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Background: Copper deficiency is an uncommon but clinically
significant cause of myeloneuropathy and cytopenia. It can
mimic myelodysplastic syndromes and other neurologic
disorders. Recognition is essential to ensure accurate
diagnosis and treatment. Excessive zinc ingestion may cause
copper deficiency due to competitive absorption, and its use
has become more prevalent since the COVID-19 pandemic.

Case Presentation: A male aged 73 years developed
progressive peripheral neuropathy, leukopenia, and normocytic
anemia. The patient had a prolonged history of over-the-
counter zinc supplementation following a COVID-19 infection.
Diagnostic workup excluded infectious, autoimmune, and
neoplastic causes. Laboratory testing identified severe copper

deficiency with low ceruloplasmin levels and normal zinc levels,
likely the result of recent cessation of zinc supplementation.
The patient received intravenous copper followed by oral
supplementation, resulting in resolution of leukopenia,
reticulocyte proliferation, and reported improvement in
neurologic symptoms.

Conclusions: Peripheral neuropathy, leukopenia, and anemia
are potential indicators of copper deficiency. Clinicians
should discuss a patient’s zinc use when this presentation
is encountered, as zinc-induced copper deficiency is a
reversible cause of these findings. Prompt copper repletion
can restore hematologic abnormalities and may improve
neurologic symptoms.
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opper deficiency, particularly in its
clinically significant form, is extremely
rare.! Delayed diagnosis and treatment
can result in potentially irreversible neuro-
logic deficits and reversible cytopenias.*®
We report a case of peripheral neuropathy;,
leukopenia, and anemia in a veteran with se-
vere copper deficiency who improved signifi-
cantly upon copper supplementation.

CASE PRESENTATION
A male aged 73 years with type 2 diabetes,
right occipital stroke, prostate cancer status
post prostatectomy, lumbar spinal stenosis,
peripheral artery disease, and bilateral iliac
artery aneurysms presented with 2 months
of progressive bilateral lower extremity
weakness, stiffness, numbness, tingling, un-
intentional 40-1b weight loss, leukopenia,
and anemia. He had experienced normocytic
anemia since 2012. Prior workup included
an esophagogastroduodenoscopy and colo-
noscopy 4 months prior to admission, which
revealed Barrett esophagus without dysplasia
and 3 polyps that were tubular adenomas.
Two months prior to admission, the patient’s
folic acid level was low, and supplementation
with folic acid 1 mg daily was initiated. Leu-
kopenia was first noted 2 months prior to
admission.

The patient had been taking zinc gluco-
nate 50 mg daily since 2021. He reported
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initiating both zinc and vitamin C 500 mg
daily in 2021 following a COVID-19 hos-
pitalization and the death of his younger
brother from the same illness. He pur-
chased the supplements over the counter
after reading online that they could prevent
COVID-19 and reported no alcohol use in
the 3 years prior to admission.

The physical examination was unremark-
able, except for the neurologic portion. He
was alert and oriented to person, place, and
time. He had decreased muscle bulk diffusely,
worse in the bilateral lower extremities. Mus-
cle tone was mildly increased in the bilateral
lower extremities. His muscle strength was
4/5 diffusely. Deep tendon reflexes were 2+
diffusely, and the toes were downgoing on a
Babinski examination. There was decreased
sensation to light touch and vibration in the
lower extremities up to the ankles. Romberg
testing was negative. Cerebellar testing was
unremarkable. He needed assistance standing
and was able to take several small, cautious
steps with a cane.

The patient’s complete blood count and
metabolic panel were notable for normo-
cytic anemia (hemoglobin 8.0 g/dL) and
leukopenia (white blood cell [WBC] count
2.6 x 10°/ul). His peripheral blood smear
showed anisocytosis and poikilocytosis
with very rare schistocytes and teardrop
cells (Table 1).
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TABLE 1. Initial Laboratory Testing

Result Value Reference range
White blood cells, x 10%/pL 2.6 3.7-10.5
Hemoglobin, g/dL 8.0 13.0-17.0
Hematocrit, % 25.7 41.0-52.0
Platelets, x 10%/pL 337 133-391
Mean corpuscular volume, fL 94.8 81-103
Red cell distribution width, % 20.2 11.4-15.5
Aspartate aminotransferase, U/L 113 5-34
Alanine aminotransferase, U/L 63 0-55
Total bilirubin, mg/dL 0.5 0.2-1.2
Alkaline phosphatase, U/L 91 40-150
Vitamin B12, pg/mL 644 213-816
Folate, ng/mL 15.5 7-31.4
Thyroid-stimulating hormone, plU/mL 0.28 0.35-4.94
Thyroxine

Total, pg/dL 9.35 4.87-11.72

Free, ng/dL 1.05 0.7-1.48

Given the patient’s age and history of
prostate cancer status post prostatectomy,
metastatic malignancy and a paraneoplas-
tic syndrome were included in the differen-
tial diagnosis. Computed tomography of the
chest, abdomen, and pelvis revealed no new
malignancies or metastatic disease. Prostate-
specific antigen was < 0.1 ng/mL. Magnetic
resonance images of the brain and entire
spine revealed an old right occipital infarct
and multilevel degenerative disc disease in
the cervical and lumbar regions.

There was only moderate central canal
stenosis at L4-L5. Erythrocyte sedimenta-
tion rate, C-reactive protein, creatine ki-
nase, and aldolase were all within reference
ranges. Electromyography and nerve con-
duction studies revealed a length-dependent
sensorimotor axonal polyneuropathy with
evidence of ongoing axonal degeneration
more distally. There was no evidence of de-
myelination. All autoimmune and infectious
disease workups (including HIV, Lyme dis-
ease, and syphilis) were negative.

On hematologic workup, there was no ev-
idence of hemolysis. Iron saturation was low
at 10% with a slightly elevated ferritin level.
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Serum protein electrophoresis and urine pro-
tein electrophoresis were within reference
ranges. Bone marrow biopsy and flow cytom-
etry revealed no morphologic, immunophe-
notypic, cytogenetic, or molecular evidence
of a myeloid neoplasm.

Because of the combined leukopenia,
anemia, and sensorimotor axonal poly-
neuropathy, urine arsenic and whole blood
lead, copper, and zinc levels were ob-
tained. The arsenic level was undetectable,
and the lead level was not elevated. His
whole blood zinc level was 529 mcg/dL
(reference range, 440-860 mcg/dL), and
copper level was < 0.5 mcg/mL (reference
range, 0.5-1.5 mcg/mL). Ceruloplasmin
was low at 7.0 mg/dL (reference range,
16-31 mg/dL).

Factoring these levels and the entirety
of the patient’s workup led to a diagno-
sis of copper deficiency myeloneuropa-
thy with hematologic abnormalities. The
patient’s care team discontinued the zinc
supplements.

To treat copper deficiency, the patient re-
ceived daily 3 mg intravenous (IV) copper
infusions. He developed nausea after 2 days
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TABLE 2. Peripheral Blood Count Before and After Copper Supplementation

Day WBC, K/mm? Hb, g/dL Reticulocyte, % Notes

1 2.6 8.0

3 2.7 7.5 1.44

7 3.0 7.0 Received 1 unit of packed RBCs transfusion
8 3.0 8.5

9 3.2 8.3 Copper transfusion started
10 2.9 8.0 1.33

11 3.2 8.1

12 3.6 8.5

13 3.9 8.0

14 5.3 8.5 2.91 Copper repletion ended
15 B 8.4 3.01

16 4.6 8.0 Patient discharged

36 7.5 10.1 Outpatient laboratory levels

Abbreviations: Hb, hemoglobin; RBC, red blood cell count; WBC, white blood cell count.

of treatment, so the dose was decreased to
2 mg IV copper daily for a total of 5 days.
The nausea resolved after the copper dose
was decreased. After 5 days of copper infu-
sion, the patient reported improvement in
bilateral knee stiffness, and improved sensa-
tion to light touch was noted on examina-
tion. The weakness in his legs remained the
same. Additional laboratory testing revealed
the patient’s leukopenia had resolved (WBC
from 2.6 x 10°/uL to 5.3 x 10°/uL), and retic-
ulocyte proliferation had sharply increased
from 1.44% to 3.01% upon completing cop-
per infusion (Table 2 and Figure). The pa-
tient was discharged to a skilled nursing
facility for subacute rehabilitation. He was
instructed to take 2 mg of oral copper daily
and not to resume zinc supplementation.

DISCUSSION

Copper deficiency is a relatively rare condi-
tion. Copper is a trace element found in a
variety of plant and animal products. In hu-
mans, it is a cofactor required for several en-
zymes involved in energy production, iron
metabolism, and neurotransmitter synthe-
sis. The daily recommended dose for males
is about 1400 mcg and 1100 mcg for females.
Copper is primarily absorbed in the duode-
num.! The most common causes of copper
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deficiency include malabsorption in the duo-
denum caused by celiac disease, short bowel
syndrome, or bariatric surgery.* The patient
described in this case tested negative for tis-
sue transglutaminase immunoglobulin A
and he was not deficient. He had no signs or
symptoms of short bowel syndrome, and he
never had bariatric surgery.

Copper deficiency is known to cause my-
elopathy, peripheral neuropathy, hypochro-
mic anemia, and leukopenia.>> Excessive
zinc consumption has been found to cause
copper deficiency, as zinc and copper are ab-
sorbed competitively from the duodenum.
High zinc intake stimulates the production
of metallothionein, an intestinal protein that
binds these metals. Because metallothio-
nein has a stronger affinity for copper, it se-
questers dietary copper within the intestinal
cells. When these cells are naturally shed, the
bound copper is lost in the feces, ultimately
leading to systemic copper deficiency.’”

The patient had been taking a zinc glu-
conate 50 mg supplement since 2021, ex-
ceeding the recommended daily upper
limit of 40 mg for adults.® He began tak-
ing zinc after reading an online article
that promoted its use as a preventive
measure against COVID-19. During the
pandemic, widespread misinformation

mdedge.com/fedprac



about supplements such as zinc circu-
lated on news outlets and social media
platforms. Zinc has been hypothesized to
inhibit viral replication and attachment
to the nasopharyngeal mucosa, fueling
its popularity for preventing the common
cold and COVID-19, despite mixed re-
sults in clinical trials and meta-analyses.’

Zinc supplementation was discontinued
on admission. Laboratory evaluation dem-
onstrated that the patient’s zinc level 2 days
after admission was 529 mcg/dL (reference
range, 440-860 mcg/dL). In patients tak-
ing zinc supplementation, zinc levels do
not need to be elevated to cause copper de-
ficiency. An analysis of 70 patient health re-
cords of prescribed zinc supplements found
that 62% were prescribed zinc at doses suf-
ficient to cause copper deficiency. In 48% of
these patients, plasma zinc concentrations
were not elevated."

The timeline of our patient’s neuro-
logic and hematologic abnormalities after
4 years of zinc supplementation supports
zinc-induced copper deficiency as the un-
derlying cause. This clinical picture is con-
sistent with prior reports of zinc-induced
copper deficiency that mimics hemato-
logic disorders such as myelodysplastic
syndrome.> As unsupervised zinc ingestion
has become increasingly common since
the pandemic, clinicians should maintain
a high index of suspicion for copper defi-
ciency in patients with unexplained myelo-
neuropathy, anemia, and leukopenia. For
patients with this triad, we recommend ob-
taining whole blood copper and zinc levels.

There are few guidelines on the manage-
ment of copper deficiency!! In a case report,
cessation of zinc supplementation followed
by 2 months of oral copper supplementation
did not correct anemia and leukopenia.'* IV
copper is thus preferred for severe copper de-
ficiency with hematologic effects and neuro-
logic symptoms.! A patient was successfully
treated with IV copper 2 mg daily for 5 days,
followed by oral copper 2 mg daily.’> An-
other commonly used regimen is oral 8 mg
of copper daily for week 1, 6 mg of copper
daily for week 2, 4 mg of copper daily for
week 3, and 2 mg of copper daily thereafter.?
The neurologic effects of copper deficiency
are usually irreversible, but copper supple-
mentation can prevent these effects from
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FIGURE. Peripheral blood count recovery after copper

supplementation showing recovery of hemoglobin,
white blood cell count, and reticulocyte proliferation

from hospital admission (day 0) to outpatient laboratory

test results (day 36) with key time points noted.

worsening.>”> Hematologic effects of cop-
per insufficiency, including anemia and leu-
kopenia, are reversible over the course of
weeks to months.?? After receiving a 5-day
course of IV copper supplementation, the
patient’s neurologic symptoms began to im-
prove, with reported improvement in knee
stiffness and neuropathy symptoms. From
a hematologic standpoint, his leukope-
nia had resolved, anemia had slightly
improved, and reticulocyte proliferation
had sharply increased by the time of his
last infusion, further suggesting copper
deficiency as the cause of his symptoms.
A prior case report showed that it took
6 months of oral copper supplementa-
tion for anemia and leukopenia to com-
pletely resolve.

Interestingly, despite improvement in the
patient’s symptoms and laboratory values,
a 5-day course of IV copper supplementa-
tion was insufficient to completely restore
our patients copper levels, as the copper level
remained < 0.5 mcg/mL following supple-
mentation. This finding is not unexpected,
as in mild dietary copper deficiency, repletion
with 2 mg daily for 35 days did not fully re-
store plasma copper levels, indicating that re-
covery can be slow and may require higher
or prolonged dosing.!* The patient was in-
structed to start oral copper 2 mg daily and
to follow up with his primary care physician
for repeat copper levels and a complete blood
count. Since oral copper is not always in-
cluded in health plan formularies, patients
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are frequently advised to use over-the-
counter supplements.

CONCLUSIONS

Many patients rely on zinc supplementation
hoping to improve immunity and prevent
infection. However, excessive zinc inges-
tion may lead to unintended consequences,
such as copper deficiency. Therefore, rec-
ognizing the triad of peripheral neuropa-
thy, anemia, and leukopenia is crucial to
detecting copper deficiency. This case dem-
onstrates that copper supplementation can
improve cytopenias and may mitigate and
prevent further neurologic damage, greatly
improving patients’ quality of life.
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