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Abstract: Some vector borne parasites i n Swedish reindeer. A review presented at the F i f t h E u r o p e a n Regional 
M e e t i n g of the Society for V e c t o r E c o l o g y , September 2.-6. 1990, Uppsa la , Sweden. 

T h e c l inical and pathological manifestations as w e l l as sonre meat hygienic aspects of Megatrypanum t rypa-
nosomes, Babesia divergens, Setaria tundrae, Onchocerca tarsicola and Lappnema auris infections i n reindeer are 
reported o n . 
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tundrae, Onchocerca tarsicola, Lappnema auris, p a r a s i t o l o g y . 

Sammanfatting: V e k t o r b u r n a parasiter hos svensk ren. E n oversikt presenterad v i d «the F i f t h European Regi
onal M e e t i n g of the Society for V e c t o r Ecology», September 2.-6. 1990, Uppsa la , Sverige. 

K l i n i s k a och patologiska manifestationer l i k s o m i viss utstrâckning l ivsmedelshygieniska aspekter diskuteras 
med avseende pa infekt ioner med Megatrypanum t rypanosomer , Babesia divergens, Setaria tundrae, Onchocerca 
tarsicola och Lappnema auris. 
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Introduction 
R e i n d e e r h u s b a n d r y is a c i r c u m p o l a r i n d u s t r y 
u t i l i z i n g fores t r e g i o n s , i m p e d i m e n t s a n d b a r r e n 
g r o u n d areas f o r t h e p r o d u c t i o n o f m e a t a n d h i 
des. 

T o d a y the n u m b e r o f r e i n d e e r i n S w e d e n is 
a b o u t 300 .000 (adul t a n i m a l s ) a n d a r o u n d 
700 .000 i n the w h o l e o f S c a n d i n a v i a . 

R e i n d e e r are m i g r a t o r y a n i m a l s . D u r i n g the 
l o n g w i n t e r s t h e y feed m a i n l y o n l i c h e n s (Cla-
dinia s p p -h Alectoria s p p , etc.) D u r i n g t h e s h o r t 
s n o w - f r e e p e r i o d ( M a y - O c t o b e r ) t h e y eat a 
v a r i e t y o f p l a n t s . 

D u r i n g w a r m e r p e r i o d s , w i t h o u t f r o s t , t h e r e 
is a mass a p p e a r e n c e o f insects ; m o s q u i t o s (Culi-
cidae), gnats , b l a c k f l i e s , a n d o t h e r s o f t h e Simu-
liidae, a n d d i f f e r e n t t y p e s o f h o r s e f l i e s (Tabani-
dae). T h e s e insects c a n f o l l o w t h e r e i n d e e r l i k e 

c l o u d s a n d m a k e l i f e a n i g h t m a r e f o r m a n a n d 
a n i m a l . A s f e m a l e m o s q u i t o s a n d h o r s e f l i e s 
n e e d b l o o d i n o r d e r t o p r o d u c e m a t u r e a n d v i a 
b le eggs a l l k i n d s o f m a m m a l s are a t t a c k e d . 

K a d n i k o v , V . V . (1989) r e p o r t s o n r e i n d e e r as 
e x p o s e d t o h o u r l y a t tacks f r o m a b o u t 8 .000 
m o s q u i t o e s , 240 b i t i n g f l ies m e d 24 O e s t r i d a e 
f l ies . 

A l s o s m a l l f l i es , Haematobia s p p , d u r i n g cer
t a i n h o t years m a y a p p e a r as dense s w a r m s at
t a c k i n g a n d s u c k i n g b l o o d f r o m t h e g r o w i n g 
v e l v e t - c o v e r d a n t l e r s . ( S k j e n n e b e r g & S l a g s v o l d 
1968). 

Vector borne diseases found in reindeer 
Trypanosomes 
F r o m N o r t h A m e r i c a n a n d E u r o p e a n C e r v i d a e 
b o t h s a l i v a r i a n a n d s t e r c o r a r i a n t r y p a n o s o m e s 
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Plate 1. Megatrypanum t rypanosome f r o m reindeer 
(Photo : Seth Bornstein) . 

h a v e b e e n r e p o r t e d ( K i n g s t o n 1981, K i n g s t o n & 
N i k a n d e r 1985, D i r i e et a l 1990). I n S w e d i s h 
r e i n d e e r {Rangifer tarandus) a n d m o o s e (AIces 
a Ices) Megatrypanum t r y p a n o s o m e s h a v e b e e n 
r e p o r t e d ( D i r i e et a l 1990). It w a s f o u n d that 
t r y p a n o s o m e s f r o m S w e d i s h m o o s e w e r e m o r 
p h o l o g i c a l l y a n d b i o c h e m i c a l l y ( i s o e n z y m e pat
t e rn) s i m i l a r t o A m e r i c a n isolates f r o m r e i n d e 
er, m u l e deer (Odocoileus heimonus), m o o s e a n d 
e l k (Cervus canadensis) w h i l e i s o e n z y m e pat
te rns o f isolates f r o m S w e d i s h r e i n d e e r w e r e 
c o n s i d e r a b l y d i f f e r e n t . H e n c e the Megatrypanum 
t r y p a n o s o m e s o f S w e d i s h r e i n d e e r m a y r e p r e 
sent a d i f f e r e n t species ( D i r i e et a l t o be p u b l i s 
hed) . (P la te 1). 

T h e i n f e c t i o n rate appears t o be h i g h e s t d u 
r i n g s u m m e r ( K i n g s t o n 1981, K i n g s t o n & N i 
k a n d e r 1985) a n d l o w d u r i n g c o l d e r p e r i o d s 
( D i r i e et a l 1990), a p p a r e n t l y because o f t h e sea
s o n a l o c c u r r e n c e o f t h e v e c t o r s ( K i n g s t o n et a l 
1982, D i r i e et al 1990). 

M o s t t r y p a n o s o m e species o f t h e s u b g e n u s 
(Megatrypanum) p r o d u c e l o w p a r a s i t a e m i a s i n 
the m a m m a l i a n hos t a n d t h e r e f o r e are r a r e l y fo 
u n d b y d i r e c t e x a m i n a t i o n o f b l o o d s m e a r s ( D i 
r ie et a l 1990), w h i c h m a y e x p l a i n the e a r l i e r ig 
n o r a n c e at the p r e s e n c e o f these paras i tes i n 
S w e d i s h r e i n d e e r . 

T h e v e c t o r s o f the t r y p a n o s o m e s o f C e r v i d a e 
are l a r g e l y u n k n o w n , b u t t a b a n i d s h a v e b e e n 
i n c r i m i n a t e d ( D a v i e s & C l a r k 1974, K i n g s t o n 
1981, B o s e et al 1987). K e d s (Hippoboscidae) o f 
sheep a n d goat h a v e b e e n i m p l i c a t e d i n the 
t r a n s m i s s i o n o f t r y p a n o s o m e s ( K i n g s t o n 1981). 
W h e n t a b a n i d f l ies (Tabanus bromius a n d Hae-
matopota pluvialis) c a u g h t near S w e d i s h catt le 

w e r e dissec ted , t h e i r guts w e r e f o u n d t o h a r b o 
u r Megatrypanum t r y p a n o s o m e s , a f o r m o f Try
panosoma theileri, i d e n t i c a l t o the t r y p a n o s o m e s 
f o u n d i n catt le ( D i r i e et a l 1990). 

T r a n s p l a c e n t a l t r a n s m i s s i o n o f t r y p a n o s o m e s 
t o t h e fetus o f C e r v i d a e is k n o w n t o o c c u r 
b o t h n a t u r a l l y a n d e x p e r i m e n t a l l y , b u t n o t h i n g 
is k n o w n a b o u t t h e i r r o l e i n a b o r t i o n s o r o t h e r 
p a t h o l o g i c a l c o n d i t i o n s ( K i n g s t o n 1981). 

N o p a t h o l o g i c a l l e s i o n s o r signs o f c l i n i c a l d i 
sease h a d ye t b e e n d e s c r i b e d i n c o n n e c t i o n w i t h 
Trypanosoma i n f e c t i o n s i n r e i n d e e r o r o t h e r cer
v i d a e . 

Babesiosis 
B a b e s i o s i s has l o n g s ince b e e n f o u n d t o o c c u r 
i n r e i n d e e r ( K e r t z e l l i 1909, C h a m b e r s 1921, 
N i l s s o n et al 1965), a n d the disease is r e p o r t e d 
d u r i n g s u m m e r a n d a u t u m n m a i n l y f r o m the 
l o w l y i n g t u n d r a s a n d the ta iga r e g i o n i n eas
t e r n N o r t h S i b e r i a ( C h a m b e r s 1921, Y a k i m o f f 
& K o l m a k o f f 1929, N i k o l a e v s k i i 1968). It re
m a i n s u n c e r t a i n w h e t h e r the o r g a n i s m f o u n d i n 
S i b e r i a n r e i n d e e r is i d e n t i c a l w i t h Babesia diver-
gens o r n o t ( N i l s s o n et al 1965). ( P l a t e 2). 

N o disease suggest ive o f babes ios i s is k n o w n 
t o h a v e o c c u r r e d i n S w e d i s h w i t h Babesia diver-
gens ( N i l s s o n et a l 1965, C h r i s t e n s s o n 1990). 
T h e n a t u r a l d i s t r i b u t i o n o f r e i n d e e r i n S w e d e n , 
h o w e v e r , does n o t c o i n c i d e w i t h the areas 
w h e r e b o v i n e babes ios i s is e n z o o t i c a n d , i n ad
d i t i o n , Ixodes ricinus, t h e m a i n v e c t o r o f the p a 
ras i te , has n e v e r b e e n r e c o v e r e d f r o m S w e d i s h 

C 

Plate 2. Babesia divergens i n red b l o o d corpuscule 
(arrow) (Photo : D a n Christensson) . 
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r e i n d e e r ( N i l s s o n et a l 1965). H e n c e , i n S w e d e n , 
r e i n d e e r k e p t i n z o o l o g i c a l g a r d e n s i n t h e e n 
z o o t i c area are t h e o n l y ones at r i s k . Babesia ca-
preoli has b e e n f o u n d i n r o e deer i n S w e d e n . I n 
f e c t i o n m a y l e a d t o the d e a t h o f a n i m a l s p r o d u 
c i n g s i m i l a r n e c r o p s y f i n d i n g s as i n b o v i n e s 
( C h r i s t e n s s o n & J a r p l i d 1979). 

I n r e i n d e e r t h e c l i n i c a l s igns are s i m i l a r t o 
t h o s e o f b o v i n e s ; f e v e r , w h i c h i n t h e t e r m i n a l 
stage t u r n s i n t o a s u b n o r m a l t e m p e r a t u r e , a n o 
r e x i a , r u m e n i n d i g e s t i o n , a n e m i a , h a e m o g l o b i -
n u r i a , j a u n d i c e a n d d i a r r h o e a , t h e la ter f o l l o w e d 
b y c o n s t i p a t i o n a n d d e h y d r a t i o n ( N i k o l a e v s k i i 
1968, N i l s s o n et a l 1965). 

N e c r o p s y , as i n cat t le , reveals a n e m i a , j a u n d i 
ce, a m a r k e d s p o d o g e n o u s e n l a r g e m e n t o f t h e 
s p l e e n , d a r k a n d s w o l l e n k i d n e y s w i t h h a e m o s i -
d e r i n d e p o s i t s , t h i c k b i l e a n d d a r k b r o w n - r e d 
u r i n ( N i k o l a e v s k i i 1968, N i l s s o n et a l 1965, 
C h r i s t e n s s o n 1989). 

Setaria tundrae 
Setaria tundrae, a f i l a r i a l n e m a t o d e , o c c u r s p r i 
m a r i l y free i n t h e p e r i t o n e a l c a v i t y o f r e i n d e e r . 
( R a j e w s k y 1929, Y e h 1959) b u t m a y s o m e t i m e s 
a lso be f o u n d i n the p l e u r a l c a v i t y a n d p e r i c a r 
d i a l sac ( R e h b i n d e r et a l 1975). Its p r e s e n c e i n 
t h e serous c a v i t i e s is u s u a l l y a s y m p t o m a t i c a n d 
n o t p r o d u c i n g a n y m a r k e d p a t h o l o g i c a l l e s i o n s 
e x c e p t f o c a l areas o f m i l d c h r o n i c p e r i t o n i t i s . 
I n f e s t a t i o n s m a y , h o w e v e r , e s p e c i a l l y i n w o o d 
l a n d r e i n d e e r , be h e a v y , e x c e e d i n g m o r e t h a n 
1000 p r e a d u l t a n d 100 a d u l t w o r m s i n the a b d o 
m i n a l c a v i t y . 

W h e n the w o r m s d ie t h e y m a y p r o d u c e a 
v e r y m a r k e d i n f l a m m a t o r y g r a n u l o m a t o u s re-

Plate 3. D e a d Setaria tundrae i n a parasitic granu
l o m a . N o t e the large mult inucleated giant 
cells (arrows) (Photo: Claes Rehbinder) . 
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Plate 4. M i c r o f i l a r i a of Setaria tundrae i n reindeer 
b l o o d (Photo : Claes Rehbinder) . 

a c t i o n , t h e s e v e r i t y b e i n g c o r r e l a t e d w i t h t h e 
m a g n i t u d e o f i n f e s t a t i o n . D e a d w o r m s are t h e n 
f o u n d e n c a p s u l a t e d , o f t e n c a l c i f i e d , i n g r a n u l 
o m a s o n t h e serosa l surfaces . ( R e h b i n d e r et a l 
1975). (P la te 3). 

T h e m a j o r i m p o r t a n c e o f i n f e s t a t i o n s o f t h i s 
w o r m g e n e r a l l y c o n c e r n s m a t t e r s o f m e a t h y 
giene . S o m e Setaria s p p are k n o w n t o i n v a d e 
t h e c e n t r a l n e r v o u s s y s t e m ( N e l s o n 1966,, D a u 
a n d B a r r e t t 1981). N o c e n t r a l n e r v o u s s igns 
h a v e b e e n c o n n e c t e d w i t h t h e p r e s e n c e o f Seta
ria tundrae i n S w e d i s h r e i n d e e r , a n d t h e p r e s e n 
ce o f t h e w o r m i n t h e c e n t r a l n e r v o u s s y s t e m 
o f S w e d i s h r e i n d e e r has n e v e r b e e n r e c o r d e d . 

T h e m i c r o f i l a r i a e are f o u n d i n the b l o o d ( P l a 
te 4) a n d t h e v e c t o r s are c o n s i d e r e d t o be m o s 
q u i t o e s [Anopheles, Aedes, a n d Culex s p p ) : T h e 
l i f e c y c l e s o f Setaria s p p are i n c o m p l e t e l y u n d e r 
s t o o d . T h e m i c r o f i l a r i a e i n f e c t the b l o o d s u c k i n g 
m o s q u i t o s , i n w h i c h t h e y d e v e l o p i n t o a n i n f e c -

Plate 5. L i v e r f r o m reindeer. N o t e mul t ip le grey 
foc i , caused b y Onchocerca tarsicola, o n the 
surface and cut surface (Photo : Claes 
Rehbinder) . 
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Plate 6. D u c t and granulomatous tissue, caused by 
Onchocerca tarsicola, w i t h giant cells i n the 
heart muscle of reindeer (Photo : Claes 
Rehbinder) . 

t i o u s stage. T h e l a r v a e leave the m o s q u i t o e s 
w h e n t h e la t te r ingest a b l o o d m e a l . T h e p a t h 
w a y u s e d f r o m the site o f c u t a n e o u s p e n e t r a 
t i o n t o t h e site o f m a t u r a t i o n is i n c o m p l e t e l y 
k n o w n ( D a u a n d B a r r e t t 1981). 

Onchocerciasis 
Onchocerca tarsicola ( B a i n et a l 1979) is a v e r y 
c o m m o n paras i te i n w o o d l a n d r e i n d e e r 
( R e h b i n d e r et a l 1975, R e h b i n d e r et a l 1979). 
A d u l t a n d o l d a n i m a l s are t h e o n e s m a i n l y i n 
fes ted. ( B y l u n d et al 1981). T h e p r e d i l e c t i o n s i 
tes are t issues s u r r o u n d i n g t h e t e n d o n s o f t h e t i -
b i o - t a r s a l a n d r a d i o - c a r p a l j o i n t s w h e r e the 
a d u l t w o r m s are f o u n d e n t w i n e d a n d c u r l e d i n 
s w e l l i n g s o r n o d u l e s f o r m e d b y c o n n e c t i v e tis
sue. 

A t a u t u m n s l a u g h t e r i n m o s t S w e d i s h w o o d 
l a n d r e i n d e e r g r e y i s h - y e l l o w , f i r m f o c i o f n e c r o 
sis are f o u n d , m a i n l y i n l i v e r s (P la te 6) b u t a lso 

i n k i d n e y s a n d s o m e t i m e s i n m y o c a r d i u m a n d 
s u b p e r i t o n e a l a n d s u b c u t a n e o u s t issues. H i s t o l o 
g i c a l i n v e s t i g a t i o n s r e v e a l t h a t these f o c i o r n o 
d u l e s are d u c t s o r g r a n u l o m a s c o n t a i n i n g b o t h 
p r e a d u l t (P la te 7) a n d a d u l t w o r m s . (P la te 8). 
M o s t l y these paras i tes are d e a d . A l l these f o c i 
a lso h a v e p r o v e d t o be i n f e c t e d w i t h Corynebac-
terium s p p i n p u r e c u l t u r e ( R e h b i n d e r et al 
1975). 

H e a v y i n f e s t a t i o n s , w h i c h is a l m o s t s o l e l y t h e 
case i n w o o d l a n d r e i n d e e r , c o n s t i t u t e a s e r i o u s 
meat h y g i e n i c p r o b l e m a n d n u m e r o u s l i v e r s 
a n d k i d n e y s h a v e t o be d i s c a r d e d at s l a u g h t e r . 

T h e h e a v y i n f e s t a t i o n s o f O . tarsicola s e e m t o 
h a v e f i rs t a p p e a r e d i n the e n d o f t h e I 9 6 0 ' s a n d 
s ince t h e n h a v e b e c o m e m o r e a n d m o r e e x t e n s i 
ve . B a i n & S c h u l t z - K e y (1974) w e r e t h e f i r s t t o 
d e s c r i b e O . tarsicola, t h e i r d e s c r i p t i o n b e i n g 
f r o m r e d deer (Cervus elaphus) w h e r e the p a r a s i 
te is u s u a l l y f o u n d o n the t e n d o n s d i s t a l t o t h e 
c a r p a l a n d tarsa l j o i n t s . T h e f r e q u e n t a p p e a r a n 
ce i n a b e r r a n t l o c a t i o n s i n r e i n d e e r r e s e m b l e s 
w h a t is c o m m o n l y o b s e r v e d i n « t ransfuga» p a 
rasites ( B a i n et a l 1979). I n 1962 s o m e r e d deer 
c r o s s e d the m o u n t a i n b a r r i e r f r o m N o r w a y t o 
S w e d e n a n d w e r e f o u n d d e a d i n t h e fores t near 
V i t t a n g i , a w o o d l a n d r e i n d e e r h e r d i n g area 
( N o r d k v i s t 1980). It is p o s s i b l e that t h e y c a r r i e d 
the paras i te w i t h t h e m as the disease w a s e a r l i e r 
c o m p l e t e l y u n k n o w n , w h i c h i n t u r n is a n i n d i 
c a t i o n that r e i n d e e r m a y n o t be the p r i m a r y 
h o s t o f O . tarsicola. 

S c h u l t z a n d W e n k (1979) i d e n t i f i e d the vec
t o r s o f O . tarsicola a n d f o u n d the l i f e c y c l e o f 
t h i s species t o be c o m p l e t e d t h r o u g h t w o s i m u -
l i i d s , Prosimulium nigripes a n d Odagmia ornato. 
T h e y are b o o t h r e p r e s e n t e d i n t h e fores t r e g i o n 

Plate 7. Preadult nematode i n a granuloma in the Plate 8. A d u l t female Onchocerca tarsicola i n a gra-
k i d n e y of reindeer (Photo : Claes R e h b i n - n u l o m a i n the l iver of reindeer (Photo : C l a -
der). es Rehbinder) . 
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Plate 9. Large nodular granulomas, caused b y Lapp-
nema auris, i n the ear of reindeer (Photo : 
Sven N i k a n d e r ) . 

Plate 10. Scanning micrograph of female Lappnema 
auris i n a capil lary of the ear (Photo : Sven 
N i k a n d e r ) . 

o f N o r t h S c a n d i n a v i a . T h e i r l i f e s p a n is res t r i c 
t e d t o a r o u n d o n e m o n t h d u r i n g s u m m e r a n d 
t h e r e is o n l y o n e g e n e r a t i o n o f t h e a d u l t insects 
p e r s u m m e r . F o r t h e i r d e v e l o p m e n t t h e l a r v a e 
n e e d a m e a n t e m p e r a t u r e o f 1 0 - 1 5 ° C ( B y l u n d 
et al 1981), w h i c h m a y e x p l a i n t h e l o w infes ta 
t i o n rate o f m o u n t a i n r e i n d e e r l i v i n g i n a c o o 
ler c l i m a t e . 

T h e m i c r o f i l a r i a e are d i s t r i b u t e d i n t h e s m a l l 
l y m p h vessels o f the s k i n i n a d e f i n i t e p a t t e r n 
w h i c h c o r r e s p o n d s w i t h t h e b i t i n g h a b i t s o f the 
insect v e c t o r . ( S c h u l t z - K e y et a l 1975). 

I n S w e d e n , m o o s e h a v e a lso b e e n f o u n d t o be 
i n f e s t e d b y o n c h o c e r c i d s . ( R e h b i n d e r a n d 
H o l m b e r g 1981, R o n e u s et a l 1984). T h e species 
f o u n d i n m o o s e is O. alces ( B a i n a n d R e h b i n d e r 
1986). 

Lappnema auris 
Lappnema auris is a s m a l l n e m a t o d e ( 5 - 6 m m 
l o n g a n d 2 0 - 2 5 w i d e ) i n d u c i n g large n o d u -

Plate 11:1. Transverse section t h r o u g h a capi l lary i n 
granulomatous tissue. In the l u m e n (C) 
there are 9 larvae of Lappnema auris (A) 
and bloodcells (B) (Photo : Sven N i k a n 
der). 

Plate 11:2. Transverse section t h r o u g h a female Lapp
nema auris (A) i n a capi l lary . N o t e the i n 
f i l t ra t ion by eosinophi l ic neutrophi ls (B) 
i n the surrounding tissue (Photo : Sven N i 
kander). 
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les o n t h e ears (P la te 9) a n d s o m e t i m e s i n t h e 
e y e l i d s o f r e i n d e e r . T h e paras i te o c c u r s i n t h e 
s u b c u t a n e o u s c a p i l l a r i e s o f the ear (P la te 10). 
T h e f e m a l e s are v i v i p a r o u s a n d the l a r v a e are 
a l m o s t 2 m m l o n g a n d 10 /im w i d e . ( P l a t e 11) 
( B a i n a n d N i k a n d e r 1982). 

T h e paras i te has b e e n f o u n d i n w o o d l a n d 
r e i n d e e r i n n o r t h e r n F i n l a n d b u t m a y m o s t l i 
k e l y be f o u n d also i n w o o d l a n d r e i n d e e r i n 
S w e d e n . T h e v e c t o r is u n k n o w n , b u t t a b a n i d s 
h a v e b e e n suggested ( B a i n a n d N i k a n d e r 1982). 

Vector borne diseases recorded in Sweden 
but not found in reindeer 
Tick borne encephalitis 
T i c k b o r n e e n c e p h a l i t i s ( T B E ) has a k n o w n en
d e m i c z o n e i n s o u t h - e a s t e r n S w e d e n . A h i g h 
p e r c e n t a g e o f m o o s e i n tha t area have n e u t r a l i 
z i n g a n t i b o d i e s t o T B E - v i r u s . V e r y p r o b a b l y 
t h e v i r u s is o f l o w p a t h o g e n i c i t y t o m o o s e as 
m a n y a n i m a l s seem t o s u r v i v e the i n f e c t i o n 
( S v e d m y r et al 1965). A s m e n t i o n e d b e f o r e , the 
m a i n v e c t o r (Ixodes ricinus) has n e v e r b e e n re
c o v e r e d f r o m S w e d i s h r e i n d e e r ( N i l s s o n et al 
1965), n o r has T B E b e e n e v e r r e c o r d e d i n S w e 
d i s h r e i n d e e r . 

Tularemia 
T u l a r e m i a is a z o o n o t i c b a c t e r i a l disease, affect
i n g a n i m a l s a n d m a n , c a u s e d b y Francisella tula-
rensis. 

T u l a r e n s i s is t r a n s m i t t e d a m o n g a n i m a l p o p u 
l a t i o n s b y insects s u c h as m o s q u i t o e s , f l ies a n d 
t i c k s . T h e o r g a n i s m is also r e a d i l y t r a n s m i t t e d 
i n a q u a t i c e n v i r o n m e n t s b y r o d e n t s o r o t h e r 
a n i m a l s that d ie a n d c o n t a m i n a t e the w a t e r . 

M a n m a y b e c o m e i n f e c t e d b y h a n d l i n g in fec 
t e d carcasses, d r i n k i n g c o n t a m i n a t e d w a t e r , b y 
e a t i n g i m p r o p e r l y c o o k e d m e a t , b y i n h a l i n g air
b o r n e o r g a n i s m s o r b y b e i n g b i t t e n b y a n i m a l s 
i n f e c t e d o r w i t h c o n t a m i n a t e d m o u t h p a r t s f r o m 
e a t i n g an i n f e c t e d a n i m a l ( M o r t o n 1961). 

A l t h o u g h t h e disease o c c u r s e s p e c i a l l y i n the 
w o o d l a n d areas ( R e h b i n d e r a n d K a r l s s o n 1979) 
n e i t h e r r e i n d e e r n o r m o o s e d e v e l o p a n y c l i n i c a l 
s igns o f disease a l t h o u g h b o t h species p r o d u c e 
a n t i b o d i e s ( B o r g 1975). 
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