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Background: In recent months, the current COVID-19 pandemic has generated thousands of studies directly or 
indirectly related with this disease and/or the coronavirus SARS-CoV-2 causing the infection. On August 22, 
2022, the database PUBMED included 287,639 publications containing the term COVID-19. However, in spite of 
the importance of trace elements in human health, including the immune system, data on the levels of metals/ 
metalloids in COVID-19 patients is very limited. 
Methods: The concentrations of As, Cd, Cr, Cu, Hg, Fe, Mg, Mn, Pb, Se, V and Zn were determined by inductively 
coupled plasma-mass spectrometry (ICP-MS) in 126 serum samples of individuals infected with SARS-CoV-2, as 
well as in 88 samples of non-infected individuals. Participants were divided into four groups: i) individuals 
COVID-19 positive (COVID-19 +) with an asymptomatic infection course; ii) individuals suffering mild COVID- 
19; iii) individuals suffering severe COVID-19, and iv) individuals COVID-19 negative (COVID-19-) (control 
group). The occurrence of the analyzed metals/metalloids was evaluated along with the biochemical profile, 
including blood cell counts, lipids, proteins and crucial enzymes. 
Results: Serum levels of Mg, V, Cr, Cu, Cd, and Pb were higher in COVID-19 positive patients than those in the 
control group. Although no significant differences were observed between the different groups of patients, the 
concentrations of Cd, Pb, V and Zn showed a tendency to be higher in individuals with severe COVID-19 than in 
those showing mild symptoms or being asymptomatic. Arsenic and Hg were rarely detected, regardless if the 
subjects were infected by SARS-CoV-2, or not. The current results did not show significant differences in the 
levels of the rest of analyzed elements according to the severity of the disease (asymptomatic, mild and severe). 
Conclusions: In spite of the results here obtained, we highlight the need to reduce the exposure to Cd, Pb and V to 
minimize the potential adverse health outcomes after COVID-19 infection. On the other hand, although a pro
tective role of essential elements was not found, Mg and Cu concentrations were higher in severe COVID-19 
patients than in non-infected individuals.   

1. Introduction 

In February 2020, Wu et al. [1] published the first paper regarding 
human infection by SARS-CoV-2. The authors reported the genome 
sequence of that coronavirus, associated with the respiratory disease 
outbreak in China, which was isolated from a patient in Wuhan. That 
patient was a worker at the market of that city, who had been admitted 
to the Central Hospital of Wuhan on 26 December 2019. This corona
virus has been the cause of a pandemic of acute respiratory disease, 
named “coronavirus disease 2019′′ (COVID-19). The World Health 

Organization (WHO) declared -on March 11, 2020- the novel corona
virus (COVID-19) outbreak as a global pandemic [2]. 

In the more than 2.5 years elapsed since the first cases of COVID-19 
were reported, the advances on the knowledge of COVID-19 and SARS- 
CoV-2, have been very significant. These advances involve a number of 
areas such as diagnostic, prognostic factors, as well as the possibilities of 
treatment and prevention, including vaccination, among the most 
important. However, there are still some weak points on that knowl
edge, being the origin of SARS-CoV-2 one of the most notorious [3,4]. In 
turn, during this time, the severity of COVID-19 has shown to be highly 
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variable [5,6]. Thus, while some infected individuals were/are being 
asymptomatic, others were/are affected by moderate and/or serious 
symptoms. The most frequent symptoms of COVID-19 include fever, 
cough, fatigue, sputum and dyspnea, being others nausea, vomits and 
diarrhea less common [7]. However, in the first waves, up to 20% of 
COVID-19 patients resulted in severe disease, frequently leading to 
pneumonia, acute respiratory distress syndrome, organic dysfunctions, 
and death [8–11]. 

Taking into account that the respiratory system is the main target of 
the SARS-CoV-2 infection, respiratory comorbidities have been associ
ated with COVID-19 severity [12]. Moreover, obesity, diabetes, car
diovascular disease, immune system depression and cancer -among 
other diseases- are also risk factors for the severity of COVID-19 
[13–16]. In turn, it has been suggested that long-term exposure to 
certain environmental pollutants exacerbate COVID-19 health outcomes 
[17–20]. Anyhow, the age is the most important variable determining 
the severity and mortality due to COVID-19 infection [21]. It is a 
well-known fact that the immune system weakens over the life course 
[22] becoming less resistant to infections. Consequently, the disease 
burden increases [23]. 

On the other hand, the role of nutrition in the immune system 
function is a well-known key factor [24]. In relation to this, a consid
erable number of clinical studies have demonstrated that essential 
minerals are responsible for regulating cellular homeostasis, humoral 
and cellular immune responses, acting as cofactors for a number of 
antioxidant enzymes and molecules [25–27]. However, abnormal levels 
of micronutrients may cause adverse health effects, including COVID-19 
severity [28,29]. While some trace elements are essential for normal 
biological functions, certain metalloids and metals such as arsenic, 
cadmium, lead or mercury -among others- have no known functionality, 
being their potential toxicity associated with serious diseases, including 
cancer, neurological disorders, immunotoxicity, and adverse respiratory 
or skin effects [30–32]. 

Taking the above into account, the present study was aimed at 
assessing the potential role of various essential and toxic elements on 
COVID-19 health outcomes. The concentrations of As, Cd, Cr, Cu, Hg, Fe, 
Mg, Mn, Pb, Se, V and Zn were determined in serum samples of in
dividuals infected with SARS-CoV-2, as well as in samples of non- 
infected individuals. The occurrence of these trace elements was eval
uated along with the biochemical profile, including blood cell counts, 
lipids, proteins and crucial enzymes. Former chronic diseases and 
medication were also considered. 

2. Materials and methods 

2.1. Study design 

A retrospective observational study was conducted with 210 in
dividuals (>18 years old; 124 individuals infected with SARS-CoV-2 and 
86 non-infected individuals), who were outpatients or admitted to the 
Hospital Sant Joan, Reus (Catalonia, Spain). Exclusion criteria were the 
following: pregnancy, altered liver function, and life expectancy of less 
than 24 hr. Participants were divided into four groups: i) individuals 
COVID-19 positive (COVID-19 +) with an asymptomatic infection 
course; ii) individuals suffering mild COVID-19; iii) individuals suffering 
severe COVID-19, and iv) individuals COVID-19 negative (COVID-19-) 
(control group). Mild and severe COVID-19 individuals were admitted to 
the hospital due to COVID-19 infection, being classified according to the 
WHO Guidelines [33]. Asymptomatic COVID-19 + and control groups 
entailed subjects attending the hospital for other purposes, and being 
tested in the qPCR, positively and negatively, respectively. The control 
group was formed according to sex and age distribution, and medication 
of the COVID+ groups. For this reason, serum samples from healthy 
individuals, which were stored at Pere Virgili Health Research Institute 
Biobank (Tarragona, Catalonia, Spain), were also included. 

2.2. Clinical data 

An ad hoc database including data on age, sex, toxic habits, comor
bidities, medication and clinical outcomes, was constructed. Data were 
anonymized and recorded following legal provisions of the personal 
data protection in Spain, as well as European Union Regulations (EU) 
2016/6799 on the physical protection of the treatment of personal data. 
The study was conducted in accordance with the Declaration of Helsinki, 
being approved by the Ethics Committee of the Pere Virgili Health 
Research Institute (Ref. CEIm 040/2018, amended on 16 April 2020). 

2.3. Blood extraction 

Fasting venous blood samples were extracted from each individual in 
BD Vacutainer® serum tubes with separating gel and no added antico
agulant. Subsequently, samples were centrifuged at 2500g for 15 min. 
Up to 250-μL of serum were collected and stored individually at − 80 ◦C 
until further analysis. 

2.4. Analyses of trace elements 

One-hundred μL of serum were digested with 100 μL of HNO3 (65% 
Suprapur, Merck, Darmstadt, Germany) in a Milestone Start D Micro
wave digestion system (Milestone S.r.l., Sorisole, Italy). The ramp tem
perature was set from room temperature to 200 ◦C during 40 min, and 
held for 25 min. Subsequently, extracts were cooled down to room 
temperature, filtered, and made up to 2 mL with ultra-pure water. The 
concentrations of As, Cd, Cr, Cu, Fe, Hg, Mg, Mn, Pb, Se, V and Zn were 
determined by inductively coupled plasma-mass spectrometry (ICP-MS) 
(Perkin-Elmer Elan 6000, Woodbridge, ON, Canada) following in
structions by the manufacturer. The accuracy of the analytical proced
ures was checked by performing the analyses in duplicate. Quality 
control was assured by the analysis of a certified reference material 
(DOLT-5 Dogfish Liver Certified Reference Material for Trace Metals and 
other Constituents) and Seronorm™ Trace elements whole blood L-2 
(SERO, Billingstad, Norway). Recoveries of the elements here analyzed 
were between 79% and 108%. The limits of detection (LOD) were the 
following: 0.0025 μg/L (Cd and Pb), 0.005 μg/L (Cr and V), 0.01 μg/L 
(Mn and Hg), 0.025 μg/L (Cu), 0.05 μg/L (Se), 0.1 μg/L (As), 0.25 μg/L 
(Zn), 0.5 mg/L (Fe), and 10 mg/L (Mg). 

2.5. Statistical analysis 

Statistical analyses were performed using the GraphPad Prism 
version 5.01 for Windows, GraphPad Software (La Jolla, CA, USA, www. 
graphpad.com). The descriptive analysis was performed with contin
uous variables estimated as median and interquartile range (IQR), and 
categorical variables summarized as frequencies. The distributions of 
the trace elements were tested by the D′Agostino-Pearson omnibus 
normality test. As the distribution of the elements was not normal, 
nonparametric tests were used in the data analyses. Hence, Krus
kal–Wallis’s test followed by Dunn’s post-test correction were applied to 
compare the concentrations of the trace elements between the different 
groups. The Spearman correlation test was used to assess the correlation 
between the analyzed elements. For calculations, results below the limit 
of detection (LOD) were considered as LOD/2. Differences were 
considered statistically significant at p < 0.05. Results are shown as 
mean ± standard deviation (SD). 

3. Results and discussion 

3.1. Levels of essential and toxic elements 

The demography and clinical characteristics of the individuals under 
study classified according to the severity of the COVID-19 (asymptom
atic, mild, severe and control) are shown in Table 1. The infected 
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participants were mainly men (54.8%), non-smokers, and non-alcohol 
consumers. The predominant comorbidity was cardiovascular disease 
(CVD), whose incidence was slightly higher in the severe COVID-19 
group than in the rest of groups (asymptomatic, mild and control). 
Consequently, anticoagulant treatment before SARS-CoV-2 infection 
was the most frequent among all individuals, regardless of the COVID-19 
course. There was only one patient that had suffered a previous infec
tious disease and another subject with chronic liver disease, who un
derwent mild and severe COVID-19, respectively. Other comorbidities 
such as chronic lung disease and chronic neurological disease, were 
more frequent in the mild group. Most individuals with cancer under
went asymptomatic COVID-19, while there were no differences in the 
rate of diabetes and chronic kidney disease among groups. Other chronic 

treatments included corticoids, insulin and statins, which were more 
frequent among the patients having mild COVID-19. As expected, the 
incidence of most clinical outcomes (cough, pneumonia, odynophagia, 
respiratory distress, vomits, acute respiratory distress syndrome, acute 
kidney failure, and various other symptoms) was higher in patients 
suffering severe symptoms than in those with mild COVID-19. Hence, 
their stay at the hospital was longer, while the recovering and mortality 
rates from COVID-19 were lower and higher, respectively. 

The concentrations of Cd, Cr, Cu, Fe, Mg, Mn, Pb, Se, V and Zn in 
asymptomatic, mild COVID-19, severe COVID-19 and control in
dividuals are depicted in Fig. 1. Additionally, individual concentrations 
are shown in Supplementary Material (Table S1). Serum levels of Mg, V, 
Cr, Cu, Cd, and Pb were higher in COVID-19 positive patients than those 
in the control group. Although no significant differences were observed 
between the different groups of patients, the concentrations of Cd, Pb, V 
and Zn showed a tendency to be higher in individuals with severe 
COVID-19 than in those showing mild symptoms or being asymptom
atic. In turn, Fig. 2 shows the correlations between the concentrations of 
the different metals/metalloids. Almost all elements hereby assessed 
showed significant positive correlations, with the exception of Se-Cd 
which was negative, although very weak (− 0.169). The highest corre
lations were found among Pb, Cd, Mn and Zn, showing correlation co
efficients of 0.909 for Pb-Cd, 0.705 for Pb-Mn, 0.662 for Mn-Cd, and 
0.630 for Mn-Zn. 

Because inflammatory response is associated with COVID-19 severity 
[34], we also evaluated the correlations among essential/toxic elements 
along with biochemical blood parameters (Table 2). These included 
C-reactive protein (CRP), glucose, creatinine, lipid profile, the hepatic 
enzymes aspartate and alanine aminotransferases (AST and ALT), he
moglobin and blood cell counts (erythrocytes, leukocytes, neutrophils, 
lymphocytes, monocytes, eosinophils, basophils and platelets). The 
highest positive correlations were found between Pb, Mn and Cd and 
CRP, with correlation coefficients of 0.450, 0.434, 0.422, respectively. 
Hence, these elements might be related to the inflammation response of 
the infected individual, as CRP blood levels rise in response to inflam
mation. On the other hand, Mg was positively correlated with leukocytes 
(0.298) and neutrophils (0.347), while Cu was correlated with leuko
cytes (0.232), neutrophils (0.278) and platelets (0.239). Fe and Se 
showed positive correlations with hemoglobin (0.208 and 0.339), and Se 
also with erythrocytes (0.298). It is important to note that the correla
tion coefficient between Fe and hemoglobin is lower than that previ
ously reported by Zeng et al. [35]. This might be related to the fact that 
the levels of toxic/essential elements - including Fe - were not analyzed 
in whole blood. Interestingly, Cd and Pb correlated positively with AST 
(0.331 and 0.300). These two toxic elements have ben already associ
ated with liver injury [36,37]. 

In the scientific literature, there is a very limited information on the 
potential role of toxic/essential trace elements on COVID-19 outcomes 
[38–40]. To date, most investigations have been focused on the impor
tant role of the nutritional status and essential trace elements supple
mentation on COVID-19 immunity and adverse health outcomes, 
without studying the potential significant role of toxic elements. The 
current results show that the occurrence of neither essential minerals, 
nor toxic elements, play a potential role on the severity degree 
(asymptomatic, mild or severe) along the SARS-CoV-2 infection. How
ever, the levels of certain toxic elements, which included Cd, Pb and V, 
are higher in infected individuals than in non-infected subjects. 
Regarding this, it is known that Cd, Pb and V, may cause adverse effects 
on the human respiratory system. These elements might have a joint 
inflammatory and immunotoxic effect [39, 41–43]. Therefore, those 
individuals exposed to Cd, Pb and V, could have a weaken immune 
system, and consequently, leading to an increased risk of infection with 
SARS-CoV-2 [38]. 

In spite of the tremendous amount of information published on 
various aspects of the COVID-19, data on the body levels of trace ele
ments in this disease is rather scarce [26–28,35,40,44,45]. Our results 

Table 1 
Characteristics of the participants in the study.   

COVID-19 + COVID-19 
+

COVID-19 
+

COVID-19-/ 
control 

COVID-19 Asymptomatic 
n = 23 

Mild 
n = 79 

Severe 
n = 22 

n = 86 

Age 
Median (IQR) 

79.0 
(63.0–84.0) 

71 
(57.5–83.0) 

67.5 
(60.0–71.0) 

62.0 
(50.0–69.0) 

Sex     
Female 16 (69.6%) 34 (43.0%) 7 (31.8%) 60 (69.8%) 

Male 7 (30.4%) 45 (57.0%) 15 (68.2%) 26 (30.2%) 
Smoking     

Yes 1 (4.3%) 3 (3.8%) 0 13 (15.1%) 
No 21 (91.3%) 60 (75.9%) 17 (77.3%) 54 (62.8%) 

Ex-smoker 1 (4.3%) 16 (20.3%) 5 (22.7%) 19 (22.1%) 
Alcohol 

consumption 
1(4.3%) 4 (4.9%) 3 (13.6%) 7 (7.9%) 

Comorbidities     
Diabetes Mellitus 6 (26.1%) 18 (22.2%) 6 (27.3%) 10 (11.4%) 

Cardiovascular 
disease 

12 (52.2%) 42 (51.9%) 14 (63.6%) 30 (34.1%) 

Chronic liver 
disease 

0 0 1 (4.5%)  

Chronic lung 
disease 

2 (8.7%) 14 (17.3%) 2 (9.1%)  

Chronic kidney 
Disease 

4 (17.4%) 14 (17.3%) 4 (18.2%) 8 (9.1%) 

Chronic 
neurological 

disease 

3 (13.0%) 22 (27.2%) 4 (18.2%)  

Previous 
infectious 

disease 

0 1 (1.2%) 0  

Cancer 7 (30.4%) 5 (6.2%) 4 (18.2%) 4 (4.5%) 
Medication     

Anticoagulants 20 (86.9%) 72 (88.9%) 20 (90.9%) 28 (31.8%) 
Corticoids 7 (30.4%) 39 (48.1%) 9 (40.9%)  

Insulin 7 (30.4%) 17 (20.9%) 4 (18.2%) 4 (4.5%) 
Statins 4 (17.4%) 32 (39.5%) 8 (36.4%) 28 (31.8%) 

Clinical 
outcomes     

Fever - 63 (77.8%) 17 (77.3%) - 
Cough - 44 (54.3%) 15 (68.2%) - 

Pneumonia - 52 (64.2%) 17 (77.3%) - 
Odynophagia - 2 (2.47%) 2 (9.1%) - 

Chills - 22 (27.2%) 5 (22.7%) - 
Respiratory 

distress 
- 54 (66.7%) 17 (77.3%) - 

Vomits - 6 (7.4%) 2 (9.1%) - 
Diarrhea - 21 (25.9%) 5 (22.7%) - 

Acute respiratory 
distress 

syndrome 

- 3 (3.7%) 3 (13.6%) - 

Acute kidney 
failure 

- 9 (11.1%) 6 (27.3%) - 

Other symptoms - 3 (3.7%) 1 (4.5%) - 
Length of stay 

(IQR). Days 
28 (19–47) 10 (7–19) 27 ( 19–43)  

Recovered 20 (87.0%) 63 (77.8%) 14 (63.6%) - 
Deceased 3 (13.0%) 18 (22.2%) 8 (36.4%) -  
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disagree with some results of Zeng et al. [35], who determined the levels 
of a number of trace elements in whole blood samples of COVID-19 
patients. The differences concern the lower correlation between Fe 
and hemoglobin hereby found (0.208 vs 0.75), the lower detection rates 
of certain elements (i.e., As and Hg), as well as the lack of significant 
differences between COVID-19 severity groups (asymptomatic, mild and 

severe). Anyway, the different type of sample analyzed (serum vs. whole 
blood) makes the comparison between both studies rather difficult. In 
turn, PVSN et al. [46] also reported decreased levels of Mg in controls. 
Albeit this finding agrees with our results, statistical significance 
(p < 0.01) between controls and severity groups was only found in our 
study. In turn, PVSN et al. [46] reported significantly decreased levels of 

Fig. 1. Median concentrations (IQR) of toxic and essential trace elements in COVID-19 (asymptomatic, severe and mild) and control individuals. Fig. 1 (continued). 
Median concentrations (IQR) of toxic and essential trace elements in COVID-19 (asymptomatic, severe and mild) and control individuals. 
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Cu and Zn in COVID-19 patients when compared to those in controls, 
disagreeing with our results, which showed higher levels of Cu in 
COVID-19 patients than in controls, as well as higher levels of Zn in 
patients undergoing a severe SARS-CoV-2 infection, than patients with 
an asymptomatic or mild infection, along with controls. Additionally, 
our results disagree with Yadav et al. [47], who found a significantly 
decreased levels of Fe in COVID-19 patients. Although Fe was also 
determined in serum, the different analytical strategies were applied 
(direct colorimetric method vs. ICP-MS) might had led to different 
results. 

4. Conclusions 

In the present study, a comprehensive analysis of a number of 
essential/toxic elements in serum samples of COVID-19 patients was 
carried out. Arsenic and Hg were rarely detected in serum of the par
ticipants in the study, regardless if they were infected by SARS-CoV-2, or 
not. However, special attention must be paid at the exposure to Cd, Pb 
and V. Chronic exposure to certain levels of these elements might cause 
immunotoxicity, meaning a worsening the immune system of the 
exposed individuals, and therefore, leading to be more prone to become 
infected by SARS-CoV-2. Although a protective role of essential elements 

was not hereby found, Mg and Cu concentrations were higher in severe 
COVID-19 patients than in non-infected individuals. Anyhow, further 
research is needed to cover the above-mentioned limitations. It should 
properly fill the knowledge gap on this potentially important field, not 
only for patients with COVID-19, but also for those affected by other 
respiratory viruses and potential further pandemics with coronaviruses. 
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