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ABSTRACT

BACKGROUND

The COVID-19 pandemic has brought attention to the role of the immune system. The
immune system can be strengthened by diet, supplements and good hygiene
practices. The immune system is comprised of different cells contained in the blood,
lymph, and tissues that are distributed across the body. A large number of cells and
even greater numbers of chemical messengers engage in the body's immune defence.
In immune response blood cells, B-lymphocytes and T- lymphocytes play a vital role.
The world health organization, urges people to follow a healthier lifestyle, saying it
will increase their chances of a quick recovery. Proper nutrition is required for proper
functioning of immune system. Therefore, healthy balanced diet is the best way to
support the immune function. Vitamins and minerals are important ingredients of the
diet that the body requires to work properly. Vit D is required in limited amounts to
maintain good health. Vitamins and minerals together are also called micronutrients,
as they are required in very small quantities. On the other hand, carbs, proteins and
fats are altogether termed as macronutrients. In recent years, vitamins A, C, D, and E,
believed to have an effect on the immune system, have gained significant attention
because they are involved in enhancement of immune systems. Solely, vit-A is
involved in proper functioning of eye, immune system and also takes care of skin and
genes. In green leafy vegetables, carrots, pumpkin, melons and mangoes vitamins are
present in form of pre-vitamins, and further converted into active vit A inside the
human body. It is surprising that liver, yolk of egg, butter, whole milk, and cheese are
active source of vitamin A. Having a healthy diet including lots of fruits, vegetables is
a key component of healthy lifestyles and plays a crucial role in maintaining a
properly functioning and efficient immune system to defend against infections and
other diseases. All the data was assessed from online search (PubMed, Google
Scholar). In this review article we concentrate on vitamins and minerals.
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BACKGROUND

The immune system has unique protective functions against
infections. Bacteria that invade give raise to two radically
different types of responses. Innate immunity is natural; its
responses are similar to the infectious agent encountered,
while acquired immunity is adaptive immunity; its responses
rises strongly to repeated exposure to specific infection.
Phagocytic cells, cells releasing inflammatory mediators and
natural killers are types of innate responses.[ll Inmunity is a
diverse and redundant system that needs all of the nutrients
to work properly. The immune response can be divided into
three phases: reaction, control, and end reaction. The nutrient
needs are greater during the response due to the need for
mediator cell proliferation and synthesis.[2]

Role of Vitamin C in Diet and Immunity

Ascorbic acid was initially recognized as the scurvy disease
prevention factor, also known as vitamin C, and became very
popular due to its antioxidant properties. This is a significant
co-substrate of a wide class of enzymes, and it controls gene
expression by interacting with specific transcription factors.
Vitamin C is essential for all stressful conditions requiring
immunity and being associated with inflammatory processes.
For decades the accumulation of an inflammatory stimulus has
been understood to be responsible for the onset of many
diseases. Vitamin C plays an important role in eliminating
potentially hazardous free radicals from the biological system,
vitamin C helps to prevent heart disease, cancer, and also tends
to slow the aging process. Vitamin C is important to stimulate
the immune system by increasing the strength and defense of
the organism. Consequently, their immune stimulant, anti-
inflammatory, antiviral and antibacterial roles are well
established, and we have summarized their key functions in
various forms of immune-related diseases and chronic
inflammation. We may refer that vitamin C is suitable for use
in different medicinal fields, including immunology,
toxicology, radiobiology, and others because of its effects and
variety of regulated pathways.[3]

Role of Vitamin E in Diet and Immunity

Strong antioxidant vitamin-E can modulate immune function
of the host. It also has vital role in proper functioning of
immune system, particularly in elderly population. Deficiency
of vit-E has showed rise in cases of tumour and infections in
host. On the other side, supplementation of vit-E has beneficial
effect on immune system. High supplementation of vitamin E
has shown beneficial effect to reduce aging, immunity of cell
and degenerative diseases.[*]

Role of Vitamin A in Diet and Immunity

Vitamin A plays a varied part within the body. Vision, normal
growth, fertility, fetal development, erythropoiesis, immune
function, and antioxidant function are important. Liver, green
leafy vegetables such as spinach and Amaranthus available in
all seasons, whole milk, eggs, butter, cheese, fish, and meat are
good sources of vit A. Deficiency of vit A affects immune
systems and functioning at cellular level. There’re numerous
of study which has observed reduced or loss of phagocytic
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activity and impairment in functioning of B & T cells in host
with deficiency of vit-A. Its deficiency has also been reported
to decrease natural killer activity, lower interferon production,
decrease fix fat macrophage activity and response of
lymphocytes in stimulation of mitogens. In the host with
efficiency of vitamin A proper immune function and resistance
to infection is observed.[5]

Role of Vitamin D in Diet and Immunity

Vitamin D is a modified steroid, synthesised in the skin under
the influence of sunlight and is necessary for metabolism of
calcium and phosphorus. Its RDA is 400 IU or 10 mg, it binds
to the receptor of target cells and regulate through gene
expression. Vitamin D is present in good quantities in liver,
butter cheese but on other side it has negative effect on T cell
proliferation and Th1 type cytokine developmentl6l also B-cell
antibodies.[”l Th2 -type responses and its effects are not
clear.l8l and the number of regulatory T-cells can increase.
Overall, the existing evidence indicates that vitamin D is
regulator of immune system and its effects depends on an
immune function regulator and its effects on the immune
situation (e.g. fitness, infectious disease, and autoimmune
disorder).[%

Role of Iron in Immune System

Iron is present in every cell of the body. Jaggery, organ meat,
vegetables Leafy, pulses, cereals, bananas, dry fruits, and fish.
There are a variety of studies of Fe's immune activity and the
host vulnerability to infection, deficiency of iron causes
thymus atrophy, which has many effects on the human
immune system.[10] The main role of iron in humans is
supplying oxygen to tissues and Co2 to the lungs as part of the
haeme protein that is part of haemoglobin. Iron plays a key
role in the transportation of the mitochondrial electron as a
part of cytochromes and iron-sulfur proteins. Mainly it effects
in broad spectrum and leads to impairment of the respiratory
burst and killing of bacteria, proliferation of T-cells, and
development of cytokines.[lll But the connection between
deficiency of iron and vulnerability to infection remains
undetermined. As a matter of fact, there is evidence that
spending part of their life cycle infections triggered by
microbes intracellularly, including plasmodia and
mycobacteria, may theoretically be strengthened by Fe. Fe has
been related to risk of malaria and infections in tropical infants
at doses above an acceptable threshold, including
pneumonia.l2l There are various reasons for the adverse
effects of administering iron on infections. Whereas, Fe
overload induces immune function impairment.[13]

Role of Zinc in Immune System

The human body has around 2 mg of zinc in it. Meat, fish, nuts,
legumes, eggs are good sources of zinc while zinc is not
completely absorbed in cereals. Zinc plays a crucial role in the
synthesis and stabilisation of DNA, RNA and Proteins, for the
growth and differentiation of cells and for the protection of
antioxidants, all of which are required for the function of
immune cells.['4] Zinc deficiency has a pronounced effect on
the bone marrow which reduces the precursors of immune
cells.[15] [t is an essential component of other enzymes in the
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body, such as carbonic anhydrase, alkaline phosphatase,
alcohol dehydrogenase. It is essential for antioxidant function,
as a component of superoxide dismutase. Zinc is important for
the development of cytokine in monocytes and t-cells. So it is
important for optimal function of immune system. Zinc is
based on the accumulation and secretion of insulin from the
pancreatic beta cells. Deficiency of zinc affects innate
immunity including phagocytosis, the development of natural
cell killers, and respiratory bursts.[16] There is significant
effects of Zn deficiency on acquired immunity also, which leads
to the decreases in the number of T-cells circulating and their
function.[17]

Role of Selenium in Diet and Immune System

Seafood, muscle meat, and cereals of all kinds are rich sources
of selenium, it is a component of a selenocysteine amino acid.
Selenocysteine is incorporated into a very limited number of
proteins directly during protein biosynthesis and it mainly
occurs in the enzymes, namely glutathione peroxidase,
deiodinase and thioreductase. Selenium is very much essential
for the effective and efficient functioning of the immune
system in both humans and animals, immune system protects
species from pathogen attacks, immune functions also
includes the inflammatory pathways if they are unregulated,
leads to pathogenic conditions such as ‘coronary heart disease,
cancer, immunity, and rheumatoid arthritis’.[1819 Selenium
exercises synergetic antioxidant activity along with vitamin E.
In other words, selenium is complementary to vitamin E. It
protects the membrane lipids, proteins, and other essential
intracellular biomolecules from reactive oxygen attacks.
Selenium is a part of glutathione peroxidase; it protects the
organism from oxidant stress by catalysing the degradation of
H202, hydroperoxides phospholipids, and other free radicals.
It has been proposed that selenium's antioxidant effects were
mediated by the glutathione peroxidases, the enzyme protects
the organism against oxidant stress by catalysing the
degradation of hydrogen peroxide and other free radicals.[20.21]
Thus, selenium may work as an antioxidant in the extracellular
space, along with cell membranes and particularly in the
gastrointestinal tract, all with the potential to influence
immune processes. Selenium is constituent of iodothyronine
deiodinase, selenium is involved in removal of iodine from
thyroid hormones. This process converts thyroxine to
trilodothyroxine, it is also constituent of thioredoxin
reductases an enzyme converting ribonucleotides to
deoxyribonucleotide. Thioredoxin reductase is involved in
immunological function and it also binds with heavy metals
such as mercury and cadmium and protects the body from
their toxic effects.[22]

Role of Fruits and Vegetables

Fruit and vegetables are shown in the dietary guidelines
because of their high levels of ‘dietary fiber, vitamins,
minerals, especially electrolytes; and more recently,
phytochemicals, especially antioxidants.’ (23] Vegetable makes
food palatable and bring variety to the diet. A daily intake of
60-80 g is recommended. Leafy vegetables are high in water
content and dietary fibre. Roots and tubers include potato,
carrots, colocasia, onion, yam and so on. They vary widely in
the composition of nutrients. Carrots are good sources of beta
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carotene which is a natural antioxidant. The nutrients in fruits
are readily available as they can be eaten raw and fresh. Fruits
are good sources of minerals especially sodium and potassium.
Custard apple (sitaphal) is rich in calcium. Dried fruits are
good sources of calcium and iron. Papaya and mango have a
high content of carotene. Guava, orange, amla are excellent
sources of vitamin C. Banana and mango have high sugar
content, hence good sources of energy. Optimal intake of fruit
and vegetables was inked to a reduced risk of many non-
communicable diseases. Antioxidants that give bright colour to
Fruits and vegetables and act as scavengers by eliminating free
radicals before they have harmful health effects on the
body.[24 In addition, dietary fibers found in Fruit and
vegetables increases intestinal passage by forming a mass,
resulting in more gradual nutrient absorption,[25] and thus
prevent constipation. Dietary fibre promotes the normal
motility and produce a laxative effect. High fibre content
improves glycaemic control and glucose tolerance and
increase sensitivity to insulin. This benefits diabetic patients
who can reduce their drug dose because of improved glucose
tolerance. An increase in dietary fibre content reduces the
incidence of colon cancers. They can be fermented in the colon,
elevating the concentration of short-chain anticarcinogenic
fatty acids,[26] and maintaining the gut health. Fibre reduces
plasma lipid levels. It decreases the absorption of dietary
cholesterol in the intestine. Fibre binds to bile salts and
reduces their movements through enterohepatic circulation.
These two mechanisms increase the excretion of cholesterol in
the form of bile salts, by its hypolipidemic effect, it helps to
prevent heart disease. Several studies have demonstrated
Fruit and vegetables risk-reducing capacity for CVD, thereby
preventing premature cardiovascular disorders.[27]

Role of Vitamin B6 (Pyridoxine)

Pyridoxine is an essential micronutrient for health and its
deficiency could weaken the immunity,[28-30] including a
decrease in serum antibody production and IL-2 production
and an increase in IL-4. Plants contain B6 as pyridoxine while
animal tissues contain PLP and phosphate pyridoxamine.
Wheat bran, rice bran, dried yeast, legumes, nuts, meat, fish,
milk, eggs, and leafy vegetables are rich sources of B6.
Requirements contribute to protein consumption, as it is
primarily concerned with the metabolism of amino acids. RDA
is 2 mg/day for adults. As normal it is slightly higher during
pregnancy and lactation. Vitamin B6 mediates various in vivo
metabolic processes mainly metabolism of amino acids,
gluconeogenesis, lipid metabolism, and the development and
functioning of nervous systems. Vitamin B6 was involved in
controlling immune responses linked to a wide range of
diseases and inflammation31] and various cancers.[32-34]
Previously many researches indicates that a deficiency in
vitamin B6 leads to impairment of the immune responses.

Role of Vitamin B12

Normal daily requirement is about 1 pg. Vitamin Bi2 is also
synthesised by bacteria in colon. It is not found in foods of
plant origin. Hence, strict vegans who do not consume milk
products are at risk of developing B12 deficiency. Liver, meat,
fish, eggs, milk, curd and cheese are good sources of vitamin
Bi12. In DNA synthesis the most important role of vitamin B 12
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is where cell replication is required. Vitamin B 12 acts in this
cycle on folic acid. It is assumed that vitamin B 12, which plays
a role in cell division, also serves as a modulator of human
immunity; it stimulates the development of cellular immune
recruited T lymphocytes, restores an abnormally increased
CD4/ CD8 ratio, and retains normal lymphocyte subgroup
counts.[35]

CONCLUSIONS

Immune system is highly dependent on micronutrients. Its
deficiencies have high impact on the immune system. Proper
amount of antioxidant neutralizer is useful in prevention of
immune cells because phagocytes contain ROS as part of
defence system against infection. Diet is considered as a good
source for providing most of the antioxidants although a
higher dose of antioxidants has been suggested to boost the
body’s immune system. The immune system operates at all
times but in the presence of pathogens, unique immunity
becomes more and more active. Carbohydrates, proteins and
fats produces energy, involving electron transport chain and
various coenzymes that are derivatives of vitamins. Fe and Cu
are present in ETC which are essential for proper functioning
of the immune cells. Vitamin A, D, other nutrients, and their
metabolites regulate gene expression of immune cells. It also
plays vital role in maturation, differentiation and
responsiveness of immune cells in the host. In the light of
above review, role of nutrients in maintenance of immune
system is clearly observed and present review findings
suggest that sufficient and balanced supply of nutrients is
necessary for proper functioning of the immune system.
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