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Diagnosis and clinical associations of zinc
depletion following bone marrow transplantation

A Papadopoulou, K Nathavitharana, M D Williams, P J Darbyshire, I W Booth

Abstract
Following the emergence of biochemical
zinc deficiency after bone marrow trans-
plantation, the clinical value of plasma
alkaline phosphatase activity as an early
indicator of biochemical zinc depletion
was investigated in this group of patients.
Serial measurements of plasma zinc and
alkaline phosphatase activities in 28 con-
secutive children (median age 8*7 years;
16 males) undergoing bone marrow trans-
plantation were carried out and clinical
associations recorded. A significant fall in
plasma zinc occurred after the bone
marrow transplant, and 19 children devel-
oped biochemical zinc deficiency (Zn <11
,umoIll) at a median of 7 days following the
transplant. Zinc depletion was more com-
mon in younger patients and in children
with diarrhoea. A positive correlation was
found between plasma zinc and alkaline
phosphatase activities. Zinc depleted
patients had more febrile episodes of
longer duration and were more likely to
have a positive blood culture. Haemo-
poetic recovery was not affected by zinc
deficiency. Following zinc supplementa-
tion, alkaline phosphatase showed a

significant increase. The sensitivity of a

low alkaline phosphatase as a screening
test for biochemical zinc deficiency was

83%, with a specificity of 86%. Low alka-
line phosphatase activity following bone
marrow transplant is an indication for
zinc supplements.
(Arch Dis Child 1996; 74: 328-331)
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Zinc is a cofactor in a number of metallo-
enzymes involved in nucleic acid synthesis'
and the maintenance ofnormal immunological
function.2 Clinical zinc deficiency is now rare

in children receiving nutritional support, as the
parenteral and enteral nutrition regimens con-

tain zinc. We were therefore surprised to find
that biochemical zinc deficiency was occurring
in a relatively new group of children: those
receiving nutritional support following bone
marrow transplantation.
The clinical manifestations of zinc defi-

ciency (anorexia, rash, alopecia, diarrhoea,
infections, and failure to thrive) are common

following bone marrow transplantation, and
therefore the frequency of clinical zinc defi-
ciency in these children is difficult to assess.

Accurate biochemical assessment of zinc status
is also difficult in clinical practice, as the gold

standard is an estimation of concentrations in
hair or in tissue such as liver, rectal mucosa,
leucocytes, or erythrocytes. It has been
suggested that the plasma activity of alkaline
phosphatase (a zinc metallo-enzyme) may be a
useful alternative index of zinc status.3
Although this possibility has often been cited,
we are not aware of any previous study to test
its validity on the basis of longitudinal
measurements of both alkaline phosphatase
activities and plasma zinc. The aims of this
study were therefore to assess the frequency
and clinical associations of biochemical zinc
depletion in children undergoing bone marrow
transplantation, and to examine the value of
serum alkaline phosphatase activity as an index
of biochemical zinc deficiency.

Methods
SUBJECTS
Twenty eight consecutive patients undergoing
bone marrow transplantation were prospec-
tively studied. The characteristics of the
patients are shown in the table.

PROCEDURES
Anthropometry and biochemistry
Anthropometry (weight, mid-arm circumfer-
ence, skinfold thickness measurements), and
plasma zinc were measured weekly and alkaline
phosphatase activities twice weekly. The condi-
tioning regimens used in this hospital have been
described previously.4 The study protocol was
approved by the research ethics committee
of South Birmingham Health Authority.

Characteristics of the patients

Median age (years) 9 (range 0-9-19-3)
Sex
Male 16
Female 12

Diagnoses
Acute lymphoblastic/chronic

myeloblastic leukaemia 17
Solid tumours 2
Aplastic anaemias 3
P-Thalassaemia major 3
Sickle cell anaemia 1
Wiskott-Aldrich syndrome 1

Type of bone marrow transplant
Allogeneic 25
Autologous 3

Nutritional support
Parenteral nutrition 13
Enteral nutrition 8
No support 7

Conditioning
Cyclophosphamide+ total body

irradiation 12
Campath+busulphan+cyclo-
phosphamide 1 1

Idarubicin+total body irradiation+
cyclophosphamide 2

Melphelan 3
Median duration of hospital stay following

bone marrow transplant (days) 29 (range 17-122)
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Figure 1 Biochemical zinc deficiency following b
marrow transplantation. A significant fall in plas
was observed in children following the transplant
(p<O OO1). The hatched area represents the labo?
reference range.

Informed consent was obtained fr(
patients or their parents.

Documentation offever
The occurrence of febrile episodes
perature more than 38°C for more ti
day) was recorded. Each was inve
according to the bone marrow transpl
protocol.4

NUTRITIONAL SUPPORT
Twenty one patients received nutritioi
port: 13 received parenteral nutritio
median duration of 23 days, and eight x

supplementary enteral nutrition for a
duration of 15 days. Indications for nu
support were: malnutrition on ad
(weight for height Z score <-1); wei
post transplant of more than 5% of ad
weight; or a decrease in mid-arm cir
ence of more than 10%.
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As the fluid volume available for pa
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Figure 2 Changes in alkaline phosphatase activity (ALP, U/l) following bone n

transplantation. A significantfall in ALP activities was observedfoUlowing the trc
one week before the development of biochemical zinc depletion (p= 0O001); an eve
significant faUl was observed at the time of the low zinc assays (p<0001). Signif
increases ofALP activity were observed one week and two weeks after zinc supple;
ofparenteral nutrition (PN) (p=0-04 and p=0-0007, respectively).

I

value
iT
fone
ma zinc

ratory

Dm the

s (tem-
ian one
stigated
ant unit

nutrition had to be kept to a minimum because
of concurrent infusions for other purposes, a
high nitrogen parenteral solution (Hyper-
amine-30; Braun Medical)5 was used. Zinc was
provided as Ped-El (4 ml/kg/d) in infants
weighing less than 10 kg (which provided 0-6
j,molkg/d of elemental zinc) and Addamel
(0-2 ml/kg/d) in children over 10 kg body
weight (which provided 0 4 mmollkg/d of
elemental zinc).

Supplementary enteral nutrition
Enteral nutrition was provided as overnight
feeding through a nasogastric tube. The aim
was to supplement the oral intake and to
provide all the energy requirements by this
route. Feeds used were Nutrison Paediatric
(Nutrison, Cow & Gate) in children weighing
<20 kg and Fortisip (Fortisip, Cow & Gate)
for older children. Energy supplements
(glucose polymer and long chain triglyceride
emulsion) were added to the standard enteral
feeds as necessary. In children with diarrhoea,
a peptide based feed (Peptide, SHS) was given.
Each of these formulas provided 1 mg of
elemental zinc in 100 ml.

Results
A significant fall in plasma zinc was observed
following bone marrow transplantation. The
mean (SD) plasma zinc concentration in the 10

nal sup- days before bone marrow transplant, and the
In for a minimum value observed following bone
received marrow transplant, were 14-6 (3-3) and 10-4
median (2 8) pumol/l respectively (p<0 001; fig 1).
tritional Nineteen of the 28 children became bio-
lmission chemically zinc deficient (plasma zinc <11
ight loss pLmol/l) at a median of seven days after the trans-
lmission plant (range 8 d before to 27 d after). Eight of
cumfer- the 19 zinc deficient children were not receiving

any nutritional support at the time they devel-
oped biochemical zinc depletion. In the remain-
ing 11 patients, a low zinc was first observed at a
median of six days following the introduction of

renteral nutritional support (enteral nutrition 5 d;
parenteral nutrition 6 d). Children who devel-
oped biochemical zinc deficiency were younger

ts in PN than children who did not: median age 7-3
IppOIt years, range 0 9-16-9, v 11*6 years, range

5-3-19-3, respectively (p=0 02). However, zinc
deficiency was unrelated to weight loss, type of
nutritional support, conditioning regimen, indi-

II = 6 cation for bone marrow transplant, or the
presence of hypoalbuminaemia (mean plasma
albumin at the presentation of zinc deficiency
was 34 g/1).

Febrile episodes occurred more often during
biochemical zinc depletion: 18 of the 41 low
zinc assays recorded in 18 zinc depleted patients
were associated by febrile episodes, compared

+2 with only five of a total of 82 normal zinc assays
(p<000 1). In addition, six out of the 41 low

)rded zinc assays were associated with positive blood
narrow cultures compared with only four of the 82
2nsplant, normal zinc assays (p<0-03). Furthermore,
7n more febrile episodes were longer in children with low
mcentation plasma zinc: mean (SD) days of fever 5-2 (5 2)

v 1-7 (2 9) respectively (p=0 05).
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report in adults, where low plasma zinc was
_ s only observed before and not after bone

marrow transplantation.6
Indices of zinc status include estimation of

.ss zinc in serum, urine, hair, leucocytes, erythro-_@ 2cytes, and tissues such as liver and rectal
* :0 0.0 mucosa,3 7 the latter being regarded as the gold

_0 e.*5 standard. However, such assays are impractical
4 , *in children undergoing bone marrow trans-

_ ww | | plantation, and therefore the estimation of
plasma zinc remains the most widely used
option for defining zinc status. Its interpreta-

o 5 10 15 20 25 tion is often difficult,8 particularly in the pres-
Plasma zinc (Mmol/1) ence of hypoproteinaemia.9 Although we are

Correlation between plasma zinc and alkaline well aware of the limitations of plasma zinc we
rtase activity. A significant correlation between da
!phosphatase activity and plasma zinc wasfound did not feel that assay of tissue zic was
7; p<0-001). ethically appropriate here. We were able to

show, however, that a functional index of zinc
rrhoea predisposed to biochemical zinc status (low alkaline phosphatase activity) was a
ncy. Mean (SD) concentrations of valid indicator of zinc deficiency. This view
a zinc in children with diarrhoea and in was supported by our observation, consistent
without were 8-6 (1.9) and 12 1 (2.6) with other reports,'0 that zinc supplementation
respectively (p=0.001). was associated with a significant rise in

c deficiency was not associated with a alkaline phosphatase activity. Cavan et alll
in bone marrow recovery. Haemopoietic also showed significant positive correlations
ry (lymphocyte count >103) was between plasma zinc and alkaline phosphatase
red at a median of 17 days (range 4-27) activities, whereas no correlations were found
depleted patients and of 17 days (range between either hair and plasma zinc or hair
in patients with normal zinc. zinc and plasma alkaline phosphatase activi-

-hemical zinc depletion was associated ties. Gibson et al'2 reported normal values of
significant fall in plasma alkaline phos- alkaline phosphatase activity in children with
e: mean (SD) values of alkaline phos- normal plasma zinc but low hair zinc and
e activity two weeks before the first low impaired growth. In that study, following 12
;says was 265 (74) U/1; one week later it months of oral zinc supplementation a signifi-
32 (41) U/1 (p=0 001); and within the cant change in height was noted, although
of low zinc it was 166 (37) U/1 there was no increase in hair zinc. Low hair

00 1) (fig 2). A significant difference was zinc concentrations show chronic zinc defi-
between the mean plasma alkaline ciency but standardised techniques for mea-

hatase activity in patients who developed surement have to be used, and environmental
epletion and in those with normal zinc factors such as season need to be taken into
ing bone marrow transplantation: mean account. In our study we showed that alkaline
187 (31) and 255 (64) U/1, respectively phosphatase is a rapid and widely available
)01). Consistent with the zinc depen- early indicator of biochemical zinc deficiency,
aature of the enzyme, alkaline phos- with high sensitivity and specificity. Further-
e activities correlated positively with more, all biochemical laboratories can measure
a zinc (r=0.47; p<0 001; fig 3). alkaline phosphatase, whereas zinc assays are
provision of zinc supplements (300 provided supraregionally and are slower.

in parenteral nutrition to six children Plasma alkaline phosphatase costs 19% of the
low serum zinc led to a significant cost ofplasma zinc and the results are available
se in alkaline phosphatase activity: mean within a few hours.
activity at the introduction of supple- Zinc deficiency following bone marrow
was 154 (24) U/1; two weeks later it was transplantation is probably the result of a com-
O) U/1 (p<0.001) (fig 2). bination of low intake, impaired absorption,
ee of the 28 patients developed deranged and excessive loss from the gastrointestinal
unction following bone marrow trans- tract. In our patients, biochemical zinc defi-
tion and were excluded from the analy- ciency was significantly linked with diarrhoea.
ed to assess the reliability of alkaline In a recent study in children with diarrhoea,
hatase activity as a screening test for zinc faecal zinc losses were found to correlate
ion. In the remaining patients, a low significantly with faecal weight and a negative
e phosphatase (<200 U/1) had a sensi- correlation was found between plasma concen-
f83% and a specificity of 86% in detect- trations of zinc and faecal zinc losses. 13
chemical zinc deficiency. The clinical impact of zinc depletion in

children undergoing bone marrow transplanta-
tion is unclear. Anorexia, negative nitrogen

ssion balance, weight loss, and predisposition to
study we showed that biochemical zinc infections are common complications, usually
ncy was common after bone marrow attributed to the use of immunosuppressive
lantation and occurred in 67% of agents and total body irradiation. It is therefore
n, particularly in the younger patients. difficult to assess to what extent these problems
inding is not consistent with a recent are caused by zinc deficiency. Zinc has been
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reported to promote growth in severely mal-
nourished children.14 Furthermore, a com-
munity based study in Guatemalan children
showed that zinc supplementation is associated
with changes in indices of body composition
rather than height and weight gain.1' Studies
in experimental animals suggest that zinc
depletion may be associated with a delayed
wound healing process.'5 In the human, mani-
festations of zinc deficiency include poor
tissue healing, dermatitis, impairment of
neuropsychological function,'6 and impaired
haematopoiesis.17 Therefore, the postulated
benefits of zinc repletion following bone mar-
row transplantation may include improvement
in haematopoietic recovery and tissue repair.
However, in this study zinc depletion did not
seem to delay the bone marrow recovery.

Recent studies have reported that low zinc
predisposes to an increased susceptibility to
infection.'8 19 In this study, febrile episodes
occurred more often and were longer in
children with biochemical zinc depletion.
Immunological abnormalities (for example,
lymphopenia, depressed T cell mitogenic
response, and so on) have been described in a
patient receiving parenteral nutrition with inad-
equate zinc supplementation with correction
after zinc repletion.20 Furthermore, zinc sup-
plementation has been shown to correct some
ofthe observed immunological abnormalities in
children with protein-energy malnutrition.2' It
is therefore important in patients who are
already immunosuppressed and at increased
risk of developing severe infections to recognise
and correct zinc deficiency promptly.

In conclusion, biochemical zinc deficiency is
common following bone marrow transplanta-
tion and it has adverse clinical sequelae. A
reduced alkaline phosphatase is a reliable
screening test of zinc deficiency and indicates
the need for zinc supplements following bone
marrow transplantation in young patients who
develop diarrhoea.
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