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Abstract
Zinc has potent immunoregulatory and antiviral effects that are critical for growth, immunity, and neurologic development. 
The aim of this study was to determine the clinical significance of serum zinc levels in pediatric patients with COVID-
19 and to demonstrate its association with disease severity. This prospective observational study was conducted between 
August 3 and November 15, 2020, in pediatric patients aged 1 month to 18 years with confirmed COVID-19 using reverse 
transcription-polymerase chain reaction. We defined a control group whose serum zinc levels were determined 1 year ago 
at the same time as those of patients with COVID-19. We used 70 μg/dL as the cut-off zinc value to define zinc deficiency. 
Statistical analyses were performed using the SPSS for Windows statistics package program. One hundred children with 
confirmed COVID-19 and 269 children in the control group participated in the study. The median age was 13.3 (IQR: 
8–15.4) years in patients with confirmed COVID-19, 11 patients had low serum zinc levels, and 89 patients had normal 
serum zinc levels. Patients in the group with low zinc levels had a significantly higher hospitalization rate than the group 
with normal zinc levels (5 (45.5%) and 10 patients (11.2%), respectively) (p = 0.011). The median serum zinc level in 
patients with COVID-19 was 88.5 mcg/dL (IQR 77.2–100), which was significantly lower than the median level in the 
control group, which was 98 mcg/dL (IQR 84–111) (p = 0.001). There was no association between the severity of COVID-
19 and the serum zinc levels of the children.

Conclusion: Serum zinc levels may be influenced by many factors such as fasting status, diurnal variation, exercise, and 
sex, and may give an impression of the zinc status of the population rather than reflecting the individual. The fact that the 
incidence of hospitalization was significantly higher in patients with both COVID-19 and low serum zinc levels suggests 
that these patients require a detailed assessment of their living environment.

What is Known:
• Serum zinc levels have been found to be low in adult patients diagnosed with COVID-19.
• There was a correlation between the severity of COVID-19 and serum zinc levels in adults.
What is New:
• Children with low serum zinc levels were found to have a higher number of hospitalizations.
• No association was found between the severity of COVID-19 disease and serum zinc levels in children.
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Introduction

Since December 2019, the new severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which causes 
coronavirus disease 2019 (COVID-19), has spread rapidly 
worldwide. Currently, there is no satisfactory treatment for 
SARS-CoV-2 infection. Research into possible protective 
and therapeutic antiviral strategies is urgently needed. Zinc 
is speculated as one of the micronutrients that can reduce the 
intensity of COVID-19 infection due to its antiviral proper-
ties [1]. Zinc is the second most abundant trace element 
with potent immunoregulatory and antiviral properties and is 
essential for growth, immunity, and neurologic development 
[2]. Zinc is largely localized intracellularly, particularly in 
the liver and muscle, so small differences in zinc turnover in 
peripheral organs can greatly affect serum zinc concentra-
tions. In addition, changes in metabolic status can lead to 
changes in serum zinc levels. For example, fasting status 
paradoxically causes an increase in serum zinc, whereas sati-
ety causes a decrease in serum concentrations. Time of day, 
age, sex, hypoalbuminemia, vigorous exercise, infection, 
and organ failure can also affect serum zinc concentrations 
[3–5]. For this reason, plasma zinc concentrations are not 
an indicator of zinc stores in a persons’ body, but plasma 
levels of zinc are an indicator of the risk of zinc deficiency 
in the population [3]. Serum zinc concentrations decrease in 
serum only when zinc intake is greatly reduced, resulting in 
a short-term decrease in zinc concentrations, or when defi-
ciency persists too long [6, 7]. Despite many shortcomings, 
the determination of serum or plasma zinc levels is the most 
useful clinical test for zinc deficiency [6, 7].

Zinc homeostasis in immune signaling pathways is com-
plex because zinc is involved in both pro-inflammatory 
and anti-inflammatory signaling pathways. Zinc regulates 
the immune response, and its deficiency increases suscep-
tibility to inflammatory and infectious diseases, including 
pneumonia [8]. There is also evidence that unregulated zinc 
homeostasis in macrophages impairs phagocytosis and leads 
to abnormal inflammatory responses [9]. Nevertheless, it 
seems clear that low and high zinc status can lead to dys-
function of the adaptive and innate immune systems [10]. In 
addition, studies have shown that zinc oxide and zinc salts 
inhibit the replication of SARS-CoV, hepatitis C virus, and 
H1N1 influenza [11–13]. The antiviral activities of zinc have 
not been clearly elucidated. However, proposed mechanisms 
of zinc’s antiviral property include inhibition of RNA syn-
thesis, topoisomerase, viral replication, and viral binding 
to the mucosal membranes [13, 14]. The exact role of zinc 
in SARS-CoV-2 infection is also not fully understood. It 
is speculated that it decreases the activity of angiotensin-
converting enzyme 2 [14]. In addition, a recent study has 
shown that zinc salts can inhibit hepatitis E virus replication 

by inhibiting RNA-dependent-RNA-polymerase [15]. This 
enzyme also plays a key role in the replication phase of the 
coronavirus. These important findings suggest that zinc 
could be considered as a special antiviral agent in COVID-
19 treatment.

There are many studies on zinc deficiency in children 
with various infectious diseases [16, 17]. However, there 
are insufficient studies on serum zinc levels in children with 
COVID-19. The aim of this study was to determine the clini-
cal significance of serum zinc levels in pediatric patients 
with COVID-19 and to demonstrate its association with dis-
ease severity. In addition, serum zinc levels were compared 
with those of a healthy control group.

Material and method

Study design

This prospective observational study was designed for 
pediatric patients who underwent reverse transcription-
polymerase chain reaction testing (RT-PCR) because of 
suspected COVID-19 infection. The patients with posi-
tive RT-PCR test results who agreed to participate were 
enrolled in the study. Patients’ clinical data were obtained 
from medical records, including age, sex, comorbid-
ity, length of hospital stay, and medication. We used the 
World Health Organization (WHO) definition criteria to 
represent the clinical stages of COVID-19 pneumonia in 
children. We divided patients into five groups according 
to the clinical severity of COVID-19: asymptomatic, mild, 
moderate, severe, and critical. We also divided patients 
according to whether they had asymptomatic or sympto-
matic COVID-19.

Blood sample used to detect serum zinc levels were taken 
from the patients in the morning or afternoon of the same or 
next day if there was a positive result for SARS-CoV-2. The 
patients with confirmed COVID-19 were divided into two 
groups according to whether they had low or normal serum 
zinc concentrations. There is no globally accepted cut-off 
value for low serum zinc concentrations. The International 
Zinc Nutrition Consultative Group (IZiNCG) has defined 
70 μg/dL (10.7 μmol/L) as the cut-off value for low serum 
zinc concentrations [18]. We used the IZiNCG recommen-
dation to define low serum zinc levels and 70 μg/dL as the 
cut-off value for zinc concentrations.

Study population

This study was conducted in patients aged 1  month to 
18  years. Of the patients who presented to pediatric 
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outpatient clinics with the suspected COVID-19, those 
who were positive for RT-PCR were included in the study. 
Patients who had been taking vitamin supplements and those 
who were reluctant to participate in the study were excluded. 
The control group was defined as children aged 1 month to 
18 years who had presented to the pediatric outpatient clinic 
of Tepecik Training and Research Hospital in Izmir, 1 year 
ago (in the same months as the COVID-19 patients) before 
COVID-19 became known to the world. Patients whose 
serum zinc levels had been studied 1 year ago were included 
in the control group, except seven patients who had received 
vitamin supplementation, three patients who were diagnosed 
as having chronic malnutrition, and one patient with acro-
dermatitis enteropathica, who were all excluded from the 
study. The parents of the children provided written informed 
consent, and written informed assent was obtained from the 
children. Ethics committee approval was obtained from Tep-
ecik Training and Research Hospital (No.: 24/07/2020/01).

Study period and study area

This study was conducted between August 3 and Novem-
ber 15, 2020, at Tepecik Training and Research Hospital, 
Izmir, Turkey. Tepecik Training and Research Hospital is 
a pandemic center for COVID-19, receiving 77,827 hospi-
talizations in 2019 before the COVID-19 pandemic, and has 
910 inpatient beds.

Testing of zinc

Blood samples were drawn from the antecubital vein and 
collected in gel-containing clot activator tubes (BD Vacu-
tainer SST II Advance, USA) according to standard hos-
pital guidelines for venipuncture and specimen collection. 
Samples from the separation tubes were allowed to clot 
and then centrifuged at 3000 g for 10 min to separate the 
serum. Serum zinc measurements were performed using 
an AU 5800 chemistry analyzer (Beckman Coulter, High 
Wycombe, UK). Zinc for the Architect system Monoreagent 
kit was purchased from Archem Diagnostics Industry. The 
intra-assay and inter-assay coefficients of variation (CV) for 
the zinc assay were less than 1.9% and 2.7%, respectively.

RT‑PCR assay

Combined nasopharyngeal and oropharyngeal swab speci-
mens were collected from children with suspected COVID-19 
and sent to medical microbiology laboratory. SARS-CoV-2 
was detected using RT-PCR (Bio-Speedy SARS CoV-2 
double Gene RT-qPCR Kit). Specifically, two target genes, 
including open reading frame 1ab (ORF1ab) and nucleocap-
sid protein (N), were tested during the RT-PCR assay.

Statistics

The median, first quartile, and third quartile were used to 
express continuous variables that were not normally distrib-
uted. Differences between two groups were analyzed using 
the Mann–Whitney U test. Categorical variables were com-
pared using the chi-square test or Fisher’s exact test. P < 0.05 
was considered significant. Spearman correlation coefficient 
was used to test bivariate associations between serum zinc 
levels and laboratory results. Comparative analysis was 
performed between patients with COVID-19 and healthy 
subjects. Logistic regression analyses were performed to 
examine the effects of age, sex, comorbidity, presence of 
asymptomatic or symptomatic COVID-19, and the number 
of hospitalizations as a function of serum zinc level (low 
serum zinc levels were defined as below 70 μg/dL; normal 
serum zinc levels were defined as above and equal to 70 μg/
dL) in patients with COVID-19. Statistical analyses were 
performed using SPSS for Windows version 25 software 
(IBM, USA).

Results

This prospective study was conducted on 100 children aged 
1 month to 18 years with confirmed COVID-19. Two hun-
dred sixty-nine healthy children were included in the study 
as a control group. The characteristics of the patients with 
confirmed COVID-19 are shown in Table 1. The median 
age was 13.3 (interquartile range [IQR] 8–15.4) years; 56 
were girls. Patients with confirmed COVID-19 were divided 
into two groups according to serum zinc levels; low serum 
zinc levels were found in 11 patients and normal zinc levels 
in 89 patients. Hospitalization was required in 5 (45.5%) 
patients in the low serum zinc group and 10 (11.2%) patients 
in the normal serum zinc group (Fig. 1). The low serum zinc 
group had a significantly higher hospitalization rate than 
the normal serum zinc group (p = 0.011). The patients with 
low serum zinc levels did not have longer hospitalization 
than the group with normal serum zinc levels (4 ± 1.8 days  
vs. 5.4 ± 2.9 days, p = 0.360). Spearman correlation was  
performed to determine the relationship between serum zinc 
level and laboratory values. Serum zinc levels were corre-
lated positively with serum lactate dehydrogenase (Spear-
man’s rho, r =  + 0.253; p = 0.013), D-dimer (r =  + 0.236; 
p = 0.021), and creatinine kinase level (r =  + 0.233; 
p = 0.028). A logistic regression model was performed to 
find an association between low serum zinc levels, sex, age, 
presence of comorbidities, and the presence of asympto-
matic or symptomatic COVID-19, and no significant asso-
ciation was found between these parameters, except for the 
need for hospitalization, which was significantly associated 
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with low serum zinc levels (odds ratio (OR) 6.694 95%CI 
(1.270–35.288); p = 0.025).

When comparing serum zinc levels were between 
patients with COVID-19 and the control group, the median 
serum zinc level in patients with COVID-19 was 88.5 (IQR 
77.2–100) mcg/dL, which was significantly lower than 

the median level in the control group, which was 98 (IQR 
84–111) mcg/dL (p = 0.001) (Table 2). When comparing the 
age between the two groups, the control group was statisti-
cally younger than the patients with COVID-19 (13.3 years 
vs. 10.1 years, p = 0.006). When comparing serum zinc 
levels between patients with COVID-19 and the control 

Table 1  Characteristics of patients with COVID-19 according to serum zinc levels

* Fisher's exact probability test was used for cross-classification tables

Total number of patients Zinc levels < 70 μg/dL Zinc levels 70 ≥ μg/dL p value

Patient number, n (%) 100 (100) 11 (100) 89 (100) -
Age, years (IOR) 13.3 (16.3–15.4) 14.1 (4.8–16.3) 13.3 (8.1–15.2) 0.573
Sex (%) 0.338*
  Girl 56 (56) 8 (72.7) 48 (53.9)
  Boy 44 (44) 3 (27.3) 41 (46.1)

Number of people living in the same house, median (IQR) 4 (4–5) 4 (3–5) 4 (4–5) 0.154
Number of people in the house diagnosed with COVID-19 2 (1–3) 2 (1–3) 2 (1–3) 0.698
Underlying medical condition (%) 8 (8) 2 (18.2) 6 (6.7) 0.213*
  Neurological disease (%) 3 (3) 1 (9.1) 2 (2.2) -
  Asthma (%) 3 (3) 1(9.1) 2 (2.2) -
  Diabetes (%) 1 (1) - 1 (1.1) -
  Hipotroidi (%) 1 (1) - 1 (1.1.) -

Hospitalization, n (%) 15 (15) 5 (45.5) 10 (11.2) 0.011*
Duration of hospitalization, days, mean (SD) 4.9 (± 2.6) 4 (± 1.8) 5.4 (± 2.9) 0.360
Clinical features at presentation
  Fever, n (%) 39 (39) 6 (54.5) 33 (37.1) 0.331*
  Dry cough (%) 25 (25) 4 (35.4) 21 (23.6) 0.460*
  Runny nose, n (%) 10 (10) 3 (27.3) 7 (7.9) 0.078*
  Sore throat (%) 16 (16) 2 (18.2) 14 (15.7) 1.000*
  Muscle ache (%) 12 (12) 2 (18.2) 10 (11.2) 0.618*
  Abdominal pain (%) 10 (10) 1 (9.1) 9 (10.1) 1.000*
  Diarrhea (%) 11 (11) 2 (18.2) 9 (10.1) 0.347*
  Shortness of breath 5 (5) 2 (18.2) 3 (3.4) 0.092*

Laboratory values
  Total white blood cell count cells ×  103/μL median (IQR) 5.7 (4.80–7.57) 4.8 (3.80–6.80) 5.8 (4.95–7.60) 0.227
  Neutrophil count cells ×  103/μL median (IQR) 3.1 (2.15–4.00) 3.1 (2.20–4.05) 3.1 (2.20–4.05) 0.941
  Lymphocyte count cells ×  103/μL median (IQR) 1.8 (1.3–2.6) 1.5 (0.9–2.7) 1.9 (1.3–2.6) 0.227
  Platelet count cells ×  103/μL median (IQR) 247 (195–192) 206 (176–288) 249 (199– 294.5) 0.570
  Hemoglobin g/dL mean (IQR) 13.1 (12.4–14) 13 (12.40–13.90) 13.2 (12.3–14.15) 1.000
  CRP mg/L. median (IQR) 2.4 (0.80–6.12) 2.6 (0.80–8.80) 2.2 (0.80–5.50) 1.000
  Ferritin µg/L median (IQR) 31.4 (24–52.9) 33 (12.2–46.7) 31 (24–56.9) 1.000
  LDH U/L median (IQR) 218 (184–268) 195 (181–252) 220 (185–270) 1.000
  Creatinine Kinase U/L median (IQR) 91 (65–113.5) 71 (61–104) 95.5 (68–113.7) 0.170
  D-dimer µg/L. median (IQR) 330 (200–470) 240 (190–380) 340 (200–512.5) 0.546

Severity of COVID-19 (%) 0.153*
  Asymptomatic (%) 43 (43) 3 (27.3) 40 (44.9)
  Mild (%) 44 (44) 5 (45.5) 39 (43.8)
  Moderate (%) 12 (12) 3 (27.3) 9 (10.1)
  Severe (%) - - -
  Critical (%) 1 (1) - 1 (1.1.)

Serum zinc levels, median(IQR) 88.5 (77.2–100) 60 (51–66) 90 (79–100) -
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group, significantly lower serum zinc levels were found in 
patients with COVID-19 (OR 0.977, 95% CI: [0.963–0.991]; 
p = 0.001).

The mean standard deviation score (SDS) of height and 
weight of hospitalized patients with normal serum zinc lev-
els was 0.24 (± 1.28) and 0.54 (± 1.56), respectively. In the 
low serum zinc level group, the SDS of height and weight 
were −0.07 (± 0.62) and −0.54 (± 1.03), respectively. There 
was no statistical difference between hospitalized patients 
in both groups for SDS of height and weight (p = 0.608, 
p = 0.187).

Discussion

The present study focused on the serum zinc status of 
patients with COVID-19. Our data suggest that patients 
with COVID-19 had approximately 10% lower serum zinc 
concentrations than the healthy control group, similar to a 
study conducted by Thurnham et al. in adult patients, who 
observed that serum zinc concentrations decreased by almost 
10% in patients with inflammation [19]. As a consequence 
of natural “nutritional immunity,” increased cytokine lev-
els during infections and fever reduce intracellular free zinc 

Fig. 1  Serum zinc levels according to need for hospitalization

Table 2  Characteristics and 
serum levels of zinc among 
patients with confirmed 
COVID-19 and control group

Patients with confirmed 
COVID-19

Control group p value

Patient number, n (%) 100 (100) 269 (100) -
Age, years (IQR) 13.3 (8–15.4) 10.1 (5.1–14.5) 0.006
Sex, n (%) 0.982
  Girl 56 (56) 151 (56.1)
  Boy 44 (44) 118 (43.9)

Serum zinc, median (IQR) (ng/mL) 88.5 (77.2–100) 98 (84–111) 0.001
Patient numbers according to serum levels of 

zinc, n (%)
0.623

Serum levels of zinc < 70 11 (11) 25 (9.3)
Serum levels of zinc > 70 89 (89) 244 (90.7)
Patient number according to months, n (%) <0.001 
August 35 (35) 119 (44.2)
September 31 (31) 61 (22.7)
October 21 (21) 88 (32.7)
November 13 (13) 1 (0.4)
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and circulating zinc levels to inhibit pathogen growth [20, 
21]. However, we found that median serum zinc level was 
normal in both patients with COVID-19 and control group. 
Therefore, it was noted that the ages of the two groups were 
statistically different (13 years vs. 10 years, respectively, 
p = 0.006) and that the patients in both groups consisted of 
school-aged children.

Although the median serum zinc levels of patients with 
COVID-19 were normal, patients with low serum zinc con-
centrations were significantly more likely to be hospitalized 
compared with patients with normal serum zinc concentra-
tions. When zinc intake decreases, homeostatic mechanisms 
initially maintain plasma concentrations in the reference 
range, but concentrations decrease if deficiency is severe or 
prolonged. However, although plasma zinc concentrations 
are moderately correlated with habitual intake, the test also 
has limited specificity because zinc concentrations may be 
influenced by inflammatory status, fasting status, recent 
physical activity, age, sex, and time of day of testing [2, 3, 
22, 23]. For this reason, a low serum zinc concentration is 
more indicative of the zinc status of the population than of 
the zinc status of the individual [3].

There are some studies on serum zinc levels in adult 
patients with COVID-19. Jothimani et al. showed that of 
47 adult patients hospitalized for COVID-19, 27 (57.4%) 
had low serum zinc levels [24]. In a study by Yasui et al. 
in an adult cohort of 29 patients with COVID-19, 9 (31%) 
patients were found to have low serum zinc levels [25]. In 
a more recent study of an adult cohort of 33 patients with 
COVID-19, low serum zinc levels were found in all patients. 
The authors speculated that the reason for the low serum 
zinc levels in patients with COVID-19 might be a response 
to SARS-CoV-2 in the acute phase [26]. Compared with 
these studies in adults, we found that low serum zinc levels 
occurred in approximately 10% of patients with COVID-19. 
This was speculated to be due to the milder clinical course 
of COVID-19 disease in children compared with adults. In 
addition, most of the studies conducted with adult patients 
were hospitalized patients, so it was hypothesized that a 
higher number of patients with a severe form of COVID-19 
and a greater amount of low serum zinc levels were found 
in these studies.

There are some studies in children that show an asso-
ciation between low serum zinc levels and pneumonia. 
In a study by Kumar et al., 80% of children with severe 
pneumonia were found to have low serum zinc levels [27]. 
Another study showed that low serum zinc levels were 
found in children with pneumonia complicated by sepsis, 
mechanical ventilation, and death [28]. In a study that exam-
ined serum zinc levels and the prevalence of lower respira-
tory tract infections, the authors recorded a prevalence of 
98.3% for low serum zinc levels in children with acute lower 
respiratory tract infections compared with 64.2% in the 

control population [29]. Some studies showed an associa-
tion between low serum zinc levels and respiratory syncytial 
virus infection. In particular, it was shown that whole blood 
zinc levels were significantly lower in children with RSV 
pneumonia [16].

In developing countries, zinc supplementation reduced pneu-
monia morbidity, but did not significantly reduce pneumonia-
specific mortality [30]. Yao et al. studied the effect of zinc sup-
plementation in hospitalized adult patients with SARS-CoV-2 
infection [31]. They found that there was no causal relationship 
between zinc supplementation and survival in hospitalized adult 
patients with COVID-19. Their subgroup analyses, stratified by 
severity of COVID-19, also found no significant causal asso-
ciation [31]. In our study, we found no association between the 
severity of COVID-19 and serum zinc levels in children. There-
fore, we did not administer zinc supplementation to any of our 
patients.

Low serum zinc levels have been associated with a greater 
risk of acute respiratory distress syndrome, increased levels 
of proinflammatory mediators, prolonged hospitalization, 
and increased mortality in adult patients [24]. In one study 
using an experimental human model of zinc deficiency, a 
decrease in CD8 lymphocyte counts was observed in subjects 
receiving a low zinc diet [32]. In another study, low serum 
zinc levels were associated with the severity of COVID-19 
[25]. Vogel-Gonzalez et al. indicated that serum zinc levels 
below 50 mcg/dL on hospital admission were correlated with 
a worse clinical presentation, longer time to stabilization, 
and higher mortality rates in adults [33]. In a recent study, 
35 patients with confirmed COVID-19 had lower serum 
zinc levels, and non-survivors had significantly lower serum 
zinc levels compared with survivors [34]. We thought that 
we would not find an association between serum zinc levels, 
severity of COVID-19, and longer hospitalization of patients 
because of the milder clinical course of COVID-19 in chil-
dren. However, we found higher hospitalization rates (45.5% 
vs. 11.2%) in patients with low serum zinc levels.

Zinc has several antiviral effects, which are achieved 
by triggering both innate and acquired immune responses. 
Although the antiviral modulation of zinc in humans has not 
been elucidated, zinc has been shown to have antiviral prop-
erties by inhibiting RNA synthesis, viral replication, DNA 
polymerase, reverse transcriptase, and viral proteases [35–37]. 
A meta-analysis showed that zinc supplementation signifi-
cantly reduced the incidence of acute lower respiratory tract 
infections in children aged younger than 5 years [38]. In a ran-
domized trial, the authors showed that zinc supplementation 
reduced hospitalizations in children with acute lower respira-
tory tract infections [39]. In a study by Acevedo-Murillo et al., 
zinc status was assessed in children with pneumonia. Zinc 
supplementation improved clinical status, respiratory rate, 
and oxygen saturation in a shorter time compared with the 
placebo group. They also observed that interferon-gamma and 
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interleukin-2 increased after treatment in the zinc replacement 
group [40]. In contrast to the protective effects of zinc, some 
studies have showed that zinc supplementation does not sig-
nificantly improve survival, reduce inflammation, or decrease 
the risk of cardiovascular disease [41].

There are publications with much speculation about zinc 
supplementation in COVID-19 [42, 43]. Unfortunately, 
in vitro studies have shown that the antiviral activity of zinc 
is often above physiologic concentrations. Serum and intracel-
lular zinc concentrations are different, and intracellular zinc 
is up to 100 times higher than serum concentrations [35, 44]. 
Nevertheless, it is bound to a considerable extent by zinc-
binding proteins, so that free zinc concentrations are very low. 
Zinc is usually present in the cell as a body defense substance 
bound to metallothionein. Metallothioneins are small proteins 
that can bind divalent cations such as zinc and copper and 
store and transfer zinc ions in response to the invasion of the 
cell by a pathogen. The infected cell reduces the flow of zinc 
in the cell and prevents the pathogen from gaining access to 
the zinc it needs. Interferons stimulate the influx of zinc in the 
virus-infected cell, which in turn promotes the expression of 
metallothionein [45, 46]. The expression of metallothionein 
is attributed to the influx or redistribution of zinc from cells 
[45]. Interventions that alter zinc levels in serum or at local 
sites in the body could be beneficial, neutral, or even harmful, 
depending on the mechanistic basis of pathogenesis and the 
pathogen involved. In a study by Singh et al. from Europe, 
zinc sufficiency status was consistently positively associ-
ated with mortality from COVID-19 in the general popula-
tion, contrary to expectations [47]. They speculated that the 
increased mortality observed in populations with high zinc 
sufficiency might be due to the existing underlying conditions 
of altered genetic composition, physiology, and response to 
zinc supplementation in certain parts of the population.

In our study, the median serum zinc concentration was 
found to be normal in both groups. In a randomized trial of the 
effect of zinc supplementation in children with chronic kidney 
disease, the authors divided patients into two groups (receiving 
15 mg/day and 30 mg/day), although mean serum zinc levels 
were normal before treatment. Although serum albumin, zinc, 
and C-reactive protein (CRP) levels did not change signifi-
cantly with zinc replacement, there was a small but positive 
and significant change in normalization of body mass score 
and body mass index Z-score, hypoalbuminemia, hypozince-
mia, and high CRP, especially in the group receiving 30 mg/
day zinc replacement [48]. In contrast, a study examining 
the effect of zinc supplementation in zinc-sufficient children 
showed that normal serum zinc levels did not significantly alter 
the standard deviation of height or weight during 6–12 months 
of follow-up, although serum alkaline phosphatase, osteocal-
cin, and insulin-like growth factor-1 were increased [49]. In 
another randomized trial of normal serum zinc concentrations, 
no significant improvement in serum zinc levels was observed 

in children receiving 10 mg of zinc sulfate daily for 6 months 
[50].

Some studies have focused on laboratory findings and 
serum zinc status in patients with COVID-19 [33, 51]. In 
particular, they found that CRP was inversely proportional 
to serum zinc levels. In our study, we found no correlation 
between CRP and serum zinc levels. However, there was 
a weak positive correlation between serum zinc levels and 
serum lactate dehydrogenase, D-dimer, and creatinine kinase.

Limitation of the study

The best indicator of an individual’s zinc status is to assess 
the individual’s zinc intake and absorption. However, these 
methods are very difficult to apply in practice. One of the 
limitations of the study is that serum zinc levels were not 
determined at a standard time during the day, but only in 
the morning and afternoon. Other factors that may influ-
ence serum zinc levels, such as living conditions, income 
distribution, patients’ hunger/satiety status, exercise status, 
and patients’ nutritional status were not studied.

Conclusion

Serum zinc levels may be influenced by many factors such 
as fasting status, diurnal variation, physical activity, and sex, 
and can be more indicative of the zinc status of the popula-
tion than of the individual. The fact that the frequency of 
hospitalization was significantly higher in patients with low 
serum zinc levels led us to the conclusion that these patients 
need a detailed assessment of their living environment. The 
influence of living conditions on the severity of COVID-19 
and serum zinc levels remains to be determined in future 
research. We found no association between the severity of 
COVID-19 and serum zinc levels. Further studies are needed 
to demonstrate this association in children.

Recommendation

As serum zinc levels reflect the population in which the 
assessment is made, the living conditions of individu-
als in this population should be subject to a very detailed 
assessment.
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