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MICROORGANISMS ASSOCIATED WITH A PNEUMONIC
EPIZOOTIC IN ROCKY MOUNTAIN BIGHORN SHEEP (OVIS
CANADENSIS CANADENSIS)

Karen M. Rudolph, B.A., Ph.D., David L. Hunter, B.S., D.V.M,, Richard B. Rimler, M.S., Ph.D.,
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Abstract: A comprehensive study of a pneumonic epizootic was initiated when the first signs of disease were noted
in a metapopulation of bighorn sheep inhabiting Hells Canyon, bordering Idaho, Oregon, and Washington. A total of
92 bighorn sheep were tested for etiologic agents during the following 6-mo study period. The study population included
bighorn sheep believed to be the subpopulation in which disease was first noted, and these sheep were translocated to
a holding facility in an effort to contain the disease (group A, n = 72); bighorn sheep in other subpopulations (group
A,) with evidence of clinical disease were captured, sampled, given antibiotics, and released (n = 8) and those that
were found dead were necropsied (n = 12). Samples, including oropharyngeal and nasal swabs, and lung and liver
tissue were collected from the bighorn sheep identified above. Tissue was collected at necropsy from 60 group A,
bighorn sheep that died following translocation, and samples were cultured for bacteria and viruses. Blood samples
were tested for antibodies against known respiratory viruses, and histopathology was conducted on tissue samples. The
major cause of death in both group A, and group A, bighorn sheep was a rapidly developing fibrinous bronchopneu-
monia. Multiple biovariants of Pasteurella were isolated from oropharyngeal and nasal samples from both groups, and
Mycoplasma ovipneumonia was isolated from five group A, oropharyngeal samples. Organisms isolated from lung
tissue included Pasteurella multocida multocida a and Pasteurella trehaloesi, both of which differentiated into multiple
strains by restriction enzyme analysis, and parainfluenza-3 virus (PI-3). Paired serum samples revealed >fourfold
increases in titers against PI-3 and bovine respiratory syncytial viruses. It was concluded that this epizootic resulted
from a complex of factors including multiple potential respiratory pathogens, none of which were identified as a primary
pathogen, and possible stress factors.

Key words: Bighorn sheep, Ovis canadensis canadensis, Mycoplasma spp., parainfluenza-3 viras, Pasteurellia mul-
tocida spp., respiratory syncytial virus.

INTRODUCTION ness or while disease outbreaks were in prog-
ress. 6384754 Varied species, colony types, and sero-
types of Pasteurella have been incriminated as eti-
ologic agents associated with bighorn sheep epi-
zootics. 183536384051 Although factors, including
heavy parasitism and viral infections, which can
predispose animals to pneumonic pasteurellosis,
have been associated with some bighorn sheep die-
offs,* the etiology of most epizootics has not been
clearly identified.> In many instances, deaths can
result from compounding effects of primary path-
ogens, secondagy infections, and predation resulting
from disease-associated weakness. When studies
involve only dead animals or live animals after the

Pneumonic epizootics have been important in the
historical decline of bighorn sheep populations in
the United States,” and they pose a serious chal-
lenge to restoration efforts.* The majority of the
epizootics were evaluated only after numerous
deaths occurred rather than at the first signs of ill-
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initial stage of an epizootic, primary pathogens may
no longer be present or may be present in such low
numbers that they are rarely detectable. Evaluation
of blood serum from dead or surviving animals for
antibodies against potential respiratory pathogens
can provide valuable information regarding previ-
aus exposure to those organisms; however, inability
to obtain both acute and convalescent blood sam-
ples frequently results in inconclusive evidence of
viral association with disease. A better understand-
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ing of the etiology of bighorn sheep pneumonic epi-
zootics is crucial for restoration efforts to be suc-
cessful and for healthy bighorn sheep populations
to be maintained.

A unique opportunity to collect samples from a
bighorn sheep metapopulation occurred in the early
phase of and during a pneumonic epizootic. Fol-
lowing is a comprehensive report of data collected
during that epizootic, which implicates multiple eti-
ologic agents.

MATERIALS AND METHODS

Bighorn sheep populations

During November and December 1995, multiple
deaths resulting from respiratory disease in the
Hells Canyon bighorn sheep metapopulation were
detected.'?* Based on a multiagency decision, 72
bighorn sheep, believed to comprise the majority of
remaining live animals in the Black Butte subpop-
ulation in which disease was first detected (group
A,), were captured by helicopter net-gunning op-
erations on 2 December (n = 25), 3 December (n
= 33), and 12 December (n = 14) 1995 in an at-
tempt to prevent spread of disease to bighorn sheep
in other subpopulations. The clinical condition of
each bighorn sheep was noted at capture; 40 had
evidence of Psoroptes spp. infestation (scabies),
four had horn fractures, three were in thin body
condition, three were noted to have nasal discharge,
and two had clinical pneumonia. All animals were
sampled, then given oxytetracycline, penicillin, and
ivermectin and were immediately transported by
truck and trailer to the Idaho Department of Fish
and Game Wildlife Health Laboratory (WHL) near
Caldwell, Idaho (USA), where sheep captured on
each date were placed in separate 0.1-ha or 0.15-
ha pens. Strict adherence to isolation was main-
tained to prevent exposure to other ruminant spe-
cies, and a second injection of ivermectin was giv-
en 1 wk following capture. Daily observations were
made using binoculars to minimize stress, and han-
dling of individual animals was done only as war-
ranted. When respiratory disease was indicated by
excessive nasal discharge and coughing and/or leth-
argy was observed in bighorn sheep following cap-
ture, they were treated with additional oxytetracy-
cline or other antibiotics (gentamicin, ceftiofur, ty-
losin, amoxicillin, and/or tilmicosin). Necropsies
were performed on bighorn sheep that died at
WHL..

Free-ranging bighorn sheep in adjacent Hells
Canyon subpopulations were also monitored for
signs of respiratory disease between 2 December
1995 and 16 April 1996.2 Samples were collected
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from 20 bighorn sheep (group A,), including eight
with evidence of respiratory disease that were cap-
tured by net gunning or were darted from the
ground, sampled, treated with antibiotics, and re-
leased on site; we also collected samples from 12
bighorn sheep that were found dead or agonal and
that were necropsied in the field.

Collection of samples

Oropharyngeal (OP) swab samples were collect-
ed for bacterial culture using Accu-Culshure sys-
tems (Accu-Med Corporation, Pleasantville, New
York 10570-2982, USA) from 70 group A, and
eight group A, bighorn sheep at the time of capture
and from 10 of 12 group A, bighorn sheep necrop-
sied in the field. Nasal (NA) samples were also col-
lected at that time for bacterial culture from 59
group A, and five group A, live bighorn sheep us-
ing swab systems with Amies modified transport
medium (Precision Dynamics Corporation, San
Fernando, California 91340-3490, USA). Rayon-
tipped swabs (Viral Culturette, Becton Dickinson,
Sparks, Maryland 21152, USA) were used to col-
lect OP samples for viral culture from 17 group A,
bighorn sheep upon their arrival at WHL on 2 De-
cember (n = 2), 3 December (n = 1), and 12 De-
cember (n = 14) 1995 and from one live captured
group A, bighorn sheep on 5 February 1996. Lung
tissue was collected for bacterial culture from all
60 group A, bighorn sheep that died between 19
December 1995 and 25 March 1996 and from 11
group A, bighorn sheep during necropsy. Lung tis-
sue from nine group A, animals was submitted for
viral culture. Liver samples collected from 44
group A, and three dead group A, bighorn sheep
were also submitted for bacterial culture. Portions
of tissues from 44 group A, and four group A, big-
horn sheep were fixed in 10% buffered formalin for
histologic evaluation.

Laboratory test procedures

Samples collected from three live and four nec-
ropsied group A, bighorn sheep were submitted to
the Washington Animal Disease Diagnostic Labo-
ratory (WADDL) in Pullman, Washington (USA)
and cultured for bacteria using standard proce-
dures.! All other samples were processed at the
University of Idaho Caine Veterinary Teaching
Center (CVTC) at Caldwell, Idaho (USA), where
they were inoculated within 24 hr following collec-
tion onto Columbia blood agar (Becton Dickinson)
with 5% sheep blood and a selective Columbia
blood agar with 5% bovine blood, which contained
antibiotics that inhibit most non-Pasteurellaceae or-
ganisms and enhance isolation of Pasteurellaceae.*
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All cultures were incubated at 35-37°C with 10%
added CO,. Cultures conducted at CVTC were
evaluated after 24 and 48 hr of incubation, and rep-
resentative colonies were identified. Those with
characteristics of Pasteurella isolated at CVTC and
those isolated at WADDL and transferred to CVTC
were characterized further using biochemical utili-
zation tests for biovariant identification.”® Non-Pas-
teurellaceae isolates were identified as described
previously.*

A group of 22 Pasteurella multocida isolates was
submitted to the National Animal Disease Center
(NADC; Ames, Iowa, USA) for determination of
capsular and somatic ‘antigens*® and DNA restric-
tion enzyme analysis (REA) using Hhal.®® This
group of isolates included 16 from group A, sam-
ples—NA (n = 1), lung (n = 9), liver (n = 4), and
lymph node (n = 2)-and four from live captured
group A,—NA (n = 3) and OP (n = 1)—and two
from lung tissue of necropsied group A, bighom.

The REA profiles were also determined for six
Pasteurella trehalosi biovariant 2 and 10 biovariant
28 jsolates using Hhal, as previously described,” to
determine if a specific strain was associated with
disease. Biovariant 2 isolates were representative of
both bighorn sheep groups (group A, n = 1 OP
isolate and group A,, n = 4 OP isolates and n = 1
NA isolate). Similarly, biovariant 28 isolates were
from bighorn sheep group A, (n = 2 OP isolates)
and group A, (OP, n = 5 isolates; NA, n = 1 isolate;
and lung, n = 2 isolates).

Swab samples collected at the time of capture of
group A, bighorn sheep, lung tissue from 36 of
those animals that died in captivity, and lung sam-
ples from two group A, bighorn sheep were inoc-
ulated onto modified Hayflick’s agar® for detection
of Mycoplasma spp. Hayflick’s agar plates were in-
cubated at 35°C to 37°C with 10% added CO, and
were examined for colonies characteristic of My-
coplasma spp. up to 30 days after inoculation. All
isolates confirmed to be Mycoplasma by sensitivity
to digitonin were propagated in Hayflick’s broth,
frozen at ~70°C, and sent to the University of Cal-
ifornia, Davis (Davis, California, USA) for speci-
ation by standard procedures.*

Swab samples submitted for viral culture were
placed in 2 ml of Hank’s balanced salt solution
(HBSS) (Invitrogen/Gibco/BRL Life Technologies,
Inc., Grand Island, New York, 14072, USA) sup-
plemented with 0.5% gelatin, 1,000 U penicillin, 1
mg streptomycin, and 10 pg amphotericin B/ml,
which comprised an antibiotic solution (HBSS-A).
Lung samples were minced and then ground in
HBSS-A solution (20% w/v) with TenBroeck tissue
grinders (Fisher Scientific, Houston, Texas 77251,
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USA). Tissue suspensions were clarified by centri-
fugation (1,000 g, 15 min), and the supernatant flu-
id was frozen (—70°C) until virus isolation proce-
dures were conducted. Supernatants were thawed
and 200 pl of fluid was inoculated into 24-well mi-
croplates (Invitrogen/Gibco/BRL Life Technolo-
gies) containing circular (12-mm diameter) cover-
slips covered with confluent monolayers of bovine
turbinate cells. Following a 1-hr absorption period,
monolayers were rinsed with HBSS-A and overlaid
with minimum essential medium (Invitrogen/Gib-
co/BRL Life Technologies) containing 2% fetal bo-
vine serum (Hyclone Laboratories, Logan, Utah
84321, USA). The cultures were examined daily for
cytopathic effects. Cultures were subpassaged at
least three times at 7-day intervals. On the third
passage, the monolayers were stained by indirect
fluorescent antibody technique using monoclonal
antibodies to bovine respiratory syncytial (BRS),
bovine virus diarrthea (BVD), infectious bovine rhi-
notracheitis (IBR), ovine progressive pneumonia,
and parainfluenza-3 (PI-3) viruses (Chemicon In-
ternational Incorporated, Temecula, California
92590, USA). Positive samples were tested for
chloroform sensitivity to aid in identification. In ad-
dition, lung fluid samples were tested for BRS virus
antigen with a commercial enzyme immunoassay
kit (Abbott Laboratories, Abbott Park, Illinois
60064, USA).

Blood samples were collected for serologic eval-
uation from 34 group A, bighorn sheep at the time
of capture and from four live and two dead group
A, bighorn sheep. A second blood sample was col-
lected from 21 of the same group A, bighorn sheep
9 to 19 days following capture. Serum samples
were tested at the Idaho State Bureau of Animal
Health Laboratories, Boise, Idaho (USA) (n = 38)
and WADDL (n = 2) for antibodies against viruses
associated with respiratory disease in domestic ru-
minants, including BRS, BVD, IBR, and PI-3 vi-
ruses.

Formalin-fixed tissues samples were embedded,
sectioned at 5-6"pm, stained with hematoxylin and
eosin, and examined microscopically.

RESULTS

Bacterial isolation and characterization

Pasteurella/Mannheimia spp., hereafter referred
to as Pasteurella spp., were isolated from all 70 OP
and 30 NA swab samples collected at the time of
capture and from 46 of 60 lung samples collected
from group A, bighorn sheep at necropsy (Table 1).
Pasteurella spp. were also isolated from six of eight
OP samples from group A,, seven of 10 OP, and

s
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Table 1. Pasteurella spp. isolated from oropharyngeal (OP) and lung (LG) samples collected from bighorn sheep
in Hells Canyon metapopulation during 19951996 epizootic.

Biovariants® of Pasteurella spp. isolated from bighorn sheep groups®

Group A,
Group A, Captuared/ Necropsied in field
At capture At postmortem released

Pasteurella spp. OP (n = 70y LG (n = 60) OP (n = 8) OP (n = 10) LG (n=11
P. haemolytica 3= (1), 3285 (2), 385X (1), 35 (1) O 3« (1) 0 0

8 (1) 0 0 0 0

9Q«B8 (1) 0 0 0 0

108 (1) 0 0 108 0

11eBCDS (6), 1]BCDES (1) 0 0 0 0

16<E (7) 0 0 0 0

U® (4), Ust (5), Uss® (9), UPB (2) O UP (2) 0 0
P. trehalosi 2 (1), 2B (65), 28> (1) 28 (8)¢ 2(3), 28 (2) 2,227 2D, 28 (2)
P. multocida  multocida a (5) multocida a (32) 0 0 0

mudtocida b (0) multocida b (4) multocida b (1) 0 multocida b (2)

gallicida (0) gallicida (7) ¢} 0 0

biotype U¢ (1) biotype U® (5) 0 0 0

unspeciated (0) unspeciated (3) 0 0 0

* Biovariants were differentiated by the procedure of Jaworski et al.® Numbers in parentheses following listed biovariants indicate
the numbers of bighorn sheep from which that organism was isolated.

* Group A,: Black Butte population in which respiratory disease was first detected; captured in attempt to prevent spread of disease
to additional populations in the Hells Canyon metapopulation. Group A,: free-ranging bighorn sheep with evidence of respiratory disease,
which were captured, treated with antibiotics, and released on site in Idaho (n = 1) and Oregon (n = 7), and bighorn sheep found dead
or agonal in Idaho (n = 1), Oregon (n = 9), and Washington (n = 2), which were necropsied for and samples collected for diagnostic
evaluation.

¢ Pasteurella spp. isolated from group A, nasal (NA) samples: P. haemolytica biovariants 956 (n = 1) and U (n = 1), P. trehalosi
biovariants 2% (n = 21) and 4 (n = 1), P. multocida multocida a (n = 6), P. muitocida U (n = 1); from group A, NA samples: P.
haemolytica biovariant 16*® (n = 1), P. trehalosi biovariants 2 (n = 2) and 2® (n = 4), and P. multocida multocida a (n = 1), and P.
multocida multocida b (n = 3).

4 Pasteurella multocida strains were also isolated from six of eight lung samples from which P. trehalosi biovariant 28 was isolated.

five of 11 lung samples collected from this group
at necropsy. The greatest diversity of isolates was
from OP samples collected from group A, bighorn
sheep, representing free-ranging animals, at the
time of capture. These isolates were differentiated
into 19 biovariant groups, including Pasteurella
haemolytica, P. trehalosi, P. multocida multocida
a, and a P. multocida biotype, U®. The Pasteurella
spp. isolated from group A, OP samples were iden-
tified in three P. haemolytica and two P. trehalosi
biovariants and P. multocida multocida b. The pre-
dominant group of organisms isolated from OP
samples from group A, and A, was P. trehalosi
biovariant 28, In contrast, the majority of organisms
isolated from lung tissue of group A, bighorn sheep
were identified as P. multocida, with P. multocida
multocida a most frequently isolated. In addition,
P. multocida multocida b, P. multocida gallicida,
and P. multocida biotype U® were isolated from A,
lung samples. Pasteurella multocida multocida b
and P. trehalosi 2 and 28 were isolated from group
A, lung samples. Relatively few Pasteurella spp.
organisms were isolated from NA samples. Pasteu-

rella multocida strains were also isolated from 11
of 44 group A, liver samples, alone (n = 7) and in
combination with other bacteria (n = 4). Bacteria
isolated from group A, and group A, lung and liver
samples in addition to Pasteurella spp. are pre-
sented in Table 2. Pasteurella spp. were not isolated
from any of the group A, liver samples.

Restriction enzyme analysis of isolates

Of the 22 .P. multocida isolates submitted to
NADC for capsular, somatic antigen typing and
REA, nine had capsular type A and 13 were acap-
sular. Somatic antigens detected were 1 (n = 6); 2
n=1%2,50=2330=1)3,4( =1); and
5 (n = 1). Ten of the isolates did not react with
available somatic typing sera. REA of the 22 P.
multocida isolates revealed six visually different
profiles identified as PM-1 through PM-6. Isolates
with PM-1 and PM-3 REA profiles were cultured
from both group A, and group A, bighorn sheep,
while isolates with PM-2 and PM-4 REA profiles
were cultured from group A, bighorn sheep, and
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Table 2. Bacteria in addition to Pasteurella and Mycoplasma species isolated from tissue samples collected from
bighorn sheep that died during the 1995-96 Hells Canyon epizootic.®

Group A, Group A,
LG (n = 60) LV (n = 44) LG (n = 6) LV (n = 3)

Gram-negative bacteria

Acinetobacter spp. 3 0 0 0

Enterobacter spp. 0 0 1 1

Escherichia coli 12 25 0 0

Moraxella spp. 5 0 0 0

Proteus spp. 9 7 0 0

Pseudomonas spp. 18 3 0 0

Unidentified coliform 1 0 0 0
Gram-positive bacteria

Arcanobacterium pyogenes 0 0 1 1

Enterococcus spp. 2 1 0 0

Streptococcus sSpp. 9 1 0 0

»Group A, bighorn sheep that were necropsied (n = 60) were part of a herd that was captured and maintained in a holding facility
in an attempt to prevent spread of respiratory disease to other bighorn sheep in Hells Canyon metapopulation; Group A, bighorn sheep
that were necropsied (n = 12) were free-ranging animals that died during the epizootic. » Bacteria isolated from lung (LG) or liver (LV)

samples.

isolates with PM-5 and PM-6 profiles were cultured
from group A, bighorn sheep.

REA of six P. trehalosi biovariant 2 isolates dis-
tinguished three REA profiles: PT2-1 from the
group A, bighorn sheep; PT2-2 from four group A,
bighorn sheep; and PT 2-3 from one group A, big-
horn sheep, which had a REA profile identical to
that of an isolate previously associated with disease
in bighorn sheep, in Central Idaho.* The 10 P. fre-
halosi biovariant 28 isolates were differentiated by
seven distinct REA profiles, one of which (PT-1)
was cultured from both groups of bighorn sheep.
Isolates with the other six profiles were cultured
from either group A, or group A, bighorn sheep.

Isolation of additional etiologic agents

Mpycoplasma ovipneumoniae was isolated from
five of 70 OP swab samples collected from group
A, bighorn sheep at the time of capture. All other
samples were culture-negative for Mycoplasma spp.

Viruses were not isolated from any of the swab
samples from either group A, or group A,; however,
one of nine cultures of lung tissue from group A,
animals was positive for PI-3. All samples tested
were negative for respiratory syncytial virus (RSV)
by the immunoassay test procedure.

Serologic test results

Serologic tests conducted on 21 paired serum
samples from group A, bighorn sheep detected an-
tibodies against BRS, BVD, IBR, and PI-3 viruses
in the majority of the samples collected at the time

of capture and 9-19 days later (Table 3). Antibody
titers against BVD and IBR viruses were at low
levels in eight and nine samples and were unde-
tectable in 13 and 12 paired serum samples, re-
spectively. Antibody levels against both BRS and
PI-3 viruses were detected in the first serum sam-
pling from 19 of 21 animals at the time of capture,
and =fourfold increases were detected against
those viruses in the second sampling from three and
seven animals, respectively. Titers to BRS and
BVD detected in group A, serum samples were also
comparable to those detected for group A, bighorn
sheep; antibodies to PI-3 viruses were detected in
serum samples from group A, but not in serum
samples harvested at necropsy. Antibodies were not
detected against IBR virus in serum samples from
group A, bighorn sheep.

Pathology

Although presence of Protostrongylus sp. was
observed in some cases, gross and microscopic ob-
servations of tissues from necropsied bighorn sheep
were most consistent with bacterial pneumonia.
Evaluations of tissue from animals in groups A, and
A, provided comparable information and revealed
that deaths were due to fibrinopuralent broncho-
pneumonia frequently associated with fibrinous
pleuritis. Lung tissue assessed grossly at time of
necropsy was severely swollen and variously dis-
colored. Consolidation of 35-90% of total lung vol-
ume was evident in lung tissue from 51 of 60 group
A, and from five of seven group A, bighorn sheep
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Table 3. Prevalence of antibodies against listed viruses detected in sera from bighorn sheep with evidence of

respiratory disease in the Hells Canyon metapopulation.

Animal numbers and antibody titer range detected in sera of bighorn sheep”

Group A,
9-19 Days Group A,

At capture postcapture Captured/ Necropsied in
Virus® (n = 21) (n = 21) released (n = 4) field (n = 2)
BRS 18 (8-64) 19 (8-32) 2 (8-32) 1(32)
BVD 14 (8-32) 8 (8-16) 1(8) 1(8)
IBR 11 (8-32) 9 (8-16) 0 0
PI-3 15 (10-40) 19 (10-80) 4 (20-80) 0
OPP 0 0 NT¢ NT

= Sera were tested for antibodies against viral agents: BRS, bovine respiratory syncytial; BVD, bovine viral diarrhea; IBR, infectious
bovine rhinotracheitis; PI-3, parainfluenza 3; OPP, ovine progressive pneumonia. Numbers in parentheses indicate titer ranges.

b Group A, bighorn sheep were captured and translocated to a holding facility. Group A, bighorn sheep consisted of free-ranging
animals that were captured and released (n = 4), and bighorn sheep discovered dead or agonal and necropsied in the field (n = 2).

° Fourfold or greater titer increases indicative of recent viral infection were detected in sera from three bighorn sheep against BRS

virus and in serum from seven bighorn sheep against P1-3 virus.

¢ NT indicates that the serum samples were not tested for antibodies against listed virus.

at necropsy. Pneumonic lesions were generally pres-
ent in the cranial and caudal portions of lung and
progressed dorsally toward the diaphragmatic
lobes. Microscopic examination revealed necrosis
with an influx of inflammatory cells, serous leak-
age, and overt hemorrhage. This process extended
to and through the serosal lining, resulting in fibri-
nous clots on the surface of the lungs and reduced
lung capacity. There was evidence of previous
bronchopneumonia in the lungs of many animals,
which most prominently affected the right cranial
lung lobe, resulting in scarring and adhesion to the
chest wall.

DISCUSSION

Fibrinopurulent bronchopneumonia was identi-
fied as the cause of death in both captive and free-
ranging bighorn sheep and was characteristic of
bacterial pneumonias in other ruminants.” The
1995-1996 pneumonic epizootic resulted in an es-
timated 50-75% mortality in affected bighorn
sheep herds in Hells Canyon and nearly 90% mor-
tality of group A, bighorn sheep transferred to cap-
tivity.'? Collection of samples while the epizootic
was in progress, particularly from captive bighorn
sheep, provided an unprecedented and extremely
valuable opportunity to conduct an investigation of
the etiology associated with this epizootic. Com-
parison of survey results from group A, animals at
the time of and following capture with those from
free-ranging bighorn sheep were remarkably simi-
lar. Therefore, there was no evidence that the or-
ganisms isolated and pathologic observations were
influenced by capture and/or antibiotic treatment.

When a specific infectious organism acts as a
primary pathogen and causes widespread disease,
it is generally possible to isolate that organism from
all hosts or to detect specific immune responses of
the hosts against that pathogen. A variety of test
systems, such as those provided by the Centers for
Disease Control and Prevention™ and by others,?
target specific genetic markers and have been de-
veloped for detecting and monitoring transmission
of specific organisms associated with human dis-
eases. However, such systems are not generally ap-
plied to diseases in animal populations. Test sys-
tems, similar to those used in human epidemiologic
studies, were used in this and previous studies of
organisms isolated from bighorn sheep,304457 and
these systems provide greater reliability for assess-
ment of disease associations in bighorn sheep.

Bacteria most commonly associated with bron-
chopneumonia in domestic livestock are members
of the Pasteurellaceae family.>'*?¢! These bacteria
are usually obligate parasites that commonly reside
as commensals on mucous membranes of the upper
respiratory and distal reproductive tracts of their
hosts. The most virulent strains may act as primary
pathogens in susceptible animals; however, the ma-
jority act as secondary or opportunistic pathogens
in animals with immunity compromised by other
factors.® Compromising factors may include nutri-
tional and climatic stresses and primary infections
with Mycoplasma spp. and/or viruses.”!

The greatest amount of information with regard
to Pasteurella spp. carried by the bighorn sheep in
this study was obtained by culture of OP samples.
In contrast, relatively few organisms were isolated
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from NA samples. Others have also demonstrated
that OP samples were superior to NA samples for
culturing Pasteurella spp. from bighorn sheep.’®
Organisms isolated from lung samples, with the ex-
ception of P. multocida gallicida, were also isolated
from OP samples.

The majority of bacterial isolates cultured from
lung lesions of bighorn sheep that died during the
Hells Canyon epizootic were identified as P. mul-
tocida. Capsular and somatic antigen typing and
REA profile comparisons conducted in this study
revealed that the organisms were very heteroge-
neous. Characterization of 90 additional P. multo-
cida isolates associated with this epizootic further
substantiated the great diversity of the isolates.’
Results from this study demonstrate that while P.
multocida played a major role in this epizootic, re-
spiratory disease was not attributable to a single P.
multocida strain.

The next most common group of Pasteurella iso-
lated from lung samples were identified as P. tre-
halosi, biovariant 2B. However, we conclude that
these organisms did not cause disease by them-
selves or contribute significantly to this epizootic.
Pasteurella in this biovariant comprise one of the
most common groups carried by clinically healthy
bighorn sheep, as previously reported.? In addition,
REA profiles developed with DNA from 10 of the
isolates from samples collected during this epizo-
otic did not reveal a single primary strain; rather,
seven different strains were detected. Therefore, it
appears that each of these organisms acted as an
opportunistic pathogen, and in six of eight group
A, and group A, bighorn sheep, they occurred in
concert with P. multocida in lung tissue.

As a result of the multiplicity of Pasteurella spe-
cies and strains isolated from the bighorn sheep,
particularly lung samples of the animals, it was ev-
ident that no single strain of Pasteurella was the
primary pathogen responsible for the epizootic.
Therefore, it is critical to consider other infectious
organisms that could have predisposed the bighorn
sheep to disease associated with opportunistic Pas-
teurella strains, as has been demonstrated in do-
mestic ruminants.2.5,7.8,15,2\‘23,31.53,6]

Mycoplasma spp. are ubiquitous and have been
isolated from practically all mammalian and avian
species,'! including North American wild sheep.'®
Emerging diseases associated with mycoplasmas
have been reported with increasing frequency and
can present a risk to wildlife species, especially
during conditions of stress, such as those that occur
during release from captivity into new habitats,
translocation, and human encroachment into shrink-
ing habitats.* Much like members of the Pasteu-
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rellaceae, many Mycoplasma spp. reside as com-
mensals on the mucosa of the upper respiratory
tract of asymptomatic animals.® They may act as
opportunistic pathogens under a variety of condi-
tions® and may contribute to invasion of the lungs
by other bacteria by interference with tracheal cil-
iary action.?®%? Pneumonia caused by Mycoplasma
spp. in domestic sheep may initially produce min-
imal clinical symptoms, followed by an acute phase
and then a remission phase, with persistent lung
lesions and poor growth and exercise intolerance of
affected lambs.™* High rates of pneumonia-asso-
ciated mortality in lambs have been reported in a
free-ranging bighorn sheep population following a
pneumonia-associated die-off.*® The possibility of
the presence of Mycoplasma infections in such die-
offs should be considered.

Both M. ovipneumoniae and Mycoplasma argi-
nini have been isolated from clinically healthy and
pneumonic domestic sheep.*® Although both spe-
cies have been associated with pneumonia, M. ovi-
pneumoniae is considered to be more pathogenic
and commonly associated with disease.**%# Fatal
pneumonia has been attributed to M. ovipneumon-
iae in Dall’s sheep (Ovis dalli) following contact
with domestic sheep and to M. arginini in bighorn
sheep captured in Montana and transported to
Pennsylvania.'®

PI-3 viruses have been associated with respira-
tory disease in domestic livestock”™-* and have
previously been isolated from bighorn sheep in
Hells Canyon,* Wyoming,* and California.’”* Iso-
lation of PI-3 from the lung of one of nine group
A, bighorn sheep tested and fourfold increases of
antibody levels to this virus in seven of 21 group
A, bighorn sheep provide evidence that PI-3 viruses
were present in that population prior to capture and
captivity. PI-3 viruses may be maintained in animal
populations, and since immunity declines rapidly,
reinfection is common. The viruses are capable of
replicating in, and destruction of, respiratory epi-
thelial cells as well as depressing phagocytic activ-
ity of host phagocytes, resulting in increased sus-
ceptibility of the host to secondary bacterial infec-
tions.”' Susceptibility of domestic lambs to experi-
mental infection with P. haemolytica was greatly
increased by inoculation with PI-3 virus 7 days pri-
or to challenge.'” Our results provide evidence that
PI-3 virus may have contributed to the 1995-1996
bighorn sheep epizootic.

RSVs are ubiquitous and endemic in many ani-
mal populations,’ including bighorn sheep.!”® Pres-
ence of antibodies against RSV in 19 of 21 sera
collected at the time of capture from Hells Canyon
bighorn sheep and fourfold antibody increases in
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sera of three bighorn sheep following capture in-
dicate recent infections. However, absence of path-
ologic changes characteristic of RSV infections and
failure to detect virus in lung tissue do not support
a major role of RSV in the 1995-1996 epizootic.

Both BVD and IBR viruses are associated with
respiratory disease in domestic livestock.3® Low
and stable antibody titers against BVD and IBR vi-
ruses were detected in some paired bighorn sheep
serum samples (Table 3), although neither virus was
isolated. Therefore, there was no incriminating ev-
idence of active infections with either of these vi-
ruses in the Hells Canyon bighorn sheep epizootic.

Pneumonic epizootics in cattle and domestic
sheep populations are commonly associated with
multiple stress factors (e.g., shipping [translocation]
and intermingling of animals carrying multiple and
varied microbial flora from different populations at
sale yards and feeding lots). Intermingling of do-
mestic livestock from different herds frequently re-
sults in respiratory disease, particularly during
times of stress.?!236!

Between 1971 and 1995, 22 translocations of
bighorn sheep were conducted to augment the Hells
Canyon bighorn sheep population.'>? The bighorn
sheep were translocated from nine different areas,
including sites in Canada, Colorado, Idaho, Mon-
tana, Washington, and Wyoming. The bighorn
sheep from each of those sites would have carried
distinct biological packages that could have includ-
ed multiple bacterial strains, viruses, and parasites
with the potential to compromise the health of the
translocated and/or resident bighorn sheep at the
release sites.

The initial signs of disease in the Hells Canyon
bighorn sheep occurred in early November, and all
animals would have been subjected to stresses as-
sociated with rut. The Hells Canyon 1995-1996
bighorn sheep epizootic was associated with a com-
plex of potentially pathogenic organisms and prob-
able stress factors. Although it has been document-
ed that bacteria experimentally transmitted from
domestic livestock can cause fatal pneumonia in
bighorn sheep,?*" bacteria isolated from a feral goat
and two bighorn sheep found among a small group
of Black Butte bighorn sheep at the initial stage of
the epizootic were not detected in other bighorn
sheep and did not contribute further to this epizo-
otic. Based on the available information derived
from those evaluations and the data in this report,
the source of the microorganisms in this outbreak
could not be determined*” but could have origi-
nated from one or more sources, including resident
or translocated bighorn sheep or domestic livestock
in close contact.
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Although treatment of captive group A, bighorn
sheep with antibiotics did not appear to increase
survival, eight of them survived in captivity for
several months to years and died of causes unre-
lated to the epizootic. Failure of antibiotic treatment
may have been due to a variety of factors including
lack of efficacy, host response, and difficulty in es-
tablishing and maintaining effective levels of anti-
biotics to control infections caused by multiple or-
ganisms.*' Recovery of animals from bacterial in-
fections, whether treated or not treated with anti-
biotics, depends heavily on the innate abilities of
their phagocytic cells to ingest and destroy bacteria
and of the body to eliminate toxic by-products and
to mount immune responses to infectious organ-
isms.* Viral infections, nutritional deficiencies, and
stress are known to suppress these abilities.* In ad-
dition, immunosuppression of individual animals
can result in heavy shedding of infectious agents
and rapid transmission to other animals.

No single bacterium or virus detected in this
study was identified as the primary pathogen of the
1995-1996 Hells Canyon bighorn sheep epizootic.
This could be due to possible involvement of a nov-
el pathogen, lack of identification or isolation of a
primary pathogen, or interactions of multiple or-
ganisms. Since bighorn sheep and domestic live-
stock carry a variety of microorganisms, there is
some risk of disease introduction when animals
from different populations or species are intermin-
gled. Microbial populations residing in niches such
as the surface of the oropharyngeal mucosa are dy-
namic populations that shift with introduction of
new organisms, competition between organisms,
and changes in the host’s innate and acquired im-
munity. Although many factors may be involved in
dynamic shifts, of primary importance is detection
of potential pathogens within animal populations.
In recognition of the complexity of the 1995-1996
Hells Canyon bighorn sheep epizootic and the mul-
tiple potential sources of etiologic agents, it is rec-
ommended that both translocated and resident big-
horn sheep be tested for pathogenic organisms. Fur-
ther work on interactions of multiple pathogens in
the development of disease in bighorn sheep is war-
ranted.
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