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Abstract
Background The variations and dynamics of blood essential and toxic metal(loid)s in patients with
COVID-19 still remains unclear.
Methods A retrospective study was performed in a cohort of con rmed COVID-19 patients for their whole
blood levels of essential and/or toxic metal(loid)s including magnesium, calcium, chromium, manganese,
iron, copper, zinc, arsenic, cadmium, mercury, thallium and lead according to the disease severity and
outcome.
Results Compared to the non-severe COVID-19 patients, Whole blood calcium, chromium and copper were
higher in the severe patients, while magnesium, manganese, iron, zinc, arsenic, thallium and lead were
lower. These differences were further found to be consistently existed across the clinical course since the
disease onset by longitudinal analysis. Moreover, among the severe patients, chromium and cadmium
were higher in the deceased group compared to the recovered group, while arsenic were found to be lower.
Whole blood iron, arsenic, and age and sex were determined to be independently factors associated with
the disease severity, while chromium, cadmium and the co-morbidity of cardiovascular disease were
determined to be independently factors associated with the mortality.
Conclusions These results suggest variations of whole blood metal(loid)s as associated factors
correlated with the disease severity and mortality for COVID-19.

1. Background
Since the rst known cases were reported in December, 2019, the coronavirus disease 2019 (COVID-19)
that caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread worldwide and
has been classi ed by the World Health Organization (WHO) as a global pandemic [1]. The clinical
manifestation of COVID-19 might be asymptomatic or moderate to severe with coughing, fever, and
shortness of breath [2]. Up to 10–20% of the patients develop a severe disease characterized by
interstitial pneumonia and the rapid development of acute respiratory distress syndrome or septic shock
[3, 4]. Patients with any comorbidities yielded poorer clinical outcomes than those without [5]. The most
prevalent comorbidity was hypertension (22.9%), followed by diabetes (11.5%), and cardiovascular
disease (9.7%) [6].
Public health practices including social distancing, handwashing and vaccinations help reduce the
spread and impact of infections. Nevertheless, the global burden of infection is high, and the need for
identifying the factors to reduce the risk of SARS-CoV-2 infection that could be adopted by a large
population at a low cost with minimal risk is a medical priority at this time of crisis [7].
Given that the importance that nutrition plays in immune function is well established, abnormities of
micronutrient status is supposed to be associated with increased infection risk of COVID-19 [8].
Inadequate intake and status of micronutrients are widespread, leading to a decrease in resistance to
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infections and as a consequence an increase in disease burden [9]. Poor nutrient status is associated
with in ammation and oxidative stress, which in turn can impact the immune system. A wealth of
mechanistic and clinical data show that essential micronutrients, including calcium, chromium, copper,
magnesium, manganese, iron and zinc play important and complementary roles in supporting the
immune system and prevent infection [10].
Beyond that, environmental pollutes are believed to contribute to the increased prevalence of chronic
diseases including diabetes and cardiovascular disease [11–13], and seems to be associated with
immunode ciency observed in the contemporary pandemic, such as COVID-19 [14]. It has been reported
that HIV-infected patients and people at high risk of HIV have signi cantly higher body burden of heavy
metals [15, 16]. However, no previous studies have examined the body burden of environmental
pollutants including heavy metals among COVID-19 patients.
In the present study, we are aimed to perform a retrospective analysis of the essential minerals and heavy
metals in whole blood of patients with COVID-19, and further investigate their associations with the
severity of the disease (non-severe or severe) and outcomes (recovered or deceased), respectively.

2. Materials And Methods

2.1 Patients
The retrospective cohort study was performed in a designated hospital for COVID-19 treatment in Tongji
Hospital of Huazhong University of Science and Technology, Wuhan, Hubei Province. A total of 306
patients with con rmed COVID-19 admitted to the hospital were enrolled into the study. The diagnosis
and clinical classi cation of COVID-19 were carried out in accordance with the Guidelines of the
Diagnosis and Treatment of New Coronavirus Pneumonia published by the National Health Commission
of China [17]. The clinical classi cation were brie y described as below: (1) Mild cases: Mild symptoms
without sign of pneumonia on imaging. (2) Moderate cases: Fever and respiratory symptoms with
radiological ndings of pneumonia. (3) Severe cases: Respiratory distress ( ≧ 30 breaths/ min), or
Oxygen saturation ≤ 93% at rest, or Arterial partial pressure of oxygen (PaO2)/ fraction of inspired oxygen
(FiO2) ≦ 300 mmHg, or Lesion progression within 24–48 hours > 50% by chest imaging. (4) Critical cases:
Respiratory failure and requiring mechanical ventilation, or Shock, or With other organ failure that requires
ICU care. In the present study, The mild and moderate cases were collectively referred to as non-severe
cases, while the severe and critical cases were collectively referred to as severe cases. All the patients had
determined outcomes, and the characteristics were summarized in Table S1.
This study was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology in Wuhan, China (No.:TJ-IRB20200201). All the procedures
involving human samples conformed to the principles outlined in the Declaration of Helsinki. All the
analysis were performed on existing samples collected during standard diagnostic tests, posing no extra
burden to patients.
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2.2 Sample preparation and instrumental analysis
At least 2 mL of blood was collected in 6 mL special polyethylene terephthalate vacuum vials, for trace
elements, containing 10 mg potassium ethylene diamine tetracetic acid (BD Vacutainer product).
Standard stainless steel needles were used (Precision glide, Becton Dickinson). All measurements were
carried out in the Department of laboratory medicine, Tongji hospital of Tongji Medical College in
Huazhong University of Science & Technology, with a quadruple inductively coupled plasma mass
spectrometer (ICP-MS) equipped with a concentric glass nebulizer and a cyclonic spray chamber ((7700x
ICP-MS system, Agilent Technologies, USA). Analyses were performed in standard mode and dynamic
collision cell mode.
For Cadmium (Cd), Mercury (Hg), Thallium (Tl) and Lead (Pb), the assays were run in standard mode. For
Magnesium (Mg), Calcium (Ca), Copper (Cu), Zinc (Zn), Iron (Fe), Chromium (Cr), Manganese (Mn),
Arsenic (As), assays were run in dynamic collision cell mode (collision cell gas: helium, > 99.995%). The
preparations of calibration standards, the detailed ICP-MS operating conditions and the limit of
quali cation (LoQ) were described in our previous report [18]. Blood samples (200 ul) were diluted 1:20
(v/v) with an aqueous solution containing 0.1% (v/v) Triton X-100 (Sigma-Aldrich, France) and 0.1% nitric
acid (≥ 69%, Merck, Germany). The samples were vortexed in a table-top vortexer for 30 s. The diluted
samples were then quanti ed by ICP-MS.

2.3 Quality Control and Quality Assurance
The Department of laboratory medicine of Tongji hospital is a ISO15189 accredited laboratory, and also
certi ed by College of American Pathologist (CAP). Internal quality assessment (IQA) was carried out
during analysis by using the traceable Seronorm whole blood materials L-2 (ref.:210205) and L-3
(ref.:210305) (https://www.sero.no/products/seronorm-trace-elements-whole-blood/). And another low
concentration home-made quality controls L-1 were prepared by diluting the Seronorm L-2 ve times.
Internal quality controls were tested following every twenty specimens to ensure quality throughout
screening. The Z-score was calculated, and the values within the + 2 to -2 range were satisfactory and
indicated analytical trueness. External quality assessment (EQA) was carried out by participation in the
College of American Pathologists (CAP) pro ciency program (https://www.cap.org/laboratoryimprovement/pro ciency- testing ) and the NCCL (National Center for Clinical Laboratories) external
quality assessment (EQA) scheme (https://www.nccl.org.cn/ptCn).

2.4 Data analysis
Descriptive statistics were performed with continuous variables estimated as median and interquartile
range (IQR), and categorical variables summarized as frequencies and proportions. The reference range
of each trace elements in Wuhan residents were described as we recently reported [18]. Considering the
distributions of the elements tested by the Kolmogorov-Smirov test, were mostly not normal, The
nonparametric tests were used in our data analysis. The Mann-Whitney U test was used to compare the
results between different disease severities and different outcomes, respectively. The Spearman
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correlation test and its statistical signi cance were used to assess the correlation between the different
elements. The trace elements were tested for their discriminative power in determining the predictive
criteria for disease progression and fatal outcome by calculating the area under the receiver operating
characteristic (ROC) curve. Sensitivity and speci city were calculated according to ROC curves for each
parameter. Multivariate logistic regression were performed to adjust the effect from whole blood
elements, age and sex, and co-morbidities of hypertension, diabetes and cardiovascular disease. For data
analysis, individual results below the limit of quali cation (LoQ) were replaced by the (LoQ/2) value. All
analyses were performed using SPSS version 22.0 (SPSS, Chicago, USA) and p < 0.05 was considered
statistically signi cant.

3. Results
The present study included a total of 306 hospitalized patients with con rmed COVID-19. The median
age was 63.0 years old (IQR: 53.3–70.0). Among them, 158 (51.6%) were female and all were of Wuhan
residents. All the patients were classi ed on admission according to severity of the disease, as severe
cases (N = 104 (34.0%)) or non-severe cases (N = 202 (66.0%)) (Table 1). All the patients had determined
outcomes, of which all the non-severe cases (202, 100.0%) and 89 (85.6%) severe cases recovered, the
remained 15 (14.4%) severe cases deceased (Table 1). Altogether, a total of 291 (95.1%) patients
recovered and 15 (4.9%) deceased. The median duration of hospital stay was 30 days (IQR: 19–41). The
median length from disease onset to admission was 21 days (IQR: 11–34). The frequently seen
symptoms at hospital admission were fever, cough, feebleness, chest tightness, shortness of breath and
diarrhea. Of the 306 patients, 238 (77.8%) had at least one underlying conditions, including hypertension
(118, 38.6%), diabetes (59, 19.3%), cardiovascular disease (42, 13.7%), malignancy (14, 4.6%),
cerebrovascular disease (19, 6.2%) (Table 1).
For all these patients, the median of the whole blood metal(loid)s were 39.13 mg/L (magnesium),
64.54 mg/L (calcium), 0.85 µg/L (chromium), 12.05 µg/L (manganese), 419.87 mg/L (iron), 865.02 µg/L
(copper), 6.44 mg/L (zinc), 1.43 µg/L (arsenic), 0.70 µg/L (cadmium), 1.56 µg/L (mercury), < 0.05 µg/L
(thallium) and 11.56 µg/L (lead), respectively, as listed in Table 2. Among them, most were within the
reference range, except that the median of whole blood chromium were above the upper limit.
Between severe and non-severe group, except for cadmium and mercury, the other ten metal(loid)s
including magnesium, calcium, chromium, manganese, iron, copper, zinc, arsenic and thallium displayed
signi cant differences (Table 2, Fig. S1). Among them, whole blood calcium, chromium and copper were
higher in the severe patients, while magnesium, manganese, iron, zinc, arsenic, thallium and lead were
lower (p < 0.05). For the severe patients, chromium and cadmium were found to be higher in the deceased
group compared to the recovered group, while Arsenic were found to be lower (p < 0.05) (Table 3, Fig. S2).
The longitudinal changes of these metal(loid)s were further analyzed according to the disease severity.
As shown in Fig. 1, the higher levels of whole blood calcium, chromium and copper and lower levels of
magnesium, manganese, iron, zinc, arsenic, thallium and lead in the severe group than the non-severe
group seemed to be consistently existed across the clinical course since the disease onset.
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The correlation matrix were further established to check the inter-metal(loid) correlations, as summarized
in Table S1. The most positive correlations were found among the essential metals magnesium,
manganese, iron and zinc, with the highest correlation coe cient (CC) of 0.64 for iron-zinc, followed by
0.55 for iron-magnesium, and 0.51 for iron-manganese. Among the heavy metals, arsenic-thallium
showed the highest coe cient of 0.43. The most negative correlations were found as iron-calcium (CC =
-0.59), zinc-calcium (CC = -0.52) and iron-chromium (CC = -0.35).
For the ten metalloids and the two metalloids that displayed a statistically signi cant difference at
univariate analysis between different disease severities and outcomes, respectively, we calculated the
optimum diagnostic cut-off points of severe versus non-severe group and recovered versus deceased
group, respectively, by using the ROC curve method. The speci ed cut-off points and the sensitivity,
speci city and the area underneath the ROC curve belonging to those cut-off points are shown in Table
S2.
For the disease severity, two indicators had AUC > 0.70, including iron and arsenic (Table S2), therefore
were used by applying multivariate logistic regression to the predetermined cut-off values. Finally, age,
sex, and whole blood iron and arsenic were determined to be independently predictive of severe illness (p
< 0.05). The risk for a fatal clinical outcome increased 3.667, 1.962, 2.406 and 3.136 times in the
presence of age 65 years old, male, iron 376.67 mg/L, arsenic 1.24 µg/L, respectively (Table 4).
These indicators collectively could discriminate 76.5% of the patients that might progress to severe
illness (data not shown).
For the disease outcome, three indicators had AUC > 0.70, including chromium, arsenic and cadmium
(Table S2), and used for the multivariate logistic regression. Finally, whole blood chromium, cadmium
and the comorbidity of cardiovascular diseases were determined to be independently predictive of fatal
outcome (p < 0.05). The risk for a severe illness increased 9.595, 12.734 and 6.91 times in the presence of
chromium ≥ 1.32 µg/L, cadmium ≥ 0.68 µg/L and cardiovascular diseases, respectively (Table 5). These
indicators collectively could discriminate 87.5% of the patients that might progress to severe illness (data
not shown).

4. Discussion
To our knowledge, this is the rst study focusing on the associations of the whole blood metalloids with
the severity and outcome of COVID-19. We performed a retrospective study of 306 patients with COVID-19
for their whole blood levels of essential minerals including magnesium, calcium, chromium, manganese,
iron, copper, zinc, and toxic metal(loid)s including arsenic, cadmium, mercury, thallium and lead
according to the disease severity (severe or non-severe) and outcomes (recovered or deceased),
respectively. Our data revealed the whole blood magnesium, cadmium, chromium, manganese, iron,
copper, zinc, arsenic and thallium displayed signi cant differences between severe and non-severe group
(p < 0.05), and the whole blood chromium, cadmium and arsenic displayed differences between the
deceased group and recovered group (p < 0.05). These data suggested the whole blood levels of essential
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minerals and toxic metal(loid)s may be associated with the disease progression and outcome, and could
be potential risk factors correlated with the severe illness and mortality of COVID-19.
For essential minerals, as the world awaits an effective vaccine, nutrition may play an important and safe
role in helping mitigate patient morbidity and mortality. Optimal nutritional status of relevant nutrients is
important for a well-functioning immune system during the COVID-19 crisis [8, 9]. Among the many
essential nutrients, magnesium is the second most abundant intracellular cation after potassium, and
involved in > 600 enzymatic reactions in the body, including those contributing to the exaggerated
immune and in ammatory responses exhibited by COVID-19 patients [19]. Our data suggested the
signi cant lower levels of magnesium in severe patients with COVID-19 than in the non-severe patients,
which is consistent with the hypothesis by Stefano Iotti that a low Mg status might foment the transition
from mild to severe clinical manifestations of the COVID-19 [20]. Several aspects of the COVID-19 mimic
the metabolic events shown to occur during latent subclinical magnesium de ciency, such as a drop of T
cells, increased plasma concentration of in ammatory cytokines, and endothelial dysfunction [19, 20].
Constant monitoring of magnesium status was thought as an possible strategy to in uence disease
contraction and progression [19].
Calcium was reported as a key role in viral fusion for many enveloped viruses such as SARS-CoV, MERSCoV and Ebola virus [21]. Low levels of serum total and ionized calcium were reported in COVID-19
patients [22]. Hypocalcemia had already shown to be common in patients with SARS and in patients with
Ebola virus disease, and may occur also in COVID-19 [21]. However, our data suggested a mild increase of
whole blood total calcium (63.55 to 68.20 mg/L) in severe COVID-19 patients than non-severe cases. We
suspected that these amount of increased calcium may be from the protein-binding forms or due to the
variations of the blood cells, which need to be con rmed in future studies.
Chromium is an essential micronutrient involved in carbohydrate, lipid and protein metabolism primarily
by increasing insulin e ciency [23, 24]. Previous study has con rmed the drastic increase of urinary
chromium in patients with diabetes [23]. Chromium is also a naturally occurring heavy metal found
commonly in the environment, which could affect various components of the immune system and may
result in immunostimulation or immunosuppression [25]. Higher levels of chromium in severe and
deceased patients with COVID-19, suggested by our study, may be related to the comorbidity of diabetes
and the immune dysfunction in COVID-19.
Transition metals such as manganese, iron, copper, and zinc are essential for all forms of life, as 30% of
enzymes require a metal cofactor [26]. Clinical de ciency of manganese, iron or zinc in the host increases
the incidence of infectious disease and mortality [27], which is consistent, to a certain extent, with our
ndings that the whole blood manganese, iron or zinc decreased in the severe COVID-19 patients than
non-severe patients. Among then, manganese has been reported of playing a important role in innate
immune activation and host anti-viral defense, as it released from organelles into the cytosol upon virus
infection and facilitates the activation of cGAS and STING signaling [27]. For iron, systemic dysregulation
resulted from COVID-19 hyperin ammation has been recently reviewed [28]. Serum iron level was
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reported as a potential predictor of COVID-19 severity and mortality [29]. Decreased serum iron level could
predict the transition of COVID-19 from mild to severe and critical illness [30, 29], which was in agreement
with our ndings. Zinc is one of the micronutrients that could be consumed to reduce the intensity of
SARS-CoV-2 infection and perhaps lessen the respiratory tract infection through the antiviral actions [7].
Zinc de ciency can contribute to defective cell-mediated immunity and to increased susceptibility to
various infections, including pneumonia [31]. Several lines of evidence suggest a link between zinc and
COVID-19, including the observation that chloroquine, a drug being repurposed for COVID-19, is a known
zinc ionophore [32]. SARS-CoV and SARS-CoV-2 use the host zinc metalloenzyme, ACE2, as an entry point
to cells [33]. Consistent with these overall ndings, our data suggested the lower level of whole blood
zinc, and also the transition metal manganese and iron, were associated with the severe illness of COVID19. Our nding that these essential minerals including manganese, iron, zinc and magnesium positively
correlated with each other with the highest coe cients further implied a possible synergistic effect of the
metals on the disease.
In contrast to the transition metals above, copper showed a different changes, as it increased in the
severe patients compared with the non-severe cases. This difference may be associated with the two
sides of copper, as it is an essential micronutrient for both pathogens and the animal hosts they infect,
and also be toxic in cells due to its redox properties and ability to disrupt active sites of metalloproteins
[34]. Animal host can thwart pathogen growth by limiting their copper nutrients, similar to the welldocumented nutritional immunity effects for starving microbes of essential zinc, manganese and iron
micronutrients [34]. Meanwhile, a common hallmark of infection irrespective of the agent (viral, bacterial,
fungal) is a marked and progressive rise in serum copper, including the lung infections [35–37]. In
addition, the increased serum copper to zinc ratio has been reported to be associated with the
in ammation conditions [38], as similar with the ndings in the present study.
Besides the micronutrients discussed above, environmental pollutants, including the heavy metals or
metalloids, are believed to be associated with the viral epidemic/pandemic events and prevalence [14]. In
the present study, the heavy metals in whole blood were investigated, among which, cadmium was found
to be higher in the deceased cases. Cadmium has cumulative toxicity to many organs due to its long
biological half-life. It was reported that exposure to cadmium and lead could cause adverse effect on
human health on the respiratory system with lung function impairment [39].
However, the arsenic, lead and thallium showed lower levels in whole blood of the severe cases than the
non-severe cases, and the arsenic also showed a lower level in deceased cases than the recovered cases.
These results were unexpected, as exposure to heavy metals was commonly reported to induces
respiratory dysfunction and positively correlated with the occurrence of respiratory diseases [40].
Considering that the heavy metals in whole blood were found to be at relatively low levels in our study,
which were all within the baseline range or mildly lower than the lower limit in all the patients with COVID19, we suspected that the decrease of the circulatory heavy metals in severe patients with COVID-19 may
be attributed to the abnormalities of peripheral blood system [41]. The positive correlations among
arsenic, thallium and lead suggested by our results implied a similar mechanism existed for these
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elements. The mechanisms of lower levels of whole blood arsenic, thallium and lead in severe or
deceased COVID-19 patients need to be veri ed and clari ed in the future studies.
There are some limitations should be noted. This study was based on only 306 severe or non-severe
patients with COVID-19 in Wuhan of China. Speci cally for the severe group, deceased cases accounts
for 14.4% (N = 15). Thus future multi-center studies on a larger cohort were needed to veri ed the ndings.
In addition, the present study mainly focused on the associations of disease severity and mortality with
whole blood metal(loid)s, but did not excluded the effect of comorbidities, which should also be noticed
in future studies.
In conclusion, we provided a comprehensive analysis of the abnormalities of 12 metal(loid)s for the
COVID-19 disease. Whole blood calcium, chromium and copper were higher, while magnesium,
manganese, iron, zinc, arsenic, thallium and lead were lower in the severe patients. Among the severe
patients, chromium and cadmium were higher, while arsenic were lower in the deceased group. Our study
determined the iron and arsenic, and age and sex were independent factors associated with the disease
severity, while chromium, cadmium and the co-morbidities of cardiovascular disease were independent
factors associated with the mortality. These results suggest variations of whole blood metal(loid)s as
associated factors correlated with the disease progression and fatal outcome, which could be persistently
monitored, and would be helpful in the evaluation of the dynamic changes in patients with COVID-19.
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Table 1. Basic characteristics of the patients with
COVID-19.

Age, median (IQR), y

All patients (N = 306)

Non-severe (N =
202)

Severe (N =
104)

63.0 (53.3 - 70.0)

69.0 (62.0 - 78.0))

58.0 (50.3 66.0))

Sex

<
0.001
0.019

Male

148 (48.4%)

60 (57.7%)

88 (43.6%)

Female

158 (51.6%)

44 (42.3%)

114 (56.4%)

Outcome

<
0.001

Recovered

291 (95.1%)

89 (85.6%)

202 (100%)

Deceased

15 (4.9%)

15 (14.4%)

0 (0%)

Length of stay (IQR), d

30 (19 - 41)

22 (17 - 33)

41 (35 - 46)

<
0.001

Onset to admission (IQR), d

21 (11 - 34)

27 (12 - 38)

15 (9 - 21)

<
0.001

Fever

202 (66.0%)

125 (61.9%)

76 (73.1%)

0.051

Cough

207 (67.6%)

131 (64.9%)

75 (72.1%)

0.199

Feebleness

85 (27.8%)

54 (26.7%)

30 (28.8%)

0.695

Chest tightness

110 (35.9%)

68 (33.7%)

41 (39.4%)

0.319

Shortness of breath

72 (23.5%)

37 (18.3%)

35 (33.7%)

0.003

Diarrhea

38 (12.4%)

29 (14.4%)

8 (7.7%)

0.090

Hypertension

118 (38.6%)

67 (33.2%)

51 (49.0%)

0.007

Cardiovascular disease

42 (13.7%)

22 (10.9%)

20 (19.2%)

0.045

Diabetes

59 (19.3%)

31 (15.3%)

28 (26.9%)

0.015

Malignancy

14 (4.6%)

8 (4.0%)

6 (5.8%)

0.473

Cerebrovascular disease

19 (6.2%)

10 (5.0%)

9 (8.7%)

0.204

None

68 (22.2%)

47 (23.3%)

21 (10.4%)

0.540

Initial symptoms

Comorbidities
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Table 2. levels of whole blood metal(loid)s in non-severe and severe
patients with COVID-19.
Elements (reference
range), IQR

Disease status, median (IQR)
All

Non-severe

Severe

p

Mg (31.9 - 48.0), mg/L

39.13 (36.63 41.94)

39.46 (37.07 42.31)

38.33 (35.18 - 40.4)

0.002

Ca (46.9 - 66.8), mg/L

64.54 (60.61 69.12)

63.55 (60.02 67.47)

68.20 (61.85 71.93)

<
0.001

Cr ( <0.50 - 0.76), mg/L

0.85 (0.72 - 1.08)

0.81 (0.69 - 0.97)

1.03 (0.8 - 1.3)

<
0.001

Mn (8.1 - 18.5), mg/L

12.05 (9.74 14.77)

12.96 (10.63 15.43)

10.56 (8.63 - 13.13)

<
0.001

Fe (406.5 - 576.7), mg/L

419.87 (363.42 465.34)

436.8 (393.26 479.73)

370.24 (330.04 428.21)

<
0.001

Cu (634.1 - 999.4), mg/L

865.02 (779.75 987.13)

838.55 (770.47 950.13)

929.73 (828.52 1080.02)

<
0.001

Zn (4.3 - 7.8), mg/L

6.44 (5.84 - 7.09)

6.61 (5.91 - 7.25)

6.18 (5.67 - 6.79)

0.001

As (0.93 - 8.14), mg/L

1.43 (1.05 - 1.84)

1.59 (1.25 - 1.99)

1.09 (0.77 - 1.45)

<
0.001

Cd (0.22 -6.44), mg/L

0.70 (0.49 - 0.99)

0.71 (0.48 - 1.01)

0.7 (0.5 - 0.96)

0.654

Hg (< 1.15 - 5.97), mg/L

1.56 (1.15 - 2.11)

1.68 (1.2 - 2.1)

1.45 (< 1.15 - 2.12)

0.119

Tl (< 0.05 - 0.09), mg/L

< 0.05 (< 0.05 0.06)

0.05 (< 0.05 - 0.06)

< 0.05 (< 0.05 0.05)

<
0.001

Pb (8.7 - 48.1), mg/L

11.56 (9.06 15.73)

12.37 (9.51 16.32)

10.57 (8.78 - 14.51)

0.012

Abbreviations: Mg, magnesium; Ca, calcium; Cr, chromium; Mn, manganese; Fe, iron; Cu, copper; Zn,
Zinc; As, arsenic; Cd, cadmium; Hg, mercury; Tl, thallium; Pb, lead.
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Table 3. levels of whole blood metal(loid)s in recovered and deceased patients with severe
COVID-19.
Elements

Age, median (IQR), y

Outcomes, median (IQR)
Recovered

Deceased

p

69 (62 - 77.5)

69 (67 - 81)

0.311

Sex

0.185

Male

49 (55.1%)

11 (73.3%)

Female

40 (44.9%)

4 (26.7%)

Mg (31.9 - 48.0), mg/L

38.29 (35 - 40.49)

38.39 (36.18 - 40.19)

0.681

Ca (46.9 - 66.8), mg/L

68.72 (62.39 - 71.92)

64.53 (60.51 - 72.57)

0.491

Cr ( <0.50 - 0.76), mg/L

0.96 (0.78 - 1.19)

1.5 (1.05 - 1.87)

0.001

Mn (8.1 - 18.5), mg/L

10.63 (8.74 - 13.25)

10.38 (8.13 - 13.01)

0.687

Fe (406.5 - 576.7), mg/L

371.33 (331.57 430.26)

342.58 (316.07 413.32)

0.424

Cu (634.1 - 999.4), mg/L

925.22 (828.7 1076.39)

999.29 (820.21 1114.67)

0.392

Zn (4.3 - 7.8), mg/L

6.15 (5.65 - 6.79)

6.22 (5.81 - 6.99)

0.508

As (0.93 - 8.14), mg/L

1.14 (0.84 - 1.52)

0.85 (0.52 - 0.96)

0.002

Cd (0.22 -6.44), mg/L

0.63 (0.45 - 0.9)

0.8 (0.77 - 1.78)

0.002

Hg (< 1.15 - 5.97), mg/L

1.45 (< 1.15 - 2)

1.82 (< 1.15 - 3.29)

0.187

Tl (< 0.05 - 0.09), mg/L

< 0.05 (< 0.05 - 0.05)

< 0.05 (< 0.05 - < 0.05)

0.622

Pb (8.7 - 48.1), mg/L

10.55 (8.92 - 14.31)

10.64 (6.42 - 16.9)

0.647

Whole blood elements (reference
range), IQR

Abbreviations: Mg, magnesium; Ca, calcium; Cr, chromium; Mn, manganese; Fe, iron; Cu, copper; Zn,
Zinc; As, arsenic; Cd, cadmium; Hg, mercury; Tl, thallium; Pb, lead.
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Table 4. The risk factors for severe illness in COVID-19 patients by using cut-off points.
Parameter

Non-severe

Severe

Multivariate
OR (95% CI)

p

3.667 (2.069 - 6.5)

< 0.001

1.962 (1.123 - 3.43)

0.018

2.406 (4.427 - 1.308)

0.005

3.136 (5.622 - 1.749)

< 0.001

Age, years
≥65

61

73

<65

141

31

Male

88

60

Female

114

44

376.67

39

57

≥ 376.67

163

47

1.24

48

65

≥ 1.24

154

39

Sex

Fe, mg/L

As, mg/L

Abbreviations: Fe, iron; As, arsenic.
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Table 5. The risk factors for fatal outcome in COVID-19 patients by using cut-off points.
Parameter

Recovered

Deceased

Multivariate
OR (95% CI)

p

9.595 (2.143 - 42.956)

0.0031

12.734 (1.363 - 119.006)

0.026

6.91 (1.29 - 37.005)

0.024

Cr, mg/L
≥ 1.32

15

10

1.32

74

5

≥ 0.68

40

14

0.68

49

1

Cd, mg/L

Cardiovascular diseases
Y

15

5

N

74

10

Abbreviations: Cr, chromium; Cd, cadmium.
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Figure 1
Longitudinal dynamic pro les of the 12 metal(loid)s in whole blood of 306 COVID-19 patients according
to the disease severity (non-severe, severe and total cases). The mean values were delineated on weeks
of disease onset. Data are shown as mean±SD. Abbreviations: Mg, magnesium; Ca, calcium; Cr,
chromium; Mn, manganese; Fe, iron; Cu, copper; Zn, zinc; As, arsenic; Cd, cadmium; Hg, mercury; Tl,
thallium; Pb, lead.
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