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Abstract

The development of targeted therapeutics against the novel coronavirus disease 2019 (COVID-19) is highly desir-
able but may present a challenge in the foreseeable future. Adequate nutrition is a prerequisite of an optimally 
functioning immune system. Nutritional approaches, including the administration of food bioactives and micro-
nutrients, may therefore have the potential to augment immune function and defend against COVID-19. The 
supplementation of micronutrients, including vitamins and trace elements, and food bioactives, such as carot-
enoids and polyphenols, has shown itself to be beneficial in enhancing immunity in viral infections. However, the 
purported significance of these compounds in naturally occurring infections derives primarily from studies using 
animal models. The findings of human studies are inconsistent. The efficacy of micronutrients and food bioactives 
in infectious diseases can be affected by a wide array of factors, including the type of pathogen, the dose, timing 
and duration of supplementation and the characteristics of target populations. High-dose supplementation over 
extended periods of time may be associated with serious adverse effects, including aggravation of infectious dis-
eases. Evidence evaluating dietary supplementation in COVID-19 is lacking. A reliance on supplements to prevent 
or treat COVID-19 would therefore be premature.
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1. Introduction

In recent decades, the evolution of novel coronaviruses has resulted 
in an ongoing global threat to humans. Outbreaks of the severe acute 
respiratory syndrome (SARS) epidemic in 2002 and the Middle 
East respiratory syndrome (MERS) in 2015 were caused by highly 
pathogenic coronaviruses (De Wit et al., 2016; Yin and Wunderink, 
2018). In December 2019, another previously unknown coronavi-
rus, the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged, causing the novel infectious coronavirus disease 
2019 (COVID-19), which has been declared a global pandemic by 
the World Health Organisation (WHO, 2020). Typical symptoms 
of COVID-19 include cough, fever, respiratory problems, gastro-
intestinal symptoms and, in severe cases, atypical pneumonia (Zhu 
et al., 2020). The cardiovascular, urinary and nervous systems may 
also be affected. Since the infection may be associated with mild 

symptoms or proceed asymptomatically, the number of undetected 
and unreported cases is likely to be high. The extent of the threat 
posed by the pandemic, in terms of infectiousness, virulence, need 
for medical care and case fatalities is currently unknown (Lange, 
2020a; Lange, 2020b). Large-scale endeavours seeking to develop 
preventive and therapeutic strategies, including vaccination, anti-
viral agents and passive immunotherapy have been embarked upon. 
However, no drugs are currently known to shorten the duration, 
mitigate the severity or reduce the death rate of COVID-19. The 
efficacy of monoclonal antibody therapy also remains to be investi-
gated. Moreover, the production, manufacture and global distribu-
tion of an effective and safe COVID-19 vaccine may require several 
years (Lange, 2020a). While the development of targeted therapeu-
tics against COVID-19 is highly desirable, many problems remain 
to be solved and it may be unrealistic to expect effective prevention 
and treatment in the foreseeable future.
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2. Immune functions

The immune system is a highly complex biological system that has 
evolved to protect the host from various pathogens, such as bacte-
ria, viruses, parasites and fungi as well as cancer cells, while toler-
ating non-threatening organisms, food and self (Parkin and Cohen, 
2001). Immunity comprises two types of responses (innate and 
adaptive), which are involved in the identification and eradication 
of pathogens. Both innate and adaptive immunity involve cellular 
and humoral responses. The innate immune response depends, in 
part, on phagocytes and natural killer cells (Murphy and Weaver, 
2016) and provides a fast, nonspecific response to pathogens with-
out previous exposure or immunization. However, the speed and 
efficacy of innate immune responses do not increase in response to 
repeated exposure to pathogens. In contrast, adaptive, or acquired, 
immunity provides an immunological “memory” and is capable 
of generating an antigen-specific response to repeated infection 
with the same pathogen. The adaptive response involves antigen-
specific cells (e.g. T lymphocytes), which coordinate the overall 
adaptive response or destroy virally-infected cells, and B lympho-
cytes, which can secrete antibodies (immunoglobulins) specific to 
the infecting pathogen (Murphy and Weaver, 2016). Induction of 
immunological memory is the mechanism underlying the protec-
tion provided by vaccines against subsequent pathogen exposure.

Nutrition is critically important for the immune system, with 
both malnutrition and overnutrition adversely affecting immune re-
sponses. The findings of epidemiological and clinical studies have 
shown that nutritional deficits may alter immune functions and 
increase the risk of infection (Chandra, 1991; Chandra, 1996; Wat-
son, 1984). Infection with human immunodeficiency virus (HIV) 
increases the demand for micronutrients, such as essential trace 
minerals, while simultaneously causing a loss of these nutrients. 
The resulting deficiency can be compensated by supplementation 
of micronutrients (Bogden and Oleske, 2007; Stone et al., 2010).

The present viewpoint attempts to provide an overview of the 
evidence supporting a role of food bioactives and micronutrients 
in enhancing immune functions and will consider the obstacles 
needing to be overcome before recommendations regarding sup-
plementation of micronutrients and food bioactives in the preven-
tion and treatment of COVID-19 can be made.

3. Micronutrients

Nutrition is undoubtedly an important building block of immunity, 
and the influence of micronutrients on immune function has been 
widely investigated. Preservation of micronutrient homeostasis is 
a key factor in the maintenance of a healthy immune system, and a 
range of vitamins and trace elements have been shown to play an 
essential role in immune functions (Wintergerst et al., 2007). De-
ficiencies in micronutrients reduce immunity to disease while the 
supplementation of these compounds has been shown to enhance 
immunity in viral infections (Jayawardena et al., 2020).

Vitamins have long been known to influence immune functions, 
playing a role in both innate and adaptive immune responses (Mora 
et al., 2008). While the effects of some vitamins, such as vitamins 
C and E as well as B vitamins, are brought about in a relatively 
nonspecific manner (e.g. by anti-oxidative action), other vitamins, 
such as vitamins A and D, influence immune responses in highly 
specific ways (Mora et al., 2008). Reactive oxygen species are im-
portant in host defence and immunity (Rada and Leto, 2008). Viral 
infections, including those with HIV, hepatitis B and C viruses, 
Epstein-Barr virus, herpes simplex virus type 1 and influenza vi-

ruses, frequently lead to the production of reactive oxygen species 
(Molteni et al., 2014). Oxidative stress is believed to play an im-
portant role in the infection process (Schreck et al., 1991). Further-
more, reactive oxygen species can enhance the replication of the 
HIV virus (Baruchel and Wainberg, 1992).

Vitamin A is a retinoid and a fat-soluble vitamin involved in the 
development of the immune system and in the regulation of cellu-
lar and humoral immune processes (Huang et al., 2018; Stephens-
en, 2001). A deficiency of vitamin A can cause impaired immunity 
and its supplementation has been shown to produce therapeutic 
effects in infectious diseases such as measles, pneumonia and con-
tagious digestive diseases in children (Huang et al., 2018). While 
vitamin A supplementation does not appear to affect infection with 
the human immunodeficiency virus (HIV) per se, it may mitigate 
susceptibility to and reduce the incidence of other infectious dis-
eases in individuals with HIV (Campa et al., 2017). Retinoids are 
molecules related to vitamin A that can increase and potentiate the 
actions of type 1 interferons, which are cytokines involved in the 
early innate immune response to viruses. The effects of retinoids 
combined with other antiviral agents could be assessed in pre-clin-
ical SARS-CoV-2 studies (Trasino, 2020).

In addition to its well-established effects on calcium and bone 
homeostasis, vitamin D has often been suggested to be involved in 
decreasing the risk of microbial infection (Grant et al., 2020) by in-
creasing physical barriers, cellular natural immunity, and adaptive 
immunity (Prietl et al., 2013; Rondanelli et al., 2018). An increase 
in susceptibility to immune-mediated disorders, such as chronic in-
fections, has been linked in epidemiological studies to inadequate 
vitamin D concentrations (Baeke et al., 2010). Observational stud-
ies have found that vitamin D deficiency was associated with an 
increased risk of viral acute respiratory infection, and vitamin D 
supplementation has shown protective effects in a meta-analysis 
of clinical trials (Greiller and Martineau, 2015). However, the evi-
dence in support of a role of vitamin D in the prevention of influ-
enza infections is contentious (Gruber-Bzura, 2018).

A recent retrospective study assessed the plasma 25-hydroxy-
vitamin D levels in a cohort from Switzerland (D’Avolio et al., 
2020). It was found that participants who were PCR-positive for 
SARS-CoV-2 (N = 27) had statistically significantly lower 25-hy-
droxyvitamin D concentrations (median value 11.1 ng/mL) than 
PCR-negative individuals (N = 80, median 24.6 ng/mL). This was 
also confirmed when the participants were stratified according to 
age >70 years (median values of 9.3 [N = 18] versus 23.1 ng/mL 
[N = 43]) (D’Avolio et al., 2020). These preliminary observations 
suggest that vitamin D supplementation might be useful in reduc-
ing the risk of SARS-CoV-2 infection. However, large population 
studies and randomized controlled trials need to confirm the find-
ings.

Vitamin E is a lipid-soluble antioxidant that has been found to 
have immunomodulatory effects in cell-based, preclinical and clin-
ical studies (Lee and Han, 2018; Lewis et al., 2019). Investigations 
in animal models have shown that vitamin E deficiency impairs 
immune functions, which can be corrected by vitamin E repletion 
(Wu and Meydani, 2019). However, the findings concerning the 
clinical significance of beneficial immune effects of vitamin E in 
humans, such as reducing the risk for respiratory infections, are 
inconsistent (Wu and Meydani, 2019)

Vitamin C (ascorbic acid) is a water soluble vitamin found in 
many foods, particularly citrus fruits and green vegetables. It is a 
potent antioxidant with anti-inflammatory and immune-supporting 
effects. Vitamin C accumulates at high levels in most immune 
cells and is involved in the immune defense through its support of 
various cellular functions of both the innate and adaptive immune 
systems (Ang et al., 2018). Although vitamin C supplementation 
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is often claimed to exert preventive and therapeutic effects on the 
common cold (Bucher and White, 2016), a meta-analysis of avail-
able studies found no decrease in the incidence, severity or dura-
tion of the infection when vitamin C was administered as a daily 
supplement or at the onset of cold symptoms (Hemilä and Chalker, 
2013). However, subgroup analysis found that regular vitamin C 
supplementation in people experiencing a high level of physical 
stress reduced the incidence of the common cold by 50% (Hemilä 
and Chalker, 2013). Vitamin C supplementation may be useful 
in the treatment of respiratory and systemic infections (Carr and 
Maggini, 2017). For example, the administration of vitamin C to 
people with acute respiratory infections appears to ameliorate the 
severity of respiratory symptoms (Hunt et al, 1994).

B vitamins are water-soluble and act as components of coen-
zymes. They may mediate the interaction with immune cells in-
volved in inflammation and various pathophysiological pathways 
(Spinas et al., 2015). B vitamin deficiency may weaken the host 
immune response (Yoshii et al., 2019).

Zinc is an essential trace element, whose role in immune func-
tion has been known for several decades and has been investigated 
extensively. Zinc is required for the release of vitamin A from the 
liver and its deficiency may lead to immune effects similar to those 
observed following vitamin A deficiency (Katona and Katona-Apte, 
2008). Altered zinc homeostasis plays a crucial role in innate and 
adaptive immunity. The effects of zinc deficiency on immune cells 
can result in altered host defence, an increased inflammation risk 
and even death. Chronic zinc deficiency causes an increase in the 
production of pro-inflammatory cytokines, affecting the outcome 
of various inflammatory diseases (Bonaventura et al., 2014). Zinc 
supplementation can have anti-inflammatory and immunomodula-
tory effects and is capable of reversing the negative effects of zinc 
deficiency. Zinc can stimulate a wide range of signaling events, 
including antiviral responses (Maywald et al., 2017; Read et al., 
2019). There is abundant evidence demonstrating effects of free 
zinc and zinc-binding proteins, such as metallothioneins, against 
various viruses, including measles and human immunodeficiency 
virus (HIV) (Gammoh and Rink, 2017; Read et al., 2019). The 
administration of zinc has the potential to significantly increase the 
clearance of both acute and chronic viral infections (Read et al., 
2019). Zinc supplementation may improve the antiviral response 
and systemic immunity in zinc-deficient individuals and may also 
have the potential to specifically inhibit viral replication or symp-
toms related to infections (Read et al., 2019).

Selenium offers a wide array of health effects (Rayman, 2012). 
Dietary selenium levels and selenoprotein expression have been 
shown to impact the regulation of immune cell functions. Low se-
lenium status has been found to be associated with poor immune 
functioning, while a higher selenium status promotes antiviral 
effects (Broome et al., 2004; Hoffmann, 2007). Selenium defi-
ciency, which is the main regulator of selenoprotein expression, 
leads to impaired innate and adaptive immune responses (Avery 
and Hoffmann, 2018) and has been associated with the pathogenic-
ity of several viruses (Guilin et al., 2019). A study in humans has 
demonstrated a functional outcome of selenium supplementation 
on the immune system. Individuals with low selenium status who 
received selenium supplementation and who were challenged with 
an orally administered, live, attenuated poliovirus cleared the virus 
more rapidly than placebo controls (Broome et al., 2004).

Iron and immunity are closely linked. Iron is an essential micro-
nutrient for both humans and pathogenic microbes. Most human 
pathogens require iron, and the innate immune system is involved 
in limiting iron availability to invading microbes (Cassat and 
Skaar, 2013). Many aspects of the competition for iron between 
microorganisms and their hosts remain to be investigated (Ganz 

and Nemeth, 2015). Cross-regulatory interactions between iron 
homeostasis and immune function exist (Nairz et al., 2014). Al-
terations in iron homoeostasis, e.g. induced by pathological states 
involving iron loading or depletion, can adversely affect the abil-
ity of cells to respond to inflammation and infection (Ward et al. 
2011). The interaction between iron status, iron supplementation 
and susceptibility to infection has been the subject of much debate, 
and the evidence is inconclusive. Supplementation of iron has been 
shown, for example, to decrease respiratory infection rates in chil-
dren, while having deleterious effects on susceptibility to malaria 
(Oppenheimer, 2001). Iron supplementation may therefore be det-
rimental to immune function.

Copper plays an important role in the human immune system. 
It is involved in the functions of T helper cells, B cells, natural 
killer cells and macrophages (Percival, 1998). Dietary copper de-
ficiency has been shown to affect both innate and adaptive immu-
nity (Muñoz et al., 2007). Copper-deficient humans appear to have 
an increased susceptibility to infections, and copper may have the 
capacity to kill several infectious viruses, such as bronchitis virus, 
poliovirus and human immunodeficiency virus type 1 (Koller et 
al., 1987; Percival, 1998). It has been hypothesised that increasing 
plasma copper levels may have preventive and therapeutic effects 
against COVID-19 (Raha et al., 2020). This requires further in-
vestigation.

Magnesium has been shown in animal models to play a role 
in both innate and acquired immune reponses (Galland, 1988). A 
compromised immune system may be found in elderly people, and 
a balanced magnesium homeostasis may be important in strength-
ening resistance to infection in the elderly (Tam et al., 2003). Sug-
gestions have also been made that magnesium deficiency could 
contribute to the immunological alterations observed following 
strenuous exercise (Laires and Monteiro, 2008).

4. Food bioactives

Findings of epidemiological studies indicate that diets rich in carot-
enoids are associated with a lower incidence of infectious diseases, 
such as HIV infections (see Milani et al., 2017). Several studies 
have demonstrated the ability of dietary carotenes to prevent a 
wide range of infections in vitamin A-deficient rats (Green and 
Mallanby, 1930) and to reduce ear infections in children (Clausen, 
1931). Since β-carotene exhibits provitamin A activity, the findings 
of these studies could be attributed to its conversion to vitamin A. 
However, the specific role of carotenoids can be investigated, for 
example, by administering carotenoids without provitamin A ac-
tivity (e.g., lutein, lycopene, canthaxanthin, astaxanthin). Numer-
ous investigations using non-provitamin A carotenoids have been 
able to show the immunomodulatory action of dietary carotenoids 
(Chew and Park, 2004). Non-provitamin A carotenoids were found 
to be as active or even more active than β-carotene in enhancing 
cellular and humoral immune responses in both experimental ani-
mals and humans (Chew and Park, 2004).

In addition to the well-established antioxidant properties of 
polyphenols, evidence suggests that they may be capable of modu-
lating immune responses. The antiviral, antimicrobial, anti-inflam-
matory and cytotoxic capacity of flavonoids has been suggested 
to benefit the immune system (González-Gallego et al., 2010). 
Polyphenols have been demonstrated to influence the regulation 
of immune cells, the synthesis of pro-inflammatory cytokines and 
the suppression of pro-inflammatory gene expression (Yahfoufi et 
al., 2018).

Resveratrol (trans-3,5,4′-trihydroxy-stilbene) is a naturally oc-
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curring polyphenolic phytoalexin, which is present in the skin and 
seeds of various plants. Resveratrol administered at high doses has 
been found to activate adenosine monophosphate kinase, which is 
involved in the negative regulation of the NLRP3-inflammasome 
(Kulkarni and Cantó, 2015). The findings of experimental studies 
suggest a potential activity of resveratrol in a variety of human 
diseases, including viral infections such as acquired immunode-
ficiency syndrome (AIDS) and Middle East respiratory syndrome 
(MERS) (Lin et al., 2017; Malaguarnera, 2019). In a study assess-
ing the antiviral properties of resveratrol against MERS-CoV, the 
compound was shown to significantly inhibit MERS-CoV infec-
tion and to prolong the survival of MERS-infected cells after in-
fection (Lin et al., 2017). The expression of nucleocapsid protein 
essential for MERS-CoV replication was found to be reduced fol-
lowing the administration of resveratrol. In addition, resveratrol 
down-regulated the apoptosis induced by MERS-CoV in vitro (Lin 
et al., 2017).

Another mechanism underlying the antiviral activity of resvera-
trol may be the upregulation of the angiotensin-converting enzyme 
2 (ACE2). ACE2 has been shown to be a functional SARS-CoV 
receptor in vitro (Li et al., 2003) and in vivo (Kuba et al., 2005) 
and is required for host cell entry and subsequent viral replication. 
SARS-CoV-2 also gains entry to the cell via the ACE2 receptor, 
with the viral trimeric spike protein of SARS-CoV-2 binding to the 
ACE2 receptor (Gheblawi et al., 2020; Yan et al., 2020). SARS-
CoV-2 predominantly infects the lower respiratory tract through 
binding to ACE2 on alveolar epithelial cells (Jiang et al., 2020). 
While the levels of ACE2 expression appear to correlate with the 
susceptibility to SARS-CoV infection, the relationship with sus-
ceptibility to SARS-CoV-2 infection is unclear (Sommerstein et 
al., 2020). Upregulation of ACE2 has a protective effect on SARS-
CoV illness severity (Horne and Vohl, 2020). Thus, the ACE2 cel-
lular receptor has been proposed as a key target of SARS-CoV 
treatment (Yu et al., 2018; Zhang et al., 2020). Dietary intake has 
been demonstrated to impact the expression and function of the 
ACE2 gene, with upregulation of ACE2 showing a protective ef-
fect on SARS-CoV illness severity (Yu et al., 2018). While a high 
intake of dietary fat may downregulate ACE2, high intake of res-
veratrol may upregulate ACE2 and play a protective role (Horne 
and Vohl, 2020).

The bioavailabllity of orally administered resveratrol is 
very low (Walle et al., 2004). The naturally dimethylated ana-
logue of resveratrol, pterostilbene (trans-3,5-dimethoxy-4′-
hydroxystilbene) may be more effective due to its higher in vivo 
bioavailablity (Estrela et al. 2013; Walle et al., 2004). Stilbene 
derivatives may have antiviral effects against the SARS virus (Li 
et al., 2006). Quercetin is a flavonol found in fruits and vegeta-
bles and has biological properties that may reduce the risk of 
infection (Li et al., 2016). Quercetin has been shown to exhibit 
anti-inflammatory properties in cells from animals and humans 
and to ameliorate experimentally induced impairment of immu-
nity function in animal models (Li et al., 2016). No effects on 
innate immune function or reduction of upper respiratory tract 
infection could be observed in humans (Li et al., 2016). The 
chronic supplementation of quercetin or flavonoid-rich foods ap-
pears to have minimal effects on immunity in humans (Peluso et 
al., 2015). However, a systematic review and meta-analysis as-
sessing the effects of dietary flavonoids on upper respiratory tract 
infections found that flavonoids reduce the incidence of these 
infections when compared with controls, with no conclusive evi-
dence regarding changes in duration or severity (Somerville et 
al., 2016). Furthermore, flavonoids stimulate natural killer cell 
activity and may therefore have some potential in the preven-
tion of viral infections (Burkard et al., 2017). Potential immune 

boosting effects of polyphenols need to be established in future 
investigations with adequate scientific rigour.

Dietary fatty acids play a significant role in immune responses 
(Radzikowska et al., 2019). Omega-3 polyunsaturated fatty acids 
(PUFAs), in particular, are capable of altering the activation of 
cells of both the innate and the adaptive immune system (Gutiér-
rez et al., 2019). PUFAs have been shown in animal studies to 
exert powerful anti-inflammatory and immunomodulatory effects 
in a wide range of diseases (Fritsche, 2006). The impact of the 
administration of omega-3 PUFAs on the risk and outcome of in-
fections is a matter of debate, since their intake may have both 
beneficial and deleterious effects in infectious diseases (Husson 
et al., 2016). The administration of eicosapentaenoic acid and do-
cosahexaenoic acid in animals, corresponding to a daily dose of 
500 mg in humans, is beneficial against experimental infections 
caused by various pathogens. This effect may be attributed to the 
anti-inflammatory action of omega-3 PUFAs (Husson et al., 2016). 
However, omega-3 PUFAs administered at doses 2-to-4-fold high-
er or over extended periods of time may be detrimental in certain 
intestinal infections, since they may promote anti-inflammatory 
responses in people whose inflammatory response is critical for 
survival. High-dose and long-term supplementation of omega-3 
PUFAs in humans should therefore be administered with great cau-
tion. Omega-3 PUFAs also appear to adversely affect the immune 
cell response in infections caused by intracellular pathogens such 
as mycobacterium tuberculosis, herpes simplex virus and influenza 
virus (Husson et al., 2016).

Specific probiotics, prebiotics or a combination of both exert 
significant effects on host immunological networks of the mucosal 
and systemic immune systems through their activation of multiple 
immune mechanisms (Frei et al., 2015; Maldonado Galdeano et 
al., 2019). Probiotics seem to have a supportive role in enhanc-
ing immune responses (Kang et al., 2013). Meta-analyses have 
reported modest efficacy of probiotics in reducing the incidence 
and duration of viral respiratory tract infections (Hao et al., 2015; 
King et al., 2014). Some patients with COVID-19 in China showed 
microbial dysbiosis with decreased Lactobacillus and Bifidobac-
terium (Xu et al., 2020). However, whether Lactobacilli and Bi-
fidobacteria can support the balance of a diverse gut ecosystem 
in combating COVID-19 is unknown. The use of conventional 
probiotics for COVID-19 cannot be recommended before further 
studies reveal in more detail the effects of SARS-CoV-2 on gut 
microbiota (Mak et al., 2020).

Green tea and epigallocatechin-3-gallate appear to have multi-
ple modulatory effects on innate and adaptive immunity (Pae and 
Wu, 2013). However, findings relevant to infectious diseases are 
not available.

5. Problems surrounding the available findings

Nutritional deficiency or inadequacy can impair immune functions, 
and optimal nutritional status is important in protecting against vi-
ral infections (Calder et al., 2020; Zhang and Liu, 2020) (see Table 
1). Most evidence suggesting protective and other beneficial ef-
fects of micronutrients and food bioactives against infection stems 
from animal studies using various infection models. Ethical issues 
limit the use of experimental infections in humans. Human studies 
conducted to determine the impact of food compounds on natu-
rally occurring infections are therefore observational.

A wide range of factors can affect the efficacy of micronutrients 
and food bioactives in infectious diseases. These factors include 
the type of pathogen, the dose, timing and duration of supplemen-
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tation as well as characteristics of target populations (age, health 
status, nutritional status, immunological status, lifestyle, genetics).

Given the concerns surrounding the potential aggravation of in-
fectious diseases associated with omega-3 PUFAs (Husson et al., 
2016), the dosage of supplementation is important. A U-shaped 
relationship may exist between micronutrient status and health ef-
fects, as has been found, for example, regarding selenium intake 
(Bleys et al., 2008; Rayman, 2008). While additional intake de-
rived from supplements may have benefits in individuals with low 
micronutrient status, those with adequate or high status may show 
adverse effects. Serious adverse outcomes may be associated with 
the administration of large amounts of micronutrients, such as se-
lenium, anti-oxidative vitamins and omega-3 PUFAs (Klein et al., 
2011; Lange et al., 2019; Miller 3rd et al., 2005; Rayman, 2008; 
Rutkowski and Grzegorczyk, 2012; Yang et al., 2012).

Distinct immune features can be observed in different stages 
of life, resulting in age-related differences in prevalence, type and 
severity of infections (Maggini et al., 2018). Numerous studies 
have presented evidence of decreasing immune function with 
ageing. Immunosenescence weakens the ability of elderly peo-
ple to respond to infection and may be responsible for elevated 
morbidity and mortality from infectious diseases in the elderly 
(Gavazzi and Krause, 2002). Nutrition may carry the potential 
to delay or reverse age-related adverse changes in the immune 
system. However, different responses to nutritional interventions 
among different age groups should be considered. For example, 
ageing has been shown to alter the immune response to omega-3 
PUFAs and probiotics (Yaqoob, 2017). Micronutrients that appear 
to be important in regard to immunosenescence include vitamin 
E (Wu and Meydani, 2014) and zinc (Mocchegiani et al., 2013). 
Enhancing immune functions with vitamin E may have significant 
clinical implications since its supplementation appears to be as-
sociated with improved resistance to influenza infection in aged 
mice and a decreased risk of upper respiratory infections in elder-
ly humans (Wu and Meydani, 2014). Trials supplementing zinc 
in elderly people have shown contradictory effects on immunity 
(Mocchegiani et al., 2013).

A wide variety of dietary supplements, including “immunostim-
ulants”, antioxidant bioactives and anti-inflammatory micronu-
trients, are currently advertised as preventive measures against 

infections. Plausible arguments supporting the supplementation 
of micronutrients such as selenium or vitamin D derived mainly 
from cell culture or animal studies (Grant et al., 2020; Guilin et al., 
2019). Recommendations regarding food bioactives such as poly-
phenols and carotenoids are based on similar experimental meth-
ods (Burkard et al., 2017; Chew and Park, 2004). However, no 
controlled human intervention studies have been conducted, and 
any benefits of nutrients in viral infections are therefore question-
able. Even for HIV infection, with its increased demand for micro-
nutrients, there are no meaningful clinical studies on the benefits of 
nutritional interventions (Tang et al., 2015). Furthermore, whether 
and, to what extent, there is an additional need for micronutrients 
or bioactives in other viral infections, including COVID-19 is 
unclear. A sufficient intake of food bioactives and micronutrients 
involved in immune function may be achieved through the con-
sumption of a varied and well-balanced diet. However, nutrient 
deficiencies and inadequacies appear to be widespread (Bailey et 
al., 2015; Calder et al., 2020; Maggini et al., 2018).

6. Conclusions

Poor nutritional status predisposes to infections, and various mi-
cronutrients, including vitamins and trace elements, are essential 
for immunocompetence. Micronutrients and food bioactives can 
contribute in varying degrees to the maintenance of physical bar-
riers to pathogens and to the two major types of immunity, in-
nate and adaptive immunity. Nutritional immune support has the 
potential to augment viral defence. While the findings of animal 
studies confirm the importance of a wide range of food bioactives 
and micronutrients in immune functions, their specific roles in the 
prevention and treatment of viral infectious diseases, including 
COVID-19, in humans is far from clear. The lack of randomised 
controlled trials assessing the efficacy of food bioactives and mi-
cronutrients in the management of viral infections presents a major 
challenge in the evaluation of the role of these nutrients. Large-
scale epidemiological studies and well-designed clinical studies 
addressing dosage and combinations of these compounds in dif-
ferent populations are required to substantiate the benefits of sup-
plementation in infection. If effective, micronutrient and bioactive 

Table 1.  Potential involvement of micronutrients and food bioactives in viral infections

Agent Virus

Vitamin A Measles virus, HIV, avian coronavirus

B vitamins MERS-CoV

Vitamin C Avian coronavirus; lower respiratory tract infections

Vitamin D Viral acute respiratory infections; bovine coronavirus, SARS-CoV-2?

Vitamin E Respiratory infections; coxsackievirus, bovine coronavirus

Selenium Influenza virus, avian coronavirus, poliovirus

Zinc Herpes simplex virus, HIV, measles virus, SARS-CoV?

Iron Respiratory tract infections; viral mutations

Copper Bronchitis virus, poliovirus, HIV

Carotenoids HIV

Polyphenols HIV, MERS-CoV

Omega-3 PUFAs Herpes simplex virus, influenza virus (possibly harmful)

Probiotics Viral respiratory tract infections
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supplementation would need to be tailored to specific age-related 
needs (see Table 2).

The experimental findings in animals and observations in hu-
mans suggesting a role of food bioactives and micronutrients in 
the prevention of viral infections including COVID-19 call for 
further studies. Evidence evaluating dietary supplementation in 
COVID-19 is lacking. Healthcare providers and patients should 
not therefore rely on supplements to prevent or treat COVID-19. 
A balanced diet containing diverse food bioactives and micro-
nutrients may have supportive effects in COVID-19. At present, 
however, the most effective means of preventing the spread of 
the novel coronavirus is the avoidance of exposure to the virus 
by physical distancing and the wearing of facial masks and eye 
protection (Chu et al., 2020).
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