
Comparative Virulence of Porcine Haemophilus Bacteria

S. Rosendal, D.A. Boyd and K.A. Gilbride*

ABSTRACT

The virulence of strains of Haemo-
philus pleuropneumoniae serotype 1,
2, 3, 7 and strains of the "minor-
group" and Haemophilus parasuis
were compared by inoculating specific
pathogen-free pigs into the lower air-
ways with specified doses of bacteria.
Haemophilus pleuropneumoniae,
strain W, serotype 1, given in 1 x 108
colony-forming units, produced a
lethal acute pleuropneumonia in four
pigs. Nonlethal localized pulmonary
necrosis was induced in four groups of
two pigs given 1 x 107, 1 x 106, 1 x 105
and 1 x 104 respectively of the same
strain. Two groups of four pigs devel-
oped chronic lesions when inoculated
with 1 x 107 colony-forming units of
H. pleuropneumoniae, strain Shope
4074, serotype 1 and 1 x 107 colony-
forming units of H. pleuropneumo-
niae, strain WF83, serotype 7, respec-
tively. Of 20 pigs given 1 x 108
colony-forming units of strain 1536,
serotype 2, two died of acute pleuro-
pneumonia and 18 had lesions of pul-
monary necrosis or abscessation and
pleuritis. A dose of 4 x 109 colony-
forming units of strain BC181, sero-
type 3, induced pulmonary necrosis
similar to the lesions in pigs given 107
colony-forming units or less of strain
W, serotype 1, suggesting that the
serotype 3 strain is less virulent. No
clinical signs, but focal areas of pul-
monary fibrosis and pleural adhesions
were induced in four pigs inoculated
with 4 x 109 colony-forming units of
the "minor-group" strain 7ATS. Simi-
larly, four pigs inoculated with
"minor-group" strain 33PN did not
show clinical signs, but had focal
necrotic and fibrotic pulmonary
lesions and pleural adhesions. The viru-
lence of "minor-group" strains is
therefore probably low. Strain E751 of
H. parasuis induced septicemia and
Glasser's disease without evidence of

meningitis in two pigs. Except for
spleen and pericardial fluid ofone pig,
none of the pigs exposed to H. pleuro-
pneumoniae strains were positive for
these bacteria outside the respiratory
tract when cultured at necropsy.

Results of this study suggest that
differences in virulence between sero-
type 1, the strains of serotype 3, and
the "minor-group" are of potential
importance in comparative studies on
microbial virulence factors.

Key words: Haemophilus, pleuritis,
pneumonia, swine, pathology, virulence.

RESUME

Cette experience consistait a com-
parer la virulence de souches des sero-
types #1, #2, #3 et #7 d'Haemophilus
pleuropneumoniae, de mime que celle
de souches du groupe mineur, et d'une
souche d'Haemophilusparasuis, en les
inoculant dans les bronches de porcs
exempts de germes pathogenes speci-
fiques. L'injection de 1 x 108 unites
formatrices de colonies de la soucheW
du serotype #1 d'H. pleuropneumo-
niae produisit une pleuro-pneumonie
fatale, chez quatre porcs. Une necrose
pulmonaire focale, mais non mortelle,
resulta de l'injection respective de
1 x 107, 1 x 106, 1 x lO5et 1 x 104unites
formatrices de colonies de cette
souche, a quatre groupes de porcs qui
en comptaient chacun deux. Deux
groupes de quatre porcs dont l'un avait
requ 1 x 107 unites formatrices de co-
lonies de la souche Shope 4074, i.e. du
serotype #1 d'H. pleuropneumoniae,
et l'autre, la meme dose de la souche
WF 83, i.e. le serotype #7 de cette bac-
terie, developperent des lesions chro-
niques. Des 20 porcs auxquels on avait
injecte 1 x 108 unites formatrices de
colonies de la souche 1536, i.e. du sero-
type #2 de cette bacterie, deux mouru-
rent d'une pleuro-pneumonie aigue et

18 developperent des lesions de
necrose pulmonaire qui s'accompa-
gnaient d'abces et de pleuresie. L'injec-
tion de 4 x 109 unites formatrices de
colonies de la souche BC 181, i.e. du
serotype #3 de cette bacterie, provo-
qua une necrose pulmonaire sembla-
ble a celle des porcs qui avaient recu
jusqu'a 1 x 107 unites formatrices de
colonies du serotype #1, indice d'une
virulence moins grande de la part du
serotype #3. L'inoculation de 4 x 109
unites formatrices de colonies de la
souche 7 ATS du groupe mineur a
quatre porcs n'entraina pas de signes
cliniques, mais elle provoqua des foy-
ers de fibrose pulmonaire et d'adhe-
rences pleurales; l'inoculation d'une
dose identique de la souche 33PN du
meme groupe produisit des resultats
similaires et en plus de la necrose pul-
monaire focale, indice d'une virulence
probablement moins grande de la part
des souches du groupe mineur. La
souche E751 d'H. parasuis produisit
une septicemie et la maladie de
Glasser, sans evidence de meningite,
chez deux porcs. La culture de divers
organes des porcs experimentaux ne se
solda jamais par l'isolement d'H. pleu-
ropneumoniae ailleurs que dans leurs
organes respiratoires, a l'exception de
la rate et du liquide pericardique de
l'un d'eux.

Les resultats de cette experience
permettent de penser que les differen-
ces entre la virulence des souches des
serotypes #1 et #3, ainsi que de ceux du
groupe mineur, pourraient revetir une
certaine importance, lors d'etudes
comparatives sur les facteurs de viru-
lence microbienne.

Mots cles: Haemophilus, pleuresie, pneu-
monie, porcs, pathologie, virulence.

INTRODUCTION

Pleuropneumonia in pigs caused by
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Haemophilus pleuropneumoniae is a
serious problem in modern indus-
trialized swine production in most
parts of the world. Seven serotypes
have been recognized; whether they
are equally virulent is not clear. Recent
studies comparing serotypes I through
6 indicate that serotype 3 is less viru-
lent than the remaining types (1). In a
survey of 240 slaughtered pigs we iso-
lated several strains of the so-called
"minor-group" (2) which is a group of
porcine Haemophilus strains of uncer-
tain taxonomical position (3). The
significance of the "minor-group" in
pneumonia of pigs needs evaluation.
The purpose of this study was to com-
pare the virulence of H. pleuropneu-
moniae serotype 1, 2, 3 and 7 and to
evaluate the virulence of two field
strains of the "minor-group". A strain
of H. parasuis was included for
comparison.

MATERIALS AND METHODS

ANIMALS

Eighty-seven specific pathogen-free
(SPF) pigs of 20 to 25 kg body weight
were obtained from the Arkell Swine
Research Station Centre ofthe Ontario
Ministry of Agriculture and Food.
They were free of pleuropneumonia
caused by H. pleuropneumoniae and
were negative for complement fixing
antibodies to H. pleuropneumoniae
serotypes 1, 2, 5 and 7 (4). The pigs
were housed in enclosed isolation units
with each experimental group kept
separately. They were fed nonmedi-
cated pig grower ration and water.

EXPERIMENTAL DESIGN

Four experiments were carried out
as designed and shown in Table 1.

PREPARATION AND
STANDARDIZATION OF INOCULUM

The Haemophilus strains used are
listed in Table I. All H. pleuropneu-
moniae strains originated from field
cases of pleuropneumonia. Strains
Shope 4074, 1536 and WF83 are refer-
ence strains of serotype 1, 2 and 7
respectively (5). Strains 7ATS and
33PN were isolated from tonsil and
nose of slaughtered pigs without evi-
dence ofpneumonia (2). Haemophilus
parasuis, straing E751 was obtained
from J. Stevens, Animal Diseases
Research Institute, Agriculture Ca-

nada, Nepean, Ontario, Canada.
The strains were cultured on trypti-

case soy agar (TSA) with 5% calf
blood and 0.1I% NAD (Nicotinamide
adenine dinucleotide, Eastman Kodak
Co., Rochester, New York). A heavily
inoculated plate culture incubated
overnight at 37°C in ordinary atmo-
sphere was suspended in 10 mL of
phosphate buffered saline pH 7.4
(PBS). Except in experiment 4 this
suspension was diluted with PBS to
give an optical density (OD) reading of
0.2 at 625 nm using a spectrophoto-
meter (Spectronic 20, Bausch and
Lomb, Rochester, New York). Pre-
vious experiments had established that
this density was equivalent to I x 108
colony-forming units (CFU) per mL.
The OD 0.2 suspension was diluted in
tenfold serial dilutions in PBS to pro-
vide inoculation material for the pigs
in experiment 1. The pigs in groups F
and G received a 1:100 dilution of the
OD 0.2 suspension and the pigs in
group I received a 1:10 dilution. No

attempts were made to dilute or con-
centrate the standardized bacterial
suspensions used for inoculation in
experiment 4, except in the case of H.
parasuis, E75 I which was cultured in
200 mL of tryptone yeast extract
broth (6) centrifuged and resuspended
in 20 mL of PBS. The actual concen-
trations of bacteria in the inocula were
determined by standard plate-
counting techniques.

INOCULATION TECHNIQUE

The pigs were restrained in dorsal
recumbency and a 1 3-gauge needle
inserted into the trachea distal to the
larynx. Plastic tubing of 1 mm diame-
ter was introduced through the needle
and into the lower airways. Ten mL of
inoculum was injected through the
tubing. Both needle and tubing were
withdrawn immediately thereafter.

NECROPSY

All pigs, except those in experiment
3, were observed for 14 days after

TABLE I. Experimental Design of Experiments to Determine Virulence of Various Strains of
Haemophilus Bacteria Isolated from Pigs

Experiment Inoculum

I H. pleuropneumoniae,
strain W,
serotype I

Group
A
B
C'
D
E

2 H. pleuropneumoniae,
strain Shope 4074,
serotype I

H. pleuropneumoniae,
strain WF83,
serotype 7

Phosphate-buffered saline

3 H. pleuropneumoniae,
strain 1536,
serotype 2

Phosphate-buffered saline

4 H. pleuropneumoniae,
strain Shope 4074,
serotype I

H. pleuropneumoniae,
strain BC181,
serotype 3

Haemophilus sp.
"minor-group" strain 7ATS

Haemophilus sp.
"minor-group" strain 33PN

H. parasuis strain E751

Phosphate buffered saline

F

G

H

J

K

L

M

N

0

p

No. of Pigs
4
2
2
2
2

Inoculation
Dose

I X 108 CFU
I x lO7
I X 106
l x 105
I X l04

4 1x107

4 1x107

4 -

20 1 x 108

20 -

3 5x109

4 4x 109

4 4x 109

4 4x 109

2 4 x 1010
4 -
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inoculation when those not dying were
killed with euthanyl forte (M.T.C.
Pharmaceuticals, Hamilton, Canada)
injected intravenously. Four from
each of group I and J (in Experiment
3) were killed four, five, seven, eight
and nine days after inoculation, except
day 8 and 9 when only three pigs from
group I were killed, since two pigs
from this group had died 24 hours
after inoculation. All animals were
examined for gross morphological
changes and tissues were fixed in 10%
buffered formalin, embedded in paraf-
fin, sectioned (6 pi) and stained with
hematoxylin and eosin for micro-
scopy. Nasal cavity, lung tissue, pul-
monary lymph nodes and spleen of all
pigs were cultured on TSA blood agar
plates with NAD. In some experi-
ments, other tissues were cultured as
well. The recovered Haemophilus bac-
teria were identified as described
previously (5).

RESULTS

EXPERIMENT I

The pigs in groups A and B, given
108 and 107 organisms respectively,
developed signs of acute respiratory
distress starting 10-15 minutes after
inoculation. Some of these pigs
vomited and later became recumbent.
The pigs in groups C, D and E never
showed signs and the two in group B
recovered from the acute dyspnea.
Three pigs in group A died within 48
hours and the fourth one died four
days after inoculation.

NECROPSY

Group A - Large volumes of he-
morrhagic froth were seen in the air-
ways. The lungs were swollen, firm
and dark and did not collapse. The
interstitial septae were widened due to
edema and hemorrhage. Abundant
hemorrhagic fluid oozed from cut sur-
faces. The thoracic cavity was filled
with serohemorrhagic fluid and fibrin
clots. The surfaces of the visceral and
parietal pleurae were covered with
fibrin. The submandibular and cervi-
cal lymph nodes were swollen and
hemorrhagic. The lung changes were
unilateral in one case only. Pericarditis
was present in another case.

Histologically the airways were
filled with abundant erythrocytes, pro-

teinaceous fluid and exfoliated epi-
thelial cells. The alveolar structure was
markedly disrupted and in some areas
not recognizable due to severe hemorr-
hage, edema and exfoliation of alveo-
lar lining cells. Neutrophils were seen
in low numbers evenly distributed in
the pneumonic lung. The pleura and
interstitial tissue were dramatically
thickened and had abundant fibrin.
The lymphatic vessels were markedly
distended and often occluded by
fibrin. Severe vasculitis with thrombo-
sis was present in blood vessels
throughout inflamed lung tissue
(Fig. 1). Vessel walls were necrotic,
invaded by neutrophils and often sur-
rounded by zones of lymphocytes and
plasma cells. In the pig dying four days
after inoculation abundant basophilic
cells of spindle-shape were present in
alveoli. Clumps of bacteria were
observed in lung tissue of all pigs.
Pulmonary and cervical lymph nodes
were edematous and had afferent lym-
phatics distended by fibrin and cells.
Haemophilus pleuropneumoniae was
isolated in large numbers and pure cul-
ture from the lungs and pulmonary
and cervical lymph nodes of all pigs
dying of acute pleuropneumonia, but
not from the spleen.
Groups B-E-The pigs given 107, 106,
I 0 and 104 had lung lesions except one
given 104 organisms. The lesions were

mostly confined to the diaphragmatic
lobe of the right side and consisted of
several encapsulated necrotic areas
varying in size from I to 10 cm in
diameter. Most necrotic areas were
surrounded by zones of hyperemia and
edema and were covered by fibrous
adhesions to the overlying parietal
pleura. There was evidence of seques-
tration of the necrotic tissue in two of
the pigs. One of the pigs given 106 had
diffuse pericarditis with abundant
fibrin in the pericardial cavity. One pig
inoculated with 105 organisms had
approximately 40 mL of serosangui-
nous fluid in the pleural cavity. The
pulmonary lymph nodes were enlarged
in all the pigs with lung involvement.
Histological examination of lung
tissue revealed areas of coagulation
necrosis surrounded by an inner zone
of basophilic spindle-shaped cells and
an outer zone of connective tissue
which occasionally had lymphocytic
aggregates. In the margin of necrotic
zones vascular thrombosis was com-
monly observed. Organization with
recanalization was seen occasionally.
There was marked interstitial fibrosis
and the pleura overlying pneumonic
areas had a thick layer of fibrous con-
nective tissue which occasionally was
interrupted by more acute changes
with edema, fibrin and hemorrhage.
Haemophiluspleuropneumoniae

A1

Fig 1. Acute exudative pneumonia in pig inoculated endobronchially with 108 CFU of H. pleuro-
pneumoniae, serotype 1, strain W. There is a severe necrotizing vasculitis with thrombus formation.
Alveoli are fliled with proteinaceous fluid and mononuclear cells. H & E X100.
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was isolated only from lesions in case
of the pigs with chronic pneumonia.

EXPERIMENT 2

Twenty-four hours after inoculation
the eight infected pigs (Group F and
G) were lying down, anorectic and
dyspneic. All pigs recovered clinically
and resumed eating by the fourth day.
The control pigs (Group H) appeared
normal throughout the experiment.

All pigs in groups F and G had
necrotic pulmonary lesions ranging in
size from 2 to 14 cm in diameter and
localized in the right diaphragmatic
lobe. Three animals had additional
lesions in the left lung. The lesions
were either sequestra or well encapsu-
lated abscesses. Fibrous connective
tissue was invariably present over the
necrotic lung tissue forming adhesions
to the thoracic wall. One animal in
group G had diffuse fibrous pleuritis
on both sides. Four animals had
fibrous pericarditis. There was hyper-
plasia of the pulmonary lymph nodes
in all infected pigs. The histological
changes were essentially similar to
those seen in groups B-E of experi-
ment 1. None of the control pigs
(Group H) had pulmonary and pleural
lesions at necropsy.
Haemophiluspleuropneumoniae,

serotype 1, was recovered consistently
from pulmonary lesions, trachea and
bronchi of pigs in group F and from
the nose of one; but on no occasion
from the spleen or pulmonary lymph
nodes. Haemophilus pleuropneumo-
niae, serotype 7 was recovered from
the lungs of all four pigs in group G
from the trachea of three, pulmonary
lymph nodes of two and the nose of
one pig. The spleen was consistently
negative.

EXPERIMENT 3

Ten pigs in group I developed clini-
cal signs of respiratory distress and
became anorectic. Two of these died
within 30 hours, whereas the remain-
ing recovered clinically. Group J pigs
remained clinically normal.
The two pigs dying acutely had

extensive fibrinohemorrhagic pleuro-
pneumonia and pericarditis similar to
the pigs in group A. The remaining
pigs had pulmonary sequestra or ab-
scesses varying in size from 3 to 10 cm
in diameter usually located in the dor-
sal part of the right diaphragmatic

lobe. There was a fibrinohemorrhagic
pleuritis localized to the areas of lung
change. Histologically the changes in
the two pigs with acute pleuropneu-
monia were similar to group A in
experiment 1 and the changes in the 18
remaining pigs were similar to those
described for groups B-E in experi-
ment I with the exception that the
connective tissue reaction around
necrosis and on the pleura became
more pronounced in the pigs killed late
(day 9 after inoculation).
Haemophiluspleuropneumoniae

serotype 2 was recovered from the nose
of two, the lungs of 20, pulmonary
lymph node of four pigs; but not from
the spleen. There were no morphologi-
cal changes in the lungs and pleura of
the group J pigs, and lungs, pulmo-
nary lymph nodes and spleen were
negative for bacteria. Nasal cavity had
bacteria interpreted as belonging to
the normal flora.

EXPERIMENT 4

Group K Approximately ten min-
utes after inoculation the three pigs
vomited and were breathing rapidly.
They preferred to be in sternal recum-
bency and gradually became dyspneic.
All animals were dead within 16 hours
after inoculation. Blood was oozing
from the nostrils and two of the pigs
had cyanotic skin discoloration on
extreme parts of the body. Hemorrha-
gic froth was in the airways and exten-
sive fibrinohemorrhagic pneumonia
was bilateral in two pigs and unilateral
in one. There was serosanguinous
pleurisy in all pigs. Edema and fibrin
deposition extended into the pericar-
dium in two pigs. The histological
changes were similar to group A in
experiment 1. Haemophilus pleuro-
pneumoniae serotype I was isolated in
large numbers and pure culture from
thoracic organs and cervical lymph
nodes of all pigs. In one case these
bacteria were isolated from the spleen
in low numbers.
Group L - The animals appeared
slightly depressed after inoculation
and did not thrive as well as the control
pigs in group P. At necropsy, three
pigs had pulmonary necrosis under-
going sequestration in the dorsal area
of the right lung in the cardiac lobe
region. These lesions varied in size
from 2 to 6 cm in diameter. There was
fibrosing pleuritis causing pleural

adhesions over the necrosis. The bron-
chial lymph nodes were enlarged in
these three pigs. One of the pigs with
pulmonary necrosis also had fibrino-
purulent polyarthritis and peritoneal
lymph nodes appeared edematous and
hyperaemic. One of the four pigs had
an abscess (7 cm in diameter) in the
soft tissues at the thoracic inlet, but no
other lesions. Histologically the
changes in the lungs were similar to the
description for group B-E in experi-
ment 1. There was marked villous pro-
liferation of joint capsules in the
animal with polyarthritis. The syno-
vial lining showed mild hyperplasia
and occasionally foci of necrosis
(Fig. 2). Haemophilus pleuropneu-
moniae serotype 3 was isolated in large
numbers and pure culture from the
pulmonary lesions. In one pig it was
isolated from the trachea and peri-
cardial fluid as well. The animal with
polyarthritis was negative for bacteria
(including Haemophilus) or myco-
plasmas in the joints, but had Haemo-
philus pleuropneumoniae in the pul-
monary lesions. Staphylococcus
aureus grew in large numbers from the
abscess at the thoracic inlet of one pig.

GroupM The animals in this group
did not show clinical signs of pneumo-
nia. At necropsy one pig had a 1-2 cm
cyst-like cavity surrounded by a 2-
3 mm fibrotic capsule in the dorsal
area of the right cardiac lobe. Few
fibrous strands over the lesion formed
adhesions to the parietal pleura.
Another pig had a wedge-shaped firm
nodule approximately I x I cm with
fibrous pleuritis in the same part of the
lung. The third pig in this group had
diffuse pleural adhesions among the
ventral face of the right lung, dia-
phragm and pericardium. Gross
changes were not seen in the fourth pig
in this group. Histologically the focal
pneumonia in two pigs was character-
ized by marked fibrosis with occa-
sional aggregates of lymphocytes in
the interstitial tissue and adjacent
pleura. One pig had increased thick-
ness of the pleura due to fibrosis and
the remaining animal had no visible
lesions. No bacteria (including Haemo-
philus) from any pig in this group were
isolated from tissues without a normal
flora.

Group N - The pigs in this group did
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Fig 2. Arthritis in pig inoculated endobronchially with 4 x 109 CFU of H. pleuropneumoniae
serotype 3, strain BC181. There is necrosis of the synovial membrane, edema and perivascular
accumulation of lymphocytes. H & E. X100.

not show clinical signs of pneumonia.
At necropsy one ofthem had a 3 x 3 cm
pulmonary necrosis with a 2-3 mm
fibrotic capsule in the dorsal part of the
right lung over the cardiac lobe.
Fibrous adhesions were present over
this lesion. Another pig had a similar
but smaller (1 x 1 cm) area of necrosis.
The third pig in this group had an ab-
scess (approx 4 x 4 cm) with overlying
fibrous pleuritis in the same part of the
lung. The fourth animal had a I x I cm
fibrotic nodule in the ventral margin of
the right diaphragmatic lobe and dif-
fuse pleural adhesions among the ven-
tral face of the right lung, diaphragm
and pericardium. Histologically there
was coagulation necrosis surrounded
by connective tissue with occasional
lymphocytic aggregates in the pneu-
monic tissue of three pigs. One pig had
focal interstitial fibrosis and all pigs had
thickened pleura due to fibrosis. One of
the animals with pulmonary necrosis
had Haemophilus bacteria, biochemi-
cally identical with strain 33PN, in the
lung lesion. The same organism was iso-
lated from the abscess together with
Corynebacterium pyogenes and Staph.
aureus. The two remaining pigs were
negative for bacteria.

Group 0 The pigs became anorectic
after 24 hours and later recumbent.
One died after 48 hours and the other
one was moribund and euthanized.

The extreme parts of the body of one
pig were cyanotic. There was hemor-
rhage and edema in the subcutis and
muscles. A brown area of consolida-
tion of approx 2 x 5 cm in size was
present in the ventral margin of the
right diaphragmatic lung lobe. Blood
vessels in the epicardium were con-
gested. There was moderate fibrinous
exudate in the peritoneum, especially
in the tunica vaginalis of the testis. All
joints had fibrin casts and the synovial
membranes were edematous and con-

gested. The periarticular tissue was
very edematous. Body lymph nodes
were enlarged due to hemorrhage and
edema. The other pig had an area of
consolidation (5 x 5 cm) in the right
diaphragmatic lobe. This area was
covered with fibrinous adhesions to
the parietal pleura. Serous fluid in
moderate amounts was present in the
pericardial, pleural and peritoneal cavi-
ties. There was polyarthritis similar to
the first pig. Histologically the pulmo-
nary changes in both animals were
characterized by collapse of alveoli
with proliferation and hypertrophy of
alveolar lining cells. There were few
neutrophils in the alveoli. Fibrinous
necrosis of synovium was seen in all
joints examined histologically. One of
the pigs had marked thrombosis of
synovial blood vessels (Fig. 3). Lymph
nodes from peritoneum and thoracic
cavity were edematous and appeared
depleted of lymphocytes resulting in
fading of the follicular structure.
Lymphatic sinuses were occluded by
neutrophils. There was no evidence of
meningitis in either pig. Haemophilus
parasuis was isolated from lung,
pleura, spleen, lymph nodes, perito-
neal fluid, tunica vaginalis, blood and
synovial fluid of both pigs, whereas the
cerebrospinal fluid was negative.

Group P - None of the control pigs
showed signs ofdisease or had morpho-
logical changes at necropsy and all
tissues were negative for bacteria.
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Fig 3. Arthritis in pig inoculated endobronchially with 4 x 10"° CFU of H. parasuis strain E751.
There is edema, necrosis and thrombosis of venules. H & E. X100.
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DISCUSSION

The etiological significance of H.
pleuropneumoniae in acute and
chronic pleuropneumonia has been
proven in both forms (1). Aerogenous
exposure is the preferred technique in
order to reproduce pleuropneumonia
resembling field cases. Nasal instilla-
tion or aerosol exposure of pigs with
bacterial suspensions is usually suc-
cessful; but difficult to standardize. To
reproduce the chronic form with these
methods it may be necessary to treat
with penicillin or other antibiotics
when the animals develop clinical
signs of acute respiratory distress (1).
In this study a specified dose of bac-
teria was deposited directly into the
lower airways and in experiment I
using a recent isolate of H. pleuro-
neumoniae serotype 1, 108 bacteria led
to acute lethal pleuropneumonia.
With doses between 107 and 104 the
animals developed the chronic non-
lethal form of pleuropneumonia. It is
likely that with the large dose the pul-
monary defence system becomes
overwhelmed and breaks down with
the result that bacteria can multiply
and spread throughout the lung (7).
This may be accentuated by a higher
amount of inherent toxic material
which may cause a marked edema and
thus a good growth environment (8).
With lower doses only local changes
develop, perhaps because the defence
system is only challenged locally and
the immediate edema reaction is mod-
erate or mild. Supporting this
hypothesis is the fact that bacteria can
be isolated from all parts of the lungs
in acute pleuropneumonia but only
from diseased parts in the chronic
pleuropneumonia. The toxicity of
large doses of H. pleuropneumoniae
serotype I was also evident from the
signs of respiratory distress and vomit-
ing which was seen within 10-15 min-
utes after inoculation in the pigs in
group A and B ofexperiment I and the
pigs in group K ofexperiment 4. These
clinical signs were also seen when pigs
were exposed to sonicated bacteria
and may be due to the endotoxin in the
bacterial wall (8). The macroscopic
and microscopic changes observed in
the pigs with experimental acute or
chronic pleuropneumonia are consis-
tent with descriptions reported by
others (1,9,10,11,12,13,14). However,

we wish to emphasize an earlier obser-
vation (15) that vasculitis and throm-
bosis is a striking feature of the histo-
logical changes in both forms. If the
bacteria or their products have a direct
effect on the vasculature destroying its
integrity then this can explain the
marked edema, exudation and hemor-
rhage seen in the acute form. Throm-
bosis leading to necrosis or infarction
would explain the necrotic changes
seen in the chronic form.

With a dose predicted, on the basis
of experiment 1, to induce chronic
pleuropneumonia, four pigs in exper-
iment 2 inoculated with the type strain
(Shope 4074, serotype 1) and four pigs
inoculated with the reference strain of
serotype 7 (WF83) did in fact develop
the typical chronic lesions. The min-
imal dose of WF83 which will induce
acute pleuropneumonia is not known,
but from the present experiment it
seems that serotype 7 possess virulence
similar to serotype I. It is interesting to
note that strain Shope 4074, which was
isolated in 1964 and presumably
highly passaged in the laboratory,
seems to be as virulent as the recently
isolated and low passaged strain W (9).
Only two out of 20 pigs inoculated
with 108 CFU of strain 1536, serotype
2, developed acute pleuropneumonia
and died. The remainder, however, did
have localized lesions of necrosis. This
might suggest that strain 1536, sero-
type 2 is slightly less virulent than the
serotype I strains.

Canadian strains of serotype 3 have
been isolated in British Columbia so far
( 15). Strain BC 181 was less virulent than
strain Shope 4074. Even with 4 x 109
CFU only lesions consistent with
chronic pleuropneumonia could be
induced. It is possible that the inoculum
in case of the one pig which had an
abscess at the thoracic inlet and no
pneumonia was actually deposited out-
side the airway resulting in local tissue
damage, secondary Staph. aureus infec-
tion and abscess formation. Whether or
not the polyarthritis seen in one pig
inoculated with BC181 was induced by
the organism is unclear since no bacteria
or mycoplasmas could be isolated from
the joints.
The lesions induced by the "minor-

group" strains 7ATS and 33PN were
mild and did not affect the pigs clini-
cally. The fibrotic nodules and the
focal necrotic lesions most likely deve-

loped at the inoculum deposition site.
It is possible that these focal lesions
represent a local effect of the endo-
toxin in the suspension and that sim-
ilar lesions would develop with any
Gram-negative bacterium inoculated
under similar circumstances.
The diffuse pleuritis seen in one pig

given strain 7ATS and one pig given
strain 33PN is interesting and suggests
that these organisms may be involved
in diffuse pleuritis in pigs under natu-
ral conditions.
The inoculation strain was reco-

vered from the lung lesion of only one
of these pigs, suggesting that Haemo-
philus bacteria of the "minor-group"
are low virulent and easily cleared
from invaded tissue. The virulence of
H. parasuis, strain E75 1, was con-
firmed. Even though the inoculum was
deposited in the lower airways the pigs
developed systemic infections result-
ing in polyserositis and polyarthritis.
This differs markedly from infections
with H. pleuropneumoniae. Neither of
the two pigs developed meningitis or
cerebral infection which contrasts to
most standard descriptions of Glasser's
disease (13).
The infection with H. pleuropneu-

moniae is confined to the respiratory
system. Only in one case was H. pleu-
ropneumoniae isolated from the
spleen, confirming that septicemia
only occasionally follows pulmonary
infection in pigs of this age group. The
pericarditis observed in several pigs
infected with H. pleuropneumoniae
may be regarded as a local extension of
the infection.

In conclusion, the difference in viru-
lence between H. pleuropneumoniae
of serotypes 1, 2 and 7 is probably low.
Serotype 3 seems less virulent than 1,
although the strain did induce chronic
lesions of a severity which affected the
growth rate.

Strains of the so-called "minor-
group" are probably insignificant in
the field, although their role in pleuri-
tis should be further evaluated. If these
strains carry protective antigens
shared by H. pleuropneumoniae they
may be of potential use in live
vaccines.
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