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Abstract

Background: Zinc is an essential trace element for the immune system.

The zinc deficiency diminishes antibody- and cell-mediated responses in man.
Lymphopenia and thymic atrophy are usually the early hallmarks of zinc
deficiency. Surprisingly, only scarce data are available about polymorphonuclear
cells (PMNs) functions in infants with zinc deficiency. We present the results of
immunological analyses in one infant with transient zinc deficiency due to
decreased zinc concentration in mother milk resulting in severe lactogenic
acrodermatitis enteropathica.

Material/Methods: Nine repeated examination of oxidative burst of PMNs and
immunoglobulin levels using nitroblue tetrazolium dye test, chemiluminescence,
flow cytometry and nephelometry were performed in the infant with severe zinc
deficiency during 28 months period.

Results: The unusual prolonged but transient impairment of PMNs respiratory
burst accompanied with hypogammaglobulinaemia developed since the age of
2.5 months. Dramatic improvement of the skin was observed within days with
total resolution of skin lesions on the 9th day of zinc therapy, but decreased PMNs
respiratory burst persisted until the age of 23 months.

Conclusions: We conclude that zinc deficiency may lead to prolonged impairment
of polymorphonuclear cells functions and hypogammaglobulinaemia.

Introduction

Acrodermatitis enteropathica (AE) as the clinical consequence of inherited or
acquired zinc deficiency is characterized by pustular and bullous dermatitis with an
acral and periorificial distribution, alopecia, and diarrhoea [1, 2]. Failure to thrive,
growth retardation and secondary infections are frequently observed in affected
infants [3-5]. The early diagnostics of zinc deficiency is important because the zinc
therapy may be life-saving [2, 6-8].

Zinc is an essential trace element for the immune system. Zinc deficiency may
cause the impairment of immune function with reduced humoral and cellular
responses and reduction in the number of circulating lymphocytes [9-11].
Surprisingly, only scarce data are available about polymorphonuclear cells (PMNs)
functions in infants with zinc deficiency.

We discuss here an unusual prolonged impairment of polymorphonuclear cells
respiratory burst in the breast-fed infant with transient zinc deficiency due to low
concentration of zinc in the mother’s milk manifested as acrodermatitis
enteropathica at the age of 2.5 months. The purpose of our study is to extend our
knowledge about immune function in zinc deficient infant. The fact that we study a
single child prevents us from drawing general conclusions which could be
statistically relevant. However, we still think that such results, even in this limited
scale, are interesting and have a value of their own, in particular in terms of future
research concerning the role of zinc in human organism.

Polymorphonuclear Cells Functions Impairment in the Zinc Deficient Infant



]_86) Prague Medical Report / Vol. 109 (2008) No. 2-3, p. 184-193

Material and Methods

Material

The girl was born in the 31°" week of gestation per sectio ceasarea indicated for
mother’s preeclampsia with birth weight of 1280 g (15. percentile) and length of
41 cm (15. percentile). The parents are healthy; the mother is of Caucasian and
the father of sub-Saharian origin. The early postnatal adaptation was uneventful
with Apgar score of 9-9 in the fifth and tenth minute, respectively. Parenteral
nutrition because of prematurity was gradually exchanged by oral feeding with
mother’s milk. The girl was than fully breast-fed for 7 months and partially
breast-fed until her age of 18 months.

The first skin problems manifested at the age of 2 months with vesicular
exanthema on the face and the perianal area, the local antimycotic therapy was
without benefit. Two weeks later she was admitted to the hospital with skin
bacterial superinfection. The cutaneous lesions were characterized by

A

Figure 1 — The erythematous,
scaly, erosive patches, papules
and tiny vesicles on the perianal
and perigenital region (A),

on the face (B) in 2.5 months
old girl with lactogenic
acrodermatitis enteropathica.
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erythematous, scaly, erosive patches, papules and tiny vesicles on the face and
perilabial region, acral parts of upper and lower limbs, lower back, buttocks, and
these lesions were especially severe in perigenital and perianal area (Figure 1A,
1B). Her fingers showed erosion of the finger tips and paronychia involvement.
There were mild angular cheilitis and oral mucosal erosions. The girl was restless,
refusing drinking, suffering from abdominal pain and diarrhoea with more than

10 watery black-green stools per day.

The routine biochemical and haematological tests including C-reactive protein,
aminotransferases and urinary analyses were normal. Staphyloccocus aureus and
Enterococcus species were cultivated from pustular secret. Profound zinc
deficiency was observed in blood (B-Zn 1.6 umol/l, reference range 9-16 umol/l)
and urine (U-Zn 1.3 umol/l, reference range > 4.6 umol/l). In the mother, zinc
concentration was normal in blood 14.7 umol/l but low in mother’s milk
(2.4 umol/l, controls 3.8-10.2 umol/l).

The girl was initially treated with oral zinc (zinci sulfas) supplementation
(4 mg/kg/day). Dramatic improvement of the skin was observed within days with
total resolution of skin lesions on the 9th day of therapy (Figure 2). The zinc
treatment was discontinued after initiation of mashed and solid foods (after
7 months of age).

At present the girl is 30 months old, her weight is 11950 g (SD -1.57), length
90 cm (SD -1.05) and head circumference 47.5 cm (SD —1.48), her psychomotor
development is normal.

Methods

The serum zinc level in deproteinized blood serum was determined using atomic
absorption spectrophotometer (AAS) (SPECTR AA240SS, Varian). The haemolysis
was excluded, and the separator of the serum and gel was used. The

Figure 2 — Complete resolution
of dermatitis on the perigenital
and perianal region dfter 9 days
of zinc supplementation in 2.5
months old girl with lactogenic
acrodermatitis enteropathica.
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immunoglobulin levels were determined by using nephelometry (Nephelometer,
Boehring). Oxidative burst of polymorphonuclear cells was evaluated by nitroblue
tetrazolium (NBT) dye test, chemiluminescence and by flow cytometry. Briefly,
nitroblue tetrazolium dye test was evaluated after incubation of PMNs with
zymozan and dying with neutral red. A hundred cells were observed under the
microscope. Luminol-enhanced chemiluminescence of PMNs was measured by the
chemiluminimeter LM 01, Imotect after stimulation of PMNs with PMA (phorbol
myristate acetate) [12]. Flow cytometry test using dihydrorhodamine 123
fluorescence (DHR test) (FC500 Beckman Coulter) was used as an alternative
investigation of PMNs production of reactive oxygen intermediates [13].

Results
Immunological analyses at the time of diagnosis revealed hypogammaglobulinaemia
(1gG 1.6 g/l, IgA 0.07 g/l, age related reference range 1gG 2.5-7.5, IgA 0.08-0.8)
and decreased polymorphonuclear cells functions. The respiratory burst using
nitroblue tetrazolium (NBT) dye test reached only 1% of normal values.
Impaired PMNs production of reactive oxygen intermediates during respiratory
burst was confirmed by chemiluminescence, which was decreased to the level of
321 (index stimulated/spontaneous chemiluminescence-day control 1228). IgM
level was normal 0.31 g/ (age related reference range IgM 0.1-0.7 g/l) likewise
adhesion molecules of CD11/18 complex and the cell immunity parameters.
Age-appropriated results were found in immunophenotypical and histological
investigation of bone marrow aspiration provided at the age of 9 months.
Repeated immunological investigation revealed persistent abnormality of PMNs
respiratory burst despite the normal zinc concentrations in blood and urine.
Results of immunological data are summarized in Table 1 and Table 2. Nitroblue
tetrazolium (NBT) dye test normalized at the age of 19 months and remains

Table 1 — Results of nitroblue tetrazolium (NBT) dye test,
chemiluminescence and flow cytometry during follow up in the girl
with lactogenic acrodermatitis enteropathica

Age NBT dye test Chemiluminescence Neutrophils Lymphocytes
Months  Controls >9% Patient Control** x10%/| x10°/1
25 1 321 1228 2.73 14.6
4 5 295 1026 2.63 8.17
5 7 154 1050 1.28 6.45
7.5 3 nd nd 1.95 6.42
10 9 245 1068 1.02 5.06
13.5 5 220 1100 1.82 4.03
19 32 188 739 2.8 5.58
23 32 88%* > 76% 2.3 3.46
30 18 85%* > 76% 1.82 44

* DHR burst test was used instead of chemiluminescence, ** day control for the test, nd: not determined
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normal thereafter (until present age 30 months). Normal production of reactive
oxygen intermediates during respiratory burst using DHR test was documented at
the age of 23 months and remains normal thereafter. Hypogammaglobulinaemia
persisted until 13.5 months of age and decreased level of IgA until 23 months of
age. The control sample obtained at the age of 30 months showed normal
immunoglubulines levels. Peripheral blood smear showed intermittent neutropenia,
but concentration of PMNs in peripheral blood was normal at the time of
immunological analyses. No lymphopenia was documented. Apart from the skin
problems she did not suffer from any infections.

Discussion
Zinc is an essential mineral for humans and the second one after iron quantitatively
[14]. The biological role of zinc is now recognized in structure and function of
proteins, transcription factors, hormonal receptor sites, and biologic membranes.
Zinc has numerous central roles in DNA and RNA metabolism and it is involved
in signal transduction, gene expression, and apoptosis. Zinc metalloenzymes and
zinc-dependent enzymes have been identified and are involved in nucleic acid
metabolism and cellular proliferation, differentiation, and growth [14-17].
Acrodermatitis enteropathica (AE) is a rare genetic or acquired disorder of
hypozincemia. Some of the genetic facts of AE have been determined. AE is an
autosomal recessive inherited disorder of zinc malabsorption with impairment of
zinc transporting protein and/or genetic defect in the production, structure, or
function of a low molecular weight zinc-binding ligand secreted by the pancreas.
It binds to zinc in the intestinal lumen and transports it into the mucosa [18].
The gene encoding zinc transporting protein has been identified on 8q24.3 and in
2002, it was shown to be a member of the solute carrier 39A superfamily
(Slc392) [19, 20]. AE can also be acquired by poor consumption or poor

Table 2 — Longitudinal follow up of immunoglobulin levels in the girl
with lactogenic acrodermatitis enteropathica

Age 1gG (g/l) IgA (g/l) IgM (g/1)
Months Patient Control* Patient Control* Patient Control*
2.5 1.6 2.5-7.5 0.07 0.08-0.8 0.31 0.1-0.7
4 2.0 2.5-7.5 0.08 0.08-0.8 0.46 0.1-0.7
5 nd nd nd
7.5 2.5 2.5-7.5 0.07 0.3-1.2 0.27 0.4-14
10 2.3 2.5-7.5 0.13 0.3-1.2 0.34 0.4-1.4
135 3.3 2.5-7.5 0.21 0.3-1.2 0.48 0.4-1.4
19 4.8 2.5-7.5 0.21 0.3-1.2 0.62 0.4-1.4
23 6.37 2.5-7.5 0.31 0.3-1.2 0.84 0.4-1.4
30 8.4 5-13 0.42 0.3-1.2 0.64 0.4-14

* age related controls, nd: not determined
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absorption of zinc, leading to a state of hypozincemia. Chronic diseases such as
gastrointestinal disorders, chronic diarrhoea, renal disease, sickle cell anaemia,
cirrhosis, some cancers, cystic fibrosis, and pancreatic insufficiency have been
shown to lead to suboptimal zinc status [9, 21-24].

Breast milk provides sufficient amount of zinc for the first 4—-6 months of life.
However, as lactation progresses, the physiologic decline in breast milk zinc
concentration is notable [25] and dropped by 40% between the first and third
month [26]. The average concentration of zinc in mature human mother’s milk is
0.46 = 0.21 mg/l (7 = 3.2 umol/l) [27]. Low birth weight or premature infants,
who have higher zinc requirements, may develop symptoms when receiving milk
with low-normal levels of zinc and it does not always mean that there is impaired
secretion by the mammary gland [28-30]. Lactogenic AE indicates defect of
mammary zinc secretion [28, 29, 31-33].

In our proband the diagnosis of lactogenic AE was reached by demonstrating
extremely low mother’s milk zinc levels with her normal blood zinc status,
characteristic skin lesion in the infant with diarrhoea, rapid clinical improvement
after enteral zinc supplementation and exclusion of other pathology. Inappropriate
zinc reserves and higher zinc requirements due to prematurity might be additional
risk factor.

The most serious complication of AE is the high morbidity and mortality caused
by secondary infections. Studies have shown impaired immune function and
reduced humoral and cellular responses with reduction in circulating lymphocytes
and poor delayed-type hypersensitivity in patient with AE [34]. Zinc deficiency
induces lymphocytic apoptosis mediated by glucocorticoids with resultant decrease
in lymphopoiesis [35]. The thymic atrophy and decline in the number of peripheral
and splenic lymphocytes in the zinc-deficient mouse paralleled observations made
in zinc-deficient humans [9, 36-39]. The decrease in B- and T-cell precursors in
bone marrow makes patients prone to infections. The period of zinc deficiency
might enhance the possibility of autoimmune disease by contributing to the
inefficient removal of anti-self or nonsense clones that are routinely generated in
the bone marrow [10]. The influence of phagocytic activity on the early stage
defence mechanisms in zinc deficient mouse was studied using active oxygen
production at work of Tone et al. [40] showing impaired active oxygen production
in zinc deficient mouse. The essential role of zinc finger transcription factor Gfi-1
in myeloid development was documented by Hock et al. [41]. Gene-targeted
Gfi-1(-/-) mice lack normal neutrophils and were highly susceptible to abscess
formation by gram-positive bacteria. In summary Gfi-1 not only promotes
differentiation of neutrophils but also antagonizes traits of the alternate monocyte/
macrophage program [41]. Surprisingly, only a few studies assessed zinc and
macrophage phagocytosis in human. In two, decreased human monocyte
phagocytosis and diminished phagocytic activity of neutrophils were observed as a
result of zinc deficiency [42, 43]. On the other hand, large amounts of oral zinc
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supplementation significantly impaired polymorphonuclear leukocytes function in
one study [44].

The possible duration of polymorphonuclear cells functions impairment in the
patient with zinc deficiency has not been published yet.

In our study we present the above-discussed infant with lactogenic AE with
severe prolonged impairment of PMNs respiratory burst and
hypogammaglobulinaemia lasting 21 months. During this period the zinc level in
blood was regularly monitored and kept within the reference interval. The
supplementation with oral zinc in standard doses was necessary until the age
of 7 months when mashed and then solid foods were initiated. Although we are
aware that we draw our conclusion from the facts based on a single patient, and
hence these facts may not be statistically relevant, we do think that a complete
and thorough analysis of a single patient with zinc deficiency may enhance our
understanding of such conditions, and help to guide future research.

Conclusion

We conclude that zinc deficiency may lead to prolonged impairment of
polymorphonuclear cells functions and hypogammaglobulinaemia. We recommend
including the evaluation of zinc status in every breast-fed infant with skin lesion and
chronic diarrhoea and/or immunopathological abnormalities.
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