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Key Clinical Message

Prompt serum copper and zinc in addition to vitamin B12 levels should be

measured in patients suffering from refractory anemia with neurological

symptoms. A timely copper supplementation can help revert the hematological

and possibly the neurological manifestations.
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Copper is an important trace element with an integral role

in metabolism due to its requirement in the function of

many critical enzymes involved in production of hemoglo-

bin, myelin, melanin, and regulation of the thyroid gland

function [1]. Hematological manifestations of acquired

copper deficiency include anemia and neutropenia. Classi-

cal bone marrow findings comprise of prominent vacuoles

in erythroid and myeloid precursors along with iron-con-

taining plasma cells and ring sideroblasts [2]. The neuro-

logical manifestations of copper deficiency very closely

resemble the clinical findings of subacute combined degen-

eration of the spinal cord (SCD) which is similar to the pre-

sentation in vitamin B12 deficiency [3]. We report a case of

macrocytic anemia with SCD-type neuropathy due to cop-

per deficiency in a patient with supra normal serum zinc

concentration. Copper deficiency is now a better known

masquerader of myelodysplastic syndrome. Our case

emphasizes the need for prompt copper and zinc level mea-

surements in addition to vitamin B12 levels in patients suf-

fering from refractory anemia with neurological symptoms.

Case Presentation

A 45-year-old white female was admitted to the hospital

in May 2012 with complaints of progressively increasing

fatigue and shortness of breath on exertion for 4 months.

She had no previous history of any chronic medical con-

ditions and had normal blood counts 1 year ago. About

3 weeks before presenting to the hospital, the patient

developed paresthesia of her toes and subsequently the

numbness extended up to her mid-shin bilaterally. She

also complained of numbness in her fingertips. There

were no motor deficits. She denied any history of fever,

night sweats, and anorexia or weight loss at that time and

or any symptoms of easy bruising and bleeding. There

was no history of gastric surgery, chronic diarrhea, or uri-

nary complaints. She was a social drinker. Patient

declined any recreational drugs and was a lifelong

nonsmoker. On physical examination the patient was

comfortable at rest. Her vital signs were stable. Head,

ears, nose, and throat examination was normal. No lym-

phadenopathy or hepatosplenomegaly was noted and

there were no abnormal skin findings. Her central ner-

vous system examination was only remarkable for absent

deep tendon reflexes without any objective sensory loss.

Babinski reflex was negative.

Routine laboratory investigations revealed macrocytic

anemia with a hemoglobin of 8.0 g/dL and a mean cor-

puscular volume of 104 femtoliter. The total leukocyte

count was noted to be 1.7 9 109/L with a differential
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count of Polymorphs – 34%, Lymphocytes – 53%, and

Monocytes – 10%. Her platelet count was normal at

2.48 9 109/L and so was the reticulocyte count – 1.3%

(absolute reticulocyte count 0.04 9 106/lL). The iron

panel demonstrated normal parameters; serum iron –
30 lg/dL, TIBC of 474 lg/dL and a ferritin level of

192 ng/mL. Her serum vitamin B12 and methylmalonate

levels as well as her thyroid functions were normal. The

peripheral smear revealed slight anisopoikilocytosis with

macrocytes and also demonstrated leukopenia but with-

out any cell line dysplasia or blasts. Hemolytic work-up

was negative for Coombs test with acceptable lactate

dehydrogenase and haptoglobin levels. Chemistries

revealed optimal liver and renal function.

The day after admission her hemoglobin declined to

7.6 g/dL and she required transfusion of two units of

packed red blood cells with an appropriate posttransfu-

sion response. No autoantibodies were found on screen-

ing. A bone marrow biopsy was recommended and

performed as an outpatient.

Bone marrow biopsy finding demonstrated a hypercellu-

lar bone marrow with marked erythroid hyperplasia

(Fig. 1). Prominent cytoplasmic vacuolization of immature

erythroid and granulocytic precursors with ring sideroblast

was also noted on the bone marrow aspirate (Figs 2 and 3)

These peculiar changes were suggestive of acquired copper

deficiency and serum copper and zinc levels were measured.

Her copper levels were markedly low at 5 lg/L (normal

range 70–155 lg/L) and zinc levels were noted to be ele-

vated at 213 lg/L (normal 70–150 lg/L). Cytogenetic and

flow cytometry testing revealed a normal female karyotype

with no genetic aberrations associated with MDS, thus con-

firming the diagnosis of copper deficiency.

Patient denied any history of excessive zinc intake

except occasional over the counter multivitamin tablets.

She was started on daily copper sulfate supplementation

at 2 mg orally three times a day for 6 months. Her condi-

tion improved rapidly with resolution of anemia and

leukopenia within 1 month, though neuropathy persisted.

Repeat serum copper and zinc levels 6 months later were

normal at 158 and 73 lg/L, respectively. Patient remains

symptom free 2 years later with normal blood counts;

hemoglobin (15.6 g/dL), MCV (101.6 femtoliter) and

WBC count (8.5 9 109/L). Her neurological symptoms

have also improved substantially with slight residual

numbness in lower extremities.

Discussion

Copper is an ubiquitous trace element which is essential

for numerous important metabolic pathways in the body.

Several factors have been described which cause serum

copper levels to fall below required concentration for
Figure 1. Bone marrow biopsy- Hypercellular bone marrow with

marked erythroid hyperplasia.

Figure 2. Bone marrow aspirate- Prominent cytoplasmic vacuolization

of immature erythroid and granulocytic precursors.

Figure 3. Bone marrow aspirate: Ring sideroblast.
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normal cellular function. The most common cause for

copper deficiency is malabsorption, especially due to

dumping syndrome as a result of an increasing incidence

of gastrointestinal bypass surgeries for the obesity epi-

demic [4]. Another important factor is hyperzincemia

due to nutritional supplementation. High zinc levels

result in the increased production of metallothionein in

intestinal cells. Copper binds to metallothionein displac-

ing zinc, leading to accumulation of copper in the intesti-

nal enterocytes. These enterocytes are ultimately shed and

lost through the gastrointestinal tract, leading to copper

elimination and deficiency [5]. Interestingly, increased

iron levels as seen in hemochromatosis have also been

implicated to cause hyperzincemia and associated copper

deficiency. Idiopathic cases with no apparent cause have

also been described [1].

The classic hematological findings include bicytopenia

generally affecting the myeloid and erythroid precursors,

though rare cases of thrombocytopenia have also been

reported [6]. Copper is a vital cofactor for various redox

enzymes such as ceruloplasmin and cytochrome oxidase,

and decreased activity of these enzymes have been postu-

lated to be a potential cause of anemia. Mitochondria iso-

lated from copper-deficient cells failed to synthesize heme

from ferric iron and protoporphyrin [1]. The anemia in

copper deficiency can present in varied morphological

forms and anisopoikilocytosis is frequently observed in

the peripheral smear. Neutropenia is generally the most

frequent laboratory abnormality noted [7, 8]. The etiology

has been unclear though arrested maturation of granulo-

cyte precursors has been demonstrated in in vivo studies

of copper-deficient mouse cells [9]. This presentation

generally mimic myelodysplastic syndrome. The bone

marrow findings, though not pathognomonic, are very

characteristic of copper deficiency and most cases are sus-

pected due to the findings of increased vacuolization in

the erythroid and myeloid precursors, as well as presence

of ring sideroblasts and iron deposition in plasma cells

[2, 10, 11]. Such was the case in our patient who pre-

sented with symptoms of fatigue, exertional dyspnea, and

neuropathy. With the absence of increased myeloblasts

along with normal cytogenetic and no immunopheno-

typic abnormalities of MDS, copper deficiency became

highly likely. Importantly, these hematological abnormali-

ties are completely reversible with adequate copper

supplementation.

Neurological manifestations of acquired copper defi-

ciency include presentations of myelopathy and peripheral

neuropathy which can closely mimic the symptoms and

clinical signs of SCD, most commonly caused due to vita-

min B12 deficiency. Spinal and peripheral nerve injury

can also occur and patients can have presentations vary-

ing from indolent gait disorders to sensory ataxia with or

without spasticity [3, 12–14]. Magnetic resonance imaging

may show subcortical white matter changes, cerebellar

atrophy, and signal changes in the dorsal columns in

either the cervical or thoracic cord [12]. More recent

published reports have also described the causal relation-

ship between copper deficiency and optic neuropathy

(acute, subacute, chronic) presenting several years after

gastric bypass surgery [15, 16]. Dake et al. [17] had previ-

ously demonstrated in mouse studies that copper deple-

tion could lead to demyelination of optic nerve, thus

probably explaining the irreversible neurological defi-

ciency if not treated promptly.

The diagnosis of acquired copper deficiency requires a

high clinical suspicion, especially in patients with com-

bined hematological and neurological deficiency.

Although hematologic manifestations of copper deficiency

are reversible with early supplementation, many patients

experience partial relief of their neurological symptoms

and have irreversible neurological debilitation as also

shown in other published reports [16, 18]. Such easily

treatable causes should be thus promptly diagnosed and

treated for a better clinical outcome. Our case emphasizes

the need for an early evaluation of serum copper and zinc

levels along with vitamin B12 levels in a patient suffering

from refractory macrocytic anemia with myelopathy or

neuropathy. A timely copper supplementation can help

revert the hematological and possibly the neurological

manifestations.
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