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Serotyping reanalysis of unserotypable Actinobacillus pleuropneumoniae isolates

by agar gel diffusion test
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ABSTRACT. We observed increasing unserotypable (UT) Actinobacillus pleuropneumoniae isolates using agar gel diffusion (AGD) test. To
reanalyze their serovar, we performed rapid slide agglutination (RSA) test and multiplex PCR for 47 UT isolates. Of these, 25 were serovar
1 (UT-serovar 1), 20 were serovar 2 (UT-serovar 2) and 2 were serovar 15 (UT-serovar 15). We examined serotyping antigen extraction
temperature to determine heat influence. UT-serovar 1 and 15 were influenced by heat, because their precipitation lines were observed in the
case of low antigen extraction temperature. To investigate the relationship between antigenicity and genotype, we performed pulsed-field gel
electrophoresis (PFGE) analysis using UT-serovar 2 and 15. The predominant PFGE pattern of UT-serovar 2 was identical to that of serovar 2.
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Actinobacillus pleuropneumoniae causes porcine pleuro-
pneumoniae, which leads to significant economic losses in
the pig industry worldwide [15]. Presently, 4. pleuropneu-
moniae is divided into two biotypes based on the require-
ment for nicotinamide adenine dinucleotide and further
subdivided into 15 serovars based on capsular antigens
[1]. The prevalence of different serovars varies between
countries [4, 5, 9—11, 15]. In 1980s, most field isolates in
Japan were serovar 2 [6, 7, 16]. Subsequently, the isolation
rate of various serovars, particularly 1 and 5, has increased
substantially [13]. There has also been an increase in isolates
that are unserotypable (UT) [13, 16], because no precipita-
tion lines were observed between the antigen and antiserum
in agar gel diffusion (AGD) test using autoclaved antigens
(121°C for 1 hr) [16]. In this study, we reanalyzed UT A.
pleuropneumoniae isolates using rapid slide agglutination
(RSA) test and multiplex PCR.

We examined 47 isolates obtained from porcine pleuro-
pneumonic lesions submitted for routine diagnosis to the
Livestock Hygiene Service centers in Japan between 2003
and 2013. Forty-seven isolates were UT based on the AGD
test using antigens extracted by autoclaving [16]. These iso-
lates were defined as serovar UT.

Forty-seven isolates were investigated by the RSA test us-
ing antisera against serovars 1-15, as previously described
[12]. Twenty-five isolates reacted with antiserum against
serovar 1 (UT-serovar 1; Table 1). Nineteen isolates reacted
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with antiserum against serovar 2 (UT-serovar 2). One isolate
reacted with antiserum against serovar 15 (UT-serovar 15).
Two isolates reacted with multiple antisera and were UT.
Forty-seven isolates were serotyped by multiplex PCR as
previously described by Ito [8]. Twenty-four and 18 isolates
showed the patterns of serovars 1 and 2, respectively (Table
1). Five isolates were UT using this method. The 5 isolates
that were UT by multiplex PCR, as described by Ito [8], were
then serotyped by multiplex PCR, as described by Bossé et
al. [2]. One and 2 isolates showed the patterns of serovars 1
and 2, respectively. Two isolates were UT using this method.
Subsequently, the two isolates that were UT by multiplex
PCR, as described by Bossé et al. [2], were serotyped by
multiplex PCR, as described by Turni et al. [17]. These 2
isolates showed the pattern of serovar 15. Therefore, it was
possible to determine the serovars of isolates UT by the AGD
test using the RSA test and multiplex PCR. The serovars of
isolates identified as serovars 1, 2 or 15 by the RSA test were
confirmed by the results of serotyping by multiplex PCR.
The autoclaved antigens (121°C, 1 hr) used in the AGD
test have a higher specificity than heat-extracted antigens
(60°C, 2 hr) [16]. To investigate why identification of the
serovars of these isolates was impossible using the AGD
test, the antigens extracted by heat were used in place of
autoclaved antigens. Thirty-seven isolates were used in this
test (UT-serovar 1: 23 isolates; UT-serovar 2: 13 isolates;
and UT-serovar 15: one isolate). Precipitation lines were
observed for the heat-extracted antigens of all UT-serovar
1 and UT-serovar 15 isolates, but were not observed for any
UT-serovar 2 isolates (Fig. 1). To confirm the influence of
temperature on antigen extraction, we conducted the RSA
test using antigens derived by both autoclaving and heat ex-
traction. UT-Serovar 2 isolates exhibited the same reaction
regardless of antigen-extraction temperature, whereas se-
rovar 1 isolates showed only a weak reaction using antigens
extracted at 100°C and 121°C (Fig. 2). Stronger heat treat-
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Table 1. Serotyping reanalysis of unserotypable Actinobacillus
pleuropneumoniae isolates by an agar gel diffusion test

serovar
uT 1 2 15

RSA test 20 25 19
multiplex PCR 0 25 20
method by Ito (serovars 1, 2 and 5)» 5 24 18 -

method by Bosse ef al.
(serovars 1-3, 5-8, 10 and 12)

method by Turni et al. (serovar 15) - - - 24

20) 19 29

a) Number of isolates, b) The serovars that we investigated, ¢) Unsero-
typable isolates using multiplex PCR by Ito, d) Unserotypable isolates
using multiplex PCR by Bosse et al.

ment affects the thermostable antigens used for serotyping in
Haemophilus parasuis [3]. Likewise, our findings suggested
that the serotyping antigens of serovars 1 and 15 were affect-
ed by heat. Antigens used in the AGD test are supernal and
are autoclaved and centrifuged [16]. UT-serovar 2 isolates
were serotypable using the RSA test, but remained UT by the
AGD test even when using antigens derived at different ex-
traction temperatures. It was impossible to extract the sero-
typing antigen of serovar 2 by autoclaving or heat treatment.
Therefore, it is necessary to select a serotyping method in
consideration of the characteristics of each serovar.

To investigate the relationship between antigenic differ-
ences and the genotype of isolates UT by the AGD test, we
performed pulsed-field gel electrophoresis (PFGE) analysis
as previously described [14]. Six isolates (15-PLA-19, 17-
PLA-15, 17-PLA-18, 17-PLA-25, 17-PLA-39 and 17-PLA-
43) that were typed serovar 2 and one isolate (15-PLA-22)
that was typed serovar 15 by the RSA test and multiplex PCR
were investigated. The PFGE profiles were analyzed using
the software Molecular Analyst Fingerprinting Plus (version
1.6; Bio-Rad Laboratories, Inc., Hercules, CA, U.S.A.), with
CHEF DNA Size standard lambda Ladder (Bio-Rad Labo-
ratories) as the gold standard. 17-PLA-45 (serovar 2), A.
pleuropneumoniae HS143 (serovar 15 reference strain), 15-
PLA-20 (serovar 15) and 16-PLA-6 (serovar 15) were used
as controls. The restriction enzyme digest patterns following
DNA digestion with Apal are shown in Fig. 3. Serovar 2
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Fig. 1. AGD test using autoclaved extraction antigens or heating
extraction antigens. 1: antiserum of serovar 1, 2: antiserum serovar
2, P1: antigen of A. pleuropneumoniae 4074 (serovar 1 reference
strain), P2: antigen of A. pleuropneumoniae 1536 (serovar 2 refer-
ence strain), S1 and S2: antigens of 23-PLA-35 and 23-PLA-36,
respectively (determined serovar 1 by RSA test), S3 and S4:
antigens of 23-PLA-52 and 23-PLA-53, respectively (determined
serovar 2 by RSA test).

isolates exhibited three PFGE patterns. Four isolates showed
the same pattern as the 17-PLA-45, but two differed. Several
different PFGE patterns existed among the UT-serovar 2
isolates. Approximately 80% of serovar 2 field isolates in
Japan show the same PFGE pattern as 17-PLA-45 [14]. The
predominant PFGE pattern of UT-serovar 2 was identical to
that of serovar 2, suggesting that the antigenic differences
between serovar 2 and UT-serovar 2 were not reflected by
their PFGE patterns. Thus, it is necessary to perform other
genetic analyses to investigate the relationship between an-
tigenicity and genotype. For serovar 15, the PFGE pattern of
15-PLA-22 differed from those of the reference strain and
serovar 15 field isolates. It was confirmed that the genotype
of 15-PLA-22 was different from those of serovar 15. As the
number of isolates used in this study was small, it is unclear
whether the antigenic differences between serovar 15 and
UT-serovar 15 are reflected by their PFGE patterns. It is
necessary to increase the number of isolates to investigate
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RSA test with heat treatment antigens. Ag: antigen, UT-1: isolate of UT by AGD test

but serovar 1 by RSA test, UT-2: isolates of UT by AGD test but serovar 2 by RSA test.



UNSEROTYPABLE 4. PLEUROPNEUMONIAE

Dice (Tol 2.0%-2.0%) (H>0.0% = 0.0%) [0.0%- 100 0%]

serovar
M

HS143 15
15-PLA-20 15
16-PLA-6 15
15-PLA-22
15-PLA-19
17-PLA-18
17-PLA-39
17-PLA-43
| 17-PLA-45 2
17-PLA-25
17-PLA-15

Fig. 3. PFGE patterns of serovar 2 isolates and serovar 15 isolates.
M: Lambda ladder, HS143: reference strain of serovar 15, 15-PLA-
20 and 16-PLA-6: serovar 15, 15-PLA-22: determined serovar 15
by multiplex PCR, 15-PLA-19, 17-PLA-15, 17-PLA-18, 17-PLA-
25, 17-PLA-39 and 17-PLA-43: determined serovar 2 by RSA test
and multiplex PCR, 17-PLA-45: serovar 2.

the relationship between antigenicity and genotype.

In this study, 47 isolates UT using the AGD test were in-
vestigated using the RSA test and multiplex PCR. As a result,
it was possible to identify 25, 20 and two isolates as serovars
1,2 and 15, respectively. The AGD test and the RSA test us-
ing antiserum could confirm expression of serovar-specific
antigen and difference of the antigenicity. Our investiga-
tion suggested that serovar-specific antigens from some A.
pleuropneumoniae isolates of serovars 1 and 15 may be
easily denatured by heat treatments, such as 100°C for 1 hr,
whereas some of serovar 2 isolates may be hard to extract by
heat treatments, such as 121°C for 1 hr. These facts should
give consideration to preparation of antigen for AGD test.
The results of multiplex PCR based on serovar-specific gene
had agreed with that of the RSA test in our study. Therefore,
it would suggest that the multiplex PCR methods are useful
methods for serotyping as rapid, simple and precise diag-
nosis tools. To identify the factor that causes difference of
extraction of the antigen by heat treatment, further genetic
analyses are necessary.

ACKNOWLEDGMENTS. We thank the staff of the Live-
stock Hygiene Service centers in Japan for providing the A.
pleuropneumoniae isolates.

REFERENCES

1. Blackall, P. J., Klaasen, H. L. B. M., van den Bosch, H., Kuhnert,
P. and Frey, J. 2002. Proposal of a new serovar of Actinobacil-
lus pleuropneumoniae: serovar 15. Vet. Microbiol. 84: 47-52.
[Medline] [CrossRef]

2. Bossé, J. T, Li, Y., Angen, @., Weinert, L. A., Chaudhuri, R.
R., Holden, M. T., Williamson, S. M., Maskell, D. J., Tucker,
A. W., Wren, B. W,, Rycroft, A. N., Langford P. R., BRaDP1T
consortium 2014. Multiplex PCR assay for unequivocal differ-
entiation of Actinobacillus pleuropneumoniae serovars 1 to 3, 5
to 8, 10, and 12. J. Clin. Microbiol. 52: 2380-2385. [Medline]
[CrossRef]

11.

725

Del Rio, M. L., Gutiérrez, C. B. and Rodriguez Ferri, E. F. 2003.
Value of indirect hemagglutination and coagglutination tests
for serotyping Haemophilus parasuis. J. Clin. Microbiol. 41:
880-882. [Medline] [CrossRef]

Gutiérrez-Martin, C. B., del Blanco, N. G., Blanco, M., Navas,
J. and Rodriguez-Ferri, E. F. 2006. Changes in antimicrobial
susceptibility of Actinobacillus pleuropneumoniae isolated from
pigs in Spain during the last decade. Vet. Microbiol. 115: 218—
222. [Medline] [CrossRef]

Gutiérrez, C. B., Rodriguez Barbosa, J. 1., Tascon, R. 1., Costa,
L., Riera, P. and Rodriguez Ferri, E. F. 1995. Serological char-
acterisation and antimicrobial susceptibility of Actinobacillus
pleuropneumoniae strains isolated from pigs in Spain. Vet. Rec.
137: 62—-64. [Medline] [CrossRef]

Inamoto, T., Kikuchi, K., ITijima, H., Kawashima, Y., Nakai,
Y. and Ogimoto, K. 1994. Antibacterial activity of tilmicosin
against Pasteurella multocida and Actinobacillus pleuropneu-
moniae isolated from pneumonic lesions in swine. J. Vet. Med.
Sci. 56: 917-921. [Medline] [CrossRef]

Inoue, A., Yamamoto, K., Hirano, N. and Murakami, T. 1984.
Drug susceptibility of Haemophilus pleuropneumoniae strains
isolated from pigs. Jpn. J. Vet. Sci. 46: 175-180. [Medline]
[CrossRef]

Ito, H. 2010. Development of a cps-based multiplex PCR for
typing of Actinobacillus pleuropneumoniae serotypes 1,2 and 5.
J. Vet. Med. Sci. 72: 653—655. [Medline] [CrossRef]

Kim, B., Min, K., Choi, C., Cho, W. S., Cheon, D. S., Kwon, D.,
Kim, J. and Chae, C. 2001. Antimicrobial susceptibility of Acti-
nobacillus pleuropneumoniae isolated from pigs in Korea using
new standardized procedures. J. Vet. Med. Sci. 63: 341-342.
[Medline] [CrossRef]

Min, K. and Chae, C. 1999. Serotype and apx genotype profiles
of Actinobacillus pleuropneumoniae field isolates in Korea. Vet.
Rec. 145: 251-254. [Medline] [CrossRef]

Mittal, K. R., Higgins, R., Lariviére, S. and Nadeau, M. 1992.
Serological characterization of Actinobacillus pleuropneu-
moniae strains isolated from pigs in Quebec. Ver. Microbiol. 32:
135-148. [Medline] [CrossRef]

Mittal, K. R., Higgins, R. and Lariviere, S. 1982. Evaluation of
slide agglutination and ring precipitation tests for capsular sero-
typing of Haemophilus pleuropneumoniae. J. Clin. Microbiol.
15: 1019-1023. [Medline]

Morioka, A., Asai, T., Nitta, H., Yamamoto, K., Ogikubo, Y.,
Takahashi, T. and Suzuki, S. 2008. Recent trends in antimicro-
bial susceptibility and the presence of the tetracycline resistance
gene in Actinobacillus pleuropneumoniae isolates in Japan. J.
Vet. Med. Sci. 70: 1261-1264. [Medline] [CrossRef]

Morioka, A., Uchiyama, M. and Suzuki, S. 2013. Genotypical
characteristics of Actinobacillus pleuropneumoniae isolates in
Japan from 1986-2005. Jpn. J. Anim. Hyg. 38: 139-146.
Sebunya, T. N. K. and Saunders, J. R. 1983. Haemophilus
pleuropneumoniae infection in swine: a review. J. Am. Vet. Med.
Assoc. 182: 1331-1337. [Medline]

Suzuki, S., Takahashi, T., Muramatsu, M., Ohishi, K., Naka-
jima, M. and Yamashita, M. 1988. Serotyping of Actinobacillus
(Haemophilus) pleuropneumoniae isolates from pigs in slaugh-
terhouse. Jpn. J. Vet. Sci. 50: 1264-1267. [Medline] [CrossRef]
Turni, C., Singh, R., Schembri, M. A. and Blackall, P. J. 2014.
Evaluation of a multiplex PCR to identify and serotype Acti-
nobacillus pleuropneumoniae serovars 1, 5, 7, 12 and 15. Lett.
Appl. Microbiol. 59: 362-369. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/11731158?dopt=Abstract
http://dx.doi.org/10.1016/S0378-1135(01)00428-X
http://www.ncbi.nlm.nih.gov/pubmed/24759717?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00685-14
http://www.ncbi.nlm.nih.gov/pubmed/12574306?dopt=Abstract
http://dx.doi.org/10.1128/JCM.41.2.880-882.2003
http://www.ncbi.nlm.nih.gov/pubmed/16431040?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/8533233?dopt=Abstract
http://dx.doi.org/10.1136/vr.137.3.62
http://www.ncbi.nlm.nih.gov/pubmed/7865594?dopt=Abstract
http://dx.doi.org/10.1292/jvms.56.917
http://www.ncbi.nlm.nih.gov/pubmed/6748442?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.46.175
http://www.ncbi.nlm.nih.gov/pubmed/20068267?dopt=Abstract
http://dx.doi.org/10.1292/jvms.09-0529
http://www.ncbi.nlm.nih.gov/pubmed/11307940?dopt=Abstract
http://dx.doi.org/10.1292/jvms.63.341
http://www.ncbi.nlm.nih.gov/pubmed/10504068?dopt=Abstract
http://dx.doi.org/10.1136/vr.145.9.251
http://www.ncbi.nlm.nih.gov/pubmed/1441197?dopt=Abstract
http://dx.doi.org/10.1016/0378-1135(92)90101-X
http://www.ncbi.nlm.nih.gov/pubmed/7107836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19057148?dopt=Abstract
http://dx.doi.org/10.1292/jvms.70.1261
http://www.ncbi.nlm.nih.gov/pubmed/6348003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3246844?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.50.1264
http://www.ncbi.nlm.nih.gov/pubmed/24863421?dopt=Abstract
http://dx.doi.org/10.1111/lam.12287

