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ABSTRACT
Berween 1972 and February 1978, six cases of paratuberculosis have
been diagnosed in a herd of free-ranging Rocky Mountain bighorn sheep
f(ovis canadensia) and one case in a Kocky Mountain goat (Oraammos
smericanus) on Mount Evans, Celorade. Sightings of 20 other sheep and
four other goats showing clinical signs of the disease have also been
raported during this time. Diagnosis of paratuberculosls was based on
gross and histopatholegic examination of the animale and by iscolation of
Mycobacterium paratuberculosis from three gheep and the goat, Clinical
and pathologlc changes seen in bighorn sheep resembled those described
in domesclc gheep and goats, A discussion of the importance of Einding
this disease in free-ranging bighorn sheep and Rocky Hountain goat herds
is discussed,
INTRODUCT ION
Paratuberculosis is a specific infectiocus enteritis of domestic
livestock including cattle, sheep, goatas, camel and reindeer (Thoen 1977,

Katie 1961).
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It Iz of great economic Imporcance to the livestock industry in much of
the United States (Kopicky 1973), Canada, Eastern and Central Europe,

The disease has been recognized for over eighty years, having first been
described in Gormany by Johne and Frothinghsm in 1895, Paratubereulosis

is caused by Mycobacterium paratuberculosis, a small (0.5ux = 1,2u) acid-

fast bacillus, In ruminants this bacteria causes a chroniec disease with
involwement of the intestinal tract, particularly the distal small
intestine, {leocecal valve, cecum, associated mosenteric lymph nodes and
efferent lymphatica, HMHoxt information on paratuberculesis is based on
studies of the discase In demestic liwvestock. Descriptions of the
disecase in wild species are incomplete and consist mainly of isolated
Caseé reporbs. Faratubérculosis im bighorn sheep has only beén reéeported
once in the literature (Thoen 1977) and reports of the diseéase have not
previously beém réported in Rocky Mountain gosabs. Other wild species in
which paratuberculosis has been reported include white-tailed deer
(Ddocoileus virginianus) (Libke 1975), roe deer (Capreolus capreolus)
(Hillermark 1966), European red deer (Cervus elaphus) (Vance 1961, Katie
1961}, moose (Alces alces) (Soltys 1967), aoudad (Ammotragus lervia)
(Boaver 1977), mouflon (Ovis musimen) (Boever 1977, Katic 1961), camal
{Camelus bactrianus) (Thoen 1977, Katic 1961}, bighorn shesp (Ovis
canadensis) (Thoen 1977), reindeer (Rangifer tarandus} (Katic 1961),
Japanese sika deer (Paeudaxis sika) (Katic 1961), water buffale (Bubalus
bubalus) (Katic 1961), yak (Bos grumniens) (Katic 1961), gnu (Connochastas
alboujubatua} (Katic 1961), and Llama (Llama glama) (Appleby 1954).

M. paratubsrculesis is relatively resistant te environmental con-
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ditions. Viable organiams, capable of initiating infection in sus-
ceptable animals, hawve beén recovered from contaminated pastures for one
year and from barn walls for up Eo five years after the source of bacteria
had been removed. The organism is relatively susceptable te sunlight
(50=100 hours of direct sunlight will kill the organism), drying, high
go0il caleium, high soil pH, and continuous contact with feces and urine.
The bactéria s Fascidious and slow groving in culture voequiring up Eo
four months for identificarion. The paratuberculosis organism requires
mycobactin, a product derived from Mycobacterium sp, in the culture media
in order to growv.

The primary natural route of transmission of rthe disease s via
ingescion of contaminaced feces. Studies of paratuberculosis in domestic
livestock indicate that animals become infected when they are very young.
Experimental work with domestic lmmbs hasn shownm that aa few an 1,000
organisms will establish infection (Filmore 1976)., Other modes of
transmigsion, which have boen documented in domestic livestock, buc have
not been exmmined in wild species, include intrauterine and transmammary
infection,

Clinical signa described in domestic ruminantz include a long incub-
ation period,; with most clinical cases belng 2-6 vears of age. Clinical
signs include emaciation and often submandibular edema, which is related
te low serum protein. Catcle characteriscically have constant diarchea,
domestic gheep and goats mav or may not have diarrhea, and In cases wherao
it is present, disrrhea may be Iintermittent. Normally animals arc alerc

and have pgood appetites until the terminal stage, The biggest economic
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problem to the livestock industry is related to decreased production
{(milk, wool and weight gains). A second; less dramatic, but nevertheless
important loss over a long period of time, is that up te 10 percent
mortality can occur annually in infected herds (Larsen 1970).

At necropsy, domestic animals show classic signs of emaciation
including serious atrophy of fat depots, submandibular edema and muscle
atrophy. Subserosal édema and thickening of the wall of the distal
jejunum, ileum and cecum are commonly found. The afferent lymphatics
from these regions are also thickened, opaque, and somecimes torturous,
The associated mesenteric lymph nodes are usually grossly enlarged (2 te
5 times normal), edematous, and in the case of domestic sheep and goats,
may contain arcas of necrosis, caseation and mineralizacion.

The classic histopathologic lesions in domestic ruminants include
granulematous enterictis, lymphangicis (afferent lymphatics) and lymphadenitis
(mesenteric lymph nodes and occasiomally pharengeal lymphnodes and tonsil),
The granulomatous infiltrate is characterized by large epitheloid
macrophages with large amounts of fommy mosinophillc cytoplasm, mul-
tinucleated giant cells and variable mmbers of lymphocytes. With
acid-fast stains, clumps of small bacilli are found intracellularly In
the phagocytic cells. Caseation mnd mineralization is associated with
the granulomatous reaction in domestic sheap and goats, and only very
seldom in cattle.

Techniques for diagnosis of the disease have only been worked out
for domestic species and at the present disgnosls of subclinical cases

is quite difficult., Serclegical tescting is of some valve In cattle but
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many false positives and negatives are found, Therefore, the test

may be useful for indicating the presence of the disease in herds

but fg &f little wse for diajmoais of the diseaze in individual animals.
Feecal culture preéscéntly is the moat widely used technique for detection
of paratuberculosis in domeatic herds and for identification of individual
infected animals. Problems associated with use of facalcultire are that
large numbérs of bacteria are only shed relatively late in the disease
and theén may only be shed intermittently. The lengkh of time required
for a diagnosis and theé difficulty of culturing the orgenism also are
problems associated with fecal cultures. Promiging data recently has
been published applying the 1ymphocyte stimulation test to the diagnonis
of paratuberculoais in cattle (Alhaji 1974). This test should be

capable of detecting an animal sensitized to antigens of M. paratuberculosis

within a short period after infection, thus detecting an infected animal
long bafore any other test. The short periocd of vime required for the
test (two weeks) ia therefors a definite advantage.
METHODS

Persommel of the Colorado Division of Wildlife submitted disecased
animals to the Wild Animal Disease Center for thorough necrapsy and
evaluation. Bome cases were presented alive and subseguomtly euthanized,
others were shot or found dead in the field. A thorough post mortem
examination was performed and represencacive tissuo smmples fiwed in
10 percent formalin; mesenteric lyvoph nodes and sections of emall
intescine were frozen for lacer bacterial culture. Formalin fixed

tissues were processed vountinely and scained wicth hematoxylin and eosin.
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Appropriace cissucs mlso were stalned by the Einvon acid-Tfast mechod.
Bacteriolegy was parformed by Dr. Charles Thoen, National Animal Disecase
Contar, Ames, Iowsn. The lymphocvie stimulation cesc was performed as
deseribed by Alhaji (1974) for bovine lymphocytes with the following
modificacions: (a) Heparin was used at 20 U/ml of venous blood;
(k) ficoll-diatrizoate was adjusted to specific gravity of 1.077;
{e) microtiter plates were used for cell culture; (d) 20 percent fetal
calf serum was used In the culture media; {(®) coltures were incubated
for a total of five days; (f) concanavalin A (50 ug/ml) was used as a
nonspecific mitogen; and (g) Otto Hiller automatic harvester was used to
terminate cell cultures, A fecal seear of the mountain goat using the
auramipe=rhodamine stain to demonstrate the bacteria was performed,
STUDY AREA

All clinical cases of bighorm sheep were from Mount Evans and Grant,
Colorado, These areas are approximately 13 miles apart, The Hount Evans
hierd is estimated at 150 sheep and the Grant hérd at B0 animals,
Exchange of animalas between theseé two herds has been documentéd by
obhxervation of movements of neck-banded individuals. The mountain
goat was from the Lincoln Lake area on Hount Ewans,

RESULTS

Six confirmed cases of paratuberculosis from the Mount Evans/Grant
herds have been documented up to February, 1978 (Table 1) Das-
criptions of the clinical disease, gross, and hiscopathology in bighorn
sheep are, however, based on five cases. Case #2, a mature ewe, was

subclinical; she was not showing clinical signs and all syscems
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TABLE 1.

sen of FPa ubereulosis

Bighn ocky Mountain Goacs in Colorada
Species Date Age Jex Location
Bighorn 1972 & male Mt. Evans
Bighorn 1=26=T7 & femnle Mt, Evans (Subclinical)
Bighorn G=18=77 & male Grant, Colorado
Bighorn 5=20=77 & male Mt. Evans
Bighorn L=30=T77 10 male Grant, Colorado
Bighorn 1-2=-78 7k female Grant , Colorado
Roeky Mtn.
Goat 2=21-78 2y male Mt, Evans
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appeared grossly normmal on examination.

PFaratuberculoaias in I:‘JLEImm ﬂh“.E_-

Gross Pathelogy: All the sheep exmmined were emaciated, had dry,

rough hair coats and diarrhea, Submandibular edemn vas noted in three of
the sheep examined, Honspecific lesions such as serious atrophy of fat
depots, submandibular edema and generalized muscle atrophy were associated
with the emaciated state of the animals., Marked subsercsal edema was
present in the jejunum and {leum, Afferent lymphatics from these
roglons vere cpague, thickened and torturcus. Mesenteric lymph nodes
were greatly enlarged (2 to 3 times normal size) and edematous. The wall
ef the jejunum and ileun was thickened and in some cases corrugated,

Histopathology: Microscopic features consisted of granulomatous

enteritis, lymphangicis, and lymphandenitis. The primary inflssmatory
cells were large epithelodid macrophages and, in three casesz, multinucleated
glant cells. Cellular Infiltration disrupting normal architecture of the
intestinal wall was present In the lamine propria and submucosa of the small
intesctine and cecum. In severe cases, cellular infiltrate alsco wvas
present in the spiral colon, MHecrosis or mineralization was not found,
Lyvmphangitis was sevdre in most cases with many vessels nearly occluded by
thickenad irregular walls and debris within the lumen, Inflammatory
cells were primarily epitheloid macrophages, and in two cases, giant cells
ware present in the mesentery and perilymphatic areas, Mild lymphocytic
perilymphatic infiltration also was present. Oranulomatous infiltrate

in the lymph nodes occurred primarily im the subcapsular regions of the

corbex. Again, the inflsomatory Inflltrate vas mosktly epitheloid
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macrophages with occasional gilant cells in three cases, In case #6,
tonsils were examined histologically and found to have gramulomatous focl
present, Acid=fast stains of cigssues Irom these animals revealed variable
numbers of acid=-fast bacilll present within the phagocytle Inflammatory
cells of intestine, lymphatics, lymph nodes and, in one case, tonsil.
Subclinical Case #2: On histopathologlc examinacion of tissues mild
lesions typlical of paratuberculosis were found. Aclid-fast stains dem=-
onstrated only & [ew bacteris within phagocytic cells of chese tissues,

Paratubsrculosis in Rocky Mountain Goat.

Gross Pathology: Clinical signs seen in this animal were similar teo

those described for bighorn sheep = emaciation, dry rough halr coat, and
diarrhea. Gross examination, however, réevealed somewhat different lesions,
Subsérosal edems was nob présent., Hesentéric nodes were massively enlarged
and yellowish areas Indicating the presence of neécrosis were seen through

the méséntery and on eut surface. The intéestinal tract was diffusely
hyperemic and a fibrinc-necrotic membrane was present im the ileum, This
was probably related to a secondary bacterial infection. The small

intestine was greatly thickened. A 3 em. abacess in the wall of the {leum
and adheasicna batween ileum and peritoneasl wall were present. The lymphatics
were opaque but not thickened to the degree seen in bighorn sheep.

Histopathology: On histopathologic examinationymassive granulomatous

enteritis was present in the jejunum and ileum, Leoss extensive lesions
were presant in the duodeneum, cecum and spiral colon., Granvlematous
lymphadenitis was also present. Inflammatory cells especially epitheleid

macrophages and nmearpus large multinucleated glant cells were obvlouws
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throughout.” HNecrosis was present in many areas of dense cellular infiltrate.
Extremely large mmbars of acid-fast organisms were demonstrated within the
phagocytic cells. Fecal emears stained by both acid-fast stains and the
aurmmine=-rhodamine method indicate that the goat was shadding extremely

large numbers of M. paratuberculosis in che feces.

Preliminary lymphocyte stimulation work using blood from the Grant
gheep indicated approximately 30 parecent infectiom race (6 or 7 nnhunli}
in thia herd.

DISCUSSION

From the description of the lesions found in the five clinical cascs
of paratuberculosis in bighorn sheap it can been seen that the discase
appears to be similar co cthact described in caccle., The disease in Rocky
Mountain goacs appears to be more like that described for domestic sheep
and goats. The extensive granulomatous reactiom, the large mumbers of
bacterla present, and the relatively voung age of this animal may indicate
that mountain goats are more susceptible to this disease than are bighorm
sheep.

The subclinical case of paratuberculosis is of interest in that she
may have been a carrier of the organism and was more likely only at an
early stage of the diseasxe, The fact that subclinical cases exist, and
mimals may be shedding Infective organisms is an Important consideration
to the épigootology of the disease. The massive numbers of bacteria
being ahed in the feces of the mountain goat is also important, Hore
goat caseés are needed to adequately describe the disease in this species.

Several important questions should be considered in regards to the
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diagnosis of paratuberculosis within these two herds. First, how did the
organism become eéstablished in this area? Paratuberculosis, while it is
important in many aréas of the United 5tates, has not been diagnosed by

the Colorado Veterinary Diagnostic Laboratory in animals in Colerado for
twenty years. A possibility is that bighorn sheep and mountain goat
populations contracted the discase from domestic species. A second
possibility is that Rocky Hountain goats, transplanted imto the Mount

Evans area in early 1960,may have been infected and it has taken nearly

18 years for the disesse to become established to the present degree,

The extensive lesions present in the goat case gives support of this theory.

A second question is what other species may be or become infected with
this strain of M. paratuberculosis? It is known that most strains readily
infect domeatic cattle, sheep and goats. Though this work has not vyer
been dona, we strongly suspect that this bacteria will infect domescic
ruminants as well as other wild ruminant spacies (mule deer, elk) where
ranges everlap with Infected sheép or goat herds. Cross tranemission
studiecs are needed te clarlfy this question and to determine the importance
of this problem.

What steps should be caken to control or eradicate the discase in
thiz area? Survey work to determine the rate of Infectien is pecessary.
More data on the epizootology and character of paratuberculosis in wild
ruminants is necessary before ratiomal steps can be taken. The lymphocyte
stimulation test may be an important tool in this regard but Lt 1s still in
the developmental stages, Fecal cultures preésently are being rum In an

attempt ko détect those animals shedding organisms. The lyvmphoeyte
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stimulation test together with fecal culture may be a good way of diag-
nosing paratuberculosis and giving information as to the preval nce of the
disease in these herds,

Control of the disesse is a4 difficult problem, Treatment for
paratubsreulosis is not presently available, Vacecination programs in
Europé have had moderate succeéss in decreasing the number of clinical cases,
Howewvear , some vaccinated animsls will stil]l contract the disessze and shed
arganisms in theé feces, Detéction of infected animals and their removal
from the herd also may be a possibility. This {s a méthod employed by
demascic livestock farmers in controlling paratuberculosis in thelr
herds.

Clearly, paratuberculosis is an important problem in this particular
herd and maybe of significance te other bighorn sheep and Rocky Mountaln
goat hards or to other domestic and wild ruminants in the area. If the
digeasze was in fact brought into the herds by vay of infected Rocky
Hountain goats, this hecomes an added risk when considering transplanting

animals into other ranges.
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