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EFFICACY OF IN-FEED FORMULATION IVERMECTIN AGAINST
PSOROPTES SP. IN BIGHORN SHEEP

William J. Foreyt

Department of Veterinary Microbiology and Pathology, Washington State University, Pullman, Washington 99164-
7040, USA

ABSTRACT: Four Rocky Mountain bighorn sheep (Ovis canadensis canadensis) were experimen-
tally inoculated with Psoroptes sp. of bighorn sheep origin by placing approximately 50 mites
into each ear. Two sheep developed reproducing mite colonies and lesions consisting of alopecia,
and exudative dermatitis with scabs on ears, face and neck. Three months after inoculation, all
four sheep were treated with an in-feed formulation of ivermectin at a dosage of 1 mg/kg of
body weight in a pelleted ration daily for seven consecutive days. Mites could not be detected on
any of the sheep 1, 2, or 3 mo after treatment, and lesions on the affected sheep resolved within
6 to 8 wk after treatment. Thus, under these conditions, ivermectin was completely effective in
eliminating the mites; it also was palatable and nontoxic. Use of ivermectin in pelleted feed for
field treatment of psoroptic mange is encouraged.
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INTRODUCTION

Psoroptes spp. are surface-feeding mites
that cause psoroptic mange or scabies in
bighorn sheep (Ovis canadensis). During
the last decade, prevalence of Psoroptes
sp. in bighorns has increased dramatically,
and mites have been recovered from big-
horn sheep in several states including Ar-
izona, California, Idaho, New Mexico, Ne-
vada, Oregon, Washington, and Wyoming
(USA) (Boyce, 1990a; Foreyt et al., 1990;
Muschenheim et al., 1990b). Sheep affect-
ed by Psoroptes sp. often exhibit alopecia,
exfoliated epidermis and dried serous
crusts. Lesions usually are most prominent
on ears, face and neck, but in severe in-
festations, lesions are extensive on many
body areas, and sheep mortality may result
(Lange et al., 1980; Welsh and Bunch,
1983; Foreyt et al., 1990). Psoroptic mange
of bighorn sheep is aesthetically unac-
ceptable; it also can affect game manage-
ment program objectives. Control of pso-
roptic mange in bighorn sheep is difficult
under field conditions, but can be a man-
agement objective for herd health and big-
horn transplant programs. The purpose of
this experiment was to evaluate the effi-
cacy of in-feed formulation ivermectin
against experimental infestations of Pso-

roptes sp. in bighorn sheep under con-
trolled conditions.

MATERIALS AND METHODS

Four 2-yr-old castrated male Rocky Moun-
tain bighorn sheep (Ovis canadensis canaden-
sis) were raised in captivity from birth. Esti-
mated weight of each bighorn was 60 kg. Sheep
were acclimated and maintained in an indoor
pen (10 m x 10 m) with concrete floor for 2
mo before initiation of the experimental infes-
tation. Bedding consisted of wood shavings and
was changed weekly. Original source of the mites
was from naturally infested wild Rocky Moun-
tain bighorn sheep captured near Troy, Oregon
(45°57'N, 117°27'W) (Foreyt et al., 1990). These
wild sheep then were maintained in captivity
for 6 mo before the trial began and appeared
well acclimated to captivity. Mites were ob-
tained from the ears of two donor-infested big-
horn sheep by scraping the ears with a dull
knife. Mites were counted using a dissecting
microscope (40x) and approximately 50 live
mites (larvae, nymphs, and adults) were trans-
ferred along with sloughed epithelium (scabs)
manually with a gloved hand deep into the au-
ditory canal of both ears of each recipient sheep.

The two infested donor sheep, a ewe lamb
and yearling ewe, were maintained in a separate
building as positive infested controls, and two
uninfested bighorns, 3-yr-old castrated males,
were maintained in a third building as nonin-
fested controls.

All sheep were examined for mites a mini-
mum of three times before mite inoculation, on
the day of inoculation and at one month inter-
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vals until 3 mo after treatment. Control sheep
were examined at the same times as the treated
sheep. For examinations, all eight sheep were
restrained physically, and ears were examined
for mites by gently inserting a cotton-tipped
swab into the ear canal and rotating several
times with firm pressure. One swab was used in
each ear. Swabs and debris were withdrawn,
transferred to glass vials, and all swabs and vials
were examined for mites using a dissecting mi-
croscope (40x). Mites were not counted, but
were recorded as present or absent.

A 6% in-feed formulation of ivermectin
(Merck, Sharp and Dohme Research Labora-
tories, Rahway, New Jersey, USA) was obtained
on an experimental basis and was mixed and
formed into pellets with a ration of alfalfa (65%)
and barley (35%), at the Washington State Uni-
versity Feed Plant, Pullman, Washington. Final
concentration of ivermectin was estimated as 60
mg/kg of pelleted feed. Therefore, based on an
allotment of 1 kg of medicated feed per animal
per day, each treated sheep theoretically con-
sumed 60 mg of ivermectin, or 1 mg of iver-
mectin per kg of body weight. Sheep were ac-
climated to nonmedicated feed of the same
composition for the 5 mo prior to treatment;
then 3 mo after mite inoculation, ivermectin-
medicated feed was substituted for seven con-
secutive days in early May 1991. The allocated
4 kg of medicated feed was fed in the morning
(0800) by dividing the medicated feed between
two feed troughs, and if all medicated feed was
consumed, additional nonmedicated feed of the
same composition was given free choice in the
afternoon. Remaining feed was removed in the
afternoon (1700) to ensure the sheep were hun-
gry each day. After the treatment period, non-
medicated feed of the same composition was
fed for the 3-mo posttreatment period. Non-
medicated feed of the same composition was
fed to the infested and noninfested control sheep
throughout the experiment.

RESULTS

Mites were not detected in the ears of
the four inoculated sheep before exposure.
Two of the four sheep inoculated with Pso-
roptes sp. developed severe mite infesta-
tions and clinical mange during the 3 mo
postinoculation period. Mites were not re-
covered from the other two inoculated
sheep in the same room. The infested sheep
had hundreds of mites in the ears; hair loss
on the ears, face, and neck was obvious.
Lesions were most severe on and in the
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ears, and consisted of alopecia, and serous
exudation with scab formation. Concentric
rings of sloughed epidermis completely
filled the auditory canals of both sheep.

Medicated feed was eaten within 2 hr
each day, and signs of unpalatability or
drug toxicity were not observed. Based on
observation, each sheep ate similar amounts
of medicated feed. Mites were not recov-
ered from any of the four treated sheep 1,
2, or 3 mo after treatment. Lesions of the
two clinically affected treated sheep re-
solved and new hair replaced the lost hair
within 6 to 8 wk after treatment.

The donor-infested control sheep re-
tained mites and lesions throughout the
experimental period, and mites were not
recovered from the two unexposed, un-
infested control sheep at any time. Lesions
on the infested control sheep were similar
to the infested treated sheep at the time
of treatment, and remained throughout the
experiment.

DISCUSSION

When fed in pelleted feed at an ap-
proximate dosage of 1 mg/kg of body
weight for seven consecutive days, iver-
mectin was palatable, nontoxic, and com-
pletely effective against Psoroptes sp. in
the two severely infested bighorn sheep.
No deleterious effects associated with iver-
mectin were observed. Although only two
infested sheep were evaluated for drug ef-
ficacy, all mites were killed and all lesions
resolved. Reasons why the two other in-
oculated sheep remained free of mites,
even though they were given mites and
were maintained in the same room with
the infected sheep, were not clear. How-
ever, these two treated sheep also served
as additional drug safety monitors at this
drug level. Although the exact amount of
feed each sheep ate could not be deter-
mined, based on personal observation, each
sheep ate approximately equal amounts of
alloted feed per day.

Usual treatment for psoroptic mange in
ruminants is a subcutaneous or intramus-
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cular injection of ivermectin at dosages be-
tween 0.2 and 1.0 mg/kg of body weight
(Kinzer et al., 1983; Drummond, 1985;
Fink and Porras, 1989). Parenteral admin-
istration of ivermectin results in higher se-
rum and longer residual serum concentra-
tions, and higher efficacy against blood
sucking arthropods than oral administra-
tion (Drummond, 1985; Fink and Porras,
1989). Therefore, oral ivermectin dosages
should be higher than parenteral dosages
to achieve high efficacy against these ar-
thropods in ruminants.

From previous reports in bighorn sheep,
single doses of ivermectin administered
parenterally at dosages of 0.2 to 1.0 mg/
kg of body weight do not consistently kill
all mites and several treatments may be
necessary for efficacious results (Kinzer et
al., 1983; Muschenheim et al., 1990a; For-
eyt, unpubl.). Lack of efficacy of iver-
mectin at 0.2 mg/kg of body weight has
been noted in many other species as well
(Meleney et al., 1982; Wright and Guillot,
1984a, b; Guillot et al., 1986; Garris et al.,
1991; Bates and Groves, 1991). This lack
of efficacy of ivermectin at 0.2 mg/kg of
body weight is why I increased the con-
centration of ivermectin and the length of
feeding time in the present experiment.

For bighorn sheep management, it is
unlikely a single dose of ivermectin can
achieve 100% efficacy against Psoroptes
sp. in a herd under field conditions; some
treated sheep will retain live mites for sev-
eral days after treatment, resulting in po-
tential transmission to other sheep. Any
untreated sheep act as reservoirs. Pso-
roptes ovis was introduced accidentally
into several bighorn populations in Oregon
and Washington with mite-infested sheep
captured in Idaho, treated with a single
subcutaneous dose of ivermectin at 0.2 mg/
kg on the day of transport, and released
into a population of uninfested sheep (Fo-
reyt et al., 1985, 1990). For sheep to be
transplanted, elimination of mites before
trapping and moving is more rational than
treating only on the day of transport be-

cause of the potential for transmission to
uninfested herds in new areas. Treatment
of individual animals with injectable or
topical drugs requires excessive labor, and
can result in stress, capture myopathy, in-
jury, or death to treated animals. It also is
difficult to capture or treat all individual
animals in an entire herd of sheep at one
time. Use of a subcutaneous ivermectin
implant designed to release therapeutic
levels of ivermectin over time has been
investigated on a limited number of big-
horns (Boyce et al., 1992), and may elim-
inate mites from sheep populations if im-
plants can be delivered to all sheep in the
population. Long-term resistance to rein-
festation with Psoroptes sp. did not occur
when treated and cured animals were
reexposed to mites 2 to 5 mo later (Guillot,
1981). Thus, it is unlikely that resistance
to reinfestation occurs in bighorn sheep,
and because reinfestation is possible, the
elimination of all mites on a herd basis
rather than an individual basis is impor-
tant.

Other wildlife species, such as mule deer
(Odocoileus hemionus hemionus) can po-
tentially be reservoirs for Psoroptes sp.
(Boyce et al., 1990b), further complicating
eradication efforts in bighorn sheep. In my
laboratory, four uninfested mule deer
fawns placed on common pasture with in-
fested bighorns developed reproducing
colonies of Psoroptes sp. in their ears only,
and the mites were retained for several
months after acquisition, indicating their
potential reservoir status for transmission
(Foreyt, unpubl.) The role of other wildlife
and domestic species in the epizootiology
of Psoroptes sp. has not been investigated
thoroughly (Wright et al., 1981), but it is
likely that Psoroptes sp. from bighorn
sheep can survive on several sympatric
hosts (Boyce and Brown, 1991).

One pragmatic approach to treating wild
bighorn sheep with psoroptic mange is to
incorporate therapeutic concentrations of
an efficacious drug in a feed that is readily
eaten. Based on the results of this experi-
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ment, one may achieve complete elimi-
nation of Psoroptes sp. with in-feed for-
mulation ivermectin. With a pelleted
medicated ration, the drug cannot sepa-
rate from the feed by settling, rain, wind,
or avoidance by selective sheep. Calcula-
tion of drug intake is based on total con-
sumption of supplemental feed by animals
in the herd. In field situations, efficacy of

drugs fed orally will be contingent on pal-

atability, amount of drug eaten, length of
time the medicated ration is consumed,
and sufficient consumption by all animals
in the herd. Supplemental feed medicated
with ivermectin also could be used to po-
tentially reduce Psoroptes sp. infestation
in ruminant reservoir hosts, thereby min-
imizing cross-transmission to bighorn sheep
in sympatric populations. Oral ivermectin,
as used in this study, appeared to be effi-
cacious against Psoroptes sp. by resulting
in adequate, sustained bioavailability in
plasma to kill all feeding mites, and the
larval mites that hatch after treatment.
Ivermectin also is effective against a broad
spectrum of arthropods and internal nem-
atodes; thus, strategic use of ivermectin in
feed as part of a comprehensive manage-
ment plan could potentially improve over-
all herd health, reproductive rates and sur-
vival of bighorn populations, especially in
areas where parasites significantly affect
population growth. Similar trials with larg-
er numbers of naturally infested sheep must
be conducted to verify results obtained
from the experimental sheep before final
conclusions and recommendations can be
made.

Representative specimens of Psoroptes
sp. were deposited in the U.S. National
Museum Parasite Collection, Beltsville,
Maryland 20705, as Number 82194.
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