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Infections, especially those of the respiratory system, are very common in children from areas with high air pollution, and 
the incidence of infections is even greater in the case of immature immune system. Zinc plays an important role in the 
regulation of innate and acquired immune response. This element is involved in the production of proteins, wound healing, 
DNA synthesis and cell division, and is essential in the development and activation of T cells. Zinc deficiency disrupts 
phagocytosis, intracellular killing and cytokine production by macrophages. The aim of the study was to assess serum zinc 
levels in children with recurrent respiratory infections from the Łódź region, diagnosed at the Department of Paediatrics and 
Allergy in Korczak Paediatric Centre. Materials and methods: The study included 60 children with recurrent infections  
(≥6 respiratory infections over 6 months) and 60 healthy children aged 1–18 years. Flame spectrometry was used to measure 
serum zinc levels in all patients. Results: Nearly 40% of children with recurrent infections had low serum zinc levels  
(<70 μg/dL). There were no statistically significant differences in zinc levels depending on sex. Multivariate analysis showed 
significant differences in serum zinc levels between the control group and the group with recurrent respiratory infections  
(p = 0.044). Conclusions: The obtained results indicate that zinc deficiency is frequent in children with recurrent respiratory 
infections from the region of Łódź.
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Infekcje, szczególnie układu oddechowego, występują bardzo często u dzieci z terenów o wysokim współczynniku 
zanieczyszczenia powietrza, a przy niedojrzałym układzie odpornościowym częstość zakażeń jest jeszcze większa. Cynk pełni 
ważną funkcję w procesach regulacji wrodzonej i nabytej odpowiedzi immunologicznej. Pierwiastek ten bierze udział 
w produkcji białek, gojeniu ran, syntezie DNA i podziałach komórkowych oraz jest niezbędny w procesie rozwoju i aktywacji 
limfocytów T. Niedobór cynku zaburza fagocytozę, zabijanie wewnątrzkomórkowe oraz produkcję cytokin przez makrofagi. 
Celem pracy była ocena surowiczego stężenia cynku u często chorujących dzieci z regionu łódzkiego, diagnozowanych na 
Oddziale Klinicznym Interny Dziecięcej i Alergologii Ośrodka Pediatrycznego im. J. Korczaka. Materiał i metoda: W badaniu 
wzięło udział 60 dzieci często chorujących (≥6 infekcji układu oddechowego/6 miesięcy) oraz 60 dzieci zdrowych w wieku 
1–18 lat. U wszystkich pacjentów oznaczono surowicze stężenie cynku metodą spektrometrii płomieniowej. Wyniki: U blisko 
40% dzieci z nawracającymi infekcjami stwierdzono niskie surowicze stężenia cynku (<70 µg/dl). Nie odnotowano 
statystycznie istotnych różnic w stężeniu badanego pierwiastka w zależności od płci. W analizie wieloczynnikowej wykazano 
istotne różnice w surowiczym stężeniu cynku między grupą kontrolną a grupą z nawracającymi infekcjami dróg oddechowych 
(p = 0,044). Wnioski: Uzyskane wyniki wskazują, że niedobór cynku jest częsty u dzieci z nawracającymi infekcjami układu 
oddechowego z regionu łódzkiego.
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INTRODUCTION

Infections, especially those of the respiratory system, are 
very common in children with immature immune sys-
tem who are at a high risk of exposure to air pollution. 

This particular sensitivity to infections is associated with 
the immaturity of mechanisms responsible for both non-
specific and specific immunity(1). The mean number of re-
spiratory infections in children is 6–8 incidents annually, 
and is significantly higher in children attending nurseries 
and kindergartens(2).
Zinc is a trace element known to be essential for many cel-
lular metabolic processes and catalytic activity of over 100 
enzymes in humans. It is involved in the immune functions, 
protein synthesis, wound healing, DNA synthesis and cel-
lular divisions. Its immunomodulatory and anti-inflamma-
tory effects have been assessed in many studies. Zinc de-
ficiency impairs innate and acquired immune response, 
phagocytosis, intracellular killing and cytokine production 
by macrophages. Even mild zinc deficiency can impair mac-
rophage and neutrophil function(3–9). This element is also es-
sential for the development and activation of T cells. Zinc 
deficiency has been demonstrated to cause Th1/Th2 func-
tional imbalance and reduce interferon γ (INF-γ), inter-
leukin 2 (IL-2) and tumour necrosis factor α (TNF-α) pro-
duction(10–12).

AIM

The aim of the study was to assess serum zinc levels 
in children from the Łódź region who often develop 
recurrent respiratory infections, diagnosed at the De-
partment of Paediatrics and Allergy in Korczak Paedi-
atric Centre.

MATERIALS AND METHODS

A total of 60 children with recurrent infections and 60 
healthy children (control group) aged between 1 and 
18 years, who were diagnosed in the Department of 
Paediatrics and Allergy between October 1, 2016 and 

November 1, 2018, were included in the study. Recur-
rent infections were defined as 6 or more episodes of 
respiratory infection within 6 months. The study was 
conducted after obtaining a written consent of parents/
legal guardians and patients. Children with known 
chronic diseases, including metabolic diseases, which 
could affect the results of the study, were excluded.  
We measured serum zinc levels with flame spectrom-
etry using Atomic Absorption Spectrometer PinAAcle 
900T (PerkinElmer).
The study was approved by the Bioethics Committee at the 
Medical University of Lodz (No. RNN/241/17/KE, dated 
July 11, 2017).

Statistical analysis

Data were presented in the form of absolute numbers 
and percentages (%). Numerical features were described 
using measures of position – mean (M), median (Me), 
lower quartile (Q1), upper quartile (Q3); measures of 
dispersion – interquartile range (IQR), standard devia-
tion (SD), standard error (SE), 95% confidence interval 
(CI), and minimum and maximum value of the investi-
gated variable. We used logistic regression and multivar-
iate analysis of variance (ANOVA) without repetitions.  
The normality of the variable distribution was verified 
with the W Shapiro–Wilk test, while Levene’s test was 
used to verify the homogeneity of variance. Statistical 
significance threshold was set at p = 0.05. Stata®/Special  
Edition, version 14.2 (StataCorp LP, College Station,  
Texas, USA) was used for the analysis.

RESULTS

Mean serum zinc level in the patients was 77.97 µg/dL 
(±SD = 15.41 µg/dL). There were no statistically signif-
icant differences in serum zinc levels depending on sex 
(p = 0.082) or between the study groups (p = 0.183). Mean 
serum zinc level was 75.35 µg/dL (±SD = 16.11 µg/dL) in 
girls and 80.34 µg/dL (±SD = 14.47 µg/dL) in boys. Mean 
serum zinc level was 80.01 µg/dL (±SD = 16.32 µg/dL) in 

Group Sex
Statistical parameter

M Me Q1–Q3 (IQR) SD SE 95% CI Min–max

Recurrent infections (n = 60)
Girls 74.15 73.50 63.30–85.30 (22.00) 15.97 2.97 68.07–80.22 38.40–102.20
Boys 77.60 78.90 65.70–87.40 (21.70) 12.57 2.26 72.99–82.21 54.70–97.10
Total 75.93 76.85 64.90–86.55 (21.65) 14.30 1.85 72.24–79.63 38.40–102.20

Controls (n = 60)
Girls 76.60 77.00 63.90–88.60 (24.70) 16.45 3.11 70.22–82.98 49.20–115.60
Boys 83.00 82.60 75.95–92.50 (16.55) 15.85 2.80 77.28–88.71 40.00–120.20
Total 80.01 81.60 72.90–91.10 (18.20) 16.32 2.11 75.80–84.23 40.00–120.20

Total (n = 120)
Girls 75.35 74.40 63.30–87.80 (24.50) 16.11 2.13 71.08–79.63 38.40–115.60
Boys 80.34 82.30 69.10–92.10 (23.00) 14.47 1.82 76.70–83.99 40.00–120.20
Total 77.97 79.55 66.10–90.05 (23.95) 15.41 1.41 75.19–80.76 38.40–120.20

M – mean; Me – median; IQR – interquartile range; SD – standard deviation; SE – standard error; CI – confidence interval.

Tab. 1.  Descriptive statistics for serum zinc levels [µg/dL] in study groups (p = 0.183) and by sex (p = 0.082)
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the control group and 75.93 µg/dL (±SD = 14.30 µg/dL) in 
the group of patients with recurrent respiratory infections 
(Tab. 1).
There were no statistically significant differences in serum 
zinc levels depending on age (p = 0.520). Mean serum zinc 
levels were 78.19 µg/dL (±SD = 16.41 µg/dL) in the group 
of 0–6-year-olds, and 77.50 µg/dL (±SD = 13.20 µg/dL) in 
the group of 7–18-year-olds (Tab. 2).
Multivariate analysis including sex and age groups, 
with a division into groups with reference zinc levels 
(≥70  µg/dL) vs. below normal levels (<70  µg/dL) re-
vealed statistically significant differences between con-
trols and the group with recurrent respiratory infec-
tions (p = 0.044). Low serum zinc levels were detected in 

21.67% of controls and 38.33% of patients with recurrent 
respiratory infections; serum zinc levels below normal 
were observed in 31.71% of 0–6-year-olds and 26.32% of 
7–18-year-olds (Fig. 1).

DISCUSSION

The study showed that children with recurrent respirato-
ry infections in the Łódź Province had lower serum zinc 
levels compared to healthy children. Low serum zinc levels 
(<70 µg/dL) were detected in nearly 40% of children with 
recurrent respiratory infections. This relationship was con-
firmed in children who often develop infections in many 
studies(13–15). Children with reduced serum zinc levels were 

Group Age group 
[years] 

Statistical parameter
M Me Q1–Q3 (IQR) SD SE 95% CI Min–max

Recurrent infections (n = 60)
0–6 76.56 74.55 65.65–88.85 (13.20) 14.54 2.10 72.34–80.78 38.40–102.20

7–18 73.42 81.05 59.70–83.75 (24.05) 13.59 3.92 64.79–82.06 53.80–92.20
Total 75.93 76.85 64.90–86.55 (21.65) 14.30 1.85 72.24–79.63 38.40–102.20

Controls (n = 60)
0–6 80.50 79.65 71.60–94.70 (23.10) 18.72 3.21 73.97–87.03 40.00–120.20

7–18 79.38 82.10 73.00–90.30 (17.30) 12.85 2.52 74.19–84.56 49.20–94.80
Total 80.01 81.60 72.90–91.10 (18.20) 16.32 2.11 75.80–84.23 40.00–120.20

Total (n = 120)
0–6 78.19 78.90 65.90–90.50 (24.60) 16.41 1.81 74.59–81.80 38.40–120.20

7–18 77.50 78.90 65.90–90.50 (24.60) 13.20 2.14 73.16–81.84 38.40–120.20
Total 77.97 79.55 66.10–90.05 (23.95) 15.41 1.41 75.19–80.76 38.40–120.20

M – mean; Me – median; IQR – interquartile range; SD – standard deviation; SE – standard error; CI – confidence interval.

Tab. 2.  Descriptive statistics for serum zinc levels [µg/dL] in study groups (p = 0.128) and by age (p = 0.520)
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Ryc. 1.  The percentage of children in study groups with respect to the reference range of serum zinc levels; differences between controls and 

the group with recurrent infections: p = 0.044, and between age groups: p = 0.960
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almost twice more likely to develop acute upper respira-
tory tract infections(14). Zinc supplementation may reduce 
the frequency of lower respiratory infections. A meta-anal-
ysis in a group of 5-year-olds showed that zinc supplemen-
tation reduced the frequency of respiratory infections, with 
no impact on their duration(16). Singh and Das showed in 
their meta-analysis that zinc supplementation for at least 
5 months reduced the risk of respiratory infections, absen-
teeism from school and the need for antibiotic therapy(17).  
It can be assumed that zinc deficiency reduces the 
CD4+CD45RA+/CD4+CD45RO+ ratio and the percentage 
of CD8+CD73+ cells, which are precursors for cytotoxic  
T cells(10–12). An in vitro study showed that zinc inhibits rhi-
novirus 3C protease, and thus its replication(18). There are 
also ongoing discussions on the effects of this microelement 
on rhinovirus binding to a cellular receptor, intercellular 
adhesion molecule-1 (ICAM-1), or interactions with host’s 
immune response. The results of these studies may help ex-
plain the role of zinc deficiency in the pathogenesis of re-
current infections in children.
Since we used a modern method for zinc determination, 
which shows high and comparable repeatability in the pae-
diatric population as well as low measurement error, it 
should be assumed that our findings are reliable.
Considering the frequent occurrence of respiratory in-
fections in our patients, a question should be answered 
whether the observed zinc deficiency may be the cause 
of recurrent respiratory infections. However, further 
studies are needed to confirm and thoroughly explain 
the role of zinc and its deficiency in regulating immune  
responses.

CONCLUSIONS

1. Low serum zinc levels (<70 µg/dL) were detected in 
nearly 40% of children with recurrent respiratory infec-
tions from the Łódź Province.

2. A multivariate analysis showed that reduced serum 
zinc levels are more common in children from the Łódź 
Province who often develop respiratory infections com-
pared to healthy children (p = 0.044).
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