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shrunken. In the granular layer some Purkinje 
cells were present considered to be ectopic 
(Fig.1). 
The lower weight ratio, cerebellum/cerebrum, 
in the diseased cow compared with the ani
mals without a history of central nervous dis
turbances and with no microscopical lesions 
indicates a cerebellar hypoplasia. 
Chemical analysis was carried out on liver and 
kidney material regarding metals (Al, Ca, Cd, 
Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, V, W, Zn), sul
phur, selenium, retinol and alfa-tocopherol. In 
addition the content of the same metals and 
sulphur was investigated in the main fodder 
resources (pine and birch twigs) and water 
available in the area. The chemical investiga
tions revealed very low copper values in the 
liver and kidney (3.9 resp. 2.2 mg/kg wet 
weight). All other values were within normal 
ranges when compared with a material of 116 
clinically healthy moose sampled in Uppsala 
county 1982 (Frank & Petersson, unpublished 
observations). In addition the copper content 
of the fodder was low (pine and birch twigs 4.2 
resp 4.4 mg/kg wet weight 4.3 resp 5.7 mg/kg 
dry matter) as was the case concerning drink
ing water obtained from 3 different sources, a 
creek, a ditch and a swamp, the values varying 
between 0.003 and 0.009 mg/l. The threshold 
values used to differentiate deficient from 
normal animals concerning copper is sug
gested to be 5 mg copper per kg liver dry mat
ter (Smith & Coup 1973) while Frank (1992) 
and Wikse et al. (1992) associate deficiency 
with values below 10 mg/kg wet weight. Adult 
cattle cows need an oral supplement of 150-
450 mg copper per day equivalent to 10-30 
mg/kg dry matter of fodder (Rogers 1991) 
while Wikse et al. (1992) state 8-10 mg/kg dry 
matter of fodder. However, detrimental ef
fects on the digestion, resorption and metab
olism of copper excerted by other minerals 
such as molybdenum, sulphur and iron and 
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also fodder rich in protein may increase many 
folds the requirement for copper (Suttle 1992, 
Wikse et al. 1992). High intakes of cadmium 
may also considerably decrease copper stor
age (Gawthorne 1987). High contents of fiber, 
which is normal in the fodder of moose, also 
limits copper absorption (Suttle 1983). Wikse 
et al. (1992) report on forages suspected to be 
associated with copper deficiency containing 
5.4 and 4.3 ppm copper and not affected by 
high values of molybdenum and sulphur. 
Very low copper value in the liver and in kid
ney and also the low copper values of the fod
der and water available indicates that the 
moose cow suffered from primary copper de
ficiency. 
The term abiotrophy was coined to describe 
the selective premature decay of a function
ally related population of neurons (Caine et al. 
1986). Cerebellar abiotrophy is found in a 
number of species of animals and it is mostly 
stated to be of genetic background (Lahunta 
1990). Cerebellar lesions have been reported 
infrequently in swayback lambs (Suttle & 
Field 1969, Cordy & Knight 1978, Harper et al. 
1986), but developmental abnormalities of 
the cerebellum and degenerative changes in 
Purkinje cells occur only occasionally. 
By contrast a high proportion of goats with 
swayback have well defined lesions in the cer
ebellum. The characteristic lesions being hy
poplasia of the granular layer and degenera
tion and necrosis of Purkinje cells (Fell 1987). 
Costa et al. (personal communication 1993) 
has shown that cerebellar abiotrophy occurs 
in copper deficient goats in Mozambique. En
zootic ataxia of deer resembles ovine enzootic 
ataxia presenting bilateral symmetrical de
myelination at all levels of the spinal cord. 
Both diseases associated with low copper val
ues (Barlow & Butler 1964). An important dif
ference is that enzootic ataxia in sheep occurs 
in the new born and young whereas clinical 
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signs are seen only in deer aged 9 months and 
older (Wilson et al. 1979). In the moose cow it 
was not possible, due to the circumstances, to 
investigate the spinal cord and in the material 
obtained no signs of demyelination was 
found. The histological findings in the moose 
cow differed markedly from the findings re
ported from cases of chronic wasting disease 
in deer (Wiliams & Young 1993) which be
longs to the spongiform encephalopaties. 
The clinical picture and the histological and 
chemical findings in the moose cow indicates 
a cerebellar abiotrophy produced by a pri
mary copper deficiency. 
In a substantial part of the animals found dead 
or suffering from the so called Alvsborgs dis
ease of moose in southern Sweden, the copper 
values are of the same magnitude or even 
much lower than in this cow. In addition Flynn 
et al. (1977) report on indications of copper 
deficiency in a clinically healthy subpopula
tion of Alaskan moose. Copper deficiency is 
perhaps an overlooked problem in moose and 
could possibly explain some of the clinical 
conditions reported. In domestic ruminants 
conditions caused by copper deficiency are 
e.g.: coat changes, unthriftiness, diarrhoea, 
lameness, bone fractures due to osteoporosis, 
anemia, sudden death (rupture of large ves
sels or myocardial atrophy in adults (falling 
disease)), all of them found in moose. In addi
tion conditions of multifactorial genesis such 
as infectious diseases due to impaired immune 
response, abomasal ulcers, polio encephalom
alacia, subclinical syndromes as low growth 
rates and low fertility rates may be associated 
with copper defiency (Wikse et al. 1992). 
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