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Abstract: A Pasteurella haemolytica toxoid-bacterin which contained serotypes Al A,

T10 was evaluated (n captive bighom sheep to determine efficacy in protecting bighorn sheep
from preumonia after exposure to domestic sheep.  Six healthy captive bighorn sheep were
divided randomly into two equal groups and then balanced for age. Three bighomn sheep were
each vaccinated intramuscularly twice with 2 mls of vaceine on day minus 28 and on day minus
14 of the experiment. Three unvaccinated bighom sheep were each given an intramuscular
imjection of two mis of sterile water on the same days the other three bighoms were vaccinated.
On day 0, three healihy domestic sheep were placed in the pen with the bighom sheep and
maintained with the bighoms for 60 days,  All six bighorn sheep died from clinical pneumonia
during the experiment, and all three domestic sheep remained healthy. Vaccinated bighorns died
on expenmental days 30, 30, and 61; unvaccinated bighom sheep died on experimental days 20,
30, and 32, Pastesrella spp isolated from lungs or tissues of dead bighomn sheep included
several serotvpes of P hoemolyticn and P, mdtocida.  Cytotoxin neutralizing antibodics and
agglutinating antibodices against Al, A2, and T10 were present in all bighorn sheep before
vaccination, Antibody titers did not differ between vaccinated and unvaccinated bighom sheep,
and were not elevated after vaceination. This experiment indicated that the vaceine did not
protect bighom sheep against pneumonia after exposure to domestic sheep.

—————

Pasteurellosis, caused by Pasfewrella haemolviica and Pasteurella muliocida, remains the major
mortality factor in free-ranging bighorn sheep (Ovis canadensis) populations (Fareyt, 1990;
Cassirer ¢l al., 1996). Outbreaks of pasteurcllosis in bighemn sheep often results in wid
mortality initially, followed by very low reeruitment for several years following the die-off
(Foreyt, 1990), Although some strains of Pastenrella spp. cammied by domestic sheep are direetly
lethal to bighorn sheep (Foreyt et al, 1994), other factors potentially can predispose 10 or
exacerbate mortality. Such factors include other bacteria, respimtory viruses, other microbial
agenis, lungworms, gastrointestinal and external parsites, genetics, increased population
density, habitat, nutnition, adverse weather, presence of domestic livestock and other wildlife,
breeding sctivity, behaviar, caplire and restraint techniques, and other stressors,  Management
mgthods that have been suggested o prevent pasteurellosis in bighorn sheep inelude preventing
contact with domestic or mouflon sheep (Chis musimon), reducing the factors mentioned
previously that can contribuie to pneumonia outhrenks, and vaccinating bighoms with a safe and
effective vaccine.
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Currently, the are no vaccines that have been shown to be effective against the lethal strains of P
haemaolytica, primarily biotype A, serotype 2, carmed by domestie sheep. Previous vaceine
studies with captive bighom sheep exposed to domestic sheep included a commercially available
bacterin (Fareyt, 1989), and an autogenous bacterin (Foreyt, 1992). In those experiments, all
vaccinated and unvaccinated bighoms died from bronchopneumonia. One additional vaccme
study that evaluated a live nonlethal eytatoxic P. haemalytica A2 was not suceessful in
preventing pneumonin when vaccinaied highoms were inoculated with eyiotoxic P, haemaolyrice
A2 from domestic sheep (Foreyt and Silflow, 1996). Recently Miller ¢t al., 1997, and Kraabel ¢t
al., 1998, evaluated a multivalent P. haemalytica vacecine, contining Al, AZ, and T10, in
bigharn sheep to determing safety, serologic responses and protection from experimental
challenge with a bighom sheep strain of P, haemolyiica T10, Results from those experiments
indicated the vaccine was safe, inereased leukotoxin neutralizing titers and agglutination titers 1o
Al and A2, and resulted in lower morbidity and mortality in vaceinated bighorn sheep during the
7 days after inoculation.

The purpose of the current experiment was 1o determine iF this multivalent P haemolyiica
vaccine would protect bighomn sheep against pneumonia afler exposure (o domestic sheep.

I thank M. Miller for providing the vaccine, H, McNeil for serological analysis, B, Rimler for £
multocida analysis, J. Lagerquist for serotyping and parasite analysis, and the personnel in the
Washington Animal Digease Diagnostic Laboratory for bactenial and viml evaluations. Partial
funding from the Foundation for North American Wild Sheep is appreciated.

MATERIALS AND METHODS

Six captive Rocky Mountain bighomn sheep and three domestic sheep were used in this
experiment. The bighom sheep were divided randomly into two equal groups and then balanced
tor nge and sex. The vaccinated group consisted of two 1-yr-old males and o 5-yr-old male. The
unvaccinated control group consisted of & | yr-old male, a | yr-0ld female, and a 3-vr-old male.
The vaccinated sheep were each given un intramuscular injection of 2-mls of an experimental
haemolytica bacterin-toxoid vaccine that contained Al, A2, and T10 on days minus 28 and
minus 14 before domestic sheep exposure. Dr. Michael Miller from the Colorado Division of
Wildlife kindly supplied the vaceine, Unvaceinated control bighom sheep were each given an
intramuscular injection of 2-mls of sterile water. All injections were in the gluteal museles of the
hind leg.

Four weeks after administration ol the first vaccine and two weeks afier the second vaccine.
three clinically healiby, adult, male domestic sheep were moved into the pen with the six bighorn
sheep, The domestic sheep were obtained from the University of ldaho Sheep Center, Moscow
Idaha. Pharyngenl swab samples for bacterial analysis were collected from all bighom sheep on
days of vaccination (days 28 and -14), and the day when domestic sheep were introduced (day
0). Pharyngeal swab samples were collected from all domestic sheep on days 0 and 30,
Domestic sheep maintained residence in the pen with the bighorn sheep for 60 days, at which
time they were removed.



Pharyngeal swab samples from all animals were placed in Amies transport medium (Spectrum
Diagnostics, Inc.. Houston, Texas, 77032, USA), transported to the Washington Animal Disense
Diagnostic Laboratory (WADDL), Pullman, Washington, 99164, USA. and streaked onto 5%
sheep blood agar within 2 hr of collection to maximize isolation of P. haemolytica (Wild and
Miller. 1991). Isolation and entfication of I haemolyica and F. muliecida was accomplished
by standard methods (Canter, 1984, Snipes et al., 1992), but hemalysis on 5% sheep blood agar or
growth on MacConkey's agar were not requisites for identification of P. haemolywtica (Onderka et
al, 1988). All P haemelytica isolates were identified to biotype and serotype according to
estnblished formats (Biberstein, 1978; Frank and Wessman, 1978). When an isolate reacted in
antisera lo several serolypes, all were listed, Isolales of P. muliocida were charactenzed by Dr.
Richard Rimler, National Animal Disease Center, Ames, lowa, according to previously
extablished methods (Rimler and Brodgden, 1986). Capsule group was determined by the
mucopolysaccharidase test using chrondroitinuse AC, hyaluronidase, and heparinase 111,

Somatic type was determined by the pel-diffusion precipitin test, and toxin production was
determined with monoclonal anti-PMDT in a colony lifi assay.

Al the beginning of the experniment, nasal swab samples (Marion Scientific Viml Culturetie,
Muaron Scientific, Kansas City, Kansas 691 14, USA) also were collected for vinus evalumion.
Specimens were imoculated onto ovine fetal tracheal cells and bovine turbinate cells for 2
passages ot ten-dny intervals and were examined daily for eytopathic effect. Additional
specimens were tested for respiratory syncytial virus by use of solid phase-enzyme immunoassay
{Abbatt RSV EIA, Abbott Laboratories, South Pasadena, California 91030, USA), Isolation of
Chlamydio sp.was not attempted, and fecal samples were evaluated for lungworm larvae by o
modified Baermann technique (Foreyt, 1997). A serological sereen for antibodies 1o respiratory
viruses, malignant catarrhal fever virus, and Brucella ovis was done by WADDL according o
established procedures.

Evaluation

For the entire experiment, all sheep were observed at least once dakly for signs of respinstory
disease. Sheep that died were submitted to WADDL for complete necropsy evaluation. At
necropsy, bacterial isolations were attempled from several tissues including tonsil, bronchial
lymph nodes, spleen and lungs. Representative tissues also were fixed in 10% buffered formalin,
sectioned at 5 pm, and stoined with hemaotoxylin and cosin for microscopic evaluation,

Pasteurella serology

Measurement of leukotoxin newtralizing antibodies and agglutinating antibodies 1o seroty pe-
specific surface antigens was done by Heather MeNeidl, Department of Pathology, Ontario
Veterinary College, University of Guelph, Guelph, Ontario, Canada, according 1o the methods
published by Miller et al.. 1997, Titers were expressed as logy. For comparative purposes,
additional serum sumples were collected from 12 adult, healthy, free-ranging bighom sheep (3
rams and 7 ewes) it Hall Mountain in northeastern Washington (Foreyt et al., 1996)
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RESULTS

All six bighorn sheep died from clinical pneumonin between 20 and 61 days after initial
exposure to domestic sheep (Table 1), Vaccinated bighorns died on days 30, 30, and 61,
respectively, and unvaceinnted bighoms died on days 20, 30, and 32, respectively,

Table |. Identification., age. sex. and day of death of bighom sheep used on the vaccination experiment.

Ape Sex Dy of Deathy®

Vacemated Righoms

#1 (Tag 44) Iyr M 30

#2 {Tag 43) I yr M 30

3 (Tag 146) Syr M &l
Unvaceinated Bighoms

i [Tag 46) 1yr P 20
®5{Tag 22) Iyr M 30

#6 (Tag 47) Iyr M 32

* Days after exposure to domestic shocp

Al necropsy, all bighorm sheep were in good body condition with adequate amounts of body T
Lesions were similar in all bighom sheep and chameteristic of acute, fibrinohemorrhagic
preumonia and pleuritis. Up to 75% of lung volume was dark red and consolidated with small to
moderate amounts of adherent fibrin.  On eur surface, lungs were diffusely edematous with
promminent interlobular sepia. Regional lymph nodes (mandibular, cervical, tracheobronchial,
medinstinal ) were enlarged. Tapeworms, Wyeminia tetoni were present in the hepatic bile ducts
of two of the sheep.

Histologically. pulmonary architecture was diffusely and severely altered by large areas of
necrosis marginated by densely packed or clumped neutrophils and macrophages. The pleur
was markedly thickened by fibrin deposits and subpleural spaces plus interlobular septa were
widened by collections of fluld and exudate. Densely basophilic bacterinl colonies weore mixed
with the cellular exudates, especially in terminal bronchioles and remaining air spaces. Adjacent
alveolar capillary endothelium was disrupted, and fibrin thrombi were common within these
blood vessels.

Pastenrella spp, were isolated from pharyngeal swab samples from all six bighom sheep before
exposure 1 domestic sheep and from two of three of the domestic sheep (Table 2). Most
isolates were F. haemolytica, biotype T (also called Pasienrello trehelosi).  Pastenrella spp.,
including P. multocida and several serotvpes of P. haemolytica were isolated from the lungs.
lymph nodes or other tissues of all six dead bighoms at necropsy (Tnble 2).  Important
FPastenrella spp. included P. haemolytica A2, which was 1solated from two dead bighorn sheep.
and P. muliacida [:3 which was isolated from three dead bighomn sheep.
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All domestic sheep remained healihy throughout the experiment. On days 0 and 30, several
serotypes of P, haemolytica were isolated from two of the domestic sheep, but no Pastenrella
spp. were isolated from the third sheep, Pasteurella multocida was not isolated from any of the

domestic sheep (Table 2).

Table . Summary of Pastenrelln hasmislytica and Pavterells muliceids solated during the vaceination
oxperiment.

Giroup Day B28, - 14, or 0 Al Necropsy
Vaccinated
Righom 1 P hoemadyvica Ty Tunt'; Agse: As P. haemolytica As, Ay
Bighom 2 P haemolytica, Ty 4 Tunt; Ags P, urnleocide [3:3
Bighorm 3 I hgemodyticn Tund, unt . huremodyiios unt,
P mulrocids 073
Linwaccinated
Bighom 4 P. hawmolptice, T TU0G Arianns Aunt P, hiremolyvica s Aunt
Bighom 5 P. haemolytica, Toa: Toamn P, haemolytica umt
Bighom 6 P. haemolytica, Tyg i TUnt: 300 Ayaed Aunt P muleocidi D3
Domestic Sheep Day 0 Day 30
| P hoemoiption T, P, howmaiyricn, Ty s
| . hevemuiiyiien Ty . hvmslyrice unt
P hemolyrica T,
3 negative negative

* Davs B2E and Bl4 are the duovs of vaccinaion: day 0 is the day of domestic sheep miroduction
* Untypeable

Mo viruses or lungworm larvae were isolated from any of the bighom sheep. Antibody titers
were not detected agninst parainfluemezs 3 virus, bovine respiratory syneytial virus, infections
bovine rlunotracheitis virus, bovine virus diarrhea virus, ovine progressive pneumonia virus or
Brucella ovis.  Antibodies against malignant catarrhal fever virus were detected in bighom
sheep numbers 3, 4, and 6.

Leukotoxin neutraliang antibodies, and agglutinating antibodies against surface antigens of Al,
A2, and T10 were detected in all highom sheep on days -28, <14, and 0 (Table 3). Antibody
titers were similar between vaccinated and unvaccinated bighomns, and were not elevated after
vaccinmtion. Antibody titers from 12 healthy, adult bighorn sheep from the Hall Mountain herd
in northeastern Washinglon are histed in Table 4. Bighom sheep tested from the Hall Mountain
herd had antibody titers that were similor 1o the titers of the experimental bighorn sheep.

DISCUSSION

T'he purpose of this experiment was to determine whether vaccimation of bighom sheep with this
multivalent vaccine would protect bighom sheep against fatal pneumonia that predictably occurs
alter exposure to domestic sheep (Foreyt. 1989; Martin et al., 1996). Because all highom sheep
died of preumania during this experiment, my conclusion is that the vaccine did not protect the
bighom sheep against pneumoma.  Pasfenrellu haemolviica A2, which is one bacteria that is
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carried by o high percentage of healthy domestic sheep and has been shown to be lethal in
highorn sheep (Foreyt, 1989), was isolated ot necropsy from one vaccinated and one
unvaccinated bighom sheep. This serotype was not isolated from the three domestic sheep or
any bighom sheep before death; therefore, the source of the bacteria is unknown. However,
based on previous experience and data that indicate o major percentage of domestic sheep ore
earriers of A2, it may be that one or more of these three domestic sheep were sporadic shedders
of AZ and it was not detected at the time of sampling, or it was présent in very low numbers in
the dumestic sheep, and was not detected by laboratory personnel.

Pastewrella multoeida was not isolated from any live bighom or domestic sheep from pharyngeal
swath samples. but was isolated at necropsy from tissues of three of the dead bighom sheep, The
source of the P, multocida could not be determined.

All bighorns had relatively high antibody titers 1o the components in the vaceine before they
were vaceinated, and veccinution did not significantly increase those titers. These data are in
contrast to those of Miller et al., 1997, and Kraabel et al., 1998, who evaluated this vaccine lor
safoty, scrological responses 1o the voccine, ind protection from experimental challenge with 2
hoemalvtica TI0, Miller etal,, 1997, reported mean pretreatment titers for P, haemolticn
leukotoxin neutralizing antibody of Tess than 1; wherens, in the corrent experiment, bighom
sheep tilers ranged from 2 to 10 {(mean of 6.3}, and in the healthy free ranging bighom sheep,
titers ranged from 2-7 (mean of 4.8). It may be that many of these titers are cross reactions with
nonspecific antigens, and may not accurately reflect exposure (o the specific serotypes of F
haemalytica. They also reported marked increase in antibody titers to A and A2 surfhee
antigens after vaccination. In the current experiment the change from pre to post vaceination
titers was negligible.

Although the vaccine did nol prolect the bighom sheep from pneumonia after exposure (o
domestic sheep in this experiment, some of the deaths may have been caused by P mudrocida,
which was not ooe of the components of the vaccine. It follows that future vaccine reseurch
should invelve vaccines that contain P multocids as one component. Because P haemalytica
A2 is common in domestic sheep and highly pathogenic in bighom sheep, it is essentiol that an
effective vaccine contain the A2 component 1o protect bighom sheep if they are likely to be
exposed lo domestic sheep, Additional work on P. muiliocida and vaceine evaluation in highom
sheep is justified because of the severe
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munifesations of pasteurellosis in bighom sheep populations and management goals, Use ol a
safie and effective vaccine against pathogenic strains of Pastenrella in bighorn sheep would be o

valunble management technigue, especially when bighom sheep are captured or transplanted o
NEW areas.

DISCUSSION

‘The purpose of this experiment was (o determine whether vaccination of bighorn sheep wath this
multivalent vaccine would protect bighom sheep against fatal pneumonia that predictably occurs
after exposure to domestic sheep (Foreyt, 1989; Martin et al,, 1996). Because all bighom sheep
died of preumonta during this experiment, my conclusion 15 thal the vaceme did nol protect the
bighom sheep against pneumonia.  Pastenrella haemalytica A2, which is one bacteria that is
carried by a high percentage of healthy domestic sheep and has been shown to be lethal in
higharn sheep (Foreyy, 1989}, was isolated ot necropsy from one vaceinated and one
unvaccinated bighomn sheep. This serotype was not 1solated from the three domestic sheep or
any highorm sheep before death; therefore, the source of the hacteria is unknown., However,
based on previous experience and data that indicate a major percentage of domestic sheep are
carriers of A2, it may be that one or more of these three domestic sheep were sporadic shedders
of A2 and it was nol detected at the time of sampling, or it was present in very low numbers in
the domestic sheep, and was not detected by Inboratory personnel.

Pastewrella multocida was not isolated from any live bighom or domestic sheep from pharyngeal
swab samples, but was isolated at necropsy from tissues of three of the dead bighomn sheep. The
sotiree of the . muliocida eould not be determined.

All lrighoms had relatively high antibody titers to the components in the vaceine before they
were vaccinated, and vaccination did not significantly increase those titers. These data are in
contrast to those of Miller et al., 1997, and Kraabel et al., 1998, who evaluated this voceine for
safety, serological responses to the vaceine, and protection from experimental challenge with P
hacmolyiica T1HL Miller et al., 1997, reporied mean pretreatment titers for P. haemalyticas
leukotoxin neutralizing antibody of less than 1; whereas, in the current experiment. bighom
sheep titers ranged from 2 1o 10 (mean of 6.3), and in the healthy free mnging bighorn sheep,
titers ranged from 2-7 (mean of 4.8), [t may be that many of these titers are cross reactions with
nonspecific antigens, and may not accorntely reflect exposure to the specific serotypes of P
hagmalytica. They also reported marked increase in antibody titers to Al and A2 surface
antigens after vaccination. In the current experiment the change fram pre to post vaccination
titers was negligible.

Although the vaccine did not protect the bighom sheep from pneumonia after exposure to
domestic sheep in this experiment, some of the deaths may have been caused by . muidltocide,
which was not one of the components of the vaccine, It follows that future vaceine research
should involve vaccines that contain P. mudfocida as one component. Because P haemolviica
A2 is common in domestic sheep and highly pathogenie in bighom sheep. it is essential that an
effective vaccine contain the A2 component to protect bighom sheep il they are likely to be
exposed W domestic sheep, Additional work on P muliocida and vaceine evaluation in bighom
sheep is justified because of the severe manifestations of pasteurellosis in bighom sheep
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populations and management goals. Use of a safe and effective vaccine against pathogenic
strains of Pastenrella in bighom sheep would be a valuable management technique, especially
when bighom sheep are captured or transplanted (o new areas,
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