
Objectives To produce antisera to the 15 recognised reference strains of the
Kielstein-Rapp-Gabrielson (KRG) serotyping scheme for Haemophilus parasuis, vali-
date those sera and use them to serotype 46 Australian field isolates of H parasuis.

Design Antisera were produced in rabbits and validated by cross-testing with the
reference strains and re-testing 15 Australian field isolates of H parasuis that had
been previously serotyped in the United States of America. The validated antisera
were then used to determine the serovar of 46 Australian isolates.

Results Monospecific antisera were produced for 14 of the 15 KRG serovars of H
p a r a s u i s . Two Australian field isolates, confirmed previously as serovars 1 and 7,
were used to produce monospecific antisera for serovars 1 and 7 respectively. The
antiserum for serovar 4 gave a one-way cross reaction with the antigen of serovar 14.
The typing antisera correctly typed all 15 H parasuis that had been previously typed
by antisera produced overseas. The 46 field isolates were shown to belong to
serovars 2 (two isolates), 4 (one isolate), 5 (18 isolates), 12 (two isolates) and 13
(four isolates). The remaining 19 isolates were non-typable.

Conclusion Serotyping of H parasuis isolates is now available in Australia. H
p a r a s u i s serovars 5 and 13 remain the predominant serovars present in A u s t r a l i a n
pigs.
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H aemophilus parasuis, an organism dependent upon nicotinamide adenine dinu-
cleotide (NAD) or V-factor for in-vitro growth, is the causative agent of porc i n e
polyserositis and arthritis (Glässer’s disease).1 The main lesions associated with

this disease are fibrinous or serofibrinous meningitis, serositis, pleuritis, pericard i t i s ,
peritonitis and arthritis that can occur in various combinations or occasionally singly.1

In North America Glässer’s disease has emerged as a significant problem in segregated
early weaning (SEW) production systems.2 The disease is now re g a rded as one of the
remaining infectious diseases that can cause significant economic losses in these
s y s t e m s .2 As there is now considerable interest in the use of SEW or modified SEW
p roduction systems in Australia, it is likely that Gl ä s s e r’s disease may emerge as an
increasing problem in the Australian pig industry.

The Kielstein-Rapp-Gabrielson (KRG) serotyping scheme3 is now the internationally
recognised scheme for serotyping H para s u i s. In t e rest in the use of the KRG scheme
arises from the fact that there is conflicting evidence on whether the protection provided
by inactivated H parasuis vaccines is serovar-specific or, indeed, even strain specific.4 -7 A
p revious study, performed by forw a rding Australian isolates to the United States of
America, has shown that KRG serovars 1, 2, 4, 5, 9, 10/7, 12 and 13 are present in
Australia with serovars 5 and 13 being the most common.8 In this study, we report the
p roduction of antisera for the 15 KRG serovars, the validation of those antisera and
then the use of those antisera to serotype a further 46 Australian field isolates.

Materials and Methods
Bacteria 
Reference strains for H parasuis serovars 1 to 15 were obtained from Dr Vicki Rapp-
Gabrielson of Solvay (now Fort Dodge) (Minnesota, USA). A total of 17 Australian
field isolates of H parasuis, all previously serotyped by the KRG scheme8 were also
used. Full details of the reference strains and the previously serotyped field isolates are
given in Table 1. A further 46 Australian field isolates of H parasuis, all identified by
traditional phenotypic methods9 were also used in this study.
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Media
The agar medium TM/SN10 was used for the general growth

of the H parasuis strains and isolates. Chocolate agar (CA) was
used for the production of antigens to be inoculated into
rabbits. TM/SN was used for the production of antigen to be
used in the serotyping tests. Sheep blood agar (SBA), containing
5% sheep red blood cells, was used for confirming the purity of
bacterial suspensions. All incubation was at 370C in air.

Production of antisera
Fresh overnight growth of the reference strain of H parasuis on
TM/SN was harvested into 1 mL of nutrient broth (NB). This
suspension was then used to spread inoculate 15 CA plates, which
then were incubated overnight. After incubation, each plate was
individually harvested into 1.5 mL of phosphate buffered saline
(PBS, pH 7.2). This suspension was checked for purity by inocula-
tion onto SBA. Those suspensions shown to be pure were then
pooled together, adjusted to an optical density equivalent to a
MacFarland No 9 tube (approximately 2 to 4 X 109 colony forming
units/mL) and inactivated with 0.3% (v/v) formaldehyde solution.
The resultant antigens were kept at 4°C.

Hyperimmune antisera to reference strains and selected field
isolates were produced in rabbits as described previously.11 For each
strain or isolate, two rabbits (12 weeks of age) were used. For some
strains or isolates, a second or third round of three intravenous
( I V) injections at 2 d intervals at 10 to 17 d after the initial
series was required to elicit a serovar specific antibody response.

Serum samples were obtained by ear vein bleeding the rabbits
9 to 12 d after the last IV inoculation. If the serum sample
showed acceptable levels of antibody, a maximum blood volume
was collected from the anaesthetised rabbit by cardiac puncture.

Serotyping procedure
Heat stable cell extracts of the re f e rence strains and field

isolates we re pre p a red using autoclaving at 1210C for 2 h as
described pre v i o u s l y1 2 e xcept that TM/SN was used as the
growth medium.

Serotyping was performed by immunodiffusion in a 1% agar
gel pre p a red in PBS containing 1% sodium azide. An 8 µL
volume of each antiserum and antigen was added to the we l l s
and allowed to react for up to 72 h at room temperature in a
moist environment. The resulting precipitin bands we re
recorded at 24, 48 and 72 h.

Results
We have achieved the production of H parasuis antisera to

serovars 1 to 15. However we had some considerable difficulty
in producing specific antisera for some of the serovars. In some
cases the production of serovar-specific antisera required the use
of repeated rounds of IV inoculations of inactivated cells. Fo r
serovars 4 and 8 even this approach was not sufficient and fresh
sets of rabbits were used. For KRG serovar 7, we were unable to
p roduce specific antibodies using strain 174, the re f e re n c e
strain. Hence for serovar 7, we produced antisera against
Australian field isolate HS197, which had been shown to be
serovar 7 in a study using antisera produced in the United States
of America.8

Si m i l a r l y, we we re unable to produce a specific antiseru m
using the reference strain for KRG serovar 1, strain 4. We then
produced antisera to Australian field isolate HS145, which had
been previously8 shown to be serovar 1.

All the typing antisera we re checked against the re f e re n c e
strains for all 15 serovars of H parasuis in repeated gel immuno-

diffusion tests. We have been able to produce monospecific
antisera for 14 of the 15 serovars. T h e re was a one way cro s s -
reaction between the serovar 4 antiserum and the type strain of
s e rovar 14, which was observed as a pale band near the centre
well containing the antiserum. T h e re was no such re a c t i o n
between the serovar 14 antiserum and the serovar 4 antigen.

To further validate the typing antisera, we used the sera to
retest 15 Australian field isolates of H para s u i s that had been
p reviously sero t y p e d .8 These isolates we re selected to re p re s e n t
the dominant serovars found in our previous study and
consisted of serovar 2 (one isolate), serovar 4 (one isolate),
s e rovar 5 (five isolates), serovar 7 (one isolate), serovar 9 (two
isolates) and serovar 13 (five isolates). Using the typing antisera
p roduced in the current study, all 15 Australian isolates we re
allocated to the same serovars as that established using the
typing antisera produced in the United States of America.8

The typing antisera were then used to serotype 46 Australian
field isolates of H para s u i s that had not been pre v i o u s l y
s e rotyped. Of the 46 isolates tested, 27 could be confidently
assigned to a serovar with serovars 5 and 13 being the dominant
s e rovars (Table 2). The remaining 19 isolates could not be
serotyped.

Discussion
The production of the typing sera for the KRG scheme for

the serotyping of H para s u i s p roved a difficult and demanding
undertaking.
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Table 1. Reference strains and previously serotyped Australian field 
isolates of Haemophilus parasuis used in this study 

Strain/Isolate Code KRG Serovar 

4a, HS145b 1

SW140, HS172 2

SW114 3

SW124, HS236 4

Nagasaki, HS11, HS68, HS319, HS357, HS446 5

131 6

174, HS197, HS226 7

C5 8

D74, HS72, HS167 9

H367 10 

H465 11 

H425 12 

IA-84-17975, HS330, HS331, HS356, HS435, HS436 13 

IA-84-22113 14 

SD-84-15995 15 

aThe strains shown with underlining are the reference strains supplied by Dr VJ
Rapp-Gabrielson
bThe Australian field isolates have been serotyped in a previous study8

Table 2. Geographical origin and serovar of Australian isolates of Haemophilus
parasuis serotyped in this study

Serovar 

State 2 4 5 12 13 NT Total 

New South Wales - 1 2 - 2 1 6

Victoria 1 - 3 - - 3 7

Queensland 1 - 13 1 2 15 32 

South Australia - - - 1 - - 1

Total 2 1 18 2 4 19 46

NT = Non typable



that reported in USA (15%) and Germany (26%).3,11 However,
it should be noted that we have shown that 12 of the 19 non-
typable isolates re p o rted here, while sourced from three farms,
all had an identical ERIC-PCR fingerprint, suggesting that they
are simply multiple isolates of the same untypable strain.13

T h e re is confusion in the literature on whether pro t e c t i o n
f rom inactivated vaccines is serovar specific or indeed eve n
strain specific.4-7 In the light of this uncertainty in the literature,
the newly established capacity to serotype H parasuis combined
with our confirmation of earlier findings that a wide variety of
s e rovars are present in Australian pigs8 has important implica-
tions for the development and use of vaccines against diseases
due to H para s u i s in Australian pigs. At the ve ry least, inacti-
vated vaccines should contain the serovars pre valent in the
target pig population, or be produced from isolates of H para-
suis obtained from the target herd. As more than one serovar of
H parasuis can be present in a herd at the same time, the choice
of strains and serovars to include in a vaccine is of prime impor-
tance. As a consequence of the successful completion of this
s t u d y, the Australian pig industry now has access to an
Australian based H parasuis serotyping service that can support
attempts to develop effective pre vention and control pro g r a m s
for the diseases associated with this organism.
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We were unable to produce specific antisera using strain 174,
the type strain for KRG serovar 7. This problem has been also
re p o rted by Rapp-Gabrielson and Ga b r i e l s o n .1 1 Our inability
to produce specific antisera using strain 174 supports the
suggestion of Rapp-Gabrielson and Gabrielson11 that strain 174
p roduces only a poor or unstable level of serovar-specific anti-
gens. It would appear to be sensible for a replacement serova r
reference strain to be formally nominated in place of strain 174.
To produce high-titre specific antisera for serovar 7, we we re
f o rced to use isolate HS197, an Australian field isolate of this
s e rova r. Rapp-Gabrielson and Ga b r i e l s o n1 1 reached a similar
conclusion and they used the American field isolate 512 in place
of strain 174 to produce their serovar 7 antisera.

We also failed to produce a specific antiserum using the refer-
ence strain for KRG serovar 1. This problem has not been
re p o rted before for this strain. Similar to the situation with
serovar 7, we were able to produce high-titre and specific anti-
sera for KRG serovar 1 by using HS145, an Australian field
isolate of this serovar.

Hence, to produce the full set of 15 KRG typing antisera, we
used 13 recognised international re f e rence strains and 2 pre v i-
ously characterised Australian field isolates. The results of the
h e t e rologous testing of these antisera clearly validate these
typing antisera. All 15 antisera are monospecific with the excep-
tion of serovar 4 where we detected a weak cross-reaction with
the serovar 14 reference strain. As the cross-reaction is one way
only (ie. the serovar 4 re f e rence strain did not cro s s - react with
the serovar 14 antiserum), the reaction will not pre vent confi-
dent identification of either serovar 4 or 14.

An interesting finding of our study was that we were able to
p roduce specific antisera for KRG serovar 7 using Au s t r a l i a n
field isolate HS197. When this strain was examined using the
antisera of Rapp-Gabrielson and Gabrielson,11 it was found to
g i ve reactions to both KRG serovar 7 and 10.8 Howe ve r, the
a n t i s e rum we produced using this strain did not react with
strain H367, the KRG serovar 10 re f e rence strain. Hence, our
finding that Australian field isolate HS197 can produce a
specific antiserum that does not cross-react with serovar 10 indi-
cates that the four Australian isolates re p o rted as serovar 7/10
previously8 should be regarded as serovar 7. Further studies on
K RG serovars 7 and 10 are re q u i red to understand fully the
cross-reactions between these serovars detected when using the
antisera of Rapp-Gabrielson and Ga b r i e l s o n1 1 on Au s t r a l i a n
field isolates of serovar 7.

The validity of the typing sera we have produced was further
demonstrated by the fact that we were able to correctly serotype
all 15 Australian field isolates that we had previously serotyped8

using the antisera produced by Rapp-Gabrielson and
Ga b r i e l s o n .1 1 In the light of the one way cro s s - reaction we
found between serovar 4 and 14, it is notew o rthy that the
Australian serovar 4 field isolate gave a specific reaction to the
s e rovar 4 antiserum. Similarly the Australian serovar 7 isolate
gave a specific reaction with serovar 7 and no reaction was seen
to serovar 10 antiserum.

When we examined the 46 Australian field isolates that had
not been serotyped previously, we found serovars 2, 4, 5, 12 and
13, all of which had been recognised previously in our earlier
s t u d y.8 As with our earlier study,8 the two most common
serovars were 5 and 13. The current study found a higher level
of non-typable isolates, 19 out of 46, compared with our
previous study which reported 5 out of 31 as non-typable.8 The
level of non-typable isolates we have found (41%) is higher than
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