
Aust Vet J  Vol 77, No 1, January 1999 39

Scientific

In the most recent study on the serological characterisation of
Australian isolates of A pleuropneumoniae, a large percentage of
isolates either gave cross-reactions with serovars 3 and 6
(47/256 isolates) or no reaction at all (91/256 isolates).11 This
study was performed using slide agglutination and GD, tech-
niques which had performed effectively in the past.5 The high
incidence of isolates that could not be clearly serotyped was
clear evidence that these methods were no longer as effective.

Several recent studies have shown that, of the available
serotyping methods, IHA and QGD are the most effective
methods for correctly serotyping A pleuropneumoniae
isolates.10,12,13 In this paper, we describe the set-up and valida-
tion of IHA and QGD for the serotyping of A pleuropneumo-
niae using the reference strains for the 12 serovars and rabbit
hyper-immune sera raised against these 12 strains. The use of
the IHA and QGD to examine isolate HS143, selected to repre-
sent the problem isolates from the earlier study11 is then
reported. In addition, we describe the serological characterisa-
tion of 378 isolates of A pleuropneumoniae obtained as part of a
national referral service for the identification of porcine
haemophili. We also re-examine a subset of the cross-reacting
and non-typable isolates reported in our previous serotyping
study.11

Materials and methods
Bacteria

The 12 reference strains for the recognised serovars of A pleu-
ropneumoniae (strains 4074, 4226, 1421, M62, K17, Femo,
WF83, 405, CVJ 13621, 22009, 56153 and 1096, serovars 1 to
12 respectively) were used. Isolate HS143 was obtained in 1990
from a breeding herd within Company A. The 378 field isolates
of A pleuropneumoniae were obtained from veterinary diagnostic
laboratories in New South Wales (68 isolates), Queensland (117
isolates), South Australia (20 isolates), Victoria (157 isolates)
and Western Australia (16 isolates). All 378 isolates were shown
to be A pleuropneumoniae using the phenotypic testing methods
previously described.11

Antisera
The antisera for serovars 1 to 12 were those used in previous

studies.5,11 Antiserum against isolate HS143 was produced as
described previously for the reference strains.5
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type strain of a group of Actinobacillus pleuropneumoniae
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Design After initial validation, QGD and IHA tests were
used to characterise the prototype isolate (HS143) selected to
represent the cross-reacting isolates that were found in a
previous study. Next, 378 recent field isolates of A pleurop-
neumoniae were characterised using the existing gel diffusion
serotyping technique and/or the IHA or QGD tests.

Results The indirect haemagglutination test was shown to
be capable of correctly recognising the reference strain for all
serovars except serovar 11. While the quantitative gel diffu-
sion test was not as effective as indirect haemagglutination, it
could recognise serovar 11. When the two tests were used to
examine the prototype strain (HS143) of the cross-reactive
isolates, the results indicated that HS143 is serologically
distinct from all 12 of the recognised serovars of A pleurop-
neumoniae. However, as HS143 was subsequently identified
as serovar 12 by one of the leading international reference
laboratories, the antiserum to isolate HS143 was used as the
serovar 12 antiserum. A total of 346 of the 378 A pleuropneu-
moniae field isolates examined could be confidently serotyped
with almost 90% of the isolates being either serovar 1 (104
isolates); serovar 7 (83 isolates) or serovar 12 (142 isolates).
A range of other serovars and some cross-reactive isolates
made up the remainder of the isolates.

Conclusion The serovar 12 antiserum produced against
the international reference strain (1096) does not recognise
Australian serovar 12 isolates. The antiserum raised against
isolate HS143 does recognise the Australian serovar 12
isolates. The dominant serovars of A pleuropneumoniae
infecting Australian pigs are (in decreasing order) serovars 12,
1 and 7.
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Actinobacillus pleuropneumoniae is the causative agent of
porcine pleuropneumonia, a severe respiratory disease of
pigs that is of economic importance where-ever pigs are

raised.1 Twelve serovars of this important bacterial pathogen are
currently recognised.1 A knowledge of the serovars prevalent in
a region or on a farm is important as inactivated vaccines can
protect only against those serovars in the vaccine.2,3

A range of methods has been reported for the serotyping of A
pleuropneumoniae.4 The methods that have found widespread
use are rapid slide agglutination, GD, IHA, ring precipitation,
coagglutination and counterimmunoelectrophoresis.4-8 None of
these techniques is perfect – cross-reactions, particularly
between serovars 1, 9 and 11 and between serovars 3, 6 and 8,
are a problem with most of these techniques.9,10

GD Gel diffusion
IHA Indirect haemagglutination
NA Noble agar, Difco
PBS Phosphate_buffered saline
QGD Quantitative gel diffusion
SRBCs Sheep red blood cells
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Serotyping methods
The bacteria were grown on Test Medium Agar supplemented

with chicken serum and nicotinamide adenine dinucleotide,
termed TM/SN agar,14 at 37°C for 5 h. The growth was then
harvested into 2 mL of 0.15M NaCl. The suspension was
washed and resuspended in PBS (pH 7.2) containing thiom-
ersal (0.01% final volume). The antigen was held for 30 min at
56°C and then centrifuged (11,000 g, 4°C, 30 min) and the
supernatant retained for use in the various serological tests.

The GD test was performed in a medium that consisted of
1% NA in PBS containing 3 mM sodium azide. For the QGD
test, each antigen was tested against each serum over the
following serum dilution range: 1/2, 1/4, 1/5, 1/10, 1/20, 1/40
and 1/80.

The IHA test was performed using a method provided by Dr
R Nielsen (State Veterinary Serum Laboratory, Copenhagen,
Denmark). Briefly, the antigen was diluted 1:10 in PBS. SRBCs
were collected into an equal volume of Alsiever’s solution. The
SRBCs were washed three times in PBS and resuspended to 4%
in PBS. The SRBCs were coated with diluted antigen by mixing
equal volumes of the antigen and 4% SRBCs and holding the
mixture at 37°C for 90 min. The sensitised SRBCs were washed
three times in PBS and resuspended to a final concentration of
1%. The antisera were heat inactivated (56°C, 30 min) prior to
use and non-specific agglutinins removed by absorption with
four volumes of 4% SRBCs (37°C, 10 min). Fifty µL of sensi-
tised SRBCs and 50 µL of diluted antisera were used in the
actual tests, which were performed in U-bottom microtitre
trays. The plates were incubated at room temperature for 2 h.
The sera were tested as doubling dilutions from 1/5 to
1/10,240.

For the field isolates, serotyping was initially performed using
the GD test. For those isolates that gave a single reaction, this
was accepted as the serovar. If isolates were nontypable or
reacted with more than one antiserum in the GD test, they were
then tested with the IHA test. Isolates were assigned to the
serovar for which the highest titre was recorded. For those
isolates that gave equal titres with several serovars, the QGD test
was then used. The result from the QGD test was accepted as
the definitive result for the isolate.

A subset of 74 isolates from the previous 1988-1992
serotyping study11 were re-examined using the HS143 anti-
serum and the GD and/or IHA tests.

Results
The results of testing all 12 reference antisera against all 12

reference antigens by QGD are shown in Table 1. For 10 of the
12 reference antigens, only the expected homologous reactions
were detected. With the serovar 9 antigen, a low titre of 1/2 was
detected against serovars 3 and 9. For the serovar 11 antigen, a
cross-reaction was detected against serovar 9 (1/2) although this
was lower than the homologous serovar 11 titre (1/4).

The results of testing all 12 reference antisera against all 12
reference antigens by IHA are shown in Table 2. Ten of the 12
reference antigens gave only the expected homologous reaction.
With the serovar 8 antigen, a cross-reaction with serovar 6 was
detected, although this heterologous reaction was a lower titre
(1/80) compared with the homologous titre (1/320). With the
serovar 11 antigen, the antisera for serovars 9 and 11 gave equal
titres (1/2560).

The results obtained with testing HS143 antigen against all
12 reference antisera as well as all 12 antigens against the
HS143 antiserum by QGD and IHA are presented in Tables 1
and 2 respectively. By IHA, HS143 appears to be serologically
distinct. The HS143 antigen reacted only with the HS143 anti-
serum. As well, none of the 12 reference antigens reacted with
the HS143 antiserum. The results with the QGD test were not
as clear cut. The HS143 antigen gave low titres with the serovar
9 and 11 antisera, 1/2 and 1/4 respectively. A titre of 1/4 was
found using the HS143 antigen and the HS143 antiserum.

In order to confirm the IHA results with HS143, which
strongly suggested that this isolate represents a new serovar, this
isolate was examined in the laboratory of Dr Nielsen (State
Veterinary Serum Laboratory, Denmark). When tested in
Denmark, isolate HS143 was shown to react with the Danish
serovar 12 antiserum with a titre of 1/160 in a IHA test (PJ
Blackall unpublished data). As the laboratory of Dr Nielsen is
the internationally recognised centre for the serotyping of A
pleuropneumoniae, HS143 has been accepted as serovar 12. Any
Australian field isolate reacting specifically with the HS143
antiserum can be identified as serovar 12.

The serotyping of the 378 field isolates was performed using
antisera raised against the international reference strains for
serovars 1 to 11 plus the HS143 antiserum as the serovar 12
antiserum. The serovars of the 378 isolates of A pleuropneumo-
niae are shown in Table 3, which presents the combined results
for the three serotyping methods used in this study – GD, IHA

Table 1. Results of cross-serovar testing using the quantitative gel diffusion test.

Antigen Antiserum

1 2 3 4 5 6 7 8 9 10 11 12 143

1 20 - - - - - - - - - - - -
2 - 40 - _ _ _ _ _ _ _ _ _ _
3 _ _ 2 _ _ _ _ _ _ _ _ _ _
4 _ _ _ 10 _ _ _ _ _ _ _ _ _
5 _ _ _ _ 20 _ _ _ _ _ _ _
6 _ _ _ _ _ 20 _ _ _ _ _ _ _
7 _ _ _ _ _ _ 20 _ _ _ _ _ _
8 _ _ _ _ _ _ _ 40 _ _ _ _ _
9 _ _ 2 _ _ _ _ _ 2 _ _ _ _

10 _ _ _ _ _ _ _ _ _ 5 _ _ _
11 _ _ _ _ _ _ _ _ 2 _ 4 _ _
12 _ _ _ _ _ _ _ _ _ _ _ 10 _

143 _ _ _ _ _ _ _ _ 2 _ 4 _ 4

Results are expressed as the inverse of the antiserum titre.
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ously typed as either serovar 3,6 crossreacting (29 isolates) or
non-typable (45 isolates), being identified as serovar 12 (64
isolates) or non-typable (10 isolates).

Discussion
The validation results obtained with the IHA serotyping

method indicated that this is a very effective method of
serotyping A pleuropneumoniae. Of the 12 reference strains
examined, 10 gave only the expected homologous reactions.
The cross-reaction detected between serovars 6 and 8 has been
noted by others.9,15,16 The difference in titres between the
homologous and heterologous reactions is such that correct
allocation to serovar 6 or 8 is easily achieved. The IHA method
could not distinguish between serovars 9 and 11, a finding that
has been reported previously.12

The QGD serotyping method was as effective as the IHA,
although titres were much lower. In the QGD method, 10 of
the 12 reference strains gave only the expected homologous
reactions. Unexpectedly, the QGD method, when used on the
serovar 9 antigen, gave equal titres to serovars 3 and 9 anti-
serum. However, the QGD method did correctly serotype the
serovar 11 strain, although a cross-reaction to serovar 9 was
seen.

Overall, we found that both the IHA and QGD methods
were effective and were able to clearly differentiate at least 10 of
the 12 recognised serovars without any evidence of the cross-
reactions that can cause problems in the other methods.9,15-17

As neither method could recognise all 12 serovars, it would
seem that a combination of both methods may have to be used
for definitive serotyping.

The IHA results obtained in Australia with HS143 strongly
suggest that this organism represents a new serovar. However, in
a collaborative study performed in the laboratory of Dr Nielsen
in Denmark, isolate HS143, using both antigen produced in
Australia and Denmark, was shown to react with serovar 12
with a titre of 1/160 in an IHA test (PJ Blackall unpublished
data). Further, the serovar 12 reference antiserum produced in
Australia was shown to have a much lower titre to the reference
serovar 12 strain (1096) than the equivalent antiserum
produced in Denmark in the IHA test (1/160 compared with
1/2560) (PJ Blackall unpublished data). Hence, it appears that

and QGD. About 91% of the isolates (346/378) were allocated
to single serovars. Of the isolates that were allocated to a serovar,
329 (87% of the total) were allocated to just three serovars: 1, 7
and 12. The most common serovars were serovar 12 (142
isolates) followed by serovar 1 (104 isolates) followed by serovar
7 (83 isolates). No other serovar contained over nine isolates.
Only a small percentage of the isolates were either non-typable
(3.4%) or gave cross-reactions with a number of serovars
(5.1%).

Isolates of serovars 7 and 12 were derived from all five States
represented in this study. A notable feature was the absence of
serovar 1 in Queensland. As the total number of isolates of A
pleuropneumoniae from Queensland was large (117 out of the
378 examined), the absence of serovar 1 was not coincidental.
Apart from Queensland, serovar 1 was present in all States
covered in this study. The remaining serovars, 2, 3 and 5, were
found in small numbers only and had limited distribution.

The results of the re-examination of a subset of isolates from
the previous serotyping study11 resulted in the 74 isolates, previ-

Table 2. Results of cross-serovar testing using the indirect haemagglutinin test.

Antigen Antiserum

1 2 3 4 5 6 7 8 9 10 11 12 143

1 2 3 4 5 6 7 8 9 10 11 12 143
1 160 - - - - - - - - - - - -
2 - 2560 - - - - - - - - - - -
3 - - 320 - - - - - - - - - -
4 - - - 320 - - - - - - - - -
5 - - - - 640 - - - - - - -
6 - - - - - 640 - - - - - - -
7 - - - - - - 160 - - - - - -
8 - - - - - 80 - 320 - - - - -
9 - - - - - - - - 320 - - - -
10 - - - - - - - - - 128 - - -
11 - - - - - - - - 2560 - 2560 - -
12 - - - - - - - - - - - 160 -
143 - - - - - - - - - - - - 320

Results are expressed as the inverse of the antiserum titre.

Table 3. Results of serotyping of 378 Australian isolates of
A pleuropneumoniae. 

Serovar NSW QLD SA VIC WA Total Percentage

1 12 0 3 83 6 104 27.5
2 1 3 0 0 1 5 1.3
3 0 2 1 0 0 3 0.8
5 0 8 0 1 0 9 2.4
7 16 32 8 23 4 83 22.0
12 38 58 1 42 3 142 37.6
NT 0 5 0 6 2 13 3.4
2,5 0 1 0 0 0 1 0.3
2,10,11 0 1 0 0 0 1 0.3
3,12 0 2 0 0 0 2 0.5
3,6,10,12 0 2 1 0 0 3 0.8
3,7,10 1 0 0 0 0 1 0.3
7,10 0 2 2 1 0 5 1.3
7,12 0 1 0 0 0 1 0.3
10,12 0 0 4 1 0 5 1.3

TOTAL 68 117 20 157 16 378 100
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the reason the Australian-produced serovar 12 reference serum
failed to type HS143 as serovar 12 is due to the fact that the
Australian antiserum is weaker and has a lower homologous
titre. Based on the results obtained in the laboratory of Dr
Nielsen, HS143 antiserum can be used as a substitute serovar
12 antiserum. Field isolates reacting specifically with the HS143
antiserum can be identified as serovar 12.

An alternative hypothesis on the nature of the isolates that
have been shown to react with the HS143 antiserum is that
these isolates are not serovar 12 but rather represent a new
serovar. For this hypothesis to be accepted as correct, the find-
ings of the serological identity of HS143 as serovar 12 by Dr
Nielsen would have to be ignored. There is no accepted, defini-
tive ‘reference’ laboratory that can provide a guaranteed ‘correct’
answer for the serotyping of A pleuropneumoniae. However, the
fact that 4 of the currently recognised 12 serovars, including
serovar 12 itself, were proposed by Dr Nielsen1 makes the
finding by Dr Nielsen that HS143 is serovar 12 as definitive an
answer as is currently possible. 

A notable result of the serotyping of A pleuropneumoniae field
isolates was the predominance of serovars 1, 7 and 12 - 87% of
the 378 isolates belonging to just these three serovars. While
serovars 1 and 7 have been dominant serovars in the previous
two studies,5,11 serovar 12 has not been recognised as a domi-
nant serovar previously. Table 4 shows the predominant serovars
found in all three serotyping studies that have been completed
to date. A major difference between the results of the current
study and those of the previous studies has been the emergence
of serovar 12. Our re-examination of a subset of the non-
typable isolates from the earlier serotyping 1988-1992 study11

established that over 85% of the problem isolates examined
were, in fact, serovar 12. Hence, the emergence of serovar 12
began over the term of the 1988-1992 study.11 However, the
emergence was not recognised due to the technical failings of
the sera and the antigen extraction techniques used in that
study. As the methods used in the first study5 were the same as
the 1988-1992 study11 and there were few non-typable or cross-
reacting isolates in the first study, it can be concluded that the
‘problem’ or serovar 12 isolates were only detected after 1987. 

The current study has shown that, at the national level, the
relative prevalence of serovar 1 has decreased (47% in 1988 to
27.5% in 1996) and that of serovar 12 has greatly increased
(0% in 1988 to 37.6% in 1996). The emergence of serovar 12 is
mostly explained by the addition of the IHA and QGD tests as
serotyping methods, the altered antigen preparation method
compared with that used in the earlier studies5,11 and the recog-
nition that isolates reacting with the HS143 antiserum were
serovar 12 (allowing many isolates to be assigned to that
serovar). One other possible factor contributing to the emer-
gence of serovar 12 is the fact that many more diagnostic labo-
ratories are now examining samples from pig lungs as a result of
the widespread adoption of pig health monitoring schemes. We
have already reported that the so-called serovar 3,6 cross-
reacting isolates (now known to be serovar 12) are more
frequently obtained from slaughter checks than isolates of
serovar 1.11 It is possible that the specific monitoring of pigs at
slaughter for pneumonia and pleurisy resulted in greater efforts
to isolate the cause of pneumonic lesions, resulting in the
increase of serovar 12 isolates. Yet another factor is that serovar
12 may have become widely disseminated throughout the
Australian pig herd by the presence of this serovar in a breeding
pyramid.

While the overall prevalence figures indicate that the domi-
nant serovars are (in decreasing order) serovar 12, 1 and 7, it is
important to note that this prevalence is not universal. Three
States (New South Wales, Queensland and Victoria) provided
enough isolates to enable a meaningful examination of the
prevalence of serovars in those States (Table 5). None of the
three States showed the same percentage distribution of these
three serovars as the overall national figures. A particular feature
is the absence of serovar 1 from Queensland isolates, despite the
fact that this State contributes the second largest number of
isolates overall.

These findings of regional variation in serovar prevalence
combined with the dramatic shift in serovar prevalence over the
time period from the first of our studies5 highlights the need for
continued serotyping studies.

Our finding that almost 90% of Australian A pleuropneumo-
niae isolates belong to only three serovars is of considerable
practical importance. Inactivated pleuropneumonia vaccines,
the only currently available vaccines for this disease, protect
only against those serovars present in the vaccine.2,3 Hence, our
findings strongly suggest that inactivated pleuropneumonia
vaccines for use in Australia should contain serovars 1, 7 and 12.
As other serovars are present (notably serovars 2, 3 and 5),
isolates of A pleuropneumoniae associated with apparent vaccine
failures should be serotyped. Alternatively, veterinarians consid-
ering use of an inactivated vaccine in a particular herd could
have the serovar of A pleuropneumoniae responsible for the
disease established to confirm that the proposed vaccine
contains the correct serovar(s).

A possible consequence of the use of inactivated vaccines
containing the predominant serovars (1, 7 and 12) is a ‘drift’
away from those serovars in the vaccines, due to vaccine pres-
sure. While there is no evidence of a serovar drift in porcine
pleuropneumonia, it has been suggested as a cause of vaccine
failures in the related organism, Haemophilus paragallinarum.18

Hence, it is important that serotyping studies of the type
reported here continue to be performed. Apparent instances of

Table 4. Comparison of the three A pleuropneumoniae serotyping
studies performed to date.

Serovar Percentage of isolates

Eaves and Blackall5 Blackall and Pahoff11 Current study

1 47 28.7 27.5
7 29 17.2 22
12 0 0.7 37.6
Non-typable 2 47.3 8.5

Table 5. Relative prevalence of serovars 1, 7 and 12 of A pleuropneumoniae
in Queensland, New South Wales and Victoria.

Serovar Percentage of isolates

New South Wales Queensland Victoria National

1 17.6 0 52.9 27.5
7 23.5 27.3 14.7 22
12 55.9 49.6 26.7 37.6
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vaccine failures should certainly be investigated carefully,
possibly using intensive surveys that involve the isolation and
serotyping of multiple isolates of A pleuropneumoniae from such
problem farms or herds. 
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Spermatozoa under peril?

According to numerous studies, human sperm counts are diminishing. The trend has not been uniform and
retrospective studies may suffer from a number or confounding factors, giving rise to debate over the validity
of the decline and its possible causes.

DM de Kretser from Murdoch University has reviewed the current status of the controversy. Despite reser-
vations about the methodology used to assess sperm counts, it is clear that there have been significant
regional declines, unforeseen before this decade. In addition to diminishing sperm numbers, regional
increases in the incidence of testicular cancer and cryptorchidism have been noted. It is not known whether
these disorders share causality. 

The development of Sertoli cells, key players in spermatogenesis, can be disturbed during pregnancy and
puberty, leading to smaller sperm numbers later in life. The factors affecting Sertoli cells include chemicals
and high ambient temperature. Oestrogenic substances, increasingly present in the environment, have been
implicated. They include oral contraceptives, growth promoters, phyto-oestrogens, polychlorinated biphenyls,
phenolic compounds and organochorine pesticides. High testicular temperature caused by tight underwear
may be a factor of some significance.

Male human reproduction is vulnerable to adverse factors because of our long period of sexual immaturity
and subsequent sexual activity. The effects may manifest after a prolonged exposure. While the decline in
sperm numbers does not yet threaten male fertility, the author emphasises that it is vital for human reproduc-
tive health that the decline and its causes are investigated.  

de Kretser DM. Are sperm counts really falling? Reprod Fertil Dev 1998;10:93-95.


