7 ¢ im A NEE & D X 912 100 fi5. 400 f5. 1600 fiF T %E
T I TR Dl (et

2 E OGP AR EF UK T RET 7 F U THREL, REK2HBEBEIC 15 BE
DR RE R (FE R E 1.0~ 42 X 10

CFU/mL (Table 4)) % #x #& i< B 100 £5 . 400 fi5 & OV 1600 f5 1AW L7 b O THE L /=, Table 4
WCHBEKROEEHBROEBELOCIBEREDO~ T ADRTEE2 R L, Ap Wil B o H K T
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HDHBEED 80%LL EDO T RNER I NIZOIE, 100 EFHRTIT4ETTHY . 400 3
AR TIE 2 BE, 1600 (5 M CTIT 1 RETH -T2, —FH., XHEET 80%LL LD RHRE I
THAICBNTHREHOETEDL Ap HliEABROHK TH L 2000 TEZ R T H O WTh
DHBREICBWVWTHERIN Lo, FV I F OB LOEORETCELEDEX, U
7 F > B D H24-79 ¥k D 100 {5 A WKL B XD 7 F > C O H21-86 £ D 100 5 A7 B L B FF |2
BOWTRDLNTE S0%B KK THo7Dn, WINBMOMRMGEECCIIWHMEREZRTIRD S
A N

EANTHBEESNZ ISHECHTI2EEOYV 7 FroxERISEER DL EBH T, 158
HO~YT 2T D2WEER P~ T 2ADKELEHABROR THRFATEZITo7, vV RITET
HZREERBR AR T DT, RO 0% LA TSR EEOHE VKR E WD
VENLDLZ D, I5HEO~ T R T WML MR LR, TP 6 FRiX 90%
DUEZRELCSELIWHEEZAET IR TCOLDLIZ ERMERINT, FMEMEBKDO~ T 2 (2%t
T HEIE DI HON T, KA S (1988) Dk Tik, 2% @ SHP-1 ¥ 1% 7.1 loglDs, 5 & K17 #
2% 42 logLDsi, 1% Shoped074 £ TIiL 40 LDss & #HE L T 5, AR ORI T 15 B
D LD ITAHTHLIDPHEBEEEM OV ZADHEECEROENDL T R IZXT B EMET 1
T @ Shope4074 ¥ 5 B K17 #E X 0 1385 < 28 @ SHP- 1 Ricst W e Ex oz, £, 4
[~ 2% T DI RN 40%FEE L Ko7 1 ERIC OV TiX, oo 15 BLER 2 100 % A R
(£ 100 CFUML) ® EHKIZ £V 90%LL EDRE T RE R LIZOWIZx L, 10 &K (1.9 X 10°
CFUmML) OHEIKE TH 40% L EK W LERTH DL Z L, 72 10 5~ 1000 {574 R~ & LB EHE
Z 100 EICHE L CTHHETEMN 40 ~ 455% LR LETHDH 2 Mo 15 BIERIZ R THIE
EREWKRTHDI EE LN,

TURICHEEERE VW E R ERINTEEKAEXBERHE LT, 3EHO Y 7 F 0 OB
MRBRAEERLUZAER, SEEFOAKOWTNOKHBICXHLTH T 7 F U MEHIZEBWT
A LD LT RICHMBEZEZTZIRD N o2, Ap OIMERICE 5 4 2§ UL F K £
BEXNTETHDHN, VUREZHEE (LPS)SHIREZ 7Mbb, 26 omiEA M ©ofEEl
PICEX VR ERIGERT ZEDnH DL, MFERFRERFAE LTV IZTF L ALK BIT L, 2 K
NS HOEEFHRBRM NEEEZRTETH—FH, A p oIkl L TYZ7F 2 BEO CIC
. BEAEZAARCEHKNGERE Apx 2 G O R EER MG SN, 4R 15 B
T OB HABRICBVWTIEEHALONRRERICHRB OO, TORRKITIAHTH
LN, i, EERAER A IE 2% A4 7H0miER 15 EmyEM2 CIEIRARDZENRHE
(To 5 2016) SN TWVWLHZZEnS, ARIERARLE BARBELEVIIF L ITEETNDIE T ED
RO ENEE LR ENMHEIND, SEORKEIT. v~ U X & v 7o 5k g B 5
BEETH VRSB ERDETCOMIGIIAH TH DA, Tumamao S (2004) 1LV 7 F > C L [H
Rl z2a0 UV 7 F o288 L KO MIEIZ DWW T 15 BEIZX L TM{E 7R ZEMEN
RN EEREL TS, 260 EnD, SHEIZLIBAEARLICEWWTCIEIEFOY
JFUEBTIEIREN TV AREREREWVWEB DN, U7 F U EEHL T T KRG
RVFEELTWDIEAE, Ap DGR O MER XIS LY 7 F g BRICEZED
HOMAEMES OB Y2 RERBRTI2LERNDH D, ENICEBIT S Ap © 15 BFH I X 5%
AL TS (JHEE 2013) 2 &b, A%, MER 15 HECHT 2H D 2E8AO RO
BIEPNEEN D,
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Table.1 List of Actinobacillus pleuropneumoniae serovar 15 isolates in 2003-2013.

Year of Number of Name of isolat Origin
isolation  isolates ame ot isolates (Prefecture)
2003 3 H15-20,21,22 Ehime
2004 1 H16-6 Ibaraki

H21-77,78 Ibaraki
2009 3 H21-86 Hokkaido

H22-44,45,46.47 Ehime
2010 0 H22-48 Kagawa
2012 1 H24-79 Fukuoka
2013 11 H25-19,21 Chiba

H25-68,69,70,71,72,73,74,75,76 Fukuoka

Table.2 Pathogenicity of Actinobacillus pleuropneumoniae serovar 15 isolates against mice.

Number of bacteria in Final dilution of culture

Challenge strain

culture(cfu/mL) %10 % 100 % 1000
H15-22 19 x 10° 40" 40 455
H21-77 33x10° NT™ 100 80
H21-86 31x10° NT 100 60
H22-48 4.2 x 10° NT 100 90
H24-79 1.8 x 10° NT 100 100
H25-19 1.4 x 10° NT 90 70
H25-68 2.3 x 10° NT 100 80

*Mortality(%) after challenge.
**Not tested.
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Table.3 List of vaccines for porcine pleuropneumoniae in this study.

Vaccine Active ingredient Adjuvant EﬁeCtIZ? Assrotype Dose and usage
A Supernatant of cuItL14r2e :::\g strains of serotype oil 12 and 5 1 mL, im* 2 times
Inactivated bacterial cells of Ap strains of Aluminium
B serotype 1,2 and 5 hvdroxide el 1,2 and 5 1 mL, i.m. 2 times
Recombinant nontoxigenic Apx toxin I, II and Y g
c Toxoid of Apx toxin I, II and III Tocopherol 12579and 10 2 mL, im. 2 times
acetate

Quter mambrane protein of Ap

* Intramusucular injection.

Table.4 Protection test of immunized mice with vaccines against Ap serovar 15 strains.

. Serovar 2 Serovar 15
Clallenge strain
SHP-1 H21-77 H21-86 H22-48 H24-79
Number of bacteria 9 9 9 9 9
in culture (cfu/mL) 0.2 x 10 1.8 x 10 42 x10 27 x 10 1.0x 10
Final dilution of culture
100 200 400 100 400 1600 100 400 1600 100 400 1600 100 400 1600
for challenge
Control 90" 90 100 80 70 80 80 80 50 90 90 70 90 60 60
A 20 0 10 100 100 90 100 50 20 100 80 50 60 80 30
Vaccine B 20 10 10 90 90 50 60 50 50 100 60 80 40 60 80
C 0 20 0 100 100 100 30 50 10 80 100 50 80 80 40

*Mortality(%) after challenge.
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