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ABSTRACT

Bronchopneumonia is a commonly diagnosed disease In both captlve and
free ranging bighorn sheep. Three categories of mortality are recognized
in bighorn sheep: the classical all-age die-offs and two types of
summer-lamb mortality. Tne all-age die-offs and the summer-lamb mortality
following all-age die-offs appear to be induced by & variety of stress
factors where as the verminous types of summeér-lamb mortality appears to be
induced by transplacental transmission of numerous parasites
(Protost lus stilesi). Herein is descriped the clinical features,
gross and histological lesisns found in these types of bronchopneumonia in

bigharn shesp.

INTROOUCTION

Die-offs in pighorn shee=p have been documented from the late 1880°'s to
the present. Some of the reasons for the decline in populations have
Included market hunting (Shields, 1850; Grinnell, 1928; Seton, 1729;
Honess, 1947; Packard, 1946; Buechner, 1960), loss of winter r 3
(Honess, 1942; Packard, 1546;) and aiseases (Baillle-Grohman, 135; Marsh,
1938; Honess, 1942). Some of the specific diseases that have been
diagnosed as causing die-offs lnclude mange or scab (Baillle-Groham, 1B82;
Saton 1929; Balley, 1936; Wright, 1933; Spencer, 1243; Jones, 1950; Lange,
1580), anthrax (Grinnel, 1904, 1928) and pneumonia (Rush, 1927; Marsh,
1938; Potts, 1937; Honess, 1942; Packard, 1%46). At the present time a
major cause of mortality in blghorn sheep populations appears to be
preunonia (Beuchner, 1960; Spraker, 1979; Foreyt, 1982).
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Currently the authors recognize two different fielo manifestations of
mortality of bighorn sheep. The first is the classical all-age die-off
that usually occurs in winter but can occur at any time of the year and has
been seen under range conditions as well as in captivity (Rush, 1927;
Marsh, 1938; Honess, 1942; Oe Martini, 1977; Spraker, 1977; Foreyt, 1382),
Generally this is a bacterlal and/or verminous pneumonia. The second type
of mortallty ls referred to as summer-lamb mortality. This summer-lamb
mortallty usually occurs in July-5eptember and affects only lambs. There
appers to be two different types of summer lamb mortality, ome in which
lungworm plays a primary role and the other where lungworm does not play a
primary role (Spraker, l97% and unpublished data). This second clinical
type of lamp mortality sppears to be stress related., The purpose of this
overview is to describe these three basic types of pneumonia, hopefully, to
help wildlife pinlogists petter evaluate the causes of mortality in bighorn
sheep herds.

SUMMER-L AMB MORTALLTY

Mmortality of lambs during the summer months was first noted by MNorton
in 1933 in the National Bison Range of western Montana and two of these
lambs were examined at necropsy by Marsh (1938). Others have also observed
a summer lamb mortality In which pneumonis was the cause of death (Honess,
1942; Packard, 1946; Honess, 1955; Buechner, 1960, Woodwara, 1970).
Aesearch Into the summer lamb mortality nas shown two clinical types of
pneumonla: verminous pneumonia and & stress related pneumonia which
follows a previous all-age die-off (Spraker, 1977, 1979, unpublished data).

VERMINOUS TYPE

verminous preumonia of bighorn lambs is usually first observed in late
July or early August and occurs in lambs 1 to 5 months of age. The
clinical signs in these lambs include weight loss, loss of luster of their
hair coat which progresses to a dull yellow, violent paroxysmal hing,
ano lagging behind in the herd. Some of the lambs fail to shed l:.h&Er lamb
pelage, whereas other lambs do shed this rough lamb pelage and have a
fﬂirﬁy slick appearing hair coat when they die.

Lross pathological changes are found in the integumentary,
cardlovascular, respiratory and lymphopoletic systems. Lambs &6 to 8 weeks
of age have a subtle loss of sheen of thelr hair coat, which becomes more
spparent in oloer lambs. Lambs B to 12 weeks of age usually have a dull,
yellow, rough, halr coat. Some lambs with pneumonia shed this rough,
yellow, pelage and die with a fairly normal appearing pelage. Some lambs
are in good condition with an abundance of abdominal and subcutansgus fat,
but most lambs are in poor condition whan thay die.

The mucasa of the nasal turbinates ano septum, esthymoidal labyrinths,
trachea, and main stem ana primary bronchi are usually reddensd and covered
by small amounts of white mucold exudate. The lungs partially collapse.
ceveral large, gray-whnite, firm raised nodulas (lungworm modules) are
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located In the posterlor dorsal aspects of both disphragmatic lobes of the
lung. The cut surfaces of these nodules are gray-to-white and have an
irregular appearance. The freshly cut edges slightly bulge. Usually a
small amount of white, mucold exudate can be expressed from cut bronchiocles
wlthin thase nodules.

The anteroventral aspects of the lungs are dark red to lavender and
firm. The pleura covering the consolidated lobes is thin, most, and shiny
in most cases. The entire anteroventral aspect of the lungs in some cases
is coversd with a thick (2mm) layer of yellow, friable material (fibrin).
Adhesions to the diaphragm and the costal pleyra are present betwesen these
consolidated lobes.

Usually there is a sharp line of demarcation between the consolidated
areas and the mnormal lung. Emphysema near this lime of demarcation often
can be found. The consolidated areas are sctually level with or slightly
depressed from the mormal lung tissue. The subpleural pulmonary parenchyma
and the cut surface are dark red-to lavender and have a "cobble-stone"
appearance. This is dum to many small cloverleaf-shaped, gray, ralsed
areas surrounded by red, collapsed parenchyma. This "cobblestona"
appearnace is subtle In acute cases of pneumonia, but becomes more
prominent In chronic cases. A small amount of a white mucold exudate can
be expressed from cul bronchioles in these consollidated areas. MNecrosis s
uncommonly found in Lhe Cconsolicated areas. (hroniC cases can have small
(.5cm to lom) abscesses In the consolidated, pulmonary parenchyma. Small,
fibrous adhesions aften occur between the consalidated lungs and the costal
pleura in chronic cases. Few lambs have fibrinous adhesions between the

pericardial sac and the medial aspects of the lungs (fibrinous
pericarditis). Flbrinous epicarditis is found occasinally.

The spleen [s normal. The retropharyngeal, hilar, and mediastinal
lymph nodes are enlarged and the cut surfaces are wet. The cortical areas
of the lymph nodes are hyperplastic. The thymus is of normal mass and
extends from the base of the heart to the mid-cervical reglaon.

The histological lesions are predominantly within the respiratory and
lymphoid systems. The epithelium of the nasal cavity, trachea, and bronchi
usually contain areas of hyperplasia and atrophy. Bronchioles and
respiratory bronchioles are usually cuffed by a mild-to-marked number of
lymphold cells and have mild to marked hyperplastic and hypertrophiea
epthelium. The severity of these lesions usually correlates with
chronicity. The lumens of these alr passages usually contain exudate ang,
occasionally, a first-stage, protostrongylid larva. The alveoli usually
are partially collapsed and contain a8 mixture of macrophages and
neutrophils. A small amount of Tibrin and edema can sometimes be found the
alveoll. Alveoll nearest to the alveolar ducts usually contian more
neutophils. Degenerate and live, first-stage, protost 1id larvae can
often be found surrounded by macrophages within alvecll of the
anteroventral aspects of the lungs.
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Often times the pleura of the lung 1s coated with filbrin and, in
chronic cases, granulation tissue, Lungworm nodules located in the
posterior gorsal aspects of the dlaphragmatic lobes are characterlized by
numerous viable parasites (Protostrongylus stilesi) surrounded by either
lymphocytes, plasma cells, macrophages, with a Tew eosinophils and
multinucleated giant cells. In glder lambs the lungworm nodules are
usually composed of pregominantly multinucleated giant cells and dead
parasites.

Microbiological agenta have been isolated from the upper and lower
resplratory system of the lambs with pneumonia. viral agents include

Paralnfluenze type 3; mycoplasma agents include mggﬁéaﬁ inini;

I:a:t:rial agents .1.r||:11.d= F'astuturelln multocida, P t%m._ﬂé_gui
M}_{Exﬁ r: B Lum 5, Stre DCCUS 5P.,

;1@1 PEOCCUs 5P ar-n & Mima sp.; and parasitic agents ude P. stilesi.

The pathogenesis of this “verminous" varlety of pronchopneumgnia has
been studied. The progesslon of events leading to pneumonia in these lambs
eorrelates well with the activity of a Protostrongylus larvae crossing the
placenta of the adult ewe and entering the fetal liver In the latter stages
of pregnancy. These third-stage larvae remain in the liver until
parturition. Following birth of the lamb, the larvae then migrate to the
lungs of the newborn. The third-stage larvae looge in small pulmonary
arterinles, enter the lung parenchyma, and migrate to the dorsal posterior
aspects of the diaphragmatic lobes. Development of the parasites begins
simultaneously with birth of the lamb; therefore, the activity and
maturation of the parasites correlate well with the age of the lamb. The
parasites mature when lambs are 3.5 to 4 weeks of age and begin to produce
thousands of ova which mature to motile first-s larvae in about one
week, MNumerous first-stage larvae are aspirated to the anteroventral
aspects of the lungs predisposing lambs to subacute to chronic suppurative
bronchopneusonia complicated by viral, mycoplasmal, and bacterial agents of
low pathogenicity. (Hioler 1972, 1974; Spraker 1977, 197%).

STRESS RELATED TYPE

This stress related type of pneumonia has been observed in 5 or 6 cases
and have Included lambs born in captivity, and in lambs born in the wild
following & previous all-age die-off. The clinical signs, gross and
histopatholobical changes of the lambs are similar to the verminous
pneumonia except that the thymus is atrophied whereas it is nommal in the
verminous pneumonia lambs. The gross and histological lesions in this
stress related type of pneumonla can be more acute than the verminous
preumonia. Fewer lambs have been studied in this group but of thesa
amied the ?gent:. isolated include: Pasteurella nu,r.ltu:lug, P. hemolytica,

rynebacterium pyogenes, Nelsseria sp., Hemophilis ovis, 5Streptococcus
50, Hﬂn;r_,g_ggc_iquj sp., Mima sp., Herella sp., and immature
prntnstmngrliﬂ ungworms., 1hus far, mycoplasma and viral agents have not
been lsclated from these lambs. Tne pa{mnanesiﬂ of this stress related
prneunonia 1s belleved to be simllar to the pathogenesis of the pneumonia In
the all-age ole-offs.
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ALL-AGE DIE-OFFS

All-age aie-offs were first described by Rush and Fisher (Rush, 1927)
and Marsh (1938) and has been documented by others (Buschner, 1960% Griner,
1574; Foreyt, 1982; Oavison 1982). This type of die-off has Deen
documented In both captive (Spraker, 1977, DeMartini, 1977) and free

ranglng sheep. The pathogenesis of this disease process is believed to be
Inducea by stress.

Clinical signs In sheep during an all-age die-off may vary from acute
death to chronic pulmonary cripples. Animals demonstrate a moderate degree
of coughling. Some lose welght and die in an emaciated condition, whereas
others die acutely and are In an excellent body condition. This disease
condition affects all ages and usually otcurs in the winter months but can
occur in the warmer months especially in captive herds.

The main gross lesion found in animals dying during an all-age die-off
is a bronchoprneumonia. Animals that die acutely will usually be in
gxcellent body condition. The nasal cavity, trachea and bronchd are
usually slightly reddened and contain & small degree of white mucoig
gxudate in acute cases. The anteroventral or sometimes only the
diaphragmatic lobes of the lung are dark red, firm, and slightly raised
from the interface with unaffected pulmonary parenchyma. The pneumonic
lung is firm and a moderate degree of exudate can be expressed from severed
bronchioles. Fimm, yellow-grey, ralsed, lungworm nodules are located ln
the posterior, dorsal aspects of the diaphragmatic lobes and the lungworm
burden varles from light to heavy. Usually the surface of the lung 1s
coated with a thin coat of fibrin which allows the lung to be easily
separated from the costal pleura. The mediastinal, tracheal, pharyngeal,
and prescapular lymph nodes and the lymphoid tissue located in the
posterior aspects of the nasal septum are miloly enlarged In these acute
CASeS.

The animals with the subacute-to-chronic form of this pneumonia have
similar gross lesions except they are of longer duration. There is
mild=-to=-severs weight loss and, even, emaciation in some animals. The
fibrinous adhesions are now fibrous. The parenchymal and subpleural
surfaces have a classical "cobble-stone™ appearance, with small, pale,
cloverleaf-ghaped focl surrounded by a slightly depressed, red-grey
parenchyma. Small abscesses are common within the lung parenchyma.
Lymphoid tissues are usually hyperplastic and the thymus is atrophied. The
hair coat Is usually dull and rough. A mild to moderate degree of adrenal
cortical hyperplasia is often found.

The histopathological lesions found in this type of pneumonia are
typical of a bronchopnéeumonia. Acute cases are characterized by mila
rhinitis, tracheitis and bronchitis. There is a mild degree of hyperplasia
of bronchiolr epithelium. Exudate is often found in broncnioles. Alveoli
are usually open and filled with edema, neuthrophils, and fibrin admixed
with & few macrophages. Flbrin is often on the surfac of the pleura. A
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few lungworm larvae are often in the anteroventral aspects of the lungs.
The lungworm nodules contaln adull male and female parasites, and
larvae. These parasites usually are surrounded by lymphold cells,
macrophages, plasma cells with a few neutrophils and eoslinophils in healthy
sheep; however, with this acute pneumonia there 1s often a severe
suppurative bronchitlis and bronchlolitis within lungworm podules. Thus, in
some cases, the lungworm nodule histologically appears to be similar to the
ventral consolidated portions.

Chronic cases are similar to acute cases except for more atrophy of
tracheal epithelium; and hyperplasia of bronchiolar and alveolar duct
eplthelium. Alr passages are often cuffed by lymphoid cells and plasma
cells. Flbrosis surrounds bronchioles In some areas. Exudate (mostly
neutrophils and desguamated eplithelial cells) usually fllls the lumen of
bronchioles. Alveglar ducts ace often filled with neutrophils. The
alveoll are usyally partlally collapsed and contaln macrophages with an
admixture of meutrophils. A few degenerate or live lungworm
protostrongylid larvae sometimes can be observed in the anteroventral
aspects of the lungs. The pleura is oftén covered with granulation tissue
and overlayed by fibrin admixed with neutrophils and macrophages., Fibrous
tags and adhesions and micro-to-macro abscesses are often found. The
cellular reactions within lungworm nodules are similar to the nodules
gescribed with the acute cases. Mediastinal and bronchial lymph nodes are
often hyperplastic and sometimes contain first-stage lungworm larvae. The
thymus is atrophied and the adrenal cortex is slightly-to-moderately

hyperplastic.
Etiological agents thus far isolated from sheep with the acute to

chronic, fibrinopurulent bronchopneumonia include Pa 1la multocida, P.
Neisserls sp. %nw 5p.
% 5p., Farain uenza Cype- Eﬂﬁﬁ%fm one die-off ni’
captive sheep (Parks, 197Z;), Protostrongylus stilesi and P. rushi. Mo

mycoplasma or chlamydla have been lsolated to date.

The pathogenesis of this fibrinopurulent bronchopneumonia that occurs
in the all-age die-offs appears to be stress induced. Animals normally
carry bacterial agents of low pathogenicity in their upper respliratory
system and have low to heavy lungworm burdéns. These sheep become stressed
in some means such as encroachment by man or his domestic animals, loss of
range, crowding, change of range conditions, lack of water, inclement
weather, deep snow, malnutrition, captivity, dust, ete. This "stress"
leads to an adrenal cortical hyperfunction ang elevated serum cortisol.
Increased cortisol causes the animal to be less resistant to the
microbiological agents of low pathogenicity already within the animal.

This either allows the bacterla to proliferate and invade the depths of the
lungs or inhibits the body's mechanisms of removing bacteria that are
inhaled into the depths of the lungs. The bacterlia then proliferate within
small bronchloles and Induce lnflammation. If the bacterla multiply
rapidly and are moderately pathogenic, such as with Pasteurella, the animal
may die gquickly, or If the bacteria multiply more slowly a subacute to
chronic bronchopneumonia will develop. Heavy burdens of lungworm can

168



initiate this bronchopneumonia as with the verminous pneumonia of lambs,
(Spraker, 1977, 197%) but in many cases the lungworms, as with the
bacteria, are on of the low pathogenic agents that are allowed to
proliferate under stress conditions.

SUMMARY

Bronchopneumonla is & common diseass In bighorn sheep, even though
there are several field manifestations of prneumonias, L.e., two types of
summér-lamb mortality, and the classical pneumonia associated with all-age
die-affs. The basic clinical signs, gross and histopathology are falrly
similar in these three different field manifestations of pneumonias. The
agents isolated from those cases are similar also: lungworms, bacteria and
sometimes viruses and mycoplasma. A combination of stress factors appears
to play a vital role in all-age die-offs, mortality in captive lambs, and
summar-1lamb mortallty following & previous all-age die-off. Transplacental
transmission of heavy lungworm burdens with maturation of the parasites
when the lambs are 3.5 to 4.5 weeks of age appears to be the most important
predisposing factor for the verminous type of summer-lamb mortality.
Ultimately, and regardless of the predisposing factors, many bighorn sheep
die due to an acute to chronic fibrinopurulent bronchopneumonia.
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CONFERENCE DISCUSSION

Q. I have some gquestions that deal with ecological patterns more than
anything else. To begin with, where do you find this pneumonia occuring
primarily and do you Tind it with low-elevations or high-elevation
populations?

ANG. We've seen the pneumonia in low=- and high-elevation populations in
Colorado.

. May 1 suggest that these pneumonias wlll become Increasingly less
requent as you go to higher altitudes or higher latitudes.

ANG. LIf you ask the guestlion about evolutlon, you must get lnto some
detail. The mountain sheep is basically a relatively recent lmmigrant to
this continent. It has Deen hers probably about 45,000 years, which 1s a
pittance. In these latitudes It is even more recent. As far as altitudes
are concerned, it probably hasn't been at the low altitudes for a very long
time either. It's like the elk, like the grizzly, like the wolf: spread
basically after the megafaunal extinctions. For this reason you'd expect
that northern animals adapted to high altitudes and high latitudes, adapted
to glaclier environments, will have terrible troubles 1f they get into
contact with other environments which are notoriously rich in their biota
and notoriously rich in pathogens.

20 the behavior of the bighorn sheep Ln the southern latitudes here 1n
the United States is fully expected to be one of a troubled specles ln
relation to what 1t 1s in the northern envirommnent where 1t 1s highly
adapted. You don't have to go to bighorn sheep, you can go to human
beings. If you look at the North American Indian and how the American
Indian does when they come into contact, particularly in South America,
with really adapted people, people adapted to the troplcs, the negros, the
South American Indlans do notoriously very poorly. They are Tull of
disease. Their reproductive rates decline, native tribes go down the drain
literally because the African, by in large, is very well, in a bioloplcal
=ince, adapted to tropical enviromments and South American Indians are
not. They are very recent immigrants to that land.

¥ou should find for Instance, that If you take an old emigrant, horses
or burros, and put them into competition with bighorn sheep, it's hands
down that sheep will lose In southern environments. The reason: the horse
is an old American genus which still should carry, in its geno type
messages from ages passed which make it perfectly adapted to the conditions
it finds here. 5o if you approach the guestlon of, have the bighorn sheep
adapted to these many pathogens, remember It 1s facing very different
envirormental conditions today than it dig 50,000, 200,000 or 4 million
years ago.
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ANS. This may be so, but some of the first die-offs of sheep were
oescribed from Montana and some of the most wide-spread and devastating

die-offs occurred in Canada. 1 think that die-offs, occur at both low- and
high elevations.
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