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Nielsen, R.: Pathogenicity and immunity studies of Haemophilus parasuis serotypes. 
Acta vet. scand.1993, 193-198. -After intranasal inoculation of SPF pigs with the 7 re
ference strains of Haemophilus parasuis only the reference strains of serotypes 1 and 
5 proved to be pathogenic and were able to produce the lesions characteristic of 
Gliisser's disease. Even though the reference strains of serotypes 2, 3, 4, 6 and 7 proved 
to be apathogenic, intranasal inoculation resulted in the development of circulating 
antibodies as demonstrated by the complement fixation test. This serological response 
suggests an antigenic relationship between serotypes 1 and 3 different from the rela
tionship seen among serotypes 2, 4, 5, 6 and 7. Pigs given an aerosol with the apatho
genic serotypes 2, 3, 4 and 7, respectively, resisted challenge with a virulent Danish 
strain of serotype 5. These results indicate that the 7 serotypes also have antigenic de
terminants in common and that these determinants elicit cross-protecting immunity on 
the respiratory mucosa. 

Gliissers disease; serological response; cross immunity. 

Introduction 
Haemophilus parasuis (Biberstein & White 
1969) is the causative agent of Glasser's dis
ease, a syndrome in pigs which is character
ized by fibrinous polyserositis, polyarthritis 
and meningitis (Glasser 1910). In recent years, 
the disease has acquired increasing impor
tance in some countries where modern pro
duction systems have been adopted by the pig 
industry. Thus, specific pathogen free (SPF) 
herds have suffered acute outbreaks with a 
high mortality and morbidity rate (Baehler et 
al. 1974, Nielsen & Danielsen 1975, Miniats et 
al. 1986). 
It is generally assumed that the immune status 
of the pig and stress such as transport are im
portant factors in the pathogenesis of 
Gliisser's disease. However, recent observa
tions have indicated differences in virulence 
among H parasuis strains. Morozumi & Nico
let (1986a) and Nicolet et al. (1986) defined 7 

serotypes (1-7) from agar gel precipitation 
tests and agglutinability in acriflavine and de
scribed 2 different electrophoretic patterns, 
(PAGE type I and II) among SDS-solubilized 
whole cells. These various tests indicated that 
most isolates from lesions were non-capsu
lated and belonged to PAGE type II. 
In the present investigation the pathogenicity 
of the 7 reference strains of the respective ser
otypes of H parasuis was studied using intra
nasal inoculation in 8-week-old SPF pigs. The 
serological and clinical response to inocula
tion and immunity to re-inoculation were in
vestigated using a Danish serotype 5 strain for 
challenge. 

Material and methods 
Bacterial strains 
The reference strains of the serotypes of H. 
parasuis used for inoculation of pigs were: 
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Serotype 1 (No 4), serotype 2 (SW140), sero
type 3 (SW114), serotype 4 (SW124), serotype 
5 (Nagasaki), serotype 6 (131), and serotype 7 
(174). The strains were kindly provided by 
Prof. J. Nicolet, University of Berne. A Dan
ish strain, 4800, isolated from a case of 
Glasser's disease and belonging to serotype 5, 
was used for challenge. 

Inoculation of pigs 
Inoculations were made either by the intrana
sal route or by aerosol. The organisms were 
grown for 18 h on modified PPLO agar (Nico
let 1971) and harvested with phosphate-buf
fered saline, pH 7 .2. The density of the sus
pension was adjusted by reference to Mc 
Farland tube No. 10 to approximately 3 x 109 

organisms per ml. Five ml of this suspension 
were instilled intranasally with a syringe while 
the head of the pig was held in a raised posi
tion or were given as an aerosol (Microjet 109, 
Defensor AG, Zurich). 

Animals 
The 23 eight week old pigs used were ob
tained from the herd which is maintained as 
an SPF unit at the NVL. H. parasuis has never 
been isolated from this herd and antibody ti
tres to the organism have not been observed 
using the complement-fixation test (CFf) on 
serum samples from the herd. 

Experiment I 
Fourteen pigs (No 1-14) were divided into 7 
groups with 2 pigs in each. Each group was in
oculated intranasally with 1 of the 7 serotypes. 
During and after inoculation the groups were 
kept isolated from one another in separate 
units. The pigs were killed 3 weeks after inoc
ulation. 

Experiment 2 
Eight pigs (No 15-22) were divided into 4 
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groups of 2. The groups were also kept iso
lated and given an aerosol containing sero
types 2, 3, 4 or 7, respectively. A ninth pig (No 
23) was not given an aerosol but kept as a con
trol for the challenge with strain 4800. Two 
weeks after exposure to the aerosol, each pig 
was challenged intranasally with 5 ml of a sus
pension of strain 4800 containing approxi
mately 0.3 x 1010 organisms per ml. The pigs 
were killed 5 days later. 

Post-mortem examination 
All pigs were subjected to a full post-mortem 
examination. Specimens for bacteriological 
examination were taken from the pleura, per
icardium, lungs, tonsils, nasal cavity, liver, 
spleen, meninges and joints and inoculated on 
5 per cent calf blood agar, with an E. coli 
streaked diagonally across the plates as a 
"feeder" bacterium. Incubation was at 37°C 
for 18 h. 

Serological examination 
Blood samples were collected before inocula
tion, before challenge and at death and the 
serum examined by the modified CFf (Casey 
1965, Nielsen 1982) for antibodies to H. para
suis serotype 1-7. 
The antigens for the CFf were 18 h cultures 
on modified PPLO agar of the 7 serotype 
strains, which were harvested in saline con
taining 1:20,000 merthiolate, sedimented by 
centrifugation (3000 x g at 4 C for 15 min) and 
resuspended in 0.9 per cent saline with mer
thiolate. Sera were heated at 60°C for 30 min 
before testing. Normal, unheated serum from 
young pigs free from H. parasuis infection was 
used in a dilution of 1:150 in veronal-buffered 
gelatine-water solution (pH 7.4) as the recon
stituting fluid for lyophilized, guinea pig com
plement. Five 50 per cent haemolytic units 
were used in the test. The end-point of a titra
tion was the highest dilution of serum showing 
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30 per cent haemolysis or less compared with 
haemoglobin colour standards (ranging from 
0-100 per cent haemolysis ). 

Results 
Experiment 1 
Clinical findings. The 2 pigs (No 1 and 2) 
inoculated with serotype 1 became anorectic 
day 2 after inoculation (p.i.). Pig No 2 later be
came dyspneic and recumbent. It was treated 
with Streptocillin® vet (Novo) and improved. 
Pig No 1 recovered without treatment. Pig No 
9, which was inoculated with serotype 5, was 
anorectic day 5 and 6 p.i. but recovered after
wards. Pig No 10, which was also inoculated 
with serotype 5, became anorectic and recum
bent day 2 p.i. and developed swollen joints 
the following day. Although it was treated on 
3 successive days it improved only transiently 
and was killed day 6 p.i. None of the pigs inoc
ulated with serotypes 2, 3, 4, 6 or 7 showed any 
signs of disease. 

Pathological findings. Necropsy day 21 
p.i. revealed a fibrous pleuritis in pig No 1, a 
fibrous pleuritis, pericarditis and peritonitis in 
pig No 2 and a fibrous pericarditis and excess 
of synovial fluid in the joint cavities of pig No 
9. In pig No 10 killed day 6 p.i., there was a 
serofibrinous pericarditis and serosanguinous 
fluid in the hock joint cavities. No other pig 
had any macroscopic lesions at necropsy. 

Bacteriological findings. H parasuis was 
not re-isolated from any pig. 

Serological findings. All pigs were seron
egative before inoculation. At the time when 
necropsied No 1 and 2, inoculated with sero
type 1, had homologous titres of 1:64 (Table 
1), while the titres to serotype 3 were 1:16. 
Antigens of the other serotypes did not react 
with these 2 sera. Pig No 5 and 6, inoculated 

with serotype 3, had homologous titres of 
1:16. Heterologous titres were only seen with 
serotype 1 antigen (1:32). Pig No 10, inocu
lated with serotype 5 and killed day 6 p.i. had 
not developed antibodies (omitted in Table 
1), whereas its fellow, No 9, killed after 3 
weeks, had a homologous titre of 1:16 and het
erologous titres of 1:8 to 1:16 to serotypes 2, 4, 
6 and 7. The pigs inoculated with serotypes 2, 
4, 6 or 7, respectively, had homologous titres 
of 1:16 and heterologous titres of 1:8 to 1:16 to 
the other serotypes except 1 and 3. 

Experiment 2 
Clinical findings. The 8 pigs (No 15-22) 
given an aerosol containing one or other of 
serotypes 2, 3, 4 and 7 did not show any clini
cal signs. Challenge of these pigs with strain 
4800 (serotype 5) did not result in any clinical 
disease. However, pig No 23, which was a con-

Table 1. Homologous and heterologous CFf titres 
in pigs experimentally inoculated intranasally with 
reference serotypes 1 to 7 of H parasuis. 

Sera Inoculated Antigen from serotype: 
from with 
Pig.No serotype 2 3 4 5 6 7 

1 1 *64 0 16 0 0 0 0 
2 1 64 0 16 0 0 0 0 
3 2 0 16 0 8 8 0 8 
4 2 0 16 0 8 8 0 8 
5 3 32 0 16 0 0 0 0 
6 3 32 0 16 0 0 0 0 
7 4 0 16 0 16 8 0 16 
8 4 0 16 0 16 8 0 16 
9 5 0 16 0 8 16 16 8 

11 6 0 8 0 8 8 16 8 
12 6 0 8 0 8 8 16 8 
13 7 0 16 0 8 8 8 16 
14 7 0 16 0 8 8 8 16 

No 10, killed day 6 p.i., had not developed detectable 
antibodies. 
*Titres are given as reciprocals of serum dilutions. 
0 = no detectable antibodies. 
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Table 2. Homologous and heterologous CFf titres in pigs given an aerosol with reference serotypes 2, 3, 4 and 
7 of H. parasuis and challenged with serotype 5, strain 4800. 

litres after litres after challenge 
Sera from Aerosol aerosol to serotypes with serotype 5 to serotypes 

with 
pig No serotype 2 3 4 7 S** 2 3 4 7 S** 

15 2 *32 0 16 32 32 32 0 32 32 32 
16 2 32 0 32 32 64 32 0 64 32 64 
17 3 0 16 0 0 0 0 16 0 0 0 
18 3 0 32 0 0 0 0 32 0 0 0 
19 4 16 0 32 32 32 16 0 16 16 16 
20 4 16 0 16 16 16 16 0 16 16 16 
21 7 32 0 64 64 32 16 0 32 32 32 
22 7 32 0 32 64 32 16 0 32 32 32 

The challenge control pig (No 23) died day 4 after aerosol. 
*:Titres are given as reciprocals of serum dilutions. 
0: no detectable antibodies. 
**: strain 4800. 

trol became anorectic and dyspneic day 3 p.i. 
and died the following day. 

Pathological findings. At necropsy, pig 
No 23 had a fibrinous pleuritis and excessive 
serofibrinous fluid in some joint cavities. No 
other pig had any macroscopic lesions when 
they were killed 5 days after exposure to 
strain 4800 (serotype 5). 

Bacteriological findings. H parasuis was 
re-isolated from the pleura of pig No 23 but 
not from any other of the pigs. 

Serological findings. The pigs were se
ronegative before inoculation but, after expo
sure to the aerosol, most titres were higher 
than those seen in experiment 1 (1:16 to 1:64) 
and showed the same pattern of cross-reac
tion between serotypes 1 and 3 and between 
serotypes 2, 4, 5, 6 and 7. Titres were not sig
nificantly increased after challenge with strain 
4800 (Table 2). Control pig No 23 had not de
veloped an antibody response by the time it 
died 4 days p.i. (omitted in Table 2). 
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Discussion 
Intranasal inoculation of SPF pigs with large 
doses of one or other of the 7 serotypes of H. 
parasuis showed that only the reference 
strains of serotypes 1 and 5 were able to pro
duce the clinical signs and pathological 
changes typical of Gliisser's disease. These re
sults showed a clear difference in pathogenic
ity among the reference serotypes and con
firm the observation of others (Kie/stein et al. 
1990, Morozumi & Nicolet 1986a, Rapp-Ga
brielson et al. 1990) that the strains that cause 
Gliisser's disease belong to serotypes 1 and 5. 
Morozumi & Nicolet (1986b) suggested a cor
relation between the peptide pattern of H. 
parasuis strains and pathogenicity, the patho
genic strains occurring amongst those with a 
PAGE type II pattern. The results obtained in 
this study correspond with this observation, 
since both serotype 1 and 5 have a PAGE type 
II pattern. On the other hand, although the 
reference strain of serotype 2 also has a 
PAGE type II pattern (Morozumi & Nicolet 
1986b) it was apathogenic for the SPF pigs in 
the present study. The presence of a capsule is 
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generally considered to be an important viru
lence factor. However, the work reported here 
has not clarified the issue of the capsule for 
virulence in H. parasuis, since both the viru
lent serotype 1 and the avirulent serotype 2 
are capsulated (Morozumi & Nicolet 1986b ). 
Further studies of the virulence factors of this 
organism are clearly needed. 
Earlier studies have shown that circulating 
antibodies can be demonstrated by the CFf 
approximately 10 days after infection with H. 
parasuis (Nielsen 1980). Although serotypes 
2, 3, 4, 6 and 7, as used in this study, were un
able to provoke disease, intranasal inocula
tion with them resulted in the appearance of 
circulating antibodies. Judged from the sero
logical response, serotypes 1 and 3 seem to 
represent one antigenically related group and 
serotypes 2, 4, 5, 6 and 7 another. It is note
worthy that both serotypes 1 and 5 - the only 
ones that were able to induce disease - share 
antigenic determinants with non-pathogenic 
serotypes. This seems to suggest that the anti
bodies demonstrable by the CFf are not a re
sponse to the virulence factors of the organ
ism. 
When SPF pigs were given an aerosol with 
one of each of the apathogenic H. parasuis 
serotypes 2, 3, 4 and 7 they resisted challenge 
2 weeks later with a virulent Danish strain of 
serotype 5. All the pigs developed humoral, 
complement-fixing antibodies after the aero
sol. The titre of these antibodies was un
changed after the challenge, suggesting that 
the challenge strain had not penetrated the 
nasal mucosa. The cross-immunity between 
the various serotypes revealed in this study is 
not associated with these CFf titres, since the 
pigs given the aerosol with serotype 3 had ti
tres only to this serotype but nevertheless re
sisted challenge with serotype 5. It seems pos
sible that intranasal inoculation induces 
mucosal antibody to a wide spectrum of anti-

gens, among which are common antigens 
which result in cross-protection. In this re
spect, the situation may be analogous to that 
seen after infection of pigs with Actinobacillus 
pleuropneumoniae, which induces cross im
munity between a variety of serotypes of this 
organism after a natural respiratory infection 
but not after parenteral injection (Nielsen 
1979). Parenteral vaccination with a serotype 
5 strain of H. parasuis in previously unex
posed pigs has been used with excellent re
sults. Thus, clinical symptoms were not ob
served in vaccinated pigs transferred to a herd 
suffering from acute outbreaks caused by this 
serotype. In contrast, unvaccinated pigs trans
ferred to the same herd had a morbidity rate 
of 50% (Nielsen & Danielsen 1975). In view of 
the fact that new virulent H. parasuis sero
types were recently proposed and several of 
these may be present in one country (Kielstein 
& Rapp-Gabrielson 1991) studies are clearly 
needed to determine if parenteral vaccination 
will elicit a serotype specific protection only, 
as is the case with A pleuropneumoniae (Niel
sen 1984). 
H. parasuis is frequently isolated from healthy 
pigs (M¢ller & Kilian 1990). Among such iso
lates there may be pathogenic strains since 
serotype 1 was originally isolated from the na
sal cavity of a healthy pig (Morozumi & Nico
let 1986b ). This was further substantiated by 
Morozumi et al. (1981) who reproduced 
Glasser's disease in SPF pigs with strains 
which were carried in clinically normal, con
ventional pigs. Also Smart et al. (1986), by 
SDS PAGE of restriction endonuclease frag
ments, showed that some strains isolated from 
Glasser's disease had identical patterns to na
sal isolates of H. parasuis from healthy pigs. 
Future studies of the factors that enable the 
organism to produce clinical disease might 
provide useful information for identification 
of pathogenic strains by routine. 
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Sammendrag 
Haemophilus parasuis serotyper: Unders¢gelser over 
patogenitet og immunitet. 
Intranasal podning af SPF grise med Haemophilus 
parasuis serotyperne 1-7 viste, at kun serotyperne 1 og 
5 var i stand ti! at fremkalde de kliniske og patologiske 
forandringer, der er karakteristiske for Gllisser's syn
drom. Selv om serotyperne 2, 3, 4, 6 og 7 ikke var i 
stand ti! at fremkalde sygdom, udl¢ste de imidlertid et 
serologisk respons, der blev pavist i form af komple
mentbindende antistoffer i serum. De serologiske 
underspgelser viste, at serotyperne 1 og 3 har frelles 
antigene determinanter, der er forskellige fra de de
terminanter, der deles af typerne 2, 4, 5, 6 og 7. 
Grise, der blev podet med en aerosol af de apatogene 
typer 2, 3, 4 eller 7, var beskyttet fuldstrendigt mod 
challenge 2 uger senere med en virulent serotype 5 
isoleret fra et besretningsudbrud. Alie 7 serotyper 
synes saledes at have frelles antigene determinanter, 
der er i stand ti! at udl¢se krydsimmunitet pa luftvejs
slimhinden. Y derligere underspgelser er pakrrevet for 
at afklare, om krydsimmunitet ogsa kan opnas ved pa
renteral vaccination eller om denne i lighed med for
holdene ved Actinobacillus pleuropneumoniae kun 
beskytter mod infektion med den homologe serotype. 
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