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Abstract

The world health organization (WHO) announced that coronavirus 2019 (COVID-19) is a pandemic. Considering 
the pandemic spread of Covid-19, many researchers have shown immense interest in various functional foods/
nutraceuticals and dietary supplements to improve immune function and overall health status and thus lower the 
risk of COVID-19 infection. Studies have indicated that a balanced diet rich in various nutrients especially micro-
nutrients plays a huge role in recovering and preventing COVID-19 related health issues. Improvement of obesity 
could reduce the risk of COVID-19 infection owing to the less angiotensin-conversion enzyme 2 receptors and in-
crease the effect of vaccination. This review signifies the importance of various food bioactives along with dietary 
supplements (balanced diet) rich in various micronutrients against COVID-19 and its related anomalies. Moreover, 
this contribution helps non-specialists to understand the importance of various functional foods/nutraceuticals 
based on the dietary/supplementation recommendations indicated by various popular nutritional or dietary or 
health organizations. To sum up this contribution, healthy life style and balanced nutrition play important role on 
immune system. Reducing obesity becomes a critical point on the COVID-19 infection. The most important is to 
find the potential and effective food bioactives, which might act as supportive or complementary therapy (pro-
phylactic) for mitigating the risk and comorbidity associated with COVID-19.

Keywords: Coronavirus 2019 (COVID-19); Functional foods; Nutraceuticals; Dietary supplements; Micronutrients.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) 
or coronavirus causes a pneumonia-like respiratory disease, which 
is commonly called COVID-19 (Coronavirus-2019). Coronavi-
rus is a positive sense single standard RNA (ssRNA), which is 

enveloped by a spike glycoprotein, which appears like a crown 
under a 2D-electron microscope, and hence it is generally called 
a coronavirus (Iddir et al., 2020). Coronavirus is a member of 
the coronaviridae family and has a close connection with severe 
acute respiratory syndrome (SARS) and Middle East respiratory 
syndrome (MERS). Coronavirus structure consists of four major 
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proteins including spike glycoprotein, nucleoprotein (attached 
with RNA), membrane protein, and an envelope protein, which 
plays a key role in replication (division). SARS-CoV2 can use 
angiotensin-converting enzyme 2 (ACE2) as a receptor and enter 
host cells and start to divide and finally cause COVID-19 (Mrit-
yunjaya et al., 2020; Wiersinga et al., 2020). Concomitant Obesity 
and related health issues become the targets of COVID-19 infec-
tion and indicator of severe syndrome, and the efficacy of vaccina-
tion is suppressed by obesity (Goossens et al., 2020; Bakhshandeh 
et al., 2021). The novel coronavirus (SARS-CoV2) outbreak from 
Wuhan, China has inflicted a global emergency health threat to 
humanity since December 2019. This coronavirus pandemic has 
impacted the economy and health care system all over the world 
(Kozlov et al., 2021). This coronavirus spreads from human to hu-
man via respiratory and airborne droplets as well as through di-
rect contacts. The biggest threat of the coronavirus is that most 
of the infected patients are asymptomatic and few develop severe 
symptoms like fever, dry cough, fatigue loss of smell/taste, and 
headache. If COVID-19 is not treated properly it can result in high 
mortality and morbidity and also its long-term effects are not clear 
(Kazemi et al., 2021; Syed, 2020). Especially, elderly people, peo-
ple with comorbid conditions (Cardiovascular, diabetes mellitus, 
cancer, and hypertension), immunosuppressed subjects, and heavy 
smokers are highly susceptible to Coronavirus infection (Subedi 
et al., 2021). Recently, WHO has announced four major variants/
genera of COVID-19 virus including α, β, γ, δ till date (out of 11 
known variants). Out of all these coronavirus variants the δ (delta) 
is one the deadliest with a high transmissibility rate (Reproductive 
number) and contributed to high mortality and morbidity globally 
in recent times (Alizon et al., 2021; Liu et al., 2021).

2. An overview on the pathophysiology of COVID-19

The detailed pathophysiology of COVID-19 is still being explored. 
However, few major risk factors like oxidative stress, inflamma-
tion, and altered immune response are assumed to be the major 
contributor to COVID-19 and its related health issues (Kozlov et 
al., 2021; Iddir et al., 2020). In this section, we would like to dis-
cuss the connection between oxidative stress, inflammation, and 
immune response and how they contribute to COVID-19. Once 
the SARS-CoV2 enters host cells (mostly lung cells) via ACE2 
receptor by endocytosis, it starts to replicate and affects the cel-
lular homeostasis, resulting in oxidative stress (increased free radi-
cal production and reduced antioxidant activity), which inflicts an 
imbalance between free radicals and antioxidants. These excessive 
free radicals (reactive oxygen species [ROS]/reactive nitrogen spe-
cies [RNS]) could alter various signaling pathways that are respon-
sible for various host cellular metabolic processes (Hussain et al., 
2016). These excessive ROS/RNS triggers inflammatory response 
via toll-like receptor (TLR) and nuclear factor-kappa B (NF-κB) 
signaling pathway by increasing the production of various pro-
inflammatory cytokines. The excessive production of inflamma-
tory cytokines results in hyperinflammatory condition (cytokines 
storm) and also alters the release and activation of various immune 
cells especially monocytes, neutrophils, and macrophages (Wiers-
inga et al., 2020; Leisman et al., 2020). These activated immune 
cells further increase the production of free radicals by suppressing 
the nuclear factor erythroid related factor 2 (Nrf2) signaling path-
way, which is responsible for endogenous antioxidant (cytoprotec-
tion) and detoxification related enzymes (Laforge et al., 2020). In 
addition, elevated cytokines trigger the induction of endothelium 
HA-Synthase-2 (HAS2) and subsequently increase the production 

of hyaluronan (HA), which has a high water binding capacity and 
eventually results in increased accumulation of lung fluid (sepsis). 
As mentioned before SARS-CoV2 mostly enters the host system 
through the respiratory tract and hence lungs cells are highly af-
fected by oxidative stress, inflammation, and altered immune re-
sponse and result in fibrosis, fluid accumulation, and sepsis (Shi et 
al., 2020). Hence, most of COVID-19 patients have various lung or 
respiratory-related problems especially acute respiratory distress 
syndrome (ARDS), and pneumonia (Kellner et al., 2017). Both ox-
idative stress and inflammation are strongly interconnected in that 
one activates another (vicious cycle). Similarly, oxidative stress 
and inflammation result in altered immune response (innate and 
acquired immunity) which plays a dominant role in the pathophys-
iology of COVID-19 (Leisman et al., 2020). Furthermore, stud-
ies have indicated that elevated ROS production (oxidative burs/
stress), cytokine storm (inflammation), immune dysfunction end 
up in multi-organ failure by altering various normal cellular func-
tions like autophagy, apoptosis, necrosis (cell death), cell energy 
system (mitochondrial dysfunction) along with altered microbiota 
flora (microbiota dysbiosis) could increase the severity of SARS-
CoV2 infection (Yuki et al., 2020; Smith et al., 2020). Because, of 
the above-mentioned mechanism (pathophysiology), COVID-19 
patients start to develop various comorbid conditions which even-
tually leads to higher mortality and morbidity. Those individuals 
who already have comorbid conditions like hypertension, diabetes 
mellitus, cardiovascular or renal/lung-related disorders are highly 
vulnerable to high morbidity and mortality (Liu et al., 2020).

3. Modified lifestyle pattern to lower the risk of COVID-19

So far, we have given an overview of COVID-19 and its impacts 
on humans by explaining various pathophysiological events and 
their associated factors. We would now like to emphasize the im-
portance of a modified lifestyle pattern for reducing the risk of 
COVID-19 as well as some recommendations for a speedy recov-
ery from COVID-19. The common recommendation from various 
expert includes regular exercise (indoor or outdoor), maintaining 
social distancing, wearing a mask and washing hands (hygienic 
lifestyle) as well as limiting smoking and alcohol consumption 
(Ismail et al., 2021; WHO, 2020). In addition, consumption of 
healthy foods including regular intake of fruits, vegetables, dietary 
fibers, nuts, and cereals along with various dietary supplements 
would lower the risk of COVID-19. Even though various COV-
ID-19 vaccines are available in the market, but it does not provide 
100% protection against COVID-19, as well as its long-term ad-
verse effects are largely unknown (Subedi et al., 2021; Cascella et 
al., 2021). Moreover, the vaccine can only help to improve or boost 
the immune response against coronavirus (produce antibodies). 
However, the individual immune system should be strong enough 
to produce enough antibodies (plasma/memory cells) to fight 
against the coronavirus (Ahn et al., 2020). Hence, consumption 
of a healthy balanced diet would help to boost the host immune 
system and thereby mitigate the harmful health impacts associated 
with coronavirus. Along with vaccination, few anti-viral drugs and 
micronutrients are recommended for treating Covid-19 but follow-
ing a healthy lifestyle (healthy food) would be the best choice to 
help combating this pandemic (Lordan et al., 2021).

One very important issue is obesity control. Obesity and related 
health issues (hypertension, diabetes and coronary heart diseases) 
are well known as main reasons of infection and severe syndrome 
of COVID-19 and vaccination efficacy owing to rich ACE2 receptor 
(Goossens et al., 2020; Bakhshandeh et al., 2021). ACE2 receptor 
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is a protein on the surface of many cell types. It is an enzyme that 
generates small proteins, by cutting the larger protein angiotensino-
gen, that then go on to regulate functions in the cell. To prevent the 
infection and avoid severe syndrome of COVID-19 infection, con-
comitant obesity control is very critical and effective. Energy intake 
control and physical activity (healthy lifestyle) could be greatly en-
couraged at this time. Even though many strategies until now have 
been recommended to treat COVOD-19, but the way to help treating 
this disease is important. Food bioactives are treasures from nature 
which show great potential to treat COVID-19 problems. Basic 
studies together with clinical trials are required in the near future. 
The authors have set up a good model to screen a lot of potential and 
effective food bioactives on COVID-19 virus, some valuable and 
exciting results have so far been obtained. Our next step is clinical 
trial for getting the science-based evidence for them.

4. Dietary guidelines from health/ dietary organization/soci-
ety/council to prevent COVID-19

Different nutritional or dietary or health organizations/societies/

councils, including World Health Organization (WHO), Food and 
Agriculture Organization (FAO) of the UN, and European Food In-
formation Council (EFC), Center for Disease Control and Preven-
tion (CDC), Dietary Association of Australia (DAA) and United 
National Children’s Fund (UNICEF) have proposed various health/
dietary guidelines and advice pertaining to COVID-19 pandemic. 
Table 1 epitomizes the summary of health/dietary guidelines and 
advice indicated by various organizations or councils which most-
ly includes the consumption of fruits, vegetables, fish oil, probi-
otics, whole grains, cereals, and nuts. These recommended foods 
could substantially improve the immune system and thereby elicit 
overall protection from COVID-19 infection and lower the risk of 
Covid related health issues as well as improve the recovery rate in 
Covid infected subjects (WHO, 2020; UNICEF, 2020; FAO, 2020; 
DAA, 2020; de Faria Coelho-Ravagnani et al., 2021). Overall, all 
major health/ dietary organizations/societies/councils have recom-
mended that individuals consume healthy food including fruits 
and vegetables (rich in fibers, minerals, and vitamins) along with 
drinking an adequate level of water (hydrated). In addition, avoid-
ing smoking and reducing alcohol consumption have been sug-
gested (de Faria Coelho-Ravagnani et al., 2021).

Table 1.  Summary of dietary/supplementation recommendations and proposed health benefits along with food hygienic guidelines from different nu-
tritional or dietary or health organizations/societies/councils

Dietary/supplementation recommendation Proposed health benefits and hy-
gienic guidelines (food safety)

Organization/As-
sociation/Council

Intake of fresh fruits and vegetables rich in 
fibers, minerals, and vitamins (Colored fruits 
and vegetables are highly recommended). 
Avoid or limit the use of processed or canned 
food. Lower the consumption of sugar, fat, or 
salt. Keep hydrated (drink enough water). Do 
some indoor exercises, yoga, and meditation

Consumption of fruits and vegetables can improve overall 
health status especially lower oxidative stress and enhance 
immune system and thus lowering the risk of Covid 
19. Wash hands before handling food (before eating or 
cooking). Wash vegetables/fruits before cooking. Maintain 
social distancing and wear a mask (outdoor activities)

WHO (2020)

Increase fruits and vegetable consumption. Intake 
fish oil rich in DHA/EPA. Vitamin and mineral-
rich supplements or fruits/vegetables must be 
consumed. Drink a glass of milk and take only 
low-fat dairy products are better (especially 
probiotics). Lower the usage of processed 
and junk foods. Make cooking and eating fun, 
makes children happy, and lower stress

Consumption of fruits and vegetables rich in vitamins 
and minerals could decrease stress and enhance the 
endurance and immune response (increase antibody 
production) and thus mitigate the severity of Coronavirus 
infection. Wash hands before handling food (before 
eating or cooking). Pregnant women with Covid 19 
can still breastfeed. Children should maintain social 
distancing and wear a mask (outdoor activities)

UNICEF (2020)

Consume a healthy and balanced diet by 
including vegetables, nuts (healthy fat), whole 
grains, and fruits. Diversity food consumption 
and do not avoid any food completely, to 
balance your system. Limit alcohol consumption. 
Avoid excessive intake of fats or sugar

Eating healthy and balanced food will significantly improve 
the immune system (proliferation of T and B cells). 
Dietary fibers and healthy fat can lower the comorbid 
conditions associated with Covid 19. Wash all the food 
materials before cooking. Wash hands regularly

FAO (2020)

Prefer fresh food and try to avoid stored or 
canned food especially fruits and vegetables. 
Consume dried nuts like walnut, almond, 
cashews, peanuts. Intake whole grains/cereals 
and drink at least a glass of milk. Try to consume 
herbs and spices with your food. But avoid 
excessive salt or sugar (carbonated drinks)

Following the dietary plan, it can help maintaining a 
strong immune function as well as substantially improve 
your mental health. Sterilize the food before cooking 
and wash hand with soap for at least 20 seconds

DAA (2020)

Recommended to control the disease by 
following only hygienic procedure (food 
safety), no dietary recommendation

Wash your hand regularly for at least 20 seconds. 
Clean/sanitize the working space and kitchen to 
avoid food contamination. Refrigerate perishable 
food and clean than before cooking. Wear a mask as 
much as possible and maintain social distancing

CDC (2020)
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5. Importance of functional food/nutraceuticals and dietary 
supplements on COVID-19

Considering this coronavirus pandemic outbreak, people are be-
coming highly health-conscious and have started to focus on 
healthy food. When it comes to healthy food, people mostly re-
member functional foods/nutraceuticals, herbs, and dietary supple-
ments as they might be the better tool to combat against COVID-19 
and its related health issues (Subedi et al., 2021). Both functional 
foods and nutraceuticals terms are often used interchangeably but 
there are subtle differences between them. In the case of functional 
food, they are considered as a traditional or conventional food or 
food byproduct, which could be fortified or altered to enhance its 
nutritional value and thus demonstrably enhance its overall bio-
logical function and health status (Venkatakrishnan et al., 2019; 
Shahidi, 2012). However, nutraceuticals are part of the food (bio-
active) which can be used in the medicinal form or supplement to 
improve overall health status (Daliu et al., 2019). Recent studies 
have indicated that intake of functional foods/nutraceuticals and 
dietary supplements rich in various micronutrients would lower 
the risk of COVID-19 infection as well as speeding up the recov-
ery in COVID-19 subjects since most viral infections can compro-
mise immune function and lower micronutrient levels (especially 
vitamins/minerals). Moreover, functional foods/nutraceuticals and 
dietary supplements are well known for their antioxidant, anti-in-
flammatory, and immunomodulatory properties. Hence, they can 
effectively lower oxidative stress and inflammation and thereby 
positively regulate immune cells (immune booster) which even-
tually results in improving overall health status (Subedi et al., 
2021; Lordan et al., 2021; Galanakis et al., 2020; Mrityunjaya et 
al., 2020). Both vitamins and minerals (micronutrients) play a cen-
tral role in various cellular activities (metabolic function, immune 
function, antioxidant, anti-inflammation), structural/body devel-
opment (growth), and thereby improve overall health status (Chiu 
et al., 2021). In this contribution, we havechosen only the popular 
nutraceuticals/functional food or micronutrients (dietary supple-
ments) like probiotics, fish oil, and curcumin, and quercetin which 
have been reported to show potent anti-viral and anti-respiratory 
effects. Most of the clinical trials are still ongoing and only a few 
trials have come up with positive results, thus, it very hard to make 
any definite conclusions. Hence, we have referred to the previous 
data of various nutraceuticals/functional foods or micronutrients 
against viral infection which are related to respiratory disorders 
like lung sepsis, pneumonia, ARDS, SARS, and MERS, might be 
also effective against SARS-CoV2 or COVID-19 injection.

6. Functional food/nutraceuticals against COVID-19

6.1. Probiotics (pre and post biotics)

Probiotics are living microorganisms in the gut, which are believed 
to improve host health status, whereas, prebiotics are defined as 
non-digestible food acting as a food material that stimulates the 
growth of host beneficial gut microorganism (probiotics). Simi-
larly, postbiotics are fermented by-products (of prebiotics) pro-
duced in the gut that help promoting health (Zolkiewicz et al., 
2020). The popular probiotics species include Lactobacillus and 
Bifidobacterium spp., streptococcus (Beneficial bacteria’s) which 
are commonly used in various commercial food and supplement 
products to enhance the composition of gut microbiota and hence 
used as functional foods/nutraceuticals (Chiu et al., 2021). Pro- 

and prebiotics also show various biological functions including 
anti-inflammatory, antioxidant, and immunomodulatory activity 
through modulating the gut-brain axis (Pandey et al., 2015). The 
proposed mechanism of pro- and prebiotics against COVID-19 
include reduced expression of inflammatory markers by inhibit-
ing TLR 2/4, NF-κB, and TNF-α signaling pathway, improving 
intestinal barrier function, and thus lowering the infiltration of 
inflammatory and immune cells (Akour, 2020). Various probiotic 
spp include Lactobacillus and Bifidobacterium which play a key 
role in clearing the influenza virus by inhibiting the attachment 
with the receptor (Baud et al., 2020). Likewise, previous studies 
also indicate that probiotics can inhibit the transmissible gastro-
enteritis virus from entering the epithelial cells and thus protect 
the upper respiratory and gastric tract from viral infection (Wang 
et al., 2017). Probiotics are reported to modulate immune function 
(innate immunity) by altering the production of NK and APCs cells 
(Chong et al., 2019; Mortaz et al., 2013). Clinical trials conducted 
by Zeng (2016) and Morrow et al. (2010) demonstrated that sup-
plementation with prebiotics in respiratory ill subjects on ventila-
tion showed less ventilator-associated pneumonia compared with 
the placebo group. In addition, several reports indicate that pre-/
pro- and postbiotics can be beneficial against COVID-19 infection 
and can lower the severity owing to their potent anti-inflammatory, 
antioxidant, anti-viral, and immune-modulatory properties via im-
proving gut microbiota, which in turn enhance the gut-brain axis 
and gut-lung axis (Baud et al., 2020; Sundararaman et al., 2020; 
Akour, 2020). Based on the above data, probiotic/prebiotic supple-
mentation may be used as prophylactic and supportive therapeu-
tic property (used along with standard drugs) against COVID-19. 
However, more trials are needed before confirming their definite 
effect against the coronavirus.

6.2. Fish oil (DHA/EPA)

Fish oil is rich in various polyunsaturated fatty acids (PUFA) 
which are comprised of fatty acids with multiple double bonds. 
These include alpha-linolenic acid (ALA), docosahexaenoic acid 
(DHA) and eicosapentaenoic acid (EPA) which are classified as 
Omega(ω)-3-fatty acids with an array of pharmaceutical proper-
ties including antioxidant and anti-inflammatory activities (Ven-
katakrishnan et al., 2019). The proposed mechanism of fish oil 
against COVID-19, especially DHA and EPA, is by exerting po-
tent anti-inflammatory activity via suppressing the production of 
pro-inflammatory cytokines and Cox-2, and hence can attenuate 
cytokines Strom process (Szabo et al., 2020). Fish oil also acts as 
an ACE2 inhibitor and hence acts as an anti-corona viral agent. 
Adaptive and innate immunity activity of fish oil was demonstrat-
ed by altering the production of NK and neutrophil immune cells 
(Calder, 2007). Fish oil rich in DHA and EPA showed anti-platelet 
and anti-thrombotic/anti-atherogenic activity and thus used to treat 
COVID-19 and its related complications (Rogero et al., 2020). A 
preliminary trial showed that blood samples from 100 COVID-19 
patients with a higher DHA/EPA index had a lower risk of death 
due to Covid-19 (Asher et al., 2021). Even though fish oil was 
found to be beneficial against COVID-19, but the limited clinical 
trials make it difficult to recommend fish oil for treating COV-
ID-19.

6.3. Curcumin

Curcumin is one of the key active ingredients of turmeric. Tur-
meric is commonly used in Asian cuisine especially in India as 
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a flavoring/coloring agent with numerous biological functions, 
and hence it is considered a popular nutraceutical/functional food 
ingredient (Chiu et al., 2021). The proposed mechanism of cur-
cumin against COVID-19 is by exerting antiviral effects against 
Zika virus, Influenza virus, Human papillomavirus (HPV), and 
Human immunodeficiency virus (HIV) through inhibiting viral at-
tachment and replication (Chen et al., 2013). In addition, curcumin 
can suppress ACE2 binding and thus inhibit or control SARS-CoV 
virus entry (Zahedipour et al., 2020). The available data demon-
strate that curcumin can also work effectively against SARS-CoV 
(coronavirus). Curcumin has been reported to lower antioxidant 
stress via enhancing antioxidant activity (scavenge free radicals/ 
anti-lipid peroxidative function) as well as suppressing the produc-
tion of inflammatory cytokines via inhibiting NF-κB, STAT, and 
COX-2 signaling pathways (Rocha et al., 2020). It also stimulates 
host interferon production and thus trigger innate immunity (Ha-
mid and Thakur 2021).

6.4. Quercetin

Quercetin is a flavonoid (flavanol) and is usually present in veg-
etables and fruits. Quercetin is available in both aglycone and gly-
cosidic form (rutin) and has various biological functions including 
antioxidant, anti-inflammatory, ant-viral, and immunomodula-
tory activities (Venkatakrishnan et al., 2019). The proposed action 
mechanism of quercetin against COVID-19 is displayed by its 
strong anti-inflammatory activity and by inhibiting the production 
of various pro-inflammatory cytokines and inflammatory markers 
like COX-2 and LOX (Bhasker et al., 2011). It improves antioxi-
dant status by upregulating the Nrf2 signaling pathway (Sharma 
et al., 2020). Previous studies indicate that quercetin can suppress 
the replication of RNA viruses-like influenza and coronavirus. 
Quercetin is reported to inhibit SARS CoV2 (spike protein) attach-
ment to ACE2 and thus interfering with the endocytosis or entry of 
SARS CoV2 into cells and thus act as an anti-SARS CoV2 agent 
(Smith and Smith, 2020). Moreover, a better anti-corona virus ef-
fect was found with quercetin, when combined with vitamin C, 
thus demonstrating their immunomodulatory and anti-viral prop-
erties. Furthermore, supplementation of vitamin C with Quercetin 
for 7 days was shown to improve the recovery rate (reduce hospital 
stay) in COVID-19 patients (Colunga Biancatelli et al., 2020).

7. Micronutrients against COVID-19

7.1. Vitamins

Vitamins are essential micronutrients, which are classified as wa-
ter-soluble (B, C) and lipid-soluble (A, D, E, K). All the vitamins 
are involved in various biological functions including growth and 
development. Especially vitamins A, C, D, and E play a critical 
role in maintaining the immune system along with their antioxi-
dant, anti-inflammatory and anti-viral activities which make them 
a special weapon in combating various upper respiratory illnesses. 
Hence vitamins A, C, D, and E might also work effectively against 
SARS- CoV2 or coronavirus (Dehghani-Samani et al., 2020; Jovic 
et al., 2020).

7.2. Vitamin C (ascorbic acid)

Vitamin C is a water-soluble vitamin that aids to improve immune 

function and is also involved in the development of body tissue 
(collagen formation) and speeds up the wound healing process. In 
addition, vitamin C has potent antioxidant, anti-inflammatory, and 
anti-viral properties, which might improve overall health status and 
thus helps in the management of Covid and its related complica-
tions like sepsis and pneumonia (Carr and Rowe, 2020). The possi-
ble mechanism of vitamin C against COVID-19 includes modula-
tion of the activation of various immune cells (improve immunity) 
and thereby regulating the production of various inflammatory 
markers (suppress cytokine storm) and decreasing the histamine 
levels (Calder, 2020). Vitamin C can increase the differentiation 
and proliferation of B and T Cells and thus aid in the production of 
antibodies against SARS- CoV2 (Abobaker et al., 2020). Vitamin 
C has also been reported to enhance various antioxidant activities 
via upregulating the Nrf2 signaling pathway (Cheng, 2020) and 
can reduce the severity of upper respiratory viral infections like 
ARDS (Hagel et al., 2013). A pilot trial conducted by Zhang et 
al. (2021) has hinted that administration of vitamin c for 7 days in 
56 ill covid subjects resulted in a significant reduction of hospital 
stay and mortality. Moreover, supplementation of vitamin C with 
quercetin for 7 days improved the recovery rate (reduce hospital 
stay) in COVID-19 patients (Colunga Biancatelli et al., 2020). 
Overall, vitamin C, owing to its potent antioxidant, anti-inflamma-
tory, anti-viral, and immune-boosting properties, might help treat-
ing COVID-19 patients, however, more evidence is needed before 
its recommendation for treating COVID-19.

7.3. Vitamin D or 25-hydroxyvitamin D

Vitamin D is a fat-soluble vitamin that plays an important role in 
several physiological processes, such as bone metabolism, calci-
um, and phosphorus absorption, and enhance cellular immunity. 
Vitamin D is also showing promising results against various upper 
respiratory disorders or syndrome like ARDS. A mounting num-
ber of studies demonstrate that deficiency of vitamin D (hypovi-
taminosis D) is strongly associated with an increase in the inci-
dences of COVID-19 and its severity (Liu et al., 2021; Pereira et 
al., 2020; Grant et al., 2020). However, few studies have shown 
no association between vitamin D and Coronavirus (Jevalikar et 
al., 2021; Murai et al., 2021). The proposed mechanism against 
COVID-19 includes intake of vitamin D that could lower inflam-
matory cytokines production (cytokines storm) via downregulat-
ing the NF-κB signaling pathway. Vitamin D could effectively 
modulate immune function by altering the activation of various 
immune cellsthus regulating the production of cytokines as well as 
increasing the production of antibodies against coronavirus (Mrit-
yunjaya et al., 2020; Barlow et al., 2011). In addition, vitamin D is 
reported to induce cathelicidin (LL-37) and related peptides/pro-
tein and thus promoting innate immunity and eventually lowering 
the replication of SARS-CoV2 and influenza virus (Kazemi et al., 
2021; Sharifi et al., 2019). In addition, vitamin D is involved in the 
regulation of renin-angiotensin-aldosterone system (RAAS) and 
angiotensin-converting enzyme 2 (ACE2), which are responsible 
for attachment of SARS CoV2 and COVID-19 infection (Pal et al., 
2021). Vitamin D could upregulate the expression Nrf2 signaling 
pathway and thereby facilitating the balanced mitochondrial func-
tion (Mrityunjaya et al., 2020). A meta-analysis conducted by Mar-
tineau et al., (2017) found that vitamin D administration reduces 
the risk of upper respiratory infection. Pal et al. (2021) indicated 
that vitamin D supplementation (safe) significantly improved vari-
ous clinical outcomes like a lower hospital stay, mortality, adverse 
events, and speedy recovery. A systemic review and meta-analysis 
conducted by Kazemi et al (2021) also concluded that a significant 
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relationship exists between vitamin D and Covid infection, sever-
ity, and mortality. Especially vitamin D deficiency (VDD) has a 
direct association with Coronavirus infection and mortality. Even 
though vitamin D showed a promising effect against SARS-CoV2, 
but the dose, mode of administration, duration, and combination 
with other drugs or nutrients remains largely unknown, and hence 
further studies are needed before making any recommendations 
related to Covid patients.

7.4. Vitamin A

Vitamin A exhibits potent anti-inflammatory and immunomodu-
latory activities via regulating the cellular and humoral immune 
response. The possible mechanism underlying vitamin A protec-
tion against COVID-19, includes elevated production of T cells, 
NK cells, and neutrophils (Tanumihardjo et al., 2016). Previously, 
few researchers indicated that supplementation of vitamin A could 
significantly reduce the onset of various viral diseases like HIV, 
HPV as well as decreasing the mortality and morbidity associated 
with various respiratory illnesses and viral infections (Hamid and 
Thakur 2021; Villamor and Fawzi, 2005).

7.5. Vitamin E

Vitamin E is a potent antioxidant and plays a crucial role in main-
taining immune function especially for the elderly. Vitamin E is 
also involved in T and B cell proliferation and differentiation as 
well as improving NK cell and APCs activity and thus regulating 
immune response (Junaid et al., 2020; Lee and Han, 2018). Vitamin 
E is a strong anti-inflammatory agent as it suppresses the produc-
tion of pro-inflammatory cytokines (Lewis et al., 2019). Hence, it 
may be used to treat Covid related hyperinflammatory conditions 
along with its antioxidant and immunomodulatory activities. The 
evidence of vitamin E against COVID-19 is limited, but it might 
be used with other essential micronutrients as supportive therapy 
to enhance immunity. Moreover, vitamin B complex (B6, B9, B12) 
also helps to improve immune function by enhancing the produc-
tion of NK cells (innate immunity), T and B cells proliferation to 
enhance the antibodies production against coronavirus. However, 
only limited studies have been conducted on this topic so far and 
hence the association of vitamin B complex with COVID-19 is 
weak.

7.6. Minerals

Minerals are essential micronutrients that show a broad spectrum 
of functions including cellular metabolism, growth and thereby 
regulating overall health status (Chiu et al., 2021). Few miner-
als like zinc (Zn), and selenium (Se), are reported to be effective 
against COVID-19, but other minerals like magnesium (Mg), cal-
cium (Ca), iron (Fe), and copper (Cu) also show mild to moderate 
effect against COVID-19.

7.7. Zinc (Zn)

Zinc is one of the second most abundant minerals (trace element) 
used for growth, brain development, bone formation, and wound 
healing. The proposed mechanism of Zn against COVID-19, in-
cludes lowering the production, proliferation, and differentiation 
of various immune cells like NK cells, APCs, neutrophils and 

thus contributing to both innate and acquired immunity (Kumar 
et al., 2020). Zinc can also regulate the viral entry, fusion/attach-
ment (endocytosis), and replication and translation (growth/pro-
liferation) of various upper respiratory viruses (Ishida, 2019). Zn 
is reported to reduce the recombinant human ACE2 activity and 
may be helpful for treating COVID-19 (Speth et al., 2014). Studies 
show that chloroquine along with Zn supplementation may show 
a better anti-corona virus activity by inhibiting the attachment and 
subsequent multiplication of the SARS-CoV2 virus (Pal et al., 
2020; Ishida, 2019), however, this subject is somewhat controver-
sial, especially in light of false claims related to hydroxychloro-
quine. In addition, Zn is reported to lower the production of pro-in-
flammatory cytokines via inhibiting the TLR and NFkB signaling 
pathways (Hamid and Thakur 2021). A clinical trial, conducted by 
Prasad et al. (2007) has shown that zinc supplementation in elderly 
subjects for one year could significantly decrease the incidence of 
viral infection through lowering of cytokines production and oxi-
dative stress. Their data show that low levels of Zn (Zn deficiency) 
are associated with high susceptibility of viral infection especially 
COVID-19. The author strongly suggested that all subjects (es-
pecially elderly people) maintain the normal Zn levels and in this 
way lower the risk of Covid infection and its severity.

7.8. Selenium (Se)

Selenium is an essential micronutrient used for various biological 
functions in the body, especially for immune regulation, anti-in-
flammation, and antioxidant properties. Se is usually incorporated 
as selenoprotein and used by cells for various biological functions 
especially for lowering oxidative stress (Chiu et al., 2021). The 
proposed mechanism of Se against COVID-19 includes possible 
enhancement of glutathione family antioxidants, and thus effec-
tively lowering oxidative stress. Se can promote the production 
and proliferation of NK cells and thus play a major role in innate 
immunity (Avery and Hoffmann, 2018). Selenium administration 
can also downregulate various pro-inflammatory cytokines pro-
duction (Mrityunjaya et al., 2020). Previous studies have indicated 
that Se supplementation could significantly lower the inflamma-
tory response in respiratory distress syndrome patients (ARDS) 
as well as lowering the production of various pro-inflammatory 
cytokines (Mahmoodpoor et al., 2019). The above-mentioned an-
tioxidant, anti-inflammatory, and immune-modulatory (innate im-
munity) activities of Se recommend itas a good choice for fighting 
against COVID-19 and its related complications.

Other minor minerals like iron (Fe), and copper (Cu) have also 
been found to show some positive impact against COVID-19 in-
fection and severity. Iron supplementation showed lower inflam-
matory cytokines and altered immune cell activation as well as 
oxidative status (Wu et al., 2019). Similarly, copper intake was 
linked with antioxidant production and thus lowering oxidative 
stress in Covid infected subjects. In addition, Cu increased the pro-
duction and proliferation of T and B cells, which contributed to 
antibodies production against the Coronavirus as well as killing 
several viruses like HIV, poliovirus and could inhibit the coronavi-
rus infection (Raha et al., 2020).

7.9. Combination therapy

A few trials have been conducted by combining various dietary 
supplements (micronutrients) with functional foods/nutraceuticals 
due to their perceived holistic biological functions. However, the 
dosage, route of administration, duration, and combination ratio 
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remain to pose the biggest challenge (Colunga Biancatelli et al., 
2020; Mittra et al., 2020). Likewise, dietary supplements (micro-
nutrients), functional foods/nutraceuticals are combined with other 
standard anti-viral or anti-inflammatory drugs (synergistic effect). 
However again, the dose, duration, and combination ratio is an is-
sue (Srivastava et al., 2021; Subedi et al, 2021). Figure 1 repre-
sents the overview of this review, highlighting the importance of 
dietary supplements (micronutrients), functional foods/nutraceuti-
cals in improving health and immune system for use along with 
standard drugs and vaccines.

8. Conclusion

This coronavirus pandemic has challenged the entire health system 
globally and iys economy and has also killed several millions in the 
last few months. Here, we briefly provided the overall pathophysi-
ology and its inter-connection and its subsequent consequences. 
The importance of hygienic lifestyle, body weight control and food 
habits to lower the severity of coronavirus infection were iden-
tified as important factors in relation to COVID-19. Finally,the 
importance of functional foods/nutraceuticals and dietary supple-
ments (micronutrients) and how they may play a holistic function 
in improving overall health status in covid patients through sup-
pressing oxidative stress, inflammation and positively regulating 
the immune response was reviewed. Currently limited number of 
clinical trials are available to support the importance of these vari-
ous nutraceuticals/functional foods or dietary supplements against 
Coronavirus or Covid infection /Severity. Hence, further extensive 
clinical trials are needed to see if dietary supplements, functional 
foods/nutraceuticals along standard Covid vaccine (supportive 

therapy) would lower the ill effect of COVID-19 and its associated 
health issues. In addition, whether the dietary supplements, func-
tional foods/nutraceuticals could lower the possible adverse effects 
of Covid vaccine deserves attention. Overall, this review provided 
some glimpse on the impact of various potential food bioactives 
against COVID-19 and their therapeutic effects and proposed pos-
sible mechanisms of action.
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