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Abstract
The escalating prevalence of coronavirus disease 2019 (COVID-19) worldwide, with an increased rate of morbidity and 
mortality, highlights an urgent need to develop more effective therapeutic interventions. Despite the authorized treatment 
against COVID-19 by the European Union (EU), the safety and effectiveness of this therapeutic strategy for a wide variety 
of patients have remained a significant challenge. In this respect, micronutrients such as vitamins and minerals, as essen-
tial factors, can be considered for improving the function of the immune system and accelerating the treatment procedure. 
Dietary supplements can attenuate vascular and inflammatory manifestations related to infectious diseases in large part due 
to their anti-inflammatory and antioxidant properties. Recently, it has been revealed that poor nutritional status may be one 
of the notable risk factors in severe COVID-19 infections. In the current review, we focus on the micronutrient therapy of 
COVID-19 patients and provide a comprehensive insight into the essential vitamins/minerals and their role in controlling the 
severity of the COVID-19 infection. We also discuss the recent advancements, challenges, negative and positive outcomes 
in relevance to this approach.
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Introduction

Currently, coronavirus disease 2019 (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has become a global problem [1–3]. This virus is 
known as the main cause of severe acute respiratory infec-
tions, pneumonia, kidney failure, or even death [4]. Despite, 
significant advances in the control of the wide variety of 
diseases such as cancers and infections [5–8], confronting 
the COVID-19 pandemic remains an outstanding challenge. 
Regarding the scientists’ efforts, only a limited number of 
drugs such as Veklury (remdesivir) are now authorized 
in the European Union (EU) for COVID-19 patients from 
12 years of age with pneumonia and requiring supplemen-
tal oxygen. Remdesivir is recommended as the first drug 
in the EU under a “conditional marketing authorization” 
mechanism that facilitates early access to medicines with 
less comprehensive data in an emergency condition such 
as the COVID-19 pandemic. However, the safety, effective-
ness, and availability of this therapeutic strategy are under 
monitoring because impactful factors such as high cost and 
side effects may limit their applications for a wide variety of 
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patients. Thus, there is an urgent need for developing supple-
mentary agents and drugs to increase the treatment chance 
of COVID-19 patients.

Based on recent studies, poor nutritional status and sub-
optimal intakes can lead to inadequate immune responses, 
subsequently affect the severity of infections [9]. Micronutri-
ents such as vitamins and minerals are involved in numerous 
stages of the immune response due to their anti-inflamma-
tory and antioxidant properties, which can attenuate vascular 
and inflammatory manifestations related to COVID-19 [10]. 
Overall, vitamins A, B, C, D, E, and minerals are needed to 
preserve the structure and function of the first line of defense 
systems including the skin and mucus membranes. The cell-
mediated immune responses including the capacity of the 
stem cells for proliferation, differentiation, and movement 
depend on suitable levels of vitamins (e.g., D, A, C, E, B6, 
B12) and minerals (e.g., iron, zinc, folate, copper, magne-
sium, and selenium) [11]. Likewise, chemical responses and 
complement system activation such as the production of pro-
inflammatory cytokines are dependent on adequate levels of 
certain vitamins especially vitamins A, C, D, and minerals 
such as zinc, iron, and selenium. On the other hand, the 
relevance between the adaptive and innate immune system 
which is essential for inducing inflammatory responses can 
be regulated by sufficient amounts of vitamins and miner-
als including A, C, E, and B6, iron, zinc, and copper. Cur-
rently, it has been recommended that medical nutritional 
therapy can be utilized in hospitalized COVID-19 patients 
for improving the therapeutic response of the patients and 
reducing the duration of admissions [12]. In the current 
review, we focus on the micronutrition therapy of COVID-
19 and provide a comprehensive insight into the essential 
vitamins/minerals and their role in controlling the COVID-
19 infection. We also discuss the recent advancements, chal-
lenges, negative and positive outcomes in relevance to the 
micronutrition therapy in COVID-19.

COVID‑19 characteristics

Clinical features of COVID‑19

Generally, coronaviruses (CoV) are categorized into four 
main genogroups including alpha (α), beta (β), gamma (γ), 
and delta (δ) [13]. The mammalians are known as the main 
host for α- and β-CoV, whereas birds are known as the main 
host for γ- and δ-CoV [14]. Based on reports, six CoVs 
comprising α-CoVs (HCoV-229E and HCoV-NL63), and 
β-CoVs (HCoV-HKU1 and HCoV-OC43) are human-sus-
ceptible viruses cause of mild respiratory symptoms such as 
common cold, while two β-CoVs, (SARS-CoV and MERS-
CoV) lead to severe respiratory infections [15–17].

Most clinical manifestations have been reported in simi-
lar studies [18, 19]. Based on a systematic review, about 
26 different clinical manifestations have been observed in 
COVID-19 patients, of which six symptoms are more preva-
lent, including cough, fever, malaise, dyspnea, sputum/secre-
tion, and fatigue [20]. The most common clinical manifesta-
tions at the onset of illness are fever (83–98%), dry cough 
(76–82%), shortness of breath (31–55%), fatigue (38%), 
dyspnea (18.7%), and myalgia (14.9%) [21]. It is notewor-
thy that lung involvement is the most critical manifestation 
of this disease [17], which is presented as dyspnea, oxygen 
saturation (SpO2) < 90%, PaO2/FiO2 ratio ≤ 300, respiratory 
rate of 30 or more breaths per minute, and lung involvement 
up to 50% during 24–48 h [21]. The most frequent digestive 
symptoms are anorexia, vomiting, and diarrhea in COVID-
19 patients [22], while some of the patients are even asymp-
tomatic [21, 23, 24]. Moreover, there are significant differ-
ences in hematological and clinical variables between the 
non-survivors and survivors of COVID-19 patients. Based 
on recent studies, lymphocyte count was notably lower, 
while neutrophil and white blood cell count were remark-
ably higher in the deceased patients [25, 26]. On the other 
hand, the values of procalcitonin, C -reactive protein ferritin, 
and D-dimer were significantly higher [25].

It is noteworthy that almost 20% of COVID-19 patients 
are hospitalized due to severe respiratory manifestations 
[27–29] with a fatality rate of 20–30% in hospitalized adult 
patients [26, 30]. Findings from a systematic review and 
meta-analysis of 212 studies on 281,461 COVID-19 patients 
have indicated a more tendency of males for severe infec-
tions than females since 51.8% of patients were male, which 
22.9% of them showed severe symptoms with a mortality 
rate of 5.6%. Overall, immunosuppression, diabetes, and 
malignancy were considerably related to severe COVID-19, 
whereas diabetes, hypertension, male gender, and older age 
were related to a higher mortality rate. Respiratory and gas-
trointestinal symptoms were also related to severe COVID-
19, while end-organ damage and pneumonia were related 
to mortality. Regarding the severe features of COVID-19, 
patients with comorbidities should be monitored closely, and 
critical care must be taken to prevent and treat, especially 
in patients with malignancy, diabetes, and immunosuppres-
sion [31].

Structural properties of SARS‑CoV‑2

The SARS-CoV-2, as a positive sense ribonucleic acid 
virus, belongs to the Coronaviridae family [21, 32]. The 
main structural proteins in coronaviruses are nucleocapsid 
polymer (N), spike polymer (S), protein receptor (E), and 
membrane protein (M) [33–36]. The S glycoprotein (from 
1100 to 1600 residues), as a class I viral fusion protein of 
SARS-CoV-2, plays a crucial role in the virus entry into the 
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host cells [21, 37]. The S protein is comprised of two subu-
nits including S1 and S2, which the S1 subunit is responsible 
for the virus entry through interaction between its receptor 
binding site and angiotensin-converting enzyme 2 (ACE2) 
cellular receptor for cellular attachment [21]. The ACE2 is 
known as the entry receptor for coronaviruses and generally 
is expressed on the surface of the lung, intestine, kidney, 
and blood-vessel epithelial cells [22]. As shown in Fig. 1, at 
the beginning step, the S protein is activated through cleav-
age at the S1/S2 and S2 sites by a transmembrane serine 
protease 2 (TMPRSS2), which facilitates the virus fusion 
into the cellular membrane [38, 39]. Subsequently, the viral 
RNA is released into the cytoplasm and converted into poly-
proteins and structural proteins [40]. Therefore, blocking 
the binding of S protein to ACE2 may be considered as a 
promising strategy for the treatment of SARS‐CoV infec-
tion [41]. However, the polymorphisms of the ACE2 gene 
play important role in binding viral S protein to the cell 
membrane. The high expression of ACE2 can lead to the 
rise of COVID-19 infection. Nevertheless, ACE2-stimulat-
ing drugs could increase the risk of severe COVID-19 viral 
infection [22]. On the other hand, ACE2 can hydrolyze the 
active bradykinin metabolite DABK (desArg9-bradykinin), 
hence, the reduction of ACE2 expression leads to DABK 
inactivation. As a result, the signaling of the bradykinin B1 
receptor (BKB1R) improves the recruitment of leukocytes 
into the lung. Based on reported results, blocking the brady-
kinin system may be considered as a promising therapeutic 
technique to resolve acute respiratory distress syndrome 
(ARDS) caused by COVID-19 [42, 43]. It is noteworthy that 
S protein is considered as the main target in the COVID-19 
vaccine due to produce a high titer of neutralizing antibodies 

in most patients [44, 45]. To date, several vaccines based on 
recombinant vector expressing the recombinant S protein, 
DNA, and mRNA vaccine technology have been authorized 
or are under clinical evaluation in different countries [46, 
47]. In this respect, WHO Emergency Use Listing (EUL) 
has reported the administration of at least thirteen differ-
ent vaccines (e.g., Pfizer/BioNtech, AstraZeneca/AZD1222, 
Janssen/Ad26.COV 2.S, and Moderna). Besides, recent stud-
ies have focused on developing effective therapeutic agents 
against COVID -19, such as antiviral drugs and antibody 
therapy [48, 49]; however, the pivotal role of consuming 
nutrients, vitamins, and minerals cannot be ignored [50].

Vitamins and minerals in the immune 
function

There is a bidirectional association between malnutrition and 
infection. Several types of micronutrients including vitamin 
A, D, C, E, B6, B12, folate, zinc, iron, copper, and selenium 
are involved in different stages of the immune responses. 
For instance, vitamin A plays important role in the main-
tenance of the structure/function of skin and mucosal cells, 
regulation of the interleukin-2 (IL-2) and TNF-α level, and 
activation of macrophage antimicrobial function [51, 52]. 
The composition of intestinal microbiota (e.g., the bal-
ance between commensal and pathogenic microorganisms) 
is affected by vitamins D [53, 54], A, B6, and B12, and 
folate [55–58]. In this regard, gut microbes can affect the 
host immune system through a balance between innate and 
adaptive immune homeostasis [59]. Gastrointestinal tract 
microbiota modulates the migration of neutrophils and their 

Fig. 1   Schematic presentation of the infection and replication model of SARS-CoV-2 in the host cells
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function [60]. On the other hand, it can differentiate T cells 
into regulatory T cells and helper cells (Th1, Th2, and Th17) 
[61].

Besides, vitamin D can reduce the expression of pro-
inflammatory cytokines, increase the production of anti-
inflammatory cytokines through macrophages, suppress the 
p38 activation, and upregulate the MAPK phosphatase-1 
(MKP-1) activation [42, 62–64]. The expression of prosta-
glandin E2 with immunosuppressive effects is regulated by 
vitamin E level [52, 65]. According to the previous studies, 
a high level of pyridoxal 5′-phosphate (PLP), an active form 
of vitamin B6, results in a low level of chronic inflammation 
responses [66]. Additionally to the vitamins, minerals such 
as iron and zinc are essential for the differentiation, growth 
of epithelial tissues [10], and act as anti-inflammatory agents 
[52]. In a recent study, 91.7% of COVID-19 patients have 
indicated one or more nutrients deficiencies. In another 
study performed on 50 COVID-19 patients, vitamin D and 
selenium deficiency were reported in 76 and 42% of patients, 
respectively [67]. It has been demonstrated that each of the 
vitamins alone or in combination with other vitamins and 
minerals can be effective in the control of infectious diseases 
and their progress [68]. Each of the vitamins or combina-
tion of them is required for inducing a distinct stage of the 
immune response. For instance, vitamins A, D, E, and C 
have a notable role in the modification of the immune system 
[69, 70]. The following contexts briefly introduce the most 
important vitamins and minerals related to the COVID-19 
treatment and control.

Vitamin A

There are three active forms of vitamin A including retinoic 
acid, retinol, and retinal acid. Vitamin A is a fat-soluble 
vitamin that plays a pivotal role in activating the immune 
system, including inherent immunity, humoral immunity, 
and specific immunity mediated by cells [71]. The function 
of vitamin A is related to the rise of T-cell proliferation, 
signaling, and function, and stimulation of IL-2 secretion 
[72, 73]. It has been reported that deficiency of vitamin A 
in mice can be associated with severe defects in T-helper 
activity [74]. Besides, retinoids act as effectors of the T-cell-
mediated adaptive and innate immune responses by stimulat-
ing antigen-presenting dendritic cells (DCs), natural killer 
(NK) cells, and innate lymphoid cells (ILCs) [75, 76].

Due to the different functions of vitamin A such as immu-
nomodulatory and antimicrobial activity, it can be consid-
ered as an important factor in the fight against viral infec-
tions such as COVID-19 [77]. It has been demonstrated that 
retinoic acid is involved in modulating the pathogenesis of 
acute respiratory distress syndrome (ARDS), the produc-
tion of IL1-β and IL-1 receptor antagonists by alveolar 
macrophages, and the subsequent pulmonary infiltration 

of neutrophils [78]. Moreover, retinoic acid in combination 
with simvastatin has indicated notable effects in pulmonary 
restoration and remodeling [79].

Vitamin A is also known as an anti-infective agent. The 
related studies indicate that vitamin A therapy can reduce 
measles virus (MeV) replication through inhibiting type I 
interferon (IFN) signaling [80]. Besides, some studies have 
confirmed the direct inhibitory effects of retinoids on the 
replication of some viruses, including hepatitis B virus 
(HBV), cytomegalovirus (CMV), influenza A virus, measles 
virus (MeV), and norovirus [16, 58, 81, 82]. These findings 
highlight the application of vitamin A as a promising thera-
peutic candidate alone or in combination with other antiviral 
agents against COVID-19 [15, 83]. Based on a systematic 
review regarding the relationship between vitamin A sta-
tus and severity of respiratory tract infections, vitamin A 
deficiency has been confirmed in 12–46% of children with 
respiratory tract infections [19, 23, 84].

Moreover, the effect of riboflavin and UV light on plasma 
and whole blood inoculated with SARS-CoV-2 indicated 
a significant reduction in the SARS-CoV-2 titer [85]. A 
clinical study regarding the effect of vitamin A on COVID 
-19 patients has been presented in Table1 (NCT04900415). 
There are some pieces of evidence that SARS-CoV and 
MERS-CoV prevent IFN-I-mediated antiviral responses and 
subsequently can interfere with treatment efficacy [86–88]. 
In this regard, it has been suggested that retinoids can 
potentiate the function of IFN-I. These findings highlight 
the potential role of retinoids in combination with IFN-I 
against COVID-19.

B‑complex vitamins

B-complex vitamins are a group of water-soluble vitamins 
comprised of eight members including B1 (thiamin), B2 
(riboflavin), B3 (niacin), B6 (pyridoxine), B12, folate (folic 
acid), biotin, and pantothenic acid. Vitamin B1 has a key 
role in muscle contraction and transmission of nerve signals 
through releasing energy from foods [21]. It has been shown 
that thiamin deficiency can potentially lead to more severe 
symptoms in COVID-19 patients through increasing inflam-
mation and aberrant antibody responses. Besides, a sufficient 
level of thiamin, as a carbonic anhydrase isoenzyme inhibi-
tor [89] can prevent hypoxia in patients and decrease the 
hospitalization rate [90].

Vitamin B2 (riboflavin) is involved in the energy metabo-
lism of the body cells [91]. In a study conducted by Keil 
et  al., vitamin B2 coupled with UV light resulted in a 
reduction of MERS‐CoV’s titer in human plasma products. 
However, it has a leading cause in the incidence of severe 
hypoxemia [92]. Vitamin B3 or niacin has a potent anti-
inflammatory impact through the reduction of neutrophil 
accumulation in the lungs during ventilator-induced lung 
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Table 1   Current clinical trials related to vitamin therapy in COVID-19 patients

*Please refer to http://​clini​caltr​ials.​gov for more details.

Vitamins NCT number Study title Phase Age Status*

Vitamin A NCT04900415 Olfactory and Neurosensory Rehabilitation in COVID-
19-related Olfactory Dysfunction

2 18 years and older Recruiting

Vitamin D NCT04344041 COVID-19 and vitamin D supplementation: a multicenter 
randomized controlled trial of high dose versus standard-
dose vitamin d3 in high-risk COVID-19 patients 
(CoVitTrial)

3 70 years and older Completed

NCT04709744 Impact of vitamin D level and supplement on SLE patients 
during COVID-19 pandemic

NA 18–80 years Completed

NCT04535791 Efficacy of vitamin D supplementation to prevent the risk 
of acquiring COVID-19 in healthcare workers (COVID-
19)

3 18- 70 years Recruiting

NCT04386850 Oral 25-hydroxyvitamin D3 and COVID-19 2/3 18–75 years Recruiting
NCT04411446 Cholecalciferol to improve the outcomes of COVID-19 

patients
4 18 years and older Recruiting

NCT04385940 Vitamin D and COVID-19 management 3 17 years and older Recruiting
NCT04482673 Vitamin D supplementation in the prevention and mitiga-

tion of COVID-19 infection
4 50 years and older Recruiting

NCT04883203 The effect of vitamin D supplementation on COVID-19 
recovery (COVID-VITD)

3 18–70 years Completed

NCT04525820 High dose vitamin-d substitution in patients with COVID-
19: a randomized controlled, multi-center study

NA 18 years and older Recruiting

NCT04552951 Effect of vitamin D on morbidity and mortality of the 
COVID-19 (COVID-VIT-D)

4 Child, adult, older adult Recruiting

NCT04411446 Cholecalciferol to improve the outcomes of COVID-19 
patients (CARED)

4 18 years and older Recruiting

NCT04636086 Effect of vitamin D on hospitalized adults with COVID-19 
infection

4 18 years and older Recruiting

NCT04733625 The effect of vitamin D therapy on morbidity and mortal-
ity in patients with SARS-CoV 2 infection

NA 18 years and older Completed

NCT04344041 Covid-19 and vitamin D supplementation: a multicenter 
randomized controlled trial of high dose versus standard-
dose vitamin d3 in high-risk COVID-19 patients 
(CoVitTrial)

3 65 years and older Completed

NCT04459247 Short term, high dose vitamin d supplementation for 
COVID-19 (SHADE)

NA 18 years and older Active, not recruiting

NCT04621058 Efficacy of vitamin D treatment in mortality reduction due 
to COVID-19

3 Child, adult, older adult Recruiting

NCT04502667 Efficacy of vitamin D treatment in pediatric patients hospi-
talized by COVID-19

3 1 month to 17 years Recruiting

Vitamin C NCT04401150 Lessening organ dysfunction with vitamin C-COVID-19 3 18 years and older Recruiting
NCT04357782 Administration of intravenous vitamin c in novel corona-

virus infection (COVID-19) and decreased oxygenation 
(AVoCaDO)

1/2 18–99 years Completed

NCT04344184 Safety study of early infusion of vitamin c for treatment 
of novel coronavirus acute lung injury (SAFE EVICT 
CORONA-ALI)

2 18 years and older Recruiting

NCT04682574 Role of mega dose of vitamin c in critical COVID-19 
patients

NA Child, adult, older adult Recruiting

NCT04363216 Pharmacologic ascorbic acid as an activator of lymphocyte 
signaling for COVID-19 treatment

2 18 years and older Not yet recruiting

NCT04710329 High-dose vitamin c treatment in critically ill COVID-19 
patients

NA 18–99 years Completed

http://clinicaltrials.gov
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injury [34]. It has been indicated that niacin, as a building 
block of NAD and NADP, could potentially decrease the 
production of pro-inflammatory cytokines such as IL-1β, 
IL-6, and TNF-α, which may be beneficial in controlling 
cytokine storm in COVID-19 patients [93, 94]. On the 
other hand, deficiency of cobalamin, or B12 can inhibit the 
immune system’s ability to produce antibodies to viral infec-
tions. Severe deficiency even causes hyperhomocysteinemia, 
in which fatal blood clots are formed in the brain, lungs, 
and lower leg. Unfortunately, this deficiency has been over-
looked regarding the examination of the cause of death in 
COVID-19 patients. Most animal products, such as eggs, 
milk, fish, and meat are containing vitamin B12. Besides, 
nutritional yeasts also pack vitamin B12 and are useful for 
vegans with a high risk of B12 deficiency. Different types of 
vitamin B play a fundamental role in the induction of desir-
able immune responses, energy metabolism, improvement 
of respiratory function, and reduction of pro-inflammatory 
cytokine titer. Thus, they can be recommended as promis-
ing therapeutic candidates against COVID-19 [21, 95, 96]. 
Figure 2 shows the role of different types of vitamin B in 
SARS-CoV-2 binding, replication, and invasion. However, 
there are some limitations in the treatment of patients with 
B vitamins [97]. While B-complex intake seems safe, but 
high doses of B3 or B6 may be led to serious side effects. 

A high dose of B6 vitamin can cause nerve damage, light 
sensitivity, and painful skin lesions [88]. Moreover, a high 
dose of B3 vitamin (niacin) may lead to high blood sugar 
levels, vomiting, skin flushing, and even liver damage [98].

Vitamin C

Vitamin C or ascorbic acid as an essential micronutrient has 
pleiotropic functions in the body due to its electron-donating 
capacity. It is known as a cofactor for a group of enzymes 
that are involved in biosynthetic and gene regulatory proce-
dures. Vitamin C plays an important role in cell-mediated 
immunity related to the adaptive and innate immune systems 
[65]. Besides, vitamin C as an antioxidant agent can protect 
from oxidative stress-induced cellular damages through the 
elimination of reactive oxygen species (ROS), prevention of 
lipid peroxidation, and protein alkylation [99].

The main role of vitamin C in infectious diseases is 
related to its function in the (i) stimulation of the neutrophil 
migration into the site of infection, (ii) enhancement of the 
phagocytosis and oxidant production, and (iii) elimination 
of microbial germs [100]. Vitamin C through increasing 
neutrophil apoptosis and macrophage clearance, decreas-
ing neutrophil necrosis can protect from extreme host tissue 
damages [65].

Fig. 2   The role of different 
types of vitamin B in COVID-
19 binding, replication, and 
invasion. Data were adapted 
with permission from a work 
published by Shakoor et al. [90]
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Recently, promising results have been obtained regard-
ing the intravenous (IV) administration of vitamin C against 
COVID-19. At present, IV injection of vitamin C is used in 
Shanghai for the treatment of COVID-19 patients [67]. It 
has been suggested that vitamin C is involved in inducing a 
strong immune response and reducing the cytokines storm 
during COVID-19 infection. The reduction of the cytokines 
storm in the late stages of the COVID-19 considers as the 
most important function of vitamin C [67].

It has also been documented that the high-dose adminis-
tration of vitamin C for patients with sepsis and acute res-
piratory distress syndrome does not change notably inflam-
mation markers and improves organ dysfunction scores [23]. 
While early IV administration of vitamin C in combination 
with corticosteroids/thiamine can significantly prevent pro-
gressive organ malfunction and reduce the rate of mortal-
ity in patients with severe sepsis and septic shock [101]. 
However, there are contradictory results in this respect, for 
instance, in a cohort study on 94 patients with severe sepsis 
and septic shock, a triple therapy including hydrocortisone, 
vitamin C, and thiamine was used but there were no favora-
ble results related to hospital mortality, duration of hospi-
talization, intensive care unit (ICU) mortality, ICU length of 
stay, and time to vasopressor independence [102].

While vitamin C has low toxicity, it leads to gastrointes-
tinal complications including diarrhea, abdominal pain, and/
or nausea in a dose up to 2 g per day [103, 104]. Since addi-
tional values of vitamin C can excrete in the urine, it may be 
the cause of renal stones [104]. Moreover, in patients with 
glucose-6-phosphate dehydrogenase (G6PD) deficiency, 
vitamin C leads to hemolytic anemia disease [105]. Nev-
ertheless, vitamin C concurrent with other antiviral agents 
or alone is currently considered as a promising therapeutic 
candidate against COVID-19 infection. Recently, several 
clinical studies have been conducted regarding the thera-
peutic effects of vitamin C on COVID-19 patients (Table 1).

Vitamin D

The circumstantial and experimental evidence indicates that 
vitamin D plays an imperative role in immunomodulatory, 
antioxidant activity, and antiviral responses [106]. Modu-
lation of the innate and adaptive immune system through 
vitamin D is related to the regulation of T cell function, 
stimulation of Toll-like receptors (TLRs), and the genera-
tion of pro-inflammatory cytokines [107, 108]. It has been 
suggested that vitamin D can significantly minimize the 
pro‐inflammatory production via the (i) selective form of 
inhibition of inflammatory cytokines, (ii) reducing leuko-
cyte infiltration into the site of inflammatory, (iii) interac-
tion with monocytes, macrophages, neutrophils, and mast 
cells [109–111], (iv) increasing the memory and regulatory 

T cells (Treg), (v) reducing the neutrophil/lymphocyte ratio, 
and (vi) influencing the functional state of T cells [112–114].

The role of vitamin D in reducing the risk of respira-
tory tract infections is related to the expression of vitamin D 
receptors (VDRs), the generation of antimicrobial peptides 
in the human airway epithelium, and respiratory homeostasis 
[107, 115]. The VDRs are extensively distributed in respira-
tory epithelial cells and immune cells (e.g., B cell, T cell, 
macrophages, and monocytes). The 25-hydroxyvitamin D 
(25OHD), the major circulating form of vitamin D, can be 
converted to the active form (1, 25-dihydroxy vitamin D) 
in the bronchial epithelium and immune cells [116]. It has 
been demonstrated that vitamin D blocks NF-κB p65 activa-
tion via up-regulation of IκBα (NF-κB transcription factor 
inhibitory protein) [117]. Besides, vitamin D can reduce 
the expression levels of pro-inflammatory type 1 cytokines 
(e.g., IL-12, IL-16, IL-8, TNF-α, IFN-γ), while increasing 
the expression of type 2 cytokines (e.g., IL-4, IL-5, IL-10), 
and Treg cells [118]. The immunomodulatory effects of vita-
min D on multiple immune cell lineages have been shown 
in Fig. 3.

Vitamin D enhances the levels of nuclear factor eryth-
roid 2-related factor 2 (NRF2), as a regulatory factor for 
the expression of antioxidants, and modulates mitochondrial 
activities. In addition, it can prevent lipid peroxidation, oxi-
dative stress-related protein oxidation, and DNA damage 
[119]. Based on recent studies, the high susceptibility to 
acute respiratory infections caused by COVID-19 is associ-
ated with a notable deficiency of vitamin D [120]. It has 
been shown that vitamin D supplementation can signifi-
cantly potentiate the innate immune responses to respiratory 
viral infections caused by influenza A and B, parainfluenza 1 
and 2, respiratory syncytial virus (RSV), and chronic hepa-
titis C [115, 121].

Vitamin D through activation of TLRs or enhancement 
of cathelicidins and β-defensins levels can induce the innate 
immune system, as well as modulate T cells function and 
adaptive immune system through the reduction of immuno-
globulin secretion by plasma cells and production of pro-
inflammatory cytokines [107]. The studies highlight the 
preventive role of vitamin D supplementation in respiratory 
tract infections, autoimmune diseases, and pulmonary fibro-
sis [107].

There are some reports that this vitamin could suppress 
virus-induced inflammation and lead to antiviral activity. 
This function of vitamin D could inhibit the cytokine storms 
in COVID-19 patients. Based on the results of a randomized 
controlled trial (RCT), administration of a high-dose vita-
min D (100,000 IU/per month) can reduce the incidence of 
acute respiratory infections in comparison to the standard 
dose (12,000 IU/month), especially in older long-term care 
residents [122, 123]. However, there is not enough evidence 
about the direct effect of vitamin D in viral replication and 
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load in COVID-19 patients. Based on recent findings, the 
level of vitamin D can influence serological response to 
influenza vaccine via improving the activity of CD8 + T 
cells. Since there is a relation between the dysfunction of T 
cells and the severity of COVID‐19, vitamin D may improve 
the functionality of CD8 + T cell response against corona-
virus [124, 125].

Moreover, vitamin D through interaction with the renin-
angiotensin system (RAS) can promote the expression of 
ACE2. In the RAS the ACE cleaves angiotensin I (Ang I) 
into angiotensin II (Ang II). The binding of Ang II into 
type 1 receptor can lead to inflammation, lung injury, and 
leaky vessels. The function of ACE2 can be resulted in 
forming of Ang-(1–7) directly from the cleavage of Ang II. 
The endogenous ratio of Ang II/Ang-(1–7) is regulated by 
the balance between the level of ACE and ACE2 enzymes. 
In this pathway, vitamin D may interfere with RAS activity 
through the inhibition of renin and preventing Ang I pro-
duction [126, 127]. The ACE2 exopeptidase is expressed 
in human airway epithelial cells, lung parenchyma, and 
especially in the epithelial lining of the oral cavity, con-
verts Ang I to the nonapeptide Ang provides a suitable 
portal for SARS-CoV-2 virus entry [17, 128]. The stages 
of COVID-19 infection including (i) virus exposure and 
virus entry, (ii) virus replication, (iii) immune response 
against viral infection, and (iv) uncontrolled immune 
response. The supplementation of vitamin D in each stage 
of COVID‐19 infection may possess potential advantages 
and some disadvantages. Currently, several clinical trials 
have been conducted regarding the treatment of COVID 

-19 patients with vitamin D (Table 1), however, it has not 
been approved as an effective therapeutic agent against 
COVID-19, and further studies are warranted to confirm 
these findings.

Vitamin E

The fat-soluble vitamin E is known as one of the main 
components of antioxidant defense. Based on epidemio-
logical researches, vitamin E deficiency is an effective 
factor in viral pathogenicity and immune responses. It is 
worthy to note that vitamin E through enhancement of 
the T cell numbers, IL-2 secretion, mitogenic lymphocyte 
responses, and NK cell activity can reduce the risk of 
infection. Based on reported results, vitamin E supplemen-
tation can significantly increase resistance to respiratory 
infections [90, 129, 130].

Natural vitamin E is comprised of four tocopherols 
including alpha, beta, gamma, and delta-tocopherol. 
Among them, alpha-tocopherol is the only used form in 
the human body, which is needed to treat vitamin E defi-
ciency. Nevertheless, mixed tocopherols are more effective 
than α-tocopherol alone due to the range of receptors for 
these nutrients [131]. Despite the notable role of vitamin 
E in the immune system, there is inadequate informa-
tion regarding the influence of vitamin E in COVID-19 
patients, however, patients are encouraged to the adequate 
dietary ingestion of vitamin E [130].

Fig. 3   Immunomodulatory effects of vitamin D (1, 25(OH)2D3) on multiple immune cell lineages. NK natural killer; DC dendritic cell; R recep-
tor; VDR vitamin D Receptor; MΦ macrophage. Data were adapted with permission from a work published by Cyprian et al. [165]
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Selenium

Selenium is an antioxidant that can reduce the oxidative 
stress induced by a viral infection. It also acts as an anti-
inflammatory agent and is crucial for a desirable immune 
response. It has been demonstrated that the low values of 
selenium are related to an increased risk of mortality and 
cognitive decline. However, it indicates antiviral effects in 
a suitable dose and harmful side effects in a high dose [21]. 
According to previous studies, selenium supplementation 
has shown a notable role in the control of viral infections 
[132, 133], such as HIV-1 [134, 135], liver cancer caused 
by hepatitis B, and epidemic hemorrhagic fever [132, 136]. 
Furthermore, selenium through immunomodulation is effec-
tive in the evolution of a variety of viruses [137, 138]. It may 
alter the viral genome via oxidative stress from a benign or 
mildly pathogenic to a highly virulent virus in the host [139]. 
Selenium deficiency has commonly resulted in the weakness 
of the host immune system. So that, selenium supplementa-
tion in combination with a group of enzymes and vitamin E 
can limit the formation of free radicals and prevent oxidative 
damage to cells and tissues. Consequently, the supplementa-
tion of selenium could be considered as an effective mineral 
for the management of COVID‐19 infection.

In a study performed on serum samples from COVID-19 
patients, the selenium status was significantly higher in sur-
viving than non-surviving patients [140]. Furthermore, in a 
similar study conducted in China, a linear association was 
observed between regional selenium status and the cure rate 
of COVID-19 patients [21, 23, 27, 32, 141–147]. There are 
a few studies regarding selenium therapy of COVID-19 due 
to variation in regional selenium status and the narrow range 
between toxicity and therapy essential dose (Table 2) [21].

Zinc

Currently, it has been revealed that zinc minerals can poten-
tiate the immunity system against virus infections through (i) 

inducing IFN-γ and IFN-α production, (ii) reducing mono-
nuclear cells and TNF, and (iii) inhibiting the virus entry 
via increasing the stability of the cell membrane [148–150]. 
Zinc supplementation is also capable to reduce TNF-α and 
IL-1β in healthy humans [151]. On the other hand, zinc 
indicates anti-apoptotic effects at the thymic and peripheral 
level through enhancing the Bcl-2/Bax ratio and inhibiting 
caspases-3,-6, and -9 production [152].

Based on mentioned features, zinc is currently considered 
as a promising therapeutic candidate for COVID-19 infec-
tion [21]. It has been shown that Zn2+ cations coupled with 
zinc ionophores pyrithione have an inhibitory effect on rep-
lication and activity of coronavirus RNA polymerase (RNA 
dependent RNA polymerase, RdRp) [153]. It seems that one 
of the most common strategies for COVID-19 management 
is blocking virus entry into host cells through interaction 
with ACE2 [21]. In a study performed by Speth and cow-
orkers, the notable effect of 100 mM zinc was shown on 
the reduction of recombinant human ACE2 activity in rat 
lungs [154]. This concentration is nearby to physiological 
standards of zinc, however, the modulating effect of zinc 
on the interaction between ACE2 and SARS-CoV-2 seems 
to be only in the hypothetical stage [155, 156]. Researches 
indicate that chloroquine as a zinc ionophore agent can rise 
Zn2+ flux into the cells [157, 158].

Based on recent studies, zinc in absence of chloro-
quine might indicate similar advantages without harmful 
side effects of chloroquine [158]. These results have been 
reported regarding the effects of zinc ionophores (querce-
tin and epigallocatechin-gallate) [159] with lower toxicity. 
However, there is an essential need to conduct clinical tri-
als and evaluate this hypothesis [160]. The deficiency of 
zinc can lead to an imbalance and abnormal activity in the 
immune system. For instance, severe deficiency can result 
in high susceptibility to infections, weight loss, skin dis-
orders, gastrointestinal disorders, and growth retardation 
[161]. Based on recently published data, zinc is capable to 
inhibit SAR-CoV RNA polymerase [162]. Thus, it has been 

Table 2   Current clinical trials related to the combinational therapy with minerals in COVID-19 patients

*Please refer to http://​clini​caltr​ials.​gov for more details

Minerals NCT number Study title Phase Age Status*

Selenium NCT04877509 Micronutrient status involved in immunity in elderly patients with 
COVID-19 (MicroCovAging)

NA 50 years and older Completed

Zinc NCT04370782 Hydroxychloroquine and zinc with either azithromycin or doxycy-
cline for treatment of COVID-19 in outpatient setting

4 30 years and older Completed

NCT04377646 A study of hydroxychloroquine and zinc in the prevention of 
COVID-19 infection in military healthcare workers

3 18–65 years Not yet recruiting

NCT04446104 A preventive treatment for migrant workers at high-risk of COVID-
19

3 21–60 years Completed

NCT04447534 Zinc with chloroquine/hydroxychloroquine in treatment of COVID-
19

3 18 years and older Recruiting

http://clinicaltrials.gov


1142	 F. Lotfi et al.

1 3

suggested that Zn2+ cations especially in complex with zinc 
ionophore pyrithione can inhibit RdRP and may be consid-
ered as potential therapeutic candidates against COVID-19. 
Zinc function is related to interaction with the zinc-binding 
domain (HEXXH motif) located on the ACE2 receptor as 
a zinc metallopeptidase [163]. At present, several ongoing 
clinical studies have been conducted regarding the zinc sta-
tus in COVID-19 patients (Table 2 ).

Vitamins and cytokine storm in COVID‑19

Similar to the SARS and MERS, different levels of cytokine 
storm have also been detected in a large number of patients 
with severe COVID-19, especially in ICU patients. The 
cytokine storm is considered one of the most important 
causes of death. Based on recent findings, vitamins alone 
or in combination with approved drugs can counteract both 
DNA and RNA viruses and seems to be a rationale for using 
these micronutrients in the management of COVID-19 [164]. 
It has been implicated that micronutrients and minerals may 
prevent cytokine storms by interfering with the production 
of different inflammatory cytokines (Fig. 4). Based on in-
vitro study results, the DNA binding of NF-κB to promoters 
of interleukins (e.g., IL-6, IL-8, IL-12) and cyclooxygenase 
(COX2) can be down-regulated by 1α,25 dihydroxy vitamin 
D3 and led to reduced transcription of all these interleukins 
and COX-2. Besides, vitamin E may reduce NF-κB binding 

activity into the DNA and down-regulate the production of 
a pro-inflammatory cytokine such as IL-6, IL-8, IL-12, and 
COX-2 [164], which are involved in severe forms of COVID-
19 infection [125].

It has been also reported that vitamin C can increase 
antiviral cytokines level (e.g., IFN-α/β) and free radical 
formation, and subsequently decrease viral load. Besides, 
it can attenuate the excessive inflammatory responses and 
hyperactivation of immune cells [125]. Vitamin C as an 
important micronutrient can protect some vital cells and 
micro-organelles against ROS-mediated injury and oxida-
tive-mediated damage. Although, further clinical trials are 
needed to confirm the effects of vitamin C on COVID-19. 
At present, a clinical trial (phase II) in Zhongnan Hospital 
of Wuhan University in China is under evaluation of vitamin 
C effects and its intervention with cytokine storms and the 
risk of acute respiratory distress syndrome in COVID-19 
patients (https://​clini​caltr​ials.​gov/​ct2/​show/​NCT04​264533). 
Besides, the succinate form of vitamin D and vitamin E (as 
a functional form), can suppress ROS and prevent activation 
of a wide series of genes and modification of enzymatic 
pathways in the cytoplasm.

In summary, the nucleocapsid and/or spike proteins of the 
SARS-coronavirus may cause the induction of the synthesis 
of the pro-inflammatory cytokine directly through binding to 
the promoters of the specific DNA motifs such as NF-κB and 
CCAAT/enhancer-binding protein (C/EBP). Besides, viral 
agents may activate NF-κB by interaction with its specific 

Fig. 4   A potential role of vitamins and minerals in the prevention of cytokine storm during COVID-19 infection

https://clinicaltrials.gov/ct2/show/NCT04264533
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subdomains. Therefore, viral proteins may increase (directly 
or indirectly) the production of IL-1, IL-6, IL-8, IL-17, and 
TNF-α during the development of COVID-19 infection. 
In this regard, vitamins such as A, D, and E may decrease 
the binding of NF-κB to their specific sequences on DNA 
and reduce the synthesis of the pro-inflammatory cytokine, 
prevent or decrease the cytokine storms [164]. The well-
designed trials are needed to clarify the role of the vitamin in 
COVID-19 patients, alone or in combination with different 
approved drugs.

Final remarks and conclusions

Despite the relentless efforts of scientists, researchers, and 
medicians towards the COVID-19 infection, the adequate 
treatment of disease manifestations remains an outstanding 
challenge. Currently, it has been revealed that the nutritional 
aspects of COVID-19 patients could play an important role 
in the management of the disease process. In this regard, 
micronutrients including different vitamins and minerals 
are considered the most effective agents against infectious 
diseases due to their anti-inflammatory and antioxidant prop-
erties. It is noteworthy that an inadequate level of vitamins 
and minerals seriously disrupt the function of the immune 
system against pathogens. In contrast, a sufficient level 
of micronutrients may beneficially affect the accuracy of 
immune functionality, modulate chronic inflammatory and 
autoimmune conditions, and reduce the risk and severity of 
the infection. Besides, the immune system undergoes sev-
eral changes during different stages of life and may present 
lower protecting features in older people, thus, an adequate 
supply of micronutrients plays a key role in improving the 
immunity function.

At present, the lack of specific therapeutic options has 
been led to symptomatic management of COVID-19 patients 
with severe infection through oxygen therapy and mechani-
cal ventilation. Regarding the range of favorable effects of 
the vitamins including safety, ease of use, as well as direct 
effects on immune cell activity, pulmonary ACE2 expres-
sion, and reduction of surface tension, the clinical applica-
tions of them as adjuvant therapies can be considered for 
COVID-19 patients. However, we need a better understand-
ing of the micronutrient status in COVID-19 patients espe-
cially regarding vitamins with a narrow therapeutic range.
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