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ABSTRACT

Domestic rabbits were inoculated
with either a 3:A or 3:D serotype of
Pasteurella multocida by aerosol,
intravenous, or intratracheal inocula-
tion. Different colony forming units of
P. multocida were used. Animals
which died or were killed after the 14
day observation period were exam-
ined macroscopically and microscopi-
cally for lesions in the lower respira-
tory tract. Pneumonic lesions were
most consistently produced in rabbits
inoculated intratracheally with sero-
type 3:A. Pulmonary and pleural
lesions were observed in some animals
inoculated intravenously with sero-
type 3:A. Lesions were minimal in
rabbits inoculated with serotype 3:D.
Of the three routes of inoculation
evaluated, the intratracheal route
appeared to be the best method to
produce Pasteurella-associated
lesions in the lower respiratory tract.

Key words: Pasteurella multocida,
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RESUME

Cette experience consistait a inocu-
lar un nombre variable d'unites
formatrices de colonies des serotypes
3:A et 3:D de Pasteurella multocida a
des lapins domestiques, au moyen
d'aerosols, ainsi que par les voies
intraveineuse ou intratracheale. On
proceda a la recherche de lesions
macroscopiques et microscopiques
dans les voies respiratoires inferieures
des lapins qui moururent et de ceux

qu'on sacrifia au bout de la periode
d'observation de 14 jours. Les lapins
auxquels on avait injecte le serotype
3:A, par la voie intratracheale,
arborerent le plus souvent des lesions
de pneumonie; certains de ceux qui
avaient resu ce serotype, par la voie
intraveineuse, developpierent des
lesions pulmonaires et pleurales. Les
lapins inocules avec le serotype 3:D ne
developperent que tres peu de lesions.
Des trois voies experimentales d'ino-
culation, l'intratracheale sembla la
meilleure pour produire des lesions
imputables a Pasteurella, dans les
voies respiratoires inferieures.

Mots cles: Pasteurella multocida,
broncho-pneumonie experimentale,
serotypes 3:A et 3:D.

INTRODUCTION

Pasteurella multocida infection is
an important disease problem in the
domestic rabbit. Rhinitis, conjunctivi-
tis, otitis media, abscessation, chronic
bronchopneumonia, acute fibrinous
bronchopneumonia and septicemia
are all patterns of disease associated
with Pasteurella infections (1). Com-
mercial rabbitries suffer economic
losses due to pasteurellosis and
concomitant infections of laboratory
rabbits complicate research projects
(1,2). Methods used to control
pasteurellosis in rabbits have included
the establishment of Pasteurella-free
colonies (3), and the removal of
carriers identified by repeated culture
of nasal samplings for P. multocida
(1). Different immunization proce-
dures have been evaluated as a means

of control, with varying degrees of
success (4,5,6,7). In two vaccination
trials, the intranasal challenge with P.
multocida produced lesions in the
upper and lower respiratory tract
(4,5). However, not all challenge
procedures have consistently pro-
duced lesions in the lower respiratory
tract (4,8). In one study, intranasal
inoculation of rabbits with a 12:A
serotype resulted in pneumonia in
only 20% of nonimmunosuppressed
rabbits, but in 80% of hydrocortisone-
treated animals (9). It is evident that a
reliable challenge procedure is essen-
tial in order to evaluate the efficacy of
vaccinations.

Other routes of inoculation used to
produce Pasteurella infections in the
rabbit have included the subcutane-
ous, intravenous or intratesticular
routes (10), the intraperitoneal route
(1 1), aerosols (7), and the intratracheal
route (10,12). The purpose of this
study was as follows: 1) To determine
the most effective route of inoculation
of P. multocida to produce pneumonic
lesions in the rabbit and 2) To
compare the optimum number of
organisms required to produce disease
by P. multocida serotypes 3:A and 3:D
selected for inoculation studies.

MATERIALS AND METHODS

Young male New Zealand White
rabbits weighing 2.5-3.5 kg were
obtained from a commercial rabbitry
(Rieman's Fur Ranches, St. Agatha,
Ontario). Deep nasal swabs were
collected at 24 hour intervals for three
consecutive days. Swabs were
streaked on blood agar plates contain-
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ing 2,ug/mL of clindamycin (13), a
medium selective for P. multocida and
Bordetella bronchiseptica. Only anim-
als with three consecutive negative
nasal cultures for P. multocida were
used for the inoculation studies. On
arrival at the research facility, animals
were held for one week prior to
inoculation. Rabbits were housed
singly in stainless steel cages in an
isolation room at a temperature of 20-
220 C with approximately ten air
changes per hour and a light:dark
cycle of approximately ten hours of
light and 14 hours of darkness.
Rabbits were fed pellets (Purina
Rabbit Chow, St. Louis, Missouri) ad
libidum throughout the study and had
free access to water from individual
water bottles supplied with sipper
tubes. Rabbits were chosen for the
inoculation procedures on a random
basis. A total of 22 rabbits were used
per experiment, including 18 inocu-
lated and four noninoculated control
rabbits.

SELECTION OF STRAINS OF P.
MULTOCIDA

Isolates were identified by methods
previously described (14,15,16,17).
Strain Cl was isolated from a rabbit
with pneumonia obtained from a
commercial rabbitry which had an
enzootic of pasteurellosis character-
ized by acute fibrinous pneumonia
and metritis. This isolate was identi-
fied as serotype 3:A (14,15,16,17).
Strain R53 of serotype 3:D was
recovered from a fatal case of acute
fibrinous pneumonia in a domestic
rabbit. Both strains were grown on
trypticase soy and dextrose agar in
Roux flasks for 24 hours at 370 C.
Bacteria were collected by flooding the
agar surface with phosphate buffered
saline (PBS) and adding glass beads,
then the suspensions were stored in
2 mL aliquots at -70°C prior to use.
Both strains produced fatal systemic
pasteurellosis following intraperito-
neal inoculation of adult mice. The
number of colony-forming units
(CFU) in the stock inoculum was
determined by standard plate count-
ing techniques in thawed aliquots of
both strains.

INOCULATION PROCEDURES

Aerosol Exposure - Rabbits were
placed in a fiberglass chamber approx-

imately 1.6 x 1.0 x 0.7 meters high,
then exposed to a fine mist of
organisms generated from the stock
suspension of organisms suspended in
saline by a nebulizer (Devilbiss
Nebulizer, Model 880). Animals were
exposed to P. multocida for 15, 30 or
60 minutes, then returned to their
cages. In the 3:A inoculated rabbits,
approximately 1010 CFU were deli-
vered into the chamber by aerosol
every 15 minutes. With the 3:D strain,
3.6 x 1010 CFU were delivered every 15
minutes. A blood agar plate was
suspended in the chamber to ascertain
the viability of P. multocida delivered
in the aerosol.

Intratracheal Inoculation Rabbits
were anesthetized by the intravenous
administration of sodium pentothal
(Parke Davis, Detroit, Michigan), and
placed in dorsal recumbency. A
midline incision was made to expose
the anterior third of the trachea. A 16
gauge 1" hypodermic needle was
inserted between the cartilaginous
rings, then a polyethylene catheter
(Intramedic Polyethylene tubing
(#7415), Clay Adams, Parsippany,
New Jersey) was passed to the
bifurcation of the trachea. The
inoculum (0.5 mL) was then injected
through the tubing at the level of the
tracheal bifurcation, the catheter was
withdrawn, and the skin was closed
with simple interrupted sutures using
nonabsorbable suture material.

Intravenous Inoculation - Using a 25
gauge 3/4" hypodermic needle,
0.5 mL of innoculum was delivered via
the marginal ear vein.

NECROPSY AND MICROBIOLOGY
TECHNIQUES

All moribund animals were killed in
extremis; others were killed by sodium
pentobarbital given intravenously
after the 14 day observation period.
Gross findings were recorded, and
tissues were fixed in 10% buffered
formalin for histological examination.
Samples for culture were collected on
swabs from the lung and heart blood
from inoculated and control animals.
Swabs were streaked on blood agar
containing clindamycin (13), incu-
bated for 24-48 hours at 37°C and
examined for Pasteurella or Borde-
tella colonies. Biochemical and sero-

logical testing was performed in order
to make a positive identification.
Suspect colonies were Gram stained,
examined for cytochrome oxidase,
streaked onto MacConkey's agar,
inoculated into Hugh and Leifson's
oxidative- fermentative basal medium
with 1% dextrose, used for the
identification of certain Gram nega-
tive bacteria, and examined for the
ability to produce indole and urease.
Representative isolates of P. multoc-
ida from the lower respiratory tract
were serotyped in order to confirm
that they were the same serotype as the
challenge strain.

SEROLOGY

Antibodies to P. multocida in the
pre and post inoculated serum speci-
mens from rabbits were examined by a
microagglutination test procedure of
Gaultney et al (18) with minor
modifications. The antigen, a heat
inactivated (100°C 1 h), decapsulated
(1 Normal HC1 overnight) cell
suspension was prepared as per
Namioka and Murata (17), and
adjusted to an optical density of 0.75
on a Spectronic 20 at 600 nm and
0.05 mL volumes of the antigen and
serum were used in microtiter plastic
trays. The serum was diluted serially
from 10 to 2560 times. The diluent for
serum was PBS pH 7.2 containing
0.005% basic fuchsin. The end point
was the highest dilution of serum
which lacked a clear definite button of
stained antigen at the bottom of the V-
shaped well, after 24 h incubation at
370 C followed by 2 h incubation at
60C.

RESULTS

CLINICAL AND MACROSCOPIC
FINDINGS

No fatalities occurred in those
inoculated intravenously or by aerosol
with the 3:A strain during the 14 day
observation period. One rabbit inocu-
lated intravenously with 0.5 x 108 CFU
and killed at 14 days postinoculation
(pi) was thin, with depletion of fat
reserves. There was consolidation of
the middle lobe of the right lung, with
pleural adhesions. The entire left lung
consisted of thick purulent material
surrounded by a thick fibrous sac.
Several intratracheally inoculated
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animals exhibited dyspnea, depression
and anorexia for 24 hours or more
prior to death or euthanasia. Five of
six rabbits inoculated with the 3:A
strain of P. multocida died or were
euthanized at five to nine days pi. At
necropsy, there was marked consoli-
dation of the anteroventral portions of
lung, frequently with hemorrhage and
fibrinopurulent exudation into
affected areas. Localized or diffuse
fibrinopurulent pleuritis and pericar-
ditis was observed in four of six
rabbits inoculated intrachacheally
with this strain. Extensive empyema
involving the left lung was present in
one animal, inoculated intratracheally
with 0.5 x 109 organisms. Localized
areas of consolidation were observed
in the one animal inoculated intratra-
cheally that survived and was killed at
14 days pi (Table I). In rabbits
inoculated with the 3:D strain, two
animals died with 18 hours following

intravenous inoculation of 3.6 x 109
CFU. At necropsy, marked pulmo-
nary congestion was observed in both
animals. The remaining rabbits were
essentially asymptomatic throughout
the 14 day observation period. At
necropsy, focal to confluent areas of
consolidation were observed in two of
four animals inoculated intratra-
cheally with the largest numbers of
organisms (Table II).

HISTOPATHOLOGY

Focal peribronchial and perivascu-
lar lymphocytic infiltration were
observed in both inoculated and
control animals. In three of six
animals inoculated intravenously with
3:A, there were focal to confluent
pneumonic lesions. Infiltrating cells in
alveoli consisted of heterophils and
macrophages, and there was a promi-
nent mononuclear cell infiltrate in the
interstitial regions (Fig. 1). Larger

airways were relatively free of inflam-
matory exudate. In one intravenously-
inoculated rabbit, there was massive
polymorphonuclear cell infiltration,
with obliteration of the normal
architecture and pleural fibrosis. In
four of five rabbits which died
following intratracheal inoculation of
the 3:A strain, there was a localized to
extensive fibrinopurulent bronchop-
neumonia, with concurrent fibrino-
purulent pleuritis and pericarditis
(Fig. 2). The fifth rabbit which died at
nine days pi had extensive congestion
of alveolar capillaries and alveolar
flooding with proteinaceous material.
Death was attributed to systemic
pasteurellosis and P. multocida was
isolated from the heart blood and
lung. Minimal pulmonary lesions were
observed histologically in animals
exposed to the 3:A strain of P.
multocida via aerosol (Table I).

In rabbits inoculated with the 3:D

TABLE 1. Experimental Pasteurellosis (3:A Strain)

Bacteriology Serology
Agglutinating Antibody

Pasteurella Titers to 3:Ab
Examination Pasteurella Bordetella multocida Day 0 Day 14

Route of No. of Animal Day Post- Pulmonary multocida bronchiseptica (heart Preinocu- Postinocu-
Inoculation Organisms Number inoculation Lesionsa (lung) (lung) blood) lation lation
Control 17 0 - NT NT
Control 26 0 - NT NT NT NT
Aerosol 15 min 15 14d - + + + <20 640

6 14 - + + - <20 <20
Aerosol 30 min 16 14 - + + - - -

39 14 - + + - <20 <20
Aerosol 60 min 37 14 + + +

40 14 + + - <20 <20
Intratracheal Control 5 14 +- -

(Saline) 9 14 +
Intratracheal 0.5 x 108 12 14 + - NT NT

33 7 (E) +++ + + - NT
Intratracheal 0.5 x 109 4 6 (E) +++ + + + - NT

20 8 (E) ++ + NT - NT
Intratracheal 0.5 x 1010 7 5 (D) + + + _ NT

21 9 (E) + + + - NT
Intravenous 0.5 x 107 8 14 + + + <20 160

14 14 + + + - 640
Intravenous 0.5 x 108 13 14 + + <20 320

19 14 (E) +++ + _ 160
Intravenous 0.5 x 109 27 14 + + 80

28 14 ++ + - + 160
Totals 9/18 17/18 11/18 7/17(Inoculated Animals)
aBased on gross and microscopic evaluation
bTiters expressed as reciprocal of serum dilution
'Not tested
dAll remaining animals killed at 14 days postinoculation
(E) Euthanized
(D) Died
(+) Focal lesions (++) Multifocal to confluent lesions (+++) Extensive lesions
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TABLE II. Experimental Pasteurellosis (3:D Strain)

Bacteriology Serology
Examination Pasteurella Bordetella Pasteurella Agglutinating

Route of No. of Animal Day Post- Pulmonary multocida bronchiseptica multocida Antibody Titers
Inoculation Organisms Number inoculation Lesionsa (lung) (lung) (heart blood) to 3:Db
Control I - - NTC NT NT

2 0 - - NT NT NT
Aerosol 16 14' _ _ + - 10
(Saline) 18 14 - - - 0
Aerosol 15 min 35 14 - - + - <20

38 14 - - + - <10
Aerosol 30 min 22 14 - + + - 10

60 14 - - + - <40
Aerosol 60 min 24 14 - - - -0

37 14 - - + - <40
Intratracheal 1.4 x 107 5 14 - - - 10

15 14 - - + - 80
Intratracheal 3.6 x 108 9 14 + - + - 10

11 14 - 40
Intratracheal 3.6 x 109 8 14(E) ... - + - 160

44 14 _ _ + _ 20
Intravenous 0.5 x 107 23 14 - - + - 10

34 14 - - + - 80
Intravenous 0.5 x 108 12 14 - - + - 10

27 14 - + + - 10
Intravenous 0.5 x 109 14 1 (D) + + - NT

32 1(D) + + + + NT

(Inoculated Animals) 4/18 3/18 14/18 1/18
'Based on gross and microscopic evaluation
bAntibody titers identical in pre and postinoculation sera
'Not tested
dAll remaining animals killed at 14 days postinoculation
(E) Euthanized
(D) Died
(+) Focal lesions (++) Multifocal to confluent lesions (+++) Extensive lesions

strain, congestion of alveolar capillar-
ies and intraalveolar edema was
observed in the two rabbits that died

within 18 hours following intravenous
inoculation. Focal to confluent
subacute bronchoalveolitis was

Fig. 1. Section of lung from rabbit (#28) inoculated intravenously with approximately 0.5 x 109
colony forming units of P. multocida (serotype 3:A) and killed at 14 days postinoculation. There is a
diffuse alveolitis, with proliferation of pneumocytes, leukocytic infiltration and obliteration of the
normal architecture. H & E. X214.

observed in two of six rabbits
inoculated by the intratracheal route
(Table II).

BACTERIOLOGY

Pasteurella multocida was reco-
vered from the lung in all animals
inoculated with strain 3:A by the
aerosol or intravenous route, and in
five of six rabbits inoculated intratra-
cheally with the organism. In one
surviving animal inoculated intratra-
cheally with 0.5 x 108 P. multocida, the
organism was not recovered, although
focal pneumonic lesions were
observed histologically at 14 days pi
(Table I). Pasteurella multocida was
not recovered from the lung of the four
control rabbits used in this study
(Table I). Bordetella bronchiseptica
was isolated from the lung of 11 of the
18 rabbits inoculated with 3:A and
from two of four control rabbits
(Table I). Pasteurella multocida was
recovered from the lung of only three
of the 18 rabbits inoculated with
serotype 3:D, including one animal
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Fig. 2. Lung from rabbit (#33) inoculated intratracheally with approximately 0.5 x 108 colony
forming units and killed in extremis at seven days postinoculation. There is an acute necrotizing
fibrinopurulent bronchopneumonia with alveolar flooding and leukocytic infiltration. H & E. X85.

which died within 18 hours after
intravenous inoculation. Bordetella
bronchiseptica was isolated from the
lung of most of the 3:D inoculated
animals (Table II).

AGGLUTINATING ANTIBODIES TO P.
MULTOCIDA

The sera of noninfected rabbits were
either negative or contained low levels
of agglutinins to P. multocida 3:A or
3:D. Antibody to serotype 3:D was
present in sera from a few rabbits
collected prior to inoculation with this
serotype. Most animals exposed to an
aerosol of 3:A or 3:D serotypes did not
develop antibodies by day 14. On the
other hand, intravenous administra-
tion of 108-101 cells of 3:A elicited an
appreciable antibody response in all
animals by day 14 (Table I). Infection
of rabbits with 3:D via aerosol, or by
intravenous and intratracheal routes
failed to elicit any appreciable rise in
antibody titer by day 14 of the
experiment (Table II).

DISCUSSION

In a study of different routes of
inoculation of P. multocida per-
formed over 50 years ago, Webster
concluded that the intravenous route
of inoculation is a relatively reliable

method of producing acute pneu-
monic lesions in the rabbit (10). We
did produce focal to confluent
alveolar and pleural lesions in some
rabbits inoculated intravenously with
the 3:A strain of P. multocida. These
lesions were similar to those seen
histologically in some cases of acute to
subacute pasteurellosis in this species
(1). However, in rabbits inoculated
with the 3:A strain, the intratracheal
route of inoculation most consistently
produced pulmonary lesions. In our
studies, delivery of the organism by
aerosolization was not an effective
means of producing pneumonic
lesions. It is likely that the upper
respiratory tract served as an effective
barrier for the trapping and expulsion
of most of the inhaled organisms.
Although the intratracheal route of
inoculation is a contrived method of
exposure, investigators have used this
route to produce lesions in the lower
respiratory tract in other species.
Intratracheael inoculation of P.
hemolytica has proven to be an
effective means of producing acute
bronchopneumonia in calves (19),
whereas other routes and procedures
have frequently met with limited
success (20).

Based on these studies, it is evident
that the strain of 3:A used was more
virulent than the 3:D strain under
study. Numbers of organisms,

inoculation procedures, and the
source of animals was comparable in
both studies. Of particular interest was
the ability of the 3:A strain to persist in
the lower respiratory tract for two or
more weeks postinoculation, includ-
ing animals that were free of obvious
pneumonic lesions. Presumably the
organism was able to persist due to the
ability to avoid elimination by the
phagocytic cell-mucociliary system
responsible for the clearance of
microorganisms from the lung. The
ability of the organisms to survive in
the lung should enhance the opportun-
ity to proliferate and produce a
pneumonic process.

In a study to compare the adhesive
properties of different capsular
serotypes of P. multocida to epithelial
cells, strains with serotype A capsules
were approximately ten times more
adherent to rabbit pharyngeal epithe-
lial cells in vivo and to HeLa cells in
vitro than were most strains of
capsular type D evaluated. Adherence
was attributed to the interaction of
bacterial fimbriae with N-acetyl-D-
glucosamine receptors on the host cell.
Glorioso et al also concluded that the
adhesive strains of P. multocida were
more pathogenic for rabbits than
nonadherent strains when inoculated
by either the intranasal or intravenous
route (21). Immunologically com-
promised animals have been shown to
be more susceptible to clinical pasteu-
rellosis (2). Thus environmental
change or experimental manipulation
could provide the opportunity for a
virulent strain of P. multocida resident
in the lower respiratory tract to
produce detectable disease. The
reduced number of rabbits with
pulmonary lesions and positive cul-
tures of P. multocida following
inoculation with serotype 3:D was an
unexpected finding. The 3:D strain
had been isolated from a fatal case of
acute fibrinous pneumonia, and mice
were readily killed due to acute
pasteurellosis following intraperito-
neal inoculation with this strain. The
3:A strain is considered to be more
virulent than the more prevalent 12:A
strain (5,9,22). In one study, serotype
3:A or 3:D were the most frequent
isolates from spontaneous fatal cases
of acute pasteurella pneumonia (22).
However, there may be other unrecog-
nized host/ microbial factors that
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played a role in the outcome of the 3:D
inoculation studies.
Of interest was the presence of

detectable agglutinating antibody to
P. multocida in the preinoculation
serum samples, particularly to sero-
type 3:D. In a previous survey (22),
serotype 12:A was isolated from
rabbits sampled from our supplier's
rabbitry. Thus prior exposure to this
serotype may have produced a detec-
table antibody response to a heterolo-
gous strain. Cross-reacting antigens
have been detected between P.
multocida and certain other Gram
negative organisms (23). However, it
seems unlikely that titers of this
magnitude would be produced other
than through prior exposure to a
strain of P. multocida. One rabbit (#8)
had a relatively high antibody titer to
serotype 3:D present in the preinocu-
lation serum sample. This animal
developed extensive pneumonia fol-
lowing intratracheal inoculation with
this serotype. In one immunization
study using P. haemolytica in calves,
pulmonary lesions were most exten-
sive in animals vaccinated subcutane-
ously, then challenged by intratra-
cheal inoculation with the organism. It
was suggested that anti-P. haemolyt-
ica titers enhanced phagocytosis of the
organism in the lung, resulting in
macrophage destruction, and a stimu-
lus for pulmonary inflammation (24).
Whether similar mechanisms may be
involved in P. multocida infections of
the lung has not been determined.
The frequent isolation of B. bron-

chiseptica from the lung in both
inoculated and control rabbits has
been reported previously. In one
survey in rabbits, B. bronchiseptica
was isolated from 97% of macroscopi-
cally normal lungs sampled (12).
Similarly, the organism was a frequent
isolate from the lower respiratory tract
of specific pathogen free rabbits used
in a P. multocida vaccination-
challenge study (8). Bordetella is not
considered to be an important respira-
tory pathogen in rabbits by most
observers (1). However, it is possible
that the prominent peribronchial
lymphoid hyperplasia seen in both
inoculated and control rabbits may be
primarily in response to a persistent B.
bronchiseptica infection. Bordetella
has been shown to be a surface dweller
in the respiratory tract. For example,

B. bronchiseptica may specifically
attach to the cilia of epithelial cells of
the canine respiratory tract (25). These
bacteria may also reside in the layer of
mucus overlying the ciliated epithelial
cell (26). Peribronchial lymphoid
hyperplasia has been associated with
canine cases of B. bronchiseptica
infections (25) and in human infec-
tions with Bordetella pertussis (27).

ACKNOWLEDGMENTS

The authors thank Mr. David
Mackenzie for his excellent technical
assistance.

REFERENCES

1. FLATT RE. Pasteurellosis. In: Weisbroth
SH, Flatt RE, Kraus AL, eds. The biology
of the laboratory rabbit. New York:
Academic Press, 1974: 194-205.

2. CORBEIL LB, STRAYER DB, SKA-
LETSKY E, WUNDERLICH A, SELL
SS. Immunity to pasteurellosis in
compromised rabbits. Am J Vet Res 1983;
44: 845-850.

3. SCHARF RA, MONTELEONE SA,
STARK DM. A modified barrier system for
maintenance of pasteurella-free rabbits.
Lab Anim Sci 1981; 31: 513-515.

4. CHENGAPPA MM, MYERS RC, CAR-
TER GR. A streptomycin dependent live
Pasteurella multocida vaccine for the
prevention of rabbit pasteurellosis. Lab
Anim Sci 1980; 30: 515-518.

5. LU Y-S, PAKES SP. Protection of rabbits
against experimental pasteurellosis by a
streptomycin-dependent Pasteurella mul-
tocida serotype 3:A live mutant vaccine.
Infect Immun 1981; 34: 1018- 1024.

6. MANNING PJ, SPOTTS KA, LEARY
SL. Comparative studies on the antigenicity
of cell walls and lipopolysaccharides of
rabbit isolates of P. multocida. Lab Anim
Sci 1983; 33: 488.

7. OKERMAN L, SPANOGUE L. Protective
effects of inactivated Pasteurella vaccines in
specific pathogen-free rabbits. Comp
Immunol Microbiol Infect Dis 1981; 2: 223-
228.

8. PERCY DH, PRESCOTT JF, BHASIN
JL. Pasteurella multocida infection in the
domestic rabbit: Immunization with a
streptomycin-dependent mutant. Can J
Comp Med 1985; 49: 227-230.

9. LU Y-S, PAKES AP, REHG JE,
RINGLER DH. Pathogenicity of a sero-
type 12:A Pasteurella multocida in hydro-
cortisone treated and nontreated rabbits.
Lab Anim Sci 1982; 32: 258-262.

10. WEBSTER LT. Epidemiological studies on
respiratory infections of the rabbit. VII.
Pneumonia asssociated with Bacterium
leptisepticum. J Exp Med 1925; 43: 555-572.

11. CORRIGAN JJ, KIERNAT JF. Effect of
heparin in experimental Gram-negative
septicemia. J Infect Dis 1975; 131: 138-143.

12. FLATT RE, DUNGWORTH DL. Enzoo-
tic pneumonia in rabbits: Microbiology and
comparison with lesions experimentally
produced by Pasteurella multocida and a
chlamydial organism. Am J Vet Res 1971;
32: 627-637.

13. GARLINGHOUSE LE, DI GIACOMO
RF, VAN HOOSIER GL, CONDON J.
Selective media for Pasteurella multocida
and Bordetella bronchiseptica. Lab Anim
Sci 1981; 31: 39-42.

14. CARTER GR, RUNDELL SW. Identifica-
tion of type A strains of Pasteurella
multocida using staphlococcal hyaluroni-
dase. Vet Res 1965; 96: 343.

15. CARTER GR, SUBRONTO P. Identifica-
tion of type D strains of Pasteurella
multocida with acriflavine. Am J Vet Res
1973; 34: 293-294.

16. HEDDLESTON KL, GALLAGHER JE,
RABERS PA. Fowl cholera: Gel diffusion
precipitin test for serotyping Pasteurella
multocida from avian species. Avian Dis
1972; 16: 925-936.

17. NAMIOKA S, MURATA M. Serological
studies of Pasteurella multocida. II.
Characteristics of the somatic (0) antigens
of the organism. Cornell Vet 1961; 51: 507-
521.

18. GAULTNEY JD, WENDE RD, WILLI-
AMS RP. Microagglutination procedures
for febrile agglutination tests. Appl
Microbiol 1971; 22: 635-640.

19. FRIEND SCE, WILKIE BN, THOMSON
RG, BARNUM DA. Bovine pneumonic
pasteurellosis: Experimental induction in
vaccinated and nonvaccinated calves. Can J
Comp Med 1977; 41: 77-83.

20. YATES WDG. A review of infectious
bovine rhinotracheitis, shipping fever
pneumonia and viral-bacterial synergism in
respiratory disease of cattle. Can J Comp
Med 1982; 46: 225-263.

21. GLORIOSO JC, JONES GW, RUSH HG,
PENTLER LJ, DARIF CA, COWARD
JE. Adhesion of type A Pasteurella
multocida to rabbit pharyngeal cells and its
possible role in rabbit respiratory tract
infections. Infect Immun 1982; 35: 1103-
1109.

22. PERCY DH, PRESCOTT JF, BHASIN
JL. Characterization of Pasteurella multoc-
ida isolated from rabbits in Canada. Can J
Comp Med 1984; 48: 162-165.

23. PRINCE GH, SMITH JE. Antigenic study
on Pasteurella multocida using immunodif-
fusion techniques. J Comp Pathol 1966; 76:
315- 320.

24. WILKIE BN, MARKHAM RJF,
SHEWEN PE. Response of calves to lung
challenge exposure with Pasteurella haemo-
lytica after parenteral or pulmonary
immunization. Am J Vet Res 1980; 41:
1773-1778.

25. BEMIS DA, GREISEN HA, APPEL
MJG. Pathogenesis of canine bordetellosis.
J Infect Dis 1977; 135: 753-762.

26. THOMPSON H, McCANDLISH IAP,
WRIGHT NG. Experimental respiratory
disease in dogs due to Bordetella bronchi-
septica. Res Vet Sci 1976; 20: 16-23.

27. PITTMAN M. Infectious agents and host
reactions. Mudd S ed. Philadelphia: WB
Saunders Co., 1970: 239-270.

41


