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Abstract: During 1979-1980 acute fibrinopurulent bronchopneumonia resulted in
high mortality or total loss of herds of bighorn sheep (Ovis canadensis) in California

and Washington. Contact with domestic sheep occurred shortly before the onset of

disease in each case. Circumstantial evidence indicated that the apparently healthy
domestic sheep transmitted pathogenic bacteria to the bighorns, resulting in

mortality. Pasteurella multocida and Corynebacterium pyogenes were isolated from

pulmonary tissue of dead bighorns. The presence of domestic sheep may have been an

important stress which initiated or compounded the disease.

INTRODUCTION

North American bighorn sheep

numbered between 1.5 and 2.0 million at

the beginning of the 19th century
(Buechner, 1960). Today, their number is
estimated at less than 40,000. The decline

has been attributed to several factors:
market hunting at the end of the 19th
century, loss of suitable habitat through
human development and competition

with domestic livestock, and diseases
(Marsh, 1938; Cowan, 1940; Buechner,
1960; Forrester, 1971; Hibler et a!., 1972;

Spraker and Hibler, 1977; Lange et a!.,
1980). Disease-related mortality is
perhaps the most important factor

producing dramatic population declines

during the last few decades. Major dis-
eases included the lungworm-pneumonia
complex (Forrester, 1971; Hibler et al.,

1972), psoroptic mange (Lange et a!.,

1980), and hemorrhagic septicemia

(pasteurellosis) (Potts, 1937; Spraker,

1977).

Bacterial pneumonia may follow

predisposing factors such as lungworms,

viruses, nutritional, cold, or behavioral

stress, or immune suppression (Rush,

1927; Mills, 1937; Potts, 1937; Marsh,

1938; Howe et a!., 1966; Rosner, 1971;

Hibler et al., 1972; Parks et a!., 1972;

Taylor, 1973; Spraker, 1977; Spraker and

Hibler, 1977; Pearson and England,

1979). Several genera of bacteria have

been isolated from penumonic bighorn

sheep, but Pasteurella spp. are the most

common and pathogenic (Hibler et al.,

1972; Taylor, 1973; Spraker and Hibler,

1977). Pasteurella spp. have been

isolated from clinically normal bighorn

sheep and domestic animals (Rosner,

1971; Spraker and Hibler, 1977).

The present report documents two

separate outbreaks of fatal pneumonia in

bighorn sheep which resulted shortly

after their exposure to domestic sheep.

Domestic sheep were unaffected.

CASE HISTORIES

Washington

In January, 1979, eight wild Rocky

Mountain bighorn sheep (Ovis canaden-

sis canadensis) (two yearling rams and

six adult ewes) were transported from

Wildhorse Island in Flathead Lake, Mon-

tana, to the Methow Game Range,
Okanogan County, in central Washing-
ton. Sheep were confined in a
2.3 ha enclosure in a remote area. A

natural stream traversed the pen and

native trees, shrubs, and grasses were
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California bighorn sheep (Ovis
canadensis californiana), acquired from

present for feed and shelter. In winter,

feed was supplemented with alfalfa hay

and a pelleted alfalfa and grain mixture.

Mineralized salt was available at all

times. In March, 1979, the six ewes each
had a single lamb. Excellent growth was

noted in the lambs and adult sheep

throughout the summer.

On 2 November 1979, 10 months after

the bighorns were placed in the

enclosure, 11 adult crossbred domestic

ewes, 3-4 years of age, were introduced

into the pen with the bighorns. The

domestic sheep had been examined by

veterinarians and determined to be

healthy. All animals were fed at a com-

mon source, but the bighorns and

domestic sheep were not seen to associate

with each other. No behavioral problems

were observed.

Twenty-six days later (28 November)

seven bighorns were found dead. These
included one ram, three ewes, and three

lambs. The carcasses were in excellent

nutritional condition. Death had oc-

curred within 5 days of the last visit, but

extensive autolysis was consistent with

death several days previously. Due to the

deteriorated condition of the carcasses,

only histologic examination of selected

organs was accomplished.

The domestic sheep were removed from

the pen on 8 December 1979, and at that

time, the seven bighorns appeared to be
healthy. Six of the remaining seven
bighorns were found dead on 29 January
1980. They also had been dead for several

days, and postmortem examination was

similar to that conducted on the first
group. In both groups of dead bighorns,

animals were found together in one part
of the pen in their beds, and no external

lesions were observed. Based on direct
observation, each die-off had occurred
within a few days before 28 November
and 29 January.

California

British Columbia in 1971, were confined
to a 445 ha enclosure at the Lava Beds

National Monument, Siskiyou County,

California. Since introduction, the herd
had grown slowly and steadily except for

the deaths of approximately five adults
in 1973 from presumptive bluetongue,
and the loss of approximately six lambs
in 1976 from other causes. Domestic

sheep intermittently grazed adjacent

National Forest Service land.

In February, 1980, an attempt was
made to capture the 43 bighorns in the

population fQr transplant. Of these, 16
were captured and six died at that time

from capture myopathy. Few gastro-
intestinal nematodes and no lungworms
were grossly detected at necropsy. No
lungworm larvae were detected in feces
(Baermann technique). Glutathione
peroxidase tests indicated a low level
(<15 ppm) of selenium in one of five

animals, when compared to established

values for domestic sheep. The remain-

ing 37 individuals appeared to be in

excellent physical condition and were

left in the enclosure. In mid�June,

domestic sheep were intensively grazed

along the north and west boundaries of

the enclosure, and nose-to-nose fenceline

contact with bighorn sheep was noted,

Changes in weather, range condition,

movement of people etc. were not observ-
ed. Approximately eight bighorns died
during the first 10 days of July. A

presumptive diagnosis of pasteurellosis
was made on 12 July, based on gross
lesions, preliminary histopathologic in-
terpretations and bacteriologic results.

On 12 July 1980, the water sources were
emptied, cleaned and flushed. Ox’

ytetracycline at 0.13 gm/L water was
added to water on 16 July at which time
five additional bighorn carcasses were

found. Water sources were flushed and
medicated every other day for 3 weeks,
but water consumption was not
monitored. All 43 bighorn sheep were
presumed dead by August 15, 1980, since
no live animals could be located.
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MATERIALS AND METHODS

Gross and histologic examination of 10
of the 13 dead bighorns from Washington
was done at the Washington Animal

I)isease Diagnostic Laboratory,

Pullman, Washington. Bacterial and
viral cultures were not done because

tissues were autolyzed. Fecal samples

were examined for lungworm larvae with

a Baermann apparatus.

In California, three dead bighorns
found between 7 and 12 July 1980, were

shipped to the Wildlife Investigtions Lab
(WIL), Sacramento, for necropsy and five
other animals were examined in the field.

Sections of hilar lymph node, liver, lung,
kidney, spleen and trachea were collected
in 10% buffered formalin, sectioned at
5pm and stained with hematoxylin and
eosin (H&E). Fresh tissues and blood
were kept on ice for as long as 24 h.

Bacteriologic examinations were per-
formed at the WIL or School of
Veterinary Medicine, Davis, California.

Pulmonary tissue from three bighorns,
pleural fluid from one and bronchial
lymph node from one were processed and
inoculated onto blood agar and observed
daily for bacterial colonies. Bacteria
recovered were identified (Buchnan and
Gibbons, 1975; Jang et al., 1978). Gross
and histologic examinations for

parasites were done, and feces were ex-
amined for lungworm larvae (Baermann
technique).

Serum was collected from two of the

fresh bighorn carcasses on 10 and 17

July 1980, for serologic evaluation. Se-
rology was performed by the California
Department of Agriculture Laboratory.

RESULTS

Washington

Weights of the five dead adult bighorns
from the first group ranged from 41 to 80
kg (mean of 53). Lambs and bighorns
from the second episode were not
weighed. Parasites were not detected
grossly. Body fat was considered ade-

quate in all animals, and each was
characterized by advanced autolytic
changes which limited histopathologic
interpretation. Multiple sections of lung

parenchyma were examined from

different areas of the lung from each of
ten bighorns. Acute pneumonia was ap-
parent in all animals from both episodes.

Pleural margins were thickened by ac-

cumulations of fibrin, macrophages and
neutrophils. There was generalized

pulmonary congestion with marked

alveolar accumulations of fibrin and
edema. Focal areas of necrosis were pres-

ent throughout the pulmonary
parenchyma. Sections of spleen, liver,

kidney and trachea were congested and

autolyzed. Lungs from three of ten

animals contained sections of adult
nematodes. Protostrongylus sp. larvae

were present in feces in low numbers (<25
larvae/gram of feces) from four of ten
bighorns and not detected in the other

six.

One bighorn ewe survived the
pneumonia episodes, and produced a
lamb in 1980. All domestic sheep sur-
vived for four months after removal from
the enclosure; no signs of disease were
apparent.

California

All bighorns were in good to excellent
physical condition with ample reserves
of body fat. Lesions found in the eight
bighorns examined were similar. Lungs
were bilaterally reddened, wet and con-
solidated in an anteriorventral distribu-
tion. Fibrinous pleural adhesions and
pulmonary abscesses with cavitations
were noted. Purulent exudate could be
expressed from sectioned bronchioles.
Six sheep had extensive amounts of
yellow friable material (fibrin) covering

the pleura and had fibrinous adhesions
between individual lobes of the lung and
to the costa! pleura. Bloody intra�

tracheal froth was a consistent finding.
No lungworms or nodules were observed
grossly. A small amount of hemorrhage
was noted in the left adrenal gland of one
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animal. No other gross abnormalities
were recorded.

Microscopic examination of five lungs
revealed fairly consistent lesions despite
varying degrees of post-mortem
autolysis. Sections from dorsal areas of

lung contained proteinaceous fluid and
occasional mononuclear and poly-

morphonuclear (PMN) cells filling

bronchiolar lumina. Sections of ventral

lung contained scattered islands of
bronchial necrosis and hemorrhage. An

intense, predominately mononuclear in-

flammatory response surrounded these

islands. Bronchi contained large

amounts of cellular debris, fibrin, and
PMNs. Bacteria were most evident in

areas adjacent to the necrotic foci.

Bronchial and abdominal lymph
nodes and spleen had active germinal
centers. Subcapsular inflammatory cells
and proteinaceous fluid were noted in
bronchial lymph node sections. Adrenals
were not examined microscopically. All

other major organs examined were con-
sidered histologically normal.

Pasteurella multocida was isolated
from lung, bronchial lymph node and

serum from one bighorn. Pasteurella sp.

isolated from lung and pleural fluid in a
second bighorn could not be speciated
due to its repeated negative indole reac-

tion. Corynebacterium pyogenes was
also isolated from lung of the three
bighorns sampled. Serum antibodies
were not detected against Brucella,

Anaplasma, infectious bovine rhino.
tracheitis virus, parainfluenza-3 virus,
contagious ecthyma virus, or bluetongue
virus. One bighorn had a titer of 1:32 by
indirect complement fixation against
Leptospira hardjo.

DISCUSSION

Bacterial bronchopneumonia and
pleuritis in otherwise healthy in-
dividuals were the consistent findings in
these two outbreaks. Adults from prime
age classes as well as young were
affected and the outcome generally was

fatal. Pasteurella sp. and Corynebac-
terium pyogenes were isolated from

several individuals in one outbreak and
suspected in the second one. Possibly a
bacteria! pathogen, was introduced into

the bighorns by domestic sheep, and was
responsible for the pneumonia which
resulted in mortalities in the bighorns.
The presence of domestic sheep no doubt
also was a stress factor.

We base those conclusions on several

factors. The bighorns in California and
Washington were in good physical condi-

tion and had been in the enclosures for 10
months or more before any deaths oc-
curred, suggesting that acclimatization
to the new habitat was not a major
problem. However, initial mortality in
the bighorns in Washington occurred

within 26 days after introduction of the
domestic sheep, suggesting possible

transmission of a pathogen from the
domestics. The domestic sheep were
determined to be healthy before introduc-

tion into the enclosure, and none became
sick or died during or after their presence
in the enclosure.

In both outbreaks, bighorns were well

nourished when found dead, suggesting
an acute disease process. Histo-
pathologic examinations confirmed

acute fibrinopurulent bronchopneumo-
nia characteristic of pasteurellosis, and
Pasteurella was isolated in the Califor-
nia episode. Pasteurella spp. have been
isolated commonly from the upper
respiratory tract of bighorn sheep, other
mammals and birds. These bacteria can
vary in pathogenicity, and serial
passage can enhance virulence (Spraker,
1977). Stress however is a major

predisposing factor to clinical

pasteurellosis (Gillespie and Timoney,
1981). It is possible thatanonpathogenic
strain of Pasteurella in domestic sheep
was increased in pathogenicity when
transmitted to the bighorns which may
have been under additional stress due to
the presence of the domestic sheep.
Domestic sheep may also be more resis-
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tant to colonization of the respiratory

tract by Pasteurella, and thus, may har-
bor more pathogenic strains without be-
ing affected.

It is also possible that domestic sheep

may harbor other bacteria, mycoplasma
or viruses that predispose to pneumonic

bacterial overgrowth. However, the exact
relationship between P. multocida and C.
pyogenes in these cases is unclear.

Pasteurella pneumonia in conjunction
with lungworm infection has been

reported previously as a population

regulating disease most commonly af-
fecting bighorn lambs (Forrester, 1971;
Hibler et al., 1972; Spraker and Hibler,
1977). That relationship is apparently
not the same situation described in this
paper since morbidity and mortality oc-

curred in all cohorts, and lungworms

were detected only in a few individuals in
Washington, and none were detected in

California.

Severe fibrinous pneumonias affecting
captive bighorn sheep of all ages have
been associated with adrenal cortical
hyperplasia and stress of captivity
(Spraker, 1977). The outbreaks in
bighorns fro)m California and

Washington occurred during captive and

semi-captive con d i ti on s, how ever,

animals appeared to be well adapted to

captivity and isolated from noise and
contacts with humans and most other
animals. No extensive or consistent

gross adrenal lesions were noted at

necropsy in these bighorns.
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