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Case report

Symptomatic copper deficiency in three Wilson's
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a b s t r a c t

Wilson's disease (WD) is caused by excess of copper that leads to accumulation of copper

mainly in the liver, brain and needs life-long decoppering therapy. However, overtreatment

with anti-copper agents may lead to copper deficiency which may cause neurological and

hematological symptoms. Copper is an important cofactor for many enzymes. This report

describes three WD patients with diagnosed copper deficiency during zinc sulphate (ZS)

treatment. After 5–16 years of therapy all patients developed leucopenia. Spinal cord injury

was manifested in two of the patients. One of them also presented myopathy. In conclusion,

copper deficiency may occur in different time after treatment onset, therefore regular copper

metabolism and hematological monitoring is necessary.

# 2014 Polish Neurological Society. Published by Elsevier Urban & Partner Sp. z o.o. All

rights reserved.
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1. Introduction

Wilson's disease (WD) is an inherited copper metabolism
disease that leads to accumulation of copper in the liver, brain,
cornea, and other organs. The clinical course of WD may be
highly variable and includes hepatic, neurological, and
psychiatric symptoms [1,2]. WD is an autosomal recessive
disorder caused by mutation of the ATP7B gene on chromo-
some 13 [3], which encodes a copper-transporting P-type
ATPase [4]. The aim of WD treatment is to remove excess of
copper and prevent its re-accumulation [5,6]. There are two
different therapeutic approaches in WD. The first group of
drugs (d-penicillamine, trientine) are chelating agents which
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act by promoting the urinary excretion of copper. The second
group (zinc salts) interfere with intestinal uptake of copper
[7,8].

Clinical symptoms of WD are caused by excess of copper.
However, copper is needed because it acts as important
cofactor for many important enzymes that have a role in
functioning of the nervous system including cytochrome-c
oxidase, copper-zinc superoxide dismutase, and dopamine b-
hydroxylase [9].

Possible causes of copper deficiency include hereditary
conditions such as Menkes Disease and acquired causes:
malnutrition, parenteral or enteral feeding without copper
supplementation, gastrectomy, proximal bowel resection,
over-treatment by zinc salts or copper chelating agent [10].
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Copper deficiency may present both hematological (ane-
mia, neutropenia, thrombocytopenia) and neurological (axo-
nal neuropathy, myelopathy, posterior spinal column
dysfunction, central nervous system demyelination, myop-
athy) signs. MRI findings include changes in dorsal columns
of spinal cord radiologically similar to those caused by
vitamin B12 deficiency and demyelination lesions in brain
[10–17]. Electrophysiological studies may indicate axonal
neuropathy, central conduction delay in somatosensory
pathways, prolonged visual evoked potentials, myopathic
changes [17,18].

Copper deficiency in WD may be caused by too excessive
treatment with anti-copper agents. We report three patients
with WD who were diagnosed with copper deficiency during
zinc sulphate (ZS) treatment.

2. Case reports

2.1. Patient 1

A 37-year-old woman with WD diagnosed 16 years ago and
since then treated with anti-copper agent. She complained of
paraesthesias in the fingers and toes for 3 months and she felt
weakness of the lower limbs during fast walking over the past
1 month. She was diagnosed in presymtomatic phase of the
disease (without hepatic, neurologic signs, no Kayser–
Fleischer rings). Diagnosis was confirmed by genetic studies.
Her brother was a proband. Since diagnosis she was taking ZS
in daily dose 180 mg of elementary zinc. She regularly visited
our clinic and earlier she had never had neurological
symptoms. Hematological tests were always normal. Copper
metabolism did not indicate overtreatment. Additionally,
laboratory test results had revealed leucopenia 1 month
before symptoms started (Table 1).

On admission to our clinic her neurological examination
was normal. Copper metabolism test results showed very low
concentration of serum ceruloplasmin and serum copper.
Copper urinary excretion was also low. Zinc serum concen-
tration was very high (Table 1). Somatosensory evoked
potentials (SEPs) showed impaired conduction in the dorsal
column, especially in thoracic spine. Nerve conduction studies
were within normal limits. Electromyography (EMG) was
suggestive of myopathy. A few low-amplitude, short duration
motor units were noted. There was no denervation and
recruitment was normal. MRI of cervical spine, showed linear
increased T2 signal lesion in the posterior column of the
cervical cord from C2 to C7-Th1 (Fig. 1A and C). Brain MRI was
normal.

Vitamin B12 level was in normal range. We recognized
copper deficiency. Liver tests results were normal, so we
decided to withdraw ZS to increase serum copper concentra-
tion. After one month white cell blood count was normal.
Follow-up copper metabolism test results showed increase
serum ceruloplasmin concentration (5 mg/dl) and serum
copper concentration (20 mg/dl). She did not report lower
limbs weakness and paraesthesias in the fingers and toes were
less pronounced. MRI of cervical spine showed marked
diminished dorsal columns compared to previous examina-
tion (Fig. 1B and D). On the second examination myopathic



Fig. 1 – (A) Sagittal T2-weighted MRI of the cervical spine: linear increased T2 signal (arrow) in the posterior surface of the
cervical cord from C2 to C7-Th1 (March 2013) and follow-up MRI, (B) without evident changes (October 2013), (C) axial T2-
weighted image shows the signal hyperintensity (arrows) located symmetrically in the dorsal columns and follow-up MRI
with slightly hyperintensity signal in dorsal column (D).
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changes on EMG normalized, however SEPs still indicated
abnormalities in the dorsal column.

Nine months after interruption in anti-copper treatment
after clinical and laboratory improvement, we decided to
introduce d-penicillamine instead of ZS.

2.2. Patient 2

A 46-year-old woman diagnosed with WD 5 years ago. She
started to have recurrent upper respiratory tract infections for
the last 6 months. At WD diagnosis she had liver failure and
typical for WD biochemical changes (Table 1). Diagnosis was
confirmed by genetic studies. She was taking zinc sulphate
(180 Zn of elementary zinc daily). Liver function markedly
improved. Regular hematological tests were normal. Copper
metabolism parameters did not indicate overtreatment.

Due to respiratory infections she had basic laboratory tests
done which indicated leucopenia with neutropenia (Table 1).
We also found significant, in comparison with previous
results, decrease of serum ceruloplasmin concentration
(0.5 mg/dl) and serum copper (<5 mg/dl) suggesting copper
deficiency during WD overtreatment (Table 1). SEPs were
within normal limits. We decided to decrease the dose of zinc
sulphate to 135 mg/24 h. Her hematology parameters im-
proved and the patient did not report any infections. Follow-up
copper metabolism tests results showed increased level of
serum ceruloplasmin 1.18 mg/dl, but still low serum copper
concentration (5 mg/dl). We decided to treat this patient
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chronically with lower dose of ZS (135 mg elementary zinc)
with regular monitoring of copper metabolism parameters.

2.3. Patient 3

A 18-year-old woman with presymptomatic WD diagnosed 6
years ago, was admitted to our clinic because of leucopenia
with neutropenia and anemia (Table 1). Before admission to
our clinic she had diagnostics in hematology center. A bone
marrow biopsy was performed. Myelodysplastic syndromes
and aplasia were excluded. It was suggested that hematologi-
cal signs are caused by anti-copper treatment.

She has never presented any WD symptoms. Her mother
was diagnosed with neurologic form of WD disease. The WD
diagnosis was confirmed by biochemical tests result (Table 1)
and radiocopper study was used. Since diagnosis she was
treated with ZS in daily dose 180 mg. On admission to our
clinic her neurological examination was normal. Copper
metabolism test results showed very low serum ceruloplasmin
concentration, copper serum concentration and low copper
urinary copper excretion (Table 1). Brain MRI did not show
typical of WD changes. SEPs showed impaired conduction in
the dorsal column. Nerve conduction studies were within
normal limits. The patient refused to undergo MRI of cervical
spine. Vitamin B12 level, folic acid, liver tests results was in
normal range. We decided to withdraw ZS and after two
months white cell blood count was normal. Follow-up copper
metabolism test results showed higher concentration of
serum ceruloplasmin and serum copper. However, urinary
copper excretion was still very low and we decided to leave the
patient without anti-copper treatment for longer period
(Table 1).

3. Discussion

All 3 described patients were treated with Zn for 5–16 years and
had clinical and laboratory signs suggestive of copper
deficiency.

Copper deficiency in WD has been reported in few patients
so far. First reported patient in 1989 with hematologic signs
was treated with high zinc salts doses (�275 mg of elementary
zinc) [19]. Recently, 6 other WD patients with neurological
symptoms of copper deficiency were reported. They presented
axonal neuropathy (n = 3), myeloneuropathy (n = 1), myelopa-
thy (n = 1) and CNS demyelination (n = 1). One of them also
presented kidneys involvement. Three of those reported
patients were on zinc monotherapy. Two of them were treated
with very high daily doses (�275 mg of elementary zinc). The
others were treated with combination of d-penicylamine or
trientine and zinc salts [20–25].

Our patients were treated with standard doses of ZS
(180 mg of elementary Zn2+) in monotherapy. All of
them were regularly monitored with copper metabolism
parameters and basic laboratory tests. Two of them had
presymptomatic form of WD. All previously reported
cases were symptomatic. All had leucopenia which may
be seen in course of WD [26]. However, all presented
patients had normal hematological tests at the time of
diagnosis. Myelopathy together with myopathic changes in
electromyography were not to our knowledge reported in WD
patient with copper-deficiency before. However, myopathy
was reported as possible sign in copper deficiency [17]. These
myogenic changes in our patient disappeared after 6 months
in treatment disruption.

High zinc concentration may cause copper deficiency
because during zinc therapy intestinal absorption of copper
decreases. Zinc induces concentration of metallothionein in
enterocytes. Copper has higher affinity for metallothionein
than zinc and displaces zinc from metallothionein. Then
copper is sloughed off into the intestinal tract [13].

In our patients we examined total serum copper
concentration, which is decreased in WD. Toxic free copper
concentration may be calculated from total serum copper
concentration and serum ceruloplasmin concentration [5].
Calculated free copper concentration in our patients is very
low (<5 mg/dl) as well as serum copper concentration
(<1 mg/dl) .The precise method is direct measurement of
free blood copper concentration [27]. More recent, relative
exchangeable copper (REC) was demonstrated as accurate
tool to determine fraction of free blood copper concentration
[28].

According to European and American recommendations on
WD treatment monitoring of therapy should be regular. At
least twice per year and more frequent at the beginning of
therapy. Treatment monitoring should include copper metab-
olism parameters (serum copper and ceruloplasmin concen-
tration, urinary copper excretion) as well as liver function
parameters and complete blood count. By measuring the
serum non-ceruloplasmin (free copper) bound copper concen-
tration we may assess treatment efficacy. In inadequately
treated patients it is usually above 25 mg/dl (normal range 10–
15 mg/dl). In case of overtreatment the values are very low
(<5 mg/dl). Additionally, in patient treated with d-penicilla-
mine urinary copper excretion should be between 200 and
500 mg/24 h and for patients on zinc it should be below 75 mg/
24 h [5,8,29].

4. Conclusion

Overtreatment with zinc salts may cause deficiency of
copper with hematologic and neurologic symptoms. Our
cases show that regular monitoring of copper metabolism
tests and blood count cells is very important for safety
treatment with zinc salts and early recognition of copper
deficiency. Patients should be under care of center experi-
enced in monitoring anti-copper treatment for proper
analysis of copper metabolism parameters to avoid such
treatment complication.

Conflict of interest

None declared.

Acknowledgement and financial support

None declared.



n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 4 8 ( 2 0 1 4 ) 2 1 4 – 2 1 8218
Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; Uniform Requirements for manuscripts submit-
ted to Biomedical journals.

r e f e r e n c e s

[1] Ala A, Walker AP, Askhan K, Dooley JS, Schilsky ML.
Wilson's disease. Lancet 2007;369:397–408.

[2] Lorincz MT. Neurologic Wilson's disease. Ann N Y Acad Sci
2010;1184:173–87.

[3] Petrukhin K, Fisher SG, Pirustu M, Tanzi RE, Chevnor I,
Devoto M, et al. Mapping, cloning and genetic
characterization of the region containing the Wilson
disease gene. Nat Genet 1993;5:338–43.

[4] Tanzi RE, Petrukhin K, Chevnor, Pellequer JL, Wasco W,
Ross B, et al. The Wilson disease gene is copper
transporting ATP-ase with homology to the Menkes disease
gene. Nat Genet 1993;5:344–50.

[5] European Association for Study of Liver. EASL clinical
practice guidelines: Wilson's disease. J Hepatol 2012;56:
671–85.

[6] Sternlieb I. Perspectives on Wilson's disease. Hepatology
1990;12:234–9.

[7] Walshe JM. Penicillamine: the treatment of first choice
for patients with Wilson's disease. Mov Disord 1999;14:
545–50.

[8] Roberts E, Schilsky M. Diagnosis and treatment of Wilson's
disease an update. Hepatology 2008;47:2089–111.

[9] Linder MC, Hazegh-Azam M. Copper biochemistry and
molecular biology. Am J Clin Nutr 1996;63:797–811.

[10] Gabreyes AA, Abbasi HN, Forbes KP, McQuaker G, Duncan A,
Morrison I. Hypocupremia associated cytopenia and
myelopathy: a national retrospective review. Eur J
Haematol 2013;90(January (1)):1–9.

[11] Nagano T, Toyoda T, Tanabe H, Nagato T, Tsuchida T,
Kimatura A, et al. Clinical features of hematological
disorders caused by copper deficiency during long-term
enteral nutrition. Intern Med 2005;44:554–9.

[12] Kumar N, Elliott MA, Hoyer JD, Harper Jr CM, Ahlskog JE,
Phyliky RL. ‘‘Myelodysplasia,’’ myeloneuropathy, and
copper deficiency. Mayo Clin Proc 2005;80:943–6.

[13] Fiske DN, McCoy HE, Kitchens CS. Zinc-induced
sideroblastic anemia: report of a case, review of the
literature, and description of the hematologic syndrome.
Am J Hematol 1994;46:147–50.

[14] Halfdanarson TR, Kumar N, Li CY, Phyliky RL, Hogan WJ.
Hematological manifestations of copper deficiency: a
retrospective review. Eur J Haematol 2008;80:523–31.

[15] Larner AJ, Zeman AZ, Allen CM. MRI appearances in
subacute combined degeneration of the spinal cord due to
vitamin B12 deficiency. J Neurol Neurosurg Psychiatry
1997;62:99–100.

[16] Prodan CI, Holland NR, Wisdom PJ, Burstein SA, Bottomley
SS. CNS demyelination associated with copper deficiency
and hyperzincemia. Neurology 2002;59:1453–6.

[17] Kumar N. Copper deficiency myelopathy (human
Swayback). Mayo Clin Proc 2006;81(10):1371–84.

[18] Prodan CI, Holland NR. CNS demyelination from zinc
toxicity? Neurology 2000;54:1705–6.

[19] van den Hamer CJ, Hoogenraad TU. Copper deficiency in
Wilson's disease. Lancet 1989;2:442.

[20] Foubert-Samier A, Kazadi A, Rouanet M, Vital A, Lagueny A,
Tison F, et al. Axonal sensory motor neuropathy in copper-
deficient Wilson's disease. Muscle Nerve 2009;40:294–6.

[21] Horvath J, Beris P, Giostra E, Martin PY, Burkhard PR. Zinc-
induced copper deficiency in Wilson disease. J Neurol
Neurosurg Psychiatry 2010;81(12):1410–1.

[22] Narayan SK, Kaveer N. CNS demyelination due to
hypocupremia in Wilson's disease from overzealous
treatment. Neurol India 2006;54:110–1.

[23] Cortese A, Zangaglia R, Lozza A, Piccolo G, Pacchetti C.
Copper deficiency in Wilson's disease: peripheral
neuropathy and myelodysplastic syndrome complicating
zinc treatment. Mov Disord 2011;26(7):1361–2.

[24] Silva-Junior FP, Machado AA, Lucato LT, Cancado EL,
Barbosa ER. Copper deficiency myeloneuropathy in a
patient with Wilson disease. Neurology 2011;76:1673–4.

[25] Lozano Herrero J, Munoz Bertran E, Ortega Gonzalez I,
Gomez, Espin R, Lopez Espin MI. Myelopathy secondary to
copper deficiency as a complication of treatment of
Wilson's disease. Gastroenterol Hepatol 2012;35(10):704–7.

[26] Strickland GT, Chang NK, Beckner WM. Hypersplenism in
Wilson's disease. Gut 1972;13(March (3)):220–4.

[27] Bohrer D, Do Nascimento PC, Ramirez AG, Mendonca JK, De
Carvalho LM, Pomblum SC. Comparison of ultrafiltration
and solid phase extraction for the separation of free and
protein-bound serum copper for the Wilson's disease
diagnosis. Clin Chim Acta 2004;345:113–21.

[28] Trocello JM, Balkhi SE, Woimant F, Girardot-Tinant N, et al.
Relative exchangeable copper: a promising tool for family
screening in Wilson disease. Mov Disord 2013. http://dx.doi.
org/10.1002/mds.25763.

[29] Brewer GJ, Fred KA. Wilson's disease: clinical management
and therapy. J Hepatol 2005;42:13–21.

http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0010
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0010
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0050
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0050
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0050
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0050
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0070
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0070
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0070
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0090
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0090
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0095
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0095
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref9995
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref9995
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref9995
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0100
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0100
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0100
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0130
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0130
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0135
http://dx.doi.org/10.1002/mds.25763
http://dx.doi.org/10.1002/mds.25763
http://dx.doi.org/10.1002/mds.25763
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00079-6/sbref0145

	Symptomatic copper deficiency in three Wilson&apos;s disease patients treated with zinc sulphate
	Introduction
	Case reports
	Patient 1
	Patient 2
	Patient 3

	Discussion
	Conclusion
	Conflict of interest
	Acknowledgement and financial support
	Ethics
	References


