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Introduc�on

In the wake of the COVID19 pandemic, people 
are increasingly becoming aware of the 
importance of good hygiene, healthy food for 
ensuring op�mal immune func�on to keep viral 
& other infec�ons away.

There are various ways to boost immune 
func�on, which include foods, medicines, 
nutraceu�cals, vitamins, supplements, 
minerals, vaccine etc. Immunity is affected by 
various factors including age, gender, sleep 
cycle, stress, foods, exercise, gene�c factors 
etc. Person with weak immune system is more 
suscep�ble to various infec�ons leads to 
various disorders.

Nutri�onal status plays a paramount role in the 
1func�oning of the immune system.  Dietary 

proteins, carbohydrates and fats, as well as 
micronutrients (vitamins and minerals), 
interact with immune cells systemically in 
blood, regional lymph nodes and in the 

2
specialized gastrointes�nal immune system.  
The role of specific macro- and micronutrients 
in immune func�on has been extensively 
studies in various studies. For example, Vander 
hoof  summar ized  the  importance  o f 
carbohydrates, primarily seen as a source of 

3energy, in immuno-nutri�on.  various amino 
4 5 6

acids such as glutamine,  arginine,  taurine  
7and sulphur-containing amino acids  have been 

reviewed in terms of their immunomodulatory 
proper�es. In addi�on, (poly) unsaturated fa�y 
acids have an impact on immune status and the 
role of omega 3 fa�y acids has been specifically 

8
discussed by Alexander.

Protein deficiency and undernutri�on are the 
main factors that results into declines in both 

9specific & nonspecific immunity.  Clinical 
evidences show that deficiencies of trace 
elements such as iron, zinc, selenium and 
copper, and vitamins A, B6, B12, folic acid, C, D 
and E are associated with impairments in 

10-13
immune func�on.  Though natural food has 
the poten�al to supply most of the essen�al 
m a c r o - a n d  m i c r o n u t r i e n t s ,  d i e t a r y 

supplements might be of great value in stress 
situa�ons such as premature life, ageing or 
disease, or extreme condi�ons like exercise.

In terms of nutri�onal support and promo�on 
of a healthy immunity, three levels of care are 
being pursued. The primary level consists of 
t h e  p r o v i s i o n  o f  a l l  ke y  m i c r o - a n d 
macronutrients to sustain immune cells and 
func�ons. The second level corresponds to the 
modula�on of the immune system to 
appropriately respond to specific but broad 
areas of concern-an example would be proper 
management of comorbidi�es. The ter�ary 
level reflects nutri�onal interven�ons tailored 
to the individual immune disposi�on and 
situa�on and is hence part of preven�ve and 

14personalized nutri�on.

Nutrients are cri�cal for the func�on of T cells, 
B cells, killer cells, macrophages, neutrophils 
that are involved in the killing and elimina�on 
of infec�ous microbes. In addi�on, there are 
many other immune related func�ons that are 
c a r r i e d  o u t  b y  t h e s e  n u t r i e n t s  a n d 
phytonutrients.

For instance, vitamin A maintains structure and 
func�on of the mucosal epithelial cells of the 
respiratory tract and enhances mucosal 
immunity (cri�cal for preven�on of respiratory 
infec�on), vitamin E, beta-carotene (precursor 
of vitamin A), vitamins C & B, Zinc, Selenium act 
as potent an�oxidants and reduce oxida�ve 
stress in the body. It is prudent to obtain these 
nutrients through a good balanced diet. 
Important points to note here is-deficiency of 
one or more of these nutrients can increase the 
frequency and severity of infec�ons.

“Preven�on is be�er than cure” will always be 
a right approach to any future pandemic. While 
there is, no medicine yet discovered for  
COVID-19, it will be acceptable to take 
preven�ve measures, which help our immunity 
during circumstances such as the present. The 
food plays a key role in deciding generally 
health and immunity. Eat low carb consumes 
less calories, as this will help control high 

1



glucose and blood pressure. A low carb diet will 
help to alleviate diabetes and focus on a 
protein-rich diet rou�ne to keep our body fit. 
Regularly ingest vegetables and natural 
products good in β-carotene, Ascorbic acid and 
other essen�al nutrients.

Certain foods like mushrooms, tomato, 
curcumin pepper and green vegetables like 
broccoli, spinach are addi�onally acceptable 
choices to develop resilience in the body 

15against diseases.  Ea�ng a low fat, plant-based 
ea�ng habit may help give the immune system 
a boost.

The immune system depends on WBCs which 
produce an�bodies to ba�le against microbes, 
viruses etc. Vegetarians have been appeared to 
have improved white platelets as compared to 
n o n - v e g e ta r i a n s ,  b e c a u s e  o f  a  h i g h 
consump�on of nutrients and low inges�on of 

16fat.  Ea�ng a low-fat food may likewise be 
protec�ve. Studies have indicated that 
restric�ng dietary fat helps stronger immune 
defenses. Research addi�onally shows that oil 
may impair WBCs func�on and that high-fat 
diet may disturb the gut microbiota that 

17
supports immunity.

Another important aspect here is maintaining a 
good weight because that can also boost the 
immune system. Obesity has been connected 
to expanded hazard for flu and different 

18
infec�ons.  Plant-based diet are effec�ve for 
weight reduc�on, since they are rich in fiber, 
which help in filling the stomach, without 
including addi�onal calories. Fiber can likewise 
regulate BMI, which is connected to improved 

19immunity.  A plant-based diet like fruits, 
vegetable, whole grains has addi�onally been 
a p p e a r e d  t o  r e d u c e  i n fl a m m a t o r y 

20biomarkers.



During the flu season or �mes of illness, people 
o �e n  s e e k  s p e c i a l  fo o d s  o r  v i ta m i n 
supplements that are believed to boost 
immunity. Vitamin C and foods like citrus fruits, 
chicken soup, and tea with honey are popular 
examples. Yet the design of our immune system 
is complex and influenced by an ideal balance 
of many factors, not just diet, and especially 

not by any one specific food or nutrient. 
However,  a  balanced diet  a long with 
supplements containing vitamins and 
minerals, combined with healthy lifestyle 
factors like adequate sleep and exercise and 
low stress, most effec�vely primes the body to 
fight infec�on and disease and thus provide 
shield to any such pandemics in future.

Maintaining body’s defences

Each day, we are constantly exposed to 
poten�ally harmful microbes of all sorts like 
bacteria, viruses etc. Our immune system, a 
network of intricate stages and pathways in the 
body, protects us against these harmful 
microbes as well as certain diseases. It 
recognizes foreign invaders like bacteria, 
viruses, and parasites and takes immediate 
ac�on.

An�gens are substances that the body labels as 
foreign and harmful, which triggers immune 
cell ac�vity. An�gens can cause a hyper-
reac�ve response in which too many white 
cells are released. People’s sensi�vity to 
an�gens varies widely. For example, an allergy 
to mold triggers symptoms of wheezing and 
coughing in a sensi�ve individual but does not 
trigger a reac�on in other people.

Inflamma�on is one of the important step in 
the body’s innate immune response. When 
pathogens a�ack healthy cells and �ssue, a 
type of immune cell called mast cells 
countera�ack and release histamines, which 
cause inflamma�on. Inflamma�on may 
generate pain, swelling, and a release of fluids 
to help flush out the pathogens.  The 
histamines also send signals to discharge even 
more white blood cells to fight pathogens. 
However, prolonged inflamma�on can lead to 
�ssue damage and may overwhelm the 
immune system.

Variety of infec�ons & immunodeficiency 
disorders can depress or completely disable 
the immune system, and may be gene�c or 
acquired. In these cases, the body’s defences 
are so reduced that a person becomes highly 



suscep�ble to illness from invading pathogens 
or an�gens.

Several other factors that can depress 
immune system 

Older age: As we age, our internal organs may 
become less efficient; immune-related organs 
like the thymus or bone marrow produce less 
immune cells needed to fight off infec�ons. 
A g i n g  i s  s o m e � m e s  a s s o c i a te d  w i t h 
micronutrient deficiencies, which may worsen 
a declining immune func�on.

Environmental toxins (smoke and other 
par�cles contribu�ng to air pollu�on, excessive 
alcohol): These substances can impair or 
suppress the normal ac�vity of immune cells. 

Excess weight: Obesity is associated with low-
grade chronic inflamma�on. Fat �ssue 
produces adipocytokines that can promote 
inflammatory processes. Research is early, but 

Immune-Boos�ng Diet

The balanced diet along with enough nutrients 
as part of a varied diet is required for the health 
and func�on of all cells, including immune 
cells. Certain dietary pa�erns may be�er 
prepare the body for microbial a�acks and 
excess inflamma�on, but it is unlikely that 
individual foods offer special protec�on. Each 
stage of the body’s immune response relies on 

obesity has also been iden�fied as an 
independent risk factor for the influenza virus, 
possibly due to the impaired func�on of T-cells, 
a type of white blood cell.

Poor diet: Malnutri�on or a diet lacking in one 
or more nutrients can impair the produc�on 
and ac�vity of immune cells and an�bodies.

Chronic diseases: Autoimmune and immuno-
deficiency disorders a�ack and poten�ally 
disable immune cells.

Chronic mental stress: Stress releases 
hormones like cor�sol that suppresses 
inflamma�on (inflamma�on is ini�ally needed 
to ac�vate immune cells) and the ac�on of 
white blood cells.

Lack of sleep and rest: Sleep is a �me of 
restora�on for the body, during which a type of 
cytokine is released that fights infec�on; too 
li�le sleep lowers the amount of these 
cytokines and other immune cells.

the presence of many micronutrients. 
Examples of nutrients that have been 
iden�fied as cri�cal for the growth and 
func�on of immune cells include vitamin C, 
vitamin D, zinc, selenium, iron, and protein 

21,22
(including the amino acid glutamine).  They 
are found in a variety of plant and animal foods.



Diets that are limited in variety and lower in 
nutrients, such as consis�ng primarily of 
ultraprocessed foods and lacking in minimally 
processed foods, can nega�vely affect a 
healthy immune system. It is also believed that 
a Western diet high in refined sugar and red 
meat and low in fruits and vegetables can 
promote disturbances in healthy intes�nal 
microorganisms,  resu l�ng in  chronic 
inflamma�on of the gut, and associated 

 23suppressed immunity.

The microbiome is an internal metropolis of 
trillions of micro-organisms or microbes that 
live in our bodies, mostly in the intes�nes. It is 
an area of intense and ac�ve research, as 
scien�sts are finding that the microbiome plays 
a key role in immune func�on. The gut is a 
major site of immune ac�vity and the 

24,25produc�on of an�microbial proteins.  The 
diet plays a large role in determining what 
kinds of microbes live in our intes�nes. A high-
fiber plant-rich diet with plenty of fruits, 
vegetables, whole grains, and legumes appear 
to support the growth and maintenance of 
beneficial microbes. 

Certain helpful microbes break down fibers 
into short chain fa�y acids, which have been 
shown to s�mulate immune cell ac�vity. These 
fibers are some�mes called prebio�cs because 
they feed microbes. Therefore, a diet 
containing probio�c and prebio�c foods may 
be beneficial. Probio�c foods contain live 
helpful bacteria, and prebio�c foods contain 
fiber and oligosaccharides that feed and 
maintain healthy colonies of those bacteria.

Vitamin & Mineral Supplements

Deficiency of several nutrients can alter the 
body’s immune response. Animal studies have 
found that deficiencies in zinc, selenium, iron, 
copper, folic acid, and vitamins A, B6, C, D, and 

2 6
E can alter immune responses.  These 
nutrients help the immune system in several 
ways: working as an an�oxidant to protect 
healthy cells, suppor�ng growth and ac�vity of 
immune cells, and producing an�bodies. 

Epidemiological studies find that those who 
are poorly nourished are at greater risk of 
bacterial, viral, and other infec�ons.

Ea�ng a balanced diet can prevent deficiencies 
in these nutrients. However, there are certain 
popula�ons and situa�ons in which one cannot 
always eat a variety of nutri�ous foods, or who 
have increased nutrient needs. In these cases, 
a vitamin and mineral supplement may help to 
fill nutri�onal gaps. Studies have shown that 
vitamin supplementa�on can improve immune 

26-28
responses in these groups.  Low-income 
households, pregnant and lacta�ng women, 
infants and toddlers, and the cri�cally ill are 
examples of groups at risk.

The elderly are a par�cularly high-risk group. 
The immune response generally declines with 
increasing age as the number and quality of 
immune cells decreases. This causes a higher 
risk of poorer outcomes if the elderly develop 
chronic or acute diseases. In addi�on, about 
one-third of elderly in industrialized countries 

26
have nutrient deficiencies.  Some reasons 
include a poorer appe�te due to chronic 
diseases, depression, or loneliness; mul�ple 
medica�ons that can interfere with nutrient 
absorp�on and appe�te; malabsorp�on due to 
intes�nal issues; and increased nutrient needs 
due to hyper metabolic states with acute or 
chronic condi�ons. Diet variety may also be 
limited due to several factors like lower interest 
in cooking for one person; poor den��on; 
mental impairment; or lack of transporta�on 
and community resources to obtain healthy 



food.  A general  mul�vitamin/mineral 
supplement providing the recommended 
dietary allowances (RDA) may be used in these 
cases, unless otherwise directed by one’s 
physician. Mega dose supplements (many 
�mes the RDA) do not appear jus�fied, and can 
some�mes be harmful.

Tradi�onal herbal supplements

Curcumin: Immunomodulatory proper�es of 
curcumin are mostly immune simula�ve 
effects have been reported. Being at the centre 
of various immunological responses, dendri�c 
cells control various pathogenic condi�ons and 
recently several groups have inves�gated the 
ac�on of curcumin on DCs' func�on. In a 
detailed study, Kim et al. reported for the first 
�me that curcumin, at a dose of up to 25 μM, 
inhibits DC matura�on and the related immune 
s�mulatory func�on. 

Echinacea: Cell studies have shown that 
echinacea can destroy influenza viruses, but 
l imited research in humans has been 
inconclusive in determining echinacea’s ac�ve 
components. Taking echinacea a�er catching a 
cold has not been shown to shorten its 
dura�on, but taking it while healthy may offer a 
small chance of protec�on from catching a 

29,30
cold. 

Garlic: The ac�ve ingredient in garlic, allicin 
sa�vum, is proposed to have an�viral and 
an�microbial effects on the common cold. A 
Cochrane review iden�fied one trial of 
reasonable quality following 146 par�cipants. 
Those taking the garlic supplement for 3 
months had fewer occurrences of the common 
cold than those taking a placebo, but a�er 
contrac�ng the cold virus, both groups had a 

31similar dura�on of illness. 

Tea catechins: Cell studies have shown that tea 
catechins such as those found in green tea can 
prevent flu and some cold viruses from 
replica�ng and can increase immune ac�vity. 
Human trials are s�ll limited. Two randomized 
controlled trials found that green tea capsules 
produced less cold/flu symptoms or incidence 

of flu than a placebo; however, both studies 
were funded or had author affilia�ons with tea 

 32industries.

Nutri�onal Interven�ons linked 
with strong immunity 

Poorly nourished individuals are at a higher risk 
33

of developing various types of infec�ons.  
Moreover; chronic and severe infec�ons can 
cause nutri�onal disorders and worsen a 
pa�ent’s nutri�onal status, making them 
suscep�ble to other infec�ons. Thus, , it is 
impera�ve for everyone to monitor their diet 

34
and nutri�onal status.  Recent reports have 
iden�fied certain groups at higher risk of 
COVID-19-associated complica�ons, with the 
elderly and individuals with comorbidi�es such 
as hypertension, diabetes, and cancer more 

35-37severely affected.  These risk factors are 
associated with malnutri�on, which may alter 
the health status of the individuals. 

Due to absence of a specific an�viral therapy 
for SARS-CoV-2, several suppor�ve and adjunct 
treatments are recommended. These include 
c o r � c o s t e r o i d ,  a s c o r b i c  a c i d ,  a n � -
inflammatory, and interleukin-directed 
therapies. The overall aim is to manage the 
cytokine storm and the progression of 

38
infec�on.  The limited number of studies on 
the suppor�ve care management of COVID-19 
cases state that nutri�onal status should be 
assessed in all pa�ents at the �me of hospital 
admission. It is recommended that nutri�onal 
support be given to those in the high risk group, 
asymptoma�c carriers, and pa�ents with 

 39
moderate or severe COVID disease.

Micronutrient deficiencies suppress the 
immune system by altering the T cell- and 
an�body mediated immune response and 

40dysregula�ng the host immune system.  A 
balanced diet includes healthy por�ons of 
vegetables, fruits, nuts, legumes, whole grains, 
and moderate levels of dairy, fish, and poultry. 
It is recommended to limit the intake of sugar, 
refined carbohydrates, processed foods, and 



red meat. The fats consumed should include 
41,42olive oils.  The ra�onale behind such a diet is 

that it will provide the necessary amount of 
healthy macronutrients, essen�al vitamins, 
and minerals, ensure an excellent metabolic 

43state, and maintain a healthy body weight.  
Healthy ea�ng provides necessary vitamins 
and minerals that produce sufficient numbers 
of immune cells and an�bodies, resul�ng in 
be�er immunity, which prepares the body to 
fight off infec�ons.

Role of macronutrients in body’s defence 
mechanism 

Carbohydrates (CHO): Carbohydrate is an 
important fuel cell for immune system. That 
anaerobic glycolysis showing an increase on 
lymphocytes, s�mulated in mitogens, indicates 
the increase of glucose as a fuel. However, 
during the lymphocyte prolifera�on, usage of 

44,45
carbohydrates for energy decreases. 

Carbohydrates are nutrients largely found in 
vegeta�ve foods containing carbon, hydrogen 

46
and oxygen molecules.  They are classified as 
simplis�c (sugar) and complicated (starch). 
Complicated starch is found in vegetables, 
legumes and cereals. Carbohydrates are 
situated in human body as glycogen in a small 
amount. Glycogen is mostly in liver. In other 
organs and muscles, a li�le amount of glycogen 
exists. That being present in blood in the form 
of glucose in certain amount, is very important 
in respect for provision of con�nuous energy 

46
for �ssues.  It is emphasised that on high CHO 
diet, consigna�on of raw CHO sources affec�on 
of immune system nega�vely. The key point 
that makes CHO an important figure in immune 
system is that, it is the most important fuel and 
its ability of preven�on the decrease of 

47
number of cells conjoint to apoptosis.

Fats: Fats are among the most important 
nutri�on sources for our lives. Fats take an 
ac�ve pole in some biological func�ons such 
as; absorp�on of vitamins A, D, E and K needed 
for human and animal nutri�on, being a source 
of omega 3 and omega 6 oil acid, being 

func�onal at neuri�s func�ons, provision of 
47permeability and stability for cell membranes.

Fats are important energy sources, 1 gram fat 
provides twice the energy as protein and 

48
carbohydrate does.  Fa�y acids are powerful 
modulators of immune response. Studies on 
animals verify that conjugated linoleic acid 
available in meat and dairy products s�mulates 
the immune system and prevent breast cancer.

L ino le ic  ac id  a l so  decreases  a l lerg ic 
sensi�za�on. Diets, containing high amount of 
fats can also decrease cellular inflammatory 

49
ac�vity and immune response.  It is a well 
known fact that omega 3 fat acids lower blood 
pressure and plasma aggrega�on and 
inflammatory response. It also features in 

50
controlling cellular immune response.

Proteins:

Proteins make up frame work for cells. They are 
also framework of body defence systems, 
enzymes that control body func�ons, and 

51some hormones.  Proteins are nutrients that 
contain nitrogen, carbon, hydrogen and oxygen 
in their chemical structures. Many immune 
mechanisms rely on produc�on of ac�ve 
protein compounds or cell replica�on. In 
protein deficiency, func�ons of immune 
system decrease. It is thought that the nega�ve 
effect of protein deficiency on immunity is 
connected with the effect of immune system 
regulator for some amino acids. 

Deficiency in essen�al amino acid can also 
cause repression on immune system. The latest 
studies show that protein metabolism play an 
important role in forma�on of natural and 
acquired immunity against infec�ons.



Arginine: Arginine is an amino acid mainly used 
52

for hospitalized pa�ents.  It is among the 
amino acids containing most nitrogen in the 
course of growth, illness or metabolic stress, 
endogenous syntheses remain incapable and it 
is regarded as condi�onal essen�al amino acid. 
It  enhances lymphocy�c progress and 
phagocytosis, and speeds up the wound 
healing. It enables normaliza�on of T-cell 
response a�er serious surgical procedures and 
traumas. On arginine deficiency, NEK risk 
arises. It has also an�-tumor ac�vity. It 
s�mulates anabolic hormone cycle and 

52
enhances nitrogen balance.  It is required to 
have a look at studies, done with arginine to 
determine its loca�on in immune nutri�on.

Glutamine:

It is the most freely amino acid in blood. 
Besides it is an important nutrient for prolific 
cells (blood cells, intes�nal cells, cancer cells, 
etc). It ranks among the an�oxidants, 
glutathione pyrimidine nucleo�des, gamma 
amino butyric acid syntheses. In some cases, 
such as cancer treatment and intes�nal injury, 
it has cura�ve effects for diges�ve system. By 
this way, it can prevent micro be contamina�on 
to blood from intes�nes.

It also takes part in regulariza�on of acid-base 

balance. It is precursor of glutathione. In 
serious illness, it can be given either through 
v a s c u l a r  a c c e s s  o r  o r a l l y ;  h o w e v e r 
presenta�on orally to those babies with low 
birth weight can lower the risks of fatality rate. 
It is also important for nitrogen transport 
between organs.

Pa�ents that are given glutamine, a�er bone 
m a r r o w  t r a n s p l a n t ,  t h e  n u m b e r  o f 
lymphocyte, Tlymphocyte, CD4+ and CD8+ is 
upwards. Because it is not crucial for an amino 
acid, which absence in healthy bodies may not 
be a fail. Therefore, there is no need for daily 

53
intake.

Minerals and Immune System

Zinc

Zinc is a necessary mineral found in various 
fruits and vegetables. It plays a vital role in the 
maintenance and growth of adap�ve and 

54
innate immune cells.  Zinc deficiency results in 
immune system dysfunc�on, which increases 

55the suscep�bility to infec�ons and diseases.

Various studies have highlighted the role of 
zinc in preven�ng respiratory tract infec�ons. It 
h a s  b e e n  d o c u m e n t e d  t h a t  z i n c 
supplementa�on in children infected with 



measles who were zinc deficient reduced the 
morbidity and mortality associated with lower 

56respiratory tract infec�ons.  Recent studies 
have shown that increasing the concentra�on 
of intracellular zinc markedly reduces the 

57
replica�on of different types of RNA viruses.  
Zinc supplementa�on in cases of hepa��s C 
and human papillomavirus infec�on has been 

58
shown to result in clinical improvement.  

It has been reported that an amalgama�on of 
low concentra�on zinc and zinc - ionophores 

59retards the replica�on of SARS-CoVs in vitro.  
Another approach to the treatment of    
COVID-19 infec�on is to target ACE2 receptors. 
SARS-CoV-2 requires ACE2 receptors to enter 
host cells; therefore, it is thought that these 

60
receptors are poten�al therapeu�c sites.

Speth et al. found that the ac�vity of 
recombinant human ACE2 in rat lungs was 

61,62reduced when exposed to zinc (100 μM).  In a 
recent case study, significant improvement was 
observed in four confirmed COVID-19 pa�ents 

63when treated with a high dose of zinc salt.  The 
use of zinc supplements may help to relieve 
COVID-19-related symptoms.

The primary defensive mechanism by which 
zinc protects against bacterial and viral infect 
ions is its role as an an�oxidant. Adequate zinc 
levels in the body protect against oxida�ve 
stress caused by reac�ve oxygen species 

6 4(ROS).  Zinc deficiency promotes the 
produc�on of proinflammatory cytokines and 
is linked with the inflammatory altera�on of 

65lung predispose to fibrosis.

Supplementa�on of a moderate dose of zinc 
has been shown to correct the overproduc�on 
of proinflammatory cytokines in the elderly 

66
caused by zinc deficiency.  It also s�mulates 
the prolifera�on of immune cells that func�on 
to remove foreign en��es and prevent 
infec�ons. Zinc also plays a structural role in the 
body in  mainta in ing  the  integr i ty  of 

67membranes and the skin.  It mediates the 
development and func�on of immune cells. 
Zinc is involved in adap�ve immunity by 

p a r � c i p a � n g  i n  t h e  T  l y m p h o c y t e s ’ 
development by promo�ng the binding of 

64certain regulatory enzymes to T cells.

Iron

Iron is a necessary nutrient and contributes 
s u bstan� a l ly  to  th e  d eve lo p ment  o f 

68
immunity.  Iron deficiency can impair host 
immunity, as various immune system cells 
need iron for their, growth and development. 
However, higher doses of iron can also lead to 
ox i d a� ve  s t re s s ,  c re a� n g  a  s u i ta b l e 
environment for inducing harmful viral 

69,70muta�ons.  In the context of the current 
COVID-19 pandemic, maintaining sufficient 
levels of iron could be useful, as iron deficiency 
can increase the risk of recurring acute 

71
respiratory tract infec�ons.  

Iron contributes to the upregula�on of the 
immune response but dysregulates iron 
homeostasis that regulates proinflammatory 
cytokine produc�on. It can mediate the 
synthesis of enzymes crucial for immune cell 
genera�on,  inc lud ing  r ibonuc leo�de 
reductase, which carries out DNA synthesis. 
Iron can generate hydroxyl radicals, which help 
neutrophils to kill viruses and bacteria. It 
s�mulates the synthesis of ROS for destroying 
pathogens and inducing the differen�a�on of T 

72
lymphocytes.  A retrospec�ve analysis in the 
COVID-19 hospitalized pa�ents indicates that 
most pa�ents suffering from func�onal iron 
deficiency are significantly linked with 
progressive inflamma�on and prolonged 

73hospital stay.

Selenium

Selenium (Se) is an important element that is 
required only in trace amounts in the body. 
Selenium content present in food products 
based on the amount of selenium exis�ng in 
the soil. So, the amount in similar food item 
varies in different geographical loca�ons. 
However, the primary sources for this element 
are meat, bread, mushrooms, dairy products, 

74-76fish, seafood, and nuts.  It acts as an enzyme 
cofactor that takes part in mammalian redox 



77reac�ons.

Because the host’s nutri�onal condi�on is 
78crucial in protec�ng against various diseases , 

deficiencies in various nutrients influence the 
79

immune reac�on and the viral infec�on.  A 
selenium-deficient diet can lead to increased 
oxida�ve stress in the body, resul�ng in 
muta�ng the viral genome and possibly 
transforming a benign virus into a highly 

80virulent and more infec�ous pathogen.  Low 
selenium levels have been shown to increase 
the viral pathogenicity influenza virus and 
coxsackievirus and transform their genome 

81
from a non-virulent to a virulent virus.  These 
genomic muta�ons alter the func�oning of 
certain enzymes that regulate the levels of 
oxida�ve stress in the body, ul�mately leading 

82,83
to �ssue and organ damage. 

Selenium, along with ginseng saponins, has 
been reported to lead to the upregula�on of 
the reac�on to a live infec�ous coronavirus 
vaccine against avian coronavirus (IBV) in 

8 4
chickens.  A recent study showed that 
selenium plays a par�cular role in ACE 
inhibi�on, sugges�ng its beneficial role against 

85
COVID-19.  In another study, it is suggested 
that the preinfec�ous level of zinc and 
selenium may be of a par�cular significance in 

86
terms of resistance to COVID-19 progression  
Such findings indicate that the use of selenium 
supplements can help in the treatment of 
COVID-19. 

The immune effect of selenium is a�ributed to 
its role in selenoproteins (selenium-dependent 
enzymes) that regulate the level of oxida�ve 
stress in the body. The selenoproteins mediate 
the an�oxidant defense system that controls 
the func�oning of leukocytes. It is also involved 
in T lymphocyte prolifera�on and produc�on 
of the immunoglobulins that protect the body 

87
against infec�ons and diseases.

Vitamins and Immune System

Vitamin A

Vitamin A is present in the body in three ac�ve 

forms, re�noic acid, re�nol, and re�nal. It is a 
fundamental vitamin that is fat-soluble. 
Because of its widely known role in the 
immune system and its effec�veness against 
infec�ons, vitamin A is considered an “an�-

88infec�ve” vitamin.  The appropriate intake of 
vitamin A op�mizes the body’s defense against 
microbes. Studies have shown that nutrient 
deficiencies are responsible for weakened 

89immune responses.  The regular intake of 
vitamin A has been reported to decrease the 
infec�vity and seriousness of many diseases, 
such as diarrhea, pneumonia, measles, 

90malaria, and AIDS.  

Vitamin A deficiency decreases bovine corona 
virus vaccines’ efficiency and makes the 

91,92
animals more suscep�ble to infec�ons.  It 
has been reported that the infec�ous 
bronchi�s virus (IBV) infec�ons caused by a 
strain similar to CoVs were more common in 
vitamin-A-deficient chickens than in those 

9 3given v i tamin A supplements .   The 
mechanism behind the protec�ve effects of 
vitamin A against pathogens is its ability to 
upregulate specific components of innate 
immunity in healthy cells and fight against viral 

94,95
infec�on.  Vitamin A plays a func�onal and 
structural role in both the natural and acquired 
immune systems against several viruses.

Supplementa�on of vitamin A may upregulates 
the immune system and helps to combat 
SARSCoV- 2 infec�ons. However, clinical trials 
to establish the role of vitamin A against 

96
SARSCoV- 2 are ongoing.  It provides a physical 
defense by maintaining the structural barrier 
of mucosal cells in the skin, respiratory tract, 
and diges�ve tract. An adequate amount of 
vitamin A is essen�al for the op�mal 
func�oning of immune cells, including natural 
killer cells and macrophages, which are 
components of the innate immunity. Vitamin A 
helps to ensure the proper func�oning of 
lymphocytes and produce an an�body 
response against an an�gen. It controls the 
an�gen-presen�ng cells and maintains the 

97balance between Th1 and Th2 lymphocytes.  

10



Thus, vitamin A represents a promising 
alterna�ve to counteract the novel corona 
virus’s deleterious effects and prevent lung 
damage.

Vitamin B

Vitamin B regulates the inflammatory 
98response.  B vitamins act as vital cofactors in 

various cellular reac�ons and mediate the 
synthesis of amino acids, the basic structural 
units of an�bodies and cytokines. They play 
substan�al roles in the prolifera�on and 
matura�on of lymphocytes, which are part of 
the primary immune response. There are 
different types of B vitamins (B2, B3, B6, and 
B12), and they are water-soluble and primarily 
func�on as coenzymes in various vital 
processes in the body. Each B vitamin has a 
unique func�on and plays a vital role in 
immunity to combat infec�ons. For example, 
vitamin B2, also known as riboflavin, is involved 
in  cel lu lar  energy-y ie ld ing metabol ic 

99
processes.  It has been shown that UV light 
and vitamin B2 efficiently decrease the level of 

100MERS-CoV in the human body.

Nico�namide, also known as vitamin B3, 
enhances the destruc�on of Staphylococcus 

101
aureus by upregula�ng specific genes.  In 
silico studies suggest the effect of vitamin B12 
has an inhibitory effect on RNA-dependent 
RNA polymerase ac�vity of the SARS-CoV-2 
virus, the main enzyme involved in viral 

102,103replica�on.  Pyridoxal 50 -phosphate, the 
ac�ve form of vitamin B6, is involved in protein, 
carbohydrate, and lipid metabolism and is 
involved in more than one hundred reac�ons in 
the body. Recent research has revealed that 
the vitamin B6- derived bananin (BAN) has 
inhibitory effects on the SARS-helicase 
enzyme, which hinders the viral replica�on 

104
process.  Vitamins B6, B12, and B9 (folic acid) 
enhance natural killer cell ac�vity, which 

105provides an important an�viral defense.  
These findings suggest that B vitamins have the 
poten�al to limit the complica�on related to 

106COVID-19 infec�on.  In view of the studies 
men�oned above, it is obvious that vitamin B 

h a s  a  c r u c i a l  ro l e  i n  re g u l a � n g  t h e 
inflammatory response, amino acid synthesis, 
and the prolifera�on of lymphocytes.

Vitamin C

Vitamin C (ascorbic acid) is water-soluble, and 
it plays a significant structural role in the 
synthesis of collagen, a component of human 
connec�ve �ssues, and is also a powerful 
an�oxidant. Its main func�on is related to 
immunity, and it has been shown to protect 
aga inst  var ious  in fec�ons ,  inc lud ing 

107
coronavirus infec�ons.  For example, vitamin 
C can improve the resistance of cultured chick 
e m b r y o s  a g a i n s t  a v i a n  c o r o n a v i r u s 

108
infec�ons.  This vitamin has an�histamine 
effects and can relieve flulike symptoms, 
including runny nose, conges�on, sneezing, 

109,110
and inflamed sinuses.

Human trials have reported a significant 
decrease in pneumonia incidence when 
increased doses of vitamin C were given in the 
diet. This finding suggests that vitamin C has 
great poten�al to decrease the vulnerability to 
lower respiratory tract infec�ons. A clinical trial 
in the USA reported that intravenous (IV) doses 
of vitamin C decreased sepsis-induced ARDS 
death rate. The development of ARDS in 
p a � e n t s  w i t h  C O V I D - 1 9  i s  a  c r i � c a l 

111complica�on that leads to mortality.

R e c e n t  s t u d i e s  r e c o m m e n d e d  t h e 
consump�on of vitamin C to control lower 
respiratory tract infec�ons, and vitamin C 
supplementa�on represents one of the most 
compelling therapeu�c interven�ons for 

112-115
COVID- 19.  



Vitamin C’s primary func�on in the immune 
response against infec�ons is to act as a potent 
an�oxidant. Ascorbic acid is a cofactor for 
various enzymes involved in bio-synthes is and 
gene regula�on processes. Vitamin C mediates 
the immune response through many cellular 
func�ons of the acquired and innate immune 
systems. Vitamin C provides an epithelial 
barrier against various pathogenic organisms. 
It increases the oxidant-scavenging ability of 
the skin to help to protect against oxida�ve 
stress. Vitamin C enhances the chemotac�c 
ability of phagocy�c cells, which increases the 
phagocytosis of invading microbes. It has been 
shown that vitamin C plays a pivotal role in 
removing old neutrophils from infec�on sites 
and decreasing the poten�al damage to 

116,117
infected �ssues.

Vitamin D

Vitamin D plays dual roles in the body as a 
nutrient and a hormone. It is produced in 
response to sunlight and maintains the health 
of bones. It s�mulates the growth and 
matura�on of several cells, including immune 
cells, and plays a crucial role in immune 
func�ons . A significant cause of vitamin D 
deficiency is sunlight depriva�on, par�cularly 

118, 119
in older people who stay indoors.

The majority of the COVID-19 cases are middle-
aged to older individuals who have inadequate 
vitamin D levels. Vitamin D deficiency in calves 
is linked with increased suscep�bility to bovine 

120corona virus infec�on.  Recent research 
reports have highlighted the role of vitamin D 
as a potent immuno-modulator to combat 
influenza and COVID-19. It has been suggested 
that supplementa�on of vitamin D at an oral 
dose of 200,000 to 300,000 interna�onal units 
(IU) and other micronutrients for a week can 
strengthen the immune system against   
COVID- 19. An observa�onal study also 
demonstrated an inverse rela�onship between 
the cri�cal outcome of COVID-19 and serum 
levels of 25 hydroxyvitamin D (25(OH)D). 

However, in contrast, a study from the UK 
reported no sta�s�cal rela�onship between 

serum 25(OH) D level and COVID-19. The 
physiological role of vitamin D in figh�ng 
against infec�ons and diseases has been 
widely studied. Recently, vitamin D was found 
to reduce the risk of the common cold and 
other similar viral infec�ons. It was found that 
vitamin D helps the immune system in three 
ways: 

(i) providing a physical barrier, 

(ii) strengthening natural immunity, and 

(iii) strengthening adap�ve immunity. 

1,25-dihydroxy vitamin D improves the 
physical  barrier that protects against 
infec�ons. The ac�ve hormone encodes 
proteins that maintain the adherens junc�ons, 
�ght junc�ons, and gap junc�ons in epithelial 
cells.

These proteins strengthen the barrier by 
holding cells together and improving cell-to-
cell communica�on. It enhances the innate 
cellular immunity by media�ng the release of 
an�microbial compounds, including 1,25-
dihydroxy vitamin D. Vitamin D also improves 
the cellular immune system by controlling the 
“cytokine storm” produced in response to 
natural immunity. The innate immune 
response produces inflammatory cytokines 
against viral infec�ons, including COVID-19. 
Vitamin D can also decrease the �ssue damage 
induced by the “cytokine storm”. A recent 
study reported that the crucial molecular 
virulence mechanisms of COVID-19 infec�on 
are based on the interac�on of human 
DPP4/CD26 with spike glycoprotein S1 of SARS-

121
CoV-2.  

Op�mal vitamin D levels may a�enuate this 
virulent mechanism. In vivo studies have 
shown that the expression of DPP4/CD26 was 
significantly reduced a�er the correc�on of 

122
25(OH)D deficiency.  These findings suggest 
that vitamin D supplementa�on is promising 
for the management of this new viral disease.

Vitamin E

Vitamin E is fat-soluble and is one of the most 
important vitamins to maintain the immune 



system. It is a powerful an�oxidant and can 
reduce the levels of oxida�ve stress in the body 
by sequestering free radicals. Vitamin E 
deficiency was found to increase the 
myocardial injury caused by an RNA viral 
(coxsackievirus B3) infec�on in mice, as the 
viral strains become more virulent under 
oxida�ve stress. Likewise, vitamin E deficiency 
in calves was linked to a high risk of bovine 

120
corona virus infec�on.  Vitamin E is a potent 

an�oxidant that protects the cell membrane 
from damage by free radicals. It has been 
stated that vitamin E plays an essen�al role in 
enhancing the produc�on of natural killer cells 
and interleukins. It significantly contributes to 
the prolifera�on of lymphocytes and elicits a 
robust immune reac�on against pathogens. 
These findings  support  the poten�al 
therapeu�c use of vitamin E against COVID-19.

13



Steps to Help Support a Healthy Immune 
System

1. Eat a balanced diet with whole fruits, 
vegetables, lean proteins, whole grains, and 
plenty of water. A Mediterranean Diet is one 
op�on that includes these types of foods.

2. Taking a mul�vitamin containing the RDA for 
several nutrients may be used.

3. Do not smoke (or stop smoking if you do).

4. Perform moderate regular exercise.

5. Aim for 7-9 hours of sleep nightly. Try to keep 
a sleep schedule, waking up and going to bed 
around the same �me each day. Our body 
clock, or circadian rhythm, regulates feelings of 
sleepiness and wakefulness, so having a 
consistent sleep schedule maintains a balanced 
circadian rhythm so that we can enter deeper, 
more res�ul sleep.

6. Aim to manage stress. This is easier said than 
done, but try to find some healthy strategies 
that work well for you and your lifestyle-
whether that be exercise, medita�on, a 
par�cular hobby, or talking to a trusted friend. 
Another �p is to prac�ce regular, conscious 
breathing throughout the day and when 
feelings of stress arise. It doesn’t have to be 
long-even a few breaths can help. If you’d like 

some guidance, try this short mindful 
breathing exercise.

7. Wash hands throughout the day: when 
coming in from outdoors, before and a�er 
preparing and ea�ng food, a�er using the 
toilet, a�er coughing or blowing your nose.

Gut Microbiota & Mucosal Immunity

Second to  the  resp i ratory  t ract ,  the 
gastrointes�nal tract is the body’s largest �ssue 
boundary. It  interacts with nutrients, 
exogenous compounds and gut microbiota, 
and its condi�on is influenced by these 
environmental factors and host gene�cs. 
Intes�nal func�ons such as diges�on, nutrient 
absorp�on, barrier integrity, mo�lity and 
mucosal immunity are all under complex 

123
regulatory control.  Moreover; the intes�ne is 
the primary immune organ of the body 
represented by the gut-associated lymphoid 
�ssue (GALT) exer�ng innate and acquired 
i m m u n i t y.  T h re e  co n s� t u e nt s  a re  i n 
permanent contact and dialog with each other-
the microbiota, the mucosal barrier and the 

124
local immune system.  Below men�oned 
figure shows how mass spectrometry and 
omics tools can come into play to inves�gate 
the intes�nal immune system; at the gut 
barrier, enteric bacteria enter into cross- talk 
with the mucosal immune system.

14



At the gut barrier, enteric bacteria enter into 
cross talk with the mucosal immune system. 
This interface can be sampled by Omics 
techniques to elucidate signal transduc�on and 
protein/pep�de secre�on. Signal transduc�on 
can be globally assessed by gene microarrays 
whereas MS-based proteome analysis can 
reveal immune biomarkers.

Humans and other mammals are colonized by a 
vast, complex and dynamic consor�um of 
microorganisms. In fact, adult humans are 
numerically more prokaryo�c than eukaryo�c : 
es�mates are that 90% of our cells are 

125
microbial, whereas only 10% are human.  The 
impact of  these indigenous microbial 
communi�es on our physiology is likely to be 
most pronounced in the intes�ne because this 
organ harbours the vast majority of our 
bacteria. Microbial densi�es in the proximal 
and middle small intes�ne are rela�vely low 
but increase drama�cally in the distal small 

125intes�ne and colon.

Gut microbes conduct a mul�tude of 

biochemical reac�ons and can be collec�vely 
thought of as a metabolically ac�ve ‘‘organ.’’ 
This metabolic en�ty plays a cri�cal role in 
nutri�on, degrading a number of dietary 
s u bsta n c e s  t h at  a re  o t h e r w i s e  n o n -

127, 128
diges�ble.

The microbiota in the adult human body 

consists of an enormous biomass of ˃ 100 000 

billion bacteria spread over ˃ 400 different 
species which generate intense metabolic 
ac�vity, mainly in the colon, and play an 
important physiological role in the host. The 
microbiota has a major impact on gastro- 
intes�nal and mucosal immune func�ons. 
Coloniza�on of the gut by commensal bacteria 
has been shown to alter intes�nal physiology 
of the host by modula�on of genes implicated 
in nutrient absorp�on, mucosal defences and 

128,129
xenobio�c metabolism.  

It is now established that one of the essen�al 
func�ons of the colonic microbiota is its ability 
to resist coloniza�on by any new strain of 
bacteria from the exterior.

15
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Probio�cs

Probio�cs are live microbial food and feed 
supplements, which beneficially affect the host 

130
by improving its intes�nal microbial balance.  
Recent evidence indicates that probio�cs (e.g. 
Streptococcus thermophilus and Lactobacillus 
bulgaricus) may influence both systemic and 

131gut-associated immune responses.  Some 
probio�cs enhance while others suppress 

132
immune responses.  Probio�cs seem to act 
through s�mula�ng regulatory T cells, which 

133can ac�vate both these responses.  Most of 
the immune biological effects of probio�cs are 
likely to take place in gut-associated lymphoid 
�ssue, including Peyer’s patches, in the small 
intes�ne. 

Due to comparable numbers of probio�c and 
resident bacteria at that loca�on, probio�cs 
may compete with luminal microbiota more 
successfully than in the colon, which is already 
heavily populated with indigenous bacteria. 
Furthermore,  the cross-ta lk  between 
probio�cs and the small intes�ne may be 
different from that in the colon and it may be 

133
age-dependent.  

Certain probio�c strains are reported to control 
134 135inflamma�on,  reduce the risk of allergy  and 

restore gut comfort in chronic painful 
136

condi�ons.  Probio�cs have furthermore 
1 3 7

been reported to promote tolerance,  
138maintain intes�nal immune homeostasis  and 

139
prevent atopy.  Lactobacilli are one of the 
most frequently used strains of probio�c 
bacteria in the management of gastroenteri�s, 

140inflammatory bowel diseases  and atopic 
141

diseases.  These probio�c bacteria are also 
suggested to regulate immunity and promote 
mucosal tolerance, which is in part mediated 
by Treg cells.

Clinical applica�ons of probio�cs for adults 
encompass inflammatory bowel disease, 
irritable bowel syndrome, Helicobacter pylori 
gastri�s and improvement of intes�nal transit. 
For infants and children, probio�cs have been 
administered to fight acute diarrhoea, acute 

childhood cons�pa�on, Helicobacter pylori 
gastri�s and intes�nal bacterial overgrowth. 

133For a review of these studies see Walker et al.

Bifidobacteria, a class of probio�cs, are 
important components of the human intes�nal 
m i c r o b i o t a ,  i n  w h i c h  t h e y  o c c u r  a t 
concentra�ons of 109-1010 cells per gram of 

142
feces,  and of fermented milk products, to 
which they are added mainly because of their 

143health promo�ng ac�vi�es.  The en�re 
genome of Bifidobacterium longum has been 

144
sequenced.

145
Champomier-Verges et al.  reviewed mass 
spectrometry-based proteomic studies dealing 
with lac�c acid bacteria. Two research interests 
were pursued. The first aimed to establish a 
systema�c protein map for taxonomy and 
func�on assignment of proteins. The second 
axis focused on proteins, the synthesis of which 
is induced by various environmental factors.

Such studies may give new insights for the 
usefulness of bacteria in human health and in 
the struggle against bacterial pathogens. 
Tolerance to diges�ve stresses is one of the 
main factors limi�ng the use of microorganisms 
as live probio�c agents. These effects as well as 
technological stresses (heat, pressure, and 
shear) are major factors affec�ng viability and 
thus the efficiency of probio�c microorganisms 
in food products. Proteomic analyses have 
shown that pre-treatment of the probio�c 
strain Propionibacterium freu-denreichii with a 
moderate concentra�on of bile salts greatly 
increased its survival rate in subsequent 

146,147
challenges.  

Marvin-Guy et al. have published a rapid 
iden�fica�on of stress-related fingerprints 
from whole cells of Bifido- bacterium lac�s 

148
using MALDI-MS.  Guillaume et al. have found 
markers of heat shock resistance by comparing 
the proteomes of two Bifidobacterium longum 

149strains.  The proteomic data were compared 
to and corroborated by a related gene 

150expression study.
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Prebio�cs and Synbio�cs

Prebio�cs have been defined as non-diges�ble 
food ingredients that beneficially affect the 
host by selec�vely s�mula�ng the growth 
and/or ac�vity of probio�c bacteria in the 

151colon and thus improve host health.  As a 
logical extension of the probio�c concept 
backed up by prebio�c ingredients, combined 

152symbio�c approaches are being pursued  that 
aim to define the right combina�on of 
beneficial gut bacteria and food ingredients 
which foster the growth and ac�vity of the 

153la�er.  For example, one study evaluated the 

effects of six weeks’ consump�on of a 
symbio�c product containing Lactobacilli and 
fructo-oligosaccharides (FOS) on intes�nal 
microbiota, self-reported intes�nal func�on 
and the immune func�on of generally healthy 

154
adults.  Although no differences in self-
reported improvement were found with 
treatment of mild gastrointes�nal symptoms 
present at baseline, there was a significant 
improvement overall in symptoms and in 
mo�lity in the symbio�c group compared with 
the placebo group. Intes�nal microbiota did 
n o t  c h a n ge  a s  a  re s u l t  o f  sy m b i o � c 
consump�on.

Human milk mainly consists of caseins, a-
lactalbumin, lactoferrin, albumin and various 
immunoglobulins.  These predominant 
proteins account for >99% of the milk protein 
mass. However, the remaining <1% encompass 
a complex blend of bio-ac�ve proteins and 
pep�des, which is s�ll far from being fully 
exploited at both analy�cal and func�onal 
level.

The mammary gland has a large metabolic 
poten�al including the large-scale synthesis of 
milk proteins, carbohydrate and lipids. Peng 
and colleagues carried out a proteomic analysis 
of mammary �ssue to discover proteins 

155affec�ng lipid metabolism.  Unfrac�onated 

microsomes from lacta�ng bovine mammary 
�ssue were separated with 1D-PAGE and 
iden�fied by LCESI- MS/MS, yielding 703 
p r o t e i n s  i n c l u d i n g  1 6 0  p r e d i c t e d 
transmembrane proteins. More than 50 
proteins were associated with cellular uptake, 
metabolism and secre�on of lipids. This 
database provides a proteomic view of the 
metabolic poten�al of the mammary gland. 

I n  a  re l ate d  st u d y,  t h e  S m i t h  g ro u p 
characterized the human mammary epithelial 

156
cell (HMEC) proteome;  they reported on a 
cysteinyl pep�de enrichment (CPE) approach, 
which improved both protein sequence and 
overall proteome coverage. The combined 
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analyses of HMEC tryp�c digests with and 
without CPE resulted in B4300 different 
proteins with an es�mated 10% gene coverage 
of the human genome. CPE contributed 
roughly an addi�onal 1000 rela�vely low 
abundant proteins, resul�ng in a further 
increase in proteome coverage. Almost 1400 
proteins were observed with increased 
sequence coverage. Compara�ve protein 
distribu�on analyses evealed that the CPE 
method is not biased with regard to protein 
molecular weight (Mr), isoelectric point (pI), 
cellular loca�on or biological func�on.

Secretory immunoglobulins, lysozyme, 
interferon and growth factors are known to 
confer immunological advantages to breast 
milk. Inhibi�on of bacterial pathogens and 
permissive growth of a protec�ve colonic 
microbiota are partly promoted by breast 

157
milk.  Besides providing nutri�on to the 
newborn, milk also protects the neonate and 
the mammary gland against infec�on. Breast-
fed newborns have been shown to experience 
a lower incidence of gas- trointes�nal 
infec�ons and inflammatory, respiratory and 
allergic diseases. 

This finding has been a�ributed to a diversity of 
protec�ve factors in breast milk. One specific 
biological ac�vity in mother’s milk was 
reported to be the one of soluble CD14 

158,159
(sCD14).  The study indicated a central role 
for sCD14 during bacterial coloniza�on of the 
gut and suggested sCD14 to be involved in 
modula�ng local innate and adap�ve immune 
responses, thus controlling homeostasis in the 
neonatal intes�ne. Another related study 
revealed an interac�on between soluble Toll-
like receptor 2 (sTLR2) and sCD14 in plasma and 
milk, proposing the existence of a novel innate 
immune mechanism regula�ng microbially 

160induced TLR triggering.  A par�cular frac�on 
of human milk, generated by a special 
chromatography based on restricted access 
material (RAM), was characterized by 2D LC-
MS/MS in order to elucidate the protein 
composi�on and to discover novel molecules 

161
that poten�ally interact with sCD14.

Predominant species of the gut microbiota of 

breast-fed babies, B. catenulatum and B. 
adolescen�s are characteris�c of that of 

162formula-fed infants.  Puertollano et al. 
assessed the differen�al effect of the 
bifidobacterial species iden�fied in the 
intes�nal microbiota of breas�ed and formula- 
fed infants on cytokine produc�on by 

163
PBMCs.  

The effects of different bifidobacterial species 
w e r e  a n a l y z e d  i n d i v i d u a l l y  a n d  i n 
combina�ons represen�ng their propor�ons 
in infants under both feeding types. The effects 
of breast-fed and formula- fed bifidobacterial 
species combina�ons on cytokine produc�on 
were not significantly different. These results 
suggest that the presence or absence of 
par�cular bifidobacterial species and the 
overall composi�on of the bifidobacterial 
popula�on in the infant gut could be key 
factors defining the immunomodulatory effect 
of the gut microbiota in early life.

Moore summarized the context of nutri�on, 
immunity, and the fetal and infant origins of 

1 6 4disease in developing countries.  For 
instance, events in early life strongly influence 

165
the adult survival prospects of rural Africans:  
nutri�onal status depends highly on season in 
rural se�ngs as can be found in Gambia. There, 
individuals born during periods of seasonal 
nutri�onal depriva�on are more suscep�ble to 
mortality from infec�ous diseases in adult life.

A permanent nega�ve imprin�ng of the 
immune system during fetal growth caused by 
m a l n u t r i � o n  a p p e a rs  t o  b e  a  l i ke l y 

165explana�on.  A related study on long-term 
effects of perinatal nutri�on was published by 
Gha�as et al., who inves�gated T lymphocyte 
kine�cs of young Gambian men depending on 
the nutri�onal status of their mothers at the 

166�me of their birth.  This study rooted 
analy�cally in stable-isotope labelling of T cell 
subsets combined with GC-MS and revealed 
the astonishing finding that, in healthy young 
Gambian men, T lymphocyte homeostasis is 
extremely robust regardless of perinatal 
nutri�onal compromise.

Milk is a rich source of bioac�ves beneficial for 
human health. It is the only nutri�on that has 
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co-evolved with mankind and is therefore 
par�cularly relevant and suited to support 
healthy growth and development of the 
neonate and infant, including the matura�on 
and maintenance of a balanced immune sys- 

167tem.  Milk bioac�ves derive from the protein 
1 6 8 1 6 9a n d  p e p � d e ,  t h e  l i p i d  a n d  t h e 

oligosaccharide complement of milk from 
diverse mammalian species.

The protein complement of human milk 
roughly splits into caseins and whey with a     
50 : 50 weight/weight ra�o. Bovine milk 
consists of 80% caseins and 20% whey 
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proteins;  a review of bio-ac�ve pep�des and 
proteins present in milk and dairy products has 

169been published by Severin and Xia.  For 
example, caseins serve as ion carriers and 
precursors of bio-ac�ve pep�des, whereas 
whey proteins have major func�ons in immune 

170
modula�on and defence.  Specific milk 
frac�ons have been shown to alleviate immune 
d e re g u l a� o n s  l i ke  i n fl a m m a� o n  a n d 
osteoarthri�s but without addressing 
molecular mechanisms or directly iden�fying 
ingredients responsible for the observed 
effects. 

More recently, milk pep�des and hydrolysates 
moved into the focus of studies of bioac�ve 
c o m p o u n d s .  P e p � d e s  w i t h  o p i o i d , 
a n � h y p e r t e n s i v e ,  a n � t h r o m b o � c , 
immunomodula�ng and metal-binding 
ac�vi�es have been described in the review by 

168
Severin and Xia.

Human breast milk is s�ll considered the gold 
standard for neonate and infant nutri�on. 
D’Auria et al. have undertaken a proteomic 
evalua�on of different mammalian species for 
the poten�al to op�mize infant formulas 
classically based on bovine milk and to recruit 
possible alterna�ve sources for human breast 

171
milk subs�tutes.  Buffalo milk was compared 
to human and bovine samples by 2D gel 
electrophoresis and mass spectrometry. In a 
milk protein hydrolysis study, the release of b-
casomorphin-5 (BCM5) and b-casomorphin-7 
(BCM7) was inves�gated during simulated 
gastrointes�nal diges�on (SGID) with pepsin of 
bovine b-casein variants, commercial milk- 

based infant formulas and experimental infant 
172formulas.  b-Casein variants were extracted 

from raw milks derived from Holstein–Friesian 
and Jersey cow breeds. Iden�fica�on and 
quan�fica�on of BCMs involved HPLC coupled 
to tandem MS. In view of the ongoing debate 
on b-casein health benefits, these data from 
SGID of infant formulas provide informa�on for 
the evalua�on of the poten�al bioac�vity of 
bovine milk protein used in the manufacturing 

172of infant formulas.  In another infant milk 
product-related study, lactosylated proteins of 
infant formula powders were inves�gated and 
this resulted in the iden�fica�on of a-

173
lactalbumin with five lactosylated pep�des.  
These may serve as protein markers to detect 
chemical modifica�on induced by milk 
processing and/or storage.

Purifica�on and characteriza�on of novel 
pep�de an�bio�cs from human milk has been 

1 7 4described by Liepke and co-workers.  
Diges�on of human milk by infants was 
simulated by using pepsin under acidic 
condi�ons to generate pep�des with 
an�microbial ac�vity. LC frac�ona�on followed 
b y  M A L D I - M S  a n a l y s i s  a l l o w e d  t h e 
iden�fica�on of novel casein- and lactoferrin-
derived fragments, which inhibited the growth 
of bacteria and yeasts.

Micronutrients & an�body 
produc�on

Tissue can be damaged by viral, bacterial 
infec�ons or other factors such as toxins, 
p o l l u t a n t s ,  t r a u m a ,  a n d  e x t r e m e 
temperatures. This elicits an inflammatory 
response that removes any foreign material at 
the site of injury, significantly reduces the 
spread of pathogens to other �ssues, and 
prepares the site for �ssue repair. The fever 
that can accompany inflamma�on intensifies 
the effects of IFNs, inhibits some microbial 
growth, and speeds up the body reac�ons that 

175aid repair.  Following injury, vasoconstric�on 
of the capillaries occurs briefly followed by 
vasodila�on, resul�ng from histamine release 
from mast cells, basophils, and platelets to 



increase blood flow and vascular permeability. 
These physiological responses can dilute 
bacterial products and toxins at the site of 
injury or infec�on and promote an influx of 
phagocytes that amplify the inflammatory 
response when ac�vated by the presence of 
PAMPs or opsins on pathogens. The ac�vated 
phagocytes release pro-and an�- inflammatory 
c y t o k i n e s / c h e m o k i n e s ,  b r a d y k i n i n , 
p r o s t a g l a n d i n s ,  l e u k o t r i e n e s ,  a n d 
complement, which keeps capillaries dilated, 
floods the �ssues with fluids, and increases the 
numbers of neutrophils to fight pathogens. 
Subsequently, macrophages are recruited to 
clean up the dead cells and debris and healing 

175occurs.

Vitamin A helps to regulate the produc�on of 
IL-2 and the pro-inflammatory TNF-α, which 
a c � v a t e s  t h e  m i c r o b i a l  a c � o n  o f 

176
macrophages.  Administra�on of vitamin D 
reduces the expression of pro-inflammatory 
cytokines and increases the expression of 
an�-inflammatory cytokines by macrophages 
via upregula�on of MAPK phosphatase-1 and 

177 suppression of p38 ac�va�on. Vitamin E 
decreases the produc�on of prostaglandin E2 

176(which has immunosuppressive ac�vity) , and 
vitamin C modulates cytokine produc�on and 

179
decreases histamine levels.  In 2229 adults 
enrolled in the Framingham Offspring study, 
those with the lowest levels of pyridoxal 
5'-phosphate (PLP), the ac�ve form of vitamin 
B6, had the highest levels of chronic 
inflamma�on, whereas those with highest 
levels of PLP had the lowest inflamma�on 

180
scores.  PLP is a cofactor in more than 150 
enzyma�c reac�ons and may help regulate 
inflamma�on by ac�ng in pathways that 
produce metabolites with immunomodulatory

181effects.  In vitro and in vivo studies show that 
an iron-rich status promotes an M2-like 
macrophage phenotype (which is associated 
with wound healing and �ssue repair) and 
nega�vely regulates an M1 pro-inflammatory 
response (such as produc�on of ROS) through 

182reduced NF-kB p65 nuclear transloca�on.  
Zinc is an an�-inflammatory agent, while 

20
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copper is important for the produc�on and 
response of IL-2 to adap�ve immune cells and 
accumulates at the sites of inflamma�on.

Adap�ve immunity is a much slower process 
that defends the body against specific invading 
agents, again provoked by an�gens. T and B 
cells (lymphocytes) develop in red bone 
marrow and either mature there (B cells) or in 
the thymus (T cells). There are three kinds of 
mature T cells. Cytotoxic CD8+ T cells kill their 
target cells a�er recogni�on of pep�de 
a n � g e n s  c o m p l e x e d  w i t h  m a j o r 
histocompa�bility complex (MHC) molecules 
on the target-cell membrane. CD4+ T helper 
(Th) cells aid B and other T cells to fulfil their 
func�ons. 

Regulatory T cells (Tregs) are a specialized sub-
popula�on of T cells that are important for the 
induc�on and maintenance of peripheral 
tolerance; therefore, they are key in preven�ng 
e x c e s s i v e  i m m u n e  r e s p o n s e s  a n d 

183autoimmunity.  Depending on the cytokines 
that they secrete and the immune responses 
t h e y  g e n e ra t e ,  T h  c e l l s  a re  f u r t h e r 
differen�ated into Th1 and Th2 cells. Th1 cells 
primarily produce IFNγ and IL-2 and tend to 
ini�ate responses against intracellular bacteria 
and viruses; Th2 cells secrete several other ILs 
(IL-4, IL-5, IL-10, and IL-13), and trigger immune 
responses against extracellular micro-
organisms. 

The development and differen�a�on of Th1 
and Th2 cells is dependent on vitamin A, which 
supports the Th2 an�-inflammatory response 
by suppressing IL-12, TNF-α, and IFNγ 

185produc�on of Th1 lymphocytes.  In contrast, 
vitamin E is known to suppress the Th2 

184
response.  Vitamin E, as well as vitamin B6, 
folate, and zinc, maintain the Th1-mediated 
immune response, while vitamin D inhibits 

186,187
Th1-cell ac�vity.

Before the first exposure to a given an�gen, 
only a few lymphocytes can recognize it; these 
lymphocytes undergo clonal selec�on (i.e., 
prolifera�on and differen�a�on) to form a 

popula�on of iden�cal, specialized cells that 
can recognize the same specific an�gen as the 
o r i g i n a l  l y m p h o c y t e .  L y m p h o c y t e 
differen�a�on and prolifera�on is modulated 
by vitamins C, E, and B6, while vitamin B6 also 
has a role in their matura�on. Vitamin D is an 

188immuno-suppressive hormone ; calcitriol 
inhibits the prolifera�on and differen�a�on of 

189T and B cells , but produc�on of calcitriol by 
DCs “programs” T-cel l  homing to the 
epidermis, which is essen�al for long-term 
immune surveillance and maintenance of the 
barrier integrity. 

In contrast, vitamins C and B12 facilitate the 
produc�on of T cells, par�cularly cytotoxic T 
cells. Zinc is also essen�al for the development, 
d i ff e r e n � a � o n ,  a n d  a c � v a � o n  o f  T 

1 9 0lymphocytes , while iron, copper, and 
selenium are important in their differen�a�on 
and prolifera�on. The acquisi�on of mucosal- 
homing proper�es by T and B cells is mediated 

176
by vitamin A.  

The adap�ve immune response is mediated by 
T and B cells: effector cells (ac�ve Th cells, 
ac�ve cytotoxic T cells, and plasma cells), which 
eventually die a�er the immune response is 
completed, and memory cells (memory Th 
cells, memory cytotoxic T cells, and memory B 
cells), which have long lifespans o�en las�ng 
for decades. 

The adap�ve immune response involves either 
an�body or cell-mediated responses to clear 
pathogens. In an�body responses, ac�vated B 
cells secrete an�bodies that circulate in the 
blood and fluids to mark pathogens for 
destruc�on by phagocytes. In cell- mediated 
responses, ac�vated T cells kill host cells that 
present foreign an�gens on their cell surface or 
they s�mulate other immune cells to kill 
pathogens. 

If the an�gen reappears in the body, both cell- 
mediated and an�body-mediated immune 
responses are much quicker and intense; 
within hours, memory T cells are able to 
proliferate and differen�ate into Th cells or 
cytotoxic T cells, and B cells into plasma cells. 
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Vitamin D inhibits the effector func�ons of T 
helper cells and cytotoxic T cells, but promotes 
the development of Tregs that dampen 

191immune-mediated inflamma�on.  

The adap�ve immune response begins with 
recogni�on of an an�gen as self or non-self. All 
nucleated cells and platelets, but not red blood 
cells, in the body possess MHC class I (MHCI) 
molecules at the cell surface that present 
self-an�gens, while class II MHC (MHC-II) 
a n � g e n s  a p p e a r  o n  t h e  s u r f a c e  o f 
an�gen-presen�ng cells (APCs, including DCs, 
macrophages, and B cells) that primarily 
internalize exogenous an�gens. The APCs 
fragment the an�gens into pep�des that 
associate with MHC-II molecules and insert 
into the plasma membrane of the cell for 
an�gen presenta�on. 

Calcitriol is known to promote an�gen 
processing, while vitamin D has a role in the 
down-regula�on of MHC-II. Calcitriol has an 
inhibitory effect on the differen�a�on and 
matura�on of DCs, and helps program DCs for 
tolerance. Magnesium plays a key role in 

192
an�gen binding to macrophages.

Each unique T-cell receptor (TCR) is able to 
recognize a specific an�gen-MHC complex. 
An�gen recogni�on by a TCR is the first signal in 
ac�va�on of a T cell. T cells ignore complexes 
that come from a self-an�gen but trigger an 
immune response if the an�gen fragment 
comes from a foreign protein-a process 
accompanied by a second signal, such as the 
presence of IL-2. The produc�on of IL-2 is 
enhanced by vitamin E, and zinc is important in 
maintaining immune tolerance as it induces 
the development of Treg cells and dampens the 
development pro-inflammatory Th17 and Th9 

193,194cells. 

During cell-mediated immunity, ac�vated T 
cells kill host cells that present foreign an�gens 
on their cell surface or they s�mulate other 
immune cells to kill pathogens. Ini�ally, res�ng 
Th cells recognize exogenous an�gen–MHC-II 
complexes at the surface of an APC, interact 

with the APC (with the aid of the CD4 protein), 
receive the second signal (e.g., IL-2), and 
become ac�vated. Vitamin E helps to form 
effec�ve immune synapses between the APC 
and Th cells.

The ac�vated Th cell undergoes clonal 
selec�on to form a popula�on of ac�ve and 
memory Th cells. Ac�ve Th cells then begin to 
secrete a variety of cytokines such as ILs (which 
can act as a co-s�mulator for B cells, cause 
plasma cells to secrete an�bodies, or ac�vate 
NK cells). IL-2 is required for virtually all 
immune responses, and is the prime trigger of 
T cell prolifera�on. The produc�on and ac�vity 
of cytokines is regulated by iron. Vitamin E 

176
enhances IL-2 produc�on , whereas vitamin D 
inhibits the produc�on of IL-2 195 and IFNγ. 

Copper has a role in cellular immunity 
(including T-cell prolifera�on and NK ac�vity, 
and copper deficiency reduces IL-2 expression 
in human T- cells. Zinc influences the 
genera�on of cytokines such as IL-2, IL-6, and 
TNF-α. T-cell ac�vity is influenced by vitamins E 
and B6 and by zinc homeostasis, and by a 
possible synergis�c effect between vitamin A 

196and zinc.  Cytotoxic (CD8+) T cells recognize 
endogenous an�gen–MHC-I complexes on the 
surface of infected body cells and are ac�vated 
by IL-2, IFN, or other cytokines produced by 
ac�ve Th cells. 

Once ac�vated, the cytotoxic T cells undergo 
clonal selec�on and expansion into ac�ve and 
memory cytotoxic T cells. The prolifera�on of 
cytotoxic T cells is induced by zinc, while 
vitamin B12 may act as an immunomodulator 
and enhance the number of cytotoxic T cells. 
The ac�ve cytotoxic T cells a�ack host cells 
displaying that an�gen, while memory 
cytotoxic T cells quickly proliferate and 
differen�ate into addi�onal ac�ve and 
memory cytotoxic T cells. 
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An�body-mediated (humoral) immunity 
mainly works against extracellular pathogens 
in extracellular body fluids, such as blood and 
lymph. During this process, B cells break down 
the  an�gen,  combine i t  wi th  MHC- I I 
self-an�gens, and move the resul�ng complex 
into the Bcell plasma membrane. Th cells 
recognize the an�gen-MHC-II complex and 
produce IL-2 and other cytokines to ac�vate 
the B cells. 

Once ac�vated, the B cell undergoes clonal 
selec�on and expansion into plasma cells and 
memory B cells. Plasma cells synthesize and 
secrete an�bodies, which bind to a specific 
an�gen, while memory B cells do not secrete 
an�bodies but instead quickly proliferate and 
differen�ate into more plasma cells and 
memory B cells if the an�gen reappears in the 
future. An�bodies (and cytokines) are 
synthesized from amino acids; thus, like all 
proteins, they require vitamins B6 and B12 and 
folate during their endogenous synthesis and 
metabolism. In pa�ents with B12 deficiency, 

decreased CD8+ cells levels were observed, as 
was a high CD4/CD8 ra�o and suppressed NK 

197
cell ac�vity.  B12 is necessary for cell 
replica�on and cell division and this may 
explain the effect it has on rapidly prolifera�ng 
B cells. 

V i tamin  C  increases  serum leve ls  o f 
179an�bodies , and both copper and selenium 

1 8 4have ro les  in  an�body produc�on.  
Magnesium also acts as a cofactor for the 
synthesis of an�bodies. Calcitriol has an 
inhibitory effect, and suppresses IL-2 driven 

176
B-cell ant-ibody produc�on.  An�bodies 
neutralize the an�gen, immobilize bacteria, 
and agglu�nate pathogens, thus enhancing 
inges�on of microbes by phagocytes; 
an�bodies also ac�vate complement, which 
increases  phagocy tos i s  by  a�rac�ng 
phagocytes to the site of infec�on. Genera�on 
of an appropriate an�body response to an�gen 

184
requires adequate amounts of folate  and 
vitamin A (which influences the proper 
func�oning of B cells). For example, B cells 



ac�vated with re�noic acid (a metabolite of 
vitamin A) produced by gut-associated, 
lymphoid �ssue DC cells express high levels of 
gut-homing receptor, a factor that may 
contribute to the balance between immunity 

198and tolerance in the intes�ne.  Furthermore, 
vitamin A is necessary for B cell-mediated IgA 

198
an�body responses to bacterial an�gens.  
Zinc is involved in an�body produc�on, 
par�cularly IgG. Thus we can conclude that 
micronutrients play key role in produc�on of 
an�bodies.

Summary

Nutri�on has a strong influence on immune 
s t a t u s ,  d e v e l o p m e n t  a n d  d e c l i n e . 
Consequently, nutri�onal modula�on of 
immunity is a major axis in nutri�on and health 
research with the objec�ves to favourably 
‘‘programme’’ neonate immunity, maintain 
immune homeostasis throughout life and 
reinforce immunity in elderly. Modern 
immune-modula�ng nutri�on accompanies 
consumers through their life stages and styles.

Great nutri�on is central to improving 
immunity. The immune system is the body's 
protec�on against disease and virus and it has 
long been studied that few variables impact 
the capacity of the immune system including 
stress and nutri�on. Vitamins and minerals, 
known as micronutrients, are supplements 
required by our body for ideal func�on and 
frequently required in just limited quan��es. 
These micronutrients are not delivered in the 
body and in this way should be acquired from 
our food. Many researches show the key role 
nutri�on plays in powerful working of our 
immune system. 

Giving a diet high in nutri�ous food rich in 
vitamins and minerals supports ideal capacity 
of the immune system by giving cancer 
preven�on agents to slow harm of cells 
brought about by free radicals or aiding T-cell 
crea�on.

The European Journal of Clinical Nutri�on 
concluded that without sa�sfactory nutri�on, 
the immune system is clearly deprived of the 
components expected to create a successful 

immune reac�on. Great nutri�on is in this way 
significant in suppor�ng an ideal immune 
system which can lessen the danger of viral 
diseases Vitamin C, vitamin D and zinc have 
immune improving and immune regula�ng 
proper�es and assume synergis�c role in 
suppor�ng parts of both innate and adap�ve 
i m m u n i t y  w h i c h  c o n t a i n  e p i t h e l i a l 
obstruc�ons, cell resistance and an�bodies 
comprising the three primary lines of resistant 
protec�on. Then again, lacks of vitamin C, 
vitamin D and of zinc seriously discourage 
immune reac�ons and lead to an expanded 
hazard for infec�on for model in the 
respiratory tract.

Micronutrients are accepted to work all things 
considered to help an ideal immune system. 
Based on a variety of systema�c and clinical 
informa�on, vitamin A, B, C, D, E, folate, zinc, 
iron, copper, and selenium are especially 
impera�ve to boos�ng immune response.

Some nutri�onal elements, such as proteins 
an�oxidants, and zinc have the special benefits 
on immunity func�ons. Provision of these 
nutri�onal elements through natural foods will 
prevent person from the side effects of 
overuse. Weight-loss programs, in which less 
than 1200 kilocalorie foods is consumed effect 
the immunity func�ons, for this reason, these 
extremely unhealthy so-called fast weight- loss 
diets should be avoided. 

A healthy immune system lets us fell well look 
well and lets us use our energy more 
effec�vely. Remaining away from the stressful 
factors, approaching life and events posi�vely, 
keeping away from smoking and alcohol, 
adequate and balanced nourishment and 
regular exercising are among the supports we 
can give to our immune system. However, 
s o m e � m e s ,  t h e s e  s u p p o r t s  b e c o m e 
i n s u ffi c i e n t  a n d  w e  m ay  n e e d  s o m e 
strengthening out sourcing for our immune 
system.

For a proper nourishment program, it is 
advised to seek professional help from a 
die��an. It has been proved that, fresh fish, 
vegetables, mushrooms, medicinal herbs, 
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Feedback Form: October - December 2021
Clinical Insights on balanced diet & essen�al micronutrients:

Your shield to future pandemics

Dear Doctor,

In the wake of the COVID19 pandemic, people are increasingly becoming aware of the importance of 
good hygiene, healthy food for ensuring op�mal immune func�on to keep viral & other infec�ons 
away. There are various ways to boost immune func�on, which include foods, medicines, 
nutraceu�cals, vitamins, supplements, minerals, vaccines etc. Person with a weak immune system is 
more suscep�ble to various infec�ons that lead to various disorders. Therefore, Every individual 
should have an adequate and balanced diet and have sufficient amounts of vitamins & minerals on a 
regular basis in order to have a func�onal body’s defence mechanism, which will ul�mately act as a 
shield to such pandemics in future. 

It is indeed a pleasure to present to you this QMR issue by Dr. Aravinda J, renowned Consultant 
Physician & Diabetologist. In this issue, he is enlightening us on “Clinical Insights on balanced diet & 
essen�al micronutrients: Your shield to future pandemics.” 

I signoff by once again reminding you to con�nue sending your comments and sugges�ons regarding 
the QMR. Do write to me at rahul.badwaik@raptakos.com with your write-ups, notes or �tbits on 
various topics of interest that can make for informa�ve and interes�ng reading.

Dr. Rahul Badwaik
Vice President - Medical


