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ABSTRACT

Vitamin D could decrease the risk of viral infections with regulation of the immune system response
against viral activity. Proper level of 25(0OH)D decreases the risk of chronic respiratory tract infections
(RTIs), malignancies, hypertension, cardiovascular disease, and diabetes mellitus. Vitamin D can
decrease risk of RTls through some mechanisms. Adequate levels of vitamin D can decrease the level
of pro-inflammatory cytokines which predominantly release from innate immune cells. It also can
preserve tight junctions in the base membrane. Vitamin D may eliminate enveloped viruses by
activating cathelicidin (a protein in the membrane of neutrophils, macrophages, and epithelial cells).
These processes can reduce the risk of a cytokine storm and severe pneumonia. Clinical trials have
shown the beneficial influences of vitamin D in decreasing the risk of viral pneumonia, dengue fever,

hepatitis B, hepatitis C, and herpes infections.
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INTRODUCTION: Viral acute respiratory infections are
a prominent cause of disease and global mortality. The
viral pathogens which cause acute respiratory
infections are  picornaviruses, orthomyxoviruses
(influenza C, influenza A and influenza B),
paramyxoviruses (parainfluenza viruses 1, 2, 3, and 4),
human metapneumovirus (hMPV) and respiratory
syncytial virus (RSV), adenoviruses, human bocavirus
(HBoV), and coronaviruses [1, 2]. The seasonal
influenza vaccine is the only viral vaccine which is
administered for the viral respiratory pathogen in the
United Kingdom. This vaccine is not 100% efficient and
may require repetitive administrations in order to
achieve proper levels of protection against influenza
infection, especially in older individuals [1]. Effective
antiviral drugs (such as Oseltamivir) for treatment of
influenza are not available in many countries [2].
Vitamin D exerts an immunologic role in plasma levels
around 50 nmol/liter. Several studies have been
performed to characterize the connection between the
severity of acute viral infections of respiratory systems
and plasma levels of vitamin D. Clinical trials for vitamin
D supplementation for the inhibition of acute

respiratory infections have controversial results

[4]. Moreover, several in vitro studies have
examined the effects of vitamin D and its
metabolites on immune responses against
respiratory viruses without significant results [5].
Thus, we reviewed studies about respiratory
infections (such as SARS-CoV-2 and influenza),
immune system reactions against them, and the role

of vitamin D in the process of infections.

Innate Immune Response with Vitamin D:

Respiratory viruses can spread via airborne
transmission of droplets and aerosols among humans.
Some of these viruses bind to non-specific receptors,

such as glycolipids and glycoproteins, in the
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epithelium of the respiratory tract of the respiratory
system. For example, they bind to intercellular
adhesion molecule 1 (ICAM-1) [6]. After binding to
epithelial cells, viruses can enter into the cells by
endocytosis or membrane fusion. Then, the viruses
perform reproductive activity (transcription and
translation of genome, respectively) through
intracellular enzymes of the infected host cells.
During the infection of host cells, the innate immune
system can recognize the pathogen-associated
molecular patterns (PAMPs) of the virus. This occurs
by using various intracellular innate pathogen
recognition receptors (PRRs) such as the nucleotide
binding-oligomerization domain (NOD)-like receptors
(NLRs), toll-like receptors (TLRs) and retinoic-acid-
inducible gene-l (RIG-1)-like receptors (RLRs) [7].
Epithelial cells of the pulmonary system show a wide
variety of molecular expression of all human RLRs
and TLRs. RLRs and TLRs identify viruses and ligand
to the PRRs of epithelial cells in order to initiate a
quick immune response against viral multiplication
[8, 9]. In addition, SARS-CoV-2 may infect dendritic
cells and tissue-resident macrophages of the
respiratory epithelium. Aside from mentioned
mechanisms, stimulation of PRRs could also initiate

the innate immune response [10].

The intracellular toll-like receptors including TLR
9, 8, 7 and 3 (relative to UNC93B1 structure) are
mostly sited on the endoplasmic reticulum (ER)
membrane [11]. These nucleic acid-sensing TLRs
identify unmethylated CpG double-stranded DNA
motifs (TLR 9), intermediary double-stranded RNA
(TLR 3), or single-stranded RNA (TLR 8/7) of the viral
genome [12]. After detection of genetic components
of viruses through noted TLRs, these receptors send
molecular signals to UNC93B1 in order to signal the
release of inflammatory cytokines such as IL-1B, IL-6,

IL-18, and TNF-a from the cells of the innate immune
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system. Simultaneously, in order to eliminate foreign
molecules, the component of the nucleic acid of
virus and TLR are transmitted into the lysosome.
Besides TLRs, other innate immunity receptors like
RLRs (a receptor similar to RIG-I) in the cytosol play a
crucial role in the immune response against several
RNA viruses [13]. Another innate immunity receptor
is MDA5 (melanoma differentiation-associated gene
5) which plays an important role in detecting
picornaviruses [14]. Furthermore, the cytosolic
NOD2-NLRS also have the capability to detect ssSRNA
related to RSV. IRF (Interferon Regulatory Factor), a
protein related to innate immunity in the cytoplasm,
can detect the genome of viruses which leads to
release of INF- I (IFN- B and IFN- a) from the cell. INF-
| stimulates MAPK (mitogen-activated protein
kinase) and NF-kB (nuclear factor kappa B) signaling
pathways which cause production of various

inflammatory cytokines [15].

Triggering of the IFN- | receptor induces
expression of ISGs (interferon-stimulated genes)
which results in antiviral responses of the host tissue.
These genes induce apoptosis in infected host cells
that leads to macrophages scavenging them. These
genes also provoke up-regulation of HLA class | in
infected cells, which promotes activation of cytotoxic
T cells. These mechanisms lead to the restriction of a

viral infection [16, 17].

Inflammatory cytokines such as IL-6, TNF-q, IL-12,
IL-1B cause infiltration of neutrophils, macrophages,
and NK cells into the lung tissue. TNF-a and IL-1B can

also cause stimulation of MAPK and NF-kB pathways

[18]. Activation of PRR (pattern recognition receptor)
signaling in viral infections causes the release of IL-
15 and CXCL10, CXCL8, CXCL9. These chemokines
accelerate the infiltration of neutrophils and NK cells
into the respiratory system [19]. Antiviral functions

of macrophages and neutrophils in respiratory
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infections are relatively unknown [20]. It seems that
the antigen presenting capacity of macrophages is
limited in viral infections of the respiratory system.
However, antiviral activity of LL-37 in macrophages
and neutrophils have been investigated [21]. Due to
lower levels of CD11b, a phagocytic receptor of
macrophages, they have less phagocytic activity than
their counterparts in other tissues [22]. In addition,
alveolar macrophages have an essential role in the
phagocytosis of infected cells and cleaning of
apoptotic cellular debris in lung tissue. They also
release pro-inflammatory chemokines such as
CXCL10, CXCL9, TNF-a, IL-6, and IL-8 which cause
increased infiltration of inflammatory cells into the
lung tissue. In the absence of alveolar macrophages
(or decreased function of macrophages), viral
infection of lung tissue can lead to accumulation of
inflammatory cells, serum proteins, and apoptotic
debris in airways (as well as airway obstruction) [23,

24].

Adaptive Immune Response with Vitamin D: PRR
signaling accelerates attraction of dendritic cells
towards infected cells via over-expression of CCR7 and
CCL20 in the membrane of epithelial cells of the
respiratory tract [25]. In the beginning of a viral
infection, dendritic cells interact with CD4+ and CD8+
naive T cells which differentiate them into effector T
cells in lymph nodes. Effector cells of T helper 1 can
produce IFN-y, IL-2 and TNF-a which cause stimulation
of NK cells in order to secrete cytoplasmic granules.
These cytokines can also activate CD8+ effector T cells
which induce apoptosis of infected cells through Fas

ligand and Fas receptor interaction

[26]. B cells have an essential role in immune activity
against viral infection through production of antibodies.
After the immune system is exposed to a foreign

protein (an antigen), the antigen is recognized
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by the BCR (B Cell Receptor) and transported into the

B cells through receptor-mediated-endocytosis. After
degradation of the antigen in B cells, it can be present
in the membranes of these cells with the complex of
HLA-II [27, 28]. The follicular T helper binds to the
peptide complex with TCR (T Cell Receptor) and then
CDA4O0L appears in the membrane of the T cell [29]. The
interaction between CD40L and the CD40 receptor of B
cells, in addition to the release of cytokines like IL-4 and
IL-21, results in B cell stimulation and antibody
switching. The majority of the production of antibodies
from B cells is dependent on the noted T cell-B cell
interaction process [30].These antibodies develop
humoral immunity against viral infections and facilitate
the eradication of viral components from the blood. In
the opsonization process, the Fc part of 1gG binds to Fcy
receptor (CD16) of NK cells which causes activation of
these cells against infected cells [31]. Activation of NK
cells through the Fc part of antibody, called antibody-
dependent cellular toxicity, causes death of infected

cells by releasing perforin and granzyme [32].

Special Effects of Vitamin D on the Innate Immune

Response:

1. Cathelicidins are a group of antimicrobial

polypeptides which are primarily stored in

lysosomes of macrophages and
polymorphonuclear cells. LL-37 and defensin
are members of this subset which are produced
by various immune and immune-related cells
such as epithelial cells, B cells, monocytes, yb T-
cells and NK cells [33]. Primary defense against
viruses and bacteria is built through the
accumulation of polypeptides from the
respiratory epithelium. LL-37 can also induce

infiltration of different immune cells into lung

tissue after exposure to RSV. Hence, proper
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levels of vitamin D can upregulate the
expression of LL-37 and defensin which can
potentially prevent the entrance of micro-

organisms into the respiratory epithelium [34].

2. Vitamin D inhibits the transformation of
monocytes into macrophages. Additionally, the
impairment of M1 (inflammatory) type of
macrophages can modulate inflammation of
respiratory tissue [6].

3. Vitamin D signaling can have decreased NF-kB
activity. It also may decrease autophagy

through activation of NF-kB, TNF-a, and IFN-y

[35]. Simultaneously, vitamin D signaling can
have increased autophagy through elevated
cytosolic calcium, Beclin-1, cathelicidin, PI3KC3,
lysosomal protease activity, NOD-2. Increased
level of autophagy is essential for controlling
inflammation in the immune system. However,
development of RSV infection has been
demonstrated in decreased levels of autophagy

[36].

4. Effects of high levels of vitamin D on oxidative
stress have also been investigated. The PI3KC3
(class Il phosphatidylinositol 3-kinase complex)
pathway, which is regulated by vitamin D and
vitamin D receptor signaling, can increase the
generation of Reactive Oxygen Species (ROS)
and Inducible Nitic Oxide Synthase (iNOS) in
monocytes and macrophages. This molecular
setting may lead to a beneficial response

against viral infection [37].

5. Vitamin D can boost expression of TLR2 and
TLR4 in monocytes which can help in detecting

a viral genome [38].

6. Higher levels of vitamin D also can reduce
expression of CD86 in antigen presenting cells,
such as macrophages and dendritic cells [39].

CD86 is a receptor with an important role in
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antigen presentation to T cells. Vitamin D can also
decrease expression of CD80, CD40, and HLA- I,
which have a co-stimulatory role in antigen
presentation to T cells in macrophages and
dendritic cells [40]. Mentioned molecular changes
in the membrane of APCs (Antigen Presenting
Cells) may have modulatory effects on T cells [41].
This molecular pattern, along with decreased
expression of CD1a in dendritic cell membranes,
can prevent maturation of these cells and induce
differentiation of tolerogenic dendritic cells [42].
Tolerogenic dendritic cells inhibit production of
IL-12 from T helper 1 and IL-23 from T helper 17
[43, 44]. These cells can induce differentiation of
regulatory T cells from naive T cells. Tolerogenic
dendritic cells can also decrease the number of T
helper 17 cells in the blood stream. Due to
stimulatory role of IL-17 in neutrophils, this
process can potentially reduce inflammatory
activity of neutrophils [45, 46]. Tolerogenic
dendritic cells can also produce IL-10 and TGF-B.
These cytokines act as immunoregulatory agents

with several biologic pathways [47, 48].

7. Vitamin D can also decrease the expression of
pro-inflammatory chemokines such as CCL11,
CCL 19, CXCL1, CX3CL1, and CXCL10 in
infiltrated macrophages [49].

Effects of Vitamin D on the Adaptive Immune
Response: Vitamin D can regulate the interaction
among innate and adaptive immune cells with
modulation of dendritic cells activity, as explained
previously [50]. LPS stimulated PBMCs (Peripheral
Blood Mononuclear Cells) can be affected by vitamin
D signaling in terms of down regulating of NF-Kb and
TNF-a [51]. Moreover, differentiation of T helper 2

cells is related to vitamin D signaling through

Page 104 of 108

increasing the gene expression of c-Maf and GATA3.

T helper 2 cells can produce IL-4, IL-10 and IL-5B8 which
have different effects on immune cells [52]. Effects of
vitamin D on CD8+ (cytotoxic) T cells are not yet
understood. However, in patients with Multiple
Sclerosis, vitamin D can inhibit the production of INF-

¥, TNF-a and increase the level of TGF-f and IL-58 in
cytotoxic T cells [53, 54].

Effects of Vitamin D on the Immune Response to

Influenza Virus and Coronavirus

Influenza Virus: Influenza, commonly known as "the
flu", is an infectious disease caused by an influenza
virus. The subtypes of this virus that involve the
respiratory system of human are influenza A, B and
C. Influenza A is a common seasonal virus. It is
subdivided into different serotypes based on the
antibody response of the immune system against
this group of viruses. HIN1, informally called the
Spanish flu, caused a great pandemic which infected
about 500 million of people in the world in 1918.
Another subtype of influenza A is H5N1, which
caused bird flu in 2004. Type B influenza virus cannot
cause rapid outbreaks due to a lower rate of
infection among humans. Influenza C is less common
than other types of this disease and usually causes

mild illness in children [55].

Vitamin D supplementation may have promising
results in respiratory infection with influenza as shown
in a clinical trial of vitamin D supplementation in
Japanese students. Another study has shown that
vitamin D supplementation decreased genes expression
of CXCL8, IFN-B, RANTES (CCL5), TNF-a, IL-6, and I1SG15
[34]. Noted regulatory function of vitamin D on
immune response is important due to limiting excessive
inflammation which may cause injury, such as
pulmonary edema or cytokine storm, to host tissue.

These pathologic processes are capable
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of developing the infection and raising the mortality
rate of influenza.

LL-37 has antiviral properties against influenza in
terms of inhibition of viral replication and prevention
of the virus from entrance into the epithelium. Due
to the rise in LL-37 polypeptide expression with
higher levels of vitamin D, this molecular pathway is
important in influenza infections [56-58]. However,
more clinical studies should occur for assessment of
correlation between higher levels of vitamin D and

severity of influenza infections.

SARS-CoV-2 (COVID-19): Vitamin D has great potential
to decrease the risk of viral pandemics and epidemics.
Higher levels of 25(0OH)D can decrease the risk of
several chronic diseases such as chronic respiratory
tract infections (RTIs), cancers, hypertension,
cardiovascular disease, and diabetes mellitus [59-63].
Patients with chronic diseases have a greater risk of
death from RTIs than healthy individuals. Vitamin D
decreases the risk of RTls through a few mechanisms:
reducing the release of pro-inflammatory cytokines
which are produced by the innate immune system,
preserving tight junctions, killing enveloped viruses
through cathelicidin and its components, and reducing
the risk of a cytokine storm which may lead to
pneumonia [59, 64-66]. Clinical trials have shown that
higher levels of 25(0OH)D are related to decreased risk
of pneumonia, dengue fever, hepatitis B and C viruses,
herpesvirus, human immunodeficiency virus, and RSV

(respiratory syncytial virus) infections [67-69].

Conclusion: Some effects of vitamin D on the immune
system such as increasing the level of IL-1B may not
help with modulating the immune response versus viral
infections of respiratory system. However, it seems that
sufficient levels of plasma containing vitamin D (around

50 ngr/mL) are crucial for proper
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immune response for respiratory infections with
different viruses. An effective primary immune reaction
against viral infections would help the respiratory
system to restrict the replication of the virus without
serious damage of host cells. Therefore, proper levels
of vitamin D may have regulatory effects on immune
system and improve the clinical outcome of patients
with COVID-19. However, understanding the precise
role of vitamin D in SARS-CoV-2 infection requires more

clinical studies.

Abbreviations: RTIs: chronic respiratory tract

infections; hMPV: human metapneumovirus; RSV:

respiratory syncytial virus; HBoV: human bocavirus;
ICAM-1: intercellular adhesion molecule; PAMPs:
pathogen-associated molecular patterns; PRRs:
pathogen recognition receptors; TLRs: toll-like
receptors; NOD: nucleotide binding-oligomerization
domain; RIG-I: retinoic-acid-inducible gene-I; ER:
endoplasmic reticulum; MDAD5: melanoma
differentiation-associated gene 5; IRF: Interferon
Regulatory Factor; MAPK: mitogen-activated protein
kinase; NF-kB: nuclear factor kappa B; ISGs:
interferon-stimulated genes; BCR: B Cell Receptor;
PI3KC3: phosphatidylinositol 3-kinase complex class
IIl; ROS: Reactive Oxygen Species; NOS: Nitic Oxide
Synthase; APCs: Antigen Presenting Cells; PBMCs:
Peripheral Blood Mononuclear Cells; 25-OH D3: 25-

Hydroxyvitamin D3

Conflict of interest: The authors declare no conflicts

of interest

Funding: The authors declare no external funding

REFERENCES:

1. Nicholson KG, Baker DJ, Farquhar A, Hurd D, Kent J, Smith SH.
Acute upper respiratory tract viral illness and influenza
immunization in homes for the elderly. 1990;609-618.

2. Miller EK, Linder J, Kraft D, Johnson M, Lu P, Saville BR, et



Bioactive Compounds in Health and Disease 2020; 6(10): 100-108

10.

11.

12.

13.

14.

al. HHS Public Access. 2017;137(3):734-743.

Sassi F, Tamone C, Amelio PD. Vitamin D: Nutrient,
Hormone, and Immunomodulator. 2018;25:1-14.
Esposito S, Lelii M. Vitamin D and respiratory tract
infections in childhood. BMC Infect Dis [Internet]. 2015;1—
10. Available from: http://dx.doi.org/10.1186/s12879-

015-1196-1

Grant WB, Lahore H, McDonnell SL, Baggerly CA, French
CB, Aliano JL, et al. Evidence that Vitamin D
Supplementation Could Reduce Risk of Influenza and
COVID-19 Infections and Deaths. Nutrients [Internet].
2020;12(4):988. Available from:
https://www.mdpi.com/2072-6643/12/4/988

Sacco RE, Nonnecke BJ, Palmer M V., Waters WR, Lippolis
JD, Reinhardt TA. Differential expression of cytokines in
response to respiratory syncytial virus infection of calves
with high or low circulating 25-hydroxyvitamin D 3. PLoS
One. 2012;7(3).

Carvajal JJ, Avellaneda AM, Salazar-ardiles C, Maya JE.
Host Components Contributing to Respiratory Syncytial
Virus Pathogenesis. 2019;10(September):1-19.

Thornton C, Salazar JC, Georgountzou A. Postnatal innate
immune Development : From Birth to Adulthood.
2017;8(August):1-16.

Kishore U. Complement Protein Clq Interacts with DC-
SIGN via Its Globular Domain and Thus May Interfere with

HIV-1 Transmission. 2016;7(December):1-15.

Lee BL, Moon JE, Shu JH, Yuan L, Newman ZR, Schekman
R, et al. UNC93B1 mediates differential trafficking of
endosomal TLRs. 2013;1-22.

Sun J, Li N, Oh K, Dutta B, Vayttaden SJ, Lin B, et al. HHS
Public Access. 2017;9(409):1-38.

Cheng Y, Liu Y, Shi S, Niu Q, Zhu W, Wang Z, et al.
Functional Characterization of Duck STING in IFN-B
Induction and Anti-HIN2 Avian Influenza Viruses

Infections. Front Immunol. 2019;10(September):1-10.

Menezes ME, Bhoopathi P, Pradhan AK, Emdad L, Das SK,
Guo C, et al. Role of MDA-7/IL-24 a Multifunction Protein

in Human Diseases. Adv Cancer Res. 2018;138:143-182.

De Castro-Jorge LA, De Carvalho RVH, Klein TM, Hiroki CH,
Lopes AH, Guimardes RM, et al. The NLRP3
inflammasome is involved with the pathogenesis of

Mayaro virus. PLoS Pathog. 2019;15(9):1-27.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Page 106 of 108

Siao SC, Li KJ, Hsieh SC, Wu CH, Lu MC, Tsai CY, et al.
Tamm-horsfall glycoprotein enhances PMN phagocytosis
by binding to cell surface-expressed lactoferrin and
cathepsin G that activates MAP kinase pathway.

Molecules. 2011;16(3):2119-2134.

Pervolaraki K, Rastgou Talemi S, Albrecht D, Bormann F,
Bamford C, Mendoza JL, et al. Differential induction of
interferon stimulated genes between type | and type IlI
interferons is independent of interferon receptor
abundance. Vol. 14, PLoS Pathogens. 2018. 1-31 p.
Manuscript A. and Conditioning of Innate Immunity by
Experience. 2012;1(6):497-512.

Xiao X, Murk DD, Cheng CY. Intercellular adhesion
molecules (ICAMs) and spermatogenesis. Hum Reprod

Update. 2013;19(2):167-186.

Castriconi R, Carrega P, Dondero A, Bellora F, Casu B,
Regis S, et al. Molecular mechanisms directing migration
and retention of natural killer cells in human tissues.

Front Immunol. 2018;9(0CT):1-14.

Sun X, Zeng H, Kumar A, Belser JA, Maines TR, Tumpey
TM. Constitutively Expressed IFITM3 Protein in Human
Endothelial Cells Poses an Early Infection Block to Human

Influenza Viruses. J Virol. 2016;90(24):11157-11167.

Al-Adwani S, Wallin C, Balhuizen MD, Veldhuizen EJA,
Coorens M, Landreh M, et al. Studies on citrullinated LL-
37: detection in human airways, antibacterial effects and
biophysical properties. Sci Rep. 2020;10(1):1-14.

Division |, Diseases R, Genetic SH, Foundation G,
Foundation MG, Seika M, et al. Clinical Practice
Guidelines by the Infectious Diseases Society of America:

2018 Update on Diagnosis, Treatment. 2019;68(6):1-99.

Wang J, Nikrad MP, Travanty EA, Zhou B, Phang T, Gao B,
et al. Innate immune response of human alveolar
macrophages during influenza a infection. PLoS One.
2012;7(3).

Vareille M, Kieninger E, Edwards MR, Regamey N. The
airway epithelium: Soldier in the fight against respiratory
viruses. Clin Microbiol Rev. 2011;24(1):210-229.

Arjun S, Danh C. Do, Shruthi Kumar, Qing-Ling Fu, Peisong
Gao. Macrophage Polarization and Allergic Asthma. Transl|

Res. 2018;191(January):1-14.

Bohmwald K, Galvez NMS, Canedo-Marroquin G, Pizarro-

Ortega MS, Andrade-Parra C, Gdmez-Santander F, et al.



Bioactive Compounds in Health and Disease 2020; 6(10): 100-108

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Contribution of cytokines to tissue damage during human
respiratory syncytial virus infection. Front Immunol.
2019;10(MAR):1-16.

Kikkert M. Innate Immune Evasion by Human Respiratory
RNA Viruses. J Innate Immun. 2020;12(1):4-20.

Maruotti N, Cantatore FP. Vitamin D and the immune

system. ) Rheumatol. 2010;37(3):491-495.

lkemoto Y, Kuroda K, Nakagawa K, Ochiai A, Ozaki R,
Murakami K, et al. Vitamin D regulates maternal T-helper
cytokine production in infertile women. Nutrients.
2018;10(7):1-10.

Lambert L, Culley FJ. Innate immunity to respiratory
infection in early life. Front Immunol. 2017;8(NOV):1-9.
Shah D, Romero F, Zhu Y, Duong M, Sun J, Walsh K, et al.

Clg deficiency promotes  pulmonary  vascular
inflammation and enhances the susceptibility of the lung
endothelium to injury. J Biol Chem. 2015;290(49):29642—

29651.

Braciale TJ, Sun J, Kim TS. Regulating the adaptive
immune response to respiratory virus infection. Nat Rev

Immunol. 2012;12(4):295-305.

Scott MG, Davidson DJ, Gold MR, Bowdish D, Hancock
REW. The Human Antimicrobial Peptide LL-37 Is a
Multifunctional Modulator of Innate Immune Responses.
JImmunol. 2002;169(7):3883—3891.

Hoda Badr, Cindy L. Carmack, Deborah A. Kashy, Massimo

Cristofanilli and TAR. ZERE AT NIH Public Access.
Bone.

2011;23(1):1-7.
Wu S, Sun J. Vitamin D, vitamin D receptor, and

macroautophagy in inflammation and infection. Discov

Med. 2011;11(59):325-335.

Greiller CL, Martineau AR. Modulation of the immune
response to respiratory viruses by vitamin D. Nutrients.
2015;7(6):4240-4270.

Medrano M, Carrillo-Cruz E, Montero |, Perez-Simon JA.
Vitamin D: Effect on haematopoiesis and immune system

and clinical applications. Int J Mol Sci. 2018;19(9):1-25.

Adamczak DM. The role of toll-like receptors and vitamin
D in cardiovascular diseases—a review. Int J Mol Sci.
2017;18(11).

Vanherwegen AS, Eelen G, Ferreira GB, Ghesquiere B,
Cook DP, Nikolic T, et al. Vitamin D controls the capacity

of human dendritic cells to induce functional regulatory T

40.

41.

42.

43,

44,

45,

46.

47.

48.

49.

50.

Page 107 of 108

cells by regulation of glucose metabolism. J Steroid
Biochem Mol Biol [Internet]. 2019;187:134-145. Available

from: https://doi.org/10.1016/j.jsbmb.2018.11.011

Ozerkan D, Ozsoy N, Akbulut KG, Giiney, Oztiirk G. The
protective effect of vitamin D against carbon tetrachloride
damage to the rat liver. Biotech Histochem [Internet].

2017;92(7):513-523. Available from:

https://doi.org/10.1080/10520295.2017.1361549

Bscheider M, Butcher EC. Vitamin D immunoregulation
through dendritic cells. Immunology. 2016;148(3):227—
236.

Hayes CE, Hubler SL, Moore JR, Barta LE, Praska CE,
Nashold FE. Vitamin D actions on CD4+ T cells in

autoimmune disease. Front Immunol. 2015;6(MAR):1-23.

Zhang H, Shih DQ, Zhang X. Mechanisms underlying
effects of 1,25-dihydroxyvitamin D 3 on the Th17 cells .

Eur J Microbiol Immunol. 2013;3(4):237-240.

Roy S, Shrinivas K, Bagchi B. Vitamin D sensitivity to the
immune responses and autoimmunity: A chemical

network model study. 2013;

Grant WB, Lahore H, McDonnell SL, Baggerly CA, French
CB, Aliano JL, et al. Vitamin D Supplementation Could
Prevent and Treat Influenza, Coronavirus, and Pneumonia

Infections. 2020;(March).

Ghoryani M, Sahebari M, Mahmoudi M, Abdollahi N,
Reihani H, Rabe SZT, et al. Immunomodulatory vitamin D
effects on regulatory T-cells and cytokines in an in vitro
study on patients with systemic lupus erythematosus.

Food Agric Immunol. 2016;27(3):377-387.

Karkeni E, Marcotorchino J, Tourniaire F, Astier J, Peiretti
F, Darmon P, et al. Vitamin D limits chemokine expression
in adipocytes and macrophage migration in vitro and in
male mice. Endocrinology. 2015;156(5):1782-1793.

Kuo YT, Kuo CH, Lam KP, Chu Y Te, Wang WL, Huang CH, et al.
Effects of vitamin D3 on expression of tumor necrosis factor-a
and chemokines by monocytes. J Food Sci.
2010;75(6):200-204.

Calton EK, Keane KN, Newsholme P, Soares MJ. The
impact of Vitamin D levels on inflammatory status: A
systematic review of immune cell studies. PLoS One.
2015;10(11):1-12.

Smolders J, Damoiseaux J. Vitamin D as a T-cell Modulator

in Multiple Sclerosis [Internet]. 1st ed. Vol. 86, Vitamins



Bioactive Compounds in Health and Disease 2020; 6(10): 100-108

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

and the Immune System. Elsevier Inc.; 2011. 401-428 p.
Available from: http://dx.doi.org/10.1016/B978-0-12-
386960-9.00018-651.

lkemoto Y, Kuroda K, Nakagawa K, Ochiai A, Ozaki R,
Murakami K, et al. Vitamin D regulates maternal T-helper
cytokine production in infertile women. Nutrients.
2018;10(7):1-10.

Ghoryani M, Sahebari M, Mahmoudi M, Abdollahi N,
Reihani H, Rabe SZT, et al. Imnmunomodulatory vitamin D
effects on regulatory T-cells and cytokines in an in vitro
study on patients with systemic lupus erythematosus.

Food Agric Immunol. 2016;27(3):377-387.

Fisher SA, Rahimzadeh M, Brierley C, Gration B, Doree C,
Kimber CE, et al. The role of Vitamin D in increasing
circulating T regulatory cell numbers and modulating T
regulatory cell phenotypes in patients with inflammatory
disease or in healthy volunteers: A systematic review.
PLoS One. 2019;14(9):1-18.

Moghadami M. A narrative review of influenza: A seasonal
and pandemic disease. Iran J Med Sci. 2017;42(1):2-13.
Larcombe L, Mookherjee N, Slater J, Slivinski C, Dantouze
J, Singer M, et al. Vitamin D, serum 25(OH)D, LL-37 and
polymorphisms in a canadian first nation population with
endemic tuberculosis. Int J Circumpolar Health.
2015;74:1-9.

Gruber-bzura BM. Vitamin D and Influenza — Prevention
or Therapy ? 2018;

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF,
Bergman P, et al. Vitamin D supplementation to prevent
acute respiratory tract infections: systematic review and
meta-analysis of individual participant data. 2017;

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF,
Bergman P, et al. Vitamin D supplementation to prevent
acute respiratory tract infections: systematic review and
meta-analysis of individual participant data. 2017;

Krishnan AV, Trump DL, Johnson CS, Drive P, Streets C.
HHS Public Access. 2018;25.

Jeong HY, Park KM, Lee MJ, Yang DH, Kim SH, Lee S.
Vitamin D and Hypertension. 2017;5997:1-11.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 108 of 108

Gouni-berthold I, Krone W, Berthold HK. Vitamin D and
Cardiovascular Disease. 2009;25:414-422.

Berridge MJ. Vitamin D deficiency and diabetes.
2017;(March):1321-1332.

Jahan FA, Bostick RM, Baron JA, Barry EL, Yacoub R,
Merrill J, et al. Effects of supplemental calcium and
vitamin D on tight - junction proteins and mucin - 12
expression in the normal rectal mucosa of colorectal
adenoma patients. 2019;(February).

Effects VD, Lung ON. VITAMIN D EFFECTS ON LUNG
IMMUNITY AND RESPIRATORY. 2013;(319).

Yuen KS, Ye ZW, Fung SY, Chan CP, Jin DY. RESEARCH

HIGHLIGHT SARS - CoV - 2 and COVID - 19: The most important research questions. Cell Biosci
[internet].

2020;1-5. Available from:

https://doi.org/10.1186/5s13578-020-00404-4

Mamani M, Muceli N, Reza H, Basir G. Association
between serum concentration of 25-hydroxyvitamin D
and community-acquired pneumonia: a case-control
study. 2017;423-429.

Giraldo DM, Cardona A, Urcuqui-inchima S. Clinica Chimica
Acta High-dose of vitamin D supplement is associated with
reduced susceptibility of monocyte-derived macrophages to
dengue virus infection and pro- in fl ammatory cytokine
production : An exploratory study. Clin Chim Acta

[Internet]. 2018;478(December 2017):140-151. Available
from: https://doi.org/10.1016/j.cca.2017.12.044

Lin LY, Bhate K, Forbes H, Smeeth L, Warren-Gash C,
Langan S. Vitamin D deficiency or supplementation and
the risk of human herpesvirus infections or reactivation: A

systematic review protocol. BMJ Open. 2019;9(10):1-5.

Jiménez-Sousa M angeles, Martinez |, Medrano LM,
Fernandez-Rodriguez A, Resino S. Vitamin D in human
immunodeficiency virus infection: Influence on immunity

and disease. Front Immunol. 2018;9(MAR).



