Clinical Case Study
POINTS TO REMEMBER
• Copper deficiency can be a treatable cause of neurologic syndromes, including ataxia, neuropathy,
spasticity, optic neuropathy, and motor neuron degeneration resembling amyotrophic lateral sclerosis.
• Copper deficiency is caused by copper malabsorption
secondary to altered gastrointestinal tract anatomy
(e.g., after bariatric surgery) or upregulation of copperchelating proteins by excess zinc (e.g., from denture
adhesive), although a significant percentage of cases
remain idiopathic.
• A history of gastrointestinal surgery, as well as of
denture adhesive use or zinc supplementation, should
be routinely obtained in evaluating patients with sensorimotor neurologic disorders.
• Serum copper should also be measured in patients with
unexplained cytopenia or a suspected myelodysplastic
syndrome.
• Zinc and ceruloplasmin concentrations should also be
checked when copper deficiency is suspected.
• When copper deficiency is identified in a patient with
a history of gastrointestinal resection, other concomitant nutritional deficiencies should also be
investigated.
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Commentary
Jonathan D. Gitlin*

Copper is an essential nutrient, readily available in the
diet and rapidly absorbed through the gastrointestinal
tract. Copper is abundant in dietary foods and water
sources, and copper deficiency in humans is therefore
uncommon. Nevertheless, acquired copper deficiency
may occur when gastrointestinal uptake is impaired.
The most common manifestations of copper deficiency are a decreased serum ceruloplasmin and anemia, neutropenia, or thrombocytopenia. If prolonged,
copper deficiency will produce neurologic signs and
symptoms that include sensory ataxia, hyperreflexia,

Department of Pediatrics, Vanderbilt University School of Medicine, Nashville, TN.
* Address correspondence to the author at: Department of Pediatrics, Vanderbilt
University School of Medicine, 2200 Children’s Way, Nashville, TN 37232.
E-mail jonathan.d.gitlin@vanderbilt.edu.
Received March 11, 2011; accepted March 21, 2011.
DOI: 10.1373/clinchem.2011.163485

1106 Clinical Chemistry 57:8 (2011)

and a spastic gait. If the deficiency is detected early,
copper supplementation always resolves the serum
and hematologic manifestations and prevents further
neurologic deterioration. Neurologic recovery may be
slow, however, and preferentially involves the sensory
symptoms. Thus, copper deficiency is an important
clinical problem that must be recognized early by the
physician.
This case report raises several fascinating clinical
issues. The reported findings are similar to those observed in patients with megaloblastic anemia and subacute combined degeneration due to vitamin B12 deficiency. The mechanisms of bone marrow dysplasia
and neurologic degeneration in copper deficiency
are unknown, and these findings remind us of the
unexplored relationship between cobalamin and
copper metabolism. This patient was also reported
to have increased serum zinc, presumably from
chronic ingestion of dental adhesive. Zinc ingestion
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is associated with copper deficiency, and patients
have been identified with acquired copper deficiency
of unknown etiology and increased serum zinc in the
absence of exogenous zinc ingestion. These findings
remind us that we have much to learn about the
interplay of copper and zinc homeostasis and suggest that the resulting copper deficiency is likely
more complex than the proposed interference with
gastrointestinal tract absorption.
In the final analysis, case reports of rare diseases
sharpen our diagnostic skills and reveal the hidden

mysteries that remain to be explored in much of human physiology and disease.
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Commentary
William L. Roberts*

This clinical case study is timely and interesting. A recent TV advertisement from a law firm aired in Utah
and targeted victims who might have been harmed by
zinc-containing denture adhesives. An Internet search
on zinc toxicity identified 2 law firms that handle these
cases and an advertisement for a zinc-free denture adhesive. Zinc toxicity may have causes other than excessive use of zinc-containing denture adhesives. Pennies
minted in the US since 1983 contain 97.5% zinc. Zinc is
highly reactive with gastric acid. Ingestion can cause
local corrosion and systemic toxicity. Massive ingestion can be fatal (1 ). Acute toxicity has resulted from
storage of food or drink in galvanized containers. Toxicity due to ingestion of very large doses of zinc remains
quite uncommon (2 ). Pharmacologic intake of zinc
(100 –300 mg Zn/day) over a long period can lead to
severe copper deficiency, like that described in this
clinical case study. Ingestion of between the Recommended Daily Allowance of 15 mg/day and pharmacologic doses of 100 mg/day has been associated with adverse consequences (2 ). Excessive absorption of zinc
can also suppress iron absorption (2 ).
Zinc is an essential cofactor in a number of cellular
processes. A review of the literature on zinc and human
health demonstrates that dietary zinc deficiency is a
major health problem worldwide, with nearly 2 ⫻ 109
people affected (3 ). Zinc deficiency is particularly
problematic in infancy, with nearly 1 ⫻ 106 excess

deaths due to pneumonia, diarrhea, and malaria occurring worldwide annually in children under 5 years. Adequate intake from foods can be difficult without
fortification. Fortification programs are difficult to implement for the rural poor of less-developed countries.
Obtaining an adequate intake of zinc in children is a
major challenge worldwide, in contrast with the excessive intake from supplements and zinc-containing
products in developed countries.
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