
Safety, efficacy, and tissues residues of ivermectin in reindeer 

Die ier ich , Robert AJ> 2 and C r a i g m i l l , A r t h u r L . 3 

1 A g r i c u l t u r a l and Forestry Exper iment Station, U n i v e r s i t y of A l a s k a , Fa irbanks , A l a s k a , 99775 U S A 
- Present address: G r e e n V a l l e y Veter inary Services, 1483 G r e e n V a l l e y R o a d , Watsonvi l l e , C a l i f o r n i a , 95076 

U S A 

3 Department of E n v i r o n m e n t a l T o x i c o l o g y , U n i v e r s i t y of C a l i f o r n i a , Davis C a l i f o r n i a , 95616, U S A . 

T h i s project supported in part by the Western Region IR-4 A n i m a l D r u g P r o g r a m . 

Abstract: Safety, efficacy, and tissue residues of ivermect in , a broad spectrum parasiticide, were determined in 
A l a s k a n reindeer (Rangifer tarandus). Reindeer treated at 5 times and 10 times the standard dose of 200 
mcg/kg had no detectable physical or behavioral reactions to ivermect in injected subcutaneously in the m i d -
cervical area. Ivermectin el iminated essentially 100% of reindeer warble larvae (Hypoderma (Oedemagena) ta-
randi). Tissue levels of ivermect in in back fat, injection site, muscle, l iver , and k i d n e y collected 3, 10, 17, and 
24 days post injection were determined. A l l tissues levels rapidly declined and were approaching l o w unmea-
surable amounts at the end of the 24 day test per iod. Ivermectin is a safe effective parasiticide that has been 
used successfully to threat thousands of reindeer in A l a s k a . 
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Introduction: 

Reindeer {Rangifer tarandus) are not indigenous 
to Alaska. They were imported in 1892 from 
Siberia for use by the Eskimos. At the present 
time, reindeer in Alaska number approximately 
30.000. Renewed interest in the Alaskan reinde
er industry over the past 20 years has resulted 
in a moderate increase in animals. Concern was 
expressed by the Reindeer Herders' Association 
over the impact of warbles {Hypoderma (Oede
magena) tarandi) and nasal bots {Cephenemyia 
trompe) on the health and productivity of their 
herds. In Alaska, these parasites cause very seve
re infestations. U p to 2.000 warble larvae have 
been counted on the back of one reindeer, and 
numbers in the range of 500 to 1.000 are com
mon. Herders described finding groups of 35 to 
40 reindeer dead in late May with the only visi
ble lesions being massive warble infestations, 

extreme emaciation, tissue necrosis, and loss of 
skin from the back. Herders also commented 
on the smaller size of fawns nursing heavily in
fested females, and that heavily infested year
lings were noticeably smaller in size than light
ly infested cohorts. Reindeer owners complai
ned about difficulties in herding reindeer being 
harassed by warble and nasal bot flies. The un
wanted movement of reindeer from areas of 
good range to less desir-able beach or windy 
hillside areas was observed during periods of in
sect harassment (Dieterich, 1981). 

Safety, efficacy and tissue residues of ivermec
tin, a broad spectrum parasiticide, were tested 
to determine the suitability of using the pro
duct to control warble and nasal bots in reinde
er in Alaskan herds (Chabala, 1980; Campell, 
1984; Bowie, 1986). This report describes field 
and laboratory studies carried out to gain ap-
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p r o v a l b y the U n i t e d States F o o d a n d D r u g 
A d m i n i s t r a t i o n ( F D A ) f o r use o f i v e r m e c t i n i n 
r e i n d e e r . O b s e r v a t i o n s i n t h i s r e p o r t are l i m i t e d 
t o the effects o f i v e r m e c t i n o n w a r b l e larvae 
p o p u l a t i o n s , b u t i v e r m e c t i n w a s also u s e d t o 
c o n c u r r e n t l y threat r e i n d e e r nasa l b o t s a n d i n 
t e r n a l paras i tes . A p p r o v a l f o r t h e use o f i v e r 
m e c t i n i n r e i n d e e r u s e d f o r h u m a n c o n s u m p 
t i o n w a s o b t a i n e d i n 1985. 

Materials and methods 
E x p e r i m e n t a l p r o t o c o l s w e r e d e v e l o p e d f o r tes
t i n g safety , e f f i c a c y a n d t issue res idues o f i v e r 
m e c t i n i n r e i n d e e r that w o u l d c o n f o r m t o the 
F D A d r u g a p p r o v a l p r o g r a m . A s i n s t r u c t e d b y 
F D A , e f f i c a c y s tudies w e r e l i m i t e d t o t h e effect 
o f the d r u g o n w a r b l e s as the p r e s e n c e o r ab
sence o f the w a r b l e paras i te c o u l d e a s i l y be de
t e r m i n e d b y i n s p e c t i o n o f t h e s k i n o f l i v e r e i n 
deer i n the late w i n t e r m o n t h s . 

Safety 

S e v e n t e e n r e i n d e e r w e r e i n j e c t e d w i t h i v e r m e c 
t i n a n d 8 r e i n d e e r s e r v e d as c o n t r o l s . A n i m a l s 
w e r e g r o u p e d o n the basis o f age, sex, a n d gene
r a l c o n d i t i o n t o m a k e t r e a t m e n t g r o u p s as c o m 
p a r a b l e as p o s s i b l e . A l l test r e i n d e e r w e r e h e l d 
i n a 2 hec tare d o u b l e - f e n c e d p e n w i t h ad jacent 
h a n d l i n g fac i l i t es . D i e t c o n s i s t e d o f a v a i l a b l e 
b r o m grass a n d a g r a i n m i x t u r e ( Q u a l i t y T e x t u 
r e 1 ) f e d ad l i b i t u m . 

A dosage o f 200 m c g / k g w a s e s t a b l i s h e d as a 
s t a n d a r d dose based o n data a v a i l a b l e f o r the 
use o f i v e r m e c t i n i n ca t t le . A c c o r d i n g l y , 5 
f a w n s (4 m o n t h s o f age) a n d 8 a d u l t s w e r e i n 
jec ted s u b c u t a n e o u s l y i n the m i d - c e r v i c a l area 
w i t h 1000 m c g / k g i v e r m e c t i n (5 t i m e s s t a n d a r d 
dose) . A d d i t i o n a l l y , 4 a d u l t s w e r e d o s e d w i t h 
2000 m c g / k g i v e r m e c t i n (10 t i m e s s t a n d a r d 
dose) u s i n g the same p r o t o c o l . E i g h t a d u l t c o n 
t r o l s w e r e i n j e c t e d w i t h t h e same s o l u t i o n m i 
n u s the a c t i v e i v e r m e c t i n i n g r e d i e n t s . A l l test 
a n i m a l s w e r e o s b e r v e d h o u r l y t h e f i rs t d a y , 
f o u r t i m e s d a i l y the s e c o n d d a y , t h r e e t i m e s 
d a i l y the t h i r d d a y , a n d t w i c e d a i l y f o r t h e re
m a i n d e r o f the p e r i o d . E a c h t i m e t h e a n i m a l s 
w e r e h a n d l e d , the i n j e c t i o n site w a s p a l p a t e d 
a n d the g e n e r a l p h y s i c a l c o n d i t i o n n o t e d . B l o o d 
w a s c o l l e c t e d f o r c o m p l e t e b l o o d c o u n t s ( C B C ) 
b e f o r e i n j e c t i o n o n d a y 0 a n d a d d i t i o n a l l y o n 

1 Quality texture, Fisher Mills Inc., Seattle, WA, USA. 

d a y s 3 ,7 ,11 ,17 ,24 a n d 31 p o s t - i n j e c t i o n (PI) . 

B o d y w e i g h t s w e r e t a k e n at the t i m e b l o o d w a s 

c o l l e c t e d . 

Efficacy 

T h e e f f i c a c y o f i v e r m e c t i n against t h e r e i n d e e r 
w a r b l e w a s tested i n t w o t r i a l s . T h e f i r s t w a s a 
p i l o t s t u d y u s i n g 40 r e i n d e e r i n j e c t e d w i t h t h e 
s t a n d a r d dose (200 m c g / k g ) o n J a n u a r y 31 , 
1981. T h e s e r e i n d e e r a n d 159 n o n - t r e a t e d c o n 
t r o l s w e r e p a r t o f a h e r d near K o t z e b u e , A l a s 
k a . T h r e e t r e a t e d r e i n d e e r w e r e n e c r o p s i e d ear
l y i n the s t u d y t o v i s u a l l y assess t h e effect o f 
the d r u g o n w a r b l e l a r v a e . T h e n u m b e r o f w a r 
bles o n the r e m a i n i n g a n i m a l s w e r e c o u n t e d b y 
d i g i t a l p a l p a t i o n at t h e e n d o f t h e s t u d y o n 
J u n e 2, 1981. 

A s e c o n d e f f i c a c y s t u d y w a s c a r r i e d o u t near 
a r d dose o f i v e r m e c t i n g (200 m c g / k g ) a n d a n 
o t h e r 145 r e i n d e e r i n j e c t e d w i t h t h e d r u g ve
h i c l e o n l y . O n e h u n d r e d s e v e n t y o n e o f the 316 
t r e a t e d r e i n d e e r w e r e r e c o v e r e d i n e a r l y J u n e 
1983. A n assessment o f b o d y c o n d i t i o n 
( l = p o o r , 2 = average , 3 = e x c e l l e n t ) a n d a c o u n t 
o f w a r b l e larvae b y d i g i t a l p a l p a t i o n w a s m a d e 
d u r i n g the m o n t h o f J u n e . A n average n u m b e r 
o f w a r b l e l a rvae f o r t r e a t e d a n d c o n t r o l r e i n d e 
er w a s c a l c u l a t e d . 

B o t h test g r o u p s r a n g e d f r e e l y w i t h c o n t r o l s 
o n w e s t e r n A l a s k a t u n d r a ranges . T h e s e g r o u p s 
w e r e m i x e d w i t h r e i n d e e r h e r d s t h a t n u m b e r e d 
f r o m 4 t o 7 t h o u s a n d a n i m a l s . T h e c o n d i t i o n s 
t h e y e x p e r i e n c e d w e r e t y p i c a l f o r r e i n d e e r i n 
A l a s k a . 

Tissue residues 

T h e t e m p o r a l d y n a m i c s o f i v e r m e c t i n t issue re
s idues i n r e i n d e e r w e r e d e t e r m i n e d t o es ta -b l i sh 
a w i t h d r a w a l t i m e af ter t r e a t m e n t w h i c h w o u l d 
r e s u l t i n a c c e p t a b l e r e s i d u e leve ls . T h i s s t u d y 
w a s s tar ted D e c e m b e r 18, 1982 w h e n a g r o u p 
o f 145 r e i n d e e r w a s i n j e c t e d w i t h t h e s t a n d a r d 
dose o f i v e r m e c t i n (200 m c g / k g ) s u b c u t a n e o u s l y 
i n t h e m i d - c e r v i c a l area. T h e s e r e i n d e e r w e r e 
p a r t o f the large test g r o u p o f a n i m a l s used i n 
t h e e f f i c a c y s t u d y . T w o o r 3 o f these t r e a t e d 
r e i n d e e r w e r e s h o t o n d a y s 3, 10, 17 a n d 24 P I 
a n d tissues c o l l e c t e d f o r a n a l y s i s . L i v e r , m u s c l e , 

54 Rangifer, 2 (10), 1990 



k i d n e y , i n j e c t i o n site, a n d b a c k fat s a m p l e s 
w e r e c o l l e c t e d i n d u p l i c a t e f r o m t r e a t e d a n d 
c o n t r o l a n i m a l s , w r a p p e d i n a l u m i n i u m f o i l , 
a n d f r o z e n i m m e d i a t e l y . 

R e s i d u e ana lyses w e r e c a r r i e d o u t at t h e U n i 
v e r s i t y o f C a l i f o r n i a , D a v i s u s i n g the r e g u l a t o r y 
f l u o r e s c e n c e / l i q u i d c h r o m a t o g r a p h i c m e t h o d 
d e v e l o p e d b y M e r c k & C o . ( N A D A #128-
4 0 9 ) 2 . F i r s t o r d e r rate c o n s t a n t s o f e l i m i n a t i o n 
o f i v e r m e c t i n res idues f r o m r e i n d e e r t issues 
w e r e c a l c u l a t e d u s i n g a c o m m e r c i a l k i n e t i c s 
p r o g r a m ( R S T R I P ) 3 . 

Results 

Safety 

N o n e o f t h e t r e a t e d r e i n d e e r h a d a n y detect
able p h y s i c a l o r b e h a v i o r a l r e a c t i o n s t o i v e r 
m e c t i n . C o n t r o l a n d t r e a t e d r e i n d e e r h a d b l o o d 
a n d b o d y w e i g h t m e a s u r e m e n t s tha t w e r e essen
t i a l l y p a r a l l e l . M a l e s los t w e i g h t because o f r u t 
b e h a v i o u r i n b o t h c o n t r o l a n d t r e a t e d g r o u p s . 
O n e r e i n d e e r i n each g r o u p h a d e l e v a t e d w h i t e 
b l o o d c e l l n u m b e r s d u e t o u n r e l a t e d i n f e c t i o n s . 
T h e i n j e c t i o n sites w e r e n o n - r e a c t i v e . 

Efficacy 

T w e n t y s ix o f the 40 t r e a t e d r e i n d e e r i n t h e 
f i rs t t r i a l n e a r K o t z e b u e w e r e r o u n d e d u p i n 
J u n e a n d e x a m i n e d t o d e t e r m i n e d r u g e f f i c a c y . 
T h e s e 26 t r e a t e d r e i n d e e r h a d a n average o f 2 
w a r b l e l a r v a e p e r a n i m a l . A l l w a r b l e s w e r e d e a d 
a n d u n d e r g o i n g a b s o r p t i o n i n the 3 t r e a t e d 
r e i n d e e r n e c r o p s i e d e a r l i e r i n the t r i a l . 

O n e h u n d r e d s e v e n t y - o n e o f the 316 t r e a t e d 
r e i n d e e r i n t h e s e c o n d t r i a l near N o m e w e r e 
e x a m i n e d i n J u n e 1982. T h e s e 171 t r e a t e d r e i n 
deer h a d a n average o f 4 w a r b l e l a r v a e p e r a n i 
m a l . 

D i f f e r e n c e s i n the n u m b e r o f w a r b l e l a r v a e i n 
b o t h t r i a l s o f t r e a t e d verses n o n - t r e a t e d c o n t r o l s 
w e r e s i g n i f i c a n t at the P < 0.001 l e v e l u s i n g the 
s t u d e n t ' s t test. G e n e r a l b o d y c o n d i t i o n i m p r o 
v e d i n t r e a t e d r e i n d e e r w h i c h w e r e s u b j e c t i v e l y 
c o m p a r e d t o n o n - t r e a t e d c o n t r o l s . 
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r i g u r e 1: Kesidues ot ivermect in in reindeer tissues 

R e s i d u e s o f i v e r m e c t i n expressed as p a n s p e r a f t e r subcutaneous injection of 200 mcg/kg 
m i l l i o n i n b a c k fat, i n j e c t i o n si te , m u s c l e , l i v e r b o d y weight. Each point represents the 
a n d k i d n e y w e r e averaged f r o m r e i n d e e r t issues average concentrat ion f o u n d i n tissues. 

2 Merck & Co., Rahway, NJ, 07065, USA. 
^ MicroMath Software Co., Salt Lake City, Utah, USA. 
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c o l l e c t e d 3 , 10, 17 a n d 24 d a y s P I ( F i g . 1). B a c k 
fat h a d t h e h i g h e s t levels o f i v e r m e c t i n p r e s e n t 
a f ter i n j e c t i o n w h e n c o m p a r e d t o the o t h e r t is
sues. A l l t i ssue leve ls r a p i d l y d e c l i n e d a n d w e r e 
a p p r o a c h i n g u n d e t e c t a b l e l eve ls at the e n d o f 
t h e 24 d a y test p e r i o d . T h e t i m e i n d a y s f o r 
1/2 o f t h e i v e r m e c t i n t o leave e a c h t issue w e r e : 
b a c k fat , 7 .1 ; i n j e c t i o n si te , 2 .9 ; m u s c l e 4 .9 ; l i 
v e r 5.8; a n d k i d n e y , 5 .7. 

Discussion 
N o e v i d e n c e o f i v e r m e c t i n t o x i c i t y w a s f o u n d 
i n r e i n d e e r t r e a t e d w i t h 5 o r 10 t i m e s t h e s t a n d 
a r d dose o f 200 m c g / k g . A p p r o x i m a t e l y 50 .000 
r e i n d e e r h a v e b e e n t r e a t e d w i t h i v e r m e c t i n i n 
A l a s k a o v e r the past 5 y e a r s w i t h n o r e p o r t s o f 
adverse d r u g r e a c t i o n s o r i n f e c t i o n s at t h e in jec
t i o n si te . M o s t o f these t r e a t e d a n i m a l s w e r e 
n o t c l o s e l y o b s e r v e d af ter b e i n g i n j e c t e d , b u t 
o b v i o u s i l lnesses o r l e s i o n s w o u l d have b e e n 
o b s e r v e d i f t h e y h a d o c c u r r e d . Safe ty s tudies i n 
o t h e r 1 r u m i n a n t s (catt le a n d sheep) d o c u m e n t e d 
test dosages as h i g h as 20 t o 30 t i m e s the s tan
d a r d dose p r o d u c e d n o i l l effects ( C a m p b e l l a n d 
B e n z , 1984). 

I v e r m e c t i n is h i g h l y e f fec t ive i n c o n t r o l l i n g 
w a r b l e i n f e s t a t i o n i n r e i n d e e r ( N o r d k v i s t et aL, 
1984). T h e s t a n d a r d dose o f t h e d r u g e l i m i n a t e s 
e s s e n t i a l l y 1 0 0 % o f the w a r b l e l a r v a e ( N o r d 
k v i s t , et aL, 1983). I n t h e c u r r e n t e f f i c a c y t r i a l s , 
t h e r e w e r e a f e w a n i m a l s t r e a t e d tha t h a d w a r 
b le l a r v a e p r e s e n t . T h e s e a n i m a l s m a y n o t h a v e 
r e c e i v e d t h e c o m p l e t e dose because c o l d t e m p e 
ra tures a n d dense h a i r coats at t h e t i m e o f treat
m e n t m a d e accura te a d m i n i s t r a t i o n d i f f i c u l t . 
I v e r m e c t i n e f f e c t i v e l y r e m o v e s m a n y species o f 
paras i tes i n d o m e s t i c a n i m a l s . A l t h o u g h e f fec t i 
ve a n t h e l m i n t h i c s p e c t r u m o f i v e r m e c t i n i n 
r e i n d e e r w a s n o t m o n i t o r e d i n t h i s s t u d y , s a m 
ples c o l l e c t e d f r o m r e i n d e e r f o r c l i n i c a l d i a g n o s 
t i c p u r p o s e s suggests tha t i v e r m e c t i n has t h e 
same g e n e r a l e f fec t iveness o n r e i n d e e r paras i tes 
as it has o n cat t le paras i tes . I v e r m e c t i n has b e e n 
f o u n d t o be v e r y e f fec t ive as a p a r a s i t i c i d e i n 
o t h e r c e r v i d a e as w e l l ( B o w i e , 1986). 

P o s t - i n j e c t i o n t issue res idues o f i v e r m e c t i n 
decreased r a p i d l y d u r i n g t h e 24 d a y s o f t h e s tu
d y . B a c k fat res idues w e r e i n i t i a l l y n e a r l y t w i c e 
as h i g h as res idues i n l i v e r , i n j e c t i o n site , 
m u s c l e , o r k i d n e y t i ssue . H o w e v e r , res idues i n 
a l l t issues tested a p p r o a c h e d z e r o b y d a y 24 . B a 
sed o n these data , the F D A e s t a b l i s h e d a 56 d a y 
w i t h h o l d i n g p e r i o d . T h e r e f o r e , i n the U S A , 

r e i n d e e r i n j e c t e d w i t h i v e r m e c t i n m u s t n o t be 
s l a u g h t e r e d a n d u s e d f o r h u m a n c o n s u m p t i o n 
w i t h i n 56 d a y s o f t r e a t m e n t . 

I n cat t le a n d sheep , l i v e r is the t issue i n 
w h i c h t h e d r u g is m o s t pers i s tent w h i l e i n r e i n 
deer , t h e d r u g pers is ts l o n g e r i n fat . T h e t i m e 
f o r 1/2 o f t h e i v e r m e c t i n t o leave cat t le l i v e r 
w a s 4.9 d a y s c o m p a r e d t o 7.1 d a y s t o leave 
r e i n d e e r fat at t h e same dosage rate ( T w a y et 
aL, 1981). 

S u b j e c t i v e e v i d e n c e is a v a i l a b l e o n t h e o v e r a l l 
benef i t s o f u s i n g i v e r m e c t i n i n A l a s k a n r e i n d e 

er . H e r d e r s a n d researchers have o b s e r v e d lar 
ger y e a r l i n g s , f a w n s a n d a d u l t s af ter i v e r m e c t i n 
a d m i n i s t r a t i o n . Less insec t h a r a s s m e n t t h e s u m 
m e r f o l l o w i n g t r e a t m e n t has b e e n r e p o r t e d b y 
h e r d e r s . I v e r m e c t i n is a safe e f fec t ive p a r a s i t i c i 
de that has b e e n a n d w i l l c o n t i n u e t o be a be
ne f i t t o t h e r e i n d e e r i n d u s t r y . 
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