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Abstract

Streszczenie

Zinc is a trace element necessary in many processes of cell metabolism and the catalytic activity of over 100 enzymes in humans.
It plays a role in the immune system, protein synthesis, wound healing, DNA synthesis and cell division.
Its immunomodulatory and anti-inflammatory effects have been evaluated in many studies. Zinc deficiency inhibits both innate
and specific immunity, interferes with phagocytosis, intracellular killing and cytokine production by macrophages. Even minor
zinc deficiencies can impair macrophage and neutrophil function. As one of the most important micronutrients included
in many enzymes, zinc has an impact on the synthesis of proteins, hormones and red blood cells as well as proper functioning
of the skin and mucous membranes. Zinc deficiency is a risk factor for developing asthma. Recent studies have shown that zinc
supplementation can effectively suppress chronic inflammation and that zinc therapy effectively inhibits anaphylaxis. The aim
of the study was to assess serum zinc levels in children hospitalised due to recurrent upper and lower respiratory tract infections
and atopic diseases. The study showed lower zinc levels in 30% of children. This deficiency was greater in children with recurrent
infections compared to children with atopic diseases. It was observed that the higher the specific IgE levels, the higher the serum
zinc level in children. Our results suggest that hospitalised children are characterised by lower zinc levels, which may indicate
its participation in the regulation of immune responses in patients with immune disorders.
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Cynk jest pierwiastkiem $ladowym niezbednym ludziom w wielu procesach metabolizmu komérkowego, koniecznym dla
katalitycznej aktywnoéci ponad 100 enzymoéw. Odgrywa role w ukladzie odporno$ciowym, syntezie biatek, gojeniu ran, syntezie
DNA i podziatach komérkowych. Jego dziatanie immunomodulacyjne i przeciwzapalne zostato ocenione w wielu badaniach.
Niedobér cynku hamuje zaréwno odpornos¢ wrodzong, jak i swoista, zaburza fagocytoze, zabijanie wewnatrzkomdrkowe oraz
produkgje cytokin przez makrofagi. Nawet niewielkie niedobory cynku moga upoéledza¢ funkcje makrofagéw i neutrofili.
Cynk jako jeden z najwazniejszych mikroelementéw jest obecny w wielu enzymach, ma wplyw na synteze biatek, hormonow
i krwinek czerwonych, prawidtowe funkcjonowanie skory i bton sluzowych. Niedobor cynku jest czynnikiem ryzyka rozwoju
astmy. Ostatnie badania dowodza, ze suplementy cynku moga skutecznie ttumi¢ przewlekte stany zapalne, a wiaczenie tego
mikroelementu do terapii skutecznie hamuje anafilaksje. Celem pracy byta ocena stezenia cynku u dzieci hospitalizowanych
z powodu nawracajacych infekeji gornych i dolnych drég oddechowych oraz z powodu choréb atopowych. Stwierdzono, ze
u 30% badanych dzieci stezenie tego pierwiastka jest obnizone. Niedobdr cynku byt wigkszy u dzieci z nawracajacymi infekcjami
w poréwnaniu z dzie¢mi, u ktorych stwierdzono chorobe atopows. Zaobserwowano, ze im wyzsze stezenie IgE swoistych, tym
wyzsze stezenie cynku w surowicy badanych dzieci. Wyniki sugeruja, ze u hospitalizowanych dzieci wystepuja nizsze stezenia
cynku, co moze wskazywaé na jego udziat w regulacji odpowiedzi immunologicznej, szczegdlnie u pacjentéw wykazujacych
zaburzenia odporno$ciowe.

Stowa kluczowe: cynk, dzieci, infekcje, atopia
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INTRODUCTION

inc (Zn) belongs to microelements. Cereal prod-
2 ucts, meat, cold meats and fish are the main

source of zinc". As a cofactor of more than 300
enzymes, zinc contributes to normal function of many
organs and tissues. It is also involved in the modulation
of immune system mechanisms®. It enhances immune
responses, among other things, by inducing monocyte
adhesion to vascular endothelial cells, whereas a reverse
effect is seen for its complexes with phosphates. Zinc de-
ficiency inhibits both the innate and acquired immune
response®, reduces neutrophil chemotaxis, impairs mac-
rophage phagocytosis and generation of reactive oxygen
species (ROS) by these cells®®. Zinc ions induce the re-
lease of pro-inflammatory cytokines, such as interleukin
1 (IL-1), interleukin 6 (IL-6) and tumour necrosis fac-
tor a (TNF-a), as well as stimulate monocyte functions.
It was found in vitro that high doses of zinc can inhibit
T-cell function and leukocyte production of interferon-a
(IFN-a). Therefore, it seems very important to moni-
tor serum zinc levels. However, the exact zinc-mediat-
ed physiological mechanisms underlying immune system
regulation are still largely unclear. There is growing evi-
dence indicating that zinc acts as a signalling molecule,
facilitating the transduction of different signalling cas-
cades in response to extracellular stimuli®.
Zinc deficiency may increase eosinophil infiltration and is
arisk factor for asthma, whereas zinc supplementation alle-
viates the symptoms of allergy®'%. Zinc chelators effectively
inhibit anaphylaxis, while Zn supplements suppress chron-
ic inflammation, as shown in studies using murine models.
They may have important clinical implications in develop-
ing new therapeutic methods using zinc to inhibit inflam-
matory or allergic reactions?.
Considering the multidirectional effects of zinc on dif-
ferent cells, the aim of this study was to assess serum zinc
levels in children with recurrent infections and atopic
diseases in different age groups and different seasons of
the year.

MATERIALS AND METHODS

A total of 120 children aged between 1 and 18 years
(both sexes), hospitalised in the Department of
Paediatrics and Allergy of the Korczak Paediatric
Centre in £6dz between December 2017 and October
2018 due to recurrent respiratory infections and atopic
diseases were included in the study. The children were
classified into two groups: patients with recurrent in-
fections and patients with atopy. Additionally, the study
groups were subdivided into three age groups: 1-6,
7-12, and 13-18 years. The study was conducted dur-
ing different seasons of the year. The study participants
had their serum zinc levels and total immunoglobulin
E (IgE) levels measured.
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Measurement of zinc levels

We used blood serum as material. Blood was col-
lected from the basilic vein using a vacuum clot tube
(Vacutainer, Sarsted). After coagulation, the blood
was centrifuged. Zinc levels were measured with flame
spectrometry, using Atomic Absorption Spectrometer
PinAAcle 900T (PerkinElmer). A sample diluted with
deionized water (to eliminate spectral interference)
was used for zinc measurement. A blood sample dilut-
ed 4 times was introduced into the flame and run at
213.86 nm, slit width 0.7 mm, with a deuterium lamp
used as background corrector. Each measurement was
performed using a calibration curve. Absorbance of the
curve was in the range of 0.0-0.8. A blank test was first
performed using deionized water. The blank was run
for the 0 point of the calibration curve. The solution in
the flask was thoroughly mixed before calibration. Each
measurement was performed twice and an arithmetic
mean was calculated. The correlation coefficient for the
calibration curve should not be less than 0.995.

Measurement of total IgE levels

Total IgE levels were measured by electrochemilumines-
cence (ECLIA), using Cobas 6000 (Roche). A two-stage
incubation of samples was performed: IgE in the sam-
ple, biotinylated monoclonal IgE-specific antibodies and
ruthenium-labeled monoclonal IgE-specific antibodies
formed a sandwich complex. Streptavidin-coated mic-
roparticles were added at the second stage of incubation.
The reaction mixture was transferred to the measurement
chamber, where microparticles were attracted to the elec-
trode surface by a magnet. The voltage applied to the elec-
trode induced electrochemiluminescence reaction and
photon emission, which was measured using a photomul-
tiplier. The results were read from a calibration curve pre-
pared for a given analyser.

RESULTS

There were 60 patients of both sexes in each of the two
groups. There were no statistically significant differenc-
es between the groups in terms of sex (p = 0.855) or age
(p = 0.024) (Tab. 1). A reference range for zinc levels
of 70-120 pg/dL was used for the interpretation of re-
sults"?. Low and reference zinc levels were found in 36
(30%) and 83 (69%) out of all 120 children. Only 1 pa-
tient presented with high zinc levels (1%). Lower zinc
levels were observed in children with recurrent infec-
tions (p = 0.072) (Fig. 1, Tab. 2). It was observed that zinc
levels are lower in the first and third quarter of the year
compared to the second and fourth quarter (p < 0.001)
(Fig. 2). There was a statistically significant correla-
tion between zinc levels and total IgE levels (p = 0.002)
(Fig. 3).
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Serum zinc levels in children with recurrent infections and atopic diseases

Age group Sex Mean zinc levels

[years] [ng/dL]
Girls 771
0-6 Boys 79.0
Total 78.2
Girls 68.2
7-12 Boys 83.9
Total 75.4
Girls 80.5
13-18 Boys 84.0
Total 82.0

Tab. 1. Classification of patients by age and sex

Reason for hospital stay Sex Mea?"zgj;\ﬂ]e vels

Girls 76.60

Atopy Boys 83.00

Total 80.01

Girls 74.15

Recurrent infections Boys 77.60
Total 75.93

Girls 7535

Total Boys 80.34

Total 7797

Tab. 2. Classification of patients by the reason for hospital stay
and sex

DISCUSSION

Although zinc deficiency is one of the most common nu-
trient deficiencies globally, the number of studies con-
ducted in healthy populations to estimate its incidence
is still very limited. This is largely due to technical diffi-
culties in obtaining biologically reliable measurement of
zinc levels. Different tests were used to diagnose zinc de-
ficiency, but none of them proved suitable for the diag-
nosis'®. Serum zinc measurement is the most common-
ly used method. We used flame spectrometry, a reference
method currently considered to be most sensitive, to
measure zinc levels. No significant correlation was found
between child’s age and serum zinc levels, although there
is evidence indicating such a relationship¥. Vaghri et al.
also found no such a relationship®. However, we found
that zinc levels increased with age in boys, whereas no
such a correlation was found in girls. A study conduct-
ed in 2018 showed a relationship between zinc levels
and total IgE levels. Serum zinc levels were significantly
lower in patients with atopic asthma compared to those
with non-atopic asthma and healthy individuals. Highly
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Fig. 1. Serum zinc levels in the subjects relative to the reference
range [ug/dL] by groups (p = 0.072)
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Fig. 2. Serum zinc levels in the subjects by quarter of the year
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Fig. 3. Correlation between the logarithm of total IgE levels and
serum zinc levels in study subjects
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significant correlations were found between zinc levels
and total IgE, and forced expiratory volume in 1 second
(FEV,) in atopic asthmatics'®. We found that zinc levels
were lower in children with recurrent infections than in
children with atopic disease. The lowest zinc levels were
observed in girls with recurrent infections, whereas the
highest levels were detected in boys with atopic asthma.
Recent studies have also shown that inclusion of zinc and
iron in the therapy may have significant antiasthmatic
effects, which may be attributed to their immunomod-
ulatory and anti-inflammatory effects"”. Zinc homeo-
stasis is necessary for many aspects of immune function,
including haematopoiesis, cell maturation and differen-
tiation, cell cycle progression, and proper functioning
of various immune cell populations®. It is suggested in
the literature that reduced zinc levels correlate with el-
evated inflammatory mediators, including reactive oxy-
gen species (ROS), matrix metalloproteinases (MMP), or
antimicrobial peptides, such as calprotectin, causing tis-
sue damage, especially in the liver, lungs and spleent*2".
Since cellular functions, such as intracellular killing of
harmful pathogens, cytokine synthesis and ROS genera-
tion, depend on zing, its deficiency leads to impairment
of these processes. Zinc deficiency has also negative ef-
fects on maturation and activity of T and B cells, which
is due to the dysregulation of basic biological functions
at a cellular level. In the case of T cells, the Th1/Th2
balance is impaired, which leads to increased produc-
tion of Th2 cells and, consequently, increased severity
of allergic reactions®". It has been recently demonstrat-
ed that zinc deficiency impairs some neutrophil func-
tions, including phagocytosis, oxidative burst, degran-
ulation and cytokine production, and chemotaxis®-29,
Zinc undoubtedly plays a key role in regulating immune
function. Therefore, it seems reasonable to conduct fur-
ther detailed studies on the consequences of zinc defi-
ciency in different clinical entities.

CONCLUSIONS

1. Low serum zinc levels were found in 30% of children
from the £6dz region, hospitalised in the Department
of Paediatrics and Allergy. This deficiency was higher in
children with recurrent infections compared to children
with atopic disease.

2. Zinc levels depended on the quarter of the year, with
the lowest levels reported in the first and the third quar-
ter of the year.

3. Higher total IgE levels correlated with higher serum zinc
levels in children.

4. There was no statistically significant relationship be-
tween zinc levels and sex or age.
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