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ABSTRACT

A total of 36 calves were used
in three experiments to test the
efficacy of a potassium thiocya-
nate extract of Pasteurella
haemolytica in protecting
against experimental pneumo-
nia. In each of experiments A
and B, 12 calves were divided
into three equal groups. The
f:rst group was vaccinated with
La aerosol of a potassium thio-
eyanate extract twice, two
weeks apart; the second group
was vaccinated subcutaneously
once only with the same extract.
The third group of calves in both
experiments remained as un-
vaccinated controls. In experi-
ment C, six calves were vacci-
nated intramuscularly and six
were left as controls. Approxi-
mately one month after vaccina-
tion all calves were challenged
with an aerosol of bovine her-
pesvirus 1 (isolate 108) followed
in 4 d by an aerosol of P. haemo-
lytica type Al (the same strain
from which the potassium thio-
cyanate extract had been made).
Varying degrees of protection

against subsequent develop-
ment of experimental pneu-
monic pasteurellosis in cattle
were seen in vaccinated calves
as compared to control calves in
these experiments. The results
indicate that protection of cattle
against pneumonic pasteurello-
sis may prove possible with a
sub-cellular extract of P.
haemolytica.

Key words: Pneumonia, cattle
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potassium thiocyanate extraction.

RESUME

Cette etude consistait A deter-
miner l'efficacite d'un extrait au
thiocyanate de potassium d'une
souche de Pasteurella haemo-
lytica, comme moyen de protec-
tion contre une pneumonie
exp6rimentale. Les auteurs
realisPrent A cette fin trois
experiences qui impliquaient en
tout 36 veaux. Dans chacune des
experiences A et B, ils utiliserent
trois groupes de quatre veaux.
Le premier fut vaccine deux
fois, A deux semaines d'inter-
valle, au moyen d'aerosols de
l'extrait precite; le deuxi6me ne
reCut qu'une seule injection
sous-cutanee du meme extrait.
Les veaux du troisieme groupe
servirent de temoins, dans cha-
cune des deux experiences.
Dans l'experience C, six veaux
recurent le vaccin, par la voie
intramusculaire, et les six autres
servirent de t6moins. Environ
un mois apres la vaccination,
tous les veaux furent soumis A
une infection de defi qui impli-
quait l'utilisation d'aerosols de la
souche #108 de l'herpesvirus
bovin #1 et de P. haemolytica Al,
A quatre jours d'intervalle; c'est
cette souche de P. haemolytica
qui avait servi a preparer l'ex-
trait precite.
Les auteurs constatPrent di-

vers degres de protection contre
le developpement ult6rieur
d'une pasteurellose pulmonaire
experimentale, chez les veaux
vaccines, comparativement aux
t6moins. Les r6sultats de ces
experiences indiquent que la
protection des bovins contre la
pasteurellose pulmonaire peut
s'averer possible, lorsqu'on les
vaccine avec un extrait subcel-
lulaire de P. haemolytica.

Mots clefs: pneumonie, maladies
bovines, infections a Pasteurella
sp., extraction au thiocyanate de
potassium.

INTRODUCTION

Shipping fever is a cause of sub-
stantial economic loss to the beef
cattle industry of Canada and to
feedlots in particular. It is usually
associated with Pasteurella haemo-
lytica or, less commonly, Pasteu-
rella multocida, so that the term
pneumonic pasteurellosis is also
used. A similar condition can be
produced experimentally by expo-
sure to an aerosol of bovine herpes-
virus 1 (BHV1) followed 4 d later
by P. haemolytica (1). Develop-
ment of this experimental disease
can be prevented by vaccinating
calves against the viral component
(2,3,4). Corstvet et al (5) have com-
mented on the paucity of data on
the efficacy of pasteurella bacter-
ins and on the importance of route
of administration. The aim of the
experiments described in this
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paper was to vaccinate cattle with
a bacterially derived extract to
determine if this would prevent
subsequent development of fibri-
nous pneumonia after experimen-
tal challenge.

MATERIALS AND METHODS

PRODUCTION OF ANTIGEN

The methods used were essen-
tially those of Bain (6) and Mukkur
(7), performed as follows. For
experiment A, P. haemolytica type
Al was grown on blood agar plates
at 37°C for 24 h. The organisms
were harvested from the plates by
washing them off with sterile
normal saline. The washings were
added to an equal volume of 1.0 M
potassium thiocyanate (KSCN)
and incubated without agitation
for 6 h at 37°C. The extract was
centrifuged at 16300 x g for 10
min and the supernatant was dia-
lyzed against 0.01 M tris HCl-
0.32 M NaCl buffer containing
0.1% sodium azide and the alkalin-
ity adjusted to pH 8.0 with 0.1 M
NaOH. The dialysis was continued
for 24 h with three changes of
buffer. The extract was divided
into two equal volumes: the first
was precipitated with alum (the
potassium salt) for subcutaneous
(SC) administration using the
method outlined by Garvey et al
(8), while the second was used with
no further modification as the
antigen for vaccination by aerosol.
The antigen used in experiment

B was produced as for the first
experiment with some modifica-
tions. The same organism was
grown on blood agar under the
same conditions and harvested and
dialyzed similarly. However, on
this second occasion the extract
was found, using the same estima-
tion procedure,' to have approxi-
mately 30% of the former amount
of protein. Therefore the total
volume of dialysate was reduced
by freezing and sublimation (par-
tial freeze drying). The final

volume to which the sublimate was
reconstituted contained approxi-
mately the same amount of protein
per unit volume as the antigen
prepared for the first experiment.
The alum precipitated antigen in
the first experiment contained
9.50 mg of protein/mL while that
for the second experiment con-
tained 8.70 mg of protein/mL. The
intranasal antigen in the first
experiment contained 4.63 mg of
protein/mL while that for the
second experiment contained
2.64 mg of protein/mL. Thus each
calf of experiment A given the pre-
cipitated antigen received a total
of 238 mg of protein in 25 mL and
each calf in experiment B given
the precipitated antigen received a
total of 218 mg of protein in the
same volume. Each calf of experi-
ment A given the aerosolized anti-
gen received a total of 324 mg pro-
tein and in experiment B a total of
185 mg of protein.
In experiment C a much smaller

amount of antigen was used as an
economical measure and to pro-
vide a preliminary test of the rela-
tionship between dose and effi-
cacy. It was prepared as described
above except that the bacteria
were grown in brain heart infusion
broth supplemented with 1% horse
serum in 10 L fermentors. The
bacteria from a 6 h culture were
pelleted by centrifugation, washed
once in saline, and resuspended to
200 mL in saline. They were
extracted with 1 M KSCN and
further processed as described
above except that pH was adjusted
to 7.6. Each of the six calves was
vaccinated with 4 mg given
intramuscularly (IM).

VACCINATION AND CHALLENGE
PROCEDURES

Experiment A - An outline of the
experimental design is given in
Table I.

Twelve crossbred yearling bull
calves, raised at ADRI, Leth-
bridge, and ranging in weight
from 200-320 kg, were divided into
three equal groups. Group A-I was
vaccinated twice, on d 0 and d 14,
with an aerosol of the unprecipi-
tated extract for approximately
30 min using a DeVilbiss 65 appa-
ratus2 at a setting of 10 so that each
calf received approximately 35 mL
each time. Group A-II was vacci-
nated once (d 0) with 25 mL of the
alum-precipitated antigen injected
SC but divided equally between
two sites. Group A-III served as
untreated controls. All calves were
challenged individually, by expo-
sure to aerosols of BHV1 (isolate
108) on d 27 and P. haemolytica on
d 31, using methods described pre-
viously (1). The same isolates of P.
haemolytica were used to produce
the vaccine antigen and the chal-
lenge culture.
The bovine herpesvirus 1 (BHV1)

suspension used for the exposures
contained 1.2 x 106 plaque form-
ing units (PFU) before and 1.5 x
107 PFU after aerosol production.
There were 3.6 x 108 P. haemolyti-
ca/mL in the suspension of orga-
nisms used to generate the aerosol
when titrated before, and 2.4 x 108
organisms/mL after, bacterial
aerosolization.
The following samples and

tissues were taken. On d 0, 7, 14, 21,
27, 31 and 35, nasal swabs were
collected for viral and bacterial

TABLE I. Experimental Design

Experiment Group No. of calves Challenge
A IN vaccinates 4

B

C

SC vaccinates
Controls

IN vaccinates
SC vaccinates

Controls
IM vaccinates
Controls

4
4
4
4
4
6
6

BHV1 + P. haemlolytica
(all calves)

1Bio-Rad Protein Assay, Bio-Rad Laboratories, Tech. Bull. 1051, Richmond, California.
2DeVilbiss Corp., Somerset, Pennsylvania.
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isolation procedures and blood
samples were taken. The rectal
temperatures of the calves were
taken on the day of bacterial aero-
sol and necropsy. Surviving calves
were necropsied on d 35 at which
time swabs were taken of nasal
passages, tonsils, trachea and lung
for viral and bacterial studies.
Pulmonary tissues were fixed in
10% formalin, embedded in paraf-
fin, and sectioned later for histo-
logical studies.

Experiment B - The 12 calves
used were of similar age and type
to those in experiment A and were
divided, treated and sampled in
the same manner. However with
Group B-I, because the antigen
was more viscous, it was diluted
1:1 with sterile saline. Even so,
after aerosol exposure for 1 h only
half (approximately 35 mL) had
been administered. The remainder
of the vaccine dose (approximately
35 mL) was inoculated intrana-
sally using a syringe and plastic
cannula. Groups B-II and B-III
were treated as in experiment A.
The concentration of the BHV1
challenge suspension was 107.8
TCID50/mL before and after aero-
solization. That of P. haemolytica
was 8.4 X 108 before and 6.9 x
108/mL after the aerosol procedure.

Experiment C- Twelve 8-9 mo old
Hereford calves were obtained
from a ranch in southwest Saskat-
chewan. Calves from this herd
have proven to be uniformly sus-
ceptible to BHV1-P. haemolytica
experimental pneumonia in the
past.
Each of the six vaccinates was

given an IM injection consisting of
1 mL KSCN extract (containing
4 mg protein) and 1 mL adjuvant
on d 0. The viral-bacterial chal-
lenge was given with the DeVilbiss
nebulizer at setting 10 on d 36 by
exposure to a suspension of BHV1
with a concentration of 1.6 x 107
PFU/mL and on d 40 by exposure
to P. haemolytica with a concentra-
tion of 1.1 x 109 viable bacteria per
mL. Approximately 4-5 mL of
suspension was aerosolized for
each calf at each exposure.

Nasal swabs for preexposure iso-
lations were taken on d 36. At
necropsy only the lung was cul-
tured. Other procedures were sim-
ilar to experiments A and B.

SEROLOGICAL STUDIES

Serum neutralization titers
against BHV1 were determined by
preparing serial dilutions of serum
and reacting 0.5 mL with 0.5 mL
of virus (102 plaque forming units).
Serum virus mixtures were added
to quadruplicate 7 mm wells in a
microtiter plate containing con-
fluent Georgia bovine kidney cells.
The plaques were enumerated as
described previously (9).
A number of tests were used to

assess the titer of antibodies
against P. haemolytica and the
results will be reported elsewhere.
BACTERIOLOGICAL STUDIES

Routine aerobic methods were
used for isolation of Pasteurella
spp.
Specimens for Mycoplasma spp.

were collected in noninhibitory
horse serum broth composed of
Hayflick's medium (10) with thal-
lium acetate and penicillin omit-
ted. Mycoplasma and Achole-
plasma spp. were isolated by
plating on Hayflick's medium with
1% purified agar under 10% C02,
and identified by fluorescent
antibody staining. Ureaplasma
spp. were isolated using Urea-
plasma broth (11) followed by A-7
agar (12) under H2 and CO2. Identi-
fication was by characteristic color
and morphology of colonies. Isola-
tion of M. dispar was done using
the medium described by Gourlay
and Leach (13) modified by substi-
tution of ampicillin for penicillin
(14) and replacement of 50% of the
Hartley's digest broth by Viande
Foie infusion (15). Mycoplasma
studies were not done in experi-
ment C.

RESULTS

CLINICAL SIGNS

Experiment A - There were no
untoward effects of the vaccination
procedures. All the cattle appeared
normal for the first 2 d after BHV1

exposure (d 27 and 28). On the next
day, two of the aerosol vaccinates
and one control were standing
apart from the group and had shal-
low, rapid respirations. The mean
rectal temperature for all 12 calves
on the morning of the fourth day
after BHV1 exposure (d 31) was
40.8 ± 0.80C.
Eight hours after aerosol chal-

lenge with P. haemolytica (d 31)
two controls, two aerosol vacci-
nates and one SC vaccinate were
depressed and had shallow, rapid
respirations. On d 32 two control
animals were in severe respiratory
distress. Two of the calves vacci-
nated by aerosol were also severely
dyspneic. Two calves of the SC
vaccinated group had an increased
rate of respiration but were bright
and alert.
One control calf died on d 32 and

the next day (d 33) two others were
in severe respiratory distress; the
fourth calf appeared normal. Of
the aerosol vaccinates, three were
bright while the fourth was dys-
pneic. The calves in the SC vacci-
nated group had no obvious signs
of respiratory disease at this time.
A second control died on d 33,

leaving one dull and dyspneic calf
and one apparently normal con-
trol. There was also one dyspneic
aerosol vaccinate but all other
calves appeared normal. The third
clinically ill control calf died on d
34. On the day of elective necropsy
(d 35), the affected aerosol vacci-
nate was moribund and was
euthanized. The mean tempera-
ture of the surviving calves was
38.7 ± 0.7°C and they were sent for
slaughter. The survival rates in all
three experiments are given in
Table II.

Experiment B - As in experiment
A, all 12 calves were normal until
the day of viral exposure (d 27). By
the day of bacterial challenge, the
mean rectal temperature for all
calves was 40.5 ± 0.4°C. For the
last 2 d of the experiment (d 33 and
d 34), the control group's mean
temperature was approximately
one-half to one Celsius degree
higher than the other two groups
due to a fever in one control calf
(41.7°C on d 33, 40.6°C on d 34).
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There were no deaths in any group
in experiment B.

Experiment C- Two ofthe control
calves died on d 43, one on d 44 and
one on d 45 whereas two survived
until elective necropsy on d 49. One
of the vaccinates died on d 46
whereas all the others lived until d
49.

PATHOLOGICAL FINDINGS

The following terms will be used
in this paper for tabulated results
and also individual descriptions.
Gross pulmonary changes identi-
fied as "BHV1 (108)" lesions are
those seen in the lungs of calves
experimentally infected with
BHV1, isolate 108 (1-4), and con-
sist of areas of sublobular, lobular
or multilobular pulmonary atelec-
tasis scattered randomly through-
out the lungs. Cross sections of
such areas usually reveal white,
viscous exudate in airways. These
viral lesions are found on histologi-
cal examination to consist of col-
lapsed alveoli, diphtheritic bron-
chitis and bronchiolitis, accumula-
tions of cellular debris in bronchi-
oles and bronchi, and, on occasion,
small focal areas of caseous pul-
monary necrosis.
"Combined" lesions, as de-

scribed in this paper, are the
lesions of experimental fibrinous
pneumonia produced by sequen-
tial infection with BHV1 (isolate
108) and P. haemolytica and indis-
tinguishable from those associated
with bovine pneumonic pasteurel-
losis. These include raised, red-
dish-black, hard areas of pulmo-
nary consolidation, widespread
parietal and visceral pleural de-
posits of fibrin, distended inter-
lobular septa, and hydrothorax.
The histological lesions associated
with these gross morphological
thoracic changes include septal
distension with edema and fibrin,
as well as lymphatic engorgement
and thrombosis. Within alveolar
parenchymal areas, there are
waves of degenerate cells sur-
rounding areas of necrosis, and
alveoli containing streaming, oat-
shaped cells, edema, fibrin and
hemorrhage. In addition, there is
pleural deposition of fibrin as well

as occasional histological changes
associated with BHV1 (108)
infection.
The presence or absence of each

type of lesion is tabulated in Table
II.

ExperimentA - Complete necrop-
sies were done on all calves that
died and the one that was mori-
bund. The animals with no appar-
ent illness on d 35 were sent to
slaughter where only the lower
respiratory tracts (i.e. tracheas
and lungs) could be obtained.

All four calves of the aerosol vac-
cinated group had macroscopic
and microscopic pulmonary
lesions. In two animals there were
BHV1 (108) lesions and in the
remaining two there were com-
bined lesions. Of these, the calf that
would have died had widespread
fibrinous pneumonia involving
80% of the right lung and 50% of the
left. The other calf had an area of
fibrinous pneumonia involving the
lower 30% of the posterior part of
the right cranial lobe.

All calves of the SC vaccinated
group had BHV1 (108) lesions vis-
ible grossly in their lungs but no
combined lesions.
There were severe combined

lesions in all animals of the control
group with the exception of the
survivor that went for slaughter.
In this latter calf there was fibri-
nous pneumonia involving the ven-
tral 60% of the left middle lung
lobe. This calf also had BHV1 (108)
lesions throughout the rest of its
lung (Table II).

Experiment B - A necropsy was
done on the control calf that
remained febrile to the end of the

experiment; the others were sent to
slaughter, thus only the lower res-
piratory tracts were available.

All 12 calves had BHV1 (108)
lesions as described above. Their
extent and distribution varied con-
siderably between individual
animals, with no apparent relation
to type of vaccine exposure. In
addition, two controls had fibri-
nous pneumonia, i.e. combined
lesions. In the calf that had
remained febrile, 80% of the right
middle lobe was swollen, heavy
and had distended interlobular
septa, and 25% of the cranial part
of the right cranial lobe was sim-
ilarly affected. One other control
had an area of fibrinous pneumo-
nia involving 10% of the lobe (Table
II).

Experiment C- Complete necrop-
sies were done on all calves. Five of
six controls had combined lesions;
in all but one of these, entire lung
lobes were affected. One vacci-
nated calf had combined lesions
involving 70% of the right lung
field and one other had a similar
lesion of the accessory lobe. The
remaining four calves had no fi-
brinous pneumonia (Table II).

BACTERIOLOGICAL FINDINGS

In experiment A there were no
isolations of P. haemolytica from
the experimental calves until d 35
of the experiment, i.e. after the
challenge exposures.

In experiment B both P. haemo-
lytica and P. multocida were iso-
lated from nasal swabs from some
calves at various times prior to
aerosol exposure. Pasteurella
haemolytica was present in one
control, two SC vaccinates and two

TABLE II. Survival Rates and Pathological Changes in the Lungs of Experimental
Calves

Group and
route of Survival Macroscopic Lesions

Experiment vaccination rate BHV1 (108) Combined

A I (aerosol) 3/4 2/4 2/4

B

C

II (SC)
III (control)
I (aerosol)
II (SC)
III (control)
IM
Control

4/4
1/4
4/4
4/4
4/4
5/6
2/6

4/4
1/4
4/4
4/4
4/4
5/6
5/6

0/4
4/4
0/4
0/4
2/4
2/6
5/6
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aerosol vaccinates, whereas P.
multocida was cultured from three
controls and one SC vaccinate.
Only one calf harbored both bacte-
ria and this was the control calf in
which the most severe fibrinous
penumonia later occurred.

In experiment C, four of the six
controls had P. haemolytica in
their nasal passages on d 36, prior
to viral aerosol. Of the four vacci-
nates that were sampled on that
day, each had P. haemolytica and
two also had P. multocida in the
nasal passages.
The isolations of P. haemolytica

at necropsy or slaughter are given
in Table III.
Samples of one lung lobe taken

from each calf of experiments A
and B at the time of necropsy were
negative for Ureaplasma and
Mycoplasma spp., including M.
dispar.

VIROLOGICAL FINDINGS

In experiment A no BHV1 isola-
tions were made prior to viral
aerosol exposure. Virus was recov-
ered from nasal swabs of one con-
trol animal and two aerosol vacci-
nates on d 31 (the day of bacterial
aerosol) and from two control
calves on the day of necropsy.
Bovine herpesvirus 1 was isolated
at necropsy from tonsil, trachea
and lung of two control calves and
from one lung lobe of one other con-
trol calf. Virus was also isolated
from the trachea and lung of one
calf vaccinated by aerosol and
from the lung of one calf vacci-
nated SC.

Similarly in experiment B, there

were no isolations ofBHV1 prior to
experimental exposure. Bovine
herpesvirus 1 was isolated from
nasal swabs of one control, two SC
vaccinates and two aerosol vacci-
nates on the day of bacterial expo-
sure and from two controls, all four
SC vaccinates and two aerosol vac-
cinates immediately prior to
necropsy. At postmortem the virus
was isolated from the trachea and
lung of the control calf that had
remained febrile and from one
other control, and from the lung
only of a third. It was isolated from
the lungs but not the tracheas of all
four SC vaccinates and from the
lung and trachea of one aerosol
vaccinate and the lung only of a
second.
Antemortem nasal swabs for

BHV1 were not taken in experi-
ment C. At postmortem, BHV1
was isolated from the lungs of two
of five controls (one not done) and
none of four vaccinates (two not
done).

SEROLOGICAL FINDINGS

In experiment A, no calves of the
aerosol vaccinated group had
serum neutralizing antibodies to
BHV1 on either the day of vaccina-
tion or on the day of viral aerosol.
In contrast, two calves of the SC
vaccinated group had antibodies,
one with a titer of 1:8, the other
with a titer of 1:16 at these times.
One calf in the control group, the
sole survivor of that group, had a
titer of 1:16 on the same two days.

In experiments B and C none of
the calves had detectable anti-
bodies to BHV1.

TABLE III. Isolations of P. haemolytica from the Respiratory Tracts at Necropsy

Group and Tissue
route of Nasal

Experiment vaccination swab Tonsil Trachea Lung
A I (aerosol) 3/4a 4/4 3/4 3/4

II (SC) 1/4 2/3 1/4 0/4
III (control) 2/3 4/4 4/4 3/4

B I (aerosol) 3/4 4/4 1/4 0/4
II (SC) 1/4 1/4 0/4 0/4
III (control) 3/4 4/4 3/4 1/4

C IM NDh ND ND 1/5
Control ND ND ND 3/6

aNumber of calves from which P. haemnolytica was isolated/number of calves sampled
'Not done

DISCUSSION

From the clinical, pathological
and bacteriological results it is
concluded that SC and IM vaccina-
tion with the KSCN extract of P.
haemolytica conferred a certain
degree of protection against sub-
sequent experimental challenqe. A
much lower degree of protection
occurred in the calves in which the
KSCN extract was used as an aero-
sol. Protection was demonstrated
by reduced mortality, illness, and
fibrinous pneumonia in all calves
of the vaccinated groups, even with
the small dose used in experiment
C. Wilkie and Markham (16) did
not find important quantitative
differences in serum and lung
antibodies to P. haemolytica in
calves exposed by the SC versus
the intrabronchial route. These
facts may indicate that other
defense mechanisms, such as cell-
mediated immunity, are more
important in protecting calves
from P. haemolytica infection. No
evidence for the possible delete-
rious effects associated with other
P. haemolytica preparations given
SC (17,18) were found in this study.
This may indicate that there are
numerous antigenic determinants
associated with P. haemolytica and
its products, some of which stimu-
late harmful responses, such as
hypersensitivity, whereas others
may stimulate immunity.
Pulmonary lesions similar to

those described here as "BHV1
(108)" have been observed by
workers dealing with other or
unspecified strains of BHV1.
Markson and Darbyshire (19),
Pavlov (20), Braca et al (21) all
recorded areas of atelectasis and
these authors as well as Shroyer
and Easterday (22) described
necrotizing effects on the mucosa
of pulmonary airways. These
observations would correspond to
the bronchitis, bronchiolitis and
atelectasis referred to here as
BHV1 (108) lesions.

In earlier work, development of
experimental pneumonic pasteu-
rellosis of cattle was prevented by
vaccinating against the viral com-
ponent of the disease (2,3,4). In
those experiments challenge with
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the homologous virus and P. hae-
molytica, i.e. vaccination with
BHV1 (isolate 108) and challenge
with BHV1 (isolate 108), produced
complete immunity with no lesions
either viral or combined being
seen. In animals vaccinated with a
commercial vaccine containing
BHV1 and challenged with BHV1
(isolate 108) and P. haemolytica,
i.e. heterologous viral challenge,
small areas of viral and combined
lesions were seen. In the present
study viral [i.e. BHV1(108)] lesions
were found in all groups both vac-
cinated with P. haemolytica and
unvaccinated, but no combined
lesions, i.e. fibrinous pneumonias,
were found in any of the SC vacci-
nates.
The bacteriological data were

consistent with those of the clinical
and pathological findings. In the
SC vaccinated group of experi-
ment A the lungs were cleared of
P. haemolytica by the day of
necropsy whereas it was still pres-
ent in the control and aerosol vac-
cinated groups, which had fibri-
nous pneumonia. In experiment B
the only animal with P. haemolyt-
ica remaining in its lungs at the
time of necropsy was the control
calf with extensive fibrinous
pneumonia of one lobe. In experi-
ment C more controls than vacci-
nates were positive for P. haemo-
lytica at necropsy. The presence of
various pasteurellae in the nostrils
and of antibodies to BHV1 in some
calves may have affected individ-
ual susceptibility to the challenge
system, but the number of animals
used, with and without these com-
plications in separate experiments
and from two different sources,
suggests that the bacterin was
protective.

Prevention of the viral-bacterial
synergism that produces pulmo-
nary lesions has been reported in at
least two other mammalian spe-
cies. Vaccination against either
the viral component of the com-
bined Sendai virus-P. pneumotrop-
ica infection or the bacterial com-
ponent of Sendai virus-Proteus
mirabilis infection in mice will
prevent the subsequent develop-
ment of pneumonia in that species
(23,24). Similar results have been

reported for the combined parain-
fluenza type 3 virus-P. haemolytica
infection in sheep where vaccina-
tion has been directed against the
two agents separately (25,26).
The results presented here indi-

cate that immunological methods
of control may become important
management tools in the preven-
tion of pneumonic pasteurellosis,
but much more information is
needed about which antigenic
determinants must be included in
a preparation in order to ensure a
beneficial immunological response.
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