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A B S T R A C T

Background: Viral respiratory infections (VRIs) continue to be among the most common illnesses and are known 
to be one of the main reasons of medical consultations worldwide.
COVID-19 remains a major public concern and a threat to global health. The current focus lies on the pivotal role 
of the human host’s immunologic response in combating viral threats.
This critical review aims to examine the current evidence on the potential benefit of nutritional supplements in 
the prevention and treatment of COVID-19 and viral respiratory infections (VRIs).
Methods: The study was performed in the Google-Scholar and PubMed databases with a main emphasis on 
publications between January 2000 and September 2023. Consequently, a total of 202 articles were included in 
this literature review, distributed as follows: 62 meta-analyses and systematic reviews, 20 randomized clinical 
trials, 11 clinical trials, 28 observational cohorts and 81 others. Of these, 44 % were published between 2020 and 
2023.
Results: The research indicates that Vitamin C may have a mitigating effect on VRIs, whereas a deficiency in 
Vitamin D might heighten susceptibility to COVID-19. Understanding the roles of Vitamins A, B, and E is 
hampered by limited data availability. Zinc supplementation and probiotics emerge as potential preventive 
measures for both COVID-19 and VRIs, with selenium and magnesium demonstrating promising results in 
treating VRIs. The recommendation for omega-3 fatty acid supplementation for COVID-19 treatment awaits 
further evidence.
Conclusion: Currently, there is insufficient clinical evidence to definitively establish the efficacy of vitamin, 
mineral, probiotic and/or omega-3 supplementation for combating COVID-19 and VRIs.

1. Introduction

Viral respiratory infections (VRIs) are among the most common ill-
nesses globally and are a leading cause of medical consultations [1]. The 
World Health Organization (WHO) notes that viral diseases persistently 
emerge and pose significant public health threats, presenting with a 
broad spectrum of clinical manifestations, from asymptomatic upper 
respiratory infections to severe lower respiratory conditions like pneu-
monia [2]. VRIs notably impact quality of life and societal productivity 
[3]. Recently, the world faced the third major coronavirus epidemic, 
COVID-19, which emerged in Wuhan, China, in late 2019. Initially 
called 2019-nCoV, it was renamed COVID-19 by the WHO in 2020 [4]. 

This followed earlier coronavirus epidemics: severe acute respiratory 
syndrome (SARS-CoV) in 2002 [5] and Middle East Respiratory Syn-
drome (MERS-CoV) in 2012 [6]. These prior outbreaks, originating from 
animal-to-human transmission, were primarily associated with severe 
atypical pneumonia [7,8]. SARS-CoV-2, the virus responsible for 
COVID-19, is a single-stranded RNA virus that enters cells through 
endocytosis or membrane fusion, leading to a range of illnesses 
including respiratory, enteric, hepatic, and neurological diseases [9]. 
SARS-CoV-2 features spike glycoproteins that bind to host cell receptors, 
facilitating viral-cell membrane fusion. These receptors are abundant in 
the lungs, heart, ileum, kidneys, and bladder [10]. COVID-19 manifests 
in a broad spectrum, from asymptomatic cases and mild upper 
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respiratory tract infections to severe pneumonia, acute respiratory 
distress syndrome (ARDS), and death [11]. Laboratory findings also 
reveal cytokine storms and sepsis in some COVID-19 patients [12]. Like 
other viral infections, COVID-19 poses the greatest risk to the elderly, 
immunocompromised individuals, and those with chronic diseases [13]. 
The immune response plays a crucial role in combating SARS-CoV-2 
[14], and researchers stress the importance of enhancing the immune 
system through nutritional interventions [15,16]. Recent studies suggest 
that nutritional supplementation may support individuals with 
COVID-19 [17]. Therefore, understanding how to boost immunity is 
vital for COVID-19 prevention and management. Nutrition is 
well-documented as a key factor in immune function [18,19]. Optimal 
immune response requires a healthy immune system, and infections 
increase the demand for various nutrients, heightening the risk of de-
ficiencies. Adequate nutrition supports energy supply, immune response 
development, and maintenance [20], while inadequate micronutrient 
intake impairs immune function, leading to increased infection suscep-
tibility and severity [21]. A 2013 review highlighted the bidirectional 
relationship between nutrition, infection, and immunity: immunity in-
fluences infection characteristics, and poor nutrition diminishes im-
mune function and increases infection risk [22]. Nutritional status can 
also predict the clinical outcome of infections, including COVID-19 [23]. 
Previous research underscores the role of vitamin supplementation in 
boosting immunity against VRIs and ARDS [14]. Despite the recognized 
importance of nutrition in immune function, evidence on routine dietary 
and mineral supplementation to prevent infections remains inconsistent 
and weak. This critical literature review aims to evaluate the evidence 
on the preventive and therapeutic roles of vitamins (A, B, C, D, E), 
minerals (zinc, selenium, iron, copper, magnesium), omega-3 fatty 
acids, and probiotics in combating COVID-19 and VRIs. The review also 
elucidates these supplements’ roles in immune modulation, antioxidant 

activity, and antimicrobial response to viral respiratory diseases, 
particularly COVID-19.

2. Methods

A comprehensive search strategy was employed to identify clinical 
studies on the role of nutritional supplementation in combatting COVID- 
19 and VRIs. This search included literature from PubMed and Google 
Scholar databases, using search terms such as “COVID-19,” “SARS-CoV- 
2,” “Coronavirus,” “Vitamins,” “Respiratory Tract Infections,” “Vitamin 
E,” “Vitamin D,” “Vitamin C,” “Vitamin B,” “Vitamin A,” “Vitamin 
Supplements,” “Dietary supplements,” “Mineral supplements,” “Zinc,” 
“Copper,” “Iron,” “Selenium,” “Magnesium,” “Omega 3,” “Probiotics,” 
“Prevention,” and “Treatment.” Filters were applied to include only 
studies published in English, focusing on publications from January 
2000 to September 2023. The search yielded 243 non-duplicate records, 
which underwent title and abstract screening. Among the 243 selected 
articles, 14 did not provide complete versions, 23 were not directly 
relevant, one was retracted due to ethical concerns, and three ongoing 
clinical trials were excluded. Thus, 202 articles were included in this 
study, comprising 62 meta-analyses and systematic reviews, 20 ran-
domized clinical trials, 11 clinical trials, 28 observational cohorts, and 
81 others. Of these, 44 % were published between 2020 and 2023. The 
distribution of these articles is shown in Fig. 1.

3. Results and discussion

3.1. The use of nutritional supplements in managing COVID-19 and VRIs

The pathophysiology of COVID-19 involves a cytokine storm, a fatal 
immune response triggered by various factors, notably infections. The 

Fig. 1. Stages of studies selection.
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clinical manifestations of COVID-19 are closely related to this cytokine 
storm and are characterized by an excessive release of pro-inflammatory 
cytokines [24]. Managing the cytokine storm and mitigating resultant 
immunogenetic damage are among the main therapeutic strategies for 
COVID-19 [25]. A robust immune system is crucial in combating 
SARS-CoV-2, with various nutrients playing a significant role in sup-
porting immune function (Fig. 2). These nutrients enhance all three 
types of immunity (physical barriers, cellular immunity, and antibody 
production) and may offer protection against COVID-19 and other VRIs, 
potentially serving as adjunctive therapy for COVID-19 patients [26].

Various studies suggest that dietary supplements can provide a cost- 
effective immunity boost and may aid in managing COVID-19 and VRIs 
complications [27]. Several nutrients, including zinc, selenium, iron, 
copper, magnesium, omega-3 fatty acids, and probiotics, along with 
vitamins A, B, C, D, and E, are subjects of ongoing debate regarding their 
roles in the prevention and treatment of COVID-19 and other VRIs [17,
28,29].

Recent years have seen a global increase in the use of dietary sup-
plements, evidenced by a notable sales growth of 4.4 % [30]. This surge 
has resulted in significant commercial activity, with estimated total 
expenditure of US$ 36.7 billion in the US in 2014, including US$ 14.3 
billion allocated to vitamin and mineral supplements [31]. Several re-
ports indicate a rise in supplement use among the general population of 
Arab countries. A 2018 study in Saudi Arabia (n = 474) revealed a 
prevalence of 44.6 % in vitamin and mineral supplement use [32]. 
Similarly, studies in the Arab region have reported increased use: in 
Qatar, 49.6 % of college students used supplements [33], and in the 
United Arab Emirates, 39 % of university students reported consuming 
dietary supplements [34]. In Lebanon, a 2016 study showed a rising 
trend in dietary supplement consumption, though it highlighted mis-
conceptions and a need for consumer education on the efficacy and 
safety of these products [35].

Respiratory tract infections involve the direct invasion of the 
mucosal lining of the upper and lower respiratory airways by bacteria or 
viruses, triggering an immune response mediated by inflammatory cy-
tokines. Individuals with suboptimal immune function are at increased 
risk of contracting respiratory infections and experiencing severe or 
prolonged disease courses. VRIs include various serotypes of viruses that 
replicate solely within host cells and can infect different organisms. This 
review will examine the impact of vitamin and mineral supplements on 
VRIs affecting the upper and lower respiratory tracts, including the 
common cold, seasonal influenza, bronchitis, and pneumonia [36].

The influenza virus, the most prevalent VRI, affects the respiratory 
tract by either compromising the immune system response or through 
direct viral infection. Pneumonia, often resulting from influenza, is a 
common cause of mortality in vulnerable populations such as those 
under 5 years old, over 65 years old, residing in nursing homes, or with 
chronic lung or heart diseases, a history of smoking, or 

immunocompromised conditions [37,38].
The common cold is an acute viral infection of the upper respiratory 

tract, affecting the nose, sinuses, pharynx, and larynx. It is transmitted 
through hand contact with secretions from an infected person or through 
aerosolized secretions [39,40]. Symptoms include nasal stuffiness and 
discharge, sneezing, sore throat, and cough [39]. Acute bronchitis is 
clinically diagnosed by a cough due to acute inflammation of the trachea 
and large airways without evidence of pneumonia and is predominantly 
caused by viral infections. Pneumonia is suspected in patients with 
tachypnea, tachycardia, dyspnea, or lung findings suggestive of the 
disease [41].

The SARS-CoV-2 virus, which causes COVID-19, has been a global 
public health concern since its emergence. Approximately 80 % of 
confirmed cases exhibit mild to moderate symptoms, 13.8 % have severe 
effects, and 6.1 % present with critical symptoms, with older adults 
(≥60 years) at higher risk of severe disease [42]. Pulmonary infections, 
including those caused by coronaviruses and certain influenza viruses, 
are associated with a high incidence of ARDS, a life-threatening lung 
injury [43]. ARDS typically develops rapidly within hours to days and 
may require immediate intensive care unit (ICU) treatment [44].

3.2. Effectiveness of nutritional supplements in the prevention of COVID- 
19 and VRIs

Currently, the most effective strategies for reducing COVID-19 
transmission involve preventive measures such as physical distancing, 
public hygiene practices, and the use of facial masks [45]. Recent evi-
dence suggests that nutritional supplementation, particularly with high 
daily doses of Vitamins D, C, E, and omega-3 fatty acids, may be bene-
ficial for patients with COVID-19 [24,46,47]. These nutrients are 
recognized for their antioxidant properties and immunomodulatory ef-
fects, which can potentially reduce SARS-CoV-2 viral load and shorten 
hospitalization duration. Deficiencies in these vital nutrients can lead to 
immune dysfunction and increased susceptibility to infections, particu-
larly in high-risk groups such as the elderly, who are more vulnerable to 
severe morbidity and mortality from COVID-19 [38]. Tables 1 and 2
summarize findings from various studies reviewed, highlighting the role 
of vitamins and mineral supplements in preventing and/or treating 
COVID-19 and VRIs.

3.2.1. Vitamin A
Vitamin A is a natural retinoid species predominantly obtained in its 

provitamin A form from beta-carotenoid, notably present in orange- 
colored foods like carrots and sweet potatoes [48]. The body then con-
verts these provitamin carotenoids into retinoids [49]. Retinoids serve 
various functions, including maintaining vision and health [50] regu-
lating epithelial and membrane functions, influencing bone metabolism 
and antioxidative properties [51] as well as modulating the immune 

Fig. 2. Comprehensive role of nutrients in enhancing immune response against COVID-19 and viral respiratory infections.
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system [52].
Both carotenoids and retinoic acid enhance T cell function, which 

can improve the adaptive immune response to pathogens, such as vi-
ruses [53]. The anti-oxidative properties of vitamin A are believed to be 
pivotal in neonatal respiratory distress syndrome [54]. Furthermore, 
Vitamin A derivatives exhibit antioxidant and surfactant-mediating 
properties that may offer protective effects against ARDS, a severe 
complication of COVID-19 [53].

Vitamin A also contributes to the formation of healthy mucus layers 
in the respiratory tract and intestine, which is essential for mucin 
secretion and enhancing antigen non-specific immunity functions. As 
such, Vitamin A deficiency is associated with an increased risk of 
infection [55]. It has been highlighted in a recent review that vitamin A 
losses occur in infection via impaired vitamin A absorption and urinary 
losses [56]. However, systematic reviews and meta-analyses have indi-
cated that vitamin A supplementation does not significantly impact the 
risk of lower respiratory diseases (LRD) and symptoms in children, 
suggesting a cautious approach to its recommendation for LRD pre-
vention [57,58].

Despite these insights, direct clinical evidence linking vitamin A 
administration to enhanced resistance to infection is lacking, high-
lighting the need for well-controlled studies to thoroughly investigate 
this aspect. Similarly, no studies have suggested the role of Vitamin A 
supplementation for the prevention of COVID-19.

3.2.2. Vitamin B
B vitamins are a class of water-soluble vitamins that play a major role 

in cell metabolism [14]. Folic acid (B9), Cobalamin (B12), and Pyri-
doxine (B6) have essential roles in both the innate and adaptive immune 
responses [14,59]. The B vitamin complex may regulate cytokine pro-
duction and facilitate interaction with immune cells participating in the 
inflammatory pathway [14,60]. Specifically, Vitamin B6 modulates 
T-lymphocyte proliferation and hinders cytokine release, making it an 
essential nutrient in the regulation of the immune system and antiviral 
activity [60,61]. Riboflavin (B2) exhibits immunomodulatory effects, 
and its deficiency stimulates pro-inflammatory gene expression [60]. 
Biotin (B7) is also recognized as an immunomodulatory vitamin capable 
of decreasing the production and secretion of pro-inflammatory cyto-
kines [62]. Thiamine (B1) controls the production of cytokines and 
immune cells participating in pathological processes and inflammation; 
its deficiency leads to the overproduction of pro-inflammatory media-
tors such as IL-1, IL-6, and TNF–α [14]. In a 2013 randomized, 
double-blind, placebo-controlled trial, 1000 North Indian children aged 
6–30 months received either twice the Recommended Dietary Allow-
ance (RDA) for B9 and/or B12 or a placebo daily for 6 months. Despite 
this, neither of these vitamins reduced the occurrence of lower respi-
ratory infections, indicating the necessity for further extensive ran-
domized controlled trials (RCTs) to elucidate the complete advantages 
of these nutrients [63].

Table 1 
Vitamin supplements in the prevention and treatment of RVIs and Covid-19.

Vitamin Function Prevention RVIs COVID-19 Treatment RVIs COVID-19 Reference

D - Has antiviral actions and 
immunomodulatory function 
on innate and adaptive 
immunity

- Inhibits Cytokine Release 
Syndrome and inflammatory 
process.

- Decreases Il-6
- Maintains functional tight 

junctions

Supplementation may be 
effective: 
Supplementation may reduce 
the risk of acute upper 
respiratory tract infections.

Supplementation may 
be beneficial/Limited 
evidence: 
Deficiency may 
increase the risk of 
COVID-19 infection.

No available 
data.

Limited data available/ 
supplementation unlikely 
to be beneficial: 
Supplementation may reduce 
hospitalization stay and 
mortality. 
Daily administration of 
vitamin D may reduce the 
severity of the disease and 
the need for ICU treatment.

- Single dose administration 
of vitamin D3 (200,000UI) 
does not significantly 
decrease the length of stay.

[9,25,27,38,
80,81,84–91,
93,94,96,100,
101,150,151]

C - Antiviral and antioxidant 
properties

- Promotes phagocytosis and 
chemotaxis of leucocytes

- Promotes maturation and 
development of T- 
lymphocytes

- Reduces Il-6 and cytokine 
storm.

Limited evidence:

- Decrease in incidence, 
severity and duration of cold.

- Slight reduction in the length 
and severity of colds.

No available data Inconsistent 
results/Limited 
evidence:

- Decrease 
duration and 
severity of 
common cold.

- No effect on 
mortality in 
viral 
pneumonia.

Supplementation unlikely 
to be effective/Limited 
evidence and inconsistent 
results: 
Supplementation unlikely to 
be beneficial in decreasing 
mortality. 
Supplementation unlikely to 
decrease severity of 
symptoms, hospitalization, 
or death.

[24,47,64,66,
68–76,
140–143,145]

E - Enhances the immune 
response through its anti- 
oxidative properties.

- Increases the number of T- 
cells and IL-2 cytokine 
secretion

Limited data available/May 
be beneficial: 
Protects against upper 
respiratory tract infections and 
pneumonia in elderly.

No available data No available 
data

No available data [24,102–105]

A - Improves adaptive immune 
response to pathogens by 
increasing T cell function.

- Antioxidant properties
- Anti-viral effects
- Maintains vision & health

Limited data: No effect of 
supplementation on 
respiratory infections

No available data. No available 
data

No available data [52–54,57,58,
134]

B - Important role in both innate 
and adaptive immune 
response: mainly Vitamins B6, 
B12 and folic acid.

Unlikely to be beneficial/ 
Limited data: No reduction in 
lower respiratory infection risk 
with B6 & B12 
supplementation

No available data No available 
data

May be beneficial/Limited 
data: 
Vitamins B12, D and Mg 
decrease clinical 
deterioration

[14,60,61,63,
138,139]
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Table 2 
Mineral and other supplements in the prevention and treatment of RVIs and Covid-19.

Supplement Function Prevention RVIs COVID-19 Treatment RVIs COVID-19 Reference

Zinc - Maintenance of 
adaptive and innate 
immunity.

- Regulation and 
formation of 
inflammatory 
responses.

- Promotes 
phagocytosis, 
cytokine production.

- Antiviral activity
- Component of 

metalloenzyme
- Gene expression.
- Membrane/ 

Cytoskeletal 
stabilization

Supplementation may be 
effective

- Decreases the incidence 
and prevalence of lower 
respiratory tract 
infections

Limited data 
available/ 
Supplementation 
may be effective

Supplementation may be 
effective

- Shorter median recovery 
time.

- Reduction in the duration of 
illness, respiratory rate, and 
improvements in oxygen 
saturation

Limited data available/ 
Supplementation may be 
effective

- Shortens the duration of 
COVID-19 and its symp-
toms including cough, 
sore throat, and shortness 
of breath

[18,
107–115,
117,
158–163]

Selenium - Antioxidant activity
- Expression of 

inflammatory protein 
and cytokines

- Effect on virus-host 
cell attachment 
interaction

- Anti-inflammatory 
activity

Unavailable data Limited data 
available/ 
Supplement-ation 
may be effective

Limited data available/ 
Supplement-ation may be 
effective

Unavailable data [24,
119–124,
165,167]

Iron - Regulates production 
of cytokines.

- Improves 
phagocytosis.

- Increases T-cell 
proliferation and 
function.

- Present in 
Hemoglobin & 
myoglobin.

Supplementation 
unlikely to be beneficial

Unavailable data Unavailable data Supplementation unlikely 
to be beneficial

[118,
168–171,
173,175]

Copper - Aids neutrophil 
phagocytosis.

- Increases IL-2 and 
antibody production.

- Increases T-cell 
proliferation.

Improves cellular 
immunity by activating 
cytokines and 
chemokines.

Unavailable data Supplementation 
may be effective

Unavailable data Supplementation may be 
effective.

[27,
176–180]

Magnesium - Involved in DNA 
replication and 
repair.

- Role in antigen 
binding to 
macrophages.

- Regulation of 
leukocytes activation.

- Cofactor in antibody 
synthesis.

- Anti-inflammatory, 
antioxidant, and 
bronchial smooth 
muscle relaxation 
properties

Unavailable data Unavailable data Limited data available/ 
Supplementation unlikely 
to be beneficial

Unavailable data [139,
181–187]

Omega 3 - Constitutive part of 
the cell membrane

- Signaling molecules.
- Exert anti-viral effects 

by inhibiting influ-
enza virus replication.

- Anti-inflammatory 
properties.

Unavailable data Unavailable data Unavailable data

- Insufficient positive 
outcomes in terms of 
multiple inflammatory, 
respiratory, and clinical 
measures for patients with 
ARDS.

Unavailable data

- Insufficient data that 
Omega-3 supplementation 
may hold significance for 
critically ill COVID-19 
patients

[23,28,
188–190,
193,194,
197]

Probiotic - Gene expression.
- Protein synthesis.
- Signaling pathways in 

immune cells.

Supplementation may be 
effective.

- Reduces the incidence 
and duration of fever, 

Unavailable data Supplementation could be 
effective

Unavailable data

- Data showed promising 
benefits of probiotics in 

[29,
129–133,
198–202]

(continued on next page)
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3.2.3. Vitamin C
Vitamin C, also known as ascorbic acid, is an essential water-soluble 

vitamin recognized for its role in immunity, particularly during in-
fections. It enhances phagocytosis and chemotaxis in white blood cells 
and aids in the development and maturation of T-lymphocytes [64]. 
Speculation exists that Vitamin C may mediate the adrenocortical stress 
response during sepsis [65]. Previous studies suggest that vitamin C 
inhibits the replication of viruses such as Herpes Simplex Virus, Polio-
virus, and Influenza [66,67]. Moreover, research indicates that vitamin 
C reduces IL-6 levels, thereby decreasing inflammation [68,69]. A recent 
meta-analysis confirmed that vitamin C, administered at doses of 
250–1000 mg per day for less than a week, reduces IL-6 levels, regard-
less of the administration route [70]. Vitamin C is also suggested to 
prevent the common cold, with regular supplementation modestly 
reducing the duration and severity of colds [14,71].

A UK placebo-controlled trial with 168 participants showed that 
those receiving daily vitamin C (2 × 500 mg) for 60 days had a lower 
incidence of colds (37 vs. 50, p = 0.05) and shorter duration of severe 
symptoms (1.8 vs. 3.1 days, p = 0.03), with a 17 % reduction in 
recurrent colds (19 % vs. 2 %; p < 0.001) [72]. A Cochrane review of 29 
placebo-controlled trials with 11,306 participants found that regular 
oral administration of vitamin C (200 mg daily) did not consistently 
reduce the incidence of colds in the general population [73,74]. How-
ever, in five trials with 598 individuals involved in skiing, military 
service, and marathon running, vitamin C reduced the incidence of colds 
by 52 % (p < 0.0001). These results suggest that vitamin C may enhance 
viral infection resistance during intense physical exertion, though 
mega-dose prophylaxis is not justified for general use but may be war-
ranted under specific conditions [74].

A Cochrane systematic review demonstrated that regular adminis-
tration of 1–2 g of vitamin C is cost-effective, safe, and consistently re-
duces the severity and duration of the common cold by 18 % in children. 
Trials with regular vitamin C administration showed an 8 % reduction in 
cold duration (3 %–12 %) in adults and by 14 % (7 %–21 %) in children, 
indicating a potential dose-dependent effect up to 6–8 g/day [73]. 
However, trials administering vitamin C only after symptom onset did 
not consistently demonstrate benefits [76]. Despite controversy 
regarding vitamin C’s precise effects, administration route, and optimal 
dosage, its potential benefits, safety profile, and cost-effectiveness make 
it a potential treatment for respiratory infections.

Limited studies have investigated vitamin C status in individuals 
with COVID-19. Low vitamin C levels are common among critically ill, 
hospitalized COVID-19 patients, likely due to increased metabolic con-
sumption [74]. An observational study of 21 critically ill COVID-19 
patients admitted to the ICU showed that those who died had hypo-
vitaminosis C, with a mean level of 15 μmol/L, compared to 29 μmol/L 
among survivors [77]. Another observational study in a Barcelona ICU 
with 18 COVID-19 patients having ARDS found that all patients had 
undetectable to low vitamin C levels (<9 μmol/L among 17 individuals 
vs. 14 μmol/L in one individual), though the study’s small sample size 
and variations in blood sample collection days limit generalization [78].

In summary, oral vitamin C supplementation may reduce the dura-
tion and severity of cold symptoms via a dose-dependent effect. A recent 
review notes that symptoms associated with some coronaviruses 
resemble those in the early phase of SARS-CoV-2 infection, suggesting a 
rationale for considering vitamin C administration to reduce infection 
severity and duration. While vitamin Caction is not virus-specific, it may 

alleviate symptoms related to SARS-CoV-2. Despite being inexpensive 
and safe, these assertions require validation through RCTs [74].

3.2.4. Vitamin D
Vitamin D, a group of fat-soluble steroids, encompasses a range of 

biological functions, including bone formation and calcium and phos-
phorus homeostasis. The two main forms of vitamin D supplementation, 
ergocalciferol (Vitamin D2) and cholecalciferol (Vitamin D3), serve as 
precursors to 1,25(OH)2D3, the active form of Vitamin D. Recently 
discovered non-classical roles include immunomodulation, lung and 
muscle function, cardiovascular health, and infectious disease preven-
tion [9].

3.2.4.1. Immunomodulatory functions of Vitamin D. Beyond its role in 
mineral homeostasis, Vitamin D serves as an immune system regulator. 
It plays a crucial role in modulating both innate and adaptive immunity, 
offering protection against pathogens [9]. Vitamin D exerts direct 
antiviral and antibacterial actions by inducing antimicrobial peptides, 
including human Cathelicidin (LL37). These peptides eliminate invading 
pathogens by disrupting their cell membranes and neutralizing endo-
toxins [79]. Moreover, Vitamin D acts as a modulator of adaptive im-
munity, enhancing the development of immune cells and their 
responses, which helps limit the release of pro-inflammatory cytokines, 
contributing to the defense against pathogens [80]. In the context of 
COVID-19, Vitamin D may function as an immunosuppressant by 
inhibiting Cytokine Release Syndrome. Specifically, it can downregulate 
pro-inflammatory cytokines in pulmonary infections, thereby mitigating 
inflammatory responses. This includes decreasing the expression of IL-6, 
which plays a key role in the cytokine storm associated with severe 
outcomes in patients with COVID-19 induced-pneumonia. This cytokine 
storm is linked to severe adverse outcomes, making vitamin D a possible 
preventive nutrient against ARDS [38]. Vitamin D also protects against 
COVID-19 through physical barriers composed of tightly connected cells 
that block the entry of pathogens, such as viruses, into susceptible tis-
sues. While viruses can alter cell junction integrity, vitamin D plays a 
major role in maintaining the functionality of these junctions [81]. 
Given its role as a potent immune suppressor, vitamin D supplementa-
tion may inhibit abnormal immune responses, specifically the cytokine 
storm seen in COVID-19. Consequently, vitamin D is integral to the 
immune response and is needed for maintaining the health of the res-
piratory tract. Studies have reported that vitamin D supplementation 
reduces the risk of acute upper respiratory tract infections, suggesting it 
may play a role in the response to COVID-19 [14,27,38]. Initial reports 
highlighted a high prevalence of hypovitaminosis D in 85 % of 
COVID-19 patients [82] and showed that serum concentrations of 
25-hydroxyvitamin D are lower in COVID-19 patients compared to 
controls [83]. However, although significant inverse correlations were 
observed across 20 European countries, no significant associations be-
tween vitamin D deficiency and COVID-19 were reported [84]. A 
meta-analysis of 25 RCTs including 10,933 participants across 14 
countries showed that the administration of vitamin D reduces the risk 
of ARTIs (OR 0.88, 0.81 to 0.96; P for heterogeneity <0.001). Protective 
effects were obtained with daily or weekly doses but not with supple-
mental boluses. These effects were more pronounced in participants 
with low baseline calcifediol levels (<25 nmol/L) compared to those 
with levels ≥25 nmol/L [85]. A systematic review and meta-analysis 
including data from 11 RCTs involving 5660 participants with an 

Table 2 (continued )

Supplement Function Prevention RVIs COVID-19 Treatment RVIs COVID-19 Reference

- Produces interferon 
which helps suppress 
virus-induced cyto-
kine storms

rhinorrhea, cough and 
antibiotic prescription.

- Reduces the number of 
episodes and 
frequencies of ARTIs.

lowering the risk of 
COVID-19.
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average age of 16 years demonstrated a significant reduction in the risk 
of RTIs with vitamin D supplementation (OR 0.64, 95 % CI 0.49–0.84; p 
= 0.001). However, the interpretation of these findings is restricted by 
limited availability of patient groups, considerable heterogeneity across 
the studies, and indications of notable publication bias [86,87]. Further 
analysis showed that daily Vitamin D supplementation exhibited a 
protective effect (OR 0.51, 95 % CI 0.39–0.67), while vitamin D 
administered in bolus doses once per month or less did not yield the 
same result (OR 0.86, 95 % CI 0.60–1.20). A comprehensive 2013 sys-
tematic review, encompassing 39 studies (14 RCTs, 13 cohort studies, 8 
case–control studies, and 4 cross-sectional studies) reported consistent 
associations in observational studies between low vitamin D levels and 
an elevated risk of ARTIs. In contrast, interventional trials within this 
review presented inconclusive evidence, potentially attributed to sig-
nificant heterogeneity in dosing regimens and baseline vitamin D status 
[86]. Moreover, several subsequent RCTs have reported that Vitamin D 
supplementation did not lead to a reduction in the risk of ARTIs [86,88,
89]. A study involving predominantly Vitamin-D deficient residents 
living in sheltered accommodations showed an increased risk of upper 
ARTI when given a high bolus dose (Hazard Ratio [HR] = 1.48, 95 % CI 
1.02–2.16; p = 0.039) [86,90]. Conversely, a placebo-controlled trial 
with 5660 subjects demonstrated a significant reduction in the risk of 
respiratory tract infections with vitamin D supplementation [87]. 
Another review including five clinical studies reported a significantly 
lower risk of respiratory tract infection in patients supplemented with 
vitamin D compared to the control group [91]. Currently, there is 
insufficient evidence to support recommending vitamin D supplemen-
tation to prevent ARTIs [86]. Thus, the Scientific Advisory Committee 
on Nutrition (SACN) declared a statement concluding that current evi-
dence does not justify the recommendation of vitamin D supplementa-
tion for the prevention of ARTIs, unless data from interventional studies 
advise otherwise [92].

3.2.4.2. Vitamin D deficiency and COVID-19. Vitamin D, a group of fat- 
soluble steroids, encompasses a range of biological functions, including 
bone formation and calcium and phosphorus homeostasis. The two main 
forms of vitamin D supplementation, ergocalciferol (Vitamin D2) and 
cholecalciferol (Vitamin D3), serve as precursors to 1,25(OH)2D3, the 
active form of Vitamin D. Recently discovered non-classical roles 
include immunomodulation, lung and muscle function, cardiovascular 
health, and infectious disease prevention [9]. A study conducted in the 
UK with 341,484 participants aged 37–73 years (2006–2010) examined 
baseline exposure data, including initial 25(OH) D concentration and 
ethnicity, in relation to COVID-19 test results. This investigation aimed 
to determine if vitamin D deficiency or insufficiency (defined as serum 
25(OH)D < 25 and < 50 nmol/L, respectively) was associated with 
COVID-19-related deaths. Among participants, 203 individuals died 
from COVID-19 infection between March 5th and April 25th, 2020. The 
findings indicated that both vitamin D deficiency and lower 25(OH)D 
concentration were associated with a higher risk of death from 
COVID-19; however, no association was observed after adjusting for 
potential confounders such as age, sex, ethnicity, month of assessment, 
household income, BMI category, smoking status, diabetes, blood pres-
sure, self-reported health rating, and long-standing illness, disability, or 
infirmity. A notable limitation is the 10-year gap between the baseline 
25(OH)D measurement and COVID-19 infection. Additionally, in a 
subsample of 15,473 participants with follow-up measurements 
(average 4.3 years later), an 84 % concordance rate for vitamin D 
deficiency was observed [93].

Numerous observational studies suggest a protective effect of 
adequate vitamin D levels. For instance, a study of 14,000 health service 
members tested for COVID-19 (February 1 - April 30, 2021) found that 
individuals who tested negative had significantly higher mean plasma 
vitamin D levels compared to those who tested positive. Univariate 
analysis indicated an association between low plasma 25(OH)D3 levels 

and increased odds of COVID-19 infection (OR 1.58, 95 % CI: 1.24–2.01, 
p < 0.001) as well as hospitalization due to SARS-CoV-2 (OR 2.09, 95 % 
CI: 1.01–4.30, p < 0.05) [93,94]. In a multivariate analysis, the adjusted 
OR for COVID-19 infection (1.45, 95 % CI 1.08–1.95; p < 0.001) and 
hospitalization (adjusted OR 1.95, 95 % CI 0.98–4.845; p = 0.061) 
remained significant with low vitamin D levels, even after controlling 
for demographic variables and psychiatric and somatic disorders [95]. 
Another study with 212 COVID-19 patients found a correlation between 
vitamin D status and hospitalization outcomes, showing that higher 
vitamin D levels were associated with milder clinical outcomes [96].

The “COVID-19 rapid guideline: vitamin D″ from the National Insti-
tute for Health and Care Excellence (NICE) reviewed five studies 
examining the link between vitamin D status and COVID-19, with four 
studies suggesting an association between lower vitamin D levels and 
the development of COVID-19, though confounding factors were not 
accounted for [97]. A retrospective study in Belgium with 186 positive 
cases and 2717 negative controls showed significantly lower median 
vitamin D levels in COVID-19 patients compared to controls (p =
0.0016) [98]. Conversely, a UK study found no significant differences in 
vitamin D levels between COVID-19 cases and controls after adjusting 
for confounders [99].

While these studies demonstrate an association rather than causa-
tion, it highlights the need for further RCTs in the prevention and 
treatment of COVID-19 [86]. Despite a lack of clinical trials assessing the 
preventive role of vitamin D in COVID-19, some retrospective observa-
tional studies report a correlation between vitamin D levels and 
COVID-19 cases and severity, though findings are inconsistent. For 
example, a retrospective study in South Asia found a significant rela-
tionship between vitamin D status and clinical outcomes (p < 0.001) 
[25]. While current treatments for COVID-19 include various agents like 
antiviral drugs and plasma transfusion, the role of vitamin D remains 
under investigation with insufficient evidence to conclusively establish 
its impact on COVID-19 severity and mortality [100]. Although vitamin 
D deficiency has been linked to an increased risk of respiratory in-
fections like COVID-19, and higher levels appear protective, there is no 
well-established cut-off level defining this relationship [101].

3.2.5. Vitamin E
Vitamin E, a fat-soluble compound, is an effective antioxidant that 

neutralizes free radicals and reactive oxygen species. As a major 
component of antioxidant defense, it may improve cell membrane 
integrity and enhance the adaptive immune system response to viral 
respiratory tract infections [14,102]. Vitamin E boosts the immune 
system by increasing the number of T cells, enhancing mitogenic 
lymphocyte responses, IL-2 cytokine secretion, and natural killer (NK) 
cell activity, and decreasing infection risk [24]. Its role in preventing 
infections, particularly influenza, has been discussed, although 
well-controlled human studies are lacking. A randomized, double-blind, 
placebo-controlled trial from April 1998 to August 2001 involving 617 
individuals aged 65 or older in 33 long-term care facilities in Boston 
found that a daily dose of 200 IU vitamin E did not significantly affect 
lower respiratory tract infections but did show a protective effect against 
upper respiratory tract infections, such as the common cold [103]. 
Another randomized controlled study with 2216 smokers receiving 50 
mg/d of vitamin E for 5–8 years reported a 69 % reduction in pneumonia 
incidence among elderly men [104]. Additionally, vitamin E supple-
mentation has been shown to increase resistance to respiratory in-
fections [105]. Mixed tocopherols are more effective than α-tocopherol 
alone due to a broader range of receptors [106]. Despite these benefits, 
there is limited information on the effects of vitamin E supplementation 
in humans with COVID-19. However, adequate intake of antioxidant 
nutrients through a balanced diet is currently encouraged [24].

3.2.6. Zinc
Zinc is an essential trace element that plays an important role in 

growth, development, and maintenance of the immune function [107]. 
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As a cofactor, it is an integral component of more than 300 enzymes, 
exerting secondary effects on the human immune system and acting as a 
signaling molecule in the physiology of the immune system [108]. 
Studies show that zinc functions not only as an anti-inflammatory agent 
but also as an antioxidant stabilizing nutrient [109]. Moreover, zinc 
influences the survival of immune cells and affects important functions 
such as phagocytosis, target cell killing, and cytokine production [110]. 
Numerous reviews highlight the role of zinc in immunity and its impact 
on host susceptibility to viral infections, particularly VRIs [111–113]. 
Randomized clinical trials have explored the role of zinc in preventing 
VRIs. For instance, a 2014 study found no significant effect from 2 weeks 
of prophylactic zinc supplementation on the incidence of acute respi-
ratory infections [114]. Another RCT comparing zinc gluconate 15 
mg/day capsules with a corn-starch placebo showed no significant dif-
ferences between groups in diagnosed cases of upper respiratory in-
fections [115]. However, a recent study showed that daily 
supplementation of 5 mg of zinc over 12 months significantly decreased 
the incidence of respiratory infections in healthy children aged 6–12 
months [116]. Likewise, another study concluded that zinc supple-
mentation reduced the incidence and prevalence of lower respiratory 
tract infections in children [117]. These findings align with a 2020 
meta-analysis suggesting that zinc doses of more than 75 mg/d may have 
promising antiviral effects against common cold viruses, including 
influenza [118].

3.2.7. Selenium
Selenium, a trace element, plays a crucial role in the immune system 

through its antioxidant and anti-inflammatory effects [119,120]. Sele-
noproteins K and S contribute to the regulation of immune responses. 
Inadequate selenium levels are linked to increased mortality risk and 
impaired immune function, whereas higher selenium concentrations or 
supplementation demonstrate antiviral effects [121]. Research has 
shown that selenium intake is associated with enhanced immunity, 
largely due to the role of dietary selenium deficiency in elevating 
oxidative stress, impairing immunity, and promoting genetic mutations 
of pathogenic viruses, such as influenza [118]. Several studies have 
investigated the impact of selenium supplementation on immunity in 
patients with VRIs, including COVID-19. Despite ongoing debate about 
the potential benefits and risks of selenium supplementation, there is 
limited research on its preventive role in VRIs. An RCT exploring the 
influence of selenium on influenza vaccine immunity in older adults 
found that the effects could be both beneficial and detrimental, 
depending on the selenium form and dose [123]. Currently, there is 
insufficient evidence to support the use of selenium supplements for 
preventing COVID-19 or improving its prognosis [124].

3.2.8. Iron
Numerous reviews have explored the role of iron in immunity and 

host susceptibility to infection. Iron deficiency affects various aspects of 
immune function, including respiratory burst, bacterial killing, natural 
killer cell activity, T lymphocyte proliferation, and T helper 1 cytokine 
production [125,126]. There is consensus that iron deficiency increases 
susceptibility to infection, underscoring the importance of maintaining 
optimal iron levels for an effective immune response. However, the 
relationship between iron deficiency and infection susceptibility is 
complex, and studies on the antiviral role of iron yield conflicting re-
sults. While many studies have investigated the connection between iron 
levels and immunity or the risk of viral infections, few have examined 
the impact of iron supplementation on preventing or treating COVID-19 
and VRIs. A randomized, placebo-controlled clinical trial assessing daily 
iron supplementation found no statistically significant effects on the 
incidence of respiratory infections or anthropometric indices [127].

3.2.9. Copper
Copper is essential for immune function, contributing to the devel-

opment and differentiation of immune cells. It exhibits antimicrobial 

properties and supports the activity of neutrophils, monocytes, macro-
phages, and natural killer cells. Additionally, copper enhances T 
lymphocyte responses, including proliferation and IL-2 production, aids 
in antibody production, maintains intracellular antioxidant balance, and 
protects immune cells [27]. Although no clinical studies have yet 
investigated copper supplementation for preventing or treating respi-
ratory infections in humans, emerging evidence suggests its potential 
benefits for immunity, especially concerning COVID-19. This will be 
discussed further in the section “Copper in the treatment of COVID-19 
and VRIs”.

3.2.10. Probiotics
The United Nations Food and Agriculture Organization (FAO) and 

the World Health Organization (WHO) define probiotics as live micro-
organisms that offer health benefits to the host when administered in 
adequate amounts [128,129]. Probiotics are known for their impact on 
immunity, significantly affecting the functionality of the mucosal and 
systemic immune systems through the activation of multiple immune 
mechanisms [130]. Research has explored the association between 
probiotics and VRIs, with particular focus on COVID-19. A double-blind, 
placebo-controlled study assessing the effects of probiotic consumption 
on the incidence of cold and influenza-like symptoms in healthy children 
during the winter found that six months of daily dietary probiotic sup-
plementation was both safe and effective in decreasing the incidence 
and duration of fever, rhinorrhea, and cough, as well as the reliance on 
antibiotic prescriptions [131]. Conversely, a systematic review of 14 
RCTs demonstrated that probiotics improved the response of the im-
mune system to the influenza virus and were more effective than placebo 
in reducing the number of participants experiencing episodes and fre-
quencies of acute respiratory tract infections (ARTIs), as well as 
decreasing antibiotic use [132]. A separate meta-analysis including 10 
RCTs with a total of 2894 participants found that probiotics had a 
modest but significant effect on reducing the common cold [133].

3.3. Effectiveness of nutritional supplements in the treatment of COVID- 
19 and VRIs

3.3.1. Vitamin A
A study aimed at identifying candidate targets, pharmacological 

functions, and therapeutic pathways of vitamin A against SARS-CoV-2 
showed that vitamin A exhibits anti-viral, anti-inflammatory, and 
immunomodulatory effects through different biological processes and 
cell signaling pathways, and may have clinical utility in the treatment of 
COVID-19 [134]. However, it is important to note that no 
well-controlled patient-oriented study has been conducted to assess this 
possibility.

3.3.2. Vitamin B
The effectiveness of vitamin B12 supplementation remains debated. 

In Brazil, numerous hospitals treating COVID-19 patients recommend 
vitamin B12 supplementation or intramuscular injection, especially in 
cases of deficiency [135]. Pharmacological treatment with B12 typically 
involves high doses (1000–2000 μg/day) administered for an average of 
1–3 months [136]. Vitamin B12 therapy, particularly when combined 
with folate, is known to reduce levels of inflammation and oxidative 
damage, both systemically and in the central nervous system [137], 
potentially alleviating COVID-19 symptoms and improving prognosis, 
including during or after the post-acute COVID-19 syndrome [138]. In a 
cohort observational study including older hospitalized COVID-19 pa-
tients aged ≥50 years, supplementation with 500 mcg/d oral vitamin 
B12, 1000 IU/d oral vitamin D3, and 150 mg/d oral magnesium upon 
admission significantly reduced the number of patients with clinical 
deterioration, particularly those requiring oxygen support, intensive 
care support, or both [139]. However, larger randomized controlled 
trials (RCTs) are needed to fully confirm the benefits of this combination 
in reducing the severity of COVID-19. Thiamin and its derivatives are 
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proposed to synergistically act with ascorbic acid, potentially reducing 
anaerobic respiration and oxidative stress. This synergy may improve 
mortality outcomes and organ recovery in critically ill patients with 
septic shock. However, there is no conclusive evidence supporting 
vitamin B supplementation for VRIs. Additionally, there is insufficient 
significant data to advise group B vitamins supplementation in 
SARS-CoV-2 infected patients to enhance their immune response [14].

3.3.3. Vitamin C
Since its synthesis in 1933, Vitamin C supplementation has been 

suggested as a preventive method for respiratory infections. Although 
considered safe, high intravenous doses may cause adverse effects, such 
as oxalate kidney stone formation [14]. Some studies indicate positive 
effects on reducing the duration of the common cold [73], but admin-
istering Vitamin C only after symptom onset has inconsistent benefits 
[75]. Despite its antiviral and antioxidant properties, the effects of 
Vitamin C on COVID-19 remain unclear. Its safety profile supports 
cautious use until more data on COVID-19 is available.

Numerous studies have explored the efficacy of vitamin C in treating 
severe viral infections. A recent observational study showed that 
adjunctive intravenous Vitamin C therapy (6 g/day until ICU discharge) 
did not improve 28-day mortality or prognosis in patients with severe 
viral pneumonia and respiratory failure [140]. A large trial with 
high-dose intravenous Vitamin C (50 mg/kg every 6 h) for ARDS found 
no significant improvement in inflammation markers or organ 
dysfunction scores, but mortality was dramatically reduced [141]. 
Another meta-analysis indicated that intravenous Vitamin C in critically 
ill patients with sepsis and septic shock might reduce ICU stay duration 
and mechanical ventilation need but does not impact overall mortality 
[142].

Therapeutic studies on Vitamin C have shown inconsistent benefits, 
potentially due to factors like initiation timing and duration affecting 
trial outcomes [75]. During the previous SARS outbreak, Vitamin C use 
was suggested, and it may reduce elevated IL-6 levels seen in severe 
COVID-19 patients [143]. A recently published randomized clinical trial 
on severe COVID-19 patients found no significant differences in SpO 2 
levels at discharge, ICU stay length, or mortality between those 
receiving daily high-dose intravenous Vitamin C (6 g) and those 
receiving lopinavir/ritonavir and hydroxychloroquine [144]. Similarly, 
a 2020 trial involving 214 SARS-CoV-2 patients found no significant 
differences in symptom severity, hospitalizations, or mortality among 
those receiving zinc gluconate, ascorbic acid, both agents, or standard 
care [145].

A systematic review of six RCTs indicated no reduction in mortality, 
ICU stay length, or mechanical ventilation need with Vitamin C sup-
plementation [146]. In critically ill septic patients, some clinicians re-
ported positive clinical effects with intravenous Vitamin C (3 g every 6 
h) combined with steroids and anticoagulants [147]. Early administra-
tion of intravenous Vitamin C with corticosteroids and thiamine has 
been effective in preventing organ dysfunction and reducing mortality in 
severe sepsis and septic shock. However, the combination of high-dose 
Vitamin C, hydrocortisone, and thiamine showed similar survival im-
pacts to intravenous hydrocortisone alone, suggesting limited additional 
value of Vitamin C in sepsis [148]. In a randomized trial, septic patients 
receiving Vitamin C (25 mg/kg intravenously every 6 h) showed a sig-
nificant reduction in 28-day mortality compared to placebo (14 % vs. 64 
%; p = 0.009) [149].

Given the ability of vitamin C to prevent IL-6 increase in severe in-
flammatory conditions and the crucial role of IL-6 in severe COVID-19, it 
is logical to consider vitamin C as a potential treatment for COVID-19 
patients. However, there is currently insufficient strong evidence to 
support the use of vitamin C as prophylaxis or treatment for COVID-19, 
and ongoing clinical trials are expected to provide more definitive evi-
dence [143]. Numerous clinical trials are underway to evaluate Vitamin 
C supplementation in COVID-19 patients [24].

3.3.4. Vitamin D
Information on the preventive effects of vitamin supplements on 

COVID-19 severity and mortality is currently limited. Several registered 
randomized trials are investigating the role of vitamin D in the severity 
of COVID-19 infections, but their results have not yet been reported 
[25]. The COVIT-TRIAL, an open-label, multicenter, randomized 
controlled superiority trial, aims to assess whether vitamin D supple-
mentation can improve the prognosis of COVID-19 in older adults at 
higher risk of worsening. It compared the effects of a single oral high 
dose of cholecalciferol with a single oral standard dose on the 14-day 
all-cause mortality rate in older adults with COVID-19. Participants, 
aged 65 years or older with COVID-19, were randomized to receive 
either high-dose cholecalciferol (two 200,000 IU drinking vials at once 
on the day of inclusion) or standard-dose cholecalciferol (one 50,000 IU 
drinking vial on the day of inclusion). Results showed that providing 
at-risk older patients with COVID-19 an early high-dose of vitamin D3, 
as opposed to a standard dose, resulted in improved overall mortality at 
day 14 but not after 28 days [81]. A randomized clinical trial involving 
240 hospitalized patients with moderate to severe COVID-19 found that 
a single oral dose of 200,000 IU of vitamin D3 did not significantly 
reduce hospital length stay compared to a placebo [150]. Another trial 
at Reina Sofia University Hospital in Spain, involving 76 hospitalized 
COVID-19 patients, showed that oral calcifediol administration signifi-
cantly reduced the need for ICU admission [151]. However, larger trials 
are needed for a definitive conclusion on the reduction of disease 
severity. Two quasi-experimental studies conducted in France showed 
that bolus vitamin D3 supplementation, among frail elderly 
nursing-home residents, during or just before COVID-19 was not asso-
ciated with significantly less severe COVID-19 and a better survival rate 
[81,152]. Consequently, there is no significant difference observed with 
vitamin D supplementation on major health-related outcomes in 
COVID-19, such as ICU admission, mortality, and mechanical ventila-
tion. Well-designed RCTs are necessary to further investigate this topic 
[146]. The primary risk associated with excess vitamin D supplemen-
tation is the possibility of overdosing, although doses exceeding the 
recommended limit of 10 mcg (400 IU) by Public Health England can be 
taken safely. The Endocrine Society set an upper daily limit at 10,000 IU 
[153] while other authorities such as the UK’s Scientific Advisory 
Committee on Nutrition (SACN) [154], the Institute of Medicine (IOM) 
[155], the European Food and Safety Authority (EFSA) [156] recom-
mend staying below 4000 IU/day (100 μg). Large doses of vitamin D can 
lead to intoxication (hypervitaminosis D) with symptoms related to 
elevated calcium levels, including confusion, polyuria, polydipsia, 
anorexia, vomiting, and muscle weakness [86]. Because vitamin D is 
often taken as a supplement and not as a prescription, there is a risk of 
accidental overdose. The pandemic has influenced purchasing behav-
iors, potentially leading to supplement stockpiling and shortages for 
vulnerable groups, such as pregnant women [157]. Additionally, any 
potential benefits of vitamin D in reducing SARS-CoV-2 transmission 
must be studied in conjunction with other preventive measures such as 
mask-wearing, social distancing, hand hygiene, and avoiding contact, 
crowds, and public gatherings [86].

3.3.5. Zinc
Several randomized clinical trials have demonstrated the role of zinc 

in the treatment and prognosis of VRIs. A study evaluating the effec-
tiveness of zinc gluconate supplementation over a 2-month period 
compared to a placebo in children with acute lower respiratory in-
fections found that those supplemented with zinc exhibited a signifi-
cantly shorter median recovery time [158]. Additionally, a study of 103 
children with pneumonia showed a statistically significant clinical 
improvement, including a reduction in the duration of illness, respira-
tory rate, and improvements in oxygen saturation, in the group receiving 
zinc supplementation compared to the placebo group [159]. 
Meta-analyses and systematic reviews of various RCTs on zinc supple-
mentation have consistently indicated that children with recurrent 
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respiratory tract infections tend to have a shorter duration of the com-
mon cold when supplemented with zinc [112,160]. Similar findings 
were reported in a 2020 meta-analysis, which highlighted that admin-
istering zinc within 24 h of the onset of symptoms reduces the duration 
of common cold symptoms [118]. It is agreed that individuals with zinc 
deficiency, especially children and the elderly, are more susceptible to 
infectious diseases, including respiratory viral infections and increased 
respiratory morbidity [18,161].

Recent insights into COVID-19 emphasize the significant role of zinc 
in antiviral immunity, particularly its potential role as a crucial element 
in host defense against RNA viruses [107]. Supporting the 
immune-enhancing properties of zinc, a recent study suggests that zinc 
supplementation can alleviate the effects of COVID-19-induced diarrhea 
and respiratory symptoms, including cough, sore throat, and shortness 
of breath [162]. Another recent study revealed that supplementation 
with 25 mg of elemental zinc twice daily for 15 days significantly re-
duces the 30-day ICU admission rate and shortens the duration of 
COVID-19 symptoms, especially in patients aged 65 and above with 
comorbid conditions requiring oxygen [163]. This proposes a promising 
immunotherapeutic approach for the prevention and treatment of 
COVID-19.

3.3.6. Selenium
An intervention study was conducted on young children under one 

year, hospitalized with pneumonia or bronchiolitis caused by respira-
tory syncytial virus (RSV), to evaluate the therapeutic effectiveness of 
selenium supplementation on acute lower respiratory tract infections. 
Results showed that the days needed for symptom relief and recovery 
were fewer in the selenium supplement group than in the controls. Thus, 
it was concluded that selenium supplements can promote recovery from 
RSV infection [164]. Selenium deficiency has been linked to an 
increased risk of respiratory viral infections. A recent study on the cor-
relation between selenium status, determined by selenium concentra-
tions in hair, and the COVID-19 cure rate in a city population, showed a 
significant association between poor selenium status and lower cure 
rates in COVID-19 patients. Furthermore, critically ill patients suffering 
from viral diseases experienced a rapid drop in selenium levels and 
worse outcomes compared to those with adequate selenium levels. This 
has heightened the focus on selenium deficiency as a major risk factor 
for poor outcomes in viral diseases. A study among COVID-19 patients 
found that selenium status was significantly higher in survivors 
compared to non-survivors [165]. However, some suggest that while 
selenium intake is crucial in host defense against infectious diseases, 
dietary intake alone might not suffice in certain conditions [166]. 
Interestingly, a study on selenium supplementation in preventing 
COVID-19 concluded that only one chemical form of selenium (sodium 
selenite) offers true protection against COVID-19 [167]. Although se-
lenium supplementation in selenium-deficient patients, particularly 
elderly individuals, may be an effective option for treating COVID-19 
and mitigating its severe outcomes, more individual-level data are 
needed to confirm a positive effect.

3.3.7. Iron
While our understanding of the effects of iron in VRIs is limited, some 

clues could be obtained from other viral infections [168]. Iron has 
demonstrated inhibitory effects on various viral infections, including 
influenza A virus and HIV [169]. Moreover, research indicates that iron 
exhibits robust antiviral activity against influenza virus strain A/H1N1 
by influencing RNA transcription and is proposed to enhance protection 
efficacy against the virus [170,171]. Conversely, another study showed 
that the immune-modulating effects of iron and its deficiency pose a 
potential risk factor for the development of recurrent respiratory tract 
infections [172].

Recent updates on the management of anemia in high-risk COVID-19 
patients, such as pregnant women, cancer patients, or hospitalized 
COVID-19 patients, suggest that iron replacement therapy is a promising 

approach to prevent associated complications [118]. However, it has 
also been proposed that limiting the iron supply to COVID-19 patients 
inhibits viral replication and reduces the risk and severity of infections 
[173]. This is supported by several studies suggesting that excessive iron 
in the host leads to oxidative stress, which increases the risk of virus 
mutation [174]. In fact, RCTs have demonstrated an association be-
tween iron supplementation or overload and compromised immunity. 
Given iron’s involvement in essential biological processes such as 
DNA/RNA synthesis and ATP generation, it holds significance for both 
the host and the pathogen. Many viruses, including those causing res-
piratory infections, depend on iron for replication. Evidence suggests 
that an excess of iron may diminish the host’s immune response to the 
virus, leading to impaired immune system, increased inflammation, and 
fostering pathogen growth [173]. It is therefore a necessary approach to 
maintain adequate iron levels, focusing particularly on chelated ions in 
order to prevent the harmful responses produced as a result of excessive 
iron intake or supplementation [175].

3.3.8. Copper
A meta-analysis on the therapeutic role of copper in critically ill 

COVID-19 patients suggests that physicians should consider addressing 
copper insufficiency in their treatment strategies [176]. Additionally, a 
2020 meta-analysis hypothesized that increasing plasma copper levels 
could enhance both innate and adaptive immunity, making it a potential 
preventive and therapeutic approach against COVID-19 due to its potent 
antiviral properties [177]. Combining copper with existing antiviral 
agents may offer a promising treatment strategy [178]. While copper 
administration is generally considered an effective and low-cost com-
plementary strategy to help reduce the transmission of several infectious 
diseases [179], it is important to note that increased copper intake (7.8 
mg/day) can negatively impact the immune system, as observed in a 
study on the Beijing strain of influenza [180]. Therefore, careful atten-
tion should be given to the dosage, severity, and duration of copper 
imbalance to prevent potential copper toxicity.

3.3.9. Magnesium
Magnesium plays an important role in controlling immune function 

by influencing immunoglobulin synthesis, immune cell adherence, 
antibody-dependent cytolysis, Immunoglobulin M lymphocyte binding, 
macrophage response to lymphokines, and T helper-B cell adherence. 
However, very few studies have demonstrated a beneficial effect of 
magnesium supplementation on immunity against viral infections. 
Previous trials indicated its potential benefits in managing acute asthma 
exacerbations through intravenous or inhaled magnesium routes [181]. 
However, studies on oral supplements have reported inconclusive 
findings [182,183]. A 2019 meta-analysis suggested that oral magne-
sium supplements, as an adjuvant to standard treatment for mild to 
moderate asthma, lack high-quality supporting evidence, necessitating 
more robust research before recommendations can be made [184].

A recent review proposed timely magnesium supplementation for 
COVID-19 patients with hypertension, kidney injury, diabetes, or 
pregnancy complications. Magnesium sulfate supplementation has 
shown beneficial effects in treating lung-related diseases, including 
asthma and pneumonia, due to its anti-inflammatory, antioxidant, and 
bronchial smooth muscle relaxation properties [185]. Monitoring 
magnesium levels in COVID-19 patients may be effective in influencing 
disease progression [186]. Additionally, a cohort study indicated that 
combining magnesium with vitamin D and vitamin B12 in critically ill 
older COVID-19 patients significantly reduces the need for oxygen or 
intensive care support [139]. Given the hypothesis that low magnesium 
status may contribute to the progression from mild to critical COVID-19, 
further epidemiological, clinical, and fundamental research is necessary 
to elucidate the potential role of magnesium deficiency in COVID-19 
[187].

A. Aoun et al.                                                                                                                                                                                                                                    Human Nutrition & Metabolism 38 (2024) 200287 

10 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 17, 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



3.3.10. Omega 3
Omega-3 fatty acids are polyunsaturated fats known for their bene-

ficial effects on immunity and inflammation [188]. Besides their struc-
tural role in cell membranes, omega-3 PUFAs and their derivatives 
function as signaling molecules, significantly inhibiting the replication 
of the influenza virus [189,190]. This suggests the potential of omega-3 
as a dietary preventive and treatment for flu-like viral infections, 
including COVID-19. Although the European Society for Parenteral and 
Enteral Nutrition (ESPEN) proposes that omega-3 fatty acids may 
improve oxygenation in COVID-19 patients, definitive evidence is still 
lacking [191]. Limited studies specifically examine the impact of 
omega-3 supplementation on respiratory infections, but data from other 
research highlights its role in modulating the inflammatory response 
[192]. Trials on omega-3 oral supplementation or its inclusion in 
parenteral nutrition for ARDS patients show positive outcomes in 
various inflammatory, respiratory, and clinical measures [193,194]. 
Some reviews support omega-3 supplementation for critically ill 
COVID-19 patients [23,195,196], with a 2023 systematic review sug-
gesting it may safely reduce hospitalization and mortality rates in 
SARS-CoV-2 patients [197]. However, caution is advised due to poten-
tial increases in oxidative stress and inflammation, possibly from 
enhanced membrane susceptibility to damage. A 2020 meta-analysis 
indicates that while omega-3 fatty acids have anti-inflammatory prop-
erties that could aid COVID-19 recovery, EPA and DHA might make cell 
membranes more prone to oxidation, increasing oxidative stress. Hence, 
further evidence is needed before recommending omega-3 supplemen-
tation, especially in high doses, for the general population [28].

3.3.11. Probiotics
Both probiotics and probiotic-derived factors exert positive health 

effects by modulating host immune responses, maintaining gut homeo-
stasis, and producing interferon, which helps suppress virus-induced 
cytokine storms and enhance overall immunity [29]. A review of 20 
RCTs found that individuals who received probiotics experienced 
significantly fewer days of illness, with illness episodes being shorter by 
almost a day compared to those who took a placebo, leading to the 
conclusion that probiotics may reduce the duration of illness in both 
healthy children and adults [198]. A meta-analysis also suggested a 
modest effect of probiotics in reducing the common cold, emphasizing 
the need to weigh the balance of benefits and harms when using pro-
biotics for common cold prevention [133]. A 2021 review concluded 
that probiotic administration can boost host immunity, suggesting po-
tential benefits in reducing symptoms associated with the novel coro-
navirus, in line with findings from other antiviral studies [199]. In a 
meta-analysis evaluating the use of probiotics and prebiotics in pa-
tients with COVID-19, data showed promising benefits of probiotics in 
lowering the risk of COVID-19. Specifically, probiotic supplements 
containing L. paracasei, L. casei, and L. fermentum significantly reduced 
the occurrence of influenza-like symptoms and upper respiratory in-
fections in adults with a history of frequent colds (≥4 times per year) 
[200]. Another recent RCT revealed that probiotic supplementation in 
293 participants resulted in a significant improvement in remission rate 
and an increase in specific IgM and IgG against SARS-CoV-2 compared to 
placebo [201]. Despite these findings, the specific role of probiotics in 
mitigating novel COVID-19 remains unclear, and whether these sup-
plements can prevent or alleviate COVID-19-related symptoms is not 
fully understood [202].

3.4. Limitations

Several limitations of this critical literature review, which differs 
from a systematic review in its methodology and scope, require 
mentioning. The heterogeneity among the included studies prevents a 
unified conclusion. Variability exists in the dose, route of administra-
tion, and duration of the supplemented vitamins and minerals. Addi-
tionally, diverse age groups and concurrent treatments were employed 

across studies. Confounders were not adjusted in all the studies, and 
some interventional and observational studies had small sample sizes, 
limiting the interpretation of causality.

4. Conclusion

In conclusion, there is currently insufficient clinical evidence from 
completed RCTs to demonstrate a specific role for vitamin and/or 
mineral supplementation in combating COVID-19 and VRIs. Certain 
meta-analyses and systematic reviews indicated the positive impact of 
vitamin C supplementation in reducing the incidence, severity, and 
duration of VRIs, while highlighting limited data supporting the role of 
vitamin D supplementation in preventing and treating COVID-19. For 
vitamins A, B, and E, data were markedly scarce and predominantly 
absent. Consequently, substantial controversy persists regarding the use 
of vitamin supplementation for preventing and treating viral infections 
and COVID-19, with variations in methodology across systematic re-
views and meta-analyses contributing to the ongoing debate.

Regarding mineral supplementation, zinc was shown to be poten-
tially effective in both the treatment and prevention of COVID-19 and 
VRIs, although existing data are limited and incomplete. Probiotics may 
be effective in preventing and treating VRI, while selenium and mag-
nesium supplementation may only be effective in treating VRIs. Iron 
supplementation is unlikely to confer benefits. Nevertheless, all data 
were limited and even unavailable for some topics. Future studies and 
well-designed randomized controlled trials with standardized control 
groups and sub-group analyses based on severity of illness, route of 
administration, dose, and duration of treatment are needed to determine 
whether the clinical value of nutrient supplements matches the promise 
of their physiological properties.
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Abbreviation

ARDS Acute respiratory distress syndrome
ARTIs Acute respiratory tract infections
BMI Body Mass Index
COVID-19 Coronavirus Disease 2019
DHA Docosahexaenoic acid
EFSA European Food and Safety Authority
EPA Eicosapentaenoic acid
ESPEN European Society for Parenteral and Enteral Nutrition
FAO Food and Agriculture Organization
HR Hazard Ratio
ICU Intensive care unit
IOM Institute of Medicine
LRD Lower respiratory diseases
MERS-CoV Middle East Respiratory Syndrome
NICE National Institute for Health and Care Excellence
RCTs Randomized Controlled Trials
RDA Recommended Dietary Allowance
RSV Respiratory syncytial virus
SACN Scientific Advisory Committee on Nutrition
SARS-CoV Severe acute respiratory syndrome
URTI Upper respiratory tract infection
VRIs Viral respiratory infections
WHO World Health Organization
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Beneficial effects of probiotic consumption on the immune system, Ann. Nutr. 
Metab. 74 (2) (2019) 115–124, https://doi.org/10.1159/000496426.

[131] G.J. Leyer, S. Li, M.E. Mubasher, C. Reifer, A.C. Ouwehand, Probiotic effects on 
cold and influenza-like symptom incidence and duration in children, Pediatrics 
124 (2) (2009) e172–e179, https://doi.org/10.1542/peds.2008-2666.

[132] Q. Hao, B.R. Dong, T. Wu, Probiotics for preventing acute upper respiratory tract 
infections, Cochrane Database Syst. Rev. (2) (2015) CD006895, https://doi.org/ 
10.1002/14651858.CD006895.pub3.

[133] E.J. Kang, S.Y. Kim, I.H. Hwang, Y.J. Ji, The effect of probiotics on prevention of 
common cold: a meta-analysis of randomized controlled trial studies, Korean J. 
Family Med. 34 (1) (2013) 2–10, https://doi.org/10.4082/kjfm.2013.34.1.2.

[134] R. Li, K. Wu, Y. Li, X. Liang, W.K.F. Tse, L. Yang, K.P. Lai, Revealing the targets 
and mechanisms of vitamin A in the treatment of COVID-19, Aging 12 (15) (2020) 
15784–15796, https://doi.org/10.18632/aging.103888.

[135] G. Ponti, M. Maccaferri, C. Ruini, A. Tomasi, T. Ozben, Biomarkers associated 
with COVID-19 disease progression, Crit. Rev. Clin. Lab Sci. 57 (6) (2020) 
389–399, https://doi.org/10.1080/10408363.2020.1770685.

[136] A.K.H. Wee, COVID-19’s toll on the elderly and those with diabetes mellitus - is 
vitamin B12 deficiency an accomplice? Med. Hypotheses 146 (2021) 110374 
https://doi.org/10.1016/j.mehy.2020.110374.

[137] J. Guest, A. Bilgin, B. Hokin, T.A. Mori, K.D. Croft, R. Grant, Novel relationships 
between B12, folate and markers of inflammation, oxidative stress and NAD(H) 
levels, systemically and in the CNS of a healthy human cohort, Nutr. Neurosci. 18 
(8) (2015) 355–364, https://doi.org/10.1179/1476830515Y.0000000041.

[138] K.S. Batista, V.M. Cintra, P.A.F. Lucena, R. Manhães-de-Castro, A.E. Toscano, L. 
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J. López Miranda, R. Bouillon, J.M. Quesada Gomez, Effect of calcifediol 
treatment and best available therapy versus best available therapy on intensive 
care unit admission and mortality among patients hospitalized for COVID-19: a 
pilot randomized clinical study, J. Steroid Biochem. Mol. Biol. 203 (2020) 
105751, https://doi.org/10.1016/j.jsbmb.2020.105751.

[152] C. Annweiler, B. Hanotte, C. Grandin de l’Eprevier, J.M. Sabatier, L. Lafaie, 
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