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ABSTRACT: A healthy diet and dietary supplements have gained attention as potential co-adjuvants in managing and 
preventing coronavirus disease 2019 (COVID-19). This paper critically reviews the current evidence regarding the impact 
of diet and supplements on the prevention and progression of COVID-19. According to available data, a healthy diet and 
normal weight are considered protective factors. Regarding dietary supplementation, the most robust results from human 
studies are for vitamin C, which appears to decrease inflammatory markers and suppress cytokine storm. A small, random-
ized trial showed that a high dose of vitamin D significantly reduced the need for intensive care unit treatment of patients 
requiring hospitalization for COVID-19. According to retrospective human studies, there is limited evidence for vitamin 
E and selenium supplements. Animal studies have investigated the effects of green tea and curcumin. Xanthohumol and 
probiotics, interesting for their antiviral, anti-inflammatory, and immunoregulatory properties, need formal clinical study. 
In summary, there is promising evidence supporting the role of diet and supplements as co-adjuvants in the treatment of 
COVID-19. Further studies and properly designed clinical trials are necessary to draw more robust conclusions; however, 
it is not unreasonable to take a pragmatic approach and promote the use of appropriate diet and supplements to counter 
the effects of COVID-19, ideally with a mechanism to assess outcomes.
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BACKGROUND

Severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2), belonging to the family Coronaviridae, is respon-
sible for the highly contagious coronavirus disease 2019 
(COVID-19) outbreak, which first emerged in China in 
December 2019 spread across the globe and determined 
a pandemic (Huang et al., 2020); by October 2021, SARS- 
CoV-2 had infected more than 180 million of the world’s 
population, killing more than 3.5 million, with an approx-
imate 2% mortality rate worldwide (Dong et al., 2020). 
Thus, COVID-19 has become our generation’s most se-
rious public health crisis, profoundly impacting the glob-
al economy and geopolitics.

COVID-19 is a multi-system, multi-organ disorder 
whose clinical scenario may range from asymptomatic 
cases to severe pneumonia resulting in acute respiratory 

distress syndrome (ARDS) to death. Although all age 
groups are susceptible to the virus, the coexistence of ad-
vanced age and co-morbidities, including arterial hyper-
tension, chronic renal insufficiency, diabetes, hyperlipid-
emia, and obesity, has been associated with a worse prog-
nosis (Guan et al., 2020).

No agent has yet to receive approval from the United 
States Food and Drug Administration to treat severe 
COVID-19, but randomized trials of many therapeutic 
candidates are ongoing. Available treatment options in-
clude steroids such as dexamethasone, which exert an 
anti-inflammatory effect, and antivirals that target viral 
replication. Currently, only remdesivir has been reported 
to be effective in shortening the time to recovery of hos-
pitalized patients with COVID-19 (Beigel et al., 2020). 
There was initial publicity surrounding hydroxychloro-
quine (often in association with macrolides) targeting vi-
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ral entry by endocytosis; however observational data and 
randomized clinical trials lacked compelling clinical evi-
dence of efficacy (Chorin et al., 2020). Further trials an-
alyzing the potential therapeutic effect of hydroxychloro-
quine are ongoing. In some patients, especially with se-
vere forms of COVID-19, there are increasing levels of 
inflammatory biomarkers resulting in hyperinflammation 
due to cytokine release syndrome. Cytokines, particularly 
interleukin (IL)-1 and IL-6, appear to contribute to such 
systemic hyperinflammation. Consequently, anti-cytokine 
therapies may offer an important treatment option for 
patients with COVID-19 (Buckley et al., 2020). Com-
pared to other coronaviruses and respiratory viruses, 
SARS-CoV-2 induces a weak type I, II, and III interferon 
(IFN) response and strong activation of the IL-1/IL-6 
pathway, which the direct activation of pro-inflammatory 
routes might explain. The exuberant IL-1/IL-6 response 
to SARS-CoV-2 appears to contribute to symptoms and 
outcomes. Based on these observations, prospective ran-
domized trials evaluating different anti-cytokine therapies 
in adults with COVID-19 are underway.

Extraordinary efforts have led to the development of 
vaccines, and by July 2021, 3,282,358,034 vaccine doses 
have been administered (Dong et al., 2020). Vaccines to 
prevent SARS-CoV-2 infection are considered the most 
important approach to fighting the pandemic. By the end 
of 2020, several vaccines had become available for use in 
different parts of the world, including over 40 candidate 
vaccines in human trials and over 150 in preclinical trials. 
Although phase III clinical trials have been completed and 
others are ongoing, issues remain unsolved, including 
how long the vaccine-derived immunity might last, wheth-
er there is a need for additional booster doses, their tim-
ing, and if vaccines will be effective against variant forms 
of the virus. Finally, the impact on community transmis-
sion remains unclear.

In addition to the development of drugs targeting dif-
ferent aspects of the viral disease, the pharmacological 
properties of natural compounds and dietary supplements 
have gained increasing attention as potential co-adjuvant 
therapeutic approaches. Oxidative stress and impairment 
of the immune system, in addition to existing co-morbid-
ities, contribute to many of the complications associated 
with COVID-19 infection. Natural compounds have been 
shown to exert antiviral, antifibrotic, antioxidant, anti- 
inflammatory, and immunomodulatory actions, which 
might synergize as prophylactic or supportive agents to 
reduce some typical COVID-19 symptoms (Thota et al., 
2020). Furthermore, a healthy nutritional status has been 
reported to support immune function and prevent the 
onset of severe infection. This suggests the potential role 
of a healthy diet together with dietary supplements as 
co-adjuvants in treating COVID-19 and possibly even in 
the prevention of severe forms of the disease. However, 

evidence in the literature supporting this hypothesis is 
inconclusive.

Here, we aimed to critically review the current evidence 
related to the impact of diet and different dietary compo-
nents on the prevention and progression of COVID-19.

HEALTHY DIET

A diet rich in fruits and vegetables and low in refined sug-
ar and calorie-dense processed foods is essential to health 
(Belanger et al., 2020). The overall prevalence of obesity 
among American adults is 42.4%, resulting from a poor 
diet, low fiber, high fat, salt, and sugar. Healthy diet dis-
parities are often the consequence of socioeconomic, ed-
ucational, and environmental disadvantages. Lower soci-
oeconomic conditions may necessitate utilizing cheaper 
energy-dense processed foods, increasing the risk of being 
overweight or obese, which are both associated with a 
dismal prognosis for COVID-19 (Bhoori et al., 2020; Gao 
et al., 2020a; Guan et al., 2020). The coexistence of ad-
vanced age and co-morbidities, including arterial hyper-
tension, chronic renal insufficiency, diabetes, hyperlipid-
emia, and obesity, has been associated with a severe dis-
ease course and, consequently, a worse prognosis (Guan 
et al., 2020).

Obesity is also linked to many chronic illnesses, includ-
ing cardiovascular disease and diabetes, which significant-
ly contribute to mortality associated with COVID-19. It 
is pertinent that obesity is a state of chronic, though low- 
grade, systemic inflammation that may predispose pa-
tients to a “cytokine storm”. Moreover, adipose tissue 
may serve as a reservoir for SARS-CoV-2, according to 
Ryan and Caplice (2020). They provided a theoretical 
framework whereby systemic viral spread, entry, and pro-
longed viral shedding in inflamed adipose tissue may in-
crease immune responses with cytokine cascade amplifi-
cation. Adipose tissue might represent a relevant source 
for local and systemic enrichment of cytokines, which 
could be responsible for increased COVID-19 mortality.

Based on these observations, it is clear that a healthy 
diet and normal weight are generally associated with a 
better disease course. Therefore, as a general rule to boost 
immune function, individuals might be recommended to 
consume high amounts of fiber, whole grains, unsaturat-
ed fats, and antioxidants rather than foods rich in satu-
rated fats and refined sugar.

SUPPLEMENTS

Natural compounds with respect to dietary supplements 
have gained increasing attention as an alternative and co- 
adjuvant therapeutic approach to several diseases. This 
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information may support a potential role for these com-
pounds in COVID-19; however, evidence is preliminary, 
and only a few clinical studies specific to SARS-CoV-2 in-
fection are available.

Vitamins
Vitamin C: Vitamin C is a water-soluble vitamin that acts 
as both an antioxidant and a cofactor for regulatory en-
zymes through the production of cortisol, catecholamines, 
and vasopressin. Vitamin C plays a key role in both the 
innate and the adaptive immune systems and has been 
reported to exert antioxidant functions. In fact, vitamin 
C detoxifies exogenous radical species that have entered 
cells or arisen within cells due to excess superoxide (O2

−) 
generation via mitochondrial metabolism, nicotinamide 
adenine dinucleotide hydrate oxidase, xanthine oxidase, 
or uncoupled nitric oxide (NO) synthase (May and 
Harrison, 2013).

In humans, supplementation with vitamin C improves 
the immune system and reduces the risk, severity, and 
duration of different infectious diseases, including the 
common cold, pneumonia, and tetanus. However, the 
actual clinical relevance and optimally efficacious dose of 
vitamin C for preventing and treating infections are still 
unknown. Intravenous treatment with high dose vitamin 
C (more than 1 g/kg) has shown beneficial effects on 
sepsis and septic shock (Marik et al., 2017; Fowler et al., 
2019). Literature data showed that combining vitamin C, 
hydrocortisone, and thiamine prevented organ dysfunc-
tion and reduced the mortality rate associated with sep-
sis and severe pneumonia (Marik et al., 2017; Kim et al., 
2018b). Furthermore, vitamin C has been reported to ex-
ert antiviral effects, and its supplementation is generally 
recommended against the common cold (Ran et al., 
2018). The proposed mechanisms underlying these anti-
viral effects include the increased production of antiviral 
cytokines (IFN-/), free radical formation, or direct in-
hibition of virus binding to cells (Bae and Kim, 2020).

In the absence of a specific therapeutic protocol, it has 
been hypothesized that vitamin C could attenuate ex-
cessive immune responses in patients with COVID-19. 
Those affected by COVID-19 have an increased inflamma-
tory status with consequent higher levels of molecules re-
lated to inflammation, such as NO, NO3, C-reactive pro-
tein, and lactate dehydrogenase, in the blood compared 
to healthy individuals (Buckley et al., 2020). COVID-19 
infection appears to be responsible for activating macro-
phages, which produce a considerable amount of inflam-
matory molecules and NO. Oxidative stress and NO con-
tribute to the establishment of an inflammatory cascade 
that can be responsible for patient mortality. In a recent 
study (Alamdari et al., 2020), the oral or intravenous ad-
ministration of vitamin C with methylene blue and N-ace-
tyl cysteine was associated with a significant decrease in 

the blood levels of NO3, methemoglobin, C-reactive pro-
tein, and lactate dehydrogenase in four out of five pa-
tients as well as improved survival. Based on these pre-
liminary findings, a larger clinical trial has been designed 
and is currently ongoing (NCT04370288). According to 
another study (Hiedra et al., 2020), vitamin C treatment 
was associated with decreased inflammatory markers, 
such as ferritin and D-dimer, and a trend toward de-
creasing oxygen requirements. In this study, 17 patients 
with a severe disease course requiring a 30% or more 
fraction of inspired oxygen received intravenous vitamin 
C 1 g every 8 h for 3 days. The inpatient mortality rate 
in this series was 12%, with a 17.6% intubation and me-
chanical ventilation rate.

In an open-label clinical trial (Thomas et al., 2021), out-
patients with SARS-CoV-2 infection were randomized to 
receive either 10 days of oral ascorbic acid 8,000 mg, Zn 
gluconate 50 mg, both agents, or standard of care. Those 
who received the standard of care achieved a 50% reduc-
tion in symptom severity scores at a mean of 6.7 days 
compared with 5.5 days for the ascorbic acid arm, 5.9 
days for the Zn gluconate arm, and 5.5 days for the arm 
that received both agents. No serious adverse effects were 
associated with the administration of the supplements. 
However, this study is limited by the small sample size 
(214 patients) and the lack of a placebo control.

A Chinese clinical trial (Zhang et al., 2021) was con-
ducted to investigate whether intravenous vitamin C (24 
g/d) could suppress cytokine storms caused by COVID- 
19, improve pulmonary function, and reduce the risk of 
ARDS in COVID-19. The study found no differences be-
tween arms for mortality, the duration of mechanical 
ventilation, or the change in median sequential organ 
failure assessment scores. However, statistically signifi-
cant improvements in oxygenation from baseline to day 
7 in the treatment arm were reported.

Despite promising clinical studies, further clinical tri-
als are needed to fully delineate the effects of vitamin C 
on COVID-19 infection and recommend its supplemen-
tation. Thus far, based on the lack of clinical data, the 
United States National Institute of Health has been un-
able to recommend vitamin C to treat COVID-19 in crit-
ically and non-critically ill patients.
Vitamin D: Vitamin D is a steroid hormone produced en-
dogenously with the effect of ultraviolet radiation on the 
skin or available from exogenous food sources and dietary 
supplements. In addition to its well-known role in bone 
metabolism, low vitamin D has been associated with an 
increased risk of developing various pathologies, includ-
ing cancer, infectious diseases, immune dysfunction, and 
depression (Thacher and Clarke, 2011).

After binding its nuclear receptor, the active metabo-
lite of vitamin D [i.e., 1,25-dihydroxyvitamin D (1,25 
(OH)2D)3 or calcitriol] influences gene transcription, ex-
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erting several effects on the immune and inflammatory 
response. Antigen-presenting cells, such as macrophages 
and dendritic cells, synthesize the active form of vitamin 
D, 1,25(OH)2D, from its precursor 25-hydroxyvitamin D 
(25-OHD) via the enzyme 1-hydroxylase (CYP27B1). In 
addition, the epithelium, the main barrier between the 
environment and the body, expresses CYP27B1. In the 
case of vitamin D deficiency, immune responses are im-
paired as less 25-OHD is available for synthesizing 
1,25(OH)2D, leading to the impairment of innate im-
mune functions (Hewison, 2010). Vitamin D has been 
reported to exert antimicrobial activity through both the 
generation of NO (Gough et al., 2017) and O2

− (Hübel 
et al., 1991) and the expression of the antimicrobial pro-
teins cathelicidin and -defensin 2, which both stimulate 
the expression of antiviral cytokines and chemokines, in-
cluding IFN-, IFN-, myxovirus resistance protein A, 
double-stranded RNA-activated protein kinase, RNase L, 
and nucleotide-binding and oligomerization domain-2, 
involved in the recruitment of monocytes/macrophages, 
natural killer cells, neutrophils, and T cells (Kim et al., 
2018a). Vitamin D also modulates helper T cell responses 
as it reduces T helper type 1 (Th1) immune responses 
and induces Th2 responses (Boonstra et al., 2001).

Levels of 25-OHD reportedly inversely correlate with 
acute respiratory infections (Monlezun et al., 2015). Con-
versely, adequate levels of 25-OHD are associated with a 
reduced risk of acute respiratory tract infections in adults 
(Sabetta et al., 2010). Of note, according to a recent met-
a-analysis including 5,660 patients, vitamin D supple-
mentation (average dose 1,600 IU/d with a dosing inter-
val between 24 h and 3 months) significantly reduced the 
risk of respiratory tract infections (Bergman et al., 2013). 
The immunomodulatory effects of vitamin D may be re-
sponsible for these findings (Bertoldi et al., 2020).

The possible relationship between vitamin D deficiency 
and COVID-19 has been investigated in several studies. 
According to a recent meta-analysis, vitamin D supple-
mentation might be associated with improved clinical 
outcomes, especially when administered after the diag-
nosis of COVID-19 (Pal et al., 2022). Whether there is 
an association between low vitamin D levels and mortal-
ity is unclear (Hastie et al., 2020; Darling et al., 2021).

Some registered randomized trials are evaluating the 
role of vitamin D in COVID-19, but the results are not 
yet available. According to a small cohort observational 
study (Tan et al., 2020), including 42 COVID-19 positive 
patients, treatment with a combination of vitamin D, 
magnesium, and vitamin B12 showed significant protec-
tive effects against clinical deterioration.

Based on published data, vitamin D supplementation 
up to 250 g/d for a month, followed by a maintenance 
dose of 100 g/d, may increase 25(OH)D serum levels 
into the optimal range between 75 and 125 nmol/L with 

no side effects (Vieth et al., 2004; Bischoff-Ferrari et al., 
2010). Furthermore, a previous study suggests that vita-
min D supplementation effectively prevents acute respi-
ratory tract infections (Martineau et al., 2017). As vita-
min D deficiency is a worldwide issue (Amrein et al., 
2020), the need for vitamin D supplements may repre-
sent a hot topic in COVID-19 pandemic times, especially 
in the most vulnerable population groups (Hadizadeh, 
2021). Data from European countries show general nu-
tritional deficiency of vitamin D, but with huge variation 
between countries. Finland has a relative genetic deficien-
cy of vitamin D, which is, however, well compensated for 
with optimal intake and is associated with favorable 
COVID-19 epidemiological indicators. Conversely, Spain 
(followed by France and Italy) shows the highest genetic 
risk of vitamin D deficiency, not compensated for by in-
take, which coincides with a high incidence of COVID- 
19 (Galmés et al., 2020).

In a small randomized controlled trial of vitamin D, 76 
consecutive patients hospitalized with COVID-19 infec-
tion received a combination of hydroxychloroquine and 
azithromycin with eligible patients allocated on the day 
of admission to take oral calcifediol or not. Administra-
tion of a high dose of calcifediol or 25-OHD (soft capsu-
les, 0.532 mg) significantly reduced the need for intensive 
care unit treatment of patients requiring hospitalization 
for COVID-19. However, whether these results would 
also apply to patients at an earlier stage of the disease 
and whether baseline vitamin D status modifies these 
results is unclear (Entrenas Castillo et al., 2020). A trial 
(COVIDIOL) (NCT04366908) involving 15 Spanish hos-
pitals is ongoing to address these issues.

According to the United Kingdom National Institute 
for Health and Care Excellence, during the COVID-19 
pandemic, vitamin D supplementation should be en-
couraged to maintain bone and muscle health during the 
autumn and winter months. While taking vitamin D is 
considered harmless, there is insufficient evidence to sug-
gest using vitamin D specifically to prevent COVID-19 
infection.
Vitamin E: Vitamin E is a fat-soluble antioxidant that in-
cludes molecules such as tocopherols and tocotrienols. 
Vitamin E may exert its immune-enhancing effects by re-
ducing oxidative stress and inducing anti-inflammatory 
effects (Singh et al., 2005), which is why it has been hy-
pothesized that vitamin E supplementation might be ben-
eficial against COVID-19. Vitamin E has been reported 
to decrease lipid peroxidation and O2

− production and 
decrease the release of pro-inflammatory cytokines and 
chemokine IL-8 and plasminogen activator inhibitor-1 
levels, as well as decrease the adhesion of monocytes to 
the endothelium. In addition, vitamin E has been shown 
to decrease C-reactive protein levels and is responsible 
for inhibiting protein kinase C, 5-lipoxygenase, tyrosine 
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kinase, and cyclooxygenase-2. Although it has been sug-
gested that supplementation with both vitamins C and E 
may be useful as antioxidant therapy to reduce the risk of 
cardiac complications in COVID-19 (Wang et al., 2020), 
evidence of the utility of vitamin E as a prophylactic or 
therapeutic agent against COVID-19 is very limited to 
date, and supplementation is not currently recommended.

Minerals
Zinc (Zn): Zn is a trace mineral known to be a regulator of 
immunity. In vivo, Zn deficiency alters the number and 
function of neutrophil granulocytes, monocytes, natural 
killer cells, and T and B cells (Haase and Rink, 2014). 
Particularly, T cell functions and balance between the dif-
ferent subsets are especially susceptible to changes in Zn 
status (Haase and Rink, 2014). Consequently, alteration 
of Zn status results in increased susceptibility to inflam-
matory and infectious diseases, including acquired im-
mune deficiency syndrome, measles, malaria, tuberculo-
sis, and pneumonia (Gammoh and Rink, 2017). Further-
more, Zn status is reported to be associated with the pre-
valence of respiratory tract infections in both children 
and adults (Walker et al., 2013).

Zn may play a role in COVID-19 treatment as it has 
been shown to inhibit SARS-coronavirus RNA polymer-
ase activity by decreasing its replication (te Velthuis et 
al., 2010). Furthermore, chloroquine, which some have 
proposed as an antiviral agent, is a Zn ionophore that in-
creases Zn2+ flux into the cell (Xue et al., 2014). SARS- 
CoV-2, similarly to SARS-CoV, requires angiotensin-con-
verting enzyme 2 (ACE2) for entry into target cells 
(Hoffmann et al., 2020), and Zn exposure (100 M) was 
shown to reduce recombinant human ACE-2 activity in 
rat lungs (Speth et al., 2014). Other proposed antiviral 
effects of Zn, although hypothetical, need substantiation 
(Chilvers et al., 2001). Finally, Zn supplementation was 
reported to improve nCoV-2019-induced mucociliary 
clearance dysfunction by increasing ciliary length in the 
bronchial epithelium of Zn-deficient rats (Darma et al., 
2020) as well as ciliary beat frequency in vitro (Woodworth 
et al., 2010). Overall, Zn appears to play a key role in im-
proving barrier functions essential for preventing respira-
tory distress. Zn was shown to modulate viral particle en-
try, fusion, replication, viral protein translation, and fur-
ther release for several viruses, including those involved 
in human respiratory system pathology (Ishida, 2019; 
Read et al., 2019). According to a systematic review 
(Singh and Das, 2013) published in the Cochrane data-
base, a significant reduction in common cold duration 
and the incidence rate ratio of developing the common 
cold was observed in response to Zn supplementation, 
with a dose of >75 mg/d being significantly associated 
with a reduced duration of the common cold (Hemilä, 
2017).

Elderly people are often characterized by Zn deficiency 
(Haase et al., 2006), which might be considered a risk 
factor for pneumonia development in this fragile popula-
tion (Bhat et al., 2016). Intake of at least 75 mg/d of Zn 
was associated with reduced pneumonia symptom dura-
tion but not severity, with the response being more pro-
nounced in adults than in children (Saigal and Hanekom, 
2020). Zn deficiency has also been associated with ven-
tilator-induced injury (Boudreault et al., 2017) and sep-
sis (Hoeger et al., 2017).

Zn has also been reported to exert anti-inflammatory 
effects (Gammoh and Rink, 2017), which might repre-
sent a relevant aspect in COVID-19 pathogenesis at both 
local (pneumonia) and systemic levels. Of note, Zn defi-
ciency was found to be related to inflammatory alter-
ations of the lung extracellular matrix leading to fibrosis 
(Biaggio et al., 2012) and an increased risk of developing 
systemic inflammation and sepsis-induced organ dam-
age, including the lungs (Knoell et al., 2009).

Direct data on anti-COVID-19 effects of Zn are scanty 
to date, even as there is growing evidence that Zn status 
may act as adjuvant therapy in the management of 
COVID-19. Several ongoing or proposed clinical trials in 
the United States for COVID-19 involve Zn. According to 
a case series, four consecutive outpatients with COVID- 
19 were treated with high dose Zn salt oral lozenges, 
and all of them experienced significant improvement in 
the clinical course, suggesting that Zn therapy might play 
a role in recovery (Finzi, 2020). The patients were started 
on Zn therapy at different times in their disease course 
depending on when they were referred for treatment. Pa-
tients 1 and 2 were treated with Zn citrate lozenges (23 
mg of elemental Zn), patient 3 with Zn citrate/Zn gluco-
nate (23 mg), and patient 4 with Zn acetate (15 mg). 
They were told to take lozenges every 2 to 4 h but not 
exceed 200 mg. No side effects from Zn therapy were 
reported. In a recent retrospective observational study 
(Carlucci et al., 2020), the outcomes of hospitalized pa-
tients with COVID-19 treated with hydroxychloroquine 
and azithromycin plus Zn sulfate were compared to pa-
tients treated with hydroxychloroquine and azithromycin 
alone. The authors observed that the supplementation 
with Zn sulfate (Zn sulfate 220 mg orally twice a day 
along with hydroxychloroquine 400 mg once followed by 
200 mg orally twice a day with azithromycin 500 mg 
once daily) increased the frequency of patients being dis-
charged home and decreased the need for ventilation, ad-
mission to the intensive care unit, and mortality.

Another prospective study (Jothimani et al., 2020) 
found that a significant number of patients with COVID- 
19 were Zn deficient. These patients also developed more 
complications, and Zn deficiency status was associated 
with a prolonged hospital stay and increased mortality.

Further studies are warranted to clarify the potential 
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role of Zn deficiency in COVID-19, the encouraging ef-
fects of Zn supplementation, and the underlying mecha-
nisms involved.
Selenium (Se): Se is a unique trace element of high impor-
tance for human health and particularly for a well-bal-
anced immune response. Supplementation with Se re-
portedly exerted a beneficial role in several viral infec-
tions (Steinbrenner et al., 2015). As the mortality risk 
from severe diseases such as sepsis or polytrauma is in-
versely related to Se status, there is growing speculation 
that this might also apply to COVID-19 scenarios.

In the specific setting of COVID-19, it was notable that, 
among several Chinese cities characterized by different Se 
intake rates, the cure rate was much higher where the Se 
intake was known to be higher, and the death rate was 
significantly higher in the provinces with a low Se intake 
(Zhang et al., 2020a). Furthermore, countries with the 
highest reported COVID-19 case-fatality rates, i.e., Italy, 
France, Spain, and the United Kingdom, correspond to 
those where suboptimal Se status has previously been 
documented (Stoffaneller and Morse, 2015), as compared 
to the United States, Canada, and Japan where the Se 
status is considered adequate.

In a German study, serum samples from 33 patients 
with COVID-19 were collected consecutively and analyzed 
for total Se by X-ray fluorescence and selenoprotein P 
(SELENOP) with a validated ELISA. The patients showed 
a pronounced deficit in total serum Se and SELENOP 
concentrations. Notably, the Se status was significantly 
higher in samples from surviving patients with COVID- 
19 than from non-survivors (Moghaddam et al., 2020).

The mechanisms underlying this possible association, 
however, are not fully understood. Se supplementation 
has been reported to stimulate T cell proliferation and 
enhance innate immune system functions (Huang et al., 
2019) by favoring a predominant Th1 phenotype (Huang 
et al., 2012), which is also associated with many of the 
cytokines that correlate with COVID-19 severity 
(Romagnani, 2000). It is well known that the COVID-19 
cytokine storm represents a pathogenic mechanism for 
the deterioration of critically ill patients (Huang et al., 
2020), with a predominant role exerted by IL-1 and IL-6 
(Conti et al., 2020). Se has been reported to exert anti-
oxidant effects (Zhang et al., 2020b) and down-regulate 
the IL-6 response (Martitz et al., 2015). Se deficiency has 
been associated with higher levels of IL-6 in the elderly 
(Tseng et al., 2013), which may be clinically relevant.

In the context of COVID-19, an association between a 
more-than-adequate Se intake/status and a higher cure 
rate has been reported (Zhang et al., 2020b), with a low 
risk of toxicity in patients with COVID-19.

While further studies are needed, from a pragmatic 
point of view, considering the lack of toxicity associated 
with Se supplementation and the fact that blood levels 

can be easily checked, Se supplementation might be sug-
gested.
Iron (Fe): Fe is an essential trace element that plays a role 
in systemic oxygen transfer and acts as an electron donor 
or acceptor in many biological functions. Excess intracel-
lular Fe interacts with molecular oxygen, generating reac-
tive oxygen species (ROS), which might be responsible 
for the oxidative damage of cellular components of differ-
ent organs. Ferroptosis is the process of programmed cell 
death mediated by Fe-dependent peroxidation mecha-
nisms (Ursini and Maiorino, 2020) implicated in inflam-
matory pathologies involving multiple organs, including 
the lungs. Ferroptosis has been reported to be linked to 
neurological disturbances, including ageusia and anosmia, 
which are common manifestations of COVID-19 (Vaira et 
al., 2020). It is well known that coagulopathy is a hall-
mark of Fe toxicity and, in patients with COVID-19, re-
flects an inflammatory status related to an increased risk 
of mortality (Giannis et al., 2020; Lodigiani et al., 2020). 
Hyperferritinemia observed in patients with COVID-19 
may be induced in response to inflammation and might 
be associated with Fe toxicity due to increased ferritin 
leakage from damaged tissue releasing free Fe in the pro-
cess. Hyperferritinemia is generally associated with viral 
replication, ROS generation, ferroptosis, mitochondria 
dysfunction, microbiota dysbiosis, and hypercoagulopa-
thy (Edeas et al., 2020). Based on these observations, it 
might be advisable, in addition to treating the inflamma-
tory state, to assess Fe chelators, ferroptosis inhibitors, 
hepcidin modulators, and erythropoietin as potential 
therapeutic options (Edeas et al., 2020).

Phytochemicals
Epigallocatechin-3-gallate (EGCG): EGCG, the most abun-
dant (approximately 50%) and active catechin present in 
green tea extract (GTE), is characterized by a wide range 
of beneficial properties, including anti-inflammatory, an-
ticarcinogenic, antimicrobial, and immune-modulating ef-
fects. Several studies have shown the antiviral effects of 
EGCG (Mhatre et al., 2021).

In the case of COVID-19, there are many binding sites 
present on SARS-CoV-2 that might be potential targets. 
In particular, there is some evidence that EGCG might be 
responsible for inhibiting 3-chymotrypsin-like protease, 
an important enzyme found in SARS-CoV responsible for 
proteolytic function in the maturation stage of the virus 
(Khaerunnisa et al., 2020; Mhatre et al., 2021). In addi-
tion, EGCG and GTE have been reported as potential Ja-
nus kinase (JAK)/signal transducer and activator of tran-
scription inhibitors (Menegazzi et al., 2020). EGCG/GTE 
exerted inhibitory effects toward JAK2-elicited STAT1 
phosphorylation, leading to inflammatory cascade block-
ade (Menegazzi et al., 2001; Tedeschi et al., 2004; 
Menegazzi et al., 2014).
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Another point to consider is progressive lung fibrosis in 
severe COVID-19, including ARDS development. SARS- 
CoV-2 infection induces a massive neutrophil infiltration 
increase into the lungs, with the production and activa-
tion of transforming growth factor- and other inflamma-
tory cytokines (Chen, 2020), including tumor necrosis 
factor (TNF)-, IL-6, and IL-1. According to animal 
studies, EGCG and GTE are considered potent antifibro-
tic agents (Sriram et al., 2009; Sriram et al., 2015). 
Considering the beneficial properties and the safety pro-
file of EGCG and GTE in humans, one might speculate 
that GTE supplementation could help control the hall-
mark inflammation damage associated with SARS-CoV-2 
infection. Undoubtedly, further clinical trial data are 
needed; however, taking a pragmatic approach, advising 
drinking green tea (perhaps preferable to taking supple-
ments) could be an appropriate lifestyle recommendation.
Xanthohumol (Xn): Xn is a prenylated flavonoid found in 
hops with various medicinal properties (Zanoli and 
Zavatti, 2008). There is growing evidence supporting the 
role of Xn in exerting anti-inflammatory effects against 
lipopolysaccharide-induced acute lung injury and ische-
mia-reperfusion-induced liver injury in mice (Ge et al., 
2017; Lv et al., 2017), as well as antiviral activities 
against human immunodeficiency virus, bovine viral di-
arrhea virus, herpes simplex viruses 1 and 2 (Buckwold 
et al., 2004; Cos et al., 2008), and hepatitis C virus (Lou 
et al., 2014). Another beneficial effect of Xn is against 
porcine reproductive and respiratory syndrome (PRRS), 
which causes lung inflammation similar to COVID-19 
and is an endemic infectious disease of pigs with a high 
mortality rate. Xn has been reported to both inhibit PRRS 
virus (PRRSV) proliferation and alleviate oxidative stress 
induced by PRRSV (Liu et al., 2019a). Furthermore, Xn 
could inhibit infection with different PRRSV sub-geno-
type strains with a low 50% inhibitory concentration 
(IC50) and significantly decrease the inflammatory re-
sponses in porcine primary alveolar macrophages (Liu et 
al., 2019b). PRRSV-infected piglets exhibited increased 
expression levels of IL-1, IL-6, IL-8, and TNF-, which 
were attenuated in a dose-dependent manner after treat-
ment with Xn.

Additionally, Xn plays a beneficial role in treating hy-
perlipidemia, obesity, and type 2 diabetes mellitus, ac-
cording to in vitro and in vivo study results (Rossi et al., 
2019). This is of great relevance in the setting of COVID- 
19, which generally has dismal outcomes in the presence 
of metabolic co-morbidities including obesity, diabetes, 
and dyslipidemia, thus suggesting a potential benefit for 
Xn in this setting. In a recent study, plasma lipidome lev-
els were monitored over the course of COVID-19, and 
triacylglycerol was identified as the dominant lipid class 
present in SARS-CoV-2-induced metabolic dysregulation. 
The lipid droplet formation enzyme diacylglycerol acyl-

transferase (DGAT) and the lipid droplet stabilizer adi-
pocyte differentiation-related protein were found to be 
fundamental host factors for SARS-CoV-2 replication, 
thus becoming a potential therapeutic target. This is of 
great relevance as Xn, which is known to be a DGAT1/2 
inhibitor with both antiviral and anti-inflammatory prop-
erties, might indeed be an orally available treatment op-
tion for COVID-19 (Yuan et al., 2021).

While there are no clinical trials as yet, these hypoth-
eses should be explored to assess Xn as a viable supple-
ment in patients with COVID-19.
Curcumin: Curcumin, an active constituent of rhizomes 
of Curcuma longa (turmeric), is a hydrophobic polyphenol 
characterized by several pharmacological properties, in-
cluding antioxidant, anticancer, antibacterial, antiviral, 
and antidiabetic effects (Moghadamtousi et al., 2014; Fan 
et al., 2015; Zhu et al., 2017), as well as anti-inflamma-
tory activity (Cheng et al., 2018). Curcumin has been ob-
served to exert antiviral activities against a broad spec-
trum of viruses, including immunodeficiency virus, her-
pes simplex viruses 2, papilloma viruses, influenza virus, 
Zika virus, hepatitis virus, and adenovirus (Praditya et 
al., 2019). There is evidence that curcumin might act as 
an antiviral specifically directed against COVID-19. It has 
been proposed that curcumin could serve as a potential 
inhibitory agent antagonizing the entry of SARS-CoV-2 
viral protein by binding to the receptor-binding domain 
of viral S protein and the viral attachment sites ACE2 re-
ceptor (Das et al., 2021). Interestingly, an emulsion form 
of a topical application of curcumin may effectively pre-
vent SARS-CoV-2 infection in humans, as the viral entry 
site of ACE2 receptor is mainly located at the nasal cells 
and the mucosal surface of the respiratory tract and eyes 
(Pang et al., 2015). A role for curcumin in modulating the 
immune system has also been described in association 
with a significant decrease in the level of pro-inflamma-
tory cytokines TNF-, IL-6, and ROS (Pang et al., 2015). 
Furthermore, animal studies have studied the protective 
effects of curcumin in several pulmonary diseases, in-
cluding ARDS, pulmonary fibrosis, and asthma (Lelli et 
al., 2017). Curcumin has been reported to antagonize 
pulmonary fibrosis development. In animal studies 
(Subhashini et al., 2013), curcumin reduced bronchocon-
striction, and as a matter of fact, it is recommended as an 
add-on therapy for bronchial asthma (Abidi et al., 2014).

Curcumin up to 8,000 mg/d is safe and effective in hu-
mans; however, higher doses are characterized by toxic-
ity (Kunnumakkara et al., 2019). Several clinical trials 
showed high efficacy of curcumin or turmeric against sev-
eral diseases (Kunnumakkara et al., 2019), and according 
to recent evidence, the encapsulation of curcumin into a 
specific nano-carrier might improve its therapeutic effica-
cy (Moballegh Nasery et al., 2020). In an open, non-ran-
domized clinical trial of the effectiveness of an oral cur-
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cumin nanosystem (SinaCurcuminⓇ) (Moballegh Nasery 
et al., 2020) in hospitalized patients with COVID-19, 
most symptoms quickly improved in the group treated 
with SinaCurcuminⓇ. In a randomized, double-blind, pla-
cebo-controlled study (Valizadeh et al., 2020), the effects 
of 40 mg of SinaCurcuminⓇ were evaluated on the modu-
lation of inflammatory cytokines in patients with COVID- 
19, and it was observed to modulate the expression of 
IL-1 and IL-6 mRNA. Another study (Tahmasebi et al., 
2021) investigated the therapeutic effects of SinaCurcu-
minⓇ on the frequency and responses of Th17 cells (T 
helper cells) in patients with mild and severe COVID-19 
and reported that SinaCurcuminⓇ was able to reduce the 
frequency of Th17 cells and the related inflammatory fac-
tors in this setting. Furthermore, there is a registered 
protocol (Hassaniazad et al., 2020) for a prospective pla-
cebo-controlled clinical trial evaluating the effectiveness 
of nanomicelles containing curcumin and their effects on 
immune responses after treatment. Further large-scale 
clinical trials with high-absorbable curcumin are war-
ranted to understand the potential utility of this supple-
ment as supportive therapy in treating COVID-19. Again, 
pragmatically from a lifestyle perspective, it is not unrea-
sonable to recommend turmeric in the diet and for the 
many people who take a supplement to ensure that it is 
a high-absorbable form.

Probiotics
SARS-CoV-2 RNA has been detected in the stool of pa-
tients with COVID-19 (Gu et al., 2020; Holshue et al., 
2020). Furthermore, the presence of the viral host re-
ceptor ACE2 was demonstrated in the cytoplasm of gas-
trointestinal epithelial cells, whereas the viral nucleocap-
sid protein was visualized in the cytoplasm of rectum, 
duodenal, and gastric epithelial cells (Xiao et al., 2020). 
Based on these findings, one might speculate that, even 
if the respiratory tract is the main transmission route, the 
intestine could play a relevant role, both in disease path-
ogenic evolution and as a possible route of infection. Vi-
ral replication in the intestine could be responsible for a 
loss of barrier integrity with an imbalance in the micro-
bial flora and its metabolites, potentially leading to strong 
production of cytokines leading to ARDS and multiple 
organ failure (Infusino et al., 2020).

The term “microbiota” refers to the complex commun-
ity of microorganisms that colonize the mucosal surfaces 
of the human body. The term “eubiosis” refers to a bal-
anced state within the microbial communities. In con-
trast, the term “dysbiosis” refers to any perturbations of 
such a condition that might lead to the dysregulation of 
the normal functions generally provided by the microbi-
ota, potentially favoring both infectious and non-infec-
tious diseases (Clemente et al., 2012). Viral infections, 
including those sustained by influenza viruses, are known 

to alter the commensal microbiota in both the gastroin-
testinal and the airway tracts of the host (Edouard et al., 
2018) through the altered delivery of cytokines and the 
induction of a Th17-mediated immune response (Wang 
et al., 2014). Even if very little is known regarding the 
association between COVID-19 and microbial dysbiosis 
in both the gut and the respiratory tract, the possible oc-
currence of diarrhea, nausea, vomiting, and abdominal 
discomfort with this disease, as well as the determined 
tropism of SARS-CoV-2 for enterocytes (Gu et al., 2020; 
Wu et al., 2020), suggests a possible interaction between 
this new coronavirus and the gut microbiota.

With this in mind, probiotics consisting of live organ-
isms could represent a promising, supplementary treat-
ment against viral infections, comprising those respon-
sible for colds and flu, as suggested by some studies 
(Rautava et al., 2009; Sanders et al., 2013; Sanders et al., 
2019). According to a recent Cochrane meta-analysis, the 
number of acute upper respiratory tract infections, the 
mean duration of disease, antibiotic administration, and 
cold-related school absences were all decreased by the 
administration of probiotics when compared to a placebo 
(Hao et al., 2015). The mechanisms underlying the pos-
sible protective role of probiotics against viral infections 
may include improvement in the mucosal innate immune 
response, decreased intestinal permeability, and altera-
tion of the systemic acquired immune response as a con-
sequence of regulatory and anti-inflammatory effects.

Lactobacilli, as well as other probiotics, administered 
both orally or through the nasal route, exerted an immu-
nomodulatory and protective effect against virus infec-
tions by enhancing cytokine antiviral responses in respi-
ratory and immune cells as well as in the intestinal mu-
cosa (Weiss et al., 2010; Biliavska et al., 2019; Infusino 
et al., 2020). Even if robust evidence is lacking, probiotic 
supplementation has been suggested as a complementary 
treatment for gastrointestinal symptoms, particularly di-
arrhea, which may occur in COVID-19, and to reduce the 
risk of secondary infections due to microbial translocation 
in severe COVID-19 cases (Gao et al., 2020b).

Another interesting application of probiotic supplemen-
tation might be as a preventive tool in high risk patients 
(i.e., elderly patients with co-morbidities) or subjects at 
high risk of being in contact with a COVID-19-positive 
patient (i.e., health care professionals). This hypothesis 
is based on the ability of probiotics to preserve a healthy 
status in the gut-associated lymphoid tissue as well as 
eubiosis to avoid virus entry into gut cells (Didari et al., 
2014).

Despite representing a potential attractive complemen-
tary tool, further evidence is needed to better understand 
the possible role of probiotics in COVID-19 and select a 
specific population whose administration might be help-
ful with no side effects.
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Table 1. Summary of the current evidence on the potential role of dietary supplements in the management of COVID-19

Dietary supplement Potential role Available evidence

Vitamin C Decreases NO3, methemoglobin, C-reactive protein, and 
lactate dehydrogenaselevels

Retrospective human study, ongoing clin-
ical trial (NCT04370288)

Suppresses cytokine storms, improves pulmonary function, 
and decreases the risk of ARDS in COVID-19

Randomized clinical trial

Vitamin D Immunomodulatory effects
Low levels associated with dismal outcomes and mortality
Supplementation might reduce the risk of severe disease 

Retrospective human studies, inconsis-
tent results

Randomized clinical trial, ongoing trial 
(COVIDIOL, NCT04366908)

Vitamin E Antioxidant effects in combination with vitamin C Single retrospective study 
Zinc Improves barrier functions and modulates viral particle en-

try, fusion, replication, viral protein translation, and an-
ti-inflammatory effects

Human studies, ongoing trials

Selenium Stimulates T cell proliferation and enhances innate immune 
system functions

Down-regulates the IL-6 response and antioxidant effects

Retrospective human studies

Epigallocatechin-3-gallate Antiviral and antifibrotic effects In vitro and animal studies 
Xanthohumol DGAT1/2 inhibitor with both antiviral and anti-inflammatory 

properties
Animal study

Curcumin Inhibitory agent antagonizes the entry of SARS-CoV-2 viral 
protein by binding to receptor-binding domain site of viral 
S protein and viral attachment sites of angiotensin-con-
verting enzyme 2 receptor

In vitro and in vivo studies, one regis-
tered clinical trial

Probiotics Improve the mucosal innate immune response, decrease 
intestinal permeability, and anti-inflammatory effect

No direct clinical evidence associated 
with COVID-19

DISCUSSION

The current pandemic has dramatically impacted lifestyle, 
economy, and politics worldwide, with many victims, like 
the well-known Spanish-flu pandemic of 1918. With the 
recent advent of vaccines, there is hope that we can win 
this battle and go back to everyday life. Meanwhile, avail-
able therapeutic options are limited, and growing atten-
tion is being directed toward widely available supple-
ments with no relevant side effects that may help treat 
this challenging disease. Co-morbidities including over-
weight/obesity, arterial hypertension, diabetes, and renal 
insufficiency, proven to be associated with poor outcomes 
in this specific setting, must be actively addressed. A 
healthy diet and lifestyle and consequent normal weight 
are considered protective factors. There are currently very 
little trial data to support the role of dietary supplements 
as potential adjuvant therapy in COVID-19 (Table 1). It 
may be difficult to run large-scale trials of generic (non- 
pharma-associated) products. The most significant results 
from human studies are available for vitamin C, which 
appears to decrease inflammatory markers and suppress 
cytokine storms. Of note, two clinical trials that focused 
on vitamin C’s role in this setting have been undertaken. 
One study is still ongoing, and the other is waiting for the 
results to be published. A small, randomized trial showed 
that a high dose of vitamin D significantly reduced the 
need for intensive care unit treatment of patients requir-
ing hospitalization for COVID-19. However, it is not 
known whether similar findings would also apply to pa-

tients with an earlier stage of the disease and whether 
baseline vitamin D status would modify these results. For 
other supplements, there is interesting theoretical evi-
dence for Se and Zn. However, limited clinical trial evi-
dence exists, with even less evidence for vitamin E. Food-
stuffs, such as green tea and curcumin, can be easily in-
cluded in the diet as supplements with no significant tox-
icities. Xn is also of interest for its antiviral and anti-in-
flammatory properties, in addition to benefits in sugar 
and fat metabolism, but it needs formal clinical study. 
Probiotics stimulating the gut immune system also have 
interesting properties needing further evaluation. The 
mechanisms underlying the potential benefits of these 
supplements are mainly linked to their ability to regulate 
the immune system, modulating the cytokine cascade, 
which is primarily responsible for the development of 
ARDS and organ failure leading to death in the most se-
vere cases of COVID-19.

Obviously, further studies and properly designed clini-
cal trials are warranted to draw more robust conclusions. 
Still, while we await such studies, it may not be inappro-
priate to follow a pragmatic approach advising dietary 
recommendations and supplementation, ideally with a 
mechanism to assess outcome.

FUNDING 

None.



146  Rossi et al.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

MEC planned the project. RER searched for relevant lit-
erature and wrote the draft paper. MEC and JC made crit-
ical revisions related to important intellectual content. 
RER wrote the final manuscript. Finally, all the authors 
read and approved the final manuscript.

REFERENCES

Abidi A, Gupta S, Agarwal M, Bhalla HL, Saluja M. Evaluation of 
efficacy of curcumin as an add-on therapy in patients of bron-
chial asthma. J Clin Diagn Res. 2014. 8:HC19-HC24.

Alamdari DH, Moghaddam AB, Amini S, Keramati MR, Zarmehri 
AM, Alamdari AH, et al. Application of methylene blue-vitamin 
C-N-acetyl cysteine for treatment of critically ill COVID-19 
patients, report of a phase-I clinical trial. Eur J Pharmacol. 
2020. 885:173494. https://doi.org/10.1016/j.ejphar.2020. 
173494 

Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, 
Köstenberger M, Tmava Berisha A, et al. Vitamin D deficiency 
2.0: an update on the current status worldwide. Eur J Clin Nutr. 
2020. 74:1498-1513.

Bae M, Kim H. Mini-review on the roles of vitamin C, vitamin D, 
and selenium in the immune system against COVID-19. Mole-
cules. 2020. 25:5346. https://doi.org/10.3390/molecules2522 
5346 

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of COVID-19－final 
report. N Engl J Med. 2020. 383:1813-1826.

Belanger MJ, Hill MA, Angelidi AM, Dalamaga M, Sowers JR, 
Mantzoros CS. COVID-19 and disparities in nutrition and obe-
sity. N Engl J Med. 2020. 383:e69. https://doi.org/10.1056/ 
NEJMp2021264 

Bergman P, Lindh AU, Björkhem-Bergman L, Lindh JD. Vitamin D 
and respiratory tract infections: a systematic review and meta- 
analysis of randomized controlled trials. PLoS One. 2013. 8: 
e65835. https://doi.org/10.1371/journal.pone.0065835

Bertoldi G, Gianesello L, Calò LA. Letter: ACE2, Rho kinase in-
hibition and the potential role of vitamin D against COVID-19. 
Aliment Pharmacol Ther. 2020. 52:577-578.

Bhat MH, Mudassir, Rather AB, Dhobi GN, Koul AN, Bhat FA, et 
al. Zinc levels in community acquired pneumonia in hospital-
ized patients; a case control study. Egypt J Chest Dis Tuberc. 
2016. 65:485-489.

Bhoori S, Rossi RE, Citterio D, Mazzaferro V. COVID-19 in long- 
term liver transplant patients: preliminary experience from an 
Italian transplant centre in Lombardy. Lancet Gastroenterol 
Hepatol. 2020. 5:532-533.

Biaggio VS, Salvetti NR, Pérez Chaca MV, Valdez SR, Ortega HH, 
Gimenez MS, et al. Alterations of the extracellular matrix of 
lung during zinc deficiency. Br J Nutr. 2012. 108:62-70.

Biliavska L, Pankivska Y, Povnitsa O, Zagorodnya S. Antiviral ac-
tivity of exopolysaccharides produced by lactic acid bacteria of 
the genera Pediococcus, Leuconostoc and Lactobacillus against hu-
man adenovirus type 5. Medicina. 2019. 55:519. https://doi. 
org/10.3390/medicina55090519 

Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, Hathcock J, 
Giovannucci E, Willett WC. Benefit-risk assessment of vita-
min D supplementation. Osteoporos Int. 2010. 21:1121-1132.

Boonstra A, Barrat FJ, Crain C, Heath VL, Savelkoul HF, O’Garra 
A. 1,25-Dihydroxyvitamin D3 has a direct effect on naive CD4+ 
T cells to enhance the development of Th2 cells. J Immunol. 
2001. 167:4974-4980.

Boudreault F, Pinilla-Vera M, Englert JA, Kho AT, Isabelle C, 
Arciniegas AJ, et al. Zinc deficiency primes the lung for ventila-
tor-induced injury. JCI Insight. 2017. 2:e86507. https://doi. 
org/10.1172/jci.insight.86507 

Buckley LF, Wohlford GF, Ting C, Alahmed A, Van Tassell BW, 
Abbate A, et al. Role for anti-cytokine therapies in severe coro-
navirus disease 2019. Crit Care Explor. 2020. 2:e0178. https:// 
doi.org/10.1097/CCE.0000000000000178 

Carlucci PM, Ahuja T, Petrilli C, Rajagopalan H, Jones S, Rahimian 
J. Zinc sulfate in combination with a zinc ionophore may im-
prove outcomes in hospitalized COVID-19 patients. J Med 
Microbiol. 2020. 69:1228-1234.

Chen W. A potential treatment of COVID-19 with TGF- block-
ade. Int J Biol Sci. 2020. 16:1954-1955.

Cheng K, Yang A, Hu X, Zhu D, Liu K. Curcumin attenuates pul-
monary inflammation in lipopolysaccharide induced acute lung 
injury in neonatal rat model by activating peroxisome prolifer-
ator-activated receptor  (PPAR) pathway. Med Sci Monit. 
2018. 24:1178-1184.

Chilvers MA, McKean M, Rutman A, Myint BS, Silverman M, 
O’Callaghan C. The effects of coronavirus on human nasal cil-
iated respiratory epithelium. Eur Respir J. 2001. 18:965-970.

Chorin E, Dai M, Shulman E, Wadhwani L, Bar-Cohen R, 
Barbhaiya C, et al. The QT interval in patients with COVID-19 
treated with hydroxychloroquine and azithromycin. Nat Med. 
2020. 26:808-809.

Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact of the 
gut microbiota on human health: an integrative view. Cell. 
2012. 148:1258-1270.

Conti P, Ronconi G, Caraffa A, Gallenga CE, Ross R, Frydas I, et al. 
Induction of pro-inflammatory cytokines (IL-1 and IL-6) and 
lung inflammation by coronavirus-19 (COVI-19 or SARS-CoV- 
2): anti-inflammatory strategies. J Biol Regul Homeost Agents. 
2020. 34:327-331.

Cos P, Maes L, Vlietinck A, Pieters L. Plant-derived leading com-
pounds for chemotherapy of human immunodeficiency virus 
(HIV) infection－an update (1998-2007). Planta Med. 2008. 
74:1323-1337.

Darling A, Ahmadi K, Ward K, Harvey N, Alves AC, Dunn- 
Walters D, et al. Vitamin D concentration, body mass index, 
ethnicity and SARS-CoV-2/COVID-19: initial analysis of the 
first-reported UK Biobank Cohort positive cases (n 1474) com-
pared with negative controls (n 4643). Proc Nutr Soc. 2021. 
80:E17. https://doi.org/10.1017/S0029665121000185 

Darma A, Athiyyah AF, Ranuh RG, Merbawani W, Setyoningrum 
RA, Hidajat B, et al. Zinc supplementation effect on the bron-
chial cilia length, the number of cilia, and the number of intact 
bronchial cell in zinc deficiency rats. Indones Biomed J. 2020. 
12:78-84.

Das S, Sarmah S, Lyndem S, Singha Roy A. An investigation into 
the identification of potential inhibitors of SARS-CoV-2 main 
protease using molecular docking study. J Biomol Struct Dyn. 
2021. 39:3347-3357.

Didari T, Solki S, Mozaffari S, Nikfar S, Abdollahi M. A systematic 
review of the safety of probiotics. Expert Opin Drug Saf. 2014. 
13:227-239.

Dong E, Du H, Gardner L. An interactive web-based dashboard to 
track COVID-19 in real time. Lancet Infect Dis. 2020. 20:533- 
534.

Edeas M, Saleh J, Peyssonnaux C. Iron: innocent bystander or vi-



Diet and Supplements in COVID-19 147

cious culprit in COVID-19 pathogenesis?. Int J Infect Dis. 2020. 
97:303-305.

Edouard S, Million M, Bachar D, Dubourg G, Michelle C, Ninove 
L, et al. The nasopharyngeal microbiota in patients with viral 
respiratory tract infections is enriched in bacterial pathogens. 
Eur J Clin Microbiol Infect Dis. 2018. 37:1725-1733.

Entrenas Castillo M, Entrenas Costa LM, Vaquero Barrios JM, 
Alcalá Díaz JF, López Miranda J, Bouillon R, et al. Effect of cal-
cifediol treatment and best available therapy versus best avail-
able therapy on intensive care unit admission and mortality 
among patients hospitalized for COVID-19: A pilot random-
ized clinical study. J Steroid Biochem Mol Biol. 2020. 203: 
105751. https://doi.org/10.1016/j.jsbmb.2020.105751 

Fan Z, Yao J, Li Y, Hu X, Shao H, Tian X. Anti-inflammatory and 
antioxidant effects of curcumin on acute lung injury in a rodent 
model of intestinal ischemia reperfusion by inhibiting the 
pathway of NF-B. Int J Clin Exp Pathol. 2015. 8:3451-3459.

Finzi E. Treatment of SARS-CoV-2 with high dose oral zinc salts: 
a report on four patients. Int J Infect Dis. 2020. 99:307-309.

Fowler AA 3rd, Truwit JD, Hite RD, Morris PE, DeWilde C, 
Priday A, et al. Effect of vitamin C infusion on organ failure and 
biomarkers of inflammation and vascular injury in patients 
with sepsis and severe acute respiratory failure: the CITRIS- 
ALI randomized clinical trial. JAMA. 2019. 322:1261-1270.

Galmés S, Serra F, Palou A. Current state of evidence: influence of 
nutritional and nutrigenetic factors on immunity in the COVID- 
19 pandemic framework. Nutrients. 2020. 12:2738. https:// 
doi.org/10.3390/nu12092738 

Gammoh NZ, Rink L. Zinc in infection and inflammation. Nutri-
ents. 2017. 9:624. https://doi.org/10.3390/nu9060624 

Gao F, Zheng KI, Wang XB, Sun QF, Pan KH, Wang TY, et al. Obe-
sity is a risk factor for greater COVID-19 severity. Diabetes 
Care. 2020a. 43:e72-e74. https://doi.org/10.2337/dc20-0682 

Gao QY, Chen YX, Fang JY. 2019 Novel coronavirus infection and 
gastrointestinal tract. J Dig Dis. 2020b. 21:125-126.

Ge M, Yao W, Yuan D, Zhou S, Chen X, Zhang Y, et al. Brg1-me-
diated Nrf2/HO-1 pathway activation alleviates hepatic ische-
mia-reperfusion injury. Cell Death Dis. 2017. 8:e2841. https:// 
doi.org/10.1038/cddis.2017.236 

Giannis D, Ziogas IA, Gianni P. Coagulation disorders in corona-
virus infected patients: COVID-19, SARS-CoV-1, MERS-CoV 
and lessons from the past. J Clin Virol. 2020. 127:104362. 
https://doi.org/10.1016/j.jcv.2020.104362 

Gough ME, Graviss EA, May EE. The dynamic immunomodula-
tory effects of vitamin D3 during Mycobacterium infection. Innate 
Immun. 2017. 23:506-523.

Gu J, Han B, Wang J. COVID-19: gastrointestinal manifestations 
and potential fecal-oral transmission. Gastroenterology. 2020. 
158:1518-1519.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 
characteristics of coronavirus disease 2019 in China. N Engl J 
Med. 2020. 382:1708-1720.

Haase H, Mocchegiani E, Rink L. Correlation between zinc status 
and immune function in the elderly. Biogerontology. 2006. 
7:421-428.

Haase H, Rink L. Zinc signals and immune function. Biofactors. 
2014. 40:27-40.

Hadizadeh F. Supplementation with vitamin D in the COVID-19 
pandemic?. Nutr Rev. 2021. 79:200-208.

Hao Q, Dong BR, Wu T. Probiotics for preventing acute upper res-
piratory tract infections. Cochrane Database Syst Rev. 2015. 
2015:CD006895. https://doi.org/10.1002/14651858. 
CD006895.pub3

Hassaniazad M, Inchehsablagh BR, Kamali H, Tousi A, Eftekhar 
E, Jaafari MR, et al. The clinical effect of nano micelles contain-
ing curcumin as a therapeutic supplement in patients with 
COVID-19 and the immune responses balance changes fol-

lowing treatment: a structured summary of a study protocol 
for a randomised controlled trial. Trials. 2020. 21:876. https:// 
doi.org/10.1186/s13063-020-04824-y 

Hastie CE, Mackay DF, Ho F, Celis-Morales CA, Katikireddi SV, 
Niedzwiedz CL, et al. Vitamin D concentrations and COVID- 
19 infection in UK Biobank. Diabetes Metab Syndr. 2020. 14: 
561-565.

Hemilä H. Zinc lozenges and the common cold: a meta-analysis 
comparing zinc acetate and zinc gluconate, and the role of zinc 
dosage. JRSM Open. 2017. 8:2054270417694291. https:// 
doi.org/10.1177/2054270417694291 

Hewison M. Vitamin D and the intracrinology of innate immunity. 
Mol Cell Endocrinol. 2010. 321:103-111.

Hiedra R, Lo KB, Elbashabsheh M, Gul F, Wright RM, Albano J, 
et al. The use of IV vitamin C for patients with COVID-19: a case 
series. Expert Rev Anti Infect Ther. 2020. 18:1259-1261.

Hoeger J, Simon TP, Beeker T, Marx G, Haase H, Schuerholz T. 
Persistent low serum zinc is associated with recurrent sepsis 
in critically ill patients－A pilot study. PLoS One. 2017. 12: 
e0176069. https://doi.org/10.1371/journal.pone.0176069

Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, 
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and 
TMPRSS2 and is blocked by a clinically proven protease inhib-
itor. Cell. 2020. 181:271-280.

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, 
et al. First case of 2019 novel coronavirus in the United States. 
N Engl J Med. 2020. 382:929-936.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features 
of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet. 2020. 395:497-506.

Huang H, Jiao X, Xu Y, Han Q, Jiao W, Liu Y, et al. Dietary seleni-
um supplementation alleviates immune toxicity in the hearts 
of chickens with lead-added drinking water. Avian Pathol. 
2019. 48:230-237.

Huang Z, Rose AH, Hoffmann PR. The role of selenium in inflam-
mation and immunity: from molecular mechanisms to thera-
peutic opportunities. Antioxid Redox Signal. 2012. 16:705-743.

Hübel E, Kiefer T, Weber J, Mettang T, Kuhlmann U. In vivo effect 
of 1,25-dihydroxyvitamin D3 on phagocyte function in hemo-
dialysis patients. Kidney Int. 1991. 40:927-933.

Infusino F, Marazzato M, Mancone M, Fedele F, Mastroianni CM, 
Severino P, et al. Diet supplementation, probiotics, and nutra-
ceuticals in SARS-CoV-2 infection: A scoping review. Nutri-
ents. 2020. 12:1718. https://doi.org/10.3390/nu12061718

Ishida T. Review on the role of Zn2+ ions in viral pathogenesis and 
the effect of Zn2+ ions for host cell-virus growth inhibition. Am 
J Biomed Sci Res. 2019. 2:28-37.

Jothimani D, Kailasam E, Danielraj S, Nallathambi B, Ramachan-
dran H, Sekar P, et al. COVID-19: poor outcomes in patients 
with zinc deficiency. Int J Infect Dis. 2020. 100:343-349.

Khaerunnisa S, Aminah NS, Kristanti AN, Kuswarini S, Wungu 
CDK, Soetjipto S, et al. Isolation and identification of a flavo-
noid compound and in vivo lipid-lowering properties of Imperata 
cylindrica. Biomed Rep. 2020. 13:38. https://doi.org/10.3892/ 
br.2020.1345 

Kim J, Yang YL, Jang SH, Jang YS. Human -defensin 2 plays a reg-
ulatory role in innate antiviral immunity and is capable of po-
tentiating the induction of antigen-specific immunity. Virol J. 
2018a. 15:124. https://doi.org/10.1186/s12985-018-1035-2

Kim WY, Jo EJ, Eom JS, Mok J, Kim MH, Kim KU, et al. Combined 
vitamin C, hydrocortisone, and thiamine therapy for patients 
with severe pneumonia who were admitted to the intensive care 
unit: propensity score-based analysis of a before-after cohort 
study. J Crit Care. 2018b. 47:211-218.

Knoell DL, Julian MW, Bao S, Besecker B, Macre JE, Leikauf GD, 
et al. Zinc deficiency increases organ damage and mortality in 
a murine model of polymicrobial sepsis. Crit Care Med. 2009. 



148  Rossi et al.

37:1380-1388.
Kunnumakkara AB, Harsha C, Banik K, Vikkurthi R, Sailo BL, 

Bordoloi D, et al. Is curcumin bioavailability a problem in hu-
mans: lessons from clinical trials. Expert Opin Drug Metab 
Toxicol. 2019. 15:705-733.

Lelli D, Sahebkar A, Johnston TP, Pedone C. Curcumin use in pul-
monary diseases: State of the art and future perspectives. 
Pharmacol Res. 2017. 115:133-148.

Liu X, Song Z, Bai J, Nauwynck H, Zhao Y, Jiang P. Xanthohumol 
inhibits PRRSV proliferation and alleviates oxidative stress 
induced by PRRSV via the Nrf2-HMOX1 axis. Vet Res. 2019a. 
50:61. https://doi.org/10.1186/s13567-019-0679-2 

Liu X, Bai J, Jiang C, Song Z, Zhao Y, Nauwynck H, et al. Therapeu-
tic effect of Xanthohumol against highly pathogenic porcine 
reproductive and respiratory syndrome viruses. Vet Microbiol. 
2019b. 238:108431. https://doi.org/10.1016/j.vetmic.2019. 
108431 

Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P, 
Sebastian T, et al. Venous and arterial thromboembolic com-
plications in COVID-19 patients admitted to an academic hos-
pital in Milan, Italy. Thromb Res. 2020. 191:9-14.

Lou S, Zheng YM, Liu SL, Qiu J, Han Q, Li N, et al. Inhibition of 
hepatitis C virus replication in vitro by xanthohumol, a natural 
product present in hops. Planta Med. 2014. 80:171-176.

Lv H, Liu Q, Wen Z, Feng H, Deng X, Ci X. Xanthohumol amel-
iorates lipopolysaccharide (LPS)-induced acute lung injury via 
induction of AMPK/GSK3-Nrf2 signal axis. Redox Biol. 2017. 
12:311-324.

Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J. Hydro-
cortisone, vitamin C, and thiamine for the treatment of severe 
sepsis and septic shock: A retrospective before-after study. 
Chest. 2017. 151:1229-1238.

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, 
Bergman P, et al. Vitamin D supplementation to prevent acute 
respiratory tract infections: systematic review and meta-analy-
sis of individual participant data. BMJ. 2017. 356:i6583. https:// 
doi.org/10.1136/bmj.i6583 

Martitz J, Becker NP, Renko K, Stoedter M, Hybsier S, Schomburg 
L. Gene-specific regulation of hepatic selenoprotein expression 
by interleukin-6. Metallomics. 2015. 7:1515-1521.

May JM, Harrison FE. Role of vitamin C in the function of the vas-
cular endothelium. Antioxid Redox Signal. 2013. 19:2068- 
2083.

Menegazzi M, Campagnari R, Bertoldi M, Crupi R, Di Paola R, 
Cuzzocrea S. Protective effect of epigallocatechin-3-gallate 
(EGCG) in diseases with uncontrolled immune activation: could 
such a scenario be helpful to counteract COVID-19?. Int J Mol 
Sci. 2020. 21:5171. https://doi.org/10.3390/ijms21145171

Menegazzi M, Tedeschi E, Dussin D, De Prati AC, Cavalieri E, 
Mariotto S, et al. Anti-interferon gamma action of epigallocat-
echin-3-gallate mediated by specific inhibition of STAT1 acti-
vation. FASEB J. 2001. 15:1309-1311.

Mhatre S, Srivastava T, Naik S, Patravale V. Antiviral activity of 
green tea and black tea polyphenols in prophylaxis and treat-
ment of COVID-19: A review. Phytomedicine. 2021. 85:153286. 
https://doi.org/10.1016/j.phymed.2020.153286 

Moballegh Nasery M, Abadi B, Poormoghadam D, Zarrabi A, 
Keyhanvar P, Khanbabaei H, et al. Curcumin delivery medi-
ated by bio-based nanoparticles: A review. Molecules. 2020. 
25:689. https://doi.org/10.3390/molecules25030689 

Moghadamtousi SZ, Kadir HA, Hassandarvish P, Tajik H, 
Abubakar S, Zandi K. A review on antibacterial, antiviral, and 
antifungal activity of curcumin. Biomed Res Int. 2014. 2014: 
186864. https://doi.org/10.1155/2014/186864 

Moghaddam A, Heller RA, Sun Q, Seelig J, Cherkezov A, Seibert 
L, et al. Selenium deficiency is associated with mortality risk 
from COVID-19. Nutrients. 2020. 12:2098. https://doi.org/ 

10.3390/nu12072098 
Monlezun DJ, Bittner EA, Christopher KB, Camargo CA, 

Quraishi SA. Vitamin D status and acute respiratory infection: 
cross sectional results from the United States National Health 
and Nutrition Examination Survey, 2001-2006. Nutrients. 
2015. 7:1933-1944.

Pal R, Banerjee M, Bhadada SK, Shetty AJ, Singh B, Vyas A. Vita-
min D supplementation and clinical outcomes in COVID-19: 
a systematic review and meta-analysis. J Endocrinol Invest. 
2022. 45:53-68.

Pang XF, Zhang LH, Bai F, Wang NP, Garner RE, McKallip RJ, et 
al. Attenuation of myocardial fibrosis with curcumin is medi-
ated by modulating expression of angiotensin II AT1/AT2 re-
ceptors and ACE2 in rats. Drug Des Devel Ther. 2015. 9:6043- 
6054.

Praditya D, Kirchhoff L, Brüning J, Rachmawati H, Steinmann J, 
Steinmann E. Anti-infective properties of the golden spice 
curcumin. Front Microbiol. 2019. 10:912. https://doi.org/10. 
3389/fmicb.2019.00912 

Ran L, Zhao W, Wang J, Wang H, Zhao Y, Tseng Y, et al. Extra 
dose of vitamin C based on a daily supplementation shortens 
the common cold: A meta-analysis of 9 randomized controlled 
trials. Biomed Res Int. 2018. 2018:1837634. https://doi.org/ 
10.1155/2018/1837634 

Rautava S, Salminen S, Isolauri E. Specific probiotics in reducing 
the risk of acute infections in infancy－a randomised, double- 
blind, placebo-controlled study. Br J Nutr. 2009. 101:1722- 
1726.

Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G. The role of zinc in 
antiviral immunity. Adv Nutr. 2019. 10:696-710.

Romagnani S. T-cell subsets (Th1 versus Th2). Ann Allergy Asth-
ma Immunol. 2000. 85:9-18.

Rossi RE, Whyand T, Caplin ME. Benefits of xanthohumol in hy-
perlipidaemia, obesity and type 2 diabetes mellitus: A review. 
J Obes Chronic Dis. 2019. 3:14-18.

Ryan PM, Caplice NM. Is adipose tissue a reservoir for viral spread, 
immune activation, and cytokine amplification in coronavirus 
disease 2019?. Obesity. 2020. 28:1191-1194.

Sabetta JR, DePetrillo P, Cipriani RJ, Smardin J, Burns LA, Landry 
ML. Serum 25-hydroxyvitamin D and the incidence of acute 
viral respiratory tract infections in healthy adults. PLoS One. 
2010. 5:e11088. https://doi.org/10.1371/journal.pone. 
0011088

Saigal P, Hanekom D. Does zinc improve symptoms of viral upper 
respiratory tract infection?. Evid Based Pract. 2020. 23:37-39.

Sanders ME, Guarner F, Guerrant R, Holt PR, Quigley EM, Sartor 
RB, et al. An update on the use and investigation of probiotics 
in health and disease. Gut. 2013. 62:787-796.

Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall RA. 
Probiotics and prebiotics in intestinal health and disease: from 
biology to the clinic. Nat Rev Gastroenterol Hepatol. 2019. 
16:605-616.

Singh M, Das RR. Zinc for the common cold. Cochrane Database 
Syst Rev. 2013. 2013:CD001364. https://doi.org/10.1002/ 
14651858.CD001364.pub4 

Singh U, Devaraj S, Jialal I. Vitamin E, oxidative stress, and in-
flammation. Annu Rev Nutr. 2005. 25:151-174.

Speth R, Carrera E, Jean-Baptiste M, Joachim A, Linares A. Con-
centration-dependent effects of zinc on angiotensin-converting 
enzyme-2 activity (1067.4). FASEB J. 2014. 28:1067.4. https:// 
doi.org/10.1096/FASEBJ.28.1_SUPPLEMENT.1067.4

Sriram N, Kalayarasan S, Manikandan R, Arumugam M, 
Sudhandiran G. Epigallocatechin gallate attenuates fibroblast 
proliferation and excessive collagen production by effectively 
intervening TGF-1 signalling. Clin Exp Pharmacol Physiol. 
2015. 42:849-859.

Sriram N, Kalayarasan S, Sudhandiran G. Epigallocatechin-3-gal-



Diet and Supplements in COVID-19 149

late exhibits anti-fibrotic effect by attenuating bleomycin-in-
duced glycoconjugates, lysosomal hydrolases and ultrastructur-
al changes in rat model pulmonary fibrosis. Chem Biol Interact. 
2009. 180:271-280.

Steinbrenner H, Al-Quraishy S, Dkhil MA, Wunderlich F, Sies H. 
Dietary selenium in adjuvant therapy of viral and bacterial in-
fections. Adv Nutr. 2015. 6:73-82.

Stoffaneller R, Morse NL. A review of dietary selenium intake and 
selenium status in Europe and the Middle East. Nutrients. 
2015. 7:1494-1537.

Subhashini, Chauhan PS, Kumari S, Kumar JP, Chawla R, Dash D, 
et al. Intranasal curcumin and its evaluation in murine model 
of asthma. Int Immunopharmacol. 2013. 17:733-743.

Tahmasebi S, El-Esawi MA, Mahmoud ZH, Timoshin A, Valizadeh 
H, Roshangar L, et al. Immunomodulatory effects of nanocur-
cumin on Th17 cell responses in mild and severe COVID-19 
patients. J Cell Physiol. 2021. 236:5325-5338.

Tan CW, Ho LP, Kalimuddin S, Cherng BPZ, Teh YE, Thien SY, 
et al. Cohort study to evaluate the effect of vitamin D, magne-
sium, and vitamin B12 in combination on progression to 
severe outcomes in older patients with coronavirus (COVID- 
19). Nutrition. 2020. 79-80:111017. https://doi.org/10.1016/ 
j.nut.2020.111017 

te Velthuis AJ, van den Worm SH, Sims AC, Baric RS, Snijder EJ, 
van Hemert MJ. Zn2+ inhibits coronavirus and arterivirus RNA 
polymerase activity in vitro and zinc ionophores block the repli-
cation of these viruses in cell culture. PLoS Pathog. 2010. 6: 
e1001176. https://doi.org/10.1371/journal.ppat.1001176 

Tedeschi E, Menegazzi M, Yao Y, Suzuki H, Förstermann U, 
Kleinert H. Green tea inhibits human inducible nitric-oxide 
synthase expression by down-regulating signal transducer and 
activator of transcription-1alpha activation. Mol Pharmacol. 
2004. 65:111-120.

Thacher TD, Clarke BL. Vitamin D insufficiency. Mayo Clin Proc. 
2011. 86:50-60.

Thomas S, Patel D, Bittel B, Wolski K, Wang Q, Kumar A, et al. 
Effect of high-dose zinc and ascorbic acid supplementation vs 
usual care on symptom length and reduction among ambu-
latory patients with SARS-CoV-2 infection: the COVID A to Z 
randomized clinical trial. JAMA Netw Open. 2021. 4:e210369. 
https://doi.org/10.1001/jamanetworkopen.2021.0369 

Thota SM, Balan V, Sivaramakrishnan V. Natural products as 
home-based prophylactic and symptom management agents in 
the setting of COVID-19. Phytother Res. 2020. 34:3148-3167.

Tseng CK, Ho CT, Hsu HS, Lin CH, Li CI, Li TC, et al. Selenium 
is inversely associated with interleukin-6 in the elderly. J Nutr 
Health Aging. 2013. 17:280-284.

Ursini F, Maiorino M. Lipid peroxidation and ferroptosis: The role 
of GSH and GPx4. Free Radic Biol Med. 2020. 152:175-185.

Vaira LA, Salzano G, Deiana G, De Riu G. Anosmia and ageusia: 
common findings in COVID-19 patients. Laryngoscope. 2020. 
130:1787. https://doi.org/10.1002/lary.28692 

Valizadeh H, Abdolmohammadi-Vahid S, Danshina S, Ziya Gencer 
M, Ammari A, Sadeghi A, et al. Nano-curcumin therapy, a prom-
ising method in modulating inflammatory cytokines in COVID- 
19 patients. Int Immunopharmacol. 2020. 89:107088. https:// 

doi.org/10.1016/j.intimp.2020.107088 
Vieth R, Kimball S, Hu A, Walfish PG. Randomized comparison 

of the effects of the vitamin D3 adequate intake versus 100 mcg 
(4000 IU) per day on biochemical responses and the wellbeing 
of patients. Nutr J. 2004. 3:8. https://doi.org/10.1186/1475- 
2891-3-8 

Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, 
et al. Global burden of childhood pneumonia and diarrhoea. 
Lancet. 2013. 381:1405-1416.

Wang J, Li F, Wei H, Lian ZX, Sun R, Tian Z. Respiratory influ-
enza virus infection induces intestinal immune injury via mi-
crobiota-mediated Th17 cell-dependent inflammation. J Exp 
Med. 2014. 211:2397-2410.

Wang JZ, Zhang RY, Bai J. An anti-oxidative therapy for amelio-
rating cardiac injuries of critically ill COVID-19-infected pa-
tients. Int J Cardiol. 2020. 312:137-138.

Weiss G, Rasmussen S, Zeuthen LH, Nielsen BN, Jarmer H, 
Jespersen L, et al. Lactobacillus acidophilus induces virus immune 
defence genes in murine dendritic cells by a Toll-like receptor- 
2-dependent mechanism. Immunology. 2010. 131:268-281.

Woodworth BA, Zhang S, Tamashiro E, Bhargave G, Palmer JN, 
Cohen NA. Zinc increases ciliary beat frequency in a calcium- 
dependent manner. Am J Rhinol Allergy. 2010. 24:6-10.

Wu Y, Guo C, Tang L, Hong Z, Zhou J, Dong X, et al. Prolonged 
presence of SARS-CoV-2 viral RNA in faecal samples. Lancet 
Gastroenterol Hepatol. 2020. 5:434-435.

Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for gastro-
intestinal infection of SARS-CoV-2. Gastroenterology. 2020. 
158:1831-1833.

Xue J, Moyer A, Peng B, Wu J, Hannafon BN, Ding WQ. Chloro-
quine is a zinc ionophore. PLoS One. 2014. 9:e109180. https:// 
doi.org/10.1371/journal.pone.0109180 

Yuan S, Yan B, Cao J, Ye ZW, Liang R, Tang K, et al. SARS-CoV-2 
exploits host DGAT and ADRP for efficient replication. Cell 
Discov. 2021. 7:100. https://doi.org/10.1038/s41421-021- 
00338-2 

Zanoli P, Zavatti M. Pharmacognostic and pharmacological pro-
file of Humulus lupulus L.. J Ethnopharmacol. 2008. 116:383- 
396.

Zhang J, Rao X, Li Y, Zhu Y, Liu F, Guo G, et al. Pilot trial of high- 
dose vitamin C in critically ill COVID-19 patients. Ann Inten-
sive Care. 2021. 11:5. https://doi.org/10.1186/s13613-020- 
00792-3 

Zhang J, Taylor EW, Bennett K, Saad R, Rayman MP. Association 
between regional selenium status and reported outcome of 
COVID-19 cases in China. Am J Clin Nutr. 2020a. 111:1297- 
1299.

Zhang J, Saad R, Taylor EW, Rayman MP. Selenium and seleno-
proteins in viral infection with potential relevance to COVID- 
19. Redox Biol. 2020b. 37:101715. https://doi.org/10.1016/ 
j.redox.2020.101715 

Zhu JY, Yang X, Chen Y, Jiang Y, Wang SJ, Li Y, et al. Curcumin 
suppresses lung cancer stem cells via inhibiting Wnt/-catenin 
and sonic hedgehog pathways. Phytother Res. 2017. 31:680- 
688.


