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The Coronavirus-disease 2019 (COVID-19) was declared as a global pandemic on March 11, 2020 by the
World Health Organization. Since then, the scientific community has been actively engaged in devel-
oping a vaccine against the dreaded disease. Considerable research has also been performed for drugs
that can directly interfere with the viral replication pathway. However, the production of these vaccines
and drugs demands a lot of time and effort which is undesirable considering the pace at which the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is spreading across the continents. For this
reason, the possible role of dietary nutrients in reducing the risk of SARS-CoV-2 infection as well as
mitigating the symptoms, may be explored. These natural substances are readily available, have negli-
gible side effects and confer several benefits to the immune system. Macronutrients like proteins are vital
for antibody production. Dietary constituents such as omega-3-fatty acids, vitamin C, vitamin E, phy-
tochemicals such as carotenoids and polyphenols exhibit anti-inflammatory and antioxidant properties.
This review highlights the significance of relevant nutrients in boosting the immune system.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

In December, 2019 several pneumonia-like cases were reported
in the city of Wuhan in China. Later it was found that these were
caused by the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) [1]. The enormous transmission rate of this novel
strain SARS-CoV-2 resulted in the global pandemic of coronavirus
disease 2019 also known as COVID-19. The SARS-CoV-2 is an
enveloped, b-coronavirus, with a positive-sense, single-stranded
RNA genome. The four major structural proteins of this virus are
Spike protein (S), envelope protein (E), membrane protein (M), and
nucleocapsid protein (N) [2]. The spike protein interacts with host
cell membrane receptor Angiotensin Converting Enzyme 2 (ACE2)
to enable the entry of the virus during infection [3]. The clinical
manifestations of a SARS-CoV-2 infection comprise of either
moderate symptoms such as fever, mild coughing and shortness of
breath or severe complications including acute respiratory distress
syndrome, cardiac complications, multiple organ dysfunction
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syndrome, septic shock, and eventually death [4]. The acute com-
plications are triggered by a cytokine storm [5].

It has always been a challenge to combat the newly emerging
viruses [6]. However, there is growing evidence highlighting the
integral role of nutrition in boosting the immunity against this
pathogenic invasion [7]. As per the nutritional guidelines laid down
by theWorld Health Organization for adults, eating awell-balanced
diet everyday enriched in vitamins, minerals, dietary fiber, proteins
and antioxidants helps to keep the disease at bay [8]. This review
gives an in-depth insight into the various dietary constituents such
as macronutrients, micronutrients and phytochemicals that
strengthen the immune system. Macronutrients refer to those
nutrients which are required in large amounts in the diet such as
proteins, lipids and carbohydrates [9]. Micronutrients such as vi-
tamins and minerals are required only in small amounts by the
body [10]. The phytochemicals like polyphenols and carotenoids
are chemicals derived from plants whose nutritional significance
will be discussed in detail in this review [11].

2. The nutritional significance of macronutrients

2.1. Proteins

As per the recommended dietary allowance (RDA), on an
average an individual needs 0.8 g/kg body weight. An adequate
y Elsevier Ltd. All rights reserved.
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amount of protein intake is essential for antibody and complement
production in the body [12] (Fig. 1). The protein consumed in the
diet is broken down into amino acids which are then reassembled
into antibodies and complement proteins that are themajor players
of the immune system. Amino acids play a major role in regulating
the activation of macrophages, natural killer cells, B and T lym-
phocytes. They are important for the production of cytokines and
cytotoxic substances [13]. Amino acids also regulate key metabolic
pathways of the immune response against infectious pathogens.
The normal sustainance of immunocompetence requires adequate
dietary provision of all amino acids. A protein deficient diet leads to
an impaired immunity which in turn is directly related to an in-
crease in COVID-19 infection risk. Amino acids like arginine and
glutamine are very important in stimulating the immune system.
Proteins of high biological value which contain essential amino
acids and from healthy dietary sources such as from eggs, poultry,
meat and fish also constitute an essential component of an anti-
inflammatory diet [14].

2.2. Lipids

Fatty acids in the diet significantly influence the immune
response. Omega-3 and omega-6 fatty acids are two essential fatty
acids which need to be consumed in the diet as the human body
cannot synthesize them. The omega-3 fatty acids largely comprise
of a-linolenic acid (ALA) from plant sources and docosahexanoic
Fig. 1. Nutritional significan
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acid (DHA) and eicosapentanoic acid (EPA) from fish and seafood
sources. The dietary intake of these omega-3 fatty acids has been
demonstrated to trigger anti-inflammatory reactions in the body
[15]. On the other hand, omega-6 fatty acids such as arachidonic
acid is a precursor of pro-inflammatory eicosanoids like prosta-
glandins and leukotrienes. High levels of omega-6 fats are found in
refined vegetable oils and also in nuts and seeds. A healthy ratio of
omega-6/omega-3 fatty acids is between 1:1e4:1. Omega-6 fats
provide energy to the body but people should ideally consume
more omega-3 fats [16] (Fig. 1). Omega-3 fatty acids change the
composition of the phospholipid bilayer of the host cell membrane,
thereby preventing viral entry. DHA and EPA get incorporated in
the plasma membrane and affect the clumping of toll-like re-
ceptors. This results in prevention of signals that activate NF-kB,
production of fewer pro-inflammatory mediators and eventually
reduction in complications of COVID-19 infection. DHA and EPA
also serve as precursors of resolvins D and E which reduce the
production of pro-inflammatorymediators eventually resulting in a
decrease in lung inflammation [17].

2.3. Carbohydrates and dietary fiber

Carbohydrate consumption has been reported to increase se-
rotonin production, which in turn has a positive impact on a per-
son's mood [18]. Thus, carbohydrate-rich foods have an anti-stress,
self-medicating effect. However the amount of carbohydrates in the
ce of macronutrients.
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diet needs to be regulated as excess carbohydrates may lead to
obesity, diabetes and heart diseases which may increase the com-
plications due to COVID-19 infection [19].

Dietary fiber is the portion of plant-derived food or analogous
carbohydrates that cannot be completely broken down by human
digestive enzymes. The dietary fiber has been found to have a
prebiotic effect such as fostering the growth of beneficial microbes
like Bifidobacterium sp. and Lactobacillus sp. and inhibiting the
pathogens like Clostridium sp [20] (Fig. 1). This is of considerable
interest as recently COVID-19 has been associated with gastroin-
testinal disturbances in addition to respiratory symptoms [21].

3. The nutritional significance of micronutrients

3.1. Vitamins

Vitamin A plays a crucial role in maintaining the morphology of
the epithelium as well as in formation of a healthy mucus layer of
the respiratory and gastrointestinal tract [22] (Table 1). The two
major forms of vitamin A in the diet include preformed vitamin A
and provitamin A carotenoids. The active forms of vitamin A
Table 1
Nutritional significance of micronutrients.

Name of vitamin/mineral Function

Vitamin A Maintains the lining of the
respiratory and gastrointestinal
tract thereby protecting against
infection

Vitamin B Important component of several
coenzymes

Vitamin C Classical antioxidant
Vitamin D Regulator of innate and adaptive

immune systems
Vitamin E Modulates the TH1/TH2 balance
Zinc Co-factor for various enzymes

involved in antioxidant reactions
Selenium Quenching of ROS
Iron Important for T-cell proliferation

and maturation

Fig. 2. Role of vitamin D in
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include retinal, retinol and retinoic acid. A low vitamin A status is
correlated with a hampered function of macrophages, neutrophils,
T-cells as well as B-cells [23]. The immunomodulatory role of
vitamin A may play a crucial role in the fight against COVID-19
infection.

B vitamins (B1, B2, B3, B5, B6, B7, B9, and B12) are water soluble
vitamins which form an integral part of several coenzymes
(Table 1). They play a crucial role in cell metabolism and participate
in energy production [24]. Vitamin B plays a pivotal role in acti-
vation of both the innate and adaptive immune responses, down
regulates the production of pro-inflammatory cytokines and
inflammation and also improves respiratory function considerably
[25]. B vitamins also reduce gastrointestinal problems, prevent
hypercoagulability and reduce the duration of hospital stay for
COVID-19 patients [24].

Vitamin C is a classical antioxidant which has a significant
impact on the immune system. It influences the activity of phago-
cytes and T-lymphocytes (Table 1). Ascorbic acid in the diet has
been reported to lower the concentration of C-reactive protein.
Vitamin C has been postulated to exhibit antiviral activity by aug-
menting the production of interferon proteins [26]. Given the
antioxidant and antiviral effect of vitamin C and its favorable safety
profile it may be an effective choice for the treatment of COVID-19.

Vitamin D can be synthesized by the body in the presence of
sunlight. The active form of vitamin D is calcitriol (1,25 dihydrox-
yvitamin D). It not only plays a regulatory role in calcium homeo-
stasis and thus maintains bone health but also regulates the
immune system. It has been proposed that vitamin D reduces the
risk of microbial infections in three ways. Firstly, it augments the
natural protective barriers by helping in the preservation of the tight
junctions between epithelial cells. The disruption of these junctions
is a pathogenic mechanism of the upper respiratory tract viruses.
Secondly, vitamin D enhances the innate immunity by promoting
the release of defensins and cathelicidins which have been
demonstrated to exhibit antiviral eefects. Thirdly vitamin D boosts
the adaptive immunity by reducing the production of pro-
inflammatory cytokines by TH1 cells and increasing the production
anti-inflammatory cytokines by TH2 cells [27] (Fig. 2). Low levels of
vitamin D are reported in many adults at the end of the winter
boosting the immunity.
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season due to a limited exposure to sunlight. There is an observed
difference in mortality due to COVID-19 between Northern Hemi-
sphere and Southern Hemisphere [28]. This indicates a possible role
of vitamin D in governing the pathogenesis of COVID-19.

Vitamin E is a fat-soluble vitamin which includes both tocoph-
erols and tocotrienols. It is a potent antioxidant. Vitamin E has been
demonstrated to regulate the immune response by modulating the
TH1/TH2 balance and initiation of T-lymphocyte signals [29] (Table 1).
Vitamin E not only acts through anti-oxidant pathways to increase
the number of T cells but it also increases mitogenic lymphocyte
responses, IL-2 cytokine secretion, activity of natural killer cells and
eventually decreases the risk of COVID-19 infection [30].

3.2. Minerals

3.2.1. Zinc
Zinc is an essential micronutrient which is required as a co-

factor for many enzymes involved in antioxidant reactions
(Table 1). The deficiency of zinc causes oxidative stress and also
influences both the natural and acquired immunity. It has been
reported that a low zinc status increases the risk of viral infections
[31]. Several studies have shown that zinc interferes with the viral
replication cycle by inhibiting viral uncoating, interfering with viral
transcription, protein translation and polyprotein processing. It has
been proposed that Znþ2 inhibits the replication of SARS-CoV by
blocking the RNA synthesis via inhibition of the RNA-dependent
RNA polymerase [32].

3.2.2. Selenium
Several antioxidant enzymes such as glutathione peroxidase,

selenoprotein P, and thioredoxin reductase require the trace
element selenium for their synthesis [33]. Thus, the primary role of
selenium is its ability to act as an antioxidant and quench the
reactive oxygen species (ROS) (Table 1). Dietary selenium defi-
ciency has been associated with a high level of pathogenicity of
several viruses [34,35]. The cure rate for COVID-19 was found to be
significantly higher in patients with a high selenium intake in the
diet [33]. Studies have proven that a supra nutritional levels of
selenium might suppress not only the life cycle of SARS-CoV-2 but
also its mutation to a more virulent form. This is because of the fact
that both selenoproteins as well as redox-active selenium species in
the selenium metabolic pool attenuate viral-induced oxidative
Fig. 3. Classification o
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stress, cytokine storm and organ damage. Another study has
proven that sodium selenite oxidizes the thiol groups in the protein
disulfide isomerase of the coronavirus, thereby rendering it inca-
pable of penetrating the host cell membrane [35].

3.2.3. Iron
Iron homeostasis is tightly regulated during bacterial and viral

infections. When there is an inflammatory response, iron absorp-
tion is decreased so as to limit the pool of iron available to the
multiplying bacteria and viruses. However, some studies have
demonstrated that during a prolonged period of iron deficiency,
antibody production is considerably reduced. Iron also plays an
important role in T-cell proliferation and maturation as well as
regulation of cytokine production [36] (Table 1). A study has
implicated the role of hyperferritinemia and an increased inflam-
matory state in COVID-19 pathogenesis [36].

3.3. Phytochemicals

3.3.1. Polyphenols
Polyphenols are phenolic compounds derived from plants

which are enriched with antioxidant and anti-inflammatory
properties. Dietary polyphenols are broadly classified into four
groups which comprise of phenolic acids, lignans, stilbenes and
flavonoids (Fig. 3). Several polyphenols, for example the flavonoid
quercetin exhibits antiviral properties [37]. Quercetin has been
reported to decrease viral infectivity and hampers intracellular viral
replication [26]. There is a plethora of evidence highlighting the
prebiotic effects of polyphenols on the gut. This may help to amend
the dysbiosis of the gut microbiota reported to be triggered by
SARS-CoV-2 infection. Curcuminoids have been shown to reduce
the C-reactive protein (CRP) concentrations. Curcumin is the
bioactive compound present in turmeric which has a multi-
mechanistic mode of action. It can inhibit viral entry into the cell,
encapsulation of the virus and viral proteases. It modulates various
signaling pathways. Curcumin may play a beneficial role in treating
the COVID-19 infection as it is capable of modulating various tar-
gets which are responsible for the attachment and internalization
of SARS-CoV-2 in many organs such as kidney, liver and the car-
diovascular system. It may also suppress fibrosis-associated path-
ways and pulmonary edema which are triggered in COVID-19
infection [38,39].
f phytochemicals.



Table 2
Important dietary constituents which boost the immune system and their food
sources.

Dietary constituent Food source

A. Macronutrients
1. Proteins Egg white, beef, chicken, milk, dairy

products, yogurt, soybeans
2. Lipids Avocado, Tuna fish, Salmon
3. Carbohydrates Figs, blueberries, whole-wheat

bread
4. Dietary fiber Lentils, chickpeas, orange
B. Micronutrients
1. Vitamins
i) Vitamin A Carrots, mango, Salmon, eggs
ii) B vitamins (B1, B2, B3, B5, B6,
B7, B9, and B12)

Peanuts, plain yogurt, lentils, Tuna
fish

iii) Vitamin C Oranges, lemon, broccoli,
cauliflower

iv) Vitamin D Chicken, egg, low fat yogurt,
Salmon

v) Vitamin E Sunflower seeds, nuts, almonds,
kiwi

2. Minerals
i) Zinc Nuts, pumpkin seeds, beef, lamb
ii) Selenium Sunflower seeds, salmon, ham
iii) Iron Dried apricots, cherry tomatoes,

peas
C. Phytochemicals
1. Polyphenols Oranges, blueberries, strawberries
2. Carotenoids Tomatoes, spinach, cantaloupe
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3.3.2. Carotenoids
Carotenoids are tetraterpenoids. They include orange, red and

yellow organic pigments produced by plants, algae and bacteria.
Some of the common carotenoids are a- and b-carotene, lutein,
zeaxanthin and lycopene (Fig. 3). Carotenoids are well known for
their antioxidant properties and quenching of ROS. Thus, low levels
of carotenoids are associatedwith oxidative stress. Antiviral roles of
lutein, carotene and zeaxanthin have been reported. Some carot-
enoids serve as a precursor of vitamin Awhich is directly associated
with immunomodulating functions [40]. It has been reported that
carotenoids alleviate the inflammatory responses that lead to lung
damage during COVID-19 infection [41].

4. The nutritional significance of probiotics

Some patients with COVID-19 have been reported to show in-
testinal microbial dysbiosis which refers to an imbalance in the
composition and function of the intestinal microorganisms. This
highlights the involvement of the gutelung axis in SARS-CoV-2
infection. Thus, for maintenance of health and prevention or
treatment of the disease manipulation of the intestinal microbiota
is often proposed as a potential approach [42]. This can be done by
either stimulating the colonisation of the gastrointestinal tract by
beneficial bacteria or by administration of probiotics. Probiotics are
living microorganisms which confer health benefits to the host
when administered in adequate amounts. They have been reported
to boost the immune system. They also strengthen the integrity of
the junction and maintain the morphology of the epithelium of the
respiratory and gastrointestinal tract thereby reducing the risk of
entry of SARS-CoV-2. Studies have reported a reduction in both
upper and lower respiratory tract infections upon treatment with
probiotics. Several probiotics such as lactic acid bacteria (LAB) have
been shown to produce peptides which inhibit ACE2, the binding
site of SARS-CoV-2 [43]. Thus, probiotics may serve as an adjunctive
therapy in the alleviation of COVID-19.

5. Energy requirement in case of critically ill as well as non-
critical patients suffering from COVID-19

Calories come from carbohydrates (1 g yields 4 calories), fats (1 g
gives 9 calories) and proteins (1 g yields 4 calories) [12]. Non pro-
tein calorie refers to the combined energy from lipids and carbo-
hydrates. As protein is the only macronutrient which provides
nitrogen, non protein calorie-to-nitrogen ratio (NPC:N) may be
used to assess whether nitrogen or protein intake is sufficient to
maintain muscle tissue. It describes the balance between energy
and protein. Proteins are composed of 16% nitrogen. A NPC:N ratio
of 150:1 to 200:1 is adequate for stable patients. However for
critically ill patients or those who are having difficulty in main-
tainingmuscle mass, a higher protein intake is optimal and a NPC:N
ratio of 100:1 or lesser is desirable [44].

About 5% of patients suffering from COVID-19 develop an acute
respiratory distress syndrome (ARDS) and require respiratory sup-
port in critical care units. As per the clinical guidelines, nutritional
support should be started within the first 48 h of admission to the
intensive care unit (ICU) along with enteral nutrition (EN) [44]. By
the end of the first week of admission to the ICU, the caloric and
protein target should be reached. In case the patient is incompatible
with EN, parenteral nutrition (PN) should be started after 3rd to 7th
day of admission to the ICU. One such study was conducted in a
tertiary hospital in Madrid which was severely hit by the pandemic
in the first wave [45]. In that retrospective study, spanning a period
from March to May, 2020, medical nutrition treatment (MNT) was
given to critically ill patients with COVID-19 and the clinical
21
outcome was monitored closely. The variables recorded comprised
of age, sex, body mass index (BMI), comorbidities mainly like
obesity, hypertension, diabetes and date of admission to the ICU
[46]. The type of respiratory support being provided such as invasive
mechanical ventilation (IMV), high flow nasal cannula (HFNC) or
non invasive ventilation (non-IMV) was noted. The caloric or energy
requirement was calculated by 25 kcal/kg adjusted body weight
(ABW) and the protein requirement as 1.3 g/kg ABW/day. On the 4th
and 7th day of admission to the ICU, energy and protein adminis-
tered were calculated. This also took into account the calories pro-
vided in the form of propofol administration. The MNT type
provided was either EN, PN or mixed EN þ PN. Patients were also
closely monitored for metabolic complications and acute kidney
failure (AKF) [47]. Eventually, their length of the stay (LOS) at the
hospital or the mortality was recorded. A total of 176 patients were
included in the study. Majority of them met the energy and protein
requirements during the first week of admission to the ICU by the
use of PN or PN þ EN. Thus, PN can be used safely alongwith EN in
critically ill patients with COVID-19 by closely monitoring them for
metabolic complications [47].

Malnutrition has harmful consequences on COVID-19 patients.
Thus, nutritional care of these patients cannot be overlooked. Early
nutritional supplementation of non-critically ill COVID-19 patients
who have been hospitalized is also very crucial. The nutritional
status of these patients should be enhanced at the time of admis-
sion itself [48]. Nutritional support, mainly protein intake should be
provided in the form of oral nutritional supplements (ONS). COVID-
19 patients should have an adequate protein intake of 1.5 g/d and
calorie intake of 25e30 kcal/d. At the time of admission, a high
calorie dense diet of different consistensies and which is readily
digestible should be administered to the patient. This should be
accompanied with oral supplementation of whey proteins as well
as intravenous infusion of multivitamins and multimineral trace
elements solutions in physiological saline [49]. If the patient ex-
hibits hydroxy vitamin D deficiency, cholecalciferol should be
administered. If the patient is unable to eat or incompatible with
ONS then parenteral nutrition is prescribed [48].
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6. Future directions

This review focuses on the interactions of the various macronu-
trients,micronutrients and phytochemicalswith the immune system
and its relevance during the COVID-19 crisis. Research indicates that
a high protein diet facilitates antibody production [12]. A diet
enriched in omega-3 fatty acids, vitamins and minerals is highly
recommended during this pandemic situation (Table 2). In the
present-day scenario where many research groups are actively
engaged in developing vaccines and novel therapeutics against
COVID-19, a balanced nutrient status which reduces inflammation
and oxidative stress may strengthen the immune system and thus
may be the key to tackle the current situation. Several studies have
shown that nutraceuticals have the ability to boost immunity and
exhibit antiviral, antioxidant and anti-inflammatory effects. These
comprise of vitamin C and D, zinc, selenium, curcumin, cinna-
maldehyde, quercetin, lactoferrin, probiotics and several other nat-
ural compounds. Some of these phytonutrients may be grouped in
correct combination to formulate a food supplement which in turn
can not only boost immunity but also prevent viral spread [11]. Thus,
nutraceuticals provide both prophylactic as well as therapeutic
support against COVID-19.
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