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Peripheral neuropathy in a copper-deficient goat

Neuropatia  periférica  em  caprino  com  deficiência  de  cobre
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Copper is a trace metal which acts in several 
activities of numerous enzymes and is thus essential for 
the structure and function of the immune system, bone 
marrow and nervous system (COUSINS et al., 1985). 
Copper deficiency in ruminants results from a defect in 
copper metabolism or the absorption and use of copper 
in the body. In adult sheep, goat and cattle, copper 
deficiency is easily diagnosed from the loss of color 
in their coats. In black cows, the loss of color gives 
their coats a russet or very pale shade. The wool that 
becomes hard, brittle, very poor in quality, and greatly 
reduced in yield. Pregnant ewes have pale mucous 
membranes, a rapid pulse, and general signs of fatigue. 

Overall, affected animals are in poor general condition 
characterized by progressive weight loss which may 
develop into anemia, caused by the diarrhea (SILVA et 
al., 2014; SOUSA et al., 2017). 

Copper deficiency has been recognized 
as a cause of neurologic diseases in offspring due 
to deficiency of this metal in their dams (SILVA 
et al., 2014). General clinical signs are tremors, 
incoordination, paralysis and death. Recently in 
Brazil, copper deficiency was associated with 
peripheral neuropathy, leading to laryngeal paralysis 
in adult goats, whose main characteristic is stridor 
when the animals are forced to move (SOUSA et 
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ABSTRACT: This report aimed to describe a case of peripheral neuropathy in a copper-deficient goat, and highlights the clinical, and 
pathological features of the disease. The goat had low body score, hyporexia, alopecia, achromotrichia, left hindlimb protraction, paralysis 
with dragging of digit and difficulty to stand up and microcytic normochromic anemia. Copper concentration in serum was markedly lower 
(2.0µmol L-1) whereas the iron serum content was significantly increased (51.0µmol L-1). The main gross alteration was the reduction of the 
quadriceps vastus laterallis muscle volume. Histologically, there was atrophy of the quadriceps vastus laterallis muscle and presence of 
satellite cells, infiltration of lymphocytes, macrophages and replacement of the fibers by connective tissue. In the femoral nerve, there was 
axonal degeneration with myelin sheath expansion and presence of vacuoles, usually in chains and containing axonal debris or macrophages. 
Clinical, laboratorial and pathologic findings are consistent with peripheral neuropathy due to a severy copper deficiency.
Key words: mineral deficiency, paralysis, monoplegia, muscular atrophy, ruminants.

RESUMO: Este trabalho tem como objetivo descrever um caso de neuropatia periférica em um caprino com deficiência de cobre e destaca as 
características clínicas e patológicas da doença. O caprino apresentava baixo escore corporal, hiporexia, alopecia, acromotriquia, protração 
do membro posterior esquerdo, com arrastar de pinça do membro posterior, dificuldade para se levantar e anemia microcítica normocrômica. 
A concentração sérica de cobre estava significantemente baixa (2.0µmol L-1), enquanto a concentração de ferro estava alta (51.0µmol L-1). 
O principal achado de necropsia consistiu em redução do volume do músculo quadríceps vasto lateral. Histologicamente, havia atrofia do 
músculo quadríceps vasto lateral, infiltrado linfocítico, presença de células satélites, macrófagos e substituição das fibras musculares por 
tecido conjuntivo. No nervo femoral, havia degeneração axonal com dilatação da bainha de mielina e presença de vacúolos, geralmente 
em cadeia, contendo, ocasionalmente, restos axonais ou macrófagos. Os achados clínicos, laboratoriais e patológicos são compatíveis com 
neuropatia periférica devido à deficiência severa de cobre.
Palavras-chave: deficiência mineral, paralisia, monoplegia, atrofia muscular, ruminantes.
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al., 2017). Similarly, peripheral neuropathy has been 
described in copper-deficient moose (Alces alces) 
(FRANK et al., 2004) and yaks (Bos grunniens) 
(XIAO-YUN et al., 2006).  This paper aim to report 
a case of peripheral neuropathy with paralysis of a 
hindlimb in a copper-deficient goat, and highlights 
the clinical, and pathological features.

An 05-years-old Toggenburg male goat 
was referred to the veterinary care; the main owner 
complaint was the paralysis of a hindlimb. The goat 
was coming from a farm where laryngeal paralysis 

due to severe copper deficiency outbreak was 
previously reported. The goat had low body score, 
hyporexia, alopecia, achromotrichia (markedly 
around the eyes) and in the neurologic assessment 
presented stiff and unbalanced gait, left hindlimb 
protraction, paralysis with dragging of digit and 
difficulty to stand up (Figure 1A, 1B and 1C). In 
the extensor resistance test, with the goat in upright 
position, there was low resistance and asymmetry of 
the left hindlimb in response to downward pressure. 
Additionally, there was a decreased of muscular 

Figure 1 - Peripheral neuropathy in a copper-deficient goat. (A) Achromotrichia and monoparesis of the left hindlimb, characterized by 
dragging of digit (B) Markedly alopecia and achromotrichia around the eyes. (C) Note that due the monoparesis there is a 
permanent extension of the left hindlimb. (D) Reduction of the quadriceps vastus laterallis muscle volume. 
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deep sensitivity and decreased muscular tonus of the 
tensor fasciae latae muscle and quadriceps femoris 
muscle. In the palpation, there was a reduction of the 
quadriceps femoris muscle volume. These symptoms 
developed over 90 days and started with left hindlimb 
claudication. The radiographic examination of the 
lumbar, sacrum or coccyx column was negative for 
trauma, neoplasia and abscess. In blood count, there 
was microcytic normochromic anemia, Htc = 13.8% 
(Reference range/RR: 22.0-38.0), Hb = 3.4g dL-1 
(RR: 8.0-12.0), MCV = 14.1fL (16.0-25.0); and the 
copper concentration in serum was markedly lower 
(2.0µmol L-1 / RR: 9.4-23.6) whereas the iron serum 
content was significantly increased (51.0µmol L-1/ 
RR: 34.6-37.4).

After spontaneous death, the goat was 
necropsied; the main gross alterations were the 
reduction of the quadriceps vastus laterallis muscle 
volume (Figure 1D) and focal dark red areas in the 
accessory and cranial lobes of the lung and in the 
ventral portion of the caudal lobe. There were no 
significant changes in the other organs examined. 
Fragments of CNS, spinal cord, sciatic nerve, 
femoral nerve, sartorius, tensor fasciae latae, 
quadriceps and gluteus muscle were fixed in 10% 
formalin, processed routinely and embedded in 
paraffin. Three micrometer sections of the paraffin 
blocks were made and stained with hematoxylin 
and eosin. Histologically there was atrophy of the 
quadriceps vastus laterallis muscle (Figure 2A). 

Figure 2 - Peripheral neuropathy in a copper-deficient goat. (A) Muscle atrophy myofibrils characterized by shrunken small angular 
myofibres, loss of myofibrils with adjacent to normal myofibres. H&E, magnification 4x. (B) Longitudinal chains of 
vacuoles containing axonal debris and macrophages, with swelling of the myelin sheath. H&E, magnification 10x (C) Axonal 
degeneration in a peripheric nerve with swollen axons, axonal loss, and loss of myelin. H&E, magnification 10x. (D) Normal 
peripheric nerve goat, H&E, magnification 10x.
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Atrophy was characterized by reduction in myofibre 
diameter with an angular contour of shrunken 
myofibres. Atrophic fibers were interspersed with 
non-atrophic fibres, without evidence of clustering, 
resulting in marked variation in fibre size. In this 
muscle, the presence of satellite cells, infiltration 
of lymphocytes, macrophages and replacement of 
the fibers by connective tissue were observed. In 
the femoral nerve, there was axonal degeneration 
with myelin sheath expansion and the presence of 
vacuoles, usually in chains and containing axonal 
debris or macrophages (Figure 2B, 2C and 2D). No 
lesions were observed in other CNS or PNS samples.

Peripheral neuropathies consist of injury 
or loss of peripheral nerves function, observed by 
conscious proprioceptive deficits, hypoalgesia or 
analgesia and hyporeflexia or areflexia of the affected 
limb (VAN METRE et al., 2001; DIVERS, 2004). 
This report described other peripheral neurologic 
condition related to the copper deficiency that 
was characterized mainly by monoparesis due to a 
neurogenic atrophy of an extensor muscle. 

Serum copper concentration in the affected 
goat was lower (2.0µmol L-1) than those reported 
for goats with copper deficiency which ranges from 
3 to 9µmol L-1, and matches with the previously 
cases reported by our team of laryngeal paralysis in 
copper-deficient goats, which was 1.36±0.39µmol 
L-1 (SOUSA et al., 2017). A low copper content in 
the nervous system leads to a deficiency of COX 
and a decreased synthesis of phospholipids to the 
neurons (ZATTA & FRANK, 2007). These are the 
main mechanisms of peripheral nervous system 
dysfunction reported in this case. 

Most cases of acquired peripheral nerve 
disease resulted from injuries, and commonly only 
one limb is involved and frequently occur secondary 
to myopathy in recumbent adult cattle (VAN METRE 
et al., 2001). In small ruminants, peripheral nerve 
injury is less common, mainly likely due to their 
smaller size, but may occur from predator wounds 
or iatrogenically following intramuscular drug 
administration (DIVERS, 2004). Femoral nerve 
arises from the L4-L6 nerve roots and is responsible 
for extension of the stifle and flexion of the hip. 
Ruminants with femoral nerve paralysis cannot 
support the affected limb because of a lack of extensor 
tone and take on a characteristic crouched posture. In 
these cases, atrophy of the quadriceps femoris muscle 
may be noted (WAGGONER et al., 1999).

In copper-deficient ruminants, a wide 
variation in the clinical signs of adult animals 
could be observed, including anemia, weight loss, 

achromotrichia, alopecia, and diarrhea at the onset 
of clinical signs (TOKARNIA et al., 1998; SOUSA 
et al., 2017). Ataxia, torpor, aspiration pneumonia 
and stridor were just observed in the more severely 
copper-deficient goats (SOUSA et al., 2017).  Some 
of these clinical signs (anemia, weight loss and 
achromotrichia), were observed in the goat with 
monoparesis. This variation in signs should be 
considered when diagnosing severe copper deficiency 
in this specie. 
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