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ABSTRACT
Aim: The aim of this study is to evaluate the relationship between disease severity and serum Zinc(Zn) levels in COVID-19 
patients.
Materials and Methods: The study included 153 COVID-19 patients confirmed by RT-PCR test, were divided into two 
groups according to the severity of the disease: hospitalized COVID-19 patients (n=81) and intensive care unit patients (n=72). 
Additionally, 78 healthy controls were included. Serum levels of various biomarkers, including WBC, Neutrophil, Lymphocyte, 
Monocyte, Platelet, PT, APTT, INR, D-Dimer, CRP, PCT, Ferritin, and Zinc, were measured for all participants. Demographic 
data and length of hospitalization were also recorded.
Results: The study found significant differences between the groups in age, hospitalizations, chronic disease, and length of 
hospital stay (p≤0.001). COVID-19 patients had lower median zinc levels (89μg/dl) compared to healthy individuals (99.50μg/
dl), and this difference was statistically significant (p=0.023). As zinc levels increased, the CORADS score decreased                      
(r=-0.248, p=0.031). There was an inverse relationship between zinc level and intensive care unit admission, indicating that 
lower zinc levels were associated with a higher probability of intensive care hospitalization (r=-0.260, p=0.023).
Conclusion: This study showed that COVID-19 patients had significantly lower zinc levels than healthy individuals. The 
difference between the average zinc level of COVID-19 patients and the average zinc level of healthy individuals were found 
to be statistically significant. Additionally, a significant inverse relationship were found between zinc level and intensive care 
unit hospitalization; As the zinc level decreases, the likelihood of being hospitalized in intensive care increases.
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INTRODUCTION                                                                   

COVID-19 is a multisystem disease caused by SARS-
CoV-2, which emerged in 2019 and has spread globally. 
The severe course of the disease is primarily driven by 
an excessive release of pro-inflammatory cytokines, such 
as IL-6 and TNF-α, leading to a cytokine storm. These 
cytokines are secreted by innate immune cells, causing 
vascular hyperpermeability, systemic inflammation, 
and multiple organ failure.These features of COVID-19 
have become particularly important in the treatment and 
management of the disease. Research shows that treatments 
that suppress the activity of these pro-inflammatory 
cytokines can positively impact the course of the disease[1].

Malnutrition and mineral deficiencies can weaken 
the immune system, increase susceptibility to infectious 
diseases, and exacerbate their symptoms[2]. Copper, zinc 
and selenium minerals provide protection against viral 
infections due to their enzymatic antioxidant roles, and 
since they have many different effects on the immune 
system, their adequate intake is very important in 
defending against diseases[3]. Zinc (Zn) is the second most 
abundant trace element after iron in the human body. In 
addition to its immune response strengthening effect, 
this trace element has also been reported to play a role 
in defense against viruses[4]. Zinc is an essential mineral 
that plays a crucial role in various cellular processes, 
including enzyme catalysis, immune function, protein 
synthesis, wound healing, DNA replication, and taste 
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perception. It is vital for the production of white blood 
cells and antibodies, making it indispensable for the 
proper functioning of the immune system. In a condition 
of zinc deficiency, the levels of pro-inflammatory 
signaling molecules (IL-1, IL-6, and TNF alpha) rise[5]. 
Supplementing with zinc can enhance the infection-
fighting capacity of polymorphonuclear cells[6]. Impaired 
zinc homeostasis is believed to increase susceptibility to 
COVID-19 by impairing immune functions. Correcting 
low zinc levels in high-risk groups may play a crucial role 
in preventing and managing COVID-19[7]. The COVID-19 
virus uses the angiotensin-converting enzyme2 (ACE2)to 
gain entry into target cells. Research has indicated that zinc 
gluconate can counteract the impact of the virus's spike 
protein on ACE2, potentially offering a protective effect. 
Consequently, zinc gluconate may provide protection by 
decreasing the activity of ACE2, which is established as 
the receptor for the COVID-19 virus[8]. Zinc has direct 
antiviral activity against some RNA viruses and plays a 
role in immune functions. Zinc cations, particularly when 
combined with the zinc ionophore pyrithione, inhibit the 
SARS-coronavirus RNA polymerase enzyme, suggesting 
that intracellular zinc concentration is crucial in combating 
coronaviruses[9]. Zn2+ may have antiviral properties by 
increasing interferon production, improving respiratory 
function, and modulating immune responses that can limit 
cytokine storms[10]. 

AIM OF THE STUDY                                                               

This study aimed to examine whether there is a 
relationship between disease severity and Zn levels in 
COVID-19 patients, depending on their prognosis and 
whether they are admitted to the service or intensive care 
unit.

MATERIALS AND METHODS                                                    

Establishing Working Groups

This cross-sectional study included 153 COVID-19 
cases (patient group) who applied to the COVID-19Clinic 
of our hospital between 15 April 2021 & 15 July 2021, 
78 healthy individuals (control group) who did not have 
a known chronic disease such as heart disease, diabetes, 
hypertension, active/chronic infection or rheumatological 
disease, and who had not used Zn-containing drugs in 
the last year were included. Patients under the age of 18 
were not included in the study. COVID-19 patients were 
selected from two separate patient groups, namely services 
or intensive care patients, according to their prognosis.
Participants in the study, including COVID-19 patients and 

the control group, provided written consent to take part. 
The demographic and laboratory information for the study 
groups was gathered from the hospital's data management 
system.

Collection of Blood Samples/ Specimens

Venous bloods were collected from COVID-19 
patients and healthy controls into a yellow-capped gel 
biochemistry tube to obtain serum. Serums of patients 
followed in the service and intensive care unit were stored 
at -20°C. Demographic data, hospital stay and CORAS 
Score of the patients were statistically analyzed with the 
SPSS statistical program. Zinc levels were measured 
in the serum samples of COVID-19 patients who were 
followed in the service and intensive care unit and came to 
our laboratory for other tests. 5 ml venous blood samples 
taken with suspicion of COVID-19 were collected in a 
BD gel vacuum cleaner and stored at -20°C from patients 
followed in SBU Samsun Training and Research Hospital 
COVID-19 services between 15.03.2020 and 15.06.2020. 
The Zn level was measured by a colorimetric method 
using the Automatic Indiko Plus analyzer (Thermo 
Scientific, USA) from stored serum samples. The 
comparison range used to assess Zn levels was established 
as 70-110 micrograms per deciliter(μg/dl). To validate 
the correctness of the measurement technique, two sets 
of random control samples were analyzed. These control 
samples were provided by Randox, a manufacturer of 
clinical diagnostic products, and included the Human Test 
Control-2 (LOT-1369UN) and Human Control-3(LOT-
1066UE) for chemistry analyses, as well as the COVID-19 
patient control for immunoassay testing. Additionally, the 
COVID-19 patients were categorized based on their serum 
zinc concentrations. Individuals with zinc levels below 
70 μg/dl were considered to have a 'deficient' zinc status. 
The researchers then identified COVID-19 patients who 
exhibited zinc deficiency and compared them to those 
with normal zinc levels. This comprehensive analysis of 
zinc levels in COVID-19patients, using a standardized 
reference range and validated control samples, allowed the 
researchers to better understand the potential role of zinc 
status in the clinical course and outcomes of individuals 
affected by the COVID-19 virus. 

PCR Analysis

The study included individuals who had been diagnosed 
with COVID-19 based on the results of reverse transcription-
polymerase chain reaction(RT-PCR) tests conducted on 
samples obtained from their nasopharynx, oropharynx, or 
sputum. The RT-PCR test used to confirm the presence of 
SARS-CoV-2, the virus that causes COVID-19, was the 
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Montania4896 Real-Time PCR Instrument, manufactured 
by Anatolia Diagnostics Inc. in Istanbul, Turkey. The 
test was performed in accordance with the instructions 
provided by the manufacturer, Bioeksen R&D Tech. Ltd., 
also based in Istanbul, Turkey. One of the RT-PCR kits 
is the Bio-Speddy® (Bioeksen R&D Technologies Inc. 
COVID-19 RT-qPCR Detection Kit v2.0, Istanbul-Turkey) 
determined valuable by the “Turkish Ministry of Health" 
and used throughout COVID-19 pandemic. Each RT-PCR 
kit production followed CDC’s and WHO’s detection 
guidelines[11-13]. However, each kits are included in the 
WHO Emergency Use Listing for SARS-CoV-2 in vitro 
diagnostic products (https://www.who.int/diagnostics_
laboratory/EUL/en/).

Statistical analysis

In this study, sample size calculations were conducted 
to test the difference between two independent groups 
consisting of 153 patients and 75 control subjects. The 
calculations were performed using a specified statistical 
power and significance level. The statistical significance 
level was set at a 95% confidence interval (Z = 1.96), with 
a power of 80% (Z = 0.84). A medium effect size (Cohen's 
d = 0.5) and a population standard deviation (σ = 1) were 
assumed. The sample size calculation indicated that 

approximately 63 participants are required for each group. 
Therefore, the current sample sizes of 153 patients and 75 
controls are adequate for the study.

All statistical analyses were performed using SPSS 
software program, version 23.0(IBMCorporation,Arm
onk,NY,USA). Continuous variables are expressed as 
mean±standard deviation(SD), while categorical data 
are presented as numbers and percentages. To compare 
categorical data, the researchers used the Chi-square 
test or Fisher's exact test, depending on the appropriate 
conditions. The conformity of the variables to normal 
distribution was assessed using both visual (histogram) 
and analytical (Kolmogorov-Smirnov test and Shapiro-
Wilk test) methods. Kruskal-Wallis test was applied 
for comparison of more than two independent groups. 
The Mann-Whitney U test with Bonferroni correction 
(p<0.05/5) was used as a post-hoc test to perform pairwise 
comparisons of groups that differed in the Kruskal-Wallis 
test. Spearman correlation analysis was used to examine 
correlations between study parameters. Throughout the 
statistical analyses, a p-value less than 0.05 was considered 
statistically significant.

RESULTS                                                                                                

Table 1. Demographic and clinical characteristics of the study groups.
 Intensive care/ ICU (n=72) Service (n=81) Healthy (n=78) p
Age (year) † 67.54 ± 13.322 50.67 ±12.048 50.15±16.024 <0.11*
Sex ‡
Female 42 (58.3) 60 (%74,1) 48(%61.5) 0.454**
Male 30 (41.7) 21(%25,9) 30(%38.5)
Survey‡
Living 15(%20.8) 75(%92,6) 78(%100) <0.001**
Exitus 57(%79.2) 6(%7,4) 0(%0)
Presence of chronic disease‡ 32 (%44.4) 6 (%7.4) <0.001**
Length of stay in hospital† 14.3 ±10.290 7.22 ± 3.916 0.007***
Zinc level 89.00±19.470 90.00±16.464 99.50±12.084 0.063*
†: mean ± standard deviation, ‡: n (%). 
*. Kruskal Wallis Test 
**. Pearson Chi-Square, Fisher's Exact test
*** Independent samples t-test 

The study divided participants into three groups: 
intensive care patients, service patients, and healthy 
controls. There were significant differences in age, survey 
responses, chronic disease prevalence, and hospital stay 

duration between the groups. COVID-19patients (n=153) 
had significantly lower zinc levels(median 89 μg/dl) 
compared to healthy individuals(n=78, median 99.50 μg/
dl, p=0.023).
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There was an inverse relationship between zinc level 
and CORADS in the Spearman correlation analysis. It 
was determined that CORADS decreased as the zinc level 
increased (r=-0.248 p=0.031). No significant relationship 
was found between zinc levels and variables such as age 
and hospitalization day (Table 3).

There was a significant inverse relationship between 
zinc level and ICU stay. As the zinc level decreased, the 
probability of being hospitalized in intensive care increased 
(r=-0.260 p=0.023).

Table 2: Comparison of COVID-19 patients and Healthy 
Group.

COVİD-
19patient 
(n=153)

Healthy Group 
(n=78) p

Age (year) † 59.00 ± 15.149 54.00 ±16.024 <0.61*
Sex ‡
Female 102 (66.7) 16(%61.5) 0.847**
Male 51 (33.3) 10(%38.5)
Survey‡
Living 90(%58.8) 26(%100) <0.001**
Exitus 63(%41.2) 0(%0)
Zinc level 89.00±17.968 99.50±12.084 0.023*
†: mean ± standard deviation, ‡: n (%). 
*. Mann-Whitney U 
**. Pearson Chi-Square, Fisher's Exact test

Table 3: Correlation between numerical parameters and the 
Zinc levels.

Parameters   Spearman's rho p

Zinc levels - Age -0.085 0.465

- Length of stay in 
hospital

-0.141 0.223

Spearman's Rho correlation coefficient.

Table 4: Laboratory Findings.
Laboratory Findings (X±SD) Intensive care/ ICU (1) Service (2) Control (3) p (1-2) p (1-3) p (2-3)
WBC (*109/l) 15.03±9.13 4.12±1.06 6.49±2.60 <0.001 <0.001 <0.001
Neutrophil (*109/l) 11.86±7.17 3.18±1.99 4.32±2.28 <0.001 <0.001 >0.05
Lymphocyte (*109/l) 0.92±0.78 1.10±0.44 1.43±0.45 >0.05 0.005 0.008
Monocyte (*109/l) 0.51±0.27 0.39±0.19 0.55±0.30 >0.05 >0.05 0.015
Platelet (*109/l) 176.09±105.01 217.93±81.88 283.59±92.62 >0.05 <0.001 0.007
PT 15.56±5.68 12.21±1.06 11.29±0.62 0.04 <0.001 <0.001
APTT 27.40±10.62 24.49±3.68 24.79±3.75 >0.05 >0.05 >0.05
INR 1.38±0.53 1.06±2.30 0.98±0.06 0.003 <0.001 <0.001
D-DIMER 5.03±7.60 0.42±0.37 0.21±0.12 0.002 0.002 0.008
CRP (mg/l) 130.65±88.90 23.54±28.77 4.70±1.90 <0.001 <0.001 0.001
PCT 1.82±3.55 0.11±0.12 0.06±0.06 0.011 0.016 0.027
Ferritin 895.72±88.90 250.13±295.50 138.59±99.71 <0.001 <0.001 >0.05

Critically ill patients admitted to the intensive care 
unit(ICU) had significantly elevated levels of several 
biomarkers compared to the other two groups. In 
particular, white blood cell(WBC) count, neutrophil count, 
prothrombin time(PT), international normalized ratio(INR), 
D-dimer, C-reactive protein(CRP), procalcitonin(PCT) 
and ferritin levels were all significantly higher than the 
corresponding values in the other groups (as shown in Table 
4). In contrast, lymphocyte and platelet counts were lower 
in ICU patients compared to the control group. Similarly, 
individuals hospitalized in the general ward also exhibited 
higher PT, INR, D-dimer, CRP and PCT levels compared 

to the control group (Table 4). Furthermore, patients in this 
ward had lower WBC, lymphocyte, monocyte and platelet 
counts compared to the control group.

DISCUSSION                                                                                                                                                                         

Severe acute respiratory syndrome viral pathogens 
such as coronavirus(SARS-CoV) still pose serious health 
problems worldwide. Respiratory tract infections of viral 
origin are directly associated with other pathophysiological 
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processes such as cytokine production, inflammation, cell 
death and redox imbalance or oxidative stress. Immune cells 
respond when SARS-CoV-2 enters respiratory epithelial 
cells to prevent viral replication from the beginning of this 
pathophysiological process. The novel coronavirus has 
the ability to disrupt and hinder the body's production of 
type I interferons, a crucial class of signaling proteins that 
play a vital role in the immune system's initial antiviral 
response. At the same time, the virus triggers the release of 
inflammatory cytokines and stimulates an oxidative burst, 
which collectively contribute to creating a pro-inflammatory 
state within the infected host. This multifaceted immune 
evasion strategy employed by the virus serves to undermine 
the body's first line of defense, leaving it vulnerable to the 
virus's continued proliferation and pathogenic effects. By 
simultaneously suppressing the interferons that would 
normally mount a rapid antiviral response, while inducing 
a heightened inflammatory milieu, the virus is able to 
establish a foothold and avoid immediate clearance by the 
immune system[14]. Insufficient counter-regulatory immune 
responses can exacerbate hyperinflammatory conditions 
and "cytokine storms" through activation of the Th1/Th17 
helper T cell phenotypes[14-16]. Previous studies have shown 
that seriously ill patients tend to have high concentrations 
of interleukin-6 (IL-6), tumor necrosis factor (TNF-α), and 
various inflammatory cytokines. Excessive production 
of these pro-inflammatory cytokines, which causes an 
increased systemic inflammatory response with excessive 
vascular permeability and multiple organ failure. This 
is defined as cytokine storm and may contribute to high 
mortality rates[17,18]. However, the healthy immune system 
neutralizes the virus, resolves the infection and produces 
virus-specific antibodies[16,19].

Our bodies are normally well protected against attacks 
by a complex and integrated immune system. However, an 
important exogenous factor supporting immune functions 
is nutrition. Lack of diversity in nutrition and nutritional 
deficiencies can have negative effects on the immune 
system. Especially the oxidant-antioxidant balance is 
vital for the immune system. Viral threats can exacerbate 
these negative effects[20]. The synergy of endogenous 
and exogenous antioxidants plays an important role in 
protecting against inflammation in the respiratory system 
resulting from exacarbations of asthma and acute respiratory 
infections[21]. Vitamins A,C,D,E,B6,B9,B12, and trace 
elements like zinc, iron, copper, selenium, and magnesium 
are potential protective and therapeutic antiviral nutrients 
that support the immune response against viruses[22,23]. 
Decreases in vitamins and minerals and biochemical blood 
tests are important markers in determining the prognosis of 
the disease[24,25].

Zinc, which was the focus of this investigation, is 
a micronutrient with potent immune-regulating and 

antiviral characteristics. The human body incorporates 
zinc into approximately 10% of its proteins and it serves 
as a cofactor in at least 200 processes that modulate the 
immune system and provide antioxidant protection[26]. 
It is present as a cofactor in metalloenzymes and thus 
maintains the integrity of immune barriers[20]. Effective 
communication between the endoplasmic reticulum and 
the golgi is crucial for a properly functioning secretory 
pathway. The regulation of zinc levels in our body is 
tightly controlled by zinc transporters. Despite this, zinc 
deficiency is prevalent, affecting approximately 17% of the 
global population. The impact of this deficiency on public 
health is quite substantial[27], and it disrupts the balance 
between oxidants and antioxidants within the organism. 
SARS-CoV-2 infection may trigger autoimmunity and may 
be associated with the development of autoantibodies and 
inflammation[28,29].

Zinc, an antioxidant, offers protection against reactive 
oxygen species(ROS) and reactive nitrogen species(RNS). 
This essential mineral is crucial for the development, 
differentiation, and activation of T lymphocytes[30,31]. It 
promotes the development of regulatory T (Treg) cells, 
which are vital for maintaining immune tolerance[32,33], 
and it suppresses the development of proinflammatory 
Th17 and Th9 cells[34-36]. Zinc influences the formation 
of cytokines, such as IL-2, IL-6, andTNF-α, and induces 
the proliferation of cytotoxic T cells[32,33]. Additionally, 
it plays a role in the differentiation, development, and 
activation of T cells, cytokine production of Th1 cells, 
and the development of regulatory T cells[37]. Zinc is also 
important for the production of antibodies, particularly 
Immunoglobulin G (IgG)[38,39].

The anti-viral properties of zinc include the inhibition 
ofRNA synthesis, topoisomerase, and viral replication. 
Additionally, zinc has been found to exhibit direct 
antiviral activity against various RNA viruses[7]. In vitro 
evidence suggests that zinc may also have a crucial role 
in COVID-19[8]. It also has beneficial immunomodulatory 
effects against respiratory infections that improve the 
immune response, including the response against SARS-
CoV[40]. It has been proven that zinc effectively inhibits 
SARS-CoV replication in cell culture and that intracellular 
zinc has an important role in inhibiting virus replication[7]. 
The zinc finger domain, present in various CoV proteins, 
plays a crucial role in viral replication and transcription. 
Mutations within this domain can reduce the antiviral 
response, while increasing intracellular zinc levels can 
disrupt CoV replication effectively[41]. It has also been 
shown that the zinc binding domain may begin to open 
during the initial passage of SARS-CoV, leading to a 
decrease in pathogen virulence[42]. In a study, serum zinc 
levels were significantly lower in COVID-19 patients 
compared to healthy individuals[43]. In another study, the 
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average zinc level in COVID-19patients was found to be 
71.7±24.6 micrograms per deciliter. However, this level 
was significantly higher, measuring 97.5±29.4 micrograms 
per deciliter, in healthy individuals[44]. In a recent study, 
researchers examined serum zinc levels in healthy 
individuals and patients with mild, moderate, and severe 
COVID-19 cases. The findings indicate that compared 
to the control group, zinc levels were notably lower in 
the moderate and severe COVID-19 patient groups[45]. 
Numerous reports have indicated that elevating the zinc 
concentration within cells can significantly disrupt the 
replication of coronaviruses. Furthermore, the combination 
of zinc and the compound pyrithione has been shown 
to inhibit the replication of SARS-CoV specifically[9]. 
Furthermore, zinc significantly inhibited infections with 
SARS-CoV[46], H5N1/H1N1 virus[47]. Numerous medical 
studies have indicated that the addition of zinc supplements 
can decrease the length of time that symptoms persist, 
lower the number of affected individuals, enhance the 
turnover of lymphocytes and phagocytosis, and improve 
the effectiveness of immunotherapy in treating various 
viral illnesses[48].

While serum Zn levels were observed to be significantly 
lower in intubated COVID-19patients compared to the 
mild-moderate patient group[49]. The study in Spain found 
that COVID-19patients who died had significantly lower 
plasma zinc levels (43 μg/dl)compared to those who 
survived(63.1 μg/dl). Each unit increase in plasma zinc 
reduced the risk of in-hospital death by 7%. Patients with 
plasma zinc levels below 50μg/dl had a two- to three-
fold higher risk of in-hospital death. Lower serum zinc 
levels(less than 50 µg/dl)were associated with worse 
clinical outcomes, longer time to stability, and higher 
mortality[50]. The study found that individuals hospitalized 
with COVID-19 had significantly lower zinc levels 
compared to a healthy control group. Additionally, patients 
with zinc deficiency experienced more complications and 
longer hospital stays[20]. The study found that COVID-19 
patients who took zinc salt lozenges orally experienced 
symptom improvement[51].

CONCLUSION                                                                            

In this study, significantly lower zinc levels were 
detected in COVID-19patients compared to healthy 
individuals. The difference between the average zinc 
level of COVID-19 patients and the average zinc level of 
healthy people were found to be statistically significant. 
There was a significant inverse relationship between zinc 
level and intensive care unit admission. As the zinc level 
decreases, the likelihood of being hospitalized in intensive 
care increases.
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