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EFFECTS OF CONTROLLED CONTACT EXPOSURE BETWEEN HEALTHY
BIGHORN SHEEP AND LLAMAS, DOMESTIC GOATS, MOUNTAIN GOATS,
CATTLE, DOMESTIC SHEEP, OR MOUFLON SHEEP

WILLIAM J, FOREYT, Dapanmant of Valerinary Merobiology and Pathology. Washington Stata Univarsity,
Pullman, WA 09164

Abzlract.  In separate expenments under controlled condibons, capbve Rocky Mountam bighorn sheep
[Owiz canadensis canadensis) waere placed on pasture with |lamas (Llama glama), domestic goats,
rmadntain goats (Oreamnos amancana), catlle, and mouflon sheep (Ovid musimon) 1o detarmins the
pffacts on the bighorn sheap, In an addiional exporment, two domestic shesp and two bigham sheep
wers placed logether in an Solation faciity, Essentially all bighom sheep, domestic goats, domestic sheap,
catile, mountain goats, and mouflen sheep were pharyngeal carers of Pasfevwrella haemolylica when the
contact experiments began. The mosi common serotype of P. heemolylica reacted in antisera to T3, 4,and
10. Pasfewveila haamolytica was nol isolated from the three Nlamas used in these expariments nor from
14 additional llamas sampled. Bighom sheep remained chnically healthy during and afler contact with
llamas, catle, mountain goats, and domestc poats, but all bighorn sheep died from - acute

bronchopneumonia after contact with domestic sheep and mouflon sheep.

Respiratory disease caused by Pasfeursls
haemolytica in Rocky Mountain bighom sheep is the
mos! important disease affecting their survival in
MNorth America. Catastrophic mortality and poor
lnmby sundval from sunddng ewes are the bwo major
charatlenstics assoclaled with these pasumonia
episodes in bighorn sheep (Onderka and Wishart
1884, Coggins 1888, Foroyt 1989, 1990). Previous
resanich mdicates that bighomn sheep are highly
suscapiible to respiratory diseasse [(SEflow ol al,
1881, 1883), and a vanety of faciors including
lungworms, viruses, baclera, and siress
components can be important in tho respratony
disease complex (Spraker ef al. 1884, Foreyt
1990).

Experimental contast sfudies betwesn domastic
sheep and bighom sheep under caplive conditions
resulted in significant mortality due to preumonia in
thi highorn sheep, and no mortality or respiratory
dissase n the domestic sheep (Foreyt 1989, 1390,
1882a). Fastewrolln haomolytica, predominanily
biotypa A, serotype 2 (A2) was the usual organism
solated from the lungs of the dead bighom sheep,
FPasiewsila haemolylica AZ is a Common organsm
carred in the pharyngeal area of domestic sheep
(Thompson et al. 1977, Frank 1982}, bat rarely is
solated from healthy bighamn sheap (Dunbar et al.
18080). Expermentally, P. haemalytica A2 fram
healthy domestic sheep inoculated intratracheally

into bighorn sheep and healthy domestic sheap,
resulted in acute fatal pneumonia in 7 of 8 of the
inocutated bighorn shesp, whereas the domestic
sheep and non- conlact bighom sheep remained
healthy (Foreyt ot al. 1984), The inoculum strain of
P. hasmalyfica A2 was évaluated by & genomic
fingarprnting technique known &5  rbotyping
(Snipes et al, 1892), and the ribotyps in the
Inoculum was the same ribotype recovered from all
the desd bighorns.  This experiment indicated that
some strains of P haemolyfica from  healthy
domesbc sheap ars lathal in bighom shesp, Basad
on all published data, contact between domesfic
sheep and bighom sheep must be aveided fo
prevent the morality associated with those sirains
af P. haemolyfica in dameéstic sheep that are lethal
in bighorn sheap,

The purpese of these studies was 1o detarmine
the compabbiity of bighom sheep with other
ungulates thal may potenlially have close contact
with bighom sheap in wild or captive situations.
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MATERIALS AND METHODS

Six experments were done with Rocky
Mountain bighorm sheep al Washinglon Stale
University, Pullman, Washington, by placing other
ungulates with them on common pasiure o
delermine whether the animals were compatible for
disease ransmission and sundval. All animals were
grazed logelher on common pasture for 60 days,
unless specifiad, and were clinically healthy at the
initimbon of each expanment.

Microbislogy Techniques

Al the beginning and end of each expedment,
pharyngeal swab samples were collected from all
animals for bacteral isolations, A harp speculum
was used to hald the mouwth apan and restrain the
tongua. Afier the pharyngeal anea was absarved, a
storiln polyester-ipped applicalor swab (Specirum
Laboratosies, Inc., Houslon, Texas, USA) was used
o rub the pharyngeal ares briskly, removed, and
transported to WADDL, Pullman, Washington. All
swabs were streaked onto 5% shesp blood agar
plates within 2 hr of collecBon lo.maxdmize solation
of P. heemolytica (Wild and Miller, 1981).

solation and identification of P. haemolytica
wias accomiplmbved by the methods of Snipes et al.
(199:) , bat hemolysis. on 5% sheep blood agar or
prowth on MacGonkey's agar were nol requisites
for enbification (Onderka el al, 1888, Wild and
Miller 1881). All P, haemolyliica isolatos were
identified o serolype by rapid plale agglutination
(Frank and Wessman 1978). Il an solale cross-
rencied belween or among serotypes, all were
lested.

Al the beginning of each experiment, nasal
swab samples (Maron Sdantific Viral Culturette,
Marion Scientific, Kansas City, Kansas, USA) were
collected for wirum evaluabon. Specmens wers
ingculated ante oving fetal tracheal calls and bowvins
urbinate calls for two passages ot 10-day intanals
and were @mmined daity for cytopathic effect
(Castro 18892), Addiional spedmons were lested for
respiratory syncylial virus by use of solid phase-
enFyme immunoassay (Abbott REV ElA, Abbol
Laboratories, South Pasadens, Caldfornia).
lsolation of Chismpdia spp. was nol allempled.

Fecal samples from all animals wars svaluated for

fungworm  lanme by a modified Basrmann
technique (Beane and Hobbs, I983).

Experiment 1 -Bighom Sheep and Mouflon Sheep.

Skx baghom sheep and 5 mouflon sheep (Table
1) were placed together in 8 0.4 ha pen which
containad vanous grasses, and a shefter. Trace
minaral sall, alfalfa hay, alfalfa peliets and waler
were avadable at all imes. The bighorm sheep had
been in caplivity at Washington State University for
approdmately one year and consisted of ewes and
rams ranging in age from 1 o 3 years. The
mouflon sheep were oblained from a privale game
farm and were rams and ewes ranging i age from
110 7 yedars.

Experiment 2 - Bighom Sheep and Domestic Goats.

Two bighom shaap and 3 domestc goats were
placed together in the same pen and held under
the same conditions as described n experdment 1.
The bighom sheep vearling rams had been in
capliity all of thelr lives while the welhar yearling
goats were purchased from a local vesiock
Buehan,

Experiment 3 - Bighom Sheep and Mountain Goals.

Mo bghom sheep and 2 mountain goals were
placed together in a 0.8 ha pen which contained
various grassas pinge tress and a sheller. Trace
mineral salt, alfalfa hay, alfalfa pellets and frash
walter were avallable af all tves. The bighomn
sheep composad @ breeding herd that had been in
capiivity for appraximalaly 6 years and included a 6
yr-odd ram, a 2-yr old ram, and 7 adult owes The
mowman goats, obtained rom a commerncizl zoo,
were T mo-old male kids.

Experimant 4 - Bighom Sheep and Llamas

Subsequent to experiment 3, the same nine
bighoin sheap were placed together with 3 llamas
and mainiained in the same manner and pan
described in experiment 3, The llamas were
geldings between 1 and 4 years old that had been
donaled to Washinglon State Universaty, A total of
17 llamas were initially samplad in an attempt to
find 3 that were camiers of P. hsemolyfica. Nane
was found, therafore, 3 easdly accessthle lamas
were chosen.

Experimant 5 - Bighom Sheep and Catlle

Four bighom sheep and 3 caftle were placed
togothar in the pon described In expadment 1. The
bighom sheep were 8 mo-old lambs (2 males and



2 females) that wers obtained from Wilkdhorse
Island on Flathead Lake in Montana one maonth
prior to the experiment. The caitle were Holstein
steers thal weighed approgmately 200 kg each

Experiment 6 - Bigharmn Sheep and Domestic
Gheap
Two yearfing bighom sheep rams and 2
castrated yearling domestc sheep were placed
i an indoor Bolaton facility 4 x 7 m. Traca
mineral sall, alfalfa hay, hay pelleiz, and fresh
waler were available at all imes.

Evaluation

All animals were observed al least twice daily
for signs of respiratory disease, |1 ammals
devaloped respiralory disease, they were
euthantzed with an intravenous injection of sodium
pentobarbital. All dead sheep were submitled 1o
WADDL for complele necropsy evalualion.
Bactenal molations on blood agar ware attemplad
from fissues including tonsil, liver, branchial lymph
nodes, splesn, and lungs. Represeniative issuss
ware foed in 10%  bulfered formalin, sectivned at 5
pm, and slained in hemalooydin and eosin for
microscopic evaluation, A phanyngeal swab sample
was collected from most sundiving  animals
approsomaiely 50 days after the animals wars
placed together.

RESULTS

Al the Initiaton of each oxperiment, P
haemolylice was isolated from all animals sxcepl
tha 3 lamas and 1 bighom sheep (Tables 1 - 6)
The most common isolate of P hoemolytica
reacied in anbisera o T3 4,and 10, Virnvses were
not molated from any animal, and lungworm lanvae
wiare dotected i low numbears (<10 per gram of
feces) in approdmately half of the bigham shesp.

All animaks  survived and remained hoalithy
(Tables 1 - 6} excapl the bighorn sheep in contact
with moufion sheep (expariment 1) or domeslic
shoap (expariment ). All S bighom sheap died on
days 41 or 42 after initial contact with the mouflon
sheap (Table 1), and the 2 bigharn sheep died on
days & and 8, respactively, after initial contact with
domestic sheep (Table 6). Al necropsy, all bighom
sheep were in good body condiion with adequate
amaunts of body fat Lesions wera stmilar o i 7
bighorn sheap that died and were charactenstic of
acute, bdne-hamarrhagic pneumonia and pleurits
Up o B0% of lung volume was dark red and

consolidated with modarale amounts of adherent
fibrin. ©On cut surface, lungs were diffusely
edematous with prominent interlobular  septa.
Regional lymph nodes (mandibular, canvizal,
tracheobronchial, mediastinal) were moderalely
enlarged,

Histologically, pulmonary architecture was
diffusely and severely altered by large areas of
necross margpnated by densely packed or clumped
neulrophils and macrophages. The pleura was
markedly thickened by fibin deposits, and
siubpleural spaces and interlobular septa were
widenad by collections of fluid and exudale,
Donsaly basophilic bacterial colonies were mixed
wilh the cellular exudales, especially in lerminal
bronchioles and remaining air spaces. Adjacent
alveolar capillary endothefium was disrupted, and
fibrin thrombl were common within these blood
vassals.

The primary biotype and serotype of P
haemolyfice recovered from fssues of dead
baghorns was A2, which had nat been recoverad
from the bighorn sheep ot the inkiation of the
experiment. None of the isolates recovered from
bighorn sheep at the inillation of the experiments
were lowe as determined by the neutrophil
saradnily lesd (Siflow et &l 19090), bul all biokype A
isolates recovered fram dead bighorn sheep after
contact with moufion sheop weie tooc (Tabde 1), A
toxic hiotype A untypeable serotype of P
haemalyfica was rocoversd from one of the
maoufion sheap indially, but no loxic Bolaios wera
recovered from mouflon sheep at the termination of
the esxpenment (Table 1), Tomotes were nol
evaluated from domestic sheep and bigharn sheep
in experiment 6, but P haemolyfica A2 was
datacted in both domesbc sheep at the inliabon of
the experiment and in both dead bighoms at
necropsy (Teble &), Toxic isolates of P
haemolytica were not detecled in  the domestic
goats, mountsn goats, lamas, or callle (Tables 2 -
5).

MSCWUSSION

As  indicaled in  these expenments K P
haemolyfice s delected commonly from a vanely of
healthy ungulatés including bighorn sheep, cattie,
domastic goats, mauflon sheep, and domesbe
shoep, Pnaumonia in bighorn sheap caused by P,
haemolylica can ocour with or wilthout contact with
other ungulates (Miller et al. 1981) and o 5 now



claar thal some sorolypes of strains of P
hoomolyfica camied by some animals are likely to
result in fatal pneumonia in bighom sheesp (Formd
ot al. 1984), The curment results suppar previously
published rescarch which  documenied The
incompatibiity betwesn domestic sheep and
bighom sheop (Onderks and Wishart 1888, Foreyl
1888, 1650, 1892a). Based on current results and
previous findings (Callan et al. 1891), close contact
betwesn mouflon shesp and bighorn sheep also is
likely to result in fatal pneumonda in the bighom
shesp,

Contact experimants babwean bigharm sheep,
domestc gaats, lamas, caftle, and mountain goats
did nof result in respiretory dsease o death of any
of the animals. Based on our experience with
bighom sheep, P. heemolylica AZ s the most
sanious pathogen of bighom sheep. Toxcity studies
ngw in progress in our laboratory, indecale thal the
A biotypa of P. haemolytica, primanly serotype 2,
frequently i towse in biood neutrophils in vitre and o
bighom sheep in wwo, whoreas the T beolypo
usyally = nontoge o blood peutrophils and to
bighorm shesp. Only molales of P, haemaldics
bectype T waie detected in the catfle and domestic
poats used in thess sypaniments, therefore, to fully
understand the compalibity status of these
animals, similar work should be repeated using
caltle and goats thal are known carmiess of tha A
Deoity p

MANAGEMENT RECOMMENDATIONS

As oo resuli of these and provious studies,
specific management recommendalions can be
made. Al contact between baghorn sheep and
domestic sheop or mouflon sheep mus! ba
proveniad or il i likely thei the bighom shesp wll
die from pneemonia sfter close contact with these
species. Based on avalable data, bighom shoep
contact with wolk (Cervuz elaphur), deer
[(Odocoreis  wirgirdanus  and O hemons
hemionus), mountain goals, of lamas apparantly
does nol resull m dizeasa in bigham
sheep (Foreyl 19820, this study). Triads with
domestic goals and caltle did nol resull in
respiralory disease in bighomn sheep under the
condimnns described in this expenmant. However,
samilar inaks need o be conducied with domessc
goals and cattle thal are camiers of P. haemolytica
bictype A 1o determine the effecls of those
organiams on the healih of bighom sheep.
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