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Abstract

In this article, a brief review of immunonutrition as a feasible alternative to modulating
the immune system in defence of the SARS-CoV-2 that causes COVID-19 was presented.
Immunonutrition is the nutritional practice that includes the necessary nutrients to
modulate the activity of the immune system in health and disease. To date, studies are
encouraging because they indicate that a good diet restores or improves the immune
system's response to pathogens such as SARS-CoV-2. In addition, applying
immunonutrition helps people recover with fewer sequelae after going through a serious
infection in hospitalization and/or intensive care unit. Finally, it is suggested that
immunonutrition be applied in conjunction with other good lifestyles and strictly
following current health recommendations.
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1. Introduction

In March 2020, the world declared a new pandemic
caused by the severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) (ISID, 2021). This
virus causes the coronavirus disease or COVID-19 and
as is well known, the virus infects people of any age,
being more susceptible to people suffering from
comorbidities such as obesity, diabetes and hypertension.
These comorbidities are related in one way or another to
diet. The immune system, being very present in our
tissues, and maintaining homeostasis, in some way also
participates in the development of these comorbidities
(Calder, 2020). But what is the scientific basis for the
relationship between COVID-19, diet and the immune
system?

Nutrition is a crucial component in our well-being
since each of our cells receives nutrients that come from
our daily diet. The cells of the immune system are
dependent on nutrients for their proper functioning and
when a poor diet is observed these cells are damaged,
dramatically affecting homeostasis at the systemic level
and if eventually, one is infected with a virus, such as
SARS-CoV-2, the immune system will not generate an
efficient response (Calder, 2020; Derbyshire and
Delange, 2020). Taking this into account, the question
arises, what do we need to do to have an efficient
immune system?
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A feasible answer could be immunonutrition, which
defines itself as the nutritional practice that helps us to be
able to incorporate the set of necessary nutrients that will
contribute to modulating the activity of the immune
system (Derbyshire and Delange, 2020).

Scientific evidence indicates that immunonutrition is
proactively involved before, during and after COVID-19
infection (Kamyari ef al., 2021). The prognosis of the
patient depends on how the patient's immune system
responds to the presence of the virus. Failures in the
response of the immune system will generate the tissues
and organs of the infected patient to not resist the
inflammatory catastrophe characterized by the cytokine
storm and likewise the proliferation of the virus
(Derbyshire and Delange, 2020; de Aratijo Morais ef al.,
2021).

This mini-review discussed the fundamentals and
importance of immunonutrition as a strategy to deal with
COVID-19. In addition, the emphasis on the importance
of integrating other approaches and lifestyles to ensure
that the patient has fewer sequelac from a serious
infection by this severe virus.

2. The immune system and COVID-19
SARS-CoV-2 enters the airways and once it reaches
the lungs, it infects the alveolar epithelial cells. Infection
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occurs by the virus binding to the ACE2 receptor
(angiotensin-converting enzyme 2) (Bold et al., 2020).
The entry of the virus into cells triggers an immune
response called inflammation in which a wide spectrum
of cells are recruited, such as dendritic cells,
macrophages and neutrophils (Zabetakis et al., 2020).
The infection can go unnoticed in asymptomatic cases.
However, the disease can evolve and severely
compromise other tissues due to uncontrolled
inflammation leading to shortness of breath, septic
shock, and heart problems (Fernandez-Quintela et al.,
2020).

A patient with COVID-19 presents two main events:
a) oxidative stress: The cells of the lungs release free
radicals that are harmful to the tissues and can spread to
other parts of the body (Calder, 2020); and b) severe
inflammation: It occurs because the immune system
releases an excessive amount of inflammatory cytokines;
a process called “cytokine storm” (Calder, 2020). Both
scenarios cause severe tissue damage to the COVID-19
patient, mainly lung tissue, causing “acute respiratory
distress syndrome” (ARDS). Therefore, the more
oxidative stress and inflammation, the greater the risk
that the patient will die (Calder, 2020).

There are different treatments for this disease are
their effectiveness depends on many factors, where the
health status prior to the virus infection is crucial. The
previous health status depends on genetic and
environmental factors. Among the environmental factors
that contribute to an adequate immune response we have:
good nutrition, healthy environments, absence of stress,
good quality of sleep, not smoking, and not consuming
alcohol or drugs (Kalantar-Zadeh and Moore, 2020). For
the purposes of this review, good nutrition practised
through immunonutrition will be the main focus.

3. Immunonutrition-immune system-COVID-19

While different pharmacological treatments are
being tested, the question arises in the community of
nutritionists and dietitians whether certain foods or
nutritional regimens can prevent SARS-CoV-2 infection
or reduce its aggressiveness (Kalantar-Zadeh and Moore,
2020; Laviano et al., 2020; Derbyshire and Delange,
2020). This is based on the fact that the nutritional status
of the person is crucial to coping with viral infections.
Malnutrition impairs the immune system, increasing the
risk of viral infection and disease severity (Silverio et al.,
2020).

There is scientific evidence that indicates that
immunity against COVID-19 is improved by
incorporating the following nutrients mainly in the diet:
vitamin D, vitamin C, vitamin B, vitamin A,
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polyunsaturated fatty acids (omega-3), zinc and
magnesium (Fernandez-Quintela et al., 2020). In this
context, the term immunonutrition has been proposed,
which consists of the consumption or administration of
specific nutrients in order to modulate the function of the
immune system (Derbyshire and Delange, 2020) (Figure

).
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Figure 1. Immunonutrition in coronavirus disease (COVID-
19)

Studies show that a healthy diet has a rapid anti-
inflammatory effect even in people suffering from
obesity (Butler and Barrientos, 2020). A widely
recommended diet is the Mediterranean diet, whose
effects are systemic, preventing and helping to cope with
infectious diseases such as COVID-19 (Angelidi et al.,
2021). The Mediterranean diet is very diverse because it
includes polyunsaturated fats, dietary fibre, proteins,
carbohydrates, polyphenols, and other bioactive
substances. The wide repertoire of nutrients in the
Mediterranean diet ensures the synergism of nutrients
with  anti-inflammatory, = immunomodulatory  and
antioxidant activity (Zabetakis et al., 2020; Angelidi et
al., 2021).

Next, the scientific evidence of certain nutrients that
could potentially modulate the immune response against
viruses such as SARS-CoV-2 will be discussed.

3.1 Proteins

Protein deficiency has been associated with impaired
immune system activity primarily through altered levels
of antibodies or immunoglobulins and impaired gut-
associated lymphoid tissue. In this context, it is
emphasized that the consumption of proteins of high
biological value (eggs, meat, fish and dairy products) is
highly relevant for the immune system because it exerts
an anti-inflammatory  effect.  Specifically, some
researchers propose that arginine and glutamine are
amino acids with good immunomodulatory activity
(Iddir et al., 2020).

3.2 Vitamin C

It has been widely reported that this micronutrient is
crucial for a good immune response. It can be acquired
through the consumption of fruits, mainly citrus fruits
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(Aman and Masood, 2020). Vitamin C is well known to
be a coenzyme of multiple enzymes in the metabolism of
all tissues in the body. In particular, the cells of the
immune system prioritize using this vitamin because it
strengthens them and prepares them for their fight with
germs such as viruses, bacteria, fungi and more. This
vitamin is said to work against COVID-19 due to its
antioxidant and anti-inflammatory activity (Gasmi et al.,
2020; Derbyshire and Delange, 2020). Vitamin C would
be participating in the following phases: a) before
infection: enhancing the immune response. That is,
"training" our immune cells that would go to the
battlefield to face the virus; b) during infection: Vitamin
C contributes to the production of the biological arsenal
of the immune system to be able to neutralize the
infection.

Likewise, this vitamin participates in ameliorating
excessive inflammation so as not to cause collateral
damage to the tissues. Supplementation with vitamin C
in addition to other standard treatments has shown
beneficial effects. In critical patients, the intravenous
injection of high doses of vitamin C has been tested,
however, these studies are not conclusive yet (Zhang et
al., 2021). Currently, there are clinical trials underway to
elucidate whether the use of high doses of vitamin C
intravenously could be beneficial in critically ill patients
(Carr et al., 2021); and c) after infection: In patients who
have been cured of severe infection, vitamin C helps
tissues to regenerate easily. This is based on the fact that
vitamin C is crucial for the synthesis of collagen, a
protein that is important for the integrity of tissues.

3.3 Vitamin D

This fat-soluble vitamin is another nutrient with a
solid reputation as an immunomodulator (Gasmi et al.,
2020; Untersmayr and Kallay, 2020). It is obtained from
three main sources, exposure to sunlight, the
consumption of foods rich in vitamin D and
supplementation. In either case, the inactive vitamin D
reaches the liver and is converted into 25-
hydroxyvitamin D, then passes to the kidney,
transforming into an active form 1,25-dihydroxyvitamin
D or calcitriol. Immune cells can utilize vitamin D due to
the presence of vitamin D receptors. Additionally, some
cells of innate and adaptive immunity can take 25-
hydroxyvitamin and independently convert them to the
active form (Calder, 2020; Untersmayr and Kallay,
2020). There are currently millions of people with
vitamin D deficiency, particularly in areas with little
sunlight (Bold et al., 2020). Pereira et al. (2020) reported
that vitamin D deficiency is positively associated with
COVID-19 severity. Based on this, measures should be
taken at the public policy level so that the population
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maintains adequate levels of vitamin D in the blood and
thus prevent complications from COVID-19 in countries
most affected by this disease (Yisak et al., 2021); this
can be achieved through diet or supplementation (Gasmi
et al., 2020).

3.4 Zinc

It is another essential nutrient that is required in trace
amounts and, like other micronutrients, contributes to the
function of many enzymes and transcription factors
involved in the function of the immune system (Chasapis
et al., 2020; Derbyshire and Delange, 2020). Zinc has
direct or indirect activity on certain types of viruses. For
example, pyrrolidine dithiocarbamate (zinc ionophore)
inhibits the enzyme responsible for replicating the
genetic material of SARS-CoV-2 (Chasapis et al., 2020).
Zinc deficiency contributes to an increased risk of
inflammatory diseases, infections, and viral pneumonia,
particularly in people with a developing or altered
immune system (Gasmi et al., 2020). Based on that, it
can be suggested that zinc supplementation would be
beneficial for the prophylaxis and treatment of COVID-
19, however, more solid evidence is required to test these
hypotheses (Kumar ef al., 2020).

3.5 Bioactive substances

One of these substances that have recently gained
prestige is quercetin, a flavonoid that in vitro studies has
been shown to have antiviral activity (Keflie et al.,
2020). Some studies indicate that the co-administration
of this substance and vitamin C has synergistic activity
improving the antiviral immune response. Despite these
in vitro effects, great caution is advised when trying to
recommend products that claim to have these substances
(Colunga-Biancatelli et al., 2020). None of these
substances should be offered as a "cure" for COVID-19
disease because they have not passed rigorous clinical
trials (except vitamin C) on their effectiveness and
safety.

4. Poor diet-immune system and COVID-19

It is well documented that a poor diet alters the
function of the immune system, increasing the
susceptibility to suffering from severe infection (de
Araujo Morais et al., 2021). Unlike a Mediterranean diet,
a Western diet chronically activates innate immunity and
disrupts the functions of adaptive immunity. This is
based on the fact that the consumption of high amounts
of saturated fat activates signalling pathways related to
inflammation (Zabetakis et al., 2020). Experiments in
mice show that when the diet is high in saturated fat,
there is a greater macrophage infiltration into the alveoli;
an unfavourable situation in the case of COVID patients
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(Butler and Barrientos, 2020). Adopting a Western diet
predisposes to the development of comorbidities such as
type 2 diabetes, obesity, cardiovascular diseases and
more. These, as is well known, increase the risk of
infection and severity of COVID-19 (Zabetakis et al.,
2020).

5. Comorbidities and COVID-19

A person may be suffering from single or multiple
comorbidities when diagnosed with COVID-19 and it is
well known that comorbidities increase the risk of
hospitalization, enrolment in intensive care unit and even
death (Laviano et al., 2020). Comorbidities compromise
the proper functioning of the immune system and are
also generally the product of poor lifestyles, including a
poor diet. Obesity and diabetes are risk factors for the
person to suffer from severe COVID-19 (Silverio et al.,
2020). The prevalence of these comorbidities is mainly
due to the preference for diets high in saturated fats,
refined carbohydrates and a low preference for
unsaturated fatty acids, antioxidants and fibre;
characteristic of a western diet (Butler and Barrientos,
2020).

Next, the elaboration on the rationale for how these
comorbidities affect the immune system in its fight
against COVID-19.

5.1 Obesity

There is a high prevalence of obesity among COVID
-19 patients. In a Spanish ICU, 48% of the first to be
hospitalized were obese (Silverio ef al., 2020). Obesity is
a chronic disease that significantly compromises the
immune system. The excess of white adipose tissue in
these patients promotes the release of substances that
promote inflammation and cause the patient to be in a
state of low-grade chronic systemic inflammation
(Silverio et al., 2020; Di Renzo et al., 2020). An
inflammatory environment is negative and is a
requirement for the appearance of diseases (Fernandez-
Quintela et al., 2020). When SARS-CoV-2 enters the
respiratory tract, the virus encounters an “altered” and
“reactive” immune system. This “exaggerated”
inflammation causes the immune system to destroy lung
tissues, increasing the severity of severe pneumonia that
occurs in patients with COVID-19 (Zabetakis et al.,
2020; de Aratjo Morais et al., 2021).

Another mechanism by which obesity can alter
immune function is through the indirect alteration of iron
metabolism. Chronic low-grade systemic inflammation
increases the release of the hormone hepcidin in the
liver. This hormone decreases iron metabolism and if
this micronutrient is not available, the function of the
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immune system is also dramatically compromised
(Stoffel et al., 2020).

Therefore, urgent measures must be taken to tackle
the problem of obesity. Large-scale measures such as
quarantines alter eating habits, which somehow increase
the incidence of this metabolic disorder (Matsungo and
Chopera, 2020). Immunonutrition in obese patients must
be addressed to avoid severe complications and
aftermaths (Di Renzo et al., 2020).

5.2 Diabetes

In  diabetes, carbohydrate  metabolism  is
compromised and has different etiologies. The state of
hyperglycemia alters several signalling pathways of the
immune system and this is impaired the innate and
adaptive immune response. The United States Centers
for Disease Control and Prevention reported that people
with type 1 and type 2 diabetes are at high risk of
acquiring severe COVID-19 due to metabolic
disturbances and immunosuppression (Grabia et al.,
2020). Grabia et al. (2020) report that during the
pandemic, patients with type 1 or 2 diabetes showed an
improvement in their eating habits, a situation that could
contribute to improving the metabolic and immune
alterations that occur in the disease.

6. General considerations

The scientific community is currently designing
effective vaccines and drugs to combat COVID-19. Still,
a great challenge is to modulate the immune response by
reducing inflammation without altering the correct
functioning of the innate and adaptive responses
(Derbyshire and Delange, 2020). In this context, the
focus should not only be on drug design but also on
immunonutrition (Fernandez-Quintela et al., 2020,
Soares and Miiller, 2020; Kamyari et al., 2021) which
requires the mandatory participation of clinical
nutritionist professionals (Cawood et al, 2020).
Furthermore, the cost of supplementation would make
the immunonutrition approach feasible in order to
prevent and strategically cope with the disease
(Derbyshire and Delange, 2020). What would be on
standby is to evaluate the correct dosages and
combinations of nutrients for this type of infection
(Derbyshire and Delange, 2020).

It is important to mention that nutritional therapy is
also carried out in the intensive care unit (ICU). Given
this, it is necessary to continue conducting studies on the
effectiveness and safety of enteral nutrition during the
ICU stay (Martindale et al., 2020). Another aspect to
consider is that access to fresh, safe and cheap food must
be a priority in public policies to have a long-term effect
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on multiple diseases, including COVID-19. In addition,
considering the arrival of vaccines, various studies
emphasize that obese people should be intervened with
healthy diets because the effectiveness of vaccines is
reduced in these patients (Butler and Barrientos, 2020). It
is  strongly suggested that the practice of
immunonutrition should not be considered as a cure or
treatment, it must be complemented with other healthy
lifestyles to achieve sustained effects on the immune
system.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

This research has not received any specific grant
from agencies in the public, commercial, or non-profit
sectors.

References

Aman, F. and Masood, S. (2020). How Nutrition can
help to fight against COVID-19 Pandemic. Pakistan
Journal of Medical Sciences, 36(COVID19-S4),
S121-S123. https://doi.org/10.12669/
pjms.36.COVID19-S4.2776

Angelidi, A.M., Kokkinos, A., Katechaki, E., Ros, E. and
Mantzoros, C.S. (2021). Mediterranean diet as a
nutritional approach for COVID-19. Metabolism:
Clinical and Experimental, 114, 154407. https:/
doi.org/10.1016/j.metabol.2020.154407

Bold, J., Harris, M., Fellows, L. and Chouchane, M.
(2020). Nutrition, the digestive system and immunity
in COVID-19 infection. Gastroenterology and
Hepatology from Bed to Bench, 13(4), 331-340.

Butler, M.J. and Barrientos, R.M. (2020). The impact of
nutrition on COVID-19 susceptibility and long-term
consequences. Brain, Behavior, and Immunity, 87,
53-54. https://doi.org/10.1016/j.bbi.2020.04.040

Calder, P.C. (2020). Nutrition, immunity and COVID-
19. BMJ Nutrition, Prevention and Health, 3(1), 74—
92. https://doi.org/10.1136/bmjnph-2020-000085

Carr, A.C. (2020). A new clinical trial to test high-dose
vitamin C in patients with COVID-19. Critical Care,
24, 133. https://doi.org/10.1186/s13054-020-02851-4

Cawood, A.L., Walters, E.R., Smith, T.R., Sipaul, R.H.
and Stratton, R.J. (2020). A Review of Nutrition
Support Guidelines for Individuals with or
Recovering from COVID-19 in the Community.
Nutrients, 12(11), 3230. https://doi.org/10.3390/
nul2113230

Chasapis, C.T., Ntoupa, P.A., Spiliopoulou, C.A. and

eISSN: 2550-2166

433

Stefanidou, M.E. (2020). Recent aspects of the
effects of zinc on human health. Archives of
Toxicology, 94(5), 1443-1460. https://
doi.org/10.1007/s00204-020-02702-9

Colunga Biancatelli, R., Berrill, M., Catravas, J.D. and
Marik, P.E. (2020). Quercetin and Vitamin C: An
Experimental, Synergistic = Therapy for the
Prevention and Treatment of SARS-CoV-2 Related
Disease (COVID-19). Frontiers in Immunology, 11,
1451. https://doi.org/10.3389/fimmu.2020.01451

Derbyshire, E. and Delange, J. (2020). COVID-19: is
there a role for immunonutrition, particularly in the
over 65s? BMJ Nutrition, Prevention and Health, 3
(1), 100-105. https://doi.org/10.1136/bmjnph-2020-
000071

Di Renzo, L., Gualtieri, P., Pivari, F., Soldati, L., Attina,
A., Leggeri, C., Cinelli, G., Tarsitano, M.G.,
Caparello, G., Carrano, E., Merra, G., Pujia, A.M.,
Danieli, R. and De Lorenzo, A. (2020). COVID-19:
Is there a role for immunonutrition in obese patient?
Journal of Translational Medicine, 18, 415. https://
doi.org/10.1186/s12967-020-02594-4

Fernandez-Quintela, A., Milton-Laskibar, I., Trepiana, J.,
Gomez-Zorita, S., Kajarabille, N., Léniz, A,
Gonzalez, M. and Portillo, M.P. (2020). Key Aspects
in Nutritional Management of COVID-19 Patients.
Journal of Clinical Medicine, 9(8), 2589. https://
doi.org/10.3390/jcm9082589

Gasmi, A., Tippairote, T., Mujawdiya, P.K., Peana, M.,
Menzel, A., Dadar, M., Gasmi Benahmed, A. and
Bjerklund, G. (2020). Micronutrients  as
immunomodulatory tools for COVID-19
management. Clinical Immunology, 220, 108545.
https://doi.org/10.1016/j.clim.2020.108545

Grabia, M., Markiewicz-Zukowska, R., Puscion-Jakubik,
A., Bielecka, J., Nowakowski, P., Gromkowska-
Kepka, K., Mielcarek, K. and Socha, K. (2020). The
Nutritional and Health Effects of the COVID-19
Pandemic on Patients with Diabetes Mellitus.
Nutrients, 12(10), 3013. https://doi.org/10.3390/
nul2103013

Iddir, M., Brito, A., Dingeo, G., Fernandez Del Campo,
S.S., Samouda, H., La Frano, M.R. and Bohn, T.
(2020). Strengthening the Immune System and
Reducing Inflammation and Oxidative Stress
through Diet and Nutrition: Considerations during
the COVID-19 Crisis. Nutrients, 12(6), 1562. https://
doi.org/10.3390/nu12061562

ISID (International Society for Infectious Diseases)
(2021). ProMed «PRO/AH/EDR> COVID-19 update
(59): Global, cruise ship, more countries, WHO.
Retrieved from April 3, 2021 from website: https://
promedmail.org

© 2022 The Authors. Published by Rynnye Lyan Resources



434

Kalantar-Zadeh, K. and Moore, L.W. (2020). Impact of
Nutrition and Diet on COVID-19 Infection and
Implications for Kidney Health and Kidney Disease
Management. Journal of Renal Nutrition, 30(3), 179
—181. https://doi.org/10.1053/j.jm.2020.03.006

Kamyari, N., Soltanian, A.R., Mahjub, H. and
Moghimbeigi, A. (2021). Diet, Nutrition, Obesity,
and Their Implications for COVID-19 Mortality:
Development of a Marginalized Two-Part Model for
Semicontinuous Data. JMIR Public Health and
Surveillance, 7(1), e22717. https://
doi.org/10.2196/22717

Keflie, T.S. and Biesalski, H.K. (2021). Micronutrients
and bioactive substances: Their potential roles in
combating COVID-19. Nutrition, 84, 111103.
https://doi.org/10.1016/j.nut.2020.111103

Kumar, A., Kubota, Y., Chernov, M. and Kasuya, H.
(2020). Potential role of zinc supplementation in
prophylaxis and treatment of COVID-19. Medical
Hypotheses, 144, 109848. https://doi.org/10.1016/
j-mehy.2020.109848

Laviano, A., Koverech, A. and Zanetti, M. (2020).
Nutrition support in the time of SARS-CoV-2
(COVID-19).  Nutrition, 74, 110834. https://
doi.org/10.1016/j.nut.2020.110834

Martindale, R., Patel, J.J., Taylor, B., Arabi, Y.M.,
Warren, M. and McClave, S.A. (2020). Nutrition
Therapy in Critically Ill Patients with Coronavirus
Disease 2019. JPEN. Journal Of Parenteral and
Enteral  Nutrition, 44(7), 1174-1184. https:/
doi.org/10.1002/jpen.1930

Matsungo, T.M. and Chopera, P. (2020). Effect of the
COVID-19-induced lockdown on nutrition, health
and lifestyle patterns among adults in Zimbabwe.
BMJ Nutrition, Prevention and Health, 3(2), 205—
212. https://doi.org/10.1136/bmjnph-2020-000124

Morais, A., Aquino, J.S., da Silva-Maia, J.K., Vale, S.,
Maciel, B. and Passos, T.S. (2021). Nutritional
status, diet and viral respiratory infections:
perspectives for severe acute respiratory syndrome
coronavirus 2. The British Journal of Nutrition, 125
(8), 851-862. https://doi.org/10.1017/
S0007114520003311

Pereira, M., Dantas Damascena, A., Galviao Azevedo, L.
M., de Almeida Oliveira, T. and da Mota Santana, J.
(2020). Vitamin D deficiency aggravates COVID-
19: systematic review and meta-analysis. Critical
Reviews in Food Science and Nutrition, 62(5), 1308-
1316. https://
doi.org/10.1080/10408398.2020.1841090

Silverio, R., Gongalves, D.C., Andrade, M.F. and
Seelaender, M. (2020). Coronavirus Disease 2019

eISSN: 2550-2166

Acevedo-Espinola and Torres-Obregon / Food Research 6 (3) (2022) 429 - 434

(COVID-19) and Nutritional Status: The Missing
Link? Advances in Nutrition, 12(3), 682-692. https://
doi.org/10.1093/advances/nmaal25

Soares, M.J. and Miiller, M.J. (2020). Editorial: Nutrition
and COVID-19. European Journal of Clinical
Nutrition, 74, 849. https://doi.org/10.1038/s41430-
020-0647-y

Stoffel, N.U., El-Mallah, C., Herter-Aeberli, 1., Bissani,
N., Wehbe, N., Obeid, O. and Zimmermann, M.B.
(2020). The effect of central obesity on
inflammation, hepcidin, and iron metabolism in
young women. International Journal of Obesity, 44
(6), 1291-1300. https://doi.org/10.1038/s41366-020-
0522-x

Untersmayr, E. and Kallay, E. (2020). Insights in
Immuno-Nutrition: Vitamin D as a Potent
Immunomodulator. Nutrients, 12(11), 3554. https://
doi.org/10.3390/nul2113554

Yisak, H., Ewunetei, A., Kefale, B., Mamuye, M.,
Teshome, F., Ambaw, B. and Yideg Yitbarek, G.
(2021). Effects of Vitamin D on COVID-19
Infection and Prognosis: A Systematic Review. Risk
Management and Healthcare Policy, 14, 31-38.
https://doi.org/10.2147/RMHP.S291584

Zabetakis, 1., Lordan, R., Norton, C. and Tsoupras, A.
(2020). COVID-19: The Inflammation Link and the
Role of Nutrition in Potential Mitigation. Nutrients,
12(5), 1466. https://doi.org/10.3390/nu12051466

Zhang, J., Rao, X., Li, Y., Zhu, Y., Liu, F., Guo, G., Luo,
G., Meng, Z., De Backer, D., Xiang, H. and Peng, Z.
(2021). Pilot trial of high-dose vitamin C in critically
ill COVID-19 patients. Annals of Intensive Care, 11,
5. https://doi.org/10.1186/s13613-020-00792-3

© 2022 The Authors. Published by Rynnye Lyan Resources



