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Abstract

To establish an effective diagnostic measure for detection of the antibodies against

Actinobacillus pleuropneumoniae, the methods for tube agglutination test (TAT), plate agglutination

test(PAT), micro-agglutination test(MAT) and agar-gel immunodiffusion test(ID) were

improved and standarized, and the comparative studies were carried out.
The results obtained through the experiments were summarized as follows.

1. The rabbit hyperimmune sera to reference serotypes 1 to 6 were cross-tested with TAT,
PAT, MAT and ID. In the homologous systems, the range of antibody titers in TAT was 80 to

640, showing the cross-reaction in serotypes 3, 4, 5 and 6. The range of antibody titers in PAT

was 4 to 64, showing the cross-reaction in serotypes 3, 4, 5 and 6. In ID, the range of antigen

titers was 8 to 32, and cross-reaction was observed in serotype 5.

2. The optimal concentration of antigen in PAT and MAT were 100mg /ml and 1.25mg /ml re-

spectively. The most sensitive reaction in MAT was oBserved in 52°C for 18hrs,

3. In ID, the most promising antigen and the buffer for agar-gel were EDTA-treated antigen

and 0.05M tris buffer (pH 7.2), respectively.

4. By the tests for 200 swine sera, it was found that the frequency of positive reaction were

203 in TAT, 240 in PAT and 163 in ID.
5. When compared the titers of TAT with those of MAT for 200 swine sera, MAT showed the



higher titer than TAT being increased by relative correlation. Int was found that the titer for

positive readings were 20 in TAT and 40 in MAT.

6. when compared the results of 1D with those of TAT for 200 swine sera, all sera with TAT
titer under 10 were negative in ID, Of the sera with TAT titer 20 and 40, 55.1% nd 91.8% were
positive in ID, respectively. All sera with TAT titer above 80 were positive in ID. In comparison
of ID and MAT, all sera with MAT titer under 20 were negative in ID. Of the sera with MAT
titer 40 and 80, 24.7% and 93.9% were positive in ID, respectively. All sera with MAT titer over

160 showed positive in ID.

7. In conclusion, the established MAT showed high sensitivity but low specificity, wherease

ID revealed low sensitivity but high specificity.
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Table 1. Cross tube agglutination tests of Actinobacillus pleuropneumoniae serotype 1 to 6 to the rabbit antiserum

Rabbit Antigens
antiserum Serotype 1 Serotype 2 Serotype 3 Serotype 4 Serotype 5 Serotype 6
Serotype 1 640* {10 <10 10 <10 <10
Serotype 2 <10 160 <10 <10 10 <10
Serotype 3 <10 <10 160 20 <10 40
Serotype 4 <10 <10 <10 320 <10 <10
Serotype 5 10 <10 <10 <10 80 10
Serotype 6 <10 <10 10 {10 <10 320

Normal <10 <10 <10 <10 0 <10

rabbit serum

* The number represents the reciprocal of the highest serum dilution showing agglutination,
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Table 2. Cross plate agglutination test to rabbit Table 3. Cross micro—agglutination test of rabbit

antiserum of various concentration of anti- hyperimmunine serum of various con-
gen centration of antigen
Serotypes Serotypes Antigen concentration(mg /mé) Serotypes Serotypes Antigen concentration(mg /mf)
of of rabbit of of rabbit

antigen antiserum 100 50 10 5 1 antigen antiserum 10 5 25 125 0.625
1 4* 16 32 16 <1 1 160* 320 640 1280 320

2 <1 <1 1 ¢! 1 2 20 10 <10 <10 <10

1 3 a1 <1 a4 a4 o« 1 3 20 10 <10 <10 <10

4 <1 <1 1 <1 <1 4 10 10 <10 <10 <0

5 1 1 <1 <1 <1 5 20 10 <10 <10 <10

6 1 <1 <1 <1 <1 6 10 10 <10 <10 <10

1 <1 <1 <1 <1 <1 1 20 10 <10 <10 <10

2 2 4 4 2 <1 2 80 160 320 320 80

5 3 a <1 <1 <1 1 5 3 20 20 10 <10 (10

4 <1 <1 1 <1 <1 4 10 10 <10 <10 <10

5 1 2 2 1 1 5 20 10 10 <10 <10

6 1 <1 <1 <1 <1 6 20 10 <10 <10 <10

1 ¢! {1 <1 <1 a 1 20 10 <10 <10 <10

2 a a4 a4 a4 o« 2 20 10 10 <0 <10

3 3 16 32 64 32 <1 3 3 80 80 160 320 80

4 1 2 1 1 <1 4 80 40 20 10 10

5 1 <1 <1 <1 {1 5 20 10 <10 <10 <10

6 1 4 4 2 <1 6 20 20 10 10 10

1 <1 <1 1 <1 <1 1 20 10 <10 <10 <10

2 <1 1 <1 1 <1 2 20 10 <10 <10 <10

4 3 1 1 1 2 <1 4 3 40 40 20 20 10

4 8 16 32 16 ¢! 4 80 160 320 640 160

5 1 <1 <1 <1 1 5 20 10 <10 <10 <10

6 <1 <1 ¢! <1 <1 6 20 10 <10 <10 <10

1 1 ¢! <1 <1 <1 1 20 10 <10 <10 <10

2 1 2 1 1 <1 2 20 40 40 40 40

5 3 <1 <1 <1 a 1 5 3 20 10 <10 <10 <10

4 <1 1 <1 <1 <1 4 20 10 <10 <10 <10

5 1 4 8 8 1 5 40 80 160 320 80

6 2 2 1 1 <1 6 20 10 10 10 10

1 <1 1 <1 <1 <1 1 10 10 <10 <o <o

2 1 1 2 1 ¢! 2 20 10 <10 <10 <10

6 3 1 1 2 2 Qa 6 3 160 160 80 80 40

4 1 1 <1 1 <1 4 40 10 <10 <10 <10

5 1 1 2 2 <1 5 40 20 20 20 10

6 8 16 32 16 <1 6 160 160 320 640 160
* The number represents the reciprocal of the * The number represents the reciprocal of the

highest serum dilution showing agglutination. highest serum dilution showing agglutination,
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Table 4. Effects of the temperature on an-
tigen—antibody reaction in micro—ag-

glutination test with A. pleuropneumoniae

serotype 4
Temperature Antigen concetration(mg / mé)
{reatment 10 5 2.5 1.25 0.625

I 20* 20 20 40 <10
i 40 80 160 320 40
I 80 80 320 640 80
il 80 160 320 640 160
vV

* The number represents the reciprocal of the highest
serum dilution showing agglutination.
I : Room temperature for 18 hrs
Il : 37°C for 18 hrs
I : 527 for 1 hrs followed 37¢C, 18 hrs
IV : 52¢C for 18 hrs

Table 5. Effects of various buffers on agar—gel
immunodiffusion test with A.

pleuropneumoniae serotype 6 antigen and
rabbit antiserum

Soluble antigens

Buffers
AA EA PA
Veronal (pH 8.6) 4* 8 4
PBS(pH 7.2) 8 8 8
0.05M tris(pH 7.2) 8 16 16

* The number represents the reciprocal of the highest
serum dilution showing positive reaction,
AA : autoclaved antigen
EA : EDTA treated antigen
PA : phenol water —extracted antigen
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Table 6. Cross agar —gel immunodiffusion test of various antigen preparations to rabbit antiserum

Antigen Serotypes Serotypes of rabbit antiserum Normal
preparations of antigen 1 2 3 4 5 6 rabbit serum
1 8* 1 <1 <1 <1 <1 <1
2 ¢! 8 <1 <1 <1 {1 <1
AA 3 <1 <1 8 <1 a 2 a
4 <1 <1 1 16 <1 1 <1
5 a 1 <1 <1 4 <1 <1
6 <1 {1 1 <1 1 8 <1
1 32 <1 <1 <1 1 1 <1
2 ¢l 16 Qa 1 <1 {1 <1
EA 3 ¢! <1 8 <1 <1 <1 <1
4 {1 1 <1 32 <1 <1 <1
5 <1 <1 <1 1 8 <1 {1
6 1 <1 <1 {1 2 16 <1
1 16 {1 <1 <1 1 1 <1
2 {1 8 ¢! <1 <1 <1 <1
PA 3 <1 {1 8 1 <1 <1 1
4 Qa 1 1 16 4! <1 <1
5 a1 {1 1 1 8 <1 <1
6 <1 <1 <1 <1 2 16 <1

* The number represents the reciprocal of the highest
antigen dilution showing positive reaction.
AA : autoclaved antigen
EA : EDTA treated antigen
PA : phenol water —extracted antigen

ol dtia B3 vl 9o} B A AX T

SHRIEAO|| CHEH TIEtESe| | : A7xGe] =
A =% Hx] 2005 &) A. pleuropneum-
onigedl] Tigt FHE JoA FPE AlPASHAE
(TAT), mlo]lZ25FJAPD(MAT) ¢ WA
(ID)o.2 &1 dojd A=z AdasS vjug
vl ohe- 22 Ads dATh

AN FALHAY : TATE AA)3 A7} Table 70041
vhebd viebth EEE 2005 FolA M GAE S
1245 (62%) 2 YERGed, olF dAdd 571 84%F

(42%), =438 271 595(29.5%), €HF 30] 20%
(10%), 848 47} 18%(9%), @4 17} 60] 24zt 14
S(7%) L 85 (4%) 2l o2 JElgon ojF 280}
el A7 FA=L 53FHT. A, pleuropneum-
oniae®] FAFA7Y BEWIEE 1:20004 38.4%(78
), 11400014 30.0%(615), 1 : 80°1AM 1.23%(25%),
1:1600141 11.3%(23%), 1 : 3200014 5.4%(115), 1:
640914 1.5%(35), 1 : 1280004 1.0%(25) 2 Ve
on A 7tel ¥ 5300A 71 BRI U2 2%
38 ol
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Table 7. Distribution of tube agglutination antibody titers of 200 slaughtered pigs against A. pleuropneumoniae

Serotypes Titers No of

of positive*
antigen <10 10 20 40 80 160 320 640 180 (%)

1 22 164 10 3 1 - - - - ()]
2 29 112 24 21 5 6 3 - - 9 (29.5)
3 83 97 12 6 2 - - - - 0 (10)
4 69 113 8 4 5 1 - - - 18( 9)
5 46 70 16 27 12 16 8 3 2 4 (42)
6 83 109 8 - - - - - - (4)

Distribution 332 665 78 61 25 23 11 3 2 203

frequency(%) (38.4) (30,00 (123) (11.3) (5.4) (1.5) (1.0

* TAT titer over 20 : positive
TAT titer below 20 : negative

Table 8. Distribution of micro—agglutination antibody titers of 200 slaughtered pigs against A. pleuropneumoniae

Serotypes Titers No of
of positive*
antigen <10 20 40 80 160 320 640 1280 (%)
1 124 56 14 5 1 - - - 20 (10)
2 60 74 22 26 8 7 2 1 66 (33)
3 110 64 15 7 4 - - - 26 (13)
4 122 56 10 4 6 2 - - 22 (11)
5 49 57 26 22 12 15 14 5 94 (47)
6 143 45 10 2 - - - - 12( 6)
Distribution 608 352 97 66 31 24 16 6 240
frequency (%) (40.4) (27.5) (12.9) (10) (6.6) (2.5)
* MAT titer over 40 : positive
MAT titer below 40 : negative
58L& 53.4%, o 5L 457% 12T ¥ TIL I 2T EHE 2007 F AT E 139(69.5%)
5%2 B1g vt Yo B AY Ao} vl aJol= glo 2 UEgen o) 84y 571 945 (47%), ¥ 27}

v 84y
4 o)E9
5712 A. pleuropneumoniaedl] &t A=Y
A TAT= 8
oniae®]] HHE A 932 HANM T Pukeo] ek}
D2 g3 0ol ds P BHEYen, B
A% &3 4= 2080l 48 kg oz BA s
Atk £33 HY F e 4% 198

¥ A7k EE 585 230] 7h wel U
WA} FASIYT ER Mittal 503 7
& o]

240 713 we
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80 gl 7%2 Yeht olo] tiat th&o] gutwE )
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A & dull 5= 1080181l A A. pleuropneum-

665-(23%), @A 30| 265(13%), @XE 47} 2%
(11%), 849 1°] 205(10%) 18]3 ¥ 3§ 50] 125
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7} BRENZE 1:40004 40 /4%(975), 1 : 8090 A1
526(66%F), 1:160°14) 12.9%(315), 1:320°1A) 10%
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20322 tha EA Vel Table 7, 8). 17.8%(29%), 1:8414 11.7%(19%), 1:16°14 6.
1%(105) 2 1: 32014 1.8%(3%) 2 Jelges 93
AN (DY 2 A Aok Table 99 2 q REE 58, 28, 48, 33 9 139 o2 ey
o} £5E 200F T 34 FAFTE 12059(60%) 2 t} (Photo 3) X3 tﬂoas‘zl/\]-}\]iﬂ_o_ ol &sted TATS}H
Elton, olF dAY 57} 727(36%), BHE 271 45 MATO A 84| 717} whol 838 o] o}a]$ =&
5(22.5%), B3 47} 165(8%), EHE 3] 157 (7. AL E7HAE Y FAlo) zg_}%;q o zA HRRo
5%), @3& 10] 105(5%), 8HY 60] 55(2.5%) 2 EolMy BANL 18 & 91om H. parasuisst A.
vehton, o]& 28o|4e] A PAFES 295 At pleuropneumoniaet H-EHoz TEJANS A=

Table 9. Distribution of agar —gel immunodiffusion antibody titers of 200 slaughtered pigs against A. pleur-

opneumoniae

Serotypes Titers No of

of positive*
antigen - 1* 2 4 8 16 32 (%)
1 190 5 4 1 - - - 10(5)
2 155 17 11 8 7 2 - 45 (22.5)
3 185 8 6 1 - - - 15( 7.5}
4 184 6 6 4 - - - 16 ( 8)
5 128 18 16 15 12 8 3 72 (36)
6 195 5 - - - - - 5(2.5)
Distribution 1088 59 43 29 19 10 3 163
frequency(%) (36.1) (26.4) (17.8) (11.7) (6.1) (1.8)

* The number represents the reciprocal of the highest serum dilution showin positive reaction.
= Number of sera

Table 10. Distribution of micro—agglutination test(MAT) antibody in accordance with tube agglutination

(TAT) antibody titer to A. pleuropneumoniae

TAT MAT titer
titer Frequency <20 20 40 80 160 320 640 1280
<20 997* 608 352 37 - - - - -
20 78 - - 58 20 - - - -
40 61 - - 2 46 13 - - -
80 25 - - - - 18 7 - -
160 23 - - - - - 17 6 -
320 11 - - - - - - 9 2
640 3 - - - - - - 1 2
1280 2 - - - - - - - 2
Total 1200 608 352 o7 66 31 24 16 6

= Distribution frequency of 200 porcine sera for 6 serotypes showing the corresponding titers
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Table 11. Relationship between the results of agar—gel immunodiffusion(ID) and tube agglutination(TAT)
antibody titers to A. pleuropneumoniae
Serotypes TAT titer No of
of ant.gen positive
for ID test* <10 20 40 80 160 320 640 1280 (%)

1 0/186* 6/10 3/3 1/1 - - - - 10/14 (71.4)

2 0/141 12/24 19/21 5/5 6/6 3/3 - - 45 /39 (76.3)

3 0/180 8/12 5/6 2/2 - - - - 15/20 (75)

4 0/182 6/8 4/4 5/5 1/1 - - - 16 /18 (88.8)

5 0/116 6/16 25/27 12/12 16/16 8/8 3/3 2/2 72/84 (85.7)

6 0/192 5/8 - - - - - 5/8 (62.5)
Distribution 0/997 43/78 56/61 25/25 23/23 11/11 3/3 2/2 163 /203
frequency (%) (55.1) (91.8) (100) (100) (100) (100) (100)

* EDTA antigen used

= Number positive ID /Number of positive TAT in homologous antiserum

Table 12. Relationship between the results of agar —gel immunodiffusion(ID) and micro—agglutination(MAT)

tests to against A. pleuropneumoniae 4

Serotypes MAT titer No of
of antigen positive
for ID -est* <10 20 40 80 160 320 640 1280 (%)
1 0/124* 0/56 4/14 5/5 1/1 - - - 10/20 (50)
2 0/60 0/74 3/22 24 /26 8/8 7/7 2/2 1/1 45/66 (68.2)
3 0/110 0/64 5/15 6/7 4/4 - - - 15/66 (52.7)
4 0/122 0/56 4/10 4/4 6/6 2/2 - - 16 /22 (72.7)
5 0/49 0/57 5/26 21/22 12/12 15/15 14 /14 5/1 72 /94 (76.6)
6 0/143 0/45 3/10 2/2 - - - - 5/12 (41.7)
Distribution 0/608 0/352 24/97 62/66 31/31 24 /24 16 /16 6/6 163 /240
frequency(%) (0.0) (0.0) (24.7) (93.9) (100) (100) (100) (100)

* EDTA antigen used

= No of positive ID /No of sera at the MAT titer in homologous antiserum
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Legends for photos

The features of micro—agglutination test for detection of A. pleuropneumoniae antibody.

I : serotype 4 antigen used, I ; serotype 6 antigen used. @, @, @, @, ® and @ stand for rabbit
antiserum types 1, 2, 3, 4, 5 and 6 and (¥, normal rabbit serum,

The reactions of agar —gel immunodiffusion test for measurement of potency various antigens.
Central wells of I, I and Il were filled with type 1 rabbit antiserum, and that of IV, type 6 rabbit
antiserumn, The peripheral well of I was filled with type 1 phenol water extracted antigen, that of II
type 1 phenol water extracted antigen, that of [, type 1 autoclaved antigen, and that of N, type
EDTA antigen,

All antigens were diluted two—fold dilution from 1 : 2 and started filling in number 1 well,

The titers of antigens were 1 ;:1/32, I :1/16, Il :1/8, and IV : 1/16.

The reactions of agar —gel immunodiffusion test for detection of the antibody to A. pleuropneumoniae
In swine sera,

Central wells were filled with test swine serum, and the periperal wells, EDTA antigen type 1 to 6.
The results indicate that I is type 3: II, type 2: III, type 2 and 5; IV, type 5 and type 6.

Serotype identity test for the swine sera typed by MAT using agar —gel immunodiffusion test by ap
plying rabbit antisera,

1. © was filled with EA of serotype 2: @, pig sera of serotype 2: @), rabbit immune sera of serotype
2; @, @, ® and ®, empty well.

II. © was filled with EA of serotype 4; @ and @), rabbit immune sera of serotype 4; @, pig sera of
serotype 4: @ and & and ®, empty well.

l. © was filled with EA of serotype 3: @, rabbit immune sera of serotype 3; &, pig sera of serotype
3:®, @, ® and ®, empty well.

V. © was filled with EA of serotype 6; @, rabbit immune sera of serotype 6: @), pig sera of serotype
6: D, @, ® and ®, empty well,

I and I show the complete identity, I, partial identity and IV, complete nonidentity.
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