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Abstract
Background

vitamin D influences the immune system and the inflammatory response. It is known that vitamin D
supplementation reduces the risk of acute respiratory tract infection. In the last two years, many

researchers have investigated vitamin D’s role in the pathophysiology of COVID-19 disease.

Results
the findings obtained from clinical trials and systematic reviews highlight that most patients with
COVID-19 have decreased vitamin D levels and low levels of vitamin D increase the risk of severe

disease. This evidence seems to be also confirmed in the pediatric population.


mailto:michele.miraglia@unicampania.it

Conclusions

further studies (systematic review and meta-analysis) conducted on children are needed to confirm
that vitamin D affects COVID-19 outcomes and to determine the effectiveness of supplementation
and the appropriate dose, duration and mode of administration.
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dendritic cells=DCs, vitamin D receptors=VDRs, interleukin=IL, Treg cells=regulatory T cell, cluster of
differentiation=CD, reduce interferon-gamma=IFN-y, Toll-like receptors=TLRs, renin-angiotensin
system=RAS, angiotensin-converting enzyme 2=ACE2, immunoglobulin E=IgE, pathogen-associated
molecular patterns=PAMPs, damage-associated molecular patterns=DAMPSs, pattern recognition
receptors=PRRs, tumor necrosis factor-a=TNF-a, intensive care unit=ICU, natural killer=NK, randomized

control trials=RCTs, risk ratio=RR, confidence interval=Cl, odds ratio=OR, Hazard Risk=HR, mean

difference=MD.

1. Exploring the immune link between vitamin D and SARS-CoV-2

Vitamin D is the collective name for cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2);
the active hormonal form is calcitriol or 1,25-dihydroxyvitamin D, obtained by hydroxylation in the
liver and kidney [1]. Vitamin D plays a crucial role in the regulation of the metabolism of calcium
and phosphates, regulating bone growth and the maintenance of mineral homeostasis, as well as
acting on different peripheral organs and tissues such as kidneys, bones, parathyroids, skin, thymus,
pituitary glands, uterus, placenta, and various cellular elements of the immune system. Vitamin D
works on the adaptive and innate immune systems, with anti-inflammatory and immunomodulating
activity [2]. Cells of the adaptive immune system are not only targets of vitamin D metabolites, but
they are also able to activate and inactivate vitamin D metabolites. Both monocytes and dendritic

cells (DCs) express vitamin D receptors (VDRs). Surface costimulatory molecules like CD40,



CD80, and CD86 are decreased in monocytes cultured with 1,25(0OH)2D[3]. 1,25(OH),D inhibits
the differentiation of monocytes into immature DCs. Studies show that DCs matured in vitro in the
presence of 1,25(0OH),D, have an altered cytokine and chemokine profile: the release of Thl and
Th17 inducing cytokines, interleukin (IL)-12 and IL-23, is inhibited, while the production of IL-10
(anti-inflammatory cytokine) and Treg cells (regulatory T cell) is enhanced [4,5]. Altogether these
results show that vitamin D can block DC maturation, IL-12 production and enhance the production
of IL-10 and Treg cells. Most in vitro studies on human cluster of differentiation (CD) 4+ T cells
show that 1,25(0OH)2D is able to reduce interferon-gamma (IFN-y) secretion, inhibit Th1 cells and
Th2 cell differentiation, and enhance the secretion of IL-4 by the already differentiated Th2 cells
[2,6]. Vitamin D has been shown to interact with the innate immune system by activating Toll-like
receptors (TLRs) or increasing the levels of cathelicidins and -defensins. TLRs play an important
role in recognizing viral particles and activating the innate immune system. Vitamin D increases
TLR2 and TLR4 on the cord blood monocytes, TLR2/6 on the keratinocytes and TLR2, TLR3,
TLR8 on the immune cells, strengthening the immune responses against microbial infections [7].
Different TLRs, like TLR2, TLR3, TLR4, TLR6, TLR7, TLRS, and TLR9 are potentially important
in COVID-19 infection, representing a potential target in controlling the infection in the early stages
of the disease [8]. Adequate vitamin D levels are also required in order to reduce renin-angiotensin
system (RAS) activity and increase angiotensin-converting enzyme 2 (ACEZ2) concentrations in
acute lung injury [9]. Furthermore, low circulating vitamin D levels have been associated with the

risk of asthma, atopic dermatitis, and elevated total immunoglobulin E (IgE) [10-15].

In COVID-19 pathogenesis, SARS-CoV-2 is able to activate both the innate and adaptive immune
response. The viral particle attaches to ACE2 receptor, which is present on lung cells, reduces
ACE2 expression and then enters via endocytosis [16]. ACE2 regulates RAS, thus its
downregulation breaks RAS homeostasis, affecting blood pressure, electrolyte balance, increasing

inflammation and vascular permeability in the airways. Innate immune cells detect the pathogen-



associated molecular patterns (PAMPSs) and damage-associated molecular patterns (DAMPS)
present on the virus particle using pattern recognition receptors (PRRs), which include TLRs, and
generate local inflammation and releasing cytokines and chemokines including IFN-y, IL-6, MCP1,
and IP-10. SARS-CoV-2-specific CD4+ T cells display IFN-y, tumor necrosis factor-a (TNF-a.), IL-
2 chemokines, enhancing the activation of Th1l immune response and cell-mediated immunity
[9,17]. T cells, CD4+, Thl and Th17, and CD8 + T cells play a critical role in the adaptative
immunity response. It consists in promoting the secretion of pathogen-specific antibodies by
inducing T-dependent B cells and killing the virus-infected cells. Furthermore, virus-specific
memory CD8 + T cells have a significant role in host protection from lethal SARS-CoV-2 infection
by the production of IFN-y, TNF-q, IL-2, and cytolytic molecules, such as granzyme B [18] [Fig.1].
In a case-control study by Bayraktar et al., the role and relationship between the cytokine profile
and vitamin D were investigated. The serum cytokine levels IL-1, IL-6, IL-10, IL-21, TNF-a and
vitamin D were measured in the COVID-19 patient group (intensive care unit (ICU) patients with
severe illnesses) and the control group (individuals without a history of serious illness or infection):
in the COVID-19 group cytokine levels were significantly higher than control groups, while serum

vitamin D was significantly low [19].

The pathophysiological and clinical disparities between children and adults with COVID-19 may be
due to different factors. Children have a more potent innate immune response with more natural
Killer (NK) cells, which serves as the initial line of defence against SARS-CoV-2 [20]. Another
significant element is "trained immunity,” which is the process by which innate immune cells
undergo epigenetic reprogramming as a result of exposure to specific stimuli, such as infections and
immunizations, and develop "memory." Children also have greater proportions of lymphocytes and
absolute numbers of T and B cells in connection to adaptive immunity, while ageing is linked to a

decline in thymic activity and a decline in naive T cell numbers 1. Children may also be protected

by more frequent concurrent and recurrent infections, innate immunity to coronaviruses, variations



in their microbiome, increased melatonin levels, and protective off-target effects of live

vaccinations [21].

2. Does vitamin D deficiency increase the risk and severity of COVID-19?

Several studies have investigated a possible association between vitamin D serum levels and the
risk and severity of SARS-CoV-2 infection. The most important evidence on the link between
vitamin D and COVID-19 comes from systematic reviews and meta-analyses. In the meta-analysis
by Rawat et al., 5 studies (3 randomized control trials (RCTs) and 2 Quasi-experimental) including
467 patients were included: vitamin D didn't reduce mortality (risk ratio (RR) 0.55, 95% confidence
interval (CI) 0.22 to 1.39, p = 0.21), ICU admission rates (RR 0.20, 95% CI 0.01-4.26, p = 0.3) and
need for invasive ventilation (RR 0.24, 95% CI1 0.01-7.89, p = 0.42) [22]. In the systematic review
by Pereira et al., vitamin D deficiency was not associated with a higher chance of infection by
COVID-19 (OR=1.35; 95% CI = 0.80-1.88), but severe cases of COVID-19 present 64% (OR =
1.64; 95% CI = 1.30-2.09) more vitamin D deficiency compared with mild cases. Vitamin D
concentration insufficiency increased hospitalization (OR = 1.81, 95% CI = 1.41-2.21) and
mortality from COVID-19 (OR = 1.82, 95% CI = 1.06-2.58) [23]. Twenty-three studies containing
11901 participants entered into the meta-analysis by Ghasemian et al. 41% of COVID-19 patients
were suffering from vitamin D deficiency (95% CI, 29%-55%), and in 42% of patients, levels of
vitamin D were insufficient (95% CI, 24%-63%). The serum 25-hydroxyvitamin D concentration
was 20.3 ng/mL among all COVID-19 patients (95% CI, 12.1-19.8). The odds of getting infected
with SARS-CoV-2 were 3.3 times higher among individuals with vitamin D deficiency (95% Cl,
2.5-4.3), while the chance of developing severe COVID-19 was about five times higher in patients
with vitamin D deficiency (OR: 5.1, 95% CI, 2.6-10.3). There was no significant association
between vitamin D status and higher mortality rates (OR: 1.6, 95% CI, 0.5-4.4) [24]. In the
systematic review by Kazemi et al., thirty-nine studies were included: fifteen studies evaluated

associations between vitamin D deficiency and composite severity. In the studies that were adjusted
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(OR: 2.57; 95% CI: 1.65, 4.01; 12 = 0.0%) and nonadjusted for confounders (OR: 10.61; 95% CI:
2.07,54.23; 12 = 90.8%) there was a higher severity in the vitamin D deficiency group. Analysis of
studies with crude OR (OR: 2.62; 95% ClI: 1.13, 6.05; 12: 47.9%), and adjusted studies that used the
Cox survival method (HR: 7.67; 95% CI: 3.92, 15.03; 12: 0.0%) indicated a significant association
of vitamin D deficiency with mortality, while in adjusted studies that used logistic regression, no
relation was observed (OR: 1.05; 95% CI: 0.63, 1.75; 12: 76.6%). The results of studies that
examined relations between vitamin D deficiency and ICU admission, pulmonary complications,
hospitalization, and inflammation were inconsistent [25]. In October 2021 Petrelli et al. assessed the
association between vitamin D and risk, severity, and mortality for COVID-19 infection, through a
review of 43 observational studies. Among subjects with deficient vitamin D values, risk of
COVID-19 infection was higher compared to those with replete values (OR = 1.26; 95 % CI, 1.19-
1.34; P <.01). Vitamin D deficiency was also associated with worse severity and higher mortality
than in nondeficient patients (OR = 2.6; 95 % CI, 1.84-3.67; P <.01 and OR = 1.22; 95 % ClI, 1.04-
1.43; P < .01, respectively) [26]. According to the review by Pal et al., vitamin D use in COVID-19
was significantly associated with reduced ICU admission/mortality (OR 0.41, 95% CI: 0.20, 0.81, p
=0.01, 12 = 66%, random-effects model) and decreased the risk of adverse outcomes (pooled OR
0.27,95% CI: 0.08, 0.91, p = 0.03, 12 = 80%, random-effects model). Subgroup analysis showed
that vitamin D supplementation was associated with improved clinical outcomes only in patients
receiving the drug post-COVID-19 diagnosis and not in those who had received vitamin D before
diagnosis [27]. In 2022 the meta-analysis of Shah et al. showed that vitamin D supplementation
reduces the risk of mortality (OR: 0.48, 95% CI: 0.346-0.664; p < 0.001), the need for ICU (OR:
0.35; 95%CI: 0.28-0.44; p < 0.001) and mechanical ventilation (OR: 0.54; 95% CI: 0.411-0.708; p
< 0.001) requirement in COVID patients [28]. In an adult population-based study, the researchers
observed that in comparison to non-supplemented 25-hydroxyvitamin D-deficient patients, those
receiving cholecalciferol treatment and achieving vitamin D levels 30 ng/ml had a lower risk of

SARS-CoV?2 infection, a lower risk of severe COVID-19, and a lower risk of COVID-19 mortality
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(56/9474 [0.6%)] vs 96/7616 [1.3%]; Hazard Risk (HR) 0.66 [Cl 95% 0.46-0.93], p = 0.018). In the
entire cohort (n = 134,703), calcifediol use was not linked to a lower incidence of SARS-CoV2
infection or mortality. When compared to 25-hydroxyvitamin D-deficient patients not receiving
vitamin D supplements, patients on calcifediol treatment who achieved serum vitamin D levels 30
ng/ml also had a lower risk of SARS-CoV2 infection, a lower risk of severe COVID-19, and a
lower risk of COVID-19 mortality (88/16276 [0.5%] vs 96/7616 [1.3%]; HR 0.56 [CI 95% 0.42-
0.76], p < 0.001) [29]. In the analysis by Wang et al., including 17 observational studies with 2756
individuals, in comparison to non-deficient vitamin D status, vitamin D deficiency was linked to
significantly higher rates of mortality (OR: 2.47, 95%, CI 1.50-4.05; 12 studies; HR: 4.11, 95% CI:
2.40-7.04; 3 studies), higher rates of hospital admissions (OR: 2.18, 95% CI: 1.48-3.21; 3 studies),
and longer hospital stays (0.52 days, 95% CI: 0.25-0.80; 2 studies) [30]. In the review by Teshome
et al., the pooled analysis showed that individuals with vitamin D deficiency were 80% more likely
to acquire COVID-19 infection as compared to those who have sufficient vitamin D levels (OR =
1.80; 95% ClI: 1.72, 1.88) [31]. In a systematic review conducted in Sri Lanka, 72 observational
studies were included (n =1 976 099). Vitamin D deficiency/insufficiency increased the odds of
developing COVID-19 (OR=1.46; 95% CI, 1.28-1.65; P < 0.0001), severe disease (OR 1.90; 95%
Cl, 1.52-2.38; P <0.0001), and death (OR 2.07; 95% ClI, 1.28-3.35; P = 0.003). Patients with
COVID-19 had lower 25-hydroxy vitamin D concentrations than controls (mean difference [MD] -
3.85 ng/mL; 95 % ClI, -5.44 to -2.26; P = 0.0001), patients with severe COVID-19 had lower 25-
hydroxy vitamin D concentrations than controls with non-severe COVID-19 (MD -4.84 ng/mL; 95
% CI, -7.32 t0 -2.35; P = 0.002) [32]. In the systematic review by Hosseini et al., including 23
randomized and non-randomized control studies, vitamin D supplementation was significantly
associated with a reduced risk of ICU admission (RR = 0.35, 95% ClI: 0.20, 0.62) and mortality (RR
= 0.46, 95% CI: 0.30, 0.70), but it had no significant impact on the risk of COVID-19 infection
[33]. Also in the study by Tentolouris et al., including a total of 11 studies with 22,265 COVID-19

patients, the findings implied that vitamin D supplementation improved COVID-19 outcomes:



vitamin D supplementation was associated with a reduction in intensive care unit admission rate
(OR 0.27; 95% CI: 0.09-0.76, p = 0.010, 12 = 70%, random-effect modelling); reduction of the
need for mechanical ventilation (OR 0.34; 95% CI: 0.16-0.72, p = 0.005, 12 = 61%, random-effect
modelling) and reduction of mortality from COVID-19 (OR 0.37; 95% ClI: 0.21-

0.66, p < 0.001, 12 = 50%, random-effect modelling) [34]. In the systematic review by Akbar et al.,
consisting of 14 studies comprising of 999,179 participants, when compared to the control group,
COVID-19 patients had lower serum vitamin D (OR = 2.71 [1.72, 4.29], p < 0.001; 12: 92.6%).
Higher rate of severe COVID-19 was observed in patients with low serum 25-OHD (OR =1.90
[1.24, 2.93], p = 0.003; 12: 55.3%). Decreased serum vitamin D was associated with higher
mortality (OR = 3.08 [1.35, 7.00], p = 0.011; 12: 80.3%), with a sensitivity of 85% and specificity
of 35%. Male gender and diabetes were found to be factors in the connection between low serum
25-OHD and mortality (OR =1.22 [1.08, 1.39], p = 0.002 and OR = 0.88 [0.79, 0.98], p = 0.019,

respectively) [35].

2.1. Vitamin D and COVID-19 in children

Pandemic-related restrictions have caused a significant decrease in vitamin D levels in children, in
particular school-aged children and adolescents [36]. Despite, in the pediatric population, most
cases of SARS-CoV-2 infection are asymptomatic or paucisymptomatic [37-39], even five months
after discharge and beyond, children who have long-COVID might experience debilitating
symptoms [40-42]. Many studies show that allergy and asthma, if under control, did not represent
risk factors for the susceptibility to SARS-CoV-2 [43-46]. The role of spirometry, in the COVID
era, still remains fundamental in the diagnosis and follow-up of respiratory diseases, in compliance

with current containment measures [47].

The role of vitamin D in SARS-CoV-2 infection was also investigated in the pediatric population.
In the systematic review by Shah et al., eight eligible studies were included: in infected pediatric

patients, low levels of vitamin D increased the risk of severe disease (OR -5.5; 95% CI: 1.560-
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19.515; P = 0.008). It was also found that children and adolescents having vitamin D deficiency had
a greater risk of COVID infection as compared to patients with normal vitamin D levels [48]. In a
study by Yilmaz et al., 40 children hospitalized with COVID-19 and 45 healthy controls were
divided into two groups; those with vitamin D levels <20 ng/ml were classified as Group 1, and
those with >20 ng/ml as Group 2. Children with COVID-19 had significantly lower vitamin D
levels than the controls (p <.001). The symptom of fever was significantly higher in COVID-19
patients who had deficient and insufficient vitamin D levels than in patients who had sufficient
vitamin D levels (p = .038) [49]. In the retrospective study by Bayramoglu et al., consisting of 103
pediatric cases with COVID-19, low 250H vitamin D levels were linked to higher inflammatory
indicators (C-reactive Protein, procalcitonin, fibrinogen, D-dimer) and more severe clinical course
[50]. In a turkish report, including seventy-five 1-18 years old patients, the mean serum vitamin D
level was significantly lower in the COVID-19 group than the control group (21.5 + 10.0 vs. 28.0 £
11.0 IU, P <0.001). In comparison to the control group, the COVID-19 group had a considerably
higher percentage of patients who were vitamin D deficient (44% vs. 17.5%, P < 0.001). Patients
with low levels of vitamin D were older than those with normal levels of vitamin D (11.6 + 4.9 vs.
6.2 £ 1.8 years, P = 0.016). There was a significant male preponderance in the normal vitamin D
group compared with the low vitamin D group (91.7% vs. 50.8%, P = 0.03). C-reactive protein
level was higher in the low vitamin D group, although the difference did not reach statistical

significance (9.6 £ 2.2 vs. 4.5+ 1.6 mg/l, P = 0.074) [51]. [Table.1]

Current evidence suggests that taking a vitamin D supplement to maintain a serum concentration of
25-OH vitamin D of at least 30 ng/mL (preferred range 40-60 ng/mL), can help reduce the risk of
COVID-19 and its severe outcomes, including mortality [52]. According to evidence on the
paediatric population, although robust systematic and meta-analyses are lacking, it can be
recommended in any case to maintain adequate levels of vitamin D (>30 ng/mL) in order to

maintain a healthy immune system.



3. Conclusion

In conclusion, although the examined studies were different in methods and statistical approach,
most of them indicated a significant relation between vitamin D serum levels and SARS-CoV-2
infection, clinical outcomes and mortality. Even in children with COVID-19, insufficient levels of
vitamin D have been found and low levels of vitamin D would seem to be associated with worse
outcomes. While there is currently insufficient evidence to support the use of vitamin D as a
therapeutic treatment for SARS-CoV-2 infection, those who may be deficient should raise their
levels through diet, lifestyle changes, and supplementation because it is affordable and generally
safe, in order to achieve any potential prophylactic benefits, but more significantly because

preserving appropriate vitamin D levels is crucial for overall wellness.
Credit list

M.M.d.G. wrote and conceptualized the manuscript. C.1. revised the manuscript. G.D. contributed
to drafting the introduction. F.D. revised the manuscript. A.D. contributed to the research in the
literature. A.K. supervisioned the manuscript. All authors have read and agreed to the published
version of the manuscript.

Declaration of interest

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

Financial disclosure statement

No funding was received

Acknowledgments

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

References

1. Saggese G, Vierucci F, Prodam F, et al. Vitamin D in pediatric age: consensus of the Italian Pediatric

Society and the Italian Society of Preventive and Social Pediatrics, jointly with the Italian Federation

10



10.

of Pediatricians. Ital J Pediatr. 2018;44(1):51. Published 2018 May 8. doi:10.1186/s13052-018-0488-
7.

Miraglia Del Giudice M, Indolfi C, Strisciuglio C. Vitamin D: Immunomodulatory Aspects. J Clin
Gastroenterol. 2018;52 Suppl 1, Proceedings from the 9th Probiotics, Prebiotics and New Foods,
Nutraceuticals and Botanicals for Nutrition & Human and Microbiota Health Meeting, held in Rome,
Italy from September 10 to 12, 2017:S86-S88. doi:10.1097/MCG.0000000000001112.

Almerighi C, Sinistro A, Cavazza A, Ciaprini C, Rocchi G, Bergamini A. 1Alpha,25-
dihydroxyvitamin D3 inhibits CD40L-induced pro-inflammatory and immunomodulatory activity in
human monocytes. Cytokine. 2009;45(3):190-197. doi:10.1016/j.cyt0.2008.12.009.

Penna G, Adorini L. 1 Alpha,25-dihydroxyvitamin D3 inhibits differentiation, maturation,
activation, and survival of dendritic cells leading to impaired alloreactive T cell activation. J
Immunol. 2000;164(5):2405-2411. doi:10.4049/jimmunol.164.5.2405.

van Halteren AG, van Etten E, de Jong EC, Bouillon R, Roep BO, Mathieu C. Redirection of human
autoreactive T-cells Upon interaction with dendritic cells modulated by TX527, an analog of 1,25
dihydroxyvitamin D(3). Diabetes. 2002;51(7):2119-2125. doi:10.2337/diabetes.51.7.2119.

Peelen E, Knippenberg S, Muris AH, Thewissen M, Smolders J, Tervaert JW, Hupperts R,
Damoiseaux J. Effects of vitamin D on the peripheral adaptive immune system: a review.
Autoimmun Rev. 2011 Oct;10(12):733-43. doi: 10.1016/j.autrev.2011.05.002. Epub 2011 May 18.
Arababadi MK, Nosratabadi R, Asadikaram G. Vitamin D and toll like receptors. Life Sci. 2018 Jun
15;203:105-111. doi: 10.1016/j.1f5.2018.03.040.

Khanmohammadi S, Rezaei N. Role of Toll-like receptors in the pathogenesis of COVID-19. J Med
Virol. 2021;93(5):2735-2739. doi:10.1002/jmv.26826.

Chiu, S.-K.; Tsai, K.-W.;Wu, C.-C.; Zheng, C.-M.; Yang, C.-H.; Hu, W.-C.; Hou, Y.-C.; Lu, K.-C;
Chao, Y.-C. Putative Role of Vitamin D for COVID-19 Vaccination. Int. J. Mol. Sci. 2021, 22, 8988.
https://doi.org/ 10.3390/ijms22168988.

Heine G, Anton K, Henz BM, Worm M. lalpha,25-dihydroxyvitamin D3 inhibits anti-CD40 plus IL-
4-mediated IgE production in vitro. Eur J Immunol. 2002 Dec;32(12):3395-404. doi: 10.1002/1521-
4141(200212)32:12<3395::AID-IMMU3395>3.0.CO;2-#.

11



11.

12.

13.

14.

15.

16.

17.

Manousaki D, Paternoster L, Standl M, Moffatt MF, Farrall M, Bouzigon E, Strachan DP, Demenais
F, Lathrop M, Cookson WOCM, Richards JB. Vitamin D levels and susceptibility to asthma,
elevated immunoglobulin E levels, and atopic dermatitis: A Mendelian randomization study. PLoS
Med. 2017 May 9;14(5):21002294. doi: 10.1371/journal.pmed.1002294.

Miraglia Del Giudice M, Allegorico A. The Role of Vitamin D in Allergic Diseases in Children. J
Clin Gastroenterol. 2016;50 Suppl 2, Proceedings from the 8th Probiotics, Prebiotics & New Foods
for Microbiota and Human Health meeting held in Rome, Italy on September 13-15, 2015:5133-
$135. doi:10.1097/MCG.0000000000000679

Saggese G, Vierucci F, Prodam F, Cardinale F, Cetin I, Chiappini E, De' Angelis GL, Massari M,
Miraglia Del Giudice E, Miraglia Del Giudice M, Peroni D, Terracciano L, Agostiniani R, Careddu
D, Ghiglioni DG, Bona G, Di Mauro G, Corsello G. Vitamin D in pediatric age: consensus of the
Italian Pediatric Society and the Italian Society of Preventive and Social Pediatrics, jointly with the
Italian Federation of Pediatricians. Ital J Pediatr. 2018 May 8;44(1):51. doi: 10.1186/s13052-018-
0488-7.

Miraglia Del Giudice M, Allegorico A, Grandone A, Galdo F, Cuppari C, Capasso M, Maiello N.
VITAMIN D AND BRONCHIAL INFLAMMATION IN ASTHMATIC CHILDREN. J Biol Regul
Homeost Agents. 2015 Apr-Jun;29(2 Suppl 1):125-9. PMID: 26634598.

Miraglia Del Giudice M, Maiello N, Allegorico A, lavarazzo L, Capasso M, Capristo C, Ciprandi G.
Lactobacillus reuteri DSM 17938 plus vitamin D3 as ancillary treatment in allergic children with
asthma. Ann Allergy Asthma Immunol. 2016 Dec;117(6):710-712. doi: 10.1016/j.anai.2016.09.004.
Epub 2016 Oct 6.].

Beyerstedt S, Casaro EB, Rangel EB. COVID-19: angiotensin-converting enzyme 2 (ACE2)
expression and tissue susceptibility to SARS-CoV-2 infection. Eur J Clin Microbiol Infect Dis.
2021;40(5):905-919. doi:10.1007/s10096-020-04138-6.

Kumar R, Rathi H, Hag A, Wimalawansa SJ, Sharma A. Putative roles of vitamin D in modulating
immune response and immunopathology associated with COVID-19. Virus Res. 2021;292:198235.

doi:10.1016/j.virusres.2020.198235.

12



18.

19.

20.

21.

22.

23.

24,

25.

Hosseini A, Hashemi V, Shomali N, Asghari F, Gharibi T, Akbari M, Gholizadeh S, Jafari A. Innate
and adaptive immune responses against coronavirus. Biomed Pharmacother. 2020 Dec;132:110859.
doi: 10.1016/j.biopha.2020.110859.

Bayraktar N, Turan H, Bayraktar M, Ozturk A, Erdogdu H. Analysis of serum cytokine and
protective vitamin D levels in severe cases of COVID-19. J Med Virol. 2022;94(1):154-160.
d0i:10.1002/jmv.27294.

Filippatos F, Tatsi EB, Michos A. Immune response to SARS-CoV-2 in children: A review of the
current knowledge [published online ahead of print, 2021 Aug 17]. Pediatr Investig.
2021;5(3):e12283. d0i:10.1002/ped4.12283.

Zimmermann P, Curtis N. Why is COVID-19 less severe in children? A review of the proposed
mechanisms underlying the age-related difference in severity of SARS-CoV-2 infections [published
online ahead of print, 2020 Dec 1]. Arch Dis Child. 2020;archdischild-2020-320338.
doi:10.1136/archdischild-2020-320338.

Rawat D, Roy A, Maitra S, Shankar V, Khanna P, Baidya DK. "Vitamin D supplementation and
COVID-19 treatment: A systematic review and meta-analysis". Diabetes Metab Syndr.
2021;15(4):102189. doi:10.1016/j.dsx.2021.102189.

Pereira M, Dantas Damascena A, Galvao Azevedo LM, de Almeida Oliveira T, da Mota Santana J.
Vitamin D deficiency aggravates COVID-19: systematic review and meta-analysis. Crit Rev Food
Sci Nutr. 2022;62(5):1308-1316. doi:10.1080/10408398.2020.1841090.

Ghasemian R, Shamshirian A, Heydari K, Malekan M, Alizadeh-Navaei R, Ebrahimzadeh MA,
Ebrahimi Warkiani M, Jafarpour H, Razavi Bazaz S, Rezaei Shahmirzadi A, Khodabandeh M,
Seyfari B, Motamedzadeh A, Dadgostar E, Aalinezhad M, Sedaghat M, Razzaghi N, Zarandi B,
Asadi A, Yaghoubi Naei V, Beheshti R, Hessami A, Azizi S, Mohseni AR, Shamshirian D. The role
of vitamin D in the age of COVID-19: A systematic review and meta-analysis. Int J Clin Pract. 2021
Nov;75(11):e14675. doi: 10.1111/ijcp.14675.

Kazemi A, Mohammadi V, Aghababaee SK, Golzarand M, Clark CCT, Babajafari S. Association of

Vitamin D Status with SARS-CoV-2 Infection or COVID-19 Severity: A Systematic Review and

13



26.

27.

28.

29.

30.

31.

32.

33.

34.

Meta-analysis [published correction appears in Adv Nutr. 2021 Oct 1;12(5):2040-2044]. Adv Nutr.
2021;12(5):1636-1658. doi:10.1093/advances/nmab012.

Petrelli F, Luciani A, Perego G, Dognini G, Colombelli PL, Ghidini A. Therapeutic and prognostic
role of vitamin D for COVID-19 infection: A systematic review and meta-analysis of 43
observational studies. J Steroid Biochem Mol Biol. 2021;211:105883.
doi:10.1016/j.jsbmb.2021.105883.

Pal R, Banerjee M, Bhadada SK, Shetty AJ, Singh B, Vyas A. Vitamin D supplementation and
clinical outcomes in COVID-19: a systematic review and meta-analysis. J Endocrinol Invest.
2022;45(1):53-68. doi:10.1007/s40618-021-01614-4.

Shah K, V P V, Sharma U, Mavalankar D. Does vitamin D supplementation reduce COVID-19
severity? - a systematic review. QJM. 2022 Feb 15:hcac040. doi: 10.1093/gjmed/hcac040. Epub
ahead of print.

Oristrell J, Oliva JC, Casado E, et al. Vitamin D supplementation and COVID-19 risk: a population-
based, cohort study. J Endocrinol Invest. 2022;45(1):167-179. doi:10.1007/s40618-021-01639-9.
Wang Z, Joshi A, Leopold K, et al. Association of vitamin D deficiency with COVID-19 infection
severity: Systematic review and meta-analysis. Clin Endocrinol (Oxf). 2022;96(3):281-287.
doi:10.1111/cen.14540.

Teshome A, Adane A, Girma B, Mekonnen ZA. The Impact of Vitamin D Level on COVID-19
Infection: Systematic Review and Meta-Analysis. Front Public Health. 2021;9:624559. Published
2021 Mar 5. doi:10.3389/fpubh.2021.624559.

Dissanayake HA, de Silva NL, Sumanatilleke M, et al. Prognostic and Therapeutic Role of Vitamin
D in COVID-19: Systematic Review and Meta-analysis. J Clin Endocrinol Metab.
2022;107(5):1484-1502. doi:10.1210/clinem/dgab892.

Hosseini B, EI Abd A, Ducharme FM. Effects of Vitamin D Supplementation on COVID-19 Related
Outcomes: A Systematic Review and Meta-Analysis. Nutrients. 2022;14(10):2134. Published 2022
May 20. doi:10.3390/nu14102134.

Tentolouris N, Samakidou G, Eleftheriadou I, Tentolouris A, Jude EB. The effect of vitamin D
supplementation on mortality and intensive care unit admission of COVID-19 patients. A systematic

14



35.

36.

37.

38.

39.

40.

41.

42.

review, meta-analysis and meta-regression. Diabetes Metab Res Rev. 2022;38(4):e3517.
doi:10.1002/dmrr.3517.

Akbar MR, Wibowo A, Pranata R, Setiabudiawan B. Low Serum 25-hydroxyvitamin D (Vitamin D)
Level Is Associated With Susceptibility to COVID-19, Severity, and Mortality: A Systematic
Review and Meta-Analysis [published correction appears in Front Nutr. 2021 Sep 27;8:754539].
Front Nutr. 2021;8:660420. Published 2021 Mar 29. doi:10.3389/fnut.2021.660420.

Beyazgiil G, Bag O, Yurtseven I, Coskunol F, Baser S, Cicek D, Kanberoglu GI, Celik F,
Nalbantoglu O, Ozkan B. How did Vitamin D Levels of Children Change During COVID-19
Pandemic: A Comparison of Pre-pandemic/Pandemic Periods due to Seasonal Differences. J Clin
Res Pediatr Endocrinol. 2022 Feb 9. doi: 10.4274/jcrpe.galenos.2022.2021-10-6.

Parisi GF, Indolfi C, Decimo F, Leonardi S, Miraglia Del Giudice M. COVID-19 Pneumonia in
Children: From Etiology to Management. Front Pediatr. 2020 Dec 14;8:616622. doi:
10.3389/fped.2020.616622.

Parisi GF, Brindisi G, Indolfi C, Diaferio L, Marchese G, Ghiglioni DG, Zicari AM, Miraglia Del
Giudice M. Upper airway involvement in pediatric COVID-19. Pediatr Allergy Immunol. 2020
Nov;31 Suppl 26(Suppl 26):85-88. doi: 10.1111/pai.13356.

Parisi GF, Brindisi G, Indolfi C, Diaferio L, Marchese G, Ghiglioni DG, Zicari AM, Miraglia Del
Giudice M. COVID-19, anosmia, and ageusia in atopic children. Pediatr Allergy Immunol. 2022
Jan;33 Suppl 27:99-101. doi: 10.1111/pai.13644.

Parisi GF, Diaferio L, Brindisi G, Indolfi C, Umano GR, Klain A, Marchese G, Ghiglioni DG, Zicari
AM, Marseglia GL, Miraglia Del Giudice M. Cross-Sectional Survey on Long Term Sequelae of
Pediatric COVID-19 among Italian Pediatricians. Children (Basel). 2021 Aug 31,8(9):769. doi:
10.3390/children8090769

Lordan R, Prior S, Hennessy E, et al. Considerations for the Safe Operation of Schools During the
Coronavirus Pandemic. Front Public Health. 2021;9:751451. Published 2021 Dec 16.
doi:10.3389/fpubh.2021.751451

Osmanov IM, Spiridonova E, Bobkova P, Gamirova A, Shikhaleva A, Andreeva M, et al. Risk
factors for long covid in previously hospitalized Children Using the ISARIC global follow-up

15



43.

44,

45,

46.

47.

48.

49.

50.

51.

protocol: A prospective cohort study. Euro Respirat J. (2021) 210:1341. doi:
10.1183/13993003.01341-2021.

Brindisi G, Zicari AM, Parisi GF, Diaferio L, Indolfi C, Marchese G, Ghiglioni DG, Umano GR,
Klain A, Marseglia GL, Del Giudice MM. Prevalence of COVID-19 in children affected by allergic
rhinoconjunctivitis and asthma: results from the second "SIAIP rhinosinusitis and conjunctivitis
committee" survey. Ital J Pediatr. 2022 Jan 6;48(1):1. doi: 10.1186/s13052-021-01198-y.

De Filippo M, Votto M, Brambilla I, Castagnoli R, Montagna L, Caffarelli C, Cardinale F, Miraglia
Del Giudice M, Tosca M, Caimmi S, Licari A, Marseglia GL. Allergy and COVID-19. Acta
Biomed. 2021 Nov 29;92(S7):e2021522. doi: 10.23750/abm.v92iS7.12402.

Indinnimeo L, Chiappini E, Miraglia Del Giudice M; Italian Panel for the management of acute
asthma attack in children Roberto Bernardini. Guideline on management of the acute asthma attack
in children by Italian Society of Pediatrics. Ital J Pediatr. 2018;44(1):46. Published 2018 Apr 6.
doi:10.1186/s13052-018-0481-1

Di Cicco ME, Leone M, Scavone M, Miraglia Del Giudice M, Licari A, Duse M, Brambilla I,
Ciprandi G, Caffarelli C, Tosca M. Intermittent and mild persistent asthma: how therapy has
changed. Acta Biomed. 2021 Nov 29;92(S7):e2021523. doi: 10.23750/abm.v92iS7.12422.

Klain A, Indolfi C, Dinardo G, Decimo F, Miraglia Del Giudice M. Covid-19 and spirometry in this
age. Ital J Pediatr. 2022;48(1):11. Published 2022 Jan 18. doi:10.1186/s13052-022-01199-5.

Shah K, Varna VP, Pandya A, Saxena D. Low vitamin D levels and prognosis in a COVID-19
pediatric population: a systematic review. QJM. 2021;114(7):447-453. doi:10.1093/qjmed/hcab202.
Yilmaz K, Sen V. Is vitamin D deficiency a risk factor for COVID-19 in children? Pediatr Pulmonol.
2020;55(12):3595-3601. doi:10.1002/ppul.25106.

Bayramoglu E, Akkog¢ G, Agbas A, et al. The association between vitamin D levels and the clinical
severity and inflammation markers in pediatric COVID-19 patients: single-center experience from a
pandemic hospital. Eur J Pediatr. 2021;180(8):2699-2705. doi:10.1007/s00431-021-04030-1.
Alpcan A, Tursun S, Kandur Y. Vitamin D levels in children with COVID-19: a report from Turkey.

Epidemiol Infect. 2021;149:e180. Published 2021 Aug 10. doi:10.1017/S0950268821001825.

16



52. Bae JH, Choe HJ, Holick MF, Lim S. Association of vitamin D status with COVID-19 and its
severity: Vitamin D and COVID-19: a narrative review. Rev Endocr Metab Disord. 2022;23(3):579-

599. doi:10.1007/s11154-021-09705-6.

17



Vitamin D

o T

. N
=:!-.._ __'."' EE f_ ¥ ‘:_ =
g Maturation e e ok
P12 23 inFy T Toll-like receptors J-Thl Th2
J, IL-10 $ Treg
. SARS-CoV-2
q"‘tﬂ.‘h
e
g;' # 'il' ACE receptor
Sl Infected cell
SARS-CoV-2 . . . ET_FE{':]
virion P@H_Ps ‘_}‘
i . kines
‘1,14-.‘ L“ =i o
o L] S 1
""%3." o i Chemokines
’i‘,&.ﬁ’ | DAMPs :t_-“;_ . ’ : Inflammnation
== Thi response

Fig.1. Comparison of the immune response induced by vitamin D administration and SARS-CoV-2 infection.
Vitamin D increases the production of Toll-like receptors (TLRs), IL-10 (anti-inflammatory cytokine) and
Treg cells (regulatory T cell), while the release of Thl and Th17 inducing cytokines, interleukin (IL)-12 and
IL-23, is inhibited. In the COVID-19 pathogenesis, pattern recognition receptors (PRRs), which include
TLRs, are used by innate immune cells to recognize the pathogen-associated molecular patterns (PAMPS)
and damage-associated molecular patterns (DAMPs) found on virus particles. This mechanism triggers local
inflammation and the release of cytokines and chemokines such as IFN- y (interferon-gamma), 1L-6, MCP1,
and IP-10. IFN- y, tumor necrosis factor (TNF), and IL-2 chemokines are expressed on SARS-CoV-2-
specific CD4+ T cells, which promote the activation of the Thl immune response and cell-mediated
immunity.
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Table.1. Comparison of current evidence on vitamin D and COVID-19 in pediatric population,

based on retrospective studies and a systematic review.

Reference  Study Objectives Methods Results
design Population
48 systematic To study the 8 studies In infected pediatric
review relationship involving patients, low levels
between vitamin  children (age of vitamin D
D level, risk and  <18) reporting increased the risk of
severity of vitamin D - severe disease (odds
Coronavirus status and ratio-5.5; 95% CI:
disease of 2019 COVID-19 1.560-19.515; P =
(COVID-19) infection in 0.008). It was also
infection in pediatric found that children
pediatric patients. and adolescents with
population vitamin D deficiency
had a greater risk of
COVID infection
than patients with
normal vitamin D
levels.
49 Retrospective  Vitamin D 85 children Vitamin D status 72.5% of cases were
study. deficiency between the was vitamin D deficient
prevalence and ages of 1 assessed or insufficient, and 2
the association month to 18 retrospectively patients in need of
between vitamin  years using accredited treatment in the ICU
D deficiency and 40 COVID- laboratory had the vitamin D
clinical and 19+ (101.76 £ methods. level of below 10
inflammatory 27.91 months  Patients with 25- ng/ml, and had
markers in range, 3 OH vitamin D comorbid diseases,
patients months-18 levels below 20 but there were no
hospitalized for years) ng/ml (<50 nmol/l) reported cases of
COoVID-19 were considered to mortality. In the
infection. have vitamin D study, the
deficiency; those distribution of
with 25-OH disease severity
vitamin D levels according to vitamin
between 21 and 29 D levels was not
ng/ml (52.5 and found significantly
72.5 nmol/l) were different (p = 0.097)
considered to have
vitamin D
insufficiency; and
those with 25-OH
vitamin D levels
above 30 ng/ml
were considered to
have a normal
vitamin D level.
50 Retrospective  To evaluate the 103 children.  Data were assessed The serum vitamin D
study. relationship The mean age  retrospectively. level was associated
between vitamin ~ was 12.2 + Patients were with clinical severity
D levels and 4.92 (range 1- grouped according and markers of
clinical severity 17) yearsand  to their clinical inflammation in
and inflammation  52.4% (n = severity children and
markers in 54) were (asymptomatic, adolescents with
children and male. mild, and COVID-19.




adolescents with
COVID-19.

moderate-to-
severe) and
vitamin D levels
(25 OH vitamin D
serum levels
sufficient (> 20
ng/mL), deficient
(12-20 ng/mL),
and insufficient
(<12 ng/mL)).

Interestingly, these
associations were
observed especially
when there was a
deficiency (i.e., 25 OH
vit D) vitamin D
insufficiency was not
found to be associated
with disease severity or
inflammation markers
in COVID-19

51

Retrospective
study.

To compare the
vitamin D levels
of paediatric
patients with
mild/moderate
coronavirus
disease 2019
(COoVID-19)
disease and a
healthy control

group

75 COVID-19
patients and
80 healthy
controls. The
mean age of
the COVID-
19 patients
was
10.7+5.5
years (range
1-18 years);
43 (57.3%)
patients were
male

The control
group was
composed of
43 (53.8%)
males and 37
(46.2%)
females and
had a mean
age of
9.9+4.6
years (range
1-17 years)

Vitamin D status
was

assessed
retrospectively
using accredited
laboratory
methods.

Patients with 25-
OH vitamin D
levels below

20 ng/ml

(<50 nmol/l) were
considered to have
vitamin D
deficiency; those
with 25-OH
vitamin D levels
between 21 and
29 ng/ml (52.5 and
72.5 nmol/l) were
considered to have
vitamin D
insufficiency; and
those with 25-OH
vitamin D levels
above 30 ng/ml
were considered to
have a normal
vitamin D level

The mean serum
vitamin D level was
significantly lower in
the COVID-19 group
than the control group
(21.5+10.0vs. 28.0 +
11.0 IU, P <0.001). In
comparison to the
control group, the
COVID-19 group had a
considerably higher
percentage of patients
who were vitamin D
deficient (44% vs.
17.5%, P < 0.001).
Patients with low levels
of vitamin D were older
than those with normal
levels of vitamin D
(11.6+£49vs. 6.2+1.8
years, P = 0.016). There
was a significant male
preponderance in the
normal vitamin D group
compared with the low
vitamin D group
(91.7% vs. 50.8%, P =
0.03). C-reactive
protein level was higher
in the low vitamin D
group, although the
difference did not reach
statistical significance
(9.6+2.2vs.45+1.6
mg/l, P =0.074)
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