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ABSTRACT

Eight rocky mountain bighorn sheep (o. c. canadensis) were trans-
poreed from Wildhorse Island, Montana to Twisp, Washington in January,
1979. The two rams and six ewss were adminisrered Clostridium vaccine,
selenium, Vitamin E, long acting penicillin, and bicarbonace of soda
prior to transport. Four of the sheep were adminiscered albendazele at
20 mg/kg of body weight.

Albendazole was effective against Protostrongylus spp. and other

nematodes present in the treated sheep, indicating the usafulness of

albendazole in eliminating parasites.

INTRODUCTION

The lungworm-pocumonla complex is a major mortaliry factor for Rocky
Mountain bighorn sheep (Ovis ¢. canadensis} populations in Nerth America
{Buechner 1960, Forrester 1971, Uhazy et. al., 1973, Schmidr er. al., 1579).
Mortality is che result of bacterial invasion of lusigs that have been damaged
by lungworm infections (Forrester 1971). The pneumonia that precedes death

is generally due to a combination of lungworms (Protostrongylus spp.), bacteris

(Corynebacteria or Pasteurella spp-) and a wirus (Parainfluenza 1) (Forrester,
1971).
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Mortality most [requently occurs Ip lambs because prenatal lupgworm
infection cccurs and maturing lungworms in young lambe overwhelm them
before they are 3 months of age (Schmide er, al. 1979). In populaticns
where lungworm infection produces high mortality, recrultment of lasbs
inte the pepulation is less than the natural sortalicy of adults, resulting
in population extirpation.

The Life eycle of Protostrongylus spp. is Indicated in Figure 1.

It dinvolves the intermediste land snails of the families Pupillidae,
Valloniidae, and Zonitidae. Transplacental transmission of larvae
stored in somatle tissues of the pregnant ewe also occurs (Schmide et.
al., 1979).

In 1971, Rocky Mountain bighorn sheep, while once native to Washington,
were reintroduced. Presently thare are twe wild populations which
include o total of approximately 45 animals in the cascern part of the
gtate (Johnson 1980, these proceedings). The majority of these sheep
are infected with lungworms (Unpublished observatiom). Therefore the
potential exists for this infection to be a factor predisposing to
mortality. This report presents the results of testing a drug, albendarole,
to determine efficacy agsinst lungworms in bighorn sheep and the survival

rates of lambs from Ereated and untreated eves.

MATERIALS AND METHODS

Eight Rocky Mountain bighorn sheep were obbtained from Wildhorse
Island on Flathead Lake in Montana during January, 1979. Two rass and

& eves (Table 1) were flown by helicopter to the mainland and then
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Figure 1

Life cycle of Protostrongylus spp. lungworms in bighorn sheep;
(A) adult worms in lungs, (B) [irst stage larvae are passed in
feceg, (c) flrst stage larvae Infect snoils, (D) spalls ace

intermediate hosts, (E) sheep accldentally ingest snalls with

infective third stage larvae (drawn by E.H. Foreyt).
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transported by truck to a 3 acre enclosure at the Methow Hildlife
Eecreation Area, Twisp, Washingtop. Five ml of four-vay Clestridius
vaccine to prevent Clestridial infections; Jul of selenium and Vitamin E
(Bo-8g¢) to prevent white muscle digease, Tml of long active penicillin
to prevent secondary Ilnfection from transport,; 15 g of bicarbopate of
soda to prevent scldosls (cepture myopathy) vere given. All sheep were
tagged with large, colored ear markers, aged, and sexed. Fecal samples
were collected at the tise of release to decermine parasite burdens. At
that time, & sheep {1 ram and 3 ewes) were treated orally with albenda-
zole paste at approximately 20 mg/kg of body weight and & sheep were
left untreated (Table 1). Subsequent fecal samples were collected & and
16 weeks after treatment by observing each marked sheep until defecation

occurred and then collecting the fresh fecal pellets. A final sample

was collected from 7 of B adults and & of 6 lasbs 32 weeks after treatment.
Fecal sanples were anilyzéd for lungwors larvae with & Baermann
funnel as described by Forrester and Senger (1964) and for nematode eggs
with a modified sugar [lotation techmique (sp. gr. 1.27). Serum sasples
collected at the time the sheep were captured were tested for antibodies
againse PI-3, infectious bovine rhinotracheitis (IBR), bovine virus
diarrhea (BVD) and bluetongue (BT) wiruses, by Dr. J. Evermann, Department
of Veterinary Hierebiology and Pathology, Washingtonm State Uniwversity,

Pullman, Washington.

RESULTS

All sheep were passing lungworm larvae atr initiation of the experiment

(Table 1). Number of larvae per gram (LPC) of feces ranged from 3-104
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TABLE 1. RESULTS OF TESTS OF ALBENDAZOLE PASTE (20 mg/kg) FOR
ELIMINATION OF PROTOSTRONGYLUS SPP. IN BIGHORN SHEEP
TREATED GROUP Bumber of Protostromgylus
Shaep spp. larvae per gram of feces
Wby ooy Age 0 veeks® b veeks® 16 weeks® 32 weeks”
& b
Yi§ F 2 1/2 -1 o D NS
Yip F 212 3 o 2 10
¥23 F 112 6 0 2 1
Y78 H 11/2 9 0 0 a
{Average) 21.0 0.0 1.0 3.7
UKTREATED GROUP
Gal F 21/ ] b 18 2
Gk F 212 4 28 12 33
G37 F 1112 104 4 a3 24
42 M 1 12 13 §2 il 1
(Average) 33.5 0.5 31.0 15.0

"Neek of experinent.

b

HE = No sample.
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{mean, 48). Other parasite eggs or oocysts namely Trichuris spp.,
Hematodirus spp., strongyles, and Eimeria spp., were present (Table 2).

Fecal samples cellected & weeks after treatment indicated total
absence of eggs and larvaw from the feces of treated animals, suggesting
good efficacy asgainst adult Protostromgylus spp., Trichuris spp.,
Hematodirus spp. and strongyles (Tables 1 and 2). In nontreated animals
the nusbers of larvae were comparable to those at initiacion of the
experiment (Table 1). Ho adverse effects from treatment were noted .

Serologic tests showed & of the B sheep had titers against parainfluenza-
3 virus of 1:10 to 1:80. However, none had antibodies against bluetangue,
bovine virus diarchea, and infectious bovine rhinorracheitis wiruses.

Two lungworsm larvae each vere found in fecal samples collected 16
weeks posttreatment in I of & treated sheep. Feces of untreated sheep
contained essentially similar levels of lungworm larvae to those seen at
the beginning of the trial (Table 1). At 32 weeks after iniciation of
the experiment, all untreated sheep continued to pass larvae (average,
15.0 LPG), whereas only 2 of 3 treated sheep shed larvae and at low
levels (average, 3.7 LPG) (Table 1). Also, 1 adult sheep (¥ 20) had
four Parelaphostrongylus spp. LPG of [eces.

Coceidia (Eimeria spp.) were present in large numbers inm 6 of 7
adult and 4 of 4 lambs sampled (Table 2). Mo efficacy against Eimeria
spp. vas apparent. Ome lamb of the four sampled had 1 Protostrongylus
spp. LPG of feces; the others were negative.

Single lambs were born to all b ewes between May 10 and 18, 1979.

All eight adult sheep and six lamba survived the experiment.

- Pl -



TABLE 2. PARASITE EGGS AND OOCYSTS PRESENT IN

FECES OF EXPERIMENTAL SHEEP

Week of Experiment

Parasite o* f 16 k|
TREATED GROUP (4 ADULTS)
Trichuris spp. 2/4" o/f4 /4 0/3
Hematodirus spp. &f4 0/4 04 /3
Strongyles Ll 0/4 W4 2/3
Eimeria spp. &fh Lfa Lfk 213
UNTREATED GROUP (& ADULTS)
Teichuria spp. 4 /4 b4 214 114
Nematodirus spp. L4 414 214 214
Serongyles ifh Fy bk LT
Eimeria spp. if4 4l4 A 4l4
Laes® (6 TOTAL)
Strongyles - - HE 34
Eimeria spp. - - S Lk

.'Hr.ﬂhﬂ:l indlcate infecced/total.

b
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DISCUSSIO0N

Two subspecies of bighorn sheep are present in Washington, the
California bighorn (C. c. californiana) and the Rocky Mountain bighorn.
Both were extirparéd from the state, but have beeén successfully reintto-
duced since 1956.

Large scale mortalities of bighorn sheep have been recorded in
British Colusbia, Colorado, Idaho, Montana, and Wyoming, and pulmonary
disorders have been implicated as a factor in most of these incidents
(Huncer and Pillmore 1954, Buechner 1961, Forrester 1971, Johmson 1975,
Schmidt ec. al., 1979). It vas not decermined if lungworms were respon=
sible for the earlier population decline in Washingron, however lungworms

(Protostrongylus spp.) were present in more chan 50 percent of both

subspecies of bighorns in Washington that we have sampled during the
last two years {unpublished observation). The oumbers of larvae in
those samples were not as high as those indicated in the studies in
Colorado where up to 95 parcent of bighorn lambe die annuwally from the
lungworn poeusonis complex (Schmidt et. al., 1979). Reverthe=less the
potential for this complex to cause mortality in the Northwest exists,
and it cannot be overlooked in view of the lungworm prevalence in
Washington bighorns,; and the presence of the intermediate snail hosts im
sufficient numbers to maintain the transmission cycle. As bighorn
populations increase; the lungwors—pneumonia complex could become an
important component in the dynamics of bighorn populations.

One method of preventing lungworm infestations or reducing their
numbers would be to use an efficacicus anthelmintic. The drug could be
mixed in feed, salt, or given individually to animals when they are
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caprured for other reasoms. Recent taste by Schmide se. al. (1970)
showed that creating pregnant ewes with cambendazole or fanbenda=zole
resulted in aignificant survival of lamhs from treated ewes. Cashenda-
zole appeared to bhe effective against somaric larvae in the tissues of
pregnant ewes and againat larvae in the unborn ferus while fenbendazole
was highly efficscioun againse adule Procomtrongylus spp.

In the present experiment, albendazole was used as an oral paste.
This broad spectrum anthelmineiec has been reported to be efficacious
againzt a wide variery of internal parasites in domeéstie ruminants and

white~tailed deer (Odocoileus virginianus) (Theodarides er. al. 1976,

Benz and Ernst 1977, Herlieh 1977, Williams et. al. 1977, Faveyr and
Drave 1978). Albendazole has been reported effective against lungworms
{(Diceyocaulus viviparus) in reminants (Theodorides er. al., 1976, Bene
and Ernst 1977, Herlich 1977, Willfams et. al. 1977), but no previeus
tests against Protostrong¥lus spp. in ruminants have been réported.

Tramizol has been used in domeéstic ruminants for the conmtrol of D.

viviparus, bot it has been shown to be (neffective against Protostrengvlus

in bighorn sheep (Schmide et. al. 1979),

We appreciare the limired number of expensive bighorns used in this
srudy, but resulrs showed that albendazole totally eliminated larvae
from the feces of treated sheep b weeks after treatment. The few
larvae which were recovered from treated animals 16 or 32 weeks after
treatment may have resulted from pew {nfections or maturatfon of inhibited
stages of lungworm. These later possibilities could not be determined

without killing the animals and examining the lungs and somatlc tissues.
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The presence of Parelaphostrongylus spp. (another related species

of parasite) larvae in one ewe (¥-20) 32 weeks after treatment may
corroborate the fact that relnfection was occurring since the worm was
not detected in any sheep before this btime in the experiment.

Parslaphostrongvlus spp. is prevalent in deer in the area (Unpublished

observation), and its presence in oneé sheep possibly Suggests posCEreat—
ment infection via snail intermediate hosts.

It 1s obvicus that treatment with albendazole reduced the numbers
of parasites in the bighorn sheep, and albendazole should be one anthel-
mintic po consider for use in bighorn sheep if they can be caprured and
handled. The stratoegic use of albendazole could also reduce che number
end possible mffects of Protostrongylus spp. and other parasites om
bighorn populations. Further studies of penned and field populations

are noeded to evaluace cthe full impacc of albendazole creatment.
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QUESTION - RESPONSES

Lanny Wilson: Tom (Thorne), about 20 years ago the Wyoming Department Game
and ;155 crossed Rocky Mountain bighorn with domestic sheep to do, as 1 recall,

Tungworm work because they had so much difficulty handling the Rocky Mountain
sheep, this was at Sybille, and they couldn't even get them to take lungworm,

the hybrid vigor in those sheep was such that they couldn't even: fsn't that
right? There's never been & case in this cross.

Tom Thorne: It's not written up beyond some PR reports. It could be that
BilT didn't find it.

Bill Foreyt: I couldn't find one.

Tom Thorne: HWe have crossed them; we've gone clear up to, what comes after
778, well 7/B and then, you can 25 you Finally approach mostly bighorn, you
can get the Protostrongylus to take in them. And we have also learned pretty
much what he , that you shouldn't keep domestic sheep around bighorns 1f
you can help it, but again we've never published on that beyond a few pretty
remote PH reports.

Bi11 Forayt: Our ewes did not breed.

Tom Thorne: Well, I think, we breed both ways I beljeve, but 1'm not sure. But
anyway its been done.

Lanny Wilson: Yes,

Bil1 Foreyt: Glad to hear that.

Nike Goodson: Seems 1ike, I can't remember where 1 heard it; but maybe you know
U S, but I heard that you could cross bighorn with domestic sheep that

had horns, but they had trouble breeding them with hornless domestic sheep.

Does that apply to all herds.

Tom Thorne: 1've never heard on that one way or andther,

Rike Goodson: Odd the ones you were talking about, were the domestic sheep horned?

Tom Thorne: 1 really can't say, [ know that the hybrid éwes had horns. But, [

don't know whether the original domestic ewes did or not. 1 know you can cross

them with Mouflon and they don't have horns, the ewe Mouflon don't have horps.

Anonymous: Was there any indication of CM in the herd that you took the sheep
"r'rm;
B111 Foreyt: HNone at all.

Bill Wishart: Would you guess that cattle could be thrown {n also, the same as
mestic sheep?
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Bill Foreyt: 1 don't think so. 1 think that the domestic sheep 15 & much more
Sﬂiiiptibil carrier as far as the bighorn 15 concerned. 1 don't, Tom do you
want to comment on cattle; | don't think they would be as strong &5 Susceplibile

carriers?

Tom Thorne: 1 kind of agree. It's all empirical, but I'd kind of agree too,
based just on my own hunches.

Ano us; What was that time period again, from the beginning of the initial
o5%, or introduction of domestic sheep to the loss of the 13 bigharns?

Bill Foreyt: It took 6 weeks.
Anonymous: Only 6 for all 132
Bill Foreyt: It took 6 weeks for the out-break to be inftiated and then in

about 1ess than a week they were all dead. There were two waves of the out-
break, 7 died at once and then the next B died severa)l days lTater.
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