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Very few cases of acquired severe copper deficiency have been described. The principal
Summary:
effects are haematological, but the precise abnormalities are uncertain due to the possible association of
other deficiencies. A case of isolated severe copper deficiency associated with late onset hypogammaglobulinaemia is reported in which the chief findings were macrocytic anaemia, neutropenia and a
decrease in mean platelet volume. All these abnormalities resolved when copper therapy was instituted and
recurred when the medication was stopped.
Introduction

Acquired severe copper deficiency is exceptionally
rare.",2 Reported cases fall principally into two
categories, severely malnourished infants3-5 and adults
receiving total parenteral nutrition.69 There have been
two case reports of copper deficiency in well-nourished infants0",' and severe copper deficiency induced
by ingestion of large doses of zinc'2 has been described.
We report a case of severe copper deficiency in an
adult with late-onset hypogammaglobulinaemia, an
association not previously noted.
Case report
A 76 year old female presented with diarrhoea of one
year's duration. There was a history of pernicious
anaemia, which had been diagnosed 15 years
previously, and of hyperthyroidism, diagnosed 50
years ago. Apart from monthly hydroxocobalamin
injections she was receiving no medication.
On examination, she was generally wasted and of
small stature. The skin, joints, hair and central
nervous system were normal. The normal biochemical
findings included plasma urea and electrolytes, liver
function tests, blood glucose and thyroid function. She
was hypocalcaemic (1.77 mmol/l), hypophosphataemic (0.37 mmol/l) and the plasma alkaline
phosphatase was raised at 230 units. The albumin was
41 g/l and total protein 56 g/l. The 25-hydroxycholecalciferol level was 3.0ng/ml (normal 3.0-30).
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parathyroid hormone 60 pg/ml (normal under 120)
and serum magnesium 0.69 mmol/l (0.70-1.00).
Haemoglobin (Hb) was 10.5 g/dl with occasional
spherocytes present on the film. Other haematological
findings were:- PCV 32, MCV 97 fl, MCHC 32.7 g/dl,
MCH 31.6 pg, white blood cells 10.7 x I09/1 (neutrophils 68%, lymphocytes 24%, monocytes 5%, eosinophils 3%); platelets 421 x 109/1; Coombs' test
negative; serum B,2 940 ng/l (160-960); serum folate
4.5 tLg/l (3-18); serum iron 9.0 jLmol/l (11-32) and
total iron binding capacity (TIBC) 60 jtmol/l (35-70).
Her serum copper was 4.2 JLmol/l (11-22), caeruloplasmin 0.06g/l (0.20-0.40) and zinc 10.1 gmol/l
(11.5 -17). The autoantibody profile was negative; the
immunoglobulin levels were grossly reduced - IgG
1.6 g/l (8.0-18.0); IgA < 0.1 g/l (0.9-4.5), IgM 0.1 g/l
(0.6-2.8).
A chest X-ray and skeletal survey were normal as
was a small bowel enema. Stool culture grew campylobacter and jejunal aspirate was unremarkable.
Jejunal biopsy revealed partial villous atrophy with a
chronic inflammatory infiltrate of eosinophils and a
few plasma cells. The 3 day faecal fat collection was
42mmol/24h (normal 10-18). The stool was
repeatedly negative for occult blood.
A malabsorptive state secondary to bacterial overgrowth was diagnosed, in a patient with late-onset
hypogammaglobulinaemia. The histological changes
were considered to be secondary to bacterial overgrowth although a diagnosis of concomitant coeliac
disease was not entirely excluded at this time. She was
treated with gammaglobulin injections 25 mg/kg/
week, folic acid, and a course of erythromycin, on
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which regimen her diarrhoea ceased. She was also
commenced on high dose oral vitamin D, with resolution of the hypocalcaemia and normalization of the
alkaline phosphatase level.
Over the next 2 months the blood count continued
to show a mild normochromic normocytic anaemia
but 5 months after initial investigation, she developed
a macrocytic anaemia (Hb 8.3 g/dl, MCV 103 fl) and
was neutropenic (2.3 x 109/l). Her diarrhoea had
returned previously and she was anorexic. Subsequently her haemoglobin showed a progressive decline
(Figure 1) and blood films revealed macrocytosis with
red cell fragments and bizarre forms. The reticulocyte
count was 4.6%, serum B,2 was 620ng/l and serum
folate 18 gg/l, serum iron 6.0 1imol/l and TIBC
39.0 jLmol/l. Bone marrow examination revealed normal cellularity with normoblastic erythropoiesis but
early white cell precursors had a vacuolated cytoplasm, with occasional late forms showing defective
granulation. The iron stores were normal. No ringed
sideroblasts were seen. The trephine biopsy was
unremarkable.
Serum copper and caeruloplasmin were now (Feb
and Mar 1985) less than 1 pmol/l and 0.03 g/l respectively, both undetectable by conventional laboratory
analysis. The red cell copper was 3.7 jLmol/l (normal
12.9-15.9) and red cell superoxide dismutase 267
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Figure 1 Correction of anaemia and macrocytosis by
oral copper sulphate on two occasions in a patient with
late onset hypogammaglobulinaemia. Hb
haemoglobin; MCV = mean red cell volume; MPV mean
platelet volume; CP = caeruloplasmin.
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units/ml erythrocytes (normal 599- 675). She was
considered grossly copper deficient and commenced
on an aqueous suspension of copper sulphate 20 mg
increased to 40 mg by mouth daily. After one month
there was a dramatic improvement in her
haemoglobin, with reduction in the MCV and a
concomitant reticulocytosis as serum copper and
caeruloplasmin values rose (Figure 1). The red cell
copper rose to 9.8 [Lmol/l. The mean platelet volume
increased with treatment and the platelet count rose to
737 x 109/1. The white cell count reached 12.4 x 109/1
(neutrophils 66%). Permission for a repeat bone
marrow examination was refused. The copper was
stopped after 6 weeks with a subsequent gradual
decline in haemoglobin and increase in MCV. A fall in
white cell and neutrophil counts also occurred but not
to the previous neutropaenic levels. Owing to persistent weight loss and anorexia, a gluten-free diet was
introduced three weeks after copper therapy ceased,
with no effect on the haematological or clinical course.
Permission for a second jejunal biopsy and aspirate
was refused. Four months later (approximately 3
months after the institution of the gluten-free diet)
copper sulphate 40 mg by mouth was reintroduced
and continued for 2 months. There was a subsequent
improvement in the haematological indices (Figure 1)
which continued until her death at home from
inanition in November, 1985.
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In induced copper deficiency, the various copper pools
in the body become depleted in a hierarchical manner.
Caeruloplasmin copper declines first; copper in
tyrosinase and other amino acid oxidases follows and
only after cytochrome copper begins to be depleted
does red cell superoxide dismutase activity copper
decrease. The low red cell superoxide dismutase
acitivity in this patient therefore indicates the extreme
severity of her copper deficiency.'3
Previous reports have stressed the occurrence of a
microcytic hypochromic anaemia compatible with
either iron deficiency or an abnormality in iron
utilization.2'5"4 These patients all suffered from multiple haematinic deficiencies secondary to malnutrition
or malabsorption. In many cases, serum levels were
not recorded2'3 5 and partial responses to other
haematinics occurred3 before the introduction of copper. In the present case, the anaemia was macrocytic
with normoblastic erythropoiesis. The anaemia and
macrocytosis were corrected on two occasions by oral
copper sulphate.
Macrocytosis has been observed previously in copper deficiency complicating malnutrition. In two
reports3'7 serum B,2 and folate levels were not given and
in two others89 they were normal. In the latter, bone
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marrow histology showed megaloblastic' and
megaloblastoid9 changes, resolving with copper
administration alone.
Reported marrow findings in copper deficiency
include normal red cell maturation,3 as in our patient,
and ringed sideroblasts.49 The white cell line has
shown variously giant metamyelocytes,3"15 quantitative
diminution with a predominance of mature elements3
or maturation arrest.8"0 Striking vacuolation of erythroid3"0 or both erythroid and myeloid4'8'9 cell lines
has been seen. Our patient showed vacuolation of the
myeloid series as well as maturation arrest of
myelopoiesis. Most reports agree on the occurrence of
neutropaenia in copper deficiency," 2"5 and this is
confirmed in the present study. The apparent effect on
platelet size has not been previously reported.
The role of copper in haemopoiesis is not known.
Studies in pigs have suggested that copper is necessary
both for the absorption of iron and its transfer from
the reticulo-endothelial system to the marrow,'7
accounting for the microcytic hypochromic anaemia
observed. Subsequent investigations however have
shown that porcine hypocupraemic anaemia can
develop independently of serum and marrow iron
levels.'8 Similarly macrocytosis and megaloblastoid
maturation, together with myeloid maturation arrest
and peripheral neutropaenia, cannot be explained in
terms of iron deficiency alone. These findings would
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be consistent with a role of copper as a cofactor for
enzymes involved in either cell division or protein
synthesis within the marrow.
There have been no previous reports of
hypocupraemia associated with hypogammaglobulinaemia in man, but a striking association between
induced copper deficiency and the suppression of the
immune response has been described in mice.'9 This
appears to be a specific copper effect, unrelated to zinc
deficiency or the associated iron-deficiency anaemia.
Our patient had normal T cell subsets in blood and
marrow prior to copper treatment and no increase in
immunoglobulin levels after 6 weeks' replacement.
The probable causes of copper deficiency in this case
were the malabsorptive state and anorexia. The
duodenal histological changes did not suggest coeliac
disease in which copper deficiency has been reported,2
and a gluten-free diet alone failed to improve the
haematological status.
We believe this case demonstrates the haematological features of isolated severe copper deficiency
in man. It should encourage blood copper level
estimation in otherwise unexplained macrocytic
anaemia.
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