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A general complain from the sheep herd owners in South Sinai region of
Egypt is enzootic ataxia among sheep raised in the South Sinai was
described. Copper (Cu) deficiency was diagnosed in 3 herds of 80, 45, 38
sheep, among of which 6, 3, 2 respectively presented characteristic clinical
symptoms of enzootic ataxia. The symptoms began 35 days after birth, with a
clinical condition that included difficult locomotion, tremors, limb ataxia,
and continual falls. Blood sample was collected to determine plasmatic Cu,
The laboratory results showed that the animals presented low copper
concentrations in the plasma, without difference between the clinically
healthy animals and those affected by enzootic ataxia. Animals clinically
affected by enzootic ataxia showed a low number of red blood cells (RBC)
and variations in RBC size and shape. The values found for hemoglobin in
the Control Group were 10.77+0.35 g.dL-1 while the levels of the affected
by enzootic ataxia Group were 7.15 + 0.35 g.dL-1. The kids from the

Galbat S.A. Problem Group presented an important increase in monocytes, neutrophiles
and leukocytes, The anemia of these animals was hypochromic and
macrocytic.
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INTRODUCTION

Copper is one of the most important elements for the development of the embryo and the foetusl Insufficiency of
this in the pregnant animals inevitably leads to its deficiency in the foetuses (Hidiroglou, et al.,1981).Therefore
neonatal enzootic ataxia of the newborn invariably results from grazing pregnant animals in pasture areas poor in
copper (Saba et al., 2000). Copper is one of the key trace minerals and is critical for life. Copper is needed for a
healthy nervous and immune system and healthy wool development and is stored in a sheep's liver. (Schoenian,
2009). In the low-rainfall areas of Africa and Asia, small ruminant production represents the principal economic
output, contributing a large share of the income of farmers (Ben Salem and Smith, 2008); Throughout the tropics,
mineral deficiencies and imbalances exert a significant effect on health and productivity of livestock (Aregheore et
al., 2007).

Copper is involved in enzymatic activities related to iron metabolism, collagen and elastin formation, melanin and
eratin production and the central nervous system integrity (Jones,H. B.et al 1984).

Minerals have been recognized as potent nutrients and deficiency can impair utilization of other nutrients (Szefer
and Nriagu, 2007) and thereby animal performance, Minerals play an important role in growth, health and
reproduction functions of livestock (Gonul et al., 2009). Consequently, mineral deficiencies and imbalances can
affect the productivity of ruminants (Kincaid, 1999).
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Suboptimal mineral deficiency that affects growth and production is more serious than the manifested mineral
deficiency showing clinical signs that can be corrected (Underwood, 1977). Only rarely can pasture forages
completely satisfy all mineral requirements of grazing ruminants (McDowell et al., 1993).

Environmental copper deficiency is due to the presence of molybdenum and sulphates in the soil, which
consequently affects the plants. The rumens of these herbivores contain sulphide-generating bacteria that can form
thiomolybdate complexes, which naturally have strong affinity for copper ions. Plants with little copper content
serve no useful purpose to the animals since these thiomolybdate complexes easily form insoluble super-complexes
with this little copper, thereby rendering it unabsorbable (Nederbragt and Wensvoort, 1984; Grace et al., 1999 and
Unny, et al., 2002), embryonic and foetal copper deficiency results with the attendant embryonic death or
disturbances in the growth of the newborn, pathological changes in the central nervous system, the skeleton and
disturbances in metabolism (Widdowson,1974). Studies in Australia in 1937 established that the enzootic neonatal
ataxia in lambs resulted from the pregnant sheep grazing in copper-poor pastures (Bennetts and Chapman, 1937).
The neurological disturbances connected with copper deficiency in lambs have been described as ’swayback’
(swaying, swinging caused by congenital deficiency of copper), enzootic ataxia (ataxia with a delayed beginning)
and cerebral oedema (Cordy, 1971; Chalmers, 1974; Jubb, and Kennedy, 1985; and Geisel, et al., 1997).

Sheep and goats depend on natural forages, salt licks and occasionally commercial supplements for their mineral
requirements. However, there is considerable variability in the level of minerals in forages and mineral mixes
(Corah, 1996).

Copper is one of the key trace minerals and is critical for life. Copper is needed for a healthy nervous and immune
system and healthy wool development and is stored in a sheep’s liver. (Schoenian, 2009) Copper is required for the
activity of enzymes associated with iron metabolism, elastin and collagen formation, melanin production, and the
integrity of the central nervous system. It is required for normal red blood cell formation by allowing iron absorption
from the small intestine and release of iron in the tissue into the blood plasma. Ceruloplasmin is the copper-
containing transport protein. The process of normal hair and wool pigmentation requires copper. It is believed that
copper is a component of polyphenyl oxidase which catalyzes the conversion of tyrosine to melanin and for the
incorporation of disulfide groups into keratin in wool and hair. (Blezinger, 2004).

Among the minerals, Cu is an essential microelement that presents a variety of functions in animal organisms. It
plays a part in the active center of more than 20 metalloenzymes, cofactors, and metalloproteins that are connected
with destruction of free radicals, synthesis of connective tissues, formation of myelin and bones, pigmentation and
formation of fur and wool. It also acts indirectly in hematopoiesis (McDowell, 1999 and Ortolani, et al., 2003). Lack
or low quantities of copper animal feed may cause a shortage of this microelement (Suttle, 2010). Cu deficiency is
taken to be a severe nutritional problem in tropical regions, because of the low Cu concentrations in animals’ diets
and/or because of high concentrations of elements that are antagonistic towards Cu, such as molybdenum (Mo),
sulfur (S), and iron (Fe) (Cardoso et al., 1977 and Marques, et al., 2003).

Low Cu levels have been found in foraging animals and in the livers of ruminants in different regions (McDowell,
1999; Garrick, 2003 and Dos Santos, et al., 2006). Enzootic ataxia is the maximum expression of Cu deficiency in
lambs up to the age of 180 days and is characterized by demyelination of the central nervous system and by the
symptoms of lack of coordination of the hind legs and, to a lesser extent, the forelegs, unsteadiness while walking,
flaccid or spastic paralysis, and total incapacity to walk and death (Suttle, 2010 and Brewer, 1983).

Two types of enzootic ataxia have been described, based on the lesion site and the chronology of the condition. The
congenital form is marked by destruction of the cerebral white matter and affects neonates in their first days of life.
The late form is characterized by lesions of the brain stem and spinal cord motor tracts, with occurrences after the
third week of life (Suttle, 2010).

Copper (Cu) is an essential microelement that plays a variety of biochemical and metabolic roles in animals (Grace,
1983). Cu deficiency causes various syndromes in domestic ruminants (MacPherson, 1989) that have also been
described in deer (Audige et al. 1995; Wilson and Grace 2001). Cu deficiency may be primary, associated with low
Cu intake, or secondary, when Cu absorption or metabolism is adversely affected due to high levels of molybdenum
(Mo), iron (Fe), sulphur (S) or zinc (Zn) in the diet (Grace, 1983). According to Suttle (1991) and Smith et al.
(2006) a dietary excess of Mo is one of the most common reasons for secondary Cu deficiency.

The objective of the present study was to report on the clinical and epidemiological characteristics of an outbreak of
the late form of enzootic ataxia among sheep in south Sinai region of Egypt.

2. MATERIALS AND METHODS
2.1. Animals
Twenty two sheep kids aged between 1 and 2 months were considered in this study. All animals were in the weaning
period and they were obtained from 3 herds from north Sinai. Eleven animals constituted the Control Group and
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only healthy kids were included. Another eleven animals constituted the Problem Group and only kids with initial
symptoms of copper deficiency were included.
2.2. Samples

Five ml of blood samples were collected from the jugular vein of each animal, each blood sample divided into two
portions. The 1% portion (2ml) was anticoagulated by (EDTA) and was used for hemogram investigation (Feldman
et al., 2000). The 2" portion (3ml) were allowed to clot, and then centrifuged at 3000 rpm for 10 minutes for serum
separation. Copper content in the plasma was determined by atomic absorption spectroscopy using Hitachi Z-500
equipment. The value reported for copper content in the plasma was the mean value obtained from 3 measurements.

2.3. Statistical analyses
Statistical differences were calculated according to the Student t-test with significance level at P<0.05.
All results were analyzed using the procedure of (SAS, 2004).

3. Results and Discussion

At the clinical attendance on the farm, the owner reported that after the first month of life, six sheep in the herd had
started to present a condition of difficulty in walking, falls, and tremors. After the symptoms started, the condition
worsened, with apathy, weight loss, and death. The clinical manifestation occurred only in sheep aged from 1 to 2
months. In the physical examination on the clinically affected animals, the following symptoms were observed:
difficulty in rising to a standing position; lack of coordination; frequent falls; ataxia in the hind legs and, with less
severity, in the forelegs; weight loss and progressive apathy. The animals also presented difficulty in suckling, rough
cote, little pigmentation, and limited body development. Among the six animals with clinical symptoms, three of
them died between 10 and 20 days after the initial diagnosis. The animal that survived continued to present sequel
such as difficulty in walking and poor body development.
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5.66+0.52 14.18+1.20 RBCs(x10/ml)
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13.98+0.62 7.66+0.32 TLCx10/UI)
10.78+0.20 3.21+1.63 Neutrophil(10/ul)
4.21+0.62 6.76+0.54 lymphocyte(x10ul)
0.19+0.08 0.17+0.01 Monocyte (x10/ul)
0.26+0.08 0.22+0.11 Esinophile (x10/ul)
0.07£0.0 0.01 +0.0 Basophil (x10/ul)
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S* = significant at p < 0.05.

N S* = not significant at p < 0.05.

Copper contents in plasma from clinically affected kids are shown in Figure 1, and Table I shows blood values from
the kids with copper deficiency (Problem Group) and from the clinically healthy Group. The animals from the
Problem Group showed a low number of red blood cells (RBC). Variations in RBC size and shape. Normal values
accepted for hemoglobin are comprised between 8-12 g.dL—1, and the Control Group showed 10.77 £+ 0.35 g.dL-1.
We found hemoglobin values from ole kids with copper deficiency of 7.25 = 0.15 g.dL-1, these values were close to
the lower range of the normal values. Kids from the clinically affected kids Group presented an important increase
in neutrophiles and leukocytes; precursor cells of neutrophiles were also observed. These increases could be related
to any infectious disease. Monocyte counts were also higher than the normal values obtained for the Control Group.
Plasma copper is recognized to be a more sensitive measure of copper status in animals than whole blood copper
(Claypool et al 1975).

The clinical condition presented was similar to what has been described in the literature for late enzootic ataxi a in
lambs (Radostits, et al., 2002 and Dos Santos et al., 2006). Mineral supplementation containing 0.01% of Cu is
required in order to meet these animals’ needs (Riet-Correa, 2004).

High concentrations of Zn and Mo can interfere with copper metabolism, however hepatic zinc values were below
normal for the species (110-220 ppm), probably due to inefficient mineral supplementation given to the animals
(Tokarnia, 1999; Minervino, 2009 and Suttle, 2010). Further studies with complete mineral profile in all seasons are
required to better understanding of the mineral antagonism present in the region. In cases of zoonotic ataxia, it is not
uncommon for anemia to be present but we did not find any anemia among the animals of the present study.
Biochemical and hematological evaluation were not useful to diagnose copper deficiency (Radostits et al., 2002).
The animals in the herd of the present study all had low plasma Cu levels, and not just the ones that were clinically
affected, which suggests that this herd presented a severe Cu deficiency. This corroborates the findings from the
study by Tokarnia et al., (1999).

Plasma copper is recognized to be a more sensitive measure of copper status in animals than whole blood copper but
much less than other parameters (ceruloplasmin activity) (Claypool et al., 1974). Copper concentrations in plasma
obtained from Kids included in the Problem Group were lower than the normal values accepted in goats (Faye and
Grillet, 1984) or in sheep (Blood et al., 1987 and Tschopp et al., 1998). Generally data from sheep (Fraser and
Stamp, 1989) are used as the standard because the copper content from the healthy caprine herd was not fully
standardized. Church (1993) determined that for lambs. In the present work, we obtained blood copper levels in
sheep kids at about 0.3 mg. mL-1, together with a clinical expression of enzootic ataxia. Apparently sheep kids are
more sensitive to copper deficiency than the goats that were considered in the study carried out by Faye and Grillet
(1984).

The primary copper deficiency is due to an insufficient supply on ranges, while the secondary copper deficiency is
due to a marked excess of molybdenum in grasslands. Galbraith et al. (1997). The animals included in the Problem
Group presented weakness and paleness in their mucous membranes, which were related to low values of red cells.
The anemia observed in clinically affected from the Problem Group could be a ferropenic-type anemia, which is
hypochromic and macrocytic (Church and Pond, 1998 and Merck, 1993). The bioavailable copper must be in
adequate levels for the formation of red cells. On the contrary, ceruloplasmin concentration is directly related to
copper absorption and usefulness; therefore a decrease of ceruloplasmin induces anemia [Lee, Cartwright and
Wintrobe, 1968). The kids seriously affected with copper deficiency, have difficulty in surviving since no treatment
gives satisfactory results. When the deficiency is incipient, the kids can receive products containing bioavailable
copper as a treatment. The copper requirement of a sheep fetus almost increases 6 times between the first third and
the second third of gestation and this last level is duplicated in the final third (Moss et al 1974). Williams et al.
(1978) reported that in the non-liver compartment of fetal lambs at the end of pregnancy a little more than 2 mg Cu
is deposited/kg live-weight gain.

Sheep are very sensitive to copper toxicity, which therefore explains the small concentration of their salt blocks
(Blood et al., 1987). Goats are very sensitive to copper deficiency and resistant to the toxicity of this metal; for these
reason goats should receive mineralized salt for bovines (Merck 1993, and Soli and Nafstad, 1978).

Our results represent the information on copper deficiency in lambs in south Sinai. However, a prevention program
on copper deficiency may be practiced in the governorate.

Conclusion
The clinical symptoms, observed among lambs, were compatible with what has been described in the literature for
the late form of enzootic ataxia.
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The finding of organic Cu levels lower than the normal range for sheep, , confirmed the diagnosis of enzootic
ataxia.

In rearing systems in the semiarid zone of south Sinai Egypt, additional copper supplementation may be necessary
for metaphylactic treatment of enzootic ataxia, especially for extensive raised sheep where the soil and plant mineral
concentration are unknown.
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