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The pathogenicity of the current coronavirus disease (COVID-19) shows postulates that optimal status of
essential nutrients is crucial in supporting both the early viraemic and later hyperinflammatory phases of
COVID-19. Micronutrients such as vitamin C, D, zinc, and selenium play roles in antioxidant, anti-
inflammatory, antithrombotic, antiviral, and immuno-modulatory functions and are useful in both

Keywords: innate and adaptive immunity. The purpose of this review is to provide a high-level summary of evidence
COVID-19 on clinical outcomes associated with nutritional risk of these micronutrients observed in patients with
?erllgnium COVID-19. A literature search was performed on PubMed and Google Scholar to obtain findings of cross-
Vitamin C sectional and experimental studies in humans. The search resulted in a total of 1212 reports including all
Vitamin D nutrients, but only 85 were included according to the eligibility criteria. Despite the diversity of studies

and the lack of randomized clinical trials and prospective cohorts, there is evidence of the potential
protective and therapeutic roles of vitamin C, D, zinc, and selenium in COVID-19. The findings summa-
rized in this review will contribute to guide interventions in clinical practice or in future clinical studies.
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1. Introduction

The Coronavirus Disease-2019 (COVID-19) is an infection caused
by a coronavirus (SARS-CoV-2), an enveloped, positive single-
strand RNA virus that belongs to the B-coronavirus genus and
coronaviridae family [1].

The common clinical course of this infection when symptomatic
is (a) mild upper respiratory tract symptoms, which can progress to
(b) non-life-threatening pneumonia and (c) severe pneumonia
with acute respiratory distress syndrome (ARDS). Patients with
ARDS progress to rapid deterioration in a short period of time and
require advanced life support [1,2].

In this context, optimal status of essential nutrients is consid-
ered crucial in supporting the immune system, helping to avoid and
overcome infections. Many of the risk factors regarding infection
and death from COVID-19 have underlying associations with
nutritional status [3,4]. The deficiency of most nutrients increases
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the individual's susceptibility to virus infection with a tendency for
severe clinical presentation [5]. Moreover, severe and critical pa-
tients with COVID-19 have a high risk of malnutrition [6].

The nutrients described in this review, vitamin C, D, zinc, and
selenium, have been chosen due to their potential anti-
inflammatory and immunomodulatory properties. In addition,
their consumption has been part of cultural practice in the face of
being affected by colds or acute infections of the respiratory tract
[7—14]. There are other nutrients worthy of further investigation,
including vitamin A, vitamin E, copper, etc., and some probiotics
and nutraceuticals; however, there are not enough studies to
establish the link between their nutritional status and the effects
in patients with COVID-19 [9].

Vitamin C has physiological functions relevant to COVID-19
infection, these include antioxidant, anti-inflammatory, antith-
rombotic and immuno-modulatory functions [10]. Moreover,
vitamin C is involved in reducing the incidence, duration and
mortality of other respiratory infections, and the role of vitamin
C in these other respiratory infections has been previously
studied [11].

Vitamin D is involved in a wide range of immunomodulatory
activities helping alleviate lung injury induced by SARS-CoV-2 by
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Abbreviations:

ACE2 angiotensin converting enzyme-2

ARDS acute respiratory distress syndrome
ARI acute respiratory infection
CYP24A Cytochrome P450 family 24 subfamily A

CYP27 B1 Cytochrome P450 family 27 subfamily B member 1

GPX glutathione peroxidase

HDIVC high dose intravenous vitamin C
HR hazard ratio

ICU Intensive Care Unit

IFN-y Interferon y

IMV invasive mechanical ventilation
MSRB1 methionine sulfoxide reductase B1

NIV non-invasive ventilation

NF-«B nuclear factor kappa B

0sc1 ordinal scale for clinical improvement
TNF-o tumor necrosis factor alpha

TXNRD thioredoxin reductase

VDR vitamin D receptor

SECIS selenocysteine insertion sequence
SELENOP selenoprotein P

SELENOS selenoprotein S

SELENOK selenoprotein K

SECIS selenocysteine insertion sequence
SEPHS2 selenophosphate synthetase 2
25(0OH)D 25-hydroxyvitamin D

1,25(0H),;p 1a,25-dihidroxivitamin D

upregulating angiotensin converting enzyme-2 (ACE2), decreasing
inflammatory cytokines, and increasing antimicrobial peptides
[7.8].

Zinc is able to modulate antiviral and antibacterial immunity as
well as regulate inflammatory response. Risk factors for COVID-19
such as aging, obesity, diabetes, atherosclerosis and immunosup-
pression are also factors related to zinc deficiency [13].

Selenium plays a role in anti-inflammatory, antiviral, and redox
and immune-cell activity; it is useful in both innate and adaptive
immunity. Selenoproteins partly reduce oxidative stress generated
by viral pathogens [12,14].

Based on these backgrounds, this narrative review aimed to
examine nutritional risk of inadequacy of vitamin D, vitamin C, zinc
and selenium in patients with COVID-19, sharing findings from
cross-sectional and experimental studies in humans.

2. Methods
2.1. Search strategies

We used as the primary source of potentially relevant literature
the electronic database Pubmed (MEDLINE) from January 2020
onwards. The secondary source used Google Scholar with searches
limited to 100 reports as sorted in the relevance ranking [15].

2.2. Article eligibility

In regard to the number of studies on COVID-19 and their het-
erogeneity, to meet the focus of this review, we prioritized studies
on patients diagnosed with COVID-19 who had been evaluated for
vitamin C, vitamin D, zinc and selenium status before or during the
hospitalization period in hospitals, clinics, or nursing homes.
Studies on supplementation with these micronutrients and ran-
domized controlled trials have also been included. No restriction
was placed on the language of publication for the included reports.
Eligibility criteria included full-text articles and human studies.
Narrative reviews, systematic reviews, commentaries, correspon-
dences, editorials, opinion pieces, ecological and in vitro studies
were excluded.

A search was conducted using a combination of free-text and
medical subject heading (MeSH) search terms and keywords
(Table 1). Both key search terms were used to build search equa-
tions for each micronutrient. The search including all nutrients
resulted in 1212 reports, but only 85 were included, as also shown
in Table 1. The authors independently reviewed the titles and
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abstracts for inclusion. Additional relevant articles were identified
based on the citations and references of each paper.

2.3. Data extraction

Data was carefully extracted from all eligible publications,
including first authors’ last names, year of publication, origin of the
study (country), study design, population, sample size, exposure
measure, outcomes, and main findings.

3. Vitamin C
3.1. Vitamin C, immune system, and COVID-19

Vitamin C cannot be synthesized by humans and other primates
and has to be obtained from diet. Oral ingestion of food or sup-
plements is the primary route of administration and healthy in-
dividuals get sufficient amounts through their diet. The absorption
and elimination are highly dose-dependent, and several organs
have concentration-dependent mechanisms, maintaining high
levels during times of inadequate supply at the expense of other
organs. The homeostasis of vitamin C is influenced by several fac-
tors, including genetic polymorphisms, environmental and lifestyle
factors such as smoking and diet, as well as diseases [16].

The biological role of vitamin C is related to its reduced form,
ascorbate, and acts in the synthesis and metabolism of vital cell
compounds, antioxidant activity and immune function [17]. In
immunologic defense, vitamin C is involved in cellular functions of
the innate and adaptive system. In the epithelial barrier, the first
line of defense, it acts in its integrity and protects against free
radicals; contributes to leukocyte functions, accumulates in
phagocytic cells (e.g neutrophils), increasing chemotaxis, phago-
cytosis, death of microorganisms, apoptosis and elimination of
neutrophils in infection sites. Moreover, vitamin C appears to be
involved with lymphocyte functions, through enhancing the dif-
ferentiation and proliferation of B- and T-cells. Also, vitamin C has
anti-inflammatory effects such as inhibition of nuclear factor kappa
B (NF-kB) and reducing pro-inflammatory mediators, as well as
antioxidant activities, fighting free radicals and regenerating other
antioxidants [18,19].

Supplementation with vitamin C appears to have preventive and
treatment capabilities against respiratory and systemic infections,
improving several functions of immunological cells. These findings
are still controversial and further high quality studies need to be
completed in order to confirm the results. Vitamin C deficiency
has been reported in respiratory infections, leading to impaired
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Table 1

Equations of search for articles used in the review and total of articles obtained.
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Nutrient Search terms Records identified through Pubmed Included records
Search and Google Scholar

Vitamin C ("vitamin C" OR "ascorbic acid") AND ("COVID 19" OR "COVID- 19" OR "COVID- 19 Virus n=214 n=13
Disease" OR "Coronavirus Disease 2019" OR "SARS-CoV-2 Virus" OR "Severe Acute
Respiratory Syndrome Coronavirus 2" OR "2019-nCoV")

Vitamin D ("Vitamin D" OR "Cholecalciferol” OR "Hydroxycholecalciferols" OR "Ergocalciferols” OR n =539 n=>51
"25-Hydroxyvitamin D2" OR "Vitamin D3" OR "Calciferols" OR "Ergocalciferol” OR
"Vitamin D2") AND ("COVID 19" OR "COVID- 19" OR "COVID- 19 Virus Disease" OR
"Coronavirus Disease 2019" OR "SARS-CoV-2 Virus" OR "Severe Acute Respiratory
Syndrome Coronavirus 2" OR "2019-nCoV")

Zinc (“Zinc”) AND (“COVID-19” OR “Coronavirus Disease 2019” OR “SARS-Cov-2 Virus” OR n =393 n=16
“Severe Acute Respiratory Syndrome Coronavirus 2”)

Selenium (“selenium” OR “Compounds, Selenium” OR “Selenic Acid” OR “Selenious Acid” OR n =66 n=>5

“Sodium Selenite”) AND ("COVID 19" OR "COVID- 19" OR "COVID- 19 Virus Disease" OR
"Coronavirus Disease 2019" OR "SARS-CoV-2 Virus" OR "Severe Acute Respiratory

Syndrome Coronavirus 2" OR "2019-nCoV")

immunity and increasing susceptibility to infections. In turn, in-
fections can significantly impact vitamin C level due to enhanced
inflammation and metabolic requirements [11,18,20,21]. The ther-
apeutic use of vitamin C may be reasonable for pneumonia patients
who have low vitamin C plasma levels [20].

Vitamin C also has pleiotropic physiological functions relevant
to COVID-19 (Fig. 1), including prevention of microthrombi for-
mation and capillary plugging, reduction of inflammatory markers
elevation (cytokine storm), reduction of oxidative stress and has
been suggested as having a role in antiviral cytokine interferon
levels [10]. Some studies have examined the effects of vitamin C on
primary and secondary outcomes of COVID-19 patients (Supporting
information Table S1).

3.2. Studies addressing previous vitamin C status and COVID-19

Studies addressing previous vitamin C status and COVID-19
were not found in our search. Despite this, low intake levels of
vitamin C have adverse effects on the incidence and severity of
infections [22]. Vitamin C deficiency may be associated with risk of
respiratory disease incidence. A European cohort study found that
high plasma vitamin C concentrations at baseline were significantly
associated with the lower incidence of respiratory illness, chronic
respiratory diseases and pneumonia [23].

3.3. Studies addressing vitamin C status in hospitalized patients
with COVID-19

A pilot study measured serum vitamin C levels in a cohort of
patients with critical COVID-19 illness in a hospital intensive care
unit (ICU). The authors found low serum levels of vitamin C
[22.2 umol/L (SD = 18.3)] in most of the patients. Moreover,
serum vitamin C level contributed to the significance of age being
a predictor of mortality [24]. Limitation such as the sample size
was related. Xing et al. (2021) [25], also found lower plasma
vitamin C levels in patients with COVID-19 compared to healthy
volunteers.

3.4. Studies addressing vitamin C supplementation during COVID-
19

COVID-19 patients were treated with dexamethasone and
vitamin C had a high recovery rate (94%) and low levels of serum
ferritin. The authors suggest vitamin C and dexamethasone as key
modalities for COVID-19 treatment. However, it is not safe to assert
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that vitamin C had a role in the recovery rate due to the absence of a
comparator or a control group. Furthermore, the used dosage of
vitamin C is not clear [26].

Other observational studies with hospitalized COVID-19 pa-
tients who received high-dose intravenous vitamin C (HDIVC) also
reported improvements in oxygen support status, reduced mor-
tality [27], and improvements in the inflammatory response
[28,29], and immune and coagulation function [28]. Different re-
sults were found by Li et al. (2021), in which intravenous vitamin C
did not decrease the incidence of mortality, vasopressor re-
quirements, sequential organ failure assessment score (SOFA score)
or ventilator settings [30].

A retrospective case series study was conducted with severe or
critical COVID-19 pneumonia patients. The patients received
HDIVC within 24 h after disease aggravation. The dosage of
vitamin C [median (IQR)] applied to severe patients was 162.7
(711-328.6) mg/kg/day and 178.6 (133.3—350.6) in critical pa-
tients. Main clinical outcomes obtained from day 3 and day 7 after
HDIVC were compared to previous results (day 0) HDIVC. Im-
provements related to inflammatory response [C-reactive protein
(CRP)], immune function (lymphocyte and CD4+ T cell counts)
and organ function (PaO2/FiO2 and SOFA score) were observed.
The most improving effects were observed in severe patients
rather than in the critical ones after HDIVC. Small sample size, no
control group, duration and dosage variations, among other lim-
itations, were reported [31].

Another case series study with moderate to severe COVID-19
patients who received intravenous vitamin C, compared inflam-
matory markers pre and post treatment. Vitamin C was adminis-
tered at a dose of 1 g every 8 h for 3 days (low dose). Significant
lower D-dimer and ferritin levels post treatment with vitamin C
were found. However, some limitations like the absence of a control
group, low vitamin C dose, treatment duration, indeterminate
extent of interaction with medications, and use of few inflamma-
tory markers should be considered [32].

A single case of COVID-19 with ARDS was reported by Khan et al.
(2020) [33]. The infusion of HDIVC started at day 6 (11 g per day) of
hospitalization. The patient improved clinically and was taken off
mechanical ventilation within 5 days. In this case, HDIVC treatment
was associated with fewer days on mechanical ventilation, shorter
ICU stay, and earlier recovery compared to other critical COVID-19
patients in the institute. However, considering the nature of the
study and the information provided, there is no way of knowing
whether vitamin C was in fact the differential for the result of this
single case.
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3.5. Randomized controlled trials of vitamin C supplementation in
COVID-19

A pilot trial conducted by Zhang et al. (2021) [34] tested
whether HDIVC was effective for severe COVID-19. The interven-
tion group received 12 g of HDIVC every 12 h for 7 days. There was
no difference in invasive mechanical ventilation-free days in 28
days between two groups (26.0 [9.0—28.0] in HDIVC vs 22.0
[8.50—28.0] in control, (p = 0.57)). HDIVC did not reduce 28-day
mortality (p = 0.27). During the treatment period, patients in
the HDIVC group had a steady rise in PaO2/FiO2, not observed in
the control group. IL-6 levels in the HDIVC group were lower than
that in the control group on day 7. However, some limitations
were reported, among these, sample size, time for initiating
vitamin C treatment, lack of viral load measurement, and the
imbalance in the patient gender distribution between the groups
at baseline.

In an open-label randomized controlled trial conducted in
Pakistan, the intervention group received 50 mg/kg/day of intra-
venous vitamin C along with the standard therapy. COVID-19 pa-
tients who received intravenous vitamin C became symptom-free
earlier (7.1 + 1.8 vs. 9.6 + 2.1 days, p < 0.0001) and spent fewer days
in the hospital (8.1 + 1.8 vs.10.7 + 2.2 days, p < 0.0001) compared to
those who received standard therapy only. However, Vitamin C
supplementation had no impact on mortality and the need for
mechanical ventilation [35].
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Other clinical trials have not found the same result. Siahkali et al.
(2021) [36] did not observe significantly better outcomes such
mortality, duration of hospitalization and need for ICU admission,
with HDIVC treatment (6 g/day for 5 days). Similar work by Thomas
et al. (2021) [37] also found no significant improvement in symp-
tom reduction (fever, cough, shortness of breath, fatigue),
compared with standard care, although these results have been
reanalyzed and contested by Hemila, Carr and Chalker (2021) [38].

As observed, four current clinical trials of vitamin C supple-
mentation in COVID-19 were identified through our search. Several
clinical trials have been registered on ClinicalTrials.gov using
vitamin C alone or in combination with other nutrients or drugs in
COVID-19 infections.

4. Vitamin D
4.1. Vitamin D, immune system, and COVID-19

Circulating 25(OH)D may also be used as substrate in many cells
to locally produce 1,25(0OH),;D via the CYP27B1 (1a-hydroxylase)
enzyme and is inactivated by the CYP24A (24-hydroxylase)
enzyme. The main role of vitamin D is to maintain serum calcium
and phosphorus levels in a normal state so that they are capable of
providing conditions for most metabolic functions, including bone
mineralization. In addition to its essentiality for the maintenance of
calcium and phosphorus homeostasis, the functions of vitamin D in
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the human body extend to the regulation of multiple processes in
different cell types that express vitamin D receptors (VDR). Many
tissues and cells in the body, such as macrophages, brain, breast,
prostate, colon, and skin, have the ability to convert 25(OH)D into
1,25(0OH),D. In addition, these cells have VDR, which once activated,
interacts with the nucleus, participating in metabolic processes
such as DNA repair, antioxidant activity, regulation, proliferation
and cell differentiation [39]. As a result, vitamin D deficiency has
been extensively investigated in relation to inverse association with
cardiovascular diseases, insulin resistance, respiratory diseases,
cancer, tuberculosis, viral infections, and infertility, among others
[40,41].

Low levels of vitamin D increase the risks, severity, morbidity,
and mortality of several respiratory conditions, such as asthma,
tuberculosis, chronic pulmonary disorders, viral respiratory in-
fections, and possibly also COVID-19 [7].

Evidence for the interactions of vitamin D with the immune
response shows that the final active metabolite, namely calcitriol
(1,25(0OH);D3), due to being a steroid hormone, can exert immu-
nomodulatory activities through functional cell steroid receptors
[42,43]. The many levels of defense involved in the role of vitamin D
in the immune system were summarized by Schwalfenberg (2011)
[44]. The first level is the physical barrier of epithelial cells in the
skin, gut, and respiratory system, which protects us from injury or
invasion by infection. The mechanisms of this action can be
explained by 1,25(0H),;D upregulating genes via the 1a-hydroxy-
lase enzyme, which then encodes proteins required for tight
junctions, gap junctions and adherens junctions [45,4G]. Secondly,
vitamin D stimulates the production and secretion of antimicrobial
peptides by the intestinal epithelial cells, Paneth cells, and intra-
epithelial lymphocytes in innate immunity [47]. Thirdly,
1,25(0OH),;D exerts a receptor-mediated effect on monocyte func-
tion that results in increased oxidative burst potential [48]. More-
over, vitamin D modulates T helper (Th) cell responses in inducing a
shift from Th1 to Th2 and preventing cytokine storms by decreasing
inflammatory cytokines and NF-«kB [7]. Within the innate immune
response vitamin D can promote autophagy to facilitate viral
clearance indirectly. This crucial role is important for maintaining
appropriate balance between autophagy and apoptosis to maxi-
mize antiviral responses to infection [49] (Fig. 1).

Several concordant studies support a protective role for
vitamin D in reducing at least the risk/severity of acute respiratory
tract infection (ARI) [50—52]. It is known that vitamin D/VDR
signaling plays an important role in alleviating lipopolysaccharide-
induced acute lung injury by preserving alveolar barrier integrity
[53]. A study reported that children aged less than 2 years
requiring hospitalization for ARI had significantly higher odds (1.7-
times) of vitamin D deficiency when compared to those with mild
ARI [51]. A prospective cohort study developed during 114 days of
the fall and winter, which included healthy adults, showed a two-
fold reduction in the risk of developing (ARI) in those with serum
25(0H)D levels of 38 ng/mL (95 nmol/L) or higher [50]. In this
sense, meta-analyses of randomized controlled trials conducted
including data from 46,331 participants in 42 randomized
controlled trials, stratified by baseline 25(0OH)D concentration,
reveal protective effects of vitamin D against ARI, although these
effects were of modest size [54].

After the pandemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), we have observed a burst of scientific
publications speculating on the mechanisms of infection that
determine the relationship between COVID-19 and vitamin D status
[5,8,43,49,55]. In fact, this infectious disease causes ARDS and acute
lung injury leading to pulmonary cytokine storm, a major cause of
morbidity and mortality. Overall, vitamin D influences lung struc-
tures, size, volume, and functions. The importance of ACE2
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receptors in the pathophysiology of COVID-19 has been the most
discussed point in this topic. ACE2 is known to be expressed in type
II pneumocytes. SARS CoV-2 activates ubiquitously expressed ACE-
2 receptors on the cell surface and can subsequently ingress into
the cell. Vitamin D may downregulate the ACE2 expression and
prevent the viral entry into cells. Apart from the immunomodula-
tory and anti-viral effects, 1,25(0OH),D acts specifically as a modu-
lator of the renin—angiotensin pathway and down-regulates ACE2
expression, which serves as the host cell receptor that mediates
infection by SARS-CoV-2. This class of receptors also inhibits tran-
scription factors important in the regulation of the genetic
expression of renin, which is another mechanism for conjecture of
protection in the course of the disease [43,49]. The reports selected
from this topic came from prospective and retrospective cohort,
case controls, and clinical trial studies described in Supporting
Information Table S2.

4.2. Studies addressing previous vitamin D status and COVID-19

A retrospective cohort included 4314 patients tested for COVID-
19, all of whom had a vitamin D level checked in the year before
testing. Predicted COVID-19 rates in the individuals with deficient
vitamin D status were 21.6% vs 12.2% in the sufficient individuals.
Testing positive for COVID-19 was also associated with increasing
age, up to 50 years old (relative risk, 1.06; 95% CI, 1.01-1.09; p =
0.02); non-White race (relative risk, 2.54; 95% CI, 1.26—5.12; p =
0.009), and likely deficient vitamin D status (relative risk, 1.77; 95%
Cl, 1.12—2.81; p = 0.02) compared with likely sufficient vitamin D
status. These findings were not associated with comorbidities
except for a decreased risk in persons with conditions associated
with immunosuppression (Relative risk (RR), 0.39; 95% CI,
0.20—0.76; p = 0.005) [56].

Analyzing records of patients from Switzerland, 107 symptom-
atic individuals obtaining a SARS-CoV-2 PCR test found that PCR-
positive patients had significantly lower (p = 0.004) 25(0OH)D
(11.1 ng/mL) when compared with test-negative subjects (24.6 ng/
mL). This was also confirmed by stratifying patients according to
age >70 years [57].

In a sample of 780 hospitalized patients testing positive for
COVID-19 in Indonesia, the odds ratio of death was higher in older
and male cases with pre-existing conditions and below normal
vitamin D levels. After controlling for age, sex, and comorbidity,
both insufficient (OR = 7.63) and deficient 25(OH)D levels (OR =
10.12) were significantly associated with COVID-19 mortality (p <
0.001 for each) [58]. These similar findings were also observed in a
large US cohort study (n = 191,779) where SARS-CoV-2 positivity
was inversely associated with circulating 25(0H)D levels after
adjusting for latitudes, races/ethnicities, both sexes, and age ranges.
In a multivariable analysis with adjustment for ethnicity severe
vitamin D deficiency was associated with an OR of 1.275 (p < 0.001)
for COVID-19 infection [59].

The mean plasma vitamin D level previously checked in health
professionals from Israel was significantly lower among those who
tested positive than negative for COVID-19 [19.00 ng/mL (95%
confidence interval (CI) 18.41-19.59) vs. 20.55 (95% CI:
20.32—20.78)]. In multivariate analyses that controlled for de-
mographic variables, and psychiatric and somatic disorders, the
adjusted odds ratio of COVID-19 infection low plasma 25(OH)D
levels appears to be an independent risk factor for COVID-19
infection and hospitalization. Age over 50 years was positively
associated with the likelihood of hospitalization due to COVID-19
[60].

In 4510 UK Biobank participants tested for COVID-19 in a hos-
pital setting, male gender, Black, Asian, and Minority ethnicity
(BAME), higher BMI and greater household size were independently
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associated with significantly greater odds of COVID-19. In addition,
greater risk of severe COVID-19 in BAME populations was not
adequately explained by variations in cardiometabolic factors,
25(0OH)D levels or socio-economic factors [61]. In contrast, the
findings of Hastie, Pell and Sattar (2021) [62] do not support a po-
tential link between 25(OH)D concentrations and risk of severe
COVID-19 infection and mortality. The authors compared 341,484
UK Biobank participants according to vitamin D levels checked
between 2006 and 2010. 25(0OH)D concentration was associated
with severe COVID-19 infection and mortality [per 10 nmol/L
25(0H)D Hazard ratio (HR) 0.92; 95% CI 0.86—0.98; p = 0.016], but
significance was lost after adjustment for 13 confounders (mortality
per 10 nmol/L 25(OH)D HR 0.98; 95% CI = 0.91—-1.06; p = 0.696).
Probably, the statistical adjustment model included variables that
influence the status of vitamin D, decreasing the strength of asso-
ciation of this variable.

Two additional studies explored the same community-based UK
Biobank cohort. First, researchers tested 473,550 individuals in
relation to 459 COVID-19 and 2626 non-COVID-19 deaths on 21
September 2020 and suggested that age, male sex and Black
ethnicity, as well as comorbidities and oral steroid use at enroll-
ment were associated with increased risk of COVID-19 death [63].
Second, a prospective study restricted to participants (n = 8297)
who had records of COVID-19 test results from 22 assessment
centers (between 16 March 2020 and 29 June 2020) reported that
habitual use of vitamin D supplements was associated with a lower
risk of COVID-19 infection, independent of lifestyle, socio-economic
status, prevalent chronic diseases, and circulating vitamin D levels
[64].

Retrospectively, the association of vitamin D levels was
measured within 6 months before the COVID-19 test with the
incidence of COVID-19 positivity, radiological findings, and labo-
ratory parameters. In COVID-19 (227) and non-COVID-19 patients
(260) the severe vitamin D deficiency (<10 ng/mL) was consider-
ably more common in COVID-19 patients (44%) than in non-COVID-
19 patients (31%). Among COVID-19-positive patients, the group
with vitamin D levels of >30 ng/mL had significantly lower D-dimer
and C-reactive protein (CRP) levels and a lower number of affected
lung segments and shorter hospital stays [65]. Likewise, other au-
thors noted positive findings of vitamin D levels of >30 ng/mL in
hospitalized COVID-19 patients [66,67].

Among the 287 patients, 100 (36%) were vitamin D sufficient (25
[OH]D > 30 ng/mL) and 41 (14%) died during hospitalization.
Multivariate analysis in patients aged >65 years revealed that
vitamin D sufficiency (25[OH]D > 30 ng/mL) was significantly
associated with decreased odds of death (OR 0.33, 95% CI,
0.12—0.94), acute respiratory distress syndrome (OR 0.22, 95% (I,
0.05—-0.96), and severe sepsis/septic shock (OR 0.26, 95% CI,
0.08—0.88), after adjustment for potential confounders [66].
Similar data were obtained by Angeliki et al. (2021) [67] in respect
of lower in-hospital mortality and need for invasive mechanical
ventilation. These results support the potential benefit of raising
serum 25(OH)D level to at least 30 ng/mL to reduce the risk of
morbidity and mortality of COVID-19. Contradictorily, low vitamin
D level before and during the pandemic were not independently
associated with SARS-CoV-2 seropositivity in a large cohort of
working-age adults [68].

Exploring comorbidities, a multi-center, case—control study
performed with 220 adults from the Arab Gulf found that lower
levels of 25(0H)D were also observed among SARS-CoV2 positive
cases when compared to negative controls, and there was increased
risk of COVID-19 for old age (>60 years) [OR 6.2, 95% CI, 2—18; (p =
0.001)] as well as having type 2 diabetes [OR 6.4, (95% CI, 3—14); (p
< 0.001)] and low HDL cholesterol (HDL-c) [OR 6.1 (95% CI, 3—14);
(p < 0.001)]. Interestingly, the study showed a significantly higher
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prevalence of vitamin C and D supplement use in the SARS-CoV-2
positive group during the pandemic (p < 0.001). This probably
occurred as a spontaneous preventive strategy from the individuals
[69].

4.3. Studies addressing vitamin D status in hospitalized patients
with COVID-19

Most studies developed with COVID-19 hospitalized patients
address vitamin D as a useful prognosticator in the scenario of
COVID-19 because during treatment it is possible to evaluate risk
factors associated with vitamin D status and the longer duration,
severity, and mortality of the disease.

In older patients aged >65 years COVID-19-positive arm
demonstrated lower median serum 25(0OH)D level of 27 nmol/L
(IQR = 20—47 nmol/L) compared with COVID-19-negative arm,
with median level of 52 nmol/L (IQR = 31.5—71.5 nmol/L) (p value =
0.0008). Among patients with vitamin D deficiency, there was
higher peak D-dimer level (p = 0.034) and higher incidence of non-
invasive ventilation (NIV) support and high dependency unit (HDU)
admission (30.77% vs 9.68%) (p = 0.042). However, older adults
with vitamin D deficiency and COVID-19 may demonstrate worse
morbidity outcomes [70]. Sulli et al. (2021) [71] also found vitamin
D deficiency more frequent in elderly COVID-19 hospitalized pa-
tients (78% of patients) than in sex- and age-matched controls (57%
of subjects). In addition, the study reported that vitamin D defi-
ciency was associated with more severe lung involvement, longer
disease duration, and risk of death in elderly COVID-19 patients.

A pilot study on a Greek ICU Cohort showed that eighty (80%)
percent of critically ill COVID-19 pneumonia patients had vitamin D
deficiency. As well as this, those who died within 28 days appeared
to have lower ICU admission 25(OH)D levels compared to survivors
[72]. Another retrospective cohort trial in 186 cases of severe
COVID-19 found that low 25(OH)D levels on hospital admission
were associated with COVID-19 pneumonia radiologic stage and
mortality. Vitamin D deficiency on hospital admission was associ-
ated with COVID-19 mortality with an odds ratio of 3.87, inde-
pendent of age, chronic lung disease, coronary artery disease,
hypertension, or diabetes [73].

Patients treated in Respiratory Intermediate Care Unit with
acute respiratory failure due to COVID-19 and severe vitamin D
deficiency, after 10 days of hospitalization, had 50% of mortality
probability, while those with 25(0OH)D levels > 10 ng/mL had a 5%
mortality risk (p = 0.019). This study provided preliminary evi-
dence to demonstrate an association between vitamin D defi-
ciency and COVID-19 disease incidence and severity [74].
Thereafter, vitamin D insufficiency (22.8%) and deficiency (69.1%)
were present in patients of Turkey with severe-critical COVID-19.
Serum 25(0OH)D levels was an independent predictor of mortality
(p = 0.010) [75]. Another study among 464 SARS-CoV-2-positive
patients from the United Arab Emirates confirms the association
of 25(OH)D levels <12 ng/mL with COVID-19 severity and mor-
tality [76]. As well as this, authors described a subgroup analysis of
an overall 205 COVID-19 patients with severe disease, resulting in
more evidence of mortality rate in patients with very low levels of
25(OH)D (36%) [77].

Radujkovic et al. (2020) [ 78] tested 185 symptomatic SARS-CoV-
2-positive patients treated at their center. Ninety-two (50%) pa-
tients were followed in the outpatient setting and 93 (50%) patients
required hospitalization. Vitamin D-deficient patients had a higher
hospitalization rate and required more (intensive) oxygen therapy
and invasive mechanical ventilation (IMV). Adjusting for age,
gender, and comorbidities, vitamin D deficiency was associated
with higher risk of IMV/D and death (HR 6.12 and 14.73,
respectively).
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A case—control study found that vitamin D-deficient severe/
critical COVID-19 cases (41.9%) compared to healthy controls (11.1%)
were significantly older and had higher percentages of comorbidity
(renal failure). Also, vitamin D deficiency was the greatest in severe/
critical cases (80%), compared with mild cases (36%) these associ-
ations remaining even after controlling for demographics and
comorbidities. These findings reinforce that the elderly and people
with comorbidities are susceptible to severe COVID-19 infection
[79]. In a cross-sectional study including 355 COVID-19 patients
admitted to the Wuhan Tongji Hospital (China), the authors also
reported that male sex, advanced age (>65 y) and vitamin D defi-
ciency (<30 nmol/L) were significantly associated with COVID-19
hospitalization and severity [80].

Another case—control study demonstrated a significant negative
correlation (p = 0.02) between the 25(OH)D levels and developing
coronavirus infection and that the COVID-19 cases were more likely
to be overweight than the controls (p = 0.023) [81].

In the study addressing several micronutrients, vitamin B1, B6,
B12, vitamin D (25-hydroxyvitamin D3), folate, selenium, and zinc
were analyzed in COVID-19 hospitalized patients. Vitamin D (76%)
and selenium (42%) deficiencies were the most prevalent. Addi-
tionally, severe vitamin D deficiency (<10 ng/dL) was more
frequent in COVID-19 patient group than in the healthy control
group. Among 12 patients with respiratory distress, 11 (91.7%) were
deficient in at least one nutrient. However, it is unclear whether
individual nutrient deficiencies affected immunity or whether the
nutrient deficiency simply led to a decline in the patient's overall
condition [82].

Later, Bennaour et al. (2021) [83] reported the high frequency of
hypocalcemia and hypovitaminosis D in severe COVID-19 patients.
The 28-day mortality rates, according to vitamin D status and
corrected serum calcium tertiles indicated a dose—effect relation-
ship between these two parameters and short-term mortality (p =
0.001 and 0.0001 respectively). The highest mortality rate was
recorded in the group with severe vitamin D deficiency (46.9%).

COVID-19 infection can be spread by asymptomatic, presymp-
tomatic, and symptomatic carriers. The marked variability in clinical
severity provides an estimation that 40—45% patients can remain
asymptomatic and 30—40% develop only mild symptoms [84].
Considering in many cases the lack of clinical notification, the
nutritional status of asymptomatic patients has not been explored in
the literature. In this sense, a study demonstrated that 25(OH)D
levels were very low in 63 critically ill COVID-19 patients, and that
the corresponding inflammatory response and fatality rates were
higher compared to 91 asymptomatic participants. Serum level of
inflammatory markers was found to be higher in vitamin D deficient
COVID-19 patients viz. IL-6 level (in pg/mL) 19.34 + 6.17 vs 12.18 +
4.29: TNFa level (in pg/mL) 13.26 + 5.64 vs 11.87 + 3.15. The fatality
rate was high in vitamin D deficient individuals (21% vs 3.1%) [85].
Similarly, Italian COVID-19 patients were reported to have low
25(0OH)D levels inversely correlated with high IL-6 levels and were
independent predictors of COVID-19 severity and mortality [86].

Focused on inflammatory markers associated with health-
related scores, authors proposed that vitamin D levels were defi-
cient in (80%) of hospitalized COVID-19 patients who presented
elevated D-dimer values and B lymphocyte cell count and reduced
CD8 + T lymphocytes with a low CD4/CDS8 ratio. At the same time,
compromised clinical findings measured by Lung Immune Prog-
nosis Index (LIPI) and SOFA scores and thoracic CT scan involve-
ment were observed. This condition reaffirms that deficient levels
of vitamin D are associated with the worst prognosis in COVID-19
patients [87].

In contrast, nine analyzed studies showed no association be-
tween vitamin D status and COVID-19 clinical outcomes during
hospitalization stay [88—96].
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In a single-center cohort study, 129 consecutive adult COVID-19
hospitalized patients had 25(OH) vitamin D serum levels assessed
48 h since hospital admission. The prevalence of 25(0OH)D insuffi-
ciency, moderate deficiency and severe deficiency was 13.2%, 22.5%
and 54.3%, respectively. 25(OH)D deficiency (<20 ng/mL) was not
associated with COVID-19 clinical features and outcomes [88].
Another study suggested that 25(0OH)D deficiency was not associ-
ated with SARS-CoV-2 infection but may increase the risk for
mortality in severely deficient cases [89]. Similar studies also re-
ported no statistically significant evidence that insufficient vitamin
D levels might play a role in adverse outcomes of COVID-19 infec-
tion [90,91].

Szeto et al. (2021) [92] examined the relationship between
prehospitalization 25(OH)D levels (obtained 1—365 days prior to
admission) and COVID-19 clinical outcomes in 700 COVID-19
positive hospitalized patients. There was no relationship be-
tween 25(0OH)D and any outcome, even after controlling for age
and pulmonary disease. In a different approach, eight weeks
after the onset of COVID-19, vitamin D deficiency was frequent
among COVID-19 patients, but also not associated with disease
outcomes. Surprisingly, PTH concentrations were increased in
patients who needed ICU treatment, while 25(OH)D levels were
not significantly different between disease severity groups.
However, individuals with severe coronavirus diseases displayed
a disturbed parathyroid-vitamin-D axis within their recovery
phase [93]. This finding helps in the understanding of endocrine
disorders in vitamin D metabolism throughout the course of
COVID-19.

Despite the lower values of 25(OH)D in COVID-19 patients, three
additional studies did not find any significant association of vitamin
D levels with mortality, the need for mechanical ventilation, ICU
admission [94—96], and the development of thromboembolism in
COVID-19 patients with a documented vitamin D level within the
past 12 months [95].

4.4. Studies addressing use of vitamin D supplementation during
COVID-19

A large observational study of hospital in-patients with COVID-
19 was carried out on hospital in-patients with the most severe
clinical manifestations of COVID-19. A total of 986 participants with
COVID-19 were studied, of whom 151 (16.0%) received cholecal-
ciferol booster therapy with a high-dose of cholecalciferol (20,000
to 50,000 weekly). This intervention, regardless of baseline serum
25(0OH)D levels, appears to be associated with a reduced risk of
mortality in acute in-patients admitted with COVID-19 [97]. As well
as this, a descriptive study noted that COVID-19 patients who had
received a high dose of vitamin D supplementation achieved
normalization of vitamin D levels and improved clinical recovery
evidenced by shorter lengths of stay, lower oxygen requirements,
and a reduction in inflammatory marker status [98].

Recently, an interventional clinical trial tested patients with
hypovitaminosis D randomised into two groups. Subjects of
(vitamin D) VD group received adjunctive pulse D therapy (60,000
IUs of vitamin D) per day for 8 days for subjects with BMI of 18—25
and 10 days for subjects with BMI >25, along with the routine
standard treatment for COVID-19. Subjects of the (control) NVD
group received standard treatment for COVID-19 alone. The dif-
ference in the reduction of inflammatory markers [CRP, ferritin, II-
6, Lactate dehydrogenase (LDH) and Neutrophil/Lymphocyte (N/
L)], between the two groups was highly significant (p < 0.01) with
the reduction in VD group being markedly higher than the NVD
group. Improvement of serum 25(OH)D level to 80—100 ng/mL
significantly reduced the inflammatory markers without any side
effects [99].
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A study including patients (aged 74 + 13 years) with COVID-19
provides supplementation (or not) with 400,000 IU (as bolus oral
cholecalciferol administered on two consecutive days). Patients
were followed up during their in-hospital stay for an average time
of 14 + 10 days. For analysis, a composite outcome, including the
need for transfer to ICU (for invasive mechanical ventilation) and/or
death from any cause, was considered. Twenty-seven (29.7%) pa-
tients were transferred to the ICU and 22 (24.2%) patients died, six
cases after being transferred to the ICU (and 16 cases prior to
transfer to ICU). Overall, 43 (47.3%) patients experienced the com-
bined endpoint of transfer to ICU or death. In a crude analysis,
initially including comorbidity burden as a potential confounder,
vitamin D treatment was observed to be associated with a 43% and
55% reduction, respectively, in the odds ratio of the combined
endpoint, but these effects did not reach statistical significance
[100].

Agreeing with these findings, in a quasi-experimental study,
authors noted that irrespective of all measured potential con-
founders, regular bolus vitamin D3 supplementation (50,000 IU
vitamin D3 per month, or doses of 80,000 IU or 100,000 IU vitamin
D3 every 2—3 months) was associated with less severe COVID-19
and better survival rate in frail hospitalized elderly from a French
nursing-home [101].

A retrospective, multicenter, open, non-randomized cohort
study reported that patients supplemented with calcifediol (0.266
mg/capsule, 2 capsules on entry and then one capsule on day 3, 7,
14, 21, and 28) had lower risk of death during hospitalization during
the first 30 days (5% vs. 20%, p-value < 0.01) compared to patients
not receiving such treatment [ 102]. In contrast, treatment with oral
cholecalciferol (median dose of 60,000 IU) did not make any dif-
ference to the outcomes in hospitalized COVID-19 patients [103],
and this includes the intervention of 800 IU/mo of 25(0OH)D sup-
plements used in another study [104].

4.5. Randomized controlled trials of vitamin D supplementation in
COVID-19

During a pilot, randomized clinical study, patients hospitalized
with COVID-19 infection were treated with oral calcifediol (0.532
mg) and continued with oral calcifediol (0.266 mg) weekly, on days
3 and 7, until discharge or ICU admission. All hospitalized patients
received combined standard therapy of hydroxychloroquine and
azithromycin for 5 days. Of the 50 patients treated with calcifediol,
none died, and all were discharged, without complications. The 13
patients not treated with calcifediol, who were not admitted to the
ICU, were discharged. Of the 13 patients admitted to the ICU, two
died and the remaining 11 were discharged. In conclusion,
administration of a high dose of calcifediol or 25-hydroxyvitamin D,
significantly reduced the need for ICU treatment of patients
requiring hospitalization due to proven COVID-19. The authors re-
ported some limitations of the study as it is not double-blind pla-
cebo controlled, does not consider obesity as a risk factor, and does
not include a comparison with cholecalciferol. Even so, they justify
the choice of this intervention by commenting on the advantages of
calcifediol over native vitamin D [105].

In another trial, asymptomatic or mildly symptomatic SARS-
CoV-2 RNA positive vitamin D deficient [25(OH)D < 20 ng/mL]
participants were randomised to receive daily 60,000 IU of chole-
calciferol (oral nano-liquid droplets) for 7 days with therapeutic
target 25(OH)D > 50 ng/mL (intervention group) or placebo (con-
trol group). Overall, 10 out of 16 patients achieved 25(OH)D > 50
ng/mL by day-7 and another two by day-14. A greater proportion of
vitamin D-deficient individuals with SARS-CoV-2 infection became
SARS-CoV-2 RNA negative with a significant decrease in fibrinogen
and inflammatory markers with cholecalciferol supplementation
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[106]. The authors comment that the response of fibrinogen in this
study may not be clinically relevant.

Sabico et al. (2021) [107] allocated 69 hospitalized patients for
mild to moderate COVID-19 disease to receive once daily for 2
weeks either 5000 IU oral vitamin D3 (n = 36) or 1000 IU oral
vitamin D3 (standard control) (n = 33). Vitamin D deficiency was
observed in 40 cases (55%), with no difference between the groups
(p = 0.1), while the rest had vitamin D insufficiency. Unadjusted
Kaplan—Meier survival analysis was used to determine the differ-
ences in recovery times of symptoms and revealed that the number
of days to resolve cough was significantly shorter in the 5000 IU
group than the 1000 IU group (6.2 + 0.8 versus 9.1 + 0.8; unad-
justed p = 0.007). The same shorter period was observed for
ageusia (loss of taste), again in favor of the 5000 IU group (11.4 + 1.0
versus 16.9 + 1.7; unadjusted p = 0.035). The significance for cough
decreased but persisted even after adjusting for age, sex, baseline
BMI, and D-dimer (p = 0.039), while the same significance was
observed for ageusia (p = 0.035). The authors suggested the use of
5000 IU vitamin D3 as an adjuvant therapy for COVID-19 patients
with suboptimal vitamin D status.

A Brazilian multicenter, double-blind, parallel-group trial that
was randomized and placebo-controlled was performed using a
single high dose of vitamin D3 among hospitalized patients with
moderate to severe COVID-19, testing as primary outcome the
response on hospital length of stay (defined as the total number of
days that patients remained hospitalized from the date of
randomization until the date of hospital discharge). The secondary
outcomes were mortality during hospitalization, admission to the
ICU; need for mechanical ventilation, and serum 25(OH)D levels,
among other biochemical markers. Mean serum levels of 25(0OH)D
significantly increased after a single dose of vitamin D3 vs placebo
[44.4 ng/mL vs 19.8 ng/mL; difference, 24.1 ng/mL; (p < 0.001)]. The
median (IQR) hospital length of stay was not significantly different
between the vitamin D3 (p = 0.94). Moreover, a post hoc analysis
showed no changes in the median length of stay between groups.
There were no significant differences between the vitamin D3 and
placebo groups regarding secondary outcomes [108]. In conclusion,
a single high dose of vitamin D3, compared with placebo, did not
significantly reduce hospital length of stay among hospitalized
patients with COVID-19. Currently, there are an estimated thirty
clinical trials under development (www.clinicaltrials.gov) which
include protocols with vitamin D and COVID-19.

5. Zinc
5.1. Zinc, immune system, and COVID-19

Zinc deficiency is a common condition and a public health
problem in almost all low- and middle-income countries [109]. Zinc
is involved in numerous processes such as DNA synthesis, RNA
transcription, gene expression, cell division, cell proliferation,
apoptosis, immune response, intracellular signaling, growth, sense
of smell and taste, and appetite [110—112].

Zinc affects both innate and adaptive immunity. Its role in the
immune system has been reviewed elsewhere [113—115]. Briefly,
zinc is essential for the normal development and function of innate
immune cells, such as neutrophils and natural killer (NK) cells
[113]. Zinc deficiency negatively influences phagocytosis and
chemotaxis of neutrophils and it impairs the recognition of major
histocompatibility complex class I in target cells as well as the
cytotoxic and lytic activity of NK cells [114]. In addition, altered zinc
homeostasis in macrophages causes impaired phagocytosis and
leads to an abnormal inflammatory response [116].

Regarding the adaptive immune response, zinc is also important
for the growth and function of T and B cells. As reviewed before
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[113], zinc deficiency is associated with thymic atrophy, lympho-
penia, compromised cell- and antibody-mediated responses, and
increased risk of infections. Moreover, zinc deficiency decreases the
production of IFN-y which leads to immune dysfunction mediated
by the imbalance between lymphocytes Th1 and Th2. Additionally,
zinc deficiency leads to increased production of inflammatory cy-
tokines (TNF-a, IL-1b) by macrophages and activated monocytes
which contribute to increased production of ROS, a byproduct of
inflammation. This inflammatory and oxidative profile activates
NFkB pathways aggravating this profile.

These immune responses consist of a coordinated action of
specialized cells, communicating with molecules and functional
responses [9]. In this context, zinc finger proteins, zinc transporters
and zinc homeostasis are essential to ensure proper signaling
pathways and networks of the immune response through several
mechanisms which are discussed elsewhere [114,117]. However,
zinc deficiency as well as zinc excess lead to malfunction of the
immune system and its homeostasis is crucial to proper immune
responses avoiding overreaction and cytokine storms [114].

Recently, Skalny et al. (2020) [13] reviewed possible and already
proven zinc immunomodulatory mechanisms in COVID-19,
including: (1) zinc cations inhibit SARS-coronavirus polymerase
activity by decreasing its replication; (2) chloroquine is a zinc
ionophore and the increased flux of zinc into the cell may enhance
its antiviral effect; (3) zinc can bind with the structure of viral
proteins (papain-like proteases) of SARS-CoV-2 and destabilize
them with the use of zinc-ejector drugs; (4) zinc might decrease the
expression of ACE2, an enzyme needed by SARS-CoV-2 for entry
into target cells; (5) zinc is essential for respiratory epithelium, so it
might ameliorate the dysfunction of mucociliary clearance; and (6)
zinc increases the IFN-o production by leukocytes and potentiates
its antiviral activity (Fig. 1).

5.2. Studies addressing previous zinc status and COVID-19

No cohort study addressing previous zinc status and risk of
COVID-19 was identified in our search. However, zinc deficiency
has been associated with the prevalence of other respiratory tract
infections [13].

5.3. Studies addressing zinc status in hospitalized patients with
COVID-19

In regard to our search, 10 observational studies aimed to
investigate the effect of zinc status in patients with COVID-19
[118—127]. All of them observed adults and elderly patients,
including pregnant women in one study [123] (Supporting
information Table S3).

In a case—control study, Elham et al. (2021) [118] found that
COVID-19 hospitalized patients had lower serum zinc levels
compared to healthy individuals. Fromonot et al. (2021) [119],
found a prevalence of hypozincemia in 20% of the patients admitted
to COVID-19 screening centers. What is more, hypozincemia was an
independent predictor of hospitalization for respiratory complica-
tions within 10 days.

Heller et al. (2021) [120] tested the hypothesis that COVID-19
patients are characterized by zinc deficiency and that zinc status
provides prognostic information. In this study most of the COVID-
19 patients admitted to the hospital had low serum zinc levels
(serum zinc <642.5 pg/L). What is more, non-survivors showed
lower zinc levels compared to the survivors. During the hospital
stay, the dynamic changes in the zinc serum concentration showed
a greater increase in survivors (discharged patients). Possibly the
nutritional supply of zinc contributed to maintaining a favorable
zinc status and improving the antioxidative defense, energy
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metabolism, and immune response. These authors found that zinc
associated with selenoprotein P (SELENOP) status within the
reference ranges is a reliable indicator of survival in COVID-19 and a
personalized supplementation of these micronutrients may sup-
port convalescence.

In another study, hypozincemia (serum zinc <70 mg/dL) was
associated with COVID-19 severity in hospitalized patients. The
authors suggest the use of serum zinc as a predictive clinical
parameter for a critical illness of COVID-19 and to incorporate this
measurement as one of the routine blood tests to focus on adequate
zinc supply in ICU. They observed that an adequate enteral nutri-
tion support for 10—12 days can recover the serum zinc levels to the
normal range in critically ill patients [121].

Jothimani et al. (2020) [122] conducted a comparative analysis
between COVID-19 patients and healthy volunteers and aimed to
verify the correlation between serum zinc levels in patients with
COVID-19 and the disease severity. COVID-19 patients were zinc
deficient (serum zinc <80 mg/dL) compared to healthy adults.
Moreover, low baseline zinc levels were associated with higher
complication rate, increased tendency to develop ARDS, longer
hospital stays, and increased mortality.

Anuk et al. (2020) [123] aimed to determine zinc status, as well
as another two trace elements, in pregnant women with COVID-19.
They observed that serum zinc levels decreased in pregnant
women with COVID-19 in comparison to the healthy ones. Serum
zinc levels had a negative relationship with acute phase markers
such as interleukin 6, erythrocyte sedimentation rate, procalcitonin
and c-reactive protein, demonstrating its association with infection
and inflammation status.

Other studies demonstrated a correlation between serum zinc
levels and COVID-19 outcome. Low serum zinc levels (50 pg/dL at
admission) were correlated with worse clinical presentation,
longer time to reach stability, and higher mortality of hospitalized
patients [124]. In critically ill patients with COVID-19, low serum
zinc levels (<70 pg/dL) were extremely prevalent at admission to
the ICU and were associated with a degree of organ failure man-
ifested with severe ARDS [125]. Skalny et al. (2021) [126] aimed to
investigate the association of metal profile with markers of lung
damage. These authors found that zinc and other metals (calcium,
iron, and selenium) gradually decrease as the COVID-19 severity
increases. These metal levels correlated positively with SpO2 and
were inversely associated with fever, lung damage, and CRP
concentrations.

In an investigation into multiple nutritional parameters in pa-
tients admitted with COVID-19, nutritional risk was associated with
COVID-19 severity. In addition, severe patients showed lower
serum zinc levels compared with non-severe patients. These au-
thors point to the importance of developing international guide-
lines to advise on regular nutritional screening and nutritional
support in COVID-19 [127].

5.4. Studies addressing use of zinc supplementation during COVID-
19

In regard to our search, 3 retrospective observational studies
aimed to investigate the effect of zinc supplementation in adults or
elderly patients with COVID-19 [128—130] (Supporting information
Table S3).

A retrospective study showed that zinc supplementation in
addition to the standard care (hydroxychloroquine and azi-
thromycin) increased the frequency of patients being discharged
from the hospital and decreased the need for ventilation and
admission to the ICU. Also, zinc supplementation was associated
with decreased transition to hospice for patients that did not
require intensive care. These authors suggest a synergistic
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mechanism of zinc and hydroxychloroquine in preventing the virus
from progressing, however, the effectiveness of zinc may reduce in
severe cases marked by intense oxidative and inflammatory pro-
files. In this sense, viral RNA levels in clinical specimens of patients
with COVID-19 should be investigated before and after zinc sup-
plementation [128].

Yao et al. (2021) [129] did not find significant association be-
tween zinc sulphate supplementation and risk of in-hospital mor-
tality. This risk was higher for older patients, male sex, and clinical
severity. As stated by the authors, the lack of a causal association
between zinc and survival of hospitalized patients with COVID-19
does not rule out the benefit of zinc in the management of
COVID-19. Future randomized clinical trials with adequate sample
size are necessary to better clarify this association and substantiate
the use of zinc in COVID-19 management.

Finzi and Harrington (2021) [130] aimed to evaluate the effect of
zinc supplementation on COVID-19 symptoms in outpatients. They
observed a positive effect of zinc supplementation in improving
symptoms of COVID-19. This improvement appeared to be faster in
younger patients (<40 years old). Regardless of the scenario, the
symptoms of COVID-19 can impair nutritional status by limiting
food intake and weakening the immune system, further aggra-
vating the clinical condition.

5.5. Randomized controlled trials of zinc supplementation in
COVID-19

According to our search, 3 randomized clinical trial studies
aimed to investigate the effect of zinc supplementation in patients
with COVID-19 [37,131,132]. Abd-Elsalam et al. (2020) [131] aimed
to evaluate the effect of combining chloroquine/hydroxy-
chloroquine and zinc in the treatment of COVID-19 patients. This
study included 191 patients with COVID-19 from three major uni-
versity hospitals in Egypt. These patients were randomized into
two matched groups, one receiving both hydroxychloroquine and
zing, and the other receiving hydroxychloroquine only. The primary
outcomes were recovery within 28 days, the need for mechanical
ventilation, and death. Zinc supplementation was not associated
with any of these outcomes. The age and the need for mechanical
ventilation were the only factors associated with mortality. Some
limitations pointed out by the author included possible limited
intestinal absorption of zinc, non-assessment of serum zinc levels,
and no investigation into viremic response.

In a multicenter randomized clinical study with ambulatory
COVID-19 patients, Thomas et al. (2021) [37] aimed to investigate
whether high-dose zinc and/or high-dose ascorbic acid reduce the
severity or duration of symptoms compared with standard care.
They observed that none of the interventions significantly
decreased the duration of symptoms compared with standard care.
In a pilot randomized controlled trial with hospitalized COVID-19
patients, Patel et al. (2021) [132] detected low serum zinc levels
in both experimental and placebo groups (6.9 + 1.1 and 7.7 + 1.6
umol/L, respectively). They also observed that a high dose of venous
zinc administration (0.24 mg/kg/day of elemental zinc for a
maximum of 7 days) was safe and able to increase serum zinc levels
above the zinc deficiency cutoff adopted (10.7 pmol/L).

6. Selenium
6.1. Selenium, immune system, and COVID-19

Selenium (Se) is an essential trace element of high importance
for human health and particularly for a well-balanced immune

response. Selenium is found in foods and nutritional supplements
in organic (selenomethionine, selenocysteine, selenium-
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methylselenocysteine) and inorganic (selenato and selenium)
forms. After intestinal absorption, selenium forms are converted
into hydrogen selenide (H,Se), a metabolic intermediate incorpo-
rated into selenoproteins, in the form of selenocysteine. Selenium
performs its main functions in the form of selenoproteins that are
encoded by the presence of a selenocysteine insertion sequence
(SECIS) in the 3’-untranslated region of mRNA, the UGA codon,
which normally acts as a stop codon under specific conditions. A
wide range of these selenoproteins are linked to redox signaling,
oxidative burst, calcium flux, and the subsequent effector functions
of immune cells being grouped into families such as glutathione
peroxidases (GPXs), iodothyronine deiodinases (DIOs) and thio-
redoxin reductases (TrxRs), methionine sulfoxide reductase B1
(MSRBT1), and selenophosphate synthetase 2 (SEPHS2). In addition,
the SELENOP acts as the main selenium transporter for peripheral
tissues also performing extracellular antioxidant function [12,133].

Thus, selenium plays a role in antioxidant, anticarcinogenic,
anti-inflammatory, redox and immune-cell function as well as in
the regulation of thyroid hormone metabolism. Studies have
already identified associations between selenium deficiency and
increased morbidity and mortality from viral infections, cardio-
vascular, and thyroid diseases, as well as prostate, gastrointestinal,
and breast cancers [14,133,134].

Evidently, it is well established that selenium is useful for the
competency of the cellular component of both innate and adaptive
immunity [12,135—138]. As the first line of defense, innate immune
cells possess immediate protective mechanisms including antimi-
crobial enzymes and peptides, which can target various pathogens
for lysis or phagocytosis by phagocytic cells. In addition, in the
cascade of reactions to infection, the inflammatory response is
triggered by the production of chemical mediators, enzymes and
cytokines induced by molecular mechanisms associated with
pathogens [139]. On a cellular level, selenium status may influence
various leukocytic functions including adherence, migration,
phagocytosis, and cytokine secretion. In this context, selenopro-
teins also regulate or are regulated by cellular redox tone, which is a
crucial modulator of immune cell signaling [12].

However, for several reasons, selenium/selenoproteins are
relevant in the viral pathogenicity, notably reducing proliferation of
T cells, lymphocyte-mediated toxicity and NK cell activity, all of
which are crucial for antiviral immunity [12,136,137]. Keshan dis-
ease was the first endemic cardiomyopathy from a virus related to
selenium deficiency which had a reduced incidence in the face of
selenium supplementation. Mechanisms related to low GPx-1 ac-
tivity have been associated with the incidence of Keshan disease
[140]. Selenium intervention has also shown benefits in the
response to viral infections according to animal models of lethal
influenza infection [141]. On the other hand, in selenium-deficient
mice, the levels of macrophages and CD8+ and CD4+ T cells were
lower compared to mice with adequate selenium levels, suggesting
that selenium deficiency affects cellular immunity [142]. Other
examples of the effects of selenium on viral pathogenicity have
been demonstrated based on lower plasma selenium concentra-
tions during early stages of HIV-1 [143]; and due to adjuvant
treatment of patients using high levels of selenium, there was
reduced mortality rate in patients with severe sepsis or septic shock
[144].

Contextualizing the impact of selenium on COVID-19, Zhang
et al. (2020) [14] in a long review article emphasized how
involvement of selenium, via selenoproteins functions and sele-
nium species, might counteract infection with SARS-CoV-2. Anti-
inflammatory, immune-cell function and antiviral effects of sele-
noproteins were described in detail showing that, particularly,
GPXs, TXNRDs, SELENOS, and MSRB1 are involved in most of these
functions. GPXs, TXNRDs and ER selenoproteins influence the viral
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pathogenicity, partly by reducing oxidative stress generated by viral
pathogens [145—148] (Fig. 1). What is more, prostacyclin (PGIy)
regulation and the cyclooxygenase-2 (COX;) expression can be
influenced by selenium status [139]. The authors describe in detail
mechanisms linked to accumulation of macrophages, exhaustion of
NK cells and the inflammatory cytokine storm identified as a pre-
dictor in clinical outcomes and lung damage particular to COVID-19
[79]. It's known that the SARS-CoV-2 infection may affect primarily
T lymphocytes, particularly CD4+ and CD8+ T cells, resulting in a
decrease in numbers as well as IFN-y production by CD4+ T cells.
These immunological dysfunctions may be important because of
their association with outcomes that indicate disease severity in
COVID-19 [45,149]. In summary, there is a mechanism proposed by
Zhang et al. (2020) [14] by which selenium might suppress the life
cycle and mutation to virulence of SARS-COV-2 while attenuating
viral-induced oxidative stress, organ damage and the cytokine
storm. Adding these findings, a current question has been posed
speculating whether the disturbances induced by SARS-CoV-2 in
the homeostasis of selenium contribute to the manifestation of
COVID-19 coagulopathy [150].

In the outbreak of the pandemic of COVID-19 an ecological study
pointed out the cure rate from COVID-19 associated with basal hair
selenium concentration in different areas of China. Cured patients
were those in whom temperature returned to normal for more than
3 days, respiratory symptoms were significantly improved, lung
imaging showed significant reduction of inflammation, and there
was negative nucleic acid test of respiratory pathogen on two
consecutive occasions with a sampling interval of at least 1 day
[151]. Collectively, the available studies support the belief that se-
lenium may be of relevance in the infection with SARS-CoV-2 and
disease course of COVID-19 [82,120,152—154].

In the scope of this review, we found only 5 articles (all obser-
vational) aimed to evaluate the selenium status in patients with
COVID-19 (Supporting information Table S4).

6.2. Studies addressing selenium status in hospitalized patients

The mortality risk was tested in 33 COVID-19 patients associated
with total serum selenium total and selenoprotein P (SELENOP)
compared with reference data from a European cross-sectional
analysis (EPIC, n = 1915). A prominent deficiency in total serum se-
lenium and SELENOP concentrations was found in COVID-19 pa-
tients. The stratification of the samples according to selenium status
below the 2.5th percentile of the reference population i.e.
[Se] < 45.7 ug/L and [SELENOP] < 2.56 mg/L showed frequency of
43.4% and 39.2%, respectively. The selenium status was significantly
higher in samples from surviving COVID patients than non-survivors.
Also, the recovery of selenium in survivors occurred over time, while
it remained low or decreased in non-survivors [153].

In another observational study, combined zinc status and
SELENOP was used to compare prognoses between hospitalized
patients surviving COVID-19 and non-survivors. The prevalence of a
combined deficit, i.e., serum Zn below 638.7 pg/L and serum
SELENOP below 2.56 mg/L, was observed in 0.15% of samples in the
European Prospective Investigation into Cancer and Nutrition
(EPIC) cohort of healthy subjects, 19.7% of the samples collected
from the surviving COVID-19 patients and in 50.0% of samples from
the non-survivors. The combination of serum zinc and SELENOP
concentrations with respect to the patients’ age tested by ROC
curve analysis yielded an area under the curve (AUC) of 94.42%. This
result indicates the good correlation of a novel composite
biomarker that can be explored in studies on COVID-19 [120].

As previously described, Im et al. (2020) [82] measured vitamin
B1, B6, B12, vitamin D (25-hydroxyvitamin D3), folate, selenium,
and zinc in hospitalized patients with COVID-19 and healthy
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control individuals. Besides vitamin D deficiency, 42% of patients
showed selenium deficiency and among these, a moderate fre-
quency of pneumonia was observed. A recent Indian study, also
case-controlled, reported significantly lower selenium levels of
69.2 + 8.7 ng/mL in patients with COVID-19 compared to controls
79.1 + 10.9 ng/mL (p = 0.0003). Accordingly, authors observed that
43.3% of patients with COVID-19 had lower selenium levels against
20% of the control group [152].

An innovative retrospective study investigated associations of
urinary essentials and toxic trace elements with severe illness and
fatal outcome of COVID-19 [154]. The authors performed analysis of
the nine urinary trace elements including chromium, manganese,
copper, arsenic, selenium, cadmium, mercury, thallium and lead.
The patients with COVID-19 were examined according to the dis-
ease severity (non-severe or severe) and outcome (recovered or
deceased), respectively. The median duration of hospital stay was
14.5 days (IQR: 8—32). The median length from disease onset to
admission was 26 days (IQR: 11—41). Mostly, after creatinine
adjustment, chromium, manganese, copper, selenium, cadmium,
mercury and lead were higher in severe COVID-19 patients than the
non-severe cases with COVID-19. Throughout the clinical course
since the disease onset these urinary elements were found to be
further positively correlated with serum cytokines (IL-1B, IL2R, IL6,
IL8, IL10, TNFa.), ferritin, and neutrophil count cell and white blood
cell count. The authors considered these findings suggestive of
supporting prognosis of COVID-19.

No concluded clinical trial involving selenium and COVID-19 has
been published to date. Currently, there are about ten clinical trials
under development, but none of them with isolated selenium
intervention (www.clinicaltrials.gov).

7. Discussion

This review encompasses scientific studies published during the
past 16 months of the COVID-19 pandemic and provides an over-
view focused on the impact of micronutrient status in the face of
this outbreak. In addition to summarizing relevant results, we
expose substantial clinical and methodological heterogeneity
across these studies.

Worse clinical outcomes observed in patients with COVID-19
which have been associated with nutritional risk of vitamin C,
vitamin D, zinc, and selenium deficiency are summarized in Fig. 2.
Among 85 selected studies, only 11 RCTs were completed
addressing interventions with vitamin C, vitamin D, zinc, and none
for selenium (Table 2).

In the set of observational studies, some confounding factors are
related to the lack of knowledge on the nutritional status previous
to the infection. For example, in the context of an inflammatory
state, several mechanisms could be responsible for a decrease of
serum 25(OH)D and plasma zinc, resulting in speculation that these
events might be the cause or the consequence of inflammatory
diseases [155,156]. Thus, the measurements of most micronutrient
biomarkers during the acute-phase response should be evaluated
with caution, taking into consideration a possible reverse causality.

Two studies found vitamin C deficient levels in COVID-19 pa-
tients [24,25]. Vitamin C levels were undetectable (detection limit
1.5 mg/L) in more than 90% of patients with COVID-19-associated
ARDS in a study which was not in the scope of this review [157].
It seems reasonable to accept the prophylactic use of vitamin C in
the COVID-19 context in some risk groups and regions of the world,
given the favorable safety profile and low cost of vitamin C [11].
However, for the general population the current evidence for this
recommendation is weak according to a previous review [20].

Overall, therapeutic doses of vitamin C used in randomized
clinical trials varied on average from 50 mg/kg/day to 24 g/day
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Fig. 2. Nutritional risk of vitamin C, vitamin D, zinc, and selenium deficiency related to COVID-19 clinical outcomes. Color gradient according to the number of nutrients
involved in the outcome. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

(Table 2). However, the results are still controversial. While some
authors found improvement in clinical outcomes with intravenous
doses of vitamin C in critically ill patients [34,35], others did not
find positive effects from vitamin C supplementation in hospital-
ized [36] and ambulatory [37] patients. The main limitations
related to these polemic results were study design, sample size, and
duration of treatment. Despite these limitations, the potential of
vitamin C effects cannot be ignored.

Most studies explored in our review supported that vitamin D
deficiency impacts on COVID-19 hospitalization, severity, and
mortality. As well as this, we have also reported on studies that
showed no association between vitamin D status and COVID-19
clinical outcomes. In this context, the risk factors for developing
severe COVID-19 are the same as those for developing vitamin D
deficiency, so it is difficult to confirm if vitamin D deficiency itself is
a risk factor for severe COVID-19 [158].

Viewed together, it is well accepted that the serum concentra-
tion of 25(OH)D is affected by a set of characteristics intrinsic to the
individual in combination with environmental, socio-demographic,
and lifestyle factors [159]. Furthermore, many observational studies
do not perform the appropriate statistical analyses required to
adjust data banks for potential confounders of low vitamin D, such
as age, body mass index (BMI), and comorbidities. Well-designed
observational studies are the best tools for planning clinical trials
which require therapeutic evidence [160].

Apart from that, vitamin D deficiency can be plausibly linked to
COVID-19. A meta-analysis conducted with observational studies
found a positive association between vitamin D deficiency and the
severity of the disease in a total sample of 8176 COVID-19 patients.
Insufficiency of vitamin D concentration increased hospitalization
(OR 1.81, 95% CI, 1.41—2.21) and mortality from COVID-19 (OR 1.82,
95% CI, 1.06 2.58) [161]. Subsequently, in a systematic review and
meta-analysis of 31 peer-reviewed observational studies, despite
the mean 25(OH)D levels being 5.9 ng/mL lower in COVID-19
positive compared to negative patients, the certainty of the evi-
dence was very low for a cause—effect relationship of vitamin D
status and COVID-19 outcomes [162].

Obviously, therapeutic vitamin D supplementation for treat-
ment of COVID-19 has gained attention since studies suggested an
association between vitamin D deficiency and risk or prognosis of
the disease. A potential threshold of 25(OH)D (41.19 nmol/L) to
protect against COVID-19 was identified by Ye et al. (2020) [79].

Four randomized placebo-controlled trials included in this re-
view showed heterogeneity because of different supplementation
strategies, formulations, vitamin D statuses of participants, and
reported outcomes (Table 2). Three of these suggested positive
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effects from supplementation with vitamin D or derivatives in pa-
tients with COVID-19 [105—107]. On the other hand, Murai et al.
(2021) [108] refute that a single dose of 200,000 IU of vitamin D3 is
a suitable treatment for patients with this disease. Recently, a live
systematic review with evidence updated to March 11, 2021, which
includes the studies cited here, did not find sufficient, good-quality
evidence to assert whether vitamin D is an effective or safe treat-
ment for adults with COVID-19 [158]. Based on such precedents, the
exact efficacy of vitamin D supplementation for prevention of, or as
an adjunct treatment for COVID-19 remains to be determined.

The role of zinc in the immune system is well established. Due to
its ubiquitous functions and influence on the immune response,
zinc stands out as a promising therapeutic antiviral strategy against
COVID-19. Despite the lack of clinical studies with greater samples,
we found that zinc deficiency is common in patients with COVID-19
and it is related to poor outcomes.

Some authors found low levels of serum zinc in COVID-19 pa-
tients compared to healthy individuals [119,120,123]. These low
zinc levels may have originated from a previous deficiency or may
have been caused or aggravated by the infection itself, since there is
a competition for zinc between host and pathogens and zinc
redistribution during inflammatory response [156]. However, evi-
dence shows that low baseline zinc levels are associated with
higher complication rates and poor outcomes, independent of its
cause.

What is more, zinc supplementation alone or in addition to
standard care seems to bring positive results, especially in patients
with zinc deficiency. Although authors have suggested a possible
synergistic mechanism of zinc and hydroxychloroquine [129], it is
important to mention that this drug still lacks efficacy in COVID-19
and it could possibly be harmful [163].

Interestingly, risk factors for severe COVID-19 are also risk fac-
tors for zinc deficiency. Even with the strong homeostatic control,
zinc status should be evaluated in patients and zinc supplemen-
tation should be considered as a preventive or supportive treat-
ment for COVID-19. It is worth mentioning that zinc
supplementation has positive effects without adverse side-effects.
Obviously, more attention must be given to those patients with
marginal or severe zinc deficiency. Several clinical trials with zinc
and/or other drugs/dietary supplements for COVID-19 have been
registered in ClinicalTrials.gov [164]. Soon, there will be more evi-
dence to guide zinc interventions in COVID-19 management.

Selenium intervention studies, although less frequent, have
shown positive effects in terms of reducing the risk of totality,
improving clinical parameters (e.g., OSCI score, transfer to ICU) and
inflammation markers, increasing viral clearance and better
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Table 2
Clinical trials studies addressing vitamin C, vitamin D, and zinc in COVID-19 patients.
First Author, Year Country Study Design Population Exposure Measure Outcomes Findings
Vitamin C
Zhang et al. (2021) China Clinical trial Patients with severe COVID-19 Intervention group: 24 g HDIVC per  IMVFD28 period, mortality, organ HDIVC did not improve IMVFD28
[34] pneumonia day for 7 days within 48 h after functions, inflammatory but demonstrated a potential signal
66.7 (12.7) years admission to the ICU parameters, patient condition of benefit for critically ill COVID-19,
(n =56) Placebo group: bacteriostatic water ~ improvement rate, patient with an improvement in PaO2/Fi02
for injection condition deterioration rate, length  ratio.
of ICU and hospital stay, ICU and in-
hospital mortality
Kumari et al. (2020)  Pakistan Prospective clinical ~ Patients with severe COVID-19 Intervention group: 50 mg/kg/day Respiratory rate, oxygen saturation,  Vitamin C can significantly improve
[35] trial 52 (11) years of IVVC in addition to standard CRP, LDH, number of days required  clinical symptoms and reduce days
(n=150) therapy for COVID-19 infection for the disappearance of symptoms, spent in the hospital.

Placebo group: standard therapy number of days spent in the Vitamin C supplementation had no
hospital, need for ventilation, and impact on mortality and the need
mortality for mechanical ventilation.

Siahkali et al. Iran Randomized Patients with COVID-19 Supplementation of 1.5 g IVVC Mortality, duration of The treatments did not significantly

(2021) [36]

Thomas et al.
(2021) [37]

Vitamin D
Castillo et al. (2020)
[105]

Rastogi et al. (2020)
[106]

Sabico et al. (2020) |
107 ]

Murai et al. (2021)
[108]

United States
of America

Spain

India

Saudi Arabia

Brazil

clinical trial

Prospective
randomized clinical
trial

Randomized
clinical trial

Randomized,
placebo-controlled
trial

Randomized
clinical trial

Double-blind,
randomized,
placebo-controlled
trial

Experimental group

37.5(18.3)

(n = 30)

Control group

61.0 (15.9) years

(n = 30)

Ambulatory patients with COVID-19
45.2 (14.6) years

(n =214)

Hospitalized patients diagnosed with
COVID-19 patients treated with
calcifediol (250HD3) 53.14 (10.77)
years, (n = 50)

Non treated individuals with calcifediol
52.77(9.35) years,

(n = 26)

Asymptomatic or mildly symptomatic
SARS-CoV-2 positive vitamin D
deficient 25(0OH) D individuals
Treated individuals

50 (36—51) years

(n =50)

Non treated individuals 47.5 (39.3
—49.2) years

(n=24)

A total of 69 patients for mild to
moderate COVID-19 were randomized
into group I (n = 36)

53.5 (12.3) years and group II (n = 33)
46.3 (15.2) years

Hospitalized patients with COVID-19
who were moderately to severely ill
56.2 (14.40) years n 240

every 6 h for 5 days or no
supplementation

Ascorbic acid only (8 g/day), zinc
only (50 mg/day), both agents, or
standard care.

Oral in capsules (0.532 mg) of
calcifediol (250HD3), or not.
Patients in the calcifediol treatment
group continued with oral
calcifediol (0.266 mg) on day 3 and
7, and then weekly until discharge
or ICU admission

Daily 60,000 IU of cholecalciferol for
7 days with therapeutic target
25(0H) D > 50 ng/mL (intervention
group) or placebo (control group).
Vitamin D deficient (<20 ng/mL)

Patients were allocated to receive
once daily for 2 weeks either

5000 IU oral vitamin D3 (group I) or
1000 IU oral vitamin D3 (group II,
standard control).

Vitamin D sufficiency (>75 nmol/L)
Vitamin D deficiency (<50 nmol/L)
Patients were randomly assigned to
receive a single oral dose of
200,000 IU of vitamin D3 (n = 120)
or placebo (n = 120).

hospitalization, need for ICU
admission, improvements in SpO2
and vital signs

Reduction of symptoms (fever,
cough, shortness of breath, fatigue),
hospitalization, death, adverse
effects

Effect of calcifediol treatment on
Intensive Care Unit Admission and
Mortality

Effect of high dose, oral
cholecalciferol supplementation on
SARS-CoV-2 viral clearance.

Recovery of symptoms and other
clinical parameters.

Primary outcome was length of stay
and the

secondary outcomes were mortality
during hospitalization,

admission to the ICU; need for

improve outcomes in the group
who were treated with HDIVC.

The treatments did not significantly
decrease the duration of symptoms,
number of hospitalizations and
deaths.

Administration of a high dose of
calcifediol significantly reduced the
need for ICU treatment of patients
requiring hospitalization due to
proven COVID-19.

Greater proportion of vitamin D-
deficient individuals with SARS-
CoV-2 infection became SARS-CoV-
2 RNA negative with a significant
decrease in fibrinogen with high-
dose cholecalciferol
supplementation.

Vitamin D supplementation for 2
weeks caused a significant increase
in serum 25(0OH)D levels in the
5000 IU group only (adjusted

p = 0.003), reducing the time of
recovery for cough and gustatory
sensory loss.

Mean serum levels of 25(0OH)D
significantly increased after a single
dose of vitamin D3 vs placebo
(44.4 ng/mL vs 19.8 ng/mL);
difference, 24.1 ng/mL; (p < 0.001).
A single high dose of vitamin D3

(continued on next page)
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Table 2 (continued )

First Author, Year

Country

Study Design

Population

Exposure Measure

Outcomes

Findings

Zinc

Abd-Elsalam et al.

(2020) [131]

Thomas et al.
(2021) [37]

Patel et al. (2021)
[132]

Egypt

United States

Australia

Randomized
clinical trial

Randomized
clinical trial

Randomized
clinical trial

A total of 191 patients with COVID-19
were randomized into two groups:
group I (n = 96) patients received both
hydroxychloroquine and zinc, and
group Il (n = 95) received
hydroxychloroquine only. Group I:
43.48 (14.62) years

Group II: 43.64 (13.17) years
Ambulatory patients (n = 214) with
COVID-19 and mean age of 45.2 (14.6)
years

Hospitalized patients with COVID-19,
divided into experimental (n = 15) and
placebo group (n = 18), with mean age
of 59.8 (16.8) and 63.8 (16.9) years,
respectively

Hydroxychloroquine (400 mg twice
daily on the first day, then 200 mg
twice daily for 5 days) and zinc
sulfate (220 mg, with 50 mg of
elemental zinc, twice daily)

High-dose zinc gluconate (50 mg),
ascorbic acid (8000 mg), both
agents, or standard care.

Zinc deficiency cutoff (serum zinc
<10.7 pmol/L)

Colorless zinc chloride (ZnCl,) with
0.24 mg/kg/day of elemental zinc
concentration (experimental
group) or saline solution (placebo
group), for a maximum of 7 days

mechanical ventilation, and serum
levels 25(0OH)D, among others

Recovery within 28 days, need for
mechanical ventilation, and death

Reduction of symptoms (fever,
cough, shortness of breath, fatigue),
hospitalization, death, adverse
effects

Safety
changes in serum zinc levels

(200,000 1U), compared with
placebo, did not significantly reduce
hospital length of stay. There were
no adverse events.

Zinc supplements did not enhance
the clinical efficacy of
hydroxychloroquine

None of these interventions
decreased significantly the duration
of symptoms compared with
standard care. Despite some
adverse events noted (3 deaths and
1 hospitalization), the board did not
believe that any of these adverse
events were caused by these
interventions.

The venous zinc administration
increased serum zinc levels above
the zinc deficiency cutoff adopted.
The venous zinc administration
appears to be safe and feasible, with
minor infusion site irritation in 3
patients

Mean (SD); median (IQR), interquartile range; high dependency; ICU, Intensive care unit; OSCI, ordinal scale for clinical improvement; CRP, c-reactive protein; HDIVC, high-dose intravenous vitamin C; IMVFD28, invasive

mechanical ventilation free days in 28-days; IVVC, intravenous vitamin C; LDH, lactate dehydrogenase.
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survival during hospitalization in frail elderly individuals during
COVID-19 [101]. The main findings of these studies indicated that
low selenium and SELENOP concentrations were associated with
survival and recovery rates of COVID-19 patients, and a novel
composite biomarker (zinc status + SELENOP) has been tested as an
indicator of survival in COVID-19 [120,152,153]. The fact that sele-
nium and selenoprotein species have an active role in innate and
adaptive immunity reinforces selenium as a nutritional tool to
counteract viral infections.

Particularly relevant to COVID-19, optimal nutritional status is
fundamental to modulate inflammatory and oxidative stress pro-
cesses. The immune system is constantly surveilling and when
threatened is highly activated, which demands more energy and
substrates (nutrients) from our diet. Nutrients and bioactive com-
pounds from one's diet play key roles in supporting the human
immune system. These substrates act synergically and their joint
action surpasses the effect of one single nutrient [9]. For example,
micronutrients support mucosal immune function (vitamin A),
epithelial tissue integrity (vitamins A, C, and D), enhance the
function of certain adaptive and innate immune cells (vitamins A, C,
D, and E, iron, zinc, and PUFAs), and have potential pro-oxidant
effects (vitamin C) [165].

A prospective, double-blinded, randomized parallel-controlled
interventional clinical trial reported that anti-inflammatory anti-
oxidant oral dietary supplementation significantly dampens the
cytokine storm and leads to partial improvements in some clinical
parameters among patients with non-critical COVID-19 [166]. As is
already known, it is not possible to separate the effects of individual
micronutrients in treatments comprising of combinations of
various antioxidants [165]. Therefore, to achieve a healthy immu-
nity it is imperative that individuals embrace a healthy lifestyle,
which includes a diversified, balanced, and healthy diet, with suf-
ficient amounts of essential nutrients. Achieving this will benefit
the nutritional status and the immunological response against all
sorts of pathogens, including COVID-19.

8. Conclusion

As can be seen from the diversity of studies, deficiencies of
vitamin C, vitamin D, zinc, and selenium can be considered a
nutritional risk factor for patients with COVID-19. Immunological
dysfunctions observed in the pathogenicity of COVID-19 may be
aggravated or attenuated, depending on the nutritional status of
the host [167]. Another great challenge is understanding the un-
derlying mechanisms of these micronutrients in the host against
outbreaks and the individual ability to overcome infection by SARS-
Cov-2. However, there is an extreme need for well-designed RCTs
investigating the effectiveness of these micronutrient supplemen-
tations in individuals diagnosed with COVID-19. Certainly, this will
produce additional scientific knowledge and evidence in order to
apply better evidence-based practices in clinical strategies.
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