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The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus-2
(SARS-COV-2), has rapidly spread worldwide, causing many deaths, the number of which continues to increase.
Global public health organizations and governments have advised on the adoption of various handwashing and
hygiene guidelines, use of masks, and social distancing, along with isolation or lockdown protocols to prevent
SARS-COV-2 spread. There are vaccines and drugs that are confirmed but still many human suffer from this dis-
ease. Important risk factors for SARS-COV-2 infection are similar to other viral infectious diseases as including in-
fluenza, hepatitis B, acquired immunodeficiency syndrome, and other lung infections. These diseases might be re-
lated to poor nutritional support, affecting the patient outcomes against COVID-19. In this review, we discuss some
of the nutritional therapies currently being investigated for infectious diseases. Studies have shown that nutrition
has the potential to prevent and mitigate viral infections. Micronutrients (vitamins A, B6, B12, C, D, and E, B9, and
trace elements, such as iron, zinc, copper, selenium, magnesium, and polyphenols) and macronutrients (carbohy-
drates, prebiotics, probiotics, protein [amino acids], and lipids [fatty acids]) affect the whole body, including the im-
mune system, preventing viral entry and modulating clinical symptoms. This review discusses the importance of
nutrition as a strategy to understand food groups and key nutrients that may affect the clinical outcomes of COV-
ID-19 patients during the ongoing pandemic. Scientists believe that the likelihood of another pandemic is immi-
nent. COVID-19 remains important and scientists believe it will continue will in the future. We emphasize the lack
of studies on the nutritional impact of COVID-19 in terms of nutrition, even though nutritional interventions has
been shown to have many advantages during the treatment of viral infections.
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INTRODUCTION

The new type of coronavirus known as severe acute respiratory syn-
drome coronavirus-2 (SARS-COV-2) was first detected in Wuhan (Hu-
bei province), China, in 2019.” SARS-COV-2 became a global human
threat and the infection caused by it, coronavirus disease 2019 (COV-
ID-19), was declared a pandemic,” with 5,51 million total confirmed
deaths by January 12, 2022.” The emergence and rapid spread of new
variants of SARS-COV-2 have further increased the global health threat
in recent months.” COVID-19 symptoms range from mild to severe
symptoms that can lead to death. Symptoms including cough, fever,
pneumonia, and shortness of breath usually appear for 2-14 days after
viral exposure and infection. The infected individuals may also show
hepatic, respiratory, neurological, and gastrointestinal complications
that can eventually lead to death.” Elderly patients and those who re-
quired intensive care support mostly had multiple comorbidities, in-
cluding cardiovascular, cerebrovascular, endocrine, digestive, and re-
spiratory diseases.>” Though young and healthy people do not fall un-
der major risk groups, they could act as carriers affecting the higher-
risk groups.>'*'V Therefore, standard public health practices have been
advised to help decrease exposure and avoid spreading these respira-
tory viruses.""™ Immunization with a vaccine that stimulates the im-
mune system is the best way to avoid contracting COVID-19, prevent
infection, and reduce mortality. Unfortunately, although there are ap-
proved vaccine agents and drug studies, SARS-COV-2 has not prevent-
ed its progression.'*'®

To support the immune system and avoid the adverse effects of viral
infection, additional strategies need to be identified; in this respect,
nutrition can be supportive.'” Substantial evidence highlights the ef-
fects of diet on the immune system and combating illnesses. It has
been shown that particular nutrient supplements can affect the im-
mune system through molecular signaling modifications, gene expres-

sion, cell activation, and gut microbial composition determinants.'®'

Immune system
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Nutritional insufficiencies in terms of energy intake, protein intake,
and specific micronutrient intake are associated with a suppressed im-
mune system function and are highly associated with increased sensi-
tivity to infection. The continuity of the immune system functions is
highly dependent on the adequate intake of micronutrients such as
zinc (Zn), iron (Fe), copper (Cu), selenium (Se), magnesium (Mg), and
vitamins A, B6, B12, and E.2**?)

To date, there are studies available on the effect of nutrition, disease
symptoms and immune system and viral entry on COVID-19 pa-
tients.” However, in the context of other viral diseases that have been
examined, nutrition may be a key factor that may affect the outcomes
of COVID-19. International commissions, especially in China, advise
that sufficient energy intake from foods and vitamins can improve dis-
ease outcomes.?” This review discusses the importance of nutrition
(consuming adequate amounts of sufficient nutrients: macronutrients
[protein, carbohydrates, lipids] and micronutrients [vitamins, miner-
als]) to strengthen the immune system, decrease intensive care unit
(ICU) and hospitalization time, and lower the mortality rate and me-
chanical ventilation (MV) time. Better nutritional quality can improve
the experience of individual patients as well as the general public dur-
ing the COVID-19 pandemic.

IMMUNOLOGY OF COVID-19

SARS-COV-2 infection generally activates both innate and adaptive
immune cells, as shown in Figure 1.2 However, the innate and adap-
tive immune responses trigger uncontrolled inflammatory responses
both locally and systemically, leading to tissue damage. In patients
with severe SARS-COV-2, lymphopenia (low lymphocyte count) is
common and is associated with a decrease in innate and adaptive im-
mune response. For example, the decrease in the number of immune
cells, such as the percentage of monocytes, basophils, eosinophils,
CD4+ T cells, CD8+ T cells, B cells, and natural killer (NK) cells, is a
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symptom of lymphopenia, which is directly proportional to the severi-
ty of the existing infection.?*” Lymphopenia is also observed in con-
junction with an increase in neutrophil count and neutrophil-lympho-
cyte ratio, higher disease severity, and poor prognosis.?”

Receptor CD94/NK group 2 member A is noteworthy in COVID-19-
like patients. This receptor is known to cause a decrease in NK and
CD8+ T cell counts. Additionally, peripheral CD4+ and CD8+ T cells
decreased, and hyperactivation was observed in COVID-19 patients.
In these patients, complex cells such as CD3+ T and CD4+ T, as well as
cytotoxic granules in CD8 + T cells, were also identified. The presence
of these cells is an indication of excessive T cell activation and antiviral
immune response.”***¥ In clinical studies on COVID-19 patients,
analysis of blood serum found increased immunoglobulin G response
and a higher total antibody titer relative to healthy controls. However,
these results were associated with poor prognosis in patients.*" CO-
VID-19 can cause multiple disorders, one of which is acute respiratory
distress syndrome (ARDS). The primary mechanism for ARDS is the
increase in inflammatory cytokines, leading to fatal responses in pa-
tients. For this reason, these pro-inflammatory cytokines (such as in-
terferon-alpha [IFN-q], IFN-y, interleukin [IL]-1p, IL-6, IL-12, IL-18, IL-
33, tumor necrosis factor [TNF-q], transforming growth factor-
[TGF-B]) and chemokines (such as CC chemokine ligand 2 [CCL2],
CCL3, CCL5, CXC motif chemokine receptor 8 [CXCL8], CXCL9,

Table 1. Effects macronutrients on the innate and adaptive immune system
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CXCL10) should be examined and, if possible, kept under control to
protect against ARDS.?>***") Patients with severe COVID-19 present
with high levels of IL-6, IFN-o, CCL5, CXCL8, and CXCL10 in the se-
rum compared to those with mild or moderate disease. Severe symp-
toms are also associated with high IL-6 levels and IL-1p, in addition to
pro-inflammatory levels of IL-2, IL-8, IL-17, granulocyte-colony stimu-
lating factor, granulocyte macrophage-colony-stimulating factor, inter-
feron-bound protein 10, monocyte chemoattractant protein-1 (MCP-
1), macrophage inflammatory protein 1 a (also known as CCL3); TNF
levels were also found to be significantly high in the clinical stud-
ies. 3% Most of the symptoms caused by SARS-COV-2 were similar
to the infection in severe acute respiratory syndrome coronavirus
(SARS-COV) and Middle East respiratory syndrome (MERS-COV) in-
fection. The increase in cytokine levels in these three different viruses
causes a cytokine storm on the body by the immune system. As a re-
sult, response to the infection causes ARDS and multiple organ fail-
ure.” Coronavirus infections also demonstrate high amounts of C-re-
active protein and D-dimers in the serum. The high rate of pro-inflam-
matory cytokines can lead to septic shock, heart, liver, and kidney tis-
sue damage and respiratory failure in patients. Cytokine storm can
also lead to a large infiltration of neutrophils and macrophages, medi-
ating extensive pulmonary pathology with the formation of hyaline
membranes, widespread alveolar wall thickening, and alveolar dam-

Macronutrient Innate immune system Adaptive immune system References
High saturated fatty Highly saturated fatty acids are the building blocks of lipids. It Highly saturated fatty acids induce oxidative stress. It impairs 4449
acids leads to chronic activation of the innate immune system, can the proliferation and maturation of T and B cells. In

activate the innate immune system through the activation of
TLRs (e.q., TLR4) expressed on neutrophils and induce a
lipotoxic condition. It provides stimulation of macrophages,

particular, it prevents the B cell from functioning, causing
apoptosis of the lymphocyte. It is generally responsible for
the suppression of the adaptive immune system.

dendritic cells, and canonical inflammatory signaling pathways
that produce pro-inflammatory mediators and other effectors

of the innate immune system in the body.

PUFAs are another composition that forms lipids and are
unsaturated fatty acids. It shows anti-inflammatory and
immune regulating effects.

PUFA, n-3-PUFA

Carbohydrates
maintain blood sugar during exercise. It provides lower

release of stress hormones, affects the inflammation caused
by innate immunity after exercise and associated immune
changes. Energy is required for adequate immune response

to occur, to perform macrophages, neutrophils and their

immunological roles. This energy provides the formation of
adenosine triphosphate by using glucose in mitochondria.
Therefore, carbohydrates have an important role for immune

cells.

Probiotics, prebiotics Probiotics are living microorganisms found in fermented

nutrients, and prebiotics are nutrients that contain substances
that the human body cannot digest. It improves intestinal

microbial flora, thereby increasing immune function and
response with a reduction in rates of infection.
Proteins (amino acids)

immune systems, including stimulation of immune cell
function, as in neutrophils.

Carbohydrates are considered the main nutrient of the body and

Proteins are structures made up of amino acids. Amino acids
have important roles in the immune system. It supports innate

Long chain PUFAs, unlike high saturated fatty acids, regulate 41,49
adaptive immune responses and have a mediating role in
the formation of these responses.

Carbohydrates are energizing compounds. It has effects on T
and B lymphocytes. It has a key role for an adequate
adaptive immune response.

41,47,48)

Probiotics and prebiotics have effects on T regulatory cells, Ak
effector lymphocytes, natural killer T cells and B cells in the
adaptive immune system. It takes part in the regulation of
the adaptive immune system.

Proteins contain amino acids in their structure and these 485051

amino acids have many immune system supporting roles.

In particular, its immunomodulatory role is remarkable. It

has positive effects on T cell proliferation and activation.

TLR, toll-like receptor; PUFA, polyunsaturated fatty acids.
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Table 2. Effects micronutrients on the innate and adaptive immune system
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Micronutrient Innate immune system Adaptive immune system References
Vitamin A Vitamin A helps maintain the structural and functional integrity of In the presence of vitamin, A, the work of adaptive immune 52589
mucosal cells in many natural barriers such as the respiratory system cells T and B lymphocytes is regulated. This vitamin is
tract. Vitamin A plays a role in the normal functioning of NK cells, necessary to produce antibody responses to the antigen. It
such as macrophages and neutrophils. also has an active role in many responses, from the
development and differentiation of Th such as Th1 and Th2
cells. For example, supporting Th2 anti-inflammatory
response.
Vitamin B6, Vitamin B6 plays a role in the activation of NK cells and also helps B6 has many different functions at the adaptive immune system 52:59)
vitamin B12 regulate inflammation, as well as have roles in producing from the endogenous synthesis and metabolism of amino
inflammatory cytokines. acids, the building blocks of cytokines and antibodies,
Vitamin B12 has a big role in regulating NK cell functions, and it lymphocyte proliferation, differentiation and to maturation, and
also has important functions in many systems, including the this vitamin is also helping maintain immune response with
nervous system. Th1 cells and plays a role in antibody production.
Vitamin B12 has the following roles in cellular and adaptive
immunity: production of T lymphocytes, influence of CD8+T
cells that act as immunomodulators, affecting the single
carbon metabolism that the interactions with folate is involved.
Vitamin C Vitamin C supports the integrity of epithelial barriers with its role in ~ Vitamin C can increase the serum levels of B and T antibodies in 52.55,56.51)
collagen synthesis, stimulates production, functioning and the adaptive immune system and play an active role in the
movement of leukocytes in innate immunity. It increases the differentiation and proliferation of lymphocytes.
serum levels of complementary proteins such as neutrophils,
lymphocytes, phagocytes. They have roles in NK cell activities and
have roles in stimulate macrophages for chemotaxis, apoptosis,
and removal of spent neutrophils from the sites of infection. It
shows antimicrobial effect. It also acts as a protective antioxidant
against ROS and RNS that occur during the immune system’s
destruction of pathogens.
Vitamin D Vitamin D has many effects on innate immune cells. One of themis  Vitamin D has a fundamentally inhibitory effects on adaptive )
that it increases numbers in monocytes, macrophages, dendritic immune cells such as T and B lymphocytes. Such as inhibits
cells. In addition, vitamin D may increase immune cell antibody production by stimulating B cells and also inhibits T
proliferation and differentiation of monocytes into macrophages. cell reproduction
Vitamin D its known to regulate the synthesis of the antimicrobial
proteins Cathelicidin and Defensin. These proteins have the
capacity to directly kill pathogens, especially bacteria. It also
stimulates cytokine production and helps protect from the
infections caused by active pathogens.
Vitamin E Vitamin E has an important antioxidative role in innate immunity. It Vitamin E regulates the functions mediated by the T lymphocyte 5259
increases IL-2 production and cytotoxic activities of NK cells that cell in the adaptive immune system, ensures lymphocyte
uses in infectious diseases, and its antioxidative properties help proliferation and has effects on T helper cells. For example, it
protect the integrity of cell membranes from damage caused by optimizes Th1 but also improves and suppresses the Th2
free radicals. response.
Polyphenols Polyphenols are a group containing many bioactive chemicals. Regulatory T (Treg) cells are cells that help restrain the immune )
Many diseases such as general mortality, chronic health system and prevent excessive T Cell response. Polyphenols
conditions, acute respiratory disease and chronic inflammations play an active role in modulating Treg cells.
have been alleviated in high dietary intake of polyphenols. Its
contribution to innate immunity controls NK cell activities,
macrophage inflammatory responses, as well as has antiviral
effects.
Folate Folate plays an active role in the protection of innate immunity, Folate has important roles in cell-mediated immunity, namely in 5254
especially it helps protect NK cells. Besides, folate has many the adaptive immune system, for adequate antibody response
positive effects on human health. to antigens and has effects on T helper cells. For example,
folate supports the formation of Th1 mediated immune
response.
Copper Copper is an antimicrobial and antioxidant trace element. It Copper plays a role in the proliferation of T lymphocyte cells in E3540050
accumulates in the areas of inflammation and is involved in the the adaptive immune system. Copper plays a role in the
fight against bacterial infections in the innate immune system. It production of antibodies to B lymphocytes and has an active
is also important for IL-2 production. role in cellular immunity.
Iron Iron is a trace element helps Kill the bacteria by controlling process Iron has many roles in adaptive immunity. It plays a role as a 5259

of neutrophil cells which are important in the formation of ROS,
which kill pathogens. Vitamin D plays a role in the production of
cytokines, and also plays a role in killing pathogens by creating
highly toxic hydroxyl radicals.

component of critical enzymes for the functioning of immune
cells, which are essential for cell differentiation and growth,
and have roles in lymphocyte differentiation and growth. It is a
component of the ribonucleotide reductase enzyme, which is
especially involved in DNA synthesis. It is effective in the
synthesis of T lymphocytes.

https://doi.org/10.4082/kjfm.20.0134
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Micronutrient Innate immune system Adaptive immune system References
Selenium Selenium trace element is the building block of selenium- Selenium is an important trace element, it has roles in T 52,5460
dependent enzymes (selenoproteins) in our body. Selenoproteins lymphocyte proliferation, and has roles in the humoral system,
function as redox regulators and cellular antioxidants. It is an such as the production of immunoglobulin.
important part of the antioxidant host defense system that affects
leukocytes and NK cell function.
Zinc Zinc trace element acts as an antioxidant that protects against ROS ~ Zinc is important for the component of critical enzymes such as £2.56,69

and RNS. It also helps maintain skin and mucosal membrane
integrity for the innate immune system.

ribonucleotide reductase enzyme involved in DNA synthesis for
the functioning of adaptive immune cells. This trace element
helps modulate cytokine release so it can control acute
respiratory distress syndrome as well as induce proliferation of
CD8+T cells.

NK, natural killer; Th, T helper; ROS, reactive oxygen species; RNS, reactive nitrogen species; IL-2, interleukin-2.

age, consequently leading to mortality. This event is called immune-
mediated damage; spleen atrophy and lymph node necrosis are asso-
ciated with immune-mediated damage.*” Several markers, such as
CD4+ T cell, CD8+ T cell, B cell, NK cell, and cytotoxic lymphocyte,
have been found to normalize in patients who have recovered. The
number of immune cells in the patients’ serum returned to normal

rates.?**?

EFFECT OF NUTRITION ON THE IMMUNE SYSTEM

Well-balanced nutrition and hydration are vital for a stronger immune
system and lowering the risk of chronic illnesses and infectious diseas-
es. It is essential to consume adequate micro-and macronutrients that
the body needs, avoid excess sugar, fat, and salt, and drink enough wa-
ter to significantly lower the risk of many health problems.*” Many nu-
trients are needed to sustain life, such as micronutrients (vitamins A,
B6, B12, C, D, E, and folate; trace elements such as Zn, Fe, Se, Cu, and
Mg; polyphenols) and macronutrients (carbohydrates, prebiotics, pro-
biotics, protein [amino acids], and lipids [fatty acids]). These nutrients
play important roles in supporting innate and adaptive immune sys-
tems (Tables 1, 2).2*"%? Vitamins and minerals also have significant
roles in the immune system (Figure 2).Y Foods play pleiotropic roles
to augment the immune system, and immune responses are support-
ed by food in different ways. Food contributes to physical barriers in
the natural immune system: the production and activity of antimicro-
bial proteins that function in the body; growth, differentiation, and
motility of congenital cells are of great importance; phagocytic and le-
thal activities of neutrophils and macrophages such as oxidative explo-
sion; and anti-inflammatory effects such as cytokine production and
antioxidant activity. Nutrients also have functions in the adaptive im-
mune system, including T- and B-lymphocyte differentiation, prolifer-
ation, homeostasis, and controls the production of cytokines, B anti-
bodies, and memory cells (Tables 1, 2 and Figure 1)./72*446) There-
fore, immune function is negatively affected in the case of insufficient
micronutrients and macronutrients, resulting in a potential decrease
in the immunity against infections.?**"*9

Several clinical, in vivo, and in vitro studies with different viruses

have shown the benefits of the micro-and macronutrients in support-

ing the immune system and making progress in the patient’s recovery.
In a study of influenza vaccination with oral gummy intake (vitamin A
20,000 IU and vitamin D 2,000 IU), children were found to have in-
creased antibody response.®® Supplementing vitamin D (6 doses
100,000 IU, 1 vial per 15-day period) with influenza vaccination led to
higher TGF- plasma levels, indicating a tolerogenic immune re-
sponse and direct lymphocyte polarization.*” This supports the asser-
tion that vitamins A and D augment immunization outcomes. Vitamin
D3 (2,000 IU/d) intake by hepatitis C patients was highly associated
with virological response.®®*® Vitamin E (15 mg/kg/d) supplementa-
tion in children with chronic hepatitis B was associated with increased
virological response than the control group (odds ratio [OR], 3.96; 95%
confidence interval [CI], 1.18-13.25; P=0.025).” In a study with influ-
enza-infected Gulo (-/-) mice, serum vitamin C concentration
dropped from 80-100 M to 10-20 M, and a decrease of antiviral im-
mune responses was observed through the decrease of IFN-IL-10./f3
production, indicating that vitamin C is important for its production.*”
Treatment with zinc sulfate (10 mg for <1-year-old; 20 mg otherwise)
in children with pneumonia increased levels of IFN-gamma (IFN-y)
and IL-2 and showed an improvement in the patients’ clinical status
(76+7 versus 1058, P=0.01), respiratory rate (3746 versus 57+7,
P=0.04), and oxygen saturation (53+7 versus 87+9, P=0.007) within a
few hours compared to that in the placebo group.* To detect improve-
ment in the immune function, healthy participants were provided
with copper supplements at mealtime for 0-18 days (1.6 mg per day),
19-129 days (7 mg per day), and 130-148 days (7.8 mg per day); white
blood cells, lymphocytes, and IL-2 receptor levels were altered
(P<0.05).” In contrast, high amounts of refined carbohydrates, sugar,
and saturated fat in the high-fat diet (HFD), along with consumption
of low levels of fiber, unsaturated fats, and antioxidants, significantly
impairs adaptive immunity and significantly neutralizes the defense
system against viral pathogens. Therefore, providing nutrition in the
form of natural and healthy foods is important to develop immunity
against infectious diseases.”” HFD-fed mice with influenza tend to
have increased macrophage infiltration into the lung tissue, especially
in the alveoli, contributing to poor immune responses such as adap-
tive immune response delay and an increase in lung pathology. In ad-

dition, in mice fed with HFD, memory T cell deficiency, impaired re-

https://doi.org/10.4082/kjfm.20.0134
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Pathogen
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Contribute to integrity
Vitamins A, D, C, E, B6, B12,
folate, iron, Zn

[ 1. Physical barriers (e.g., skin,

l Gl and respiratory tracts, etc.)

2. Innate immune

3. Inflammatory

response

/ 2a. Cellular response

- Phagocytes identify pathogens
(e.g., via TLRs) then kill and
digest them
- Digested protein antigens are
presented to adaptive system via
MHCs; only then will T cells react

- Proinflammatory cytokines are
released, initiating inflammatory
response

- NK cells inject cytotoxic substances
into pathogens

- Neutrophils and other phagocytes
are triggered and the pathogen is
phagocytosed

+ During this process, ROS and NO
are produced in the oxidative

\(respiratory) burst

Oxidative burst &

Vitamins C & E, Fe,

/ 2b. Biochemical response
- Complement system is activated,
either by:
- Antibody-antigen (i.e., immune)
complexes on pathogen surfaces
- Mannose-binding lectin binding to
mannose on pathogen surfaces
- C3, which reacts directly with
pathogen surface
- All complement pathways generate
enzyme C3 convertase, to cleave C3
- C3a augments inflammatory
response
- C3b causes opsonization
- C5b triggers formation of MAC,
resulting in osmotic lysis
- Antimicrobial substances discourage
microbial growth
- Complement mainly provides
bacterial immunity
- Interferons play a similar role
in viral infections

+ Proinflammatory cytokines i

response

Se, Mg

- Bridges the gap when innate
response can no longer cope and
the adaptive response is just starting
- Triggered by innate immune cells,
proinflammatory cytokines (e.g., ILs,
TNF-a, IFNy, GM-CSF) and complement
- Causes vasodilation, increased vascular
permeability, release of inflammatory
mediators (e.g., bradykinins,
prostaglandins), neutrophil chemotaxis,
microvascular coagulation, fever, raised
inflammatory markers (e.g., CRP), and
upregulation of costimulatory
molecules (e.g., MHC-II, B7) that
encourage activation of adaptive
response

self-protection

Zn, Cu, Se, Mg

Innate
immune-cell
proliferation,
differentiation,
function &
movement
Vitamins A, D,
C, E, B6, B12,

%

Regulation of

inflammation

Vitamins A, C, E,
B6, Zn, Fe, Cu,

T cell
proliferation,
differentiation &

4. Adaptive
immune response

/ 4. Antigen presentation Srmefen
- Specific immune response when Vitamins A, D, C
innate immunity and inflammatio E B6 B'I2’ Z]n '

can no longer cope with infection
- Dendritic cells present antigens to
naive T helper cells via MHC-II
complexes
- Naive T helper cells are fully activated
after second signal from APCs
- Likelihood of T helper cell activation
increased by inflammatory response
+ T helper cells then differentiate to:
- TH1 cells-promote cytotoxic T cells
and cell-mediated immunity
- TH2 cells-promote B cells and
\ humoral immunity

Fe, Cu, Se

Inhibitory
actions
Vitamins D,
E, B6

folate, Zn, Fe,
Cu, Se, Mg

4a. Humoral immunity

- TH2 cells activate B cells via MHC-II
on surface of B cells
- Activated B cells mature into plasma
cells and make antibodies
- Once infection has cleared, the most
highly antigen-specific plasma cells
remain as dormant memory B cells
- Upon reinfection, immediate plasma
cell proliferation occurs
- Antibodies (immunoglobulins):
- Neutralize toxins by directly binding
to them
- Bind to antigens on pathogen surfaces,
triggering agglutinization to impair
mobility and opsonization to enhance
phagocytosis
- Bind to antigens to form complexes that
activate complement pathway
- Directly activate effector cells

imicrobial

. activity such as dendritic cells, .
also released, to mediate . h : Antibod
acute inflammatory response | Vitamins A, D, NK cells, cytotoxic, T cells productior)'ll &
-Includes ILs, TNFs, C, Zn, Fe, function
\.__chemokines (e.g., MCP-1), IFNy\_Cu, Se Vitamins A, D,
C, E, B6, B12,
folate, Zn, Cu,

Se, Mg

A4
4b. Cell-mediated immunity

- TH1 cells active APCs and cytotoxic
T cell response

+ Immature T cells must express CD3
and CD4 ro CD8 (never both) and
bind to MHC complexes-those that
fail immunological tolerance (self-

~

Cell-mediated

tolerance) selection process are immunity

destroyed Vitamins A, D, C,
+ Activation of APCs: E, B6, B12,

- TH1 cells recognize MHC Il-restricted folate, Zn, Fe,

antigen on infected APC and activate it

- Once activated, APCs increase
production of NO and superoxide
radicals-optimizes killing mechanisms
and effective destruction of pathogens

+ Cytotoxic T-cell response:

- Activated APCs present antigen to
specific cytotoxic T cell receptor within
MHC |, along with second signals-aided
by IL2, TH1 cells and cytotoxic T cells

- Activated cytotoxic T cells identifify
infected cells and destroy them

- After infection has cleared, the most
antigen-specific cytotoxic T cells
remain as dormant memory T cells

- Upon reinfection, any APC (not just

Cu, Se

T cells directly (faster cell-mediated

dendritic cells) can activate cytotoxic
K immune response)

/

Figure 2. Protection from pathogens with nutritional components that contribute to immune cell regulation. This schema illustrates the important bioactive components of
immune systems and pathogen entry. These components are often vitamins and minerals that have many effects; (1) Vitamins A, D, C, E, B6, and B12; folate, Fe, and Zn
contribute to protecting the body (via the skin, gastrointestinal [GI] tract, and respiratory tract) from pathogen entry. (2a) Vitamins C and E, Fe, Cu, Zn, Se, and Mg contribute to
oxidative bursts and self-protection in the cellular response (via major histocompatibility complexes [MHCs], toll-like receptors [TLRs], natural killer [NK] cells, neutrophils,
phagocytes, and nitric oxide [NO] release). (2b) Vitamins A, D, C, E, B6, and B12; folate, Zn, Cu, Se, and Mg contribute to innate immune cell proliferation, differentiation,
function, and movement. Additionally, vitamins A, D, and C; Zn, Fe, Cu, and Se contribute antimicrobial activity in the biochemical response (via complement component 3 [C3],
interferons [IFNs], monocyte chemoattractant protein-1 [MCP-1]). (3) Vitamins A, G, E, and B6; Fe, Cu, Se, and Mg help to regulate inflammation in the inflammatory immune
response (via interleukins [ILs], tumor necrosis factor [TNF]-a, IFN-y, C-reactive protein [CRP], and MHC-II). (4) Vitamins A, B6, C, D, and E; Zn, Cu, and Se contribute to T cell
proliferation, differentiation, and function, while vitamins B6, D, and E contribute to inhibitory actions in the adaptive immune response (via antigen-presenting cells, antigen-
presenting cell [APC], T helper [TH]1, TH2, and MHC-I). (4a) Vitamins A, B6, B12, C, and D; folate, Zn, Cu, Se, and Mg contribute to antibody production and function in
humoral immunity. (4b) Vitamins A, B6, B12, C, D, and E; folate, Zn, Fe, Cu, and Se contribute to cell-mediated immunity (via CD3, CD4, CD8, APC, MHC-, IL, and TH1).2" ROS,
reactive oxygen species; GM-CSF, granulocyte-macrophage colony-stimulating factor.

sponse to antigen presentation,

were observed.*” Balb/c mice were fed an HED for 10 weeks, followed

by sensitization and exposure to

https://doi.org/10.4082/kjfm.20.0134

and virus clearance against influenza

house dust mite (HDM). In addition,

mice were exposed to palmitic acid (PA) for 4 weeks. There were sig-
nificant increases in body weight and increased lung macrophages, in-
cluding circulating monocytes and alveolar macrophages. After HDM
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sensitivity and exposure, an increase in the total number of bronchoal-
veolar lavage fluid (BALF) cells, including neutrophils and eosinophils,
was detected. Furthermore, the production of IL-1p and TNF-¢ with
increased lipopolysaccharides in PA-induced MCP-1 and macro-
phages was observed. Among HDM mice treated with PA, there was
an increase in the total number of BALF cells, including neutrophils,
compared to that in normal mice, though not eosinophils. Thus, it can
be deduced that consumption of HFD in COVID-19 delays the adap-
tive immune response adversely affects the host defense system and
increases symptoms resulting in a damaged lung.”” A Western diet
(WD), based on HFD-weighted nutrition, now accounts for the major-
ity of dietary habits in most countries. This diet increases innate im-
munity; however, it significantly impairs adaptive immunity, causes
chronic inflammation, and seriously impairs host defense against viral
pathogens such as SARS-COV-2.""

OTHER VIRAL DISEASES AND COVID-19: THE LINK
BETWEEN NUTRITIONAL SUPPORTS

The pathogenesis of COVID-19 is known to affect the respiratory sys-
tem in most patients.” However, SARS-COV-2 infection causes other
symptoms, such as fever, fatigue, cytokine increase, viral sepsis initia-
tion, pneumonitis, ARDS, respiratory failure, shock, organ failure, in-
flammatory-induced lung damage, and potential death.” There has
not yet been a drug or supplement that provides full recovery from
COVID-19.%) Many trials are ongoing to address hypotheses on CO-
VID-19 treatment, and there are important questions regarding
whether certain nutrients and food patterns can prevent viral infection
or decrease its severity.” The immune system plays a vital role in this
disease,” and nutrition plays an important role in strengthening the
immune system. Therefore, nutritional therapy is needed to strength-
en the immune system and treat prevent respiratory failure in COV-
ID-19. Vitamins such as A, B6, B12, C, D, and E, as well as trace ele-
ments such as Mg, Se, Fe, Cu, and Zn, have shown a positive effect on
some viral infections, apart from the normal functioning of the im-
mune system (Figure 2)24%57626%)

Nutritional status is an important factor in the development of infec-
tious diseases; it is assumed that it may affect the final results of pa-
tients with COVID-19.Y According to the recently published European
Society of Clinical Nutrition and Metabolism guidelines, enteral nutri-
tion was preferred because it is difficult to provide nutrition for pa-
tients receiving MV in the ICU."” However, patients with SARS-COV-2
infection may experience gastrointestinal symptoms such as vomiting
and diarrhea, making oral feeding difficult. Enteral nutrition can be
considered safe, and it can also be associated with increased gastroin-
testinal complication risks in patients with severe hypoxemia who re-
ceive MV in prone position.” In patients with ARDS/acute lung injury,
it has been demonstrated that enteral diets containing eicosapentae-
noic acid, gamma-linolenic acid, and antioxidant agents can provide
clinical benefits on days of oxygenation and ventilation, and modula-

tion of the inflammatory response with specific lipid emulsions may
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be beneficial.”™ However, whether pneumonia associated with COV-
ID-19 responds to these treatments and specific enteral diets and sup-

plements should be researched.™

1. Vitamin A

According to the data obtained from 15 randomized studies to exam-
ine the relationship of vitamin A supplement with mortality and clini-
cal symptoms of pneumonia in children, vitamin A supplementation
did not decrease the mortality rate of the disease (P>0.05). However,
clinical symptoms (reduction of fever and cough, abnormal chest X-
ray results, and shortening the length of hospital stay) gave positive re-
sults (P<0.05) while not showing any side effects. For this reason, vita-
min A may be a promising option for treating this new coronavirus
and preventing lung infection.” Vitamin A is an antioxidant, and sup-
plementation has been reported to play a role in reducing morbidity,
mortality, and disease symptoms in different infectious diseases such
as diarrheal disease, measles, acquired immunodeficiency syndrome
(AIDS), measles-related pneumonia, malaria, and infectious bronchi-
tis virus.”*? However, in a meta-analysis of five studies involving 2,177
children aged 1 month to 6 years with acute lower respiratory tract in-
fection (RTT), high-dose vitamin A intake did not have a role in the
normalization of fever, respiratory rate, oxygen dependence, discharge
time, or mortality parameters. In other words, high vitamin A doses
(100,000-200,000 IU for infants and 200,000-400,000 IU for the
1-6-year-olds) did not improve pneumonia in children.® This result
may be related to geographical heterogeneity or the fact that vitamin A
supplementation was administered to children and not adults.

2. Vitamin B

In an in vitro study, the application of UV light and vitamin B2 in
MERS-COV infection were tested with pooled plasma (n=3) and re-
peated with plasma units (n=6). The infectious titer was reduced be-
low the detection limit after treatment; mean log reductions in viral ti-
ters were 24.07 and 24.42 for collected and individual donor plasma.
This study suggests that treatment with UV light and vitamin B2 may
reduce the risk of MERS-COV transfusion and transmission.*” Treat-
ment with vitamin B3 in ventilator-induced lung injury in mouse
models has been found to inhibit neutrophil infiltration into the lungs
with a strong anti-inflammatory effect. However, this approach should
be used with caution, as it can lead to significant hypoxemia.*®® With
careful planning, B vitamins such as B3 can be selected as an immu-

nomodulatory supplement option for COVID-19 treatment.?"#>%9

3. Vitamin C

Vitamin C is an antioxidant. In one study, 200 mg/d of vitamin C was
administered to hospitalized elderly patients with acute respiratory in-
fections. Improvement in respiratory symptoms was achieved in pa-
tients, and 80% fewer deaths were found in the patient groups receiv-
ing vitamin C. In three human-controlled studies, the incidence of
pneumonia was significantly lower in the groups supplemented with

vitamin C. These findings show that vitamin C may effectively reduce

https://doi.org/10.4082/kjfm.20.0134



10  www.kjfm.or.kr

respiratory infections.”” In a meta-analysis of 12 controlled studies in-
cluding 1,766 patients, the effect of vitamin C on intensive care patients
was examined. Oral Vitamin C consumption (2.0 g/d) decreased the
duration of ICU stay by an average of 7.8%, the ICU stay duration by
8.6%, and the MV time by 18.2%. These percentages indicate that vita-
min C supplementation can be effective in the ICU.” Vitamin C is
beneficial to reduce respiratory symptoms,™**® and these results may
help address COVID-19. In addition, intravenous vitamin C plays an
effective role in treating polio, though magnesium chloride is more ef-
fective than vitamin C in polio.**” However, in a randomized, double-
blind, placebo-controlled, multicenter trial, in patients with sepsis and
ARDS supplemented with vitamin C, no specific differences were
found compared with placebo and experimental groups. According to
the Sequential Organ Failure Assessment score, the score of the group
that received vitamin C decreased by 3 points, whereas that of the pla-
cebo group decreased by 3.5 points. Furthermore, significant results
were found in parameters such as inflammation (C-reactive protein
levels) and vascular injury (thrombomodulin levels), which showed
only a small difference between the placebo and experimental groups.
In addition, vitamin C does not affect parameters such as altered
markers of inflammation or organ dysfunction score improvement,
vascular injury, or sepsis in ARDS patients.”” More clinical studies are

needed to investigate the effects of vitamin C on these diseases.

4. Vitamin D, Vitamin E, and Flavonoids

Vitamin D is an important vitamin to fight against pathogens. It is as-
sumed to reduce the incidence and risk of death in influenza and CO-
VID-19. The appropriate dosage and serum 25-hydroxyvitamin D
(25(OH)D) concentrations were investigated. In a meta-analysis, 25
randomized controlled trials (RCTs; 11,321 participants, aged 0-95
years old) on the risk of acute respiratory infection (ARI) with vitamin
D supplementation were performed. Individual patient data analysis
was obtained from 10,933 participants (96.6%). Supplementation of vi-
tamin D was found to reduce the risk of ARI in all participants (cor-
rected ratio rate [adjusted odds ratio], 0.88; 95% CI, 0.81-0.96; hetero-
geneity P<0.001), indicating that vitamin D can be used as a therapeu-
tic option.”® In another randomized controlled study, ICU patients
with low plasma vitamin levels (serum 25(OH)D level <20 ng/mL)
were given 250,000 IU and 500,000 IU of D3 for 5 days. In the 250,000
IU and 500,000 IU vitamin D3-administered groups, there was a signif-
icant reduction in hospital stay length compared to that in the placebo
group (25+14 and 18+11 days compared to 36+19 days, respectively;
P=0.03).”” Therefore, vitamin D seems to decrease the length of hospi-
tal stay. The benefits of vitamins and their combinations have been re-
vealed in previous studies; for example, in a case study, reduced vita-
min D and E levels in calves have been shown to cause bovine corona-
virus infection. During 8-day of total 14-day post-inoculation, serum
25(OH)D and E vitamin concentrations in infected calves decreased
by 51% and 82%, respectively. Thus, an inverse relationship was ob-
served between vitamin D and E status, and serum amyloid A suggest-

ed that the acute phase response due to infection contributed to re-
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ducing vitamin D and E status in these animals.” In a study measur-
ing the relationship between vitamin D levels in blood and COVID-19
occurrence, 348,598 UK Biobank participants’ data were used. COV-
ID-19 cases were observed in 449 patients, and patients’ vitamin D de-
ficiency and disease status were compared and found to be meaning-
fully associated (OR, 0.99; 95% CI, 0.99-0.999; P=0.013); however, after
adjustment for confounders, the association was found to be mean-
ingless (OR, 1.00; 95% CI, 0.998-1.01; P=0.208).*” This study was con-
ducted with ethnic minority groups; therefore, it may not represent the
general population. Many studies support the advantages of vitamin D;
therefore, further clinical studies with vitamin D should be conducted
to confirm this.

Polyphenols are a group of bioactive chemicals. Flavonoids are a
subgroup of polyphenols, and the beneficial effects of these biochemi-
cals have been revealed in in vitro studies; two flavonoids from Ptero-
gyne nitens have been found to inhibit hepatitis C virus entry. Flavo-
noids 1 and 2 at a non-cytotoxic amount were observed to inhibit virus
entry up to 45.0% and 78.7%, respectively.”” Therefore, flavonoids may
also inhibit SARS-COV-2 entry; these studies need to be performed for
SARS-COV-2.

5. Minerals

In a study conducted with low concentrations of Zn and pyrithione
(PT) combination (2 uM Zn [2+] and 2 uM PT) in cell culture, Zn was
found to inhibit the in vitro activity of SARS-COV and equine arteritis
virus (EAV). Zn blocked the initiation step of EAV RNA synthesis; how-
ever, template binding was reduced, and RNA-dependent RNA poly-
merase elongation was inhibited in SARS-COV*® In another study, RTT
was associated with Zn, Cu, and Fe trace elements. Hair levels of these
elements were also investigated. Thirteen studies were evaluated, and
P-values were significant for each element. The deficiency of these ele-
ments may be associated with RTL; however, more studies are need-
ed.” Se plays an important role in the fight against pathogens. One
uM Se/L of host blood is associated with immunocompetence and
mutation of viruses.”” Influenza H5N1, 2009 HIN1, AIDS, Ebola hem-
orrhagic fever, and SARS diseases may be associated with Se deficien-
cy.” At the same time, another study reported that Se deficiency might
increase the pathology of an influenza virus infection and trigger
changes in the Coxsackievirus genome, which allows the virus to gain
virulence due to a genetic mutation. For this reason, taking the Se trace
element in the required amount can be an effective agent in the fight
against pathogens." Based on the conclusions drawn in these stud-
ies, trace elements have important effects on fighting infections. Se can
be an effective supplement for preventing or reducing SARS-COV-2 in-
fection. Zn supplementation acts on COVID-19-related symptoms,
such as lower respiratory infection and diarrhea, and affects SARS-
COV-2 itself. In recurrent lung diseases and ARIs, Fe deficiency has

been reported as a risk factor.***®

6. Energy Intake and Macronutrients
Adequate and balanced nutrition is important for health. It is impor-



Fatmanur Zehra Zelka, et al. ® Potential Nutrition for SARS-COV-2 Management

tant to maintain an adequate calorie intake to avoid malnutrition. In a
case study, high-calorie intensive diets, whey proteins supplementa-
tion, multivitamin intravenous infusion, and multimineral trace ele-
ment solutions were provided to patients with COVID-19. Therefore,
preventing malnutrition was found to play an important role in fight-
ing the disease."” Attention should be paid to providing adequate
protein (1.5 g/kg/d) and calorie intake (25-30 kcal/kg/d). In a cohort
study with 801 ICU patients, 1 g/kg daily protein delivery increase (OR,
0.83; 95% CI, 0.74-0.94; P=0.002) for 90 days changed the patients’
post-discharge mortality rate from 13.9% to 17% lower (95% CI, 6-26);
this means that higher protein intake by these ICU patients decreased
their odds of mortality.'*"*® Furthermore, 1.5-2.5 g protein/kg per day
can benefit patients."® In 12 RCTs, a meta-analysis was carried out by
examining omega-3 supplements for 3-4 days, 7-8 days, and longer, to
examine the effect of omega-3 polyunsaturated fatty acids on ARDS
patients. The PaO:FiO: ratio, an important criterion in gas exchange,
improved the omega 3 uptake (P=0.04). In the early period, ICU resi-
dence time decreased (P=0.08), and MV time decreased (P=0.06), al-
though there was no change in mortality rate or length of hospital stay.
However, there was a decrease in mortality (P=0.02) and a decrease in
MV time (P=0.03) in the ongoing omega 3 intake. These results indi-
cate that omega-3 supplementation will produce positive results in
patients with ARDS.'® It can also be considered a potential interven-
tion for omega-3 disease, in conjunction with protein D1, which acts
as an antiviral drug,*"*®

In an adequate and balanced diet, attention should be paid to calo-
rie intake and consumption of macronutrients, vitamins, and miner-
als, which may potentially benefit patients COVID-19 due to their anti-
inflammatory and antioxidant properties.'”"'*” Therefore, nutritional

support might positively affect COVID-19 symptoms.

CONCLUSION

In this review, we summarize the impact of nutrition on the immune
response and its positive effects on the clinical outcomes of infectious
diseases. We found that nutrition is critical in increasing the immune
response, limiting viral entry, modifying clinical symptoms, and ex-
tending patient survival against RNA viral infections. It is possible that
following a diet according to its immune- and symptom-related prop-
erties could be useful in protecting against severe infections in patients
with COVID-19. Insufficient intake of macro- and micronutrients may
increase susceptibility to infections during the COVID-19 pandem-
ic;*™ therefore, this phenomenon should be investigated by further
studies.

Lifestyle habits, such as ensuring proper nutrition, are of great im-
portance in developing resistance against infectious diseases such as
COVID-19. Unhealthy diets may cause the pre-existing condition to
become more chronic in patients with severe symptoms of COVID-19.
For this reason, both patients and healthy individuals should pay at-
tention to their nutritional intake during the pandemic. To prevent or

recover from COVID-19, it is recommended that patients avoid satu-
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rated fat and high-sugar food and consume high amounts of unsatu-
rated fats and antioxidants to strengthen their immune systems to
cope with the disease.”"'**'®® Adequate intake of energy, macronutri-
ents, vitamins, and minerals is highly recommended. Additionally,
some supplements can be advantageous for the host immune system
and clinical outcomes in COVID-19. There are many controversial
studies in this field, but some studies provide evidence to support the
fact that supplements can be beneficial in reducing the side effects of
the disease. Therefore, we suggest that in vivo and in vitro studies on
macro- and micronutrients such as vitamins A, B, C, D, E, and trace el-
ements be conducted. In our opinion, based on the results from other
viral studies, intake of zinc sulfate (10-20 mg/d), vitamin A (20,000 [U/
d), vitamin C (200-2,000 mg/d), vitamin D3 (2,000 IU/d), vitamin E (15
mg/kg/d), copper supplement (7.8 mg/d), protein (1.5-2.5 g/kg), fla-
vonoids, omega-3, and probiotics should be studied in the context of
COVID-19. In addition, avoiding dehydration, high fat and other un-
healthy diets is important during the COVID-19 pandemic. Recom-
mendations related to the macronutrients and micronutrients stated
above urgently need to be studied to develop nutritional therapies
against SARS-COV-2. Finally, in this review, suggestions regarding
these nutrients are presented with scientific evidence. The enzyme-
bound immunosorbent assay, cytokine assay, viral entry, viral replica-
tion, clinical symptomatic response, and other tests to measure im-
mune cell activity have been described in animal and cell models. The
results of these studies should be immediately be validated in the clini-
cal setting. COVID-19 continues its weight and seems to continue its
impact. Therefore, nutritional measures should be taken to overcome
the difficulty of the disease and its effects after suffering the disease.
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