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Microbiome studies have already demonstrated unique microbial patterns in systemic autoimmune diseases such as
inflammatory bowel disease, rheumatoid arthritis, and systemic lupus erythematosus. Dysbiosis also seems to be
associated with allergies, in particular asthma, atopic dermatitis, and food allergy.
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| 1. Introduction

In the last decade, a lot of studies have been conducted on the effects of both the microbiome and vitamin D on the
immune system. Research indicates that the microbiota exhibits both pro-inflammatory and anti-inflammatory properties in
direct or indirect ways [ It is now clear that alterations of the normal composition of the microbiome are narrowly
associated with immunological disorders . Vitamin D is a fat-soluble vitamin and a critical regulator of calcium and
phosphate homeostasis and bone health El. Among other systemic effects, vitamin D, mainly through the vitamin D
receptor (VDR), also has an important role in the modulation of immune response BBl Vitamin D and the microbiome
seem to affect the immune system in various yet similar ways, but is this due to an interaction and/or a synergistic effect
between them? As a matter of fact, interactions between vitamin D, gut bacteria, and the immune system can occur at
several levels and may include both the innate and the adaptive immune system.

| 2. Microbiome and Microbiota

The human microbiota is the community of commensal, symbiotic, and pathogenic microorganisms that survive on our
body, skin, and respiratory, gastrointestinal and urogenital systems €. The composition of the microbiota is already
formed in the early years of life but is dynamic and shaped by both genetic and non-genetic factors 2. The microbiome is
the set of genomes of our microbial symbionts [Z. Thanks to the advancement of technology, the genes of the microbial
communities that colonize our organism have been sequenced over the last 10 years. The largest datasets reported come
from the gut. The human microbiota consists of 12 different bacterial phyla, with 93.5% classified as Bacteroidetes,
Proteobacteria, Firmicutes, Actinobacteria, or Euryarchaeota phyla 8. Pathogenic microorganisms can be distinguished
from commensal microbiota because they carry specific adhesive and invasive molecules, such as adhesins and invasine,
which allow them to adhere and invade tissues, causing damage to the host. Early microbial colonization of the mucous
membranes, such as the respiratory system and skin, occurs in tandem with the development of the immune system.
During early microbial assembly, the immune system is susceptible to the colonization of organisms due to its immaturity:
The decreased secretion of cytokines results in muted inflammatory responses, which allows the settlement and
expansion of the microbiome in the various niches . Germ-free mice provided key evidence on the importance of the
microbiota to health, as these animals showed various immune defects and increased susceptibility to infections 1.

Figure 1 describes the regulatory effects of microbial exposure on Th2 cells.
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Figure 1. Regulatory effects of microbial exposure on Th2 cells.

| 3. vitamin D
3.1. Synthesis and Metabolism

Vitamin D encompasses both vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) . In humans, the major source
of vitamin D (90%) is the exposure to solar UVB radiation, which determines the formation of cholecalciferol in the skin,
which is then metabolized in the liver, by the vitamin D 25-hydroxylase Cyp2R1 and to a lesser extent by Cyp27A1, to 25-
hydroxyvitamin D (25-OH-D3) and finally carried to the kidneys, where it is transformed into the active form (1,25-
dihydroxyvitamin D, 1,25-(OH)2D) Bl. Only 10% of vitamin D is obtained through food ingestion (with vitamin D-rich foods
such as cod liver oil, tuna, sardines, milk, eggs, certain mushrooms, and fortified orange juice and dairy products) 19,

3.2. Mechanism of Action

,25(0OH)2D3 acts primarily through vitamin D receptors (VDR) 4. VDR is a nuclear hormone receptor and transcription
factor expressed in a variety of tissues, including the intestines, adipose tissue, and liver, as well as most immune cells,
and modulates metabolic and immune system processes 12, VDR has a key role in the modulation of the immune
response since it is expressed in immune cells, including CD4* and CD8* T cells, B cells, neutrophils, and antigen-
presenting cells (APCs) Bl. Many of these cells, such as macrophages and dendritic cells, are capable of synthesizing
biologically active vitamin D from circulating 250HD, which enables the rapid increase of local levels of vitamin D,
potentially needed to shape adaptive immune responses 13, VDR is also highly present in the small intestine and colon,
where it plays critical roles in proliferation, differentiation, permeability, host—microbial interactions, immunity, and
susceptibility to pathogenic infection. Notably, it is crucial for maintaining a healthy microbiome 141,

Figure 2 describes the effects of the VD/VDR complex on the immune system.
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Figure 2. Effects of the VD/VDR complex on the immune system.

3.3. Systemic Effects and Deficiency

Vitamin D is an important regulator of the immune system, acting directly on immune cells to promote an anti-
inflammatory state, and the balance between proinflammatory and anti-inflammatory activity is disrupted in vitamin D
deficiency in favor of the former [€l. Populations with lower levels of vitamin D (i.e., those living furthest from the equator
and those in early infancy) are more likely to develop several immune-mediated diseases, including allergic asthma and
allergies to foods 13, There is solid evidence that vitamin D supplementation can reduce the rate of infection, preventing
autoimmune disorders, and there is promising data linking vitamin D deficiency to increased rates of childhood asthma
and other allergic conditions 18!, Despite this, what represents adequate levels of vitamin D in the blood for human health
generally and specifically for each of the reviewed allergic conditions remains controversial, as some observational
studies seemed to confirm that vitamin D deficiency may contribute to increasing the risk of allergy and asthma. The
necessity for further studies in this field is evident 23171,

| 4. Linking Vitamin D, the Microbiome, and the Immune System

Both vitamin D deficiency and dysbiosis have been shown to impact systemic and chronic inflammation and to increase
the risk of various conditions, including cardiovascular, neurological, infectious (including COVID-19), and metabolic
diseases, autoimmune disorders, and cancer MBS Focusing on allergies, their pathogenesis can be explained by
both the hygiene hypothesis and the vitamin D hypothesis. The hygiene hypothesis was first proposed in 1989 by David P.
Strachan 2%, who postulated that infections in early childhood, transmitted by unhygienic contact with older siblings or
acquired prenatally from the mother, could prevent the development of allergic diseases. An evolution of this theory is the
old friend hypothesis. According to Rook (2], a hygienic lifestyle and cleanliness can be defined as an abuse of antibiotics,
antibacterial soaps, and cleaners; delayed exposure to viruses; and an excessive time spent indoors. All of these can
decrease immune tolerance and deplete indigenous commensal bacteria (the “old friends”). According to the vitamin D
hypothesis, adequate vitamin D levels and supplementation in the first year of life can sensitize children against allergens
and reduce the risk of development of food allergies and asthma 22, On the other hand, high levels of vitamin D may also
increase the risk of allergic sensitization by inhibiting the maturation of dendritic cells and the development of T-helper 1



responses 23 Research into the gut microbiome and vitamin D is therefore considered to be promising for the
understanding, treatment, and prevention of autoimmune and allergic diseases 24,

The effects of hypovitaminosis D and dysbiosis on immune system are depicted in Figure 3.

HYPOVITAMINOSIS D
+

Eosinophils

Plasma cells

&

I
g Dendritic cells —

Neutrophils

Figure 3. Effects of hypovitaminosis D and dysbiosis on the immune system.

| 5. Focus on Specific Allergies
5.1. Asthma

Asthma is a respiratory condition that likely results from complex interactions between multiple environmental and genetic
influences. Proposed risk factors for asthma vary with the age of asthma onset and timing of exposures and behaviors
relative to the onset of asthma. Microbes have long been postulated to play a role in asthma and might also shape its
heterogeneity 22, The early life microbiome likely influences the likelihood that an allergic predisposition results in
asthma. Exposure to bacteria and bacterial products may influence the development of allergen sensitization and asthma,
although the exact effects appear to depend on a complex interplay of timing of exposure (first year of life versus later in
life), location, abundance, and diversity of the microbiome, and specific microbial products 28, As an example, early life
exposure to allergens and certain bacteria in the environment may lower the risk of asthma &, whereas later life
exposure to bacteria may increase the risk of asthma 28, The mechanism for this protective effect is not known, but
changes in gut microflora and related effects on innate immunity are hypothesized. Moreover, studies have suggested that
interactions between RSV and nasopharyngeal microbiota might modulate the host immune response, potentially
affecting clinical disease severity such as the risk of wheezing and symptoms of asthma. Respiratory virus infection has
been shown to alter the airway microbiome, with increased detection of Streptococcus pneumoniae, Moraxella catarrhalis,
and Haemophilus influenzae in children with and without asthma 22, This coalescing of antimicrobial immune responses
was associated with increased respiratory symptoms. Since most asthma has its origins in childhood, early nutrition,
including prenatal exposure to nutrients, may be relevant as a risk factor for the development of asthma and allergies B9,
It remains unclear whether vitamin D supplementation has a role in asthma prevention. There are conflicting reports on
the association between vitamin D status and allergic diseases. In some reports, vitamin D deficiency (in pregnhant
women, children, or adolescents) was associated with increased as well as with decreased frequency of allergic diseases
such as asthma or eczema [B132 The Vitamin D Antenatal Asthma Reduction Trial (VDAART) attempted to answer the
guestion of whether vitamin D supplementation to women during pregnancy can prevent the development of asthma and
allergies in their children. The aim of this research was to determine whether children born to mothers who had received
4400 IU of vitamin D3 per day during pregnancy (vitamin D group) would have a lower incidence of asthma and recurrent
wheeze at the age of six years than would those born to mothers who had received 400 IU of vitamin D3 per day (control
group). The six-year follow up showed that the prenatal period alone did not influence the incidence of asthma and
recurrent wheeze among children who were at risk for asthma 2334, Randomized trials examining the effect of vitamin D
supplementation on asthma outcomes were inconclusive. Larger trials with longer-term follow-up are needed.



5.2. Atopic Dermatitis

A multiplicity of factors, including skin barrier abnormalities, defects in innate immunity response, Th2-skewed adaptive
immune response, and altered skin resident microbial flora are involved in the pathogenesis of atopic dermatitis B2, The
increased prevalence of AD, particularly in industrialized regions, has been hypothesized to be due to excessive hygiene
accompanying the Western lifestyle, reducing exposure of the host's immune system to education provided by beneficial
microbes. A subset of patients with AD are prone to microbial dysbiosis with bacteria, viruses, and fungi, which can
exacerbate skin inflammation 28, For example, Staphylococcus aureus is the most common skin-cultured pathogen of AD
and its colonization is associated with increased IgE responses, food allergy, and AD skin-disease severity B7[E8l, There is
increasing evidence that commensal skin microbes from normal skin can improve the skin barrier and augment host
defense against skin pathogens, including S. aureus. Staphylococcus epidermidis and Staphylococcus hominis secrete
antimicrobial activities that inhibit S. aureus growth and biofilm formation B249, s, epidermidis has also been found to
stimulate Toll-like receptor 2 to induce production of keratinocyte-derived antimicrobial peptides and increase tight
junctions to enhance the skin barrier 21, These protective strains are deficient in atopic dermatitis B2, Using antibiotics in
the treatment of S. aureus infection is disadvantageous because they kill not only S. aureus, but also beneficial bacteria
and potentially select antibiotic-resistant bacteria such as methicillin-resistant S. aureus, underlining the importance of
maintaining the skin-resident normal microbial flora. A few small, randomized trials have evaluated the role of vitamin D
supplementation in the prevention of winter-related exacerbation of atopic dermatitis 221431441 |n the largest study, 107
children with a history of atopic dermatitis worsening during winter were treated daily with 1000 international units of
vitamin D or placebo for one month. The primary outcome was a reduction in the clinician-measured eczema area and
severity index (EASI). At the end of the study, the mean decrease in the EASI score was 6.5 in the vitamin D group and
3.3 in the placebo group 42, Although the results of these trials suggest that winter supplementation of vitamin D may be
beneficial for patients with atopic dermatitis, larger, well-designed studies are needed to clarify the role of vitamin D in the
prevention and treatment of atopic dermatitis.

5.3. Food Allergy

Tolerance is the normal immune response to the food an individual eats over a lifetime 25, Food allergy is thought to
involve deviation from the default state of mucosal immune tolerance that can be driven by diet, commensal microbiota,
and the interactions between them €. Although alterations in the intestinal microbiome are known to be associated with
the development of asthma, less is known regarding the role of microbiome alterations in food allergy development. In
their prospective microbiome-wide association study of food sensitization and food allergy in early childhood, Savage et
al. 4 collected intestinal microbiome samples at age three—six months in children participating in the follow-up phase of
VDAART. As a result, the study suggested that the microbiome may have a causal role in the development of food allergy.
Specific patterns of microbiota colonization, such as colonization in large numbers by probiotics or greater microbial
diversity, may favor tolerance, possibly through increased production of IgA and IL-10 8], |t is postulated that cesarean
delivery compared to natural childbirth increases the risk of IgE-mediated sensitization to food allergens as a result of
alterations in the gut microbiota ¥2. Data on the impact of cesarean delivery on the rate of clinical food allergy are
inconsistent, although most studies show an increased risk BB, Studies of children with a milk allergy have shown that
infants with a milk allergy have higher total bacteria and anaerobic counts compared to healthy control subjects 22,
Reduced microbial richness and increased Bacteroides were observed in subjects with a self-reported peanut or tree nut
allergy compared to those not reporting these allergies B3, Murine models of food allergy have provided experimental
dimensions to the study of the microbiota and food allergy. In a mouse model of induced food allergy by skin sensitization,
feeding mice a high-fat diet prior to skin sensitization and subsequent gastrointestinal challenge to a food allergen was
associated with the development of obesity, decreased intestinal bacterial diversity, and increased food allergy
susceptibility 4. Transfer of the gut microbiome from these mice to germ-free recipient mice on a normal diet led to
decreased intestinal bacterial diversity and increased food allergy susceptibility, but not obesity. Translation of these
observations to humans requires further study. Some murine studies have shown that Clostridia strains in particular
modulate allergy. Imbalances in T helper cell subsets (Th1/Th2) in cellular immunity contribute to the development of food
allergy. Seventeen strains of bacteria from human stool that enhance regulatory T-cell abundance have been identified.
Oral administration of these 17 Clostridia strains into mice attenuated disease in models of colitis and allergic diarrhea 55,
Therapy with a consortium of protective clostridial species suppresses food allergy in mice B8, suggesting that gut
microbiota dysbiosis is a potential target for future treatment of food allergy if these findings are replicated in humans.
Similarly, skin commensal bacteria have been recognized as significant factors imprinting the immune system &4, possibly
also influencing food allergy. Skin colonization with S. aureus, a marker for more severe eczema, is also associated with
sensitization to food allergens B4, Independent of eczema severity, skin S. aureus colonization was associated with hen's
egg and peanut sensitization and persistent allergy, with a weaker association seen for cow’s milk, in a study that followed
children from infancy to six years of age 28], As a matter of fact, although strict allergen avoidance is still the key treatment



for food allergy, there is a greater focus on the preventive effect of the addition of lactose and probiotics to hypoallergenic
infant formulas in order to modulate the gut microbiome and early immune responses in high-risk populations, either in
families with a history of allergies, or in infants who are showing evidence of food sensitization or eczema 231591, Only a
few trials of probiotics for the prevention or treatment of challenge-proved food allergies have been published. Trials of
probiotic supplementation with Lactobacillus casei and Bifidobacterium lactis for 12 months showed no effect on milk
allergy resolution, although Lactobacillus rhamnosus combined with extensively hydrolyzed casein formula increased
rates of milk allergy resolution compared to a control group receiving formula alone B8l The probiotic Lactobacillus
rhamnosus GG administered with peanut oral immunotherapy for 18 months induced desensitization compared to a
placebo. However, because there was no oral immunotherapy-only or probiotic-only group, the efficacy of the probiotic
itself is unclear. The effects of probiotic treatment are likely strain specific, and the data are currently inconclusive to
support probiotic supplementation with specific taxa for food allergy €2, Early infancy could be the key window of
opportunity for intervention given age-dependent associations between the gut microbiome and food allergy outcomes.
Gut microbial richness at the age of three months is associated with an increased likelihood of food sensitization by the
age of one year 3. Murine models also support age-sensitive interactions with microbiota 4. Colonization of germ-free
mice with a diverse microbial population early but not late in life suppresses IgE and prevents mice from having a food
allergy 1831, These collective findings support the notion that microbial effects on early immune system development play a
role in subsequent food allergy development. Epidemiologic studies suggest possible associations between vitamin D
deficiency and a variety of conditions, but a causal relationship has not been established. These include certain
immunologic conditions such as food allergies and asthma in adolescents 88, Vitamin D has a potentially significant role
for improving the symptoms and severity of food allergy for its immunomodulatory effects. Proposed but unproven
theories suggest a role for both vitamin D excess and deficiency in the development of food allergy. Future studies for
assessing adequate amounts of vitamin D intake for the treatment and prevention of food allergy are also warranted.

References

1. Cheng, H.; Guan, X.; Chen, D.; Ma, W. The Th17/Treg Cell Balance: A Gut Microbiota-Modulated Story. Microorganism
s 2019, 7, 583.

2. Badolati, I.; Sverremark-Ekstrém, E.; van der Heiden, M. Th9 cells in allergic diseases: A role for the microbiota? Scan
d. J. Immunol. 2020, 91, 1-7.

3. Bora, S.A.; Kennett, M.J.; Smith, P.B.; Patterson, A.D.; Cantorna, M.T. Regulation of vitamin D metabolism following dis
ruption of the microbiota using broad spectrum antibiotics. J. Nutr. Biochem. 2018, 56, 65—73.

4. Malaguarnera, L. Vitamin D and microbiota: Two sides of the same coin in the immunomodulatory aspects. Int. Immuno
pharmacol. 2020, 79, 106112.

5. Murdaca, G.; Tonacci, A.; Negrini, S.; Greco, M.; Borro, M.; Puppo, F.; Gangemi, S. Emerging role of vitamin D in autoi
mmune diseases: An update on evidence and therapeutic implications. Autoimmun. Rev. 2019, 18, 102350.

6. Yamamoto, E.A.; Jargensen, T.N. Relationships Between Vitamin D, Gut Microbiome, and Systemic Autoimmunity. Fro
nt. Immunol. 2020, 10, 1-13.

7. Vaughn, A.R.; Foolad, N.; Maarouf, M.; Tran, K.A.; Shi, V.Y. Micronutrients in Atopic Dermatitis: A Systematic Review. J.
Altern. Complement. Med. 2019, 25, 567-577.

8. AlKhater, S.A. Dynamic Interplay Between Microbiota and Mucosal Immunity in Early Shaping of Asthma and its Implic
ation for the COVID-19 Pandemic. J. Asthma Allergy 2020, 13, 369-383.

9. Poole, A.; Song, Y.; Brown, H.; Hart, P.H.; Zhang, G. (Brad). Cellular and molecular mechanisms of vitamin D in food all
ergy. J. Cell. Mol. Med. 2018, 22, 3270-3277.

10. Garcia, P.M.; Moore, J.; Kahan, D.; Hong, M.Y. Effects of Vitamin D Supplementation on Inflammation, Colonic Cell Kin
etics, and Microbiota in Colitis: A Review. Molecules 2020, 25, 2300.

11. Bakke, D.; Sun, J. Ancient Nuclear Receptor VDR with New Functions: Microbiome and Inflammation. Inflamm. Bowel
Dis. 2018, 24, 1149-1154.

12. Sun, J. Dietary vitamin D, vitamin D receptor, and microbiome. Curr. Opin. Clin. Nutr. Metab. Care 2018, 21, 471-474.

13. Mirzakhani, H.; Al-Garawi, A.; Weiss, S.T.; Litonjua, A.A. Vitamin D and the development of allergic disease: How impor
tant is it? Clin. Exp. Allergy 2015, 45, 114-125.

14. Wong, M. What has happened in the last 50 years in immunology. J. Paediatr. Child Health 2015, 51, 135-139.



15.

16.

17.

18.

19.

20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

James, J.; Weaver, V.; Cantorna, M.T. Control of Circulating IgE by the Vitamin D Receptor In Vivo Involves B Cell Intri
nsic and Extrinsic Mechanisms. J. Immunol. 2017, 198, 1164-1171.

Mailhot, G.; White, J.H. Vitamin D and Immunity in Infants and Children. Nutrients 2020, 12, 1233.

Sikorska-Szaflik, H.; Sozanska, B. The role of vitamin D in respiratory allergies prevention. Why the effect is so difficult
to disentangle? Nutrients 2020, 12, 1801.

Murdaca, G.; Pioggia, G.; Negrini, S. Vitamin D and Covid-19: An update on evidence and potential therapeutic implicat
ions. Clin. Mol. Allergy 2020, 18, 23.

Allegra, A.; Musolino, C.; Tonacci, A.; Pioggia, G.; Gangemi, S. Interactions between the MicroRNAs and Microbiota in
Cancer Development: Roles and Therapeutic Opportunities. Cancers 2020, 12, 805.

Strachan, D.P. Hay fever, hygiene, and household size. BMJ 1989, 299, 1259-1260.
Rook, G.A.W. Hygiene hypothesis and autoimmune diseases. Clin. Rev. Allergy Immunol. 2012, 42, 5-15.

Bozzetto, S.; Carraro, S.; Giordano, G.; Boner, A.; Baraldi, E. Asthma, allergy and respiratory infections: The vitamin D
hypothesis. Allergy Eur. J. Allergy Clin. Immunol. 2012, 67, 10-17.

Heine, R.G. Food Allergy Prevention and Treatment by Targeted Nutrition. Ann. Nutr. Metab. 2018, 72, 33-45.

Naderpoor, N.; Mousa, A.; Fernanda Gomez Arango, L.; Barrett, H.L.; Dekker Nitert, M.; de Courten, B. Effect of Vitami
n D Supplementation on Faecal Microbiota: A Randomised Clinical Trial. Nutrients 2019, 11, 2888.

Smits, H.H.; Hiemstra, P.S.; Prazeres da Costa, C.; Ege, M.; Edwards, M.; Garn, H.; Howarth, P.H.; Jartti, T.; de Jong,
E.C.; Maizels, R.M.; et al. Microbes and asthma: Opportunities for intervention. J. Allergy Clin. Immunol. 2016, 137, 690
—697.

Wypych, T.P.; Wickramasinghe, L.C.; Marsland, B.J. The influence of the microbiome on respiratory health. Nat. Immun
ol. 2019, 20, 1279-1290.

Kirjavainen, P.V.; Karvonen, A.M.; Adams, R.I.; TAubel, M.; Roponen, M.; Tuoresmaki, P.; Loss, G.; Jayaprakash, B.; D
epner, M.; Ege, M.J.; et al. Farm-like indoor microbiota in non-farm homes protects children from asthma development.
Nat. Med. 2019, 25, 1089-1095.

Lynch, S.V.; Wood, R.A.; Boushey, H.; Bacharier, L.B.; Bloomberg, G.R.; Kattan, M.; O’Connor, G.T.; Sandel, M.T.; Cala
troni, A.; Matsui, E.; et al. Effects of early-life exposure to allergens and bacteria on recurrent wheeze and atopy in urba
n children. J. Allergy Clin. Immunol. 2014, 134, 593-601.e12.

De Steenhuijsen Piters, W.A.A.; Heinonen, S.; Hasrat, R.; Bunsow, E.; Smith, B.; Suarez-Arrabal, M.C.; Chaussabel,
D.; Cohen, D.M.; Sanders, E.A.M.; Ramilo, O.; et al. Nasopharyngeal microbiota, host transcriptome, and disease seve
rity in children with respiratory syncytial virus infection. Am. J. Respir. Crit. Care Med. 2016, 194, 1104-1115.

Devereux, G.; Seaton, A. Diet as a risk factor for atopy and asthma. J. Allergy Clin. Immunol. 2005, 115, 1109-1117.

Lange, N.E.; Litonjua, A.; Hawrylowicz, C.M.; Weiss, S. Vitamin D, the immune system and asthma. Expert Rev. Clin. |
mmunol. 2009, 5, 693—-702.

Gale, C.R.; Robinson, S.M.; Harvey, N.C.; Javaid, M.K.; Jiang, B.; Martyn, C.N.; Godfrey, K.M.; Cooper, C. Maternal vit
amin D status during pregnancy and child outcomes. Eur. J. Clin. Nutr. 2008, 62, 68—77.

Litonjua, A.A.; Lange, N.E.; Carey, V.J.; Brown, S.; Laranjo, N.; Harshfield, B.J.; O'Connor, G.T.; Sandel, M.; Strunk, R.
C.; Bacharier, L.B.; et al. The Vitamin D Antenatal Asthma Reduction Trial (VDAART): Rationale, design, and methods
of a randomized, controlled trial of vitamin D supplementation in pregnancy for the primary prevention of asthma and all
ergies in children. Contemp. Clin. Trials 2014, 38, 37-50.

Litonjua, A.A.; Carey, V.J.; Laranjo, N.; Stubbs, B.J.; Mirzakhani, H.; O’'Connor, G.T.; Sandel, M.; Beigelman, A.; Bachari
er, L.B.; Zeiger, R.S.; et al. Six-Year Follow-up of a Trial of Antenatal Vitamin D for Asthma Reduction. N. Engl. J. Med.
2020, 382, 525-533.

Kuo, I.-H.; Yoshida, T.; De Benedetto, A.; Beck, L.A. The cutaneous innate immune response in patients with atopic der
matitis. J. Allergy Clin. Immunol. 2013, 131, 266-278.

Williams, M.R.; Gallo, R.L. The Role of the Skin Microbiome in Atopic Dermatitis. Curr. Allergy Asthma Rep. 2015, 15, 6
5.

Jones, A.L.; Curran-Everett, D.; Leung, D.Y.M. Food allergy is associated with Staphylococcus aureus colonization in ¢
hildren with atopic dermatitis. J. Allergy Clin. Immunol. 2016, 137, 1247-1248.e3.

Tauber, M.; Balica, S.; Hsu, C.-Y.; Jean-Decoster, C.; Lauze, C.; Redoules, D.; Viodé, C.; Schmitt, A.-M.; Serre, G.; Sim
on, M.; et al. Staphylococcus aureus density on lesional and nonlesional skin is strongly associated with disease severi
ty in atopic dermatitis. J. Allergy Clin. Immunol. 2016, 137, 1272-1274.e3.



39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Sugimoto, S.; Iwamoto, T.; Takada, K.; Okuda, K.-I.; Tajima, A.; Iwase, T.; Mizunoe, Y. Staphylococcus epidermidis Esp
Degrades Specific Proteins Associated with Staphylococcus aureus Biofilm Formation and Host-Pathogen Interaction.
J. Bacteriol. 2013, 195, 1645-1655.

Nakatsuji, T.; Chen, T.H.; Narala, S.; Chun, K.A.; Two, A.M.; Yun, T.; Shafiq, F.; Kotol, P.F.; Bouslimani, A.; Melnik, A.V.;
et al. Antimicrobials from human skin commensal bacteria protect against Staphylococcus aureus and are deficient in a
topic dermatitis. Sci. Transl. Med. 2017, 9, eaah4680.

Yuki, T.; Yoshida, H.; Akazawa, Y.; Komiya, A.; Sugiyama, VY.; Inoue, S. Activation of TLR2 Enhances Tight Junction Barr
ier in Epidermal Keratinocytes. J. Immunol. 2011, 187, 3230-3237.

Camargo, C.A.; Ganmaa, D.; Sidbury, R.; Erdenedelger, K.; Radnaakhand, N.; Khandsuren, B. Randomized trial of vita
min D supplementation for winter-related atopic dermatitis in children. J. Allergy Clin. Immunol. 2014, 134, 831-835.e1.

Sidbury, R.; Sullivan, A.F.; Thadhani, R.l.; Camargo, C.A. Randomized controlled trial of vitamin D supplementation for
winter-related atopic dermatitis in Boston: A pilot study. Br. J. Dermatol. 2008, 159, 245-247.

. Javanbakht, M.H.; Keshavarz, S.A.; Djalali, M.; Siassi, F.; Eshraghian, M.R.; Firooz, A.; Seirafi, H.; Ehsani, A.H.; Cham

ari, M.; Mirshafiey, A. Randomized controlled trial using vitamins e and D supplementation in atopic dermatitis. J. Derm
atol. Treat. 2011, 22, 144-150.

Fujita, H.; Meyer, N.; Akdis, M.; Akdis, C.A. Mechanisms of immune tolerance to allergens. Chem. Immunol. Allergy 201
2, 96, 30-38.

Berin, M.C.; Sampson, H.A. Mucosal Immunology of Food Allergy. Curr. Biol. 2013, 23, R389-R400.

Savage, J.H.; Lee-Sarwar, K.A.; Sordillo, J.; Bunyavanich, S.; Zhou, Y.; O'Connor, G.; Sandel, M.; Bacharier, L.B.; Zeig
er, R.; Sodergren, E.; et al. A prospective microbiome-wide association study of food sensitization and food allergy in e
arly childhood. Allergy 2018, 73, 145-152.

Marschan, E.; Kuitunen, M.; Kukkonen, K.; Poussa, T.; Sarnesto, A.; Haahtela, T.; Korpela, R.; Savilahti, E.; Vaarala, O.
Probiotics in infancy induce protective immune profiles that are characteristic for chronic low-grade inflammation. Clin.
Exp. Allergy 2008, 38, 611-618.

Koplin, J.; Allen, K.; Gurrin, L.; Osborne, N.; Tang, M.L.K.; Dharmage, S. Is caesarean delivery associated with sensitiz
ation to food allergens and IgE-mediated food allergy: A systematic review. Pediatr. Allergy Immunol. 2008, 19, 682—68
7.

Kvenshagen, B.; Halvorsen, R.; Jacobsen, M. Is there an increased frequency of food allergy in children delivered by ¢
aesarean section compared to those delivered vaginally? Acta Paediatr. Int. J. Paediatr. 2009, 98, 324-327.

Bager, P.; Wohlfahrt, J.; Westergaard, T. Caesarean delivery and risk of atopy and allergic disesase: Meta-analyses. Cli
n. Exp. Allergy 2008, 38, 634—642.

Thompson-Chagoyan, O.C.; Vieites, J.M.; Maldonado, J.; Edwards, C.; Gil, A. Changes in faecal microbiota of infants
with cow’s milk protein allergy—a Spanish prospective case-control 6-month follow-up study. Pediatr. Allergy Immunol.
2010, 21, e394—e400.

Hua, X.; Goedert, J.J.; Pu, A.; Yu, G.; Shi, J. Allergy associations with the adult fecal microbiota: Analysis of the Americ
an Gut Project. EBioMedicine 2016, 3, 172-179.

Hussain, M.; Bonilla-Rosso, G.; Kwong Chung, C.K.C.; Bériswyl, L.; Rodriguez, M.P.; Kim, B.S.; Engel, P.; Noti, M. Hig
h dietary fat intake induces a microbiota signature that promotes food allergy. J. Allergy Clin. Immunol. 2019, 144, 157—
170.e8.

Atarashi, K.; Tanoue, T.; Oshima, K.; Suda, W.; Nagano, VY.; Nishikawa, H.; Fukuda, S.; Saito, T.; Narushima, S.; Hase,
K.; et al. Treg induction by a rationally selected mixture of Clostridia strains from the human microbiota. Nature 2013, 5
00, 232-236.

Abdel-Gadir, A.; Stephen-Victor, E.; Gerber, G.K.; Noval Rivas, M.; Wang, S.; Harb, H.; Wang, L.; Li, N.; Crestani, E.; S
pielman, S.; et al. Microbiota therapy acts via a regulatory T cell MyD88/RORYyt pathway to suppress food allergy. Nat.
Med. 2019, 25, 1164-1174.

Naik, S.; Bouladoux, N.; Linehan, J.L.; Han, S.-J.; Harrison, O.J.; Wilhelm, C.; Conlan, S.; Himmelfarb, S.; Byrd, A.L.; D
eming, C.; et al. Commensal—dendritic-cell interaction specifies a unique protective skin immune signature. Nature 201
5, 520, 104-108.

Tsilochristou, O.; du Toit, G.; Sayre, P.H.; Roberts, G.; Lawson, K.; Sever, M.L.; Bahnson, H.T.; Radulovic, S.; Basting,
M.; Plaut, M.; et al. Association of Staphylococcus aureus colonization with food allergy occurs independently of eczem
a severity. J. Allergy Clin. Immunol. 2019, 144, 494-503.

Koplin, J.J.; Peters, R.L.; Allen, K.J. Prevention of Food Allergies. Immunol. Allergy Clin. N. Am. 2018, 38, 1-11.



60.

61.

62.

63.

64.

65.

66.

Hol, J.; van Leer, E.H.G.; Elink Schuurman, B.E.E.; de Ruiter, L.F.; Samsom, J.N.; Hop, W.; Neijens, H.J.; de Jongste,
J.C.; Nieuwenhuis, E.E.S. The acquisition of tolerance toward cow’s milk through probiotic supplementation: A randomi
zed, controlled trial. J. Allergy Clin. Immunol. 2008, 121, 1448-1454.

Berni Canani, R.; Nocerino, R.; Terrin, G.; Coruzzo, A.; Cosenza, L.; Leone, L.; Troncone, R. Effect of Lactobacillus GG
on tolerance acquisition in infants with cow’s milk allergy: A randomized trial. J. Allergy Clin. Immunol. 2012, 129, 580-5
82.e5.

Tang, M.L.K.; Ponsonby, A.L.; Orsini, F.; Tey, D.; Robinson, M.; Su, E.L.; Licciardi, P.; Burks, W.; Donath, S. Administrati
on of a probiotic with peanut oral immunotherapy: A randomized trial. J. Allergy Clin. Immunol. 2015, 135, 737-744.e8.

Azad, M.B.; Konya, T.; Guttman, D.S.; Field, C.J.; Sears, M.R.; Hayglass, K.T.; Mandhane, P.J.; Turvey, S.E.; Subbara
o, P.; Becker, A.B.; et al. Infant gut microbiota and food sensitization: Associations in the first year of life. Clin. Exp. Aller
gy 2015, 45, 632—643.

Olszak, T.; An, D.; Zeissig, S.; Vera, M.P.; Richter, J.; Franke, A.; Glickman, J.N.; Siebert, R.; Baron, R.M.; Kasper, D.L.;
et al. Microbial Exposure During Early Life Has Persistent Effects on Natural Killer T Cell Function. Science 2012, 336,
489-493.

Cahenzli, J.; Koller, Y.; Wyss, M.; Geuking, M.B.; McCoy, K.D. Intestinal Microbial Diversity during Early-Life Colonizatio
n Shapes Long-Term IgE Levels. Cell Host Microbe 2013, 14, 559-570.

Riverin, B.D.; Maguire, J.L.; Li, P. Vitamin D supplementation for childhood asthma: A systematic review and meta-anal
ysis. PLoS ONE 2015, 10, e0136841.

Retrieved from https://encyclopedia.pub/entry/history/show/74613



