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Abstract

Background: Vitamin D is involved in human immune system homeostasis and thought to be beneficial for COVID-19
patients, including pediatric population. However, there is still a paucity of information on association of serum vitamin
D levels and COVID-19 clinical manifestation in pediatric patients. This study evaluated the association between serum
vitamin D levels and clinical manifestations of COVID-19 in pediatric patients.

Methods: We searched PubMed and Google Scholar for articles reporting association between vitamin D and COVID-19
clinical manifestations in pediatric patients. We searched for English-written articles only. PRISMA-MOOSE guideline
and quality checklist was complied and statistical analysis was performed using RevMan 5.4.

Results: Ten studies with total of 1,225 patients reported were reviewed. Low vitamin D levels was significantly
associated with higher incidence of severe COVID-19 with pooled OR was 5.57 (1.59-19.55; p=0.007). Clinical symptoms
were compared between low and normal vitamin D levels. Incidence of fever, cough, ageusia, anosmia, headache, and
fatigue were not significantly different between group, with pooled RR was 2.13 (0.13-33.73; p=0.59), 1.25 (0.25-6.22;
p=0.78), 0.47 (0.05-4.76; p=0.52), 1.25 (0.21-7.41; p=0.81), 0.91 (0.33-2.55; p=0.86), and 1.02 (0.47-2.22; p=0.96),
respectively. The mean count of leukocytes and lymphocytes in the two groups were also not significantly different with
pooled RR was -0.49 (-1.39-0.41; p=0.28), and -0.73 (-1.65-0.20; p=0.12), respectively.

Conclusion: Low serum vitamin D level (<20 ng/ml) is associated with the severity of COVID-19 in pediatric patients,
but do not affect symptoms and laboratory parameters. Vitamin D supplementation might be beneficial for children
undergo medical quarantine and isolation.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) first appeared in December 2019 and was declared a
global pandemic in March 2020[1]. SARS-CoV-2 is a virus that binds to the angiotensinconverting enzyme 2 (ACE2) as
its receptor, which is widely expressed in human tissues, including pulmonary epithelium, myocardium, and vascular
endothelium, which are responsible for the clinical manifestations of coronavirus disease 2019 (COVID-19)[2]. COVID-
19 is a syndrome with many clinical manifestations ranging from flu-like symptoms to severe complications that require
treatment in intensive care unit (ICU) for all age groups[3]. As World Health Organization (WHO) declares COVID-19 as
a pandemic, most countries are implementing several policies to reduce the spread of SARS-CoV-2, such as social
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distancing, quarantine, isolation, and travel restrictions. Despite the importance of spread control measurement during
the COVID-19 pandemic, prolonged pandemic-related home confinement negatively impacts children's health,
especially the growth of children[4]. Previous studies have shown that children that stayed indoor for long periods tend
to be more physically inactive, adopt an unhealthy diet, and have limited sun exposure -putting children at risk for
vitamin D deficiency[5,6].

Vitamin D is a steroid hormone that plays a vital role in maintaining calcium homeostasis and bone health, as well as
boosting the immune system by modulating immune regulation[7-9]. Vitamin D receptors are present in various cells
involved in immune regulation, such as monocytes, T and B lymphocytes, and dendritic cells. Therefore, infants and
children are recommended to have a vitamin D intake of at least 400 IU per day[10]. Sources of vitamin D can be
obtained through food intake or supplements as much as 10%, and the other 90% should be obtained from exposure to
sunlight[11]. However, vitamin D intake is also determined by environmental exposure and endogenous factors such as
skin pigmentation, sun protection, exposure to ultraviolet-B (UVB) radiation, and the part of the skin that covered in
clothes[8,12]. Thus, vitamin D levels could vary significantly between individuals. Previous research has shown that
regular sun exposure is sufficient to meet the needs of vitamin D[6,13]. Considering the importance of the role of vitamin
D, especially in children, implementing policies to reduce the spread of COVID-19 by advising the increase of vitamin D
supplementation should be concerned. Previous studies have shown that vitamin D deficiency in both adults and
children increases the susceptibility and severity of COVID-19[14,15]. Vitamin D supplementation has been shown to
reduce the risk of severe clinical manifestation and mortality in COVID-19[14,16]. Therefore, we conducted a meta-
analysis and systematic review to demonstrate a possible association between vitamin D levels and COVID-19 infection
in pediatric patients.

2. Methods

This study was prepared according to the recommendations of the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA)-MOOSE guidelines. Before conducting the research, the analysis method, inclusion, and
exclusion criteria have been determined.

2.1. Literature Search, Systematic Review, and Meta-Analysis

We performed literature search using google scholar in all over the web and we also searched for relevant literature in
PubMed database. Keywords used as query in google scholar were “Vitamin D”, “COVID-19”, and “Pediatric” and their
synonyms. We searched for articles published in English between 2019 and 2021. PubMed database was also searched
to identify articles examining the association between vitamin D levels and pediatric patient outcomes for COVID-19

using the following keywords “Vitamin D”, “COVID-19”, and “Pediatric”.

For systematic review, we did not exclude relevant in-vitro, in-vivo, meta-analyses, literature reviews, and systematic
reviews. Meanwhile, we performed meta-analysis based on articles found in PubMed. A total of 85 articles were found.
In the end, we selected ten articles that were also relevant to the keywords that met the PICOS criteria in our study. The
studies used in our meta-analysis were studies that met the following PICOS criteria: (1) Participants: pediatric patients
(vounger than 18 years old) with COVID-19, (2) Intervention: normal or high serum Vitamin D levels, (3) Comparison:
low serum vitamin D, (4) Outcomes: patients' symptoms, laboratory findings, and severity of COVID-19, (5) Study
Design: All studies comparing The Effect of Normal/High Vitamin D and Low Vitamin D status in COVID-19 Pediatric
Population.

2.2. Data Extraction

The authors (A..) screened and abstracted each study to determine which articles met the inclusion criteria.
Information extracted from each study included in the meta-analysis was as follows: first author name, year of
publication, study design, country, sample size, age, vitamin D level in pediatric patients with COVID-19.

2.3. Data Analysis

All statistical analysis were performed using RevMan v.5.4 (The Cochrane Collaboration, Oxford, Copenhagen,
Denmark). All tests were 2-sided, and a p-value of less than 0.05 was considered statistically significant. The Mantel-
Haenszel method was used to analyze the dichotomous outcome, and the results were reported in odds ratios (OD) with
95% confidence interval (CI). An inverse variance model with 95% CI was used to analyze the difference in continuous
outcomes, and the data were reported as mean difference (MD). Results are presented in risk ratio (RR) with 95% CI
for the dichotomous measure.
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3. Results

3.1. Characteristic of Study

A detailed description of the study selection process is presented in Figure 1. We found 85 articles in the PubMed
Database. Six articles were excluded because they were duplicates, and 60 articles were also excluded due to irrelevant
on the title. Nine articles were excluded due to irrelevant based on the PICOS criteria in our study. Finally, ten articles
were included in our study.

85 identified articles from electronic search
Te 6 articles excluded due to duplication

¥

79 articles screened

60 articles were excluded due to

Ie . .
v irrelevant title

19 full text articles -
= 9 articles were excluded because they

v did not meet our PICOS criteria
10 studies included in our study

Figure 1 Flow diagram showing stages of the database search and study selection as PRISMA-MOOSE guideline

We studied evidence from ten articles with different study designs. It includes two reviews of published articles from
Ireland and India, and the rest are either retrospective, cohorts, or cross-sectional. Two studies that assessed the role
of vitamin D levels in disease severity are included in the meta-analysis to get the cumulative chance of developing
poorer outcomes in case of vitamin D deficiency. Two studies that assessed the clinical symptoms and laboratories
examination associated with vitamin D deficiency were also included in our meta-analysis.

Characteristic details of the included studies are presented in Table 1. Studies were conducted from various continents
including, Europe, America, and Asia. The sample size of the population varied widely, ranged from 15 patients to 884
patients. One study included pediatric and adult populations, and the others presented data exclusively from patients
aged younger and equal to 18 years old. Our evidence synthesis included studies published from December 2019 to June
2021.

3.2. Meta-Analysis Results

A pool analysis of all studies reporting the effect of vitamin D levels on severity, clinical symptoms, as well as lymphocyte
and leukocyte counts in pediatric patients with COVID-19.

3.3. Serum Vitamin D Levels and COVID-19 Severity

Low Vitamin D Normal Vitamin D Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Bayramoglu 2020 U8 3 19 837%  B.74[171 2657 —
Yilmaz 2020 2 29 ] 11 16.3% 2.09[0.09, 47.04) ¥
Total (95% Cl) 12 30 1000% 557 [1.59,19.55] -l
Total events 26 3

ity Taw®=0.00: Chi*= =1 (P=050)F= } f t : |
rmt:rfngenem;.lT;u t-z[l_ﬂg E(?Bhlp-_ﬂtl4§[,|?f-1 (P=050)F=0% 0 0 H h m
est for overall effect 2= 2.68 F = 0.007) Favours [experimental] Favours [control]

Figure 2 Forest plot of COVID-19 severity between the low and normal serum level of vitamin D. Low vitamin D favors
severity of COVID-19 (0dds ratio (OD) 5.57; 95% CI, 1.59-19.55; p=0.007)

Two studies provided vitamin D levels in pediatric COVID patients, and a pooled prevalence of vitamin D deficiency was
analyzed. Meta-analysis of the quantitative data (two studies) showed a pooled Odd Ratio of vitamin D deficiency as
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5.57 (1.59-19.55; p=0.007) (Figure 2). Some studies have also pointed to an inverse relationship between vitamin D
levels and COVID-19 infection risk, indicating higher odds of infection in individuals with vitamin D deficiency than

those with normal serum vitamin D levels.

3.4. Serum Vitamin D Levels and COVID-19 Clinical Symptoms

Clinical symptoms (fever, cough, ageusia, anosmia, headache, and fatigue) were compared between two studies with
data of low vs normal serum vitamin D levels. Incidence of fever, cough, ageusia, anosmia, headache, and fatigue were
not significantly different with pooled RR values were 2.13 (0.13-33.73; p=0.59), 1.25 (0.25-6.22; p=0.78), 0.47 (0.05-
4.76; p=0.52).1.25 (0.21-7.41; p=0.81), 0.91 (0.33-2.55; p=0.86), and 1.02 (0.47-2.22; p=0.96) (Figure 3), respectively.

3.5. Serum Vitamin D Levels and Laboratory Findings

Laboratorium examination (leucocytes and lymphocytes count) was compared between studies with lower vitamin D
and normal vitamin D levels. The average levels of leukocytes and lymphocytes in the two groups were also not
significantly different with pooled RR -0.49 (-1.39-0.41; p=0.28), -0.73 (-1.65-0.20; p=0.12) (Figure 4), respectively.

Table 1 Patient characteristics in included studies

No. | Author, Study | Study Design | Study Period Country | Total COVID- | Mean Age Male
Year 19 Patients | (population) (%)
1 Darren, Cohort April 12 - June | England 18 8.9(0.3-14.6) | 55.56%
2021[17] 25,2020
2 Molla, Cross Sectional | May 15 - June | Turkey 49 13 (8-18) 47%
2021[18] 15,2020
3 Fekete, Literature December 2019 | Ireland 7 Paper used (0-16) -
2021[19] Review - 30 December
2020
4 Isoldi, Prospective April 6 - June 5, | Italy 15 median 53.33%
2021[20] 2020 12.2 (4.8-7.8)
5 Yilmaz, Retrospective | March - May, | Turkey 40 8.48 +2.32 47.5%
2020[21] 2020 (3m-18y)
6 Bayramoglu, Retrospective | March - May, | German 103 12.2+492 (1- 52.4%
2021[22] 2020 17)
7 Alpcan, Retrospective | May 25- | Turkey 75 10.7 £5.5 (1- 57.3%
2021[23] December 24, 18)
2020
8 Sobii, 2021[24] | Retrospective | March - April, | Turkey 30 10.48 +4.75 50%
2020 (1.8-
17.6)
9 Katz, 2021[25] | Retrospective | January - June | America 887 (0-64) 56.44%
2020
10 | Shah, 2021[14] | Systematic December 2019 | India - (0-18) -
Review - June 2021
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Low D Normal 0 Risk Ratio Risk Rato
Study of Subgroup  Events  Total  Events Total Weight MM, R 95% 1 MM, R 95% Q1
Alpcan 2021 38 63 8 12 615% 0.90[058,142)
Yilmaz 2020 10 2 0 11 385% 8401053,1323)
Total (95% C1) 92 23 100.0% 21310.13,33.73)
Total events 48 8
Heterogenelty Tau"= 317, Chf= 413, 0= 1 (P= 004), P= 76% 0805 0| 1 =° 280
Test for overall eflect Z= 054 (P = 059) Favours lLow VD] Favours [Normal Vit D)

(3) Forest plot of fever incidence. Low serum vitamin D levels was not significantly exhibits higher symptoms of fever (RR:
2.13;95% €I, 0.1333.73; p=0.59)

(b) Forest plot of cough incidence. Low serum vitamin D levels was not significantly exhibits higher symptoms of cough (RR
1.25; 95% Cl, 0.25-6.22; p=0.78)

LowVitamin D Normal Vitamin D Risk Ratio Risk Ratso
|_Study or Subproup  Evests  Total  Events  Total Weight M., Random, 95% CI M.H, Random, 95% CI
Ajpcan 2021 n 63 ] 12 649% 0.7310.38,1.40) =
Yeémaz 2020 q 29 1 1" 351% 341[049,2390) -_
Total (95% C1) 92 23 100.0% 1.25(0.25,6.22) | ——E—
Total events n 7
Heterogenety Tau'= 002, Chi*= 267, df=1 (P =0.10), P= 63% ko o 5 700
Testforoverall eflact Z=028 (P=078) Favours [epedmental] Favours [controf]

(c) Forest plot of ageusia incidence. Low serum vitamin D levels was not signficantly associated with the symptoms of ageusia
(RR 0.47; 25% CI, 0.05-4.75; p=0.28)

Low Vitamin D Normal Vitamin D Risk Rato Risk Ratio
Study of Subgroup  Events  Total  Eveats Total Weight M.H, Rand 9N M H, Rand 5% Q
Apcan 2021 3 63 0 12 532% 1.42(0.08,25.91) -
Yimaz 2020 0 29 1 11 468% 0.1310.01,305 ¢ -
Total (95% C1 92 23 100.0% 047 [0.05,4.76) B =t
Total svents 3 1
Heterogeneity Tau'= 043, Chi*= 118, of= 1 (P=0.28), = 15% 50‘ o=1 ‘30 100:
Testfor overall effect Z= 0.64 (P=052) F 2eours [expenmental] Favours [control]

LowVitamin 0 Normal Vitamia O Risk Rato Risk Ravo
Study of Subgroep  Events  Total  Eveats Total Weight MM, R: e MH R ssn
Alpcan 2021 6 63 0 12 400% 264[016,4403) -
Yemaz 2020 2 29 1 11 600% 076 0.08, 7.55)
Total (95% C1) 92 23 1000% 1.25[0.21,7.41)
Total events 8
Heterogenelty. Tau' = 0.00, ChP'= 048, of=1 (P = omr 0% b ] i " o0
Testfor overall eflect Z= 0.25 (P = 0.81) Favours {experimental] Favours [controf

(d) Forest plot of anosmia incidence. Low serum vitamin D levels was not significantly exhibit higher symptoms of anosmia
(RR 1.25; 5% CI, 0.13-33.73; p=0.59)

Experimental Control Risk Ravo Risk Ravo
Study of Subgroup  Events  Total Events Total Weight M.H, Random, 95% C1 M-H, Random, 95% CI
Alpcan 2021 8 63 1 12 268% 1.5210.21,11.09)
Yamaz 2020 6 29 I N N 0761023,252
Total (95% CI) 92 23 100.0% 0.91 [0.33, 2.55)
Total events 14
Heterogeneity. Tau®' = 0.00, Chi*= 0.36, asl(P:t)SS) F=0% bor o 1 % 700
Testfor overall eflect Z= 017 (P = 0.86) F e laynanmentall Fawusre leantenl

() Forest plot of headache incidence. Low serum vitamin D levels was not signficantly associated with the symptoms of
headache (RR 0.91; 5% CI, 0.332.55; p=0.55)

Exporimental Coatrol Risk Ratio Risk Rato
Study or Subgroup  Events  Total Events Total Weight MM, Random, 95% C1 M-H, Random, 95% CI
Alpcan 2021 18 63 3 12 548% 1.14040,328)
Yimaz 2020 7 29 3 11 42% 0891028, 283
Total (95% C1) 92 23 100.0% 1.02(047,222)
Total events 25
Heterogenedty. Tau®= 0.00, Ch*= 0.10, a-up 0.75), P= 0% ?00' °=1 3 1:0 ‘005
Testfor overall efect Z=0.04 (P = 0.95) Favours [experimental] Favours [control]

(f) Forest plot of fatigue incidence. Low serum vitamin D levels was not significantly exhibits higher symptoms of fatigue (RR
1.02; 95% Cl, 0.47-2.22; p=0.75)

Figure 3 Forest Plots of symptomps incidence in COVID-19 pediatric patients
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alpcan 2021 2,300 1,200 63 4,200 23900 12 51.0% -1.19[-1.84,-0.54) —
Yilmaz 2020 3,140 1,260 29 3450 1,130 11 490% -0.25 [-0.94, 0.45) —u—
Total (95% ClI) 92 23 100.0% -0.73 [-1.65, 0.20] @
Heterogeneity. Tau*= 0.33, Chi*= 3.78, df= 1 (P = 0.05), F= 74% 5 + 3 t 1
Testfor overall effect Z=1.54 (P=0.12) Favours 'err:}n"wnla?' Favours 'c*cntral"

(a) Forest plot of leucocytes count. Low vitamin D was not significantly exhibited lower level of leucocytes count (Mean Difference (MD)
0.73; 95% Cl, -1.65-0.20; p=0.05)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alpcan 2021 2,300 1,200 63 4,200 2900 12 51.0% -1.19[-1.84,-0.54) —
Yilmaz 2020 3,140 1,260 29 3450 1,130 11 49.0% -0.25 |-0.94, 0.45) =
Total (95% Cl) 92 23 100.0% -0.73 [-1.65, 0.20] <
Heterogeneity: Tau*= 0.33, Chi*= 3.78, df=1 (P = 0.05), P= 74% 4 2 5 % i
Testfor overalieflect Z=1.54 (P=0.12) Favours [experimentall Favours [controll

(b) Forest plot of lymphocytes count. Low vitamin D was not significantly exhibited lower level of lymphocytes count(MD-0.73;95%Cl, -
1.65-0.20; p=0.05).

Figure 4 Forest plot of leucocyte and lymphocytes count

4., Discussion

The role of macro and micronutrients in modulating the immune system response has been a continous subject of
research for long, resulting in many discoveries. Vitamin D is a micronutrient known to play a role in calcium
metabolism and bone homeostasis. In addition, vitamin D regulates innate and adaptive immunity and further
modulates the immune response to viral and bacterial infections[26,27]. A randomized controlled study showed that
vitamin D supplementation significantly reduces the risk of acute respiratory tract infections[27]. Many reports are
showing an association between vitamin D deficiency and the risk of COVID-19 infection. This report is supported by
identification of Calcitriol (the active form of vitamin D) as a regulator of the Renin-Angiotensin System (RAS), whose
overactivity is associated with a poor prognosis of COVID-19[28]. Significant associations between vitamin D, sun
exposure, the prognosis of COVID-19 patients, and disease severity have also been reported in adults[15,29,30]. One
systematic study of pediatric COVID-19 patients showed that half of the study population was deficient in vitamin D,
and there is also an association between vitamin D deficiency with a greater risk of infection and a poorer prognosis in
pediatric patients[14].

Vitamin D3 is produced from 7-dehydrocholesterol (7DHC) in the skin, an intermediate in cholesterol synthesis.
Exposure to ultraviolet B (UVB) light in the wave length of 290-315 nm will produce previtamin D (PreD3). After PreD3
is formed, thermal isomerization converts PreD3 to vitamin D3 (Vit. D3)[31]. Then, vitamin D3 and vitamin D2 (a form
of vitamin D originating from the gastrointestinal system) are carried by vitamin D-binding protein (VDBP), and
chylomicrons to the liver, where it undergoes hydroxylation to form 25 xycholecalciferol [25(0H)D] with the help of the
enzyme 25-hydroxylase, cytochrome p450 CYP2R1 and cytochrome p450 CYP27A1[32]. Most of the 25-hydroxylase
enzymes are expressed in the liver. All are members of the cytochrome P450 family (CYP2C11, CYP2D25, CYP27A1,
CYP3A4, CYP2R1, and CYP2]2/3)[32-34]. Among them, CYP2R1 and CYP27A1 are considered the most promising
candidates in the process of vitamin D hydroxylation. The hydroxylation process continues, as 25(0OH)D carried by VDBP
to the kidney, where 1a, hydroxylase, and CYP27B1 convert it to the active form: 1,25 dihydroxycholecalciferol
[1,25(0H)2D, or calcitriol]. Calcitriol then binds to the intracellular vitamin D receptor (VDR) in the target gene[35].
Further hydroxylation process by 24-hydroxylase and CYP24A1 inactivates 25(0OH)D and 1,25(0H)2D and converts
them to inactive forms: 24,25(0H)2D and 1,24,25(0H)3D (Figure 5)[35]. According to the American Endocrine Society,
a serum 25(0OH)D level below 20 ng/mL (50 nmol/L) is defined as vitamin D deficiency, whereas a serum 25(0H)D level
between 21-29 ng/mL (52.5-72.5 nmol/L) is defined as vitamin D insufficiency[34]

Sunlight provide energi source to produce 90% of the vitamin D required in most people. The synthesis and endogenous
metabolism of vitamin D cannot be carried out without sunlight. It has been described that the synthesis of endogenous
vitamin D initiated through sun exposure produces pre-vitamin D3, which is converted to an active form and acts on
target cells in bone and immune cells[35]. Activation of vitamin D receptors can increase the expression of genes related
to both innate and adaptive immunity. The receptor was expressed in immune cells, including T cells (CD4+ and CD8+),
B cells, and antigen-presenting cells (macrophages and dendritic cells). Vitamin D can decrease pro-inflammatory
cytokines by regulating macrophages and activity of T lymphocytes, such as expansion and migration of T cells in the
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lung during SARS-Cov-2 infection[36,37]. Vitamin D can up-regulate the regulatory type-2 (T-reg) cells and reduce
expression of Th17-stimulating cytokines. Next, expression of pro-inflammatory type-1 cytokines such as IL-8, IL-12,
IL-6, IL-17, and TNF-q, can be reduced by 25-hydroxyvitamin D and 1,25(0H)2D[36,38]. On the other hand, vitamin D
supplementation in COVID-19 pediatric patients can reduce the interaction of CD 26-R with SARS-COV-2 in lung cells
and immune cells[36,39]. Modulation of CD26, also known as dipeptidyl peptidase 4 (DPP4), may prevent the
progression of COVID-19 (Figure 6)[39]. Increased inflammation and vitamin D insufficiency are implicated as the cause
of morbidity or mortality in COVID-19 patients.

Skin UVB'
oy . > Cholecalciferol
(Vitamin D3)
el“‘e-d
- l
A 25-hidroksilase
Ergocalciferol L >
(vVitaminD2) =~ CYP2R1
> !
1a hidroksilase 25(0H)D (calcidiol)
CYP27B1 o
~\°°Q
1,25(0H)2D /
(calcitriol)
lvn 1,24,25(0H)3D
“'\.YPR/ /’v

Figure 5 Vitamin D synthesis and metabolism. A sequential metabolic process converts the inactive vitamin D into an
active form[35]
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Figure 6 The proposed mechanisms of vitamin D in Covid-19[39]. On the left side, the principal functions of vitamin D.
Especially anti-inflammatory properties with subsequent reduction of ARDS, and its immunomodulatory role on the
innate and adaptive immune systems. The right side shows the "Cytokine Storm" caused by SARS-Cov-2 in a deficient
vitamin D and the possible interaction role of DPP-4/CD 26R

Patients with infectious disease and vitamin D sufficient, promote regulation of inflammatory cytokine and antiviral
responses. Sufficient Vitamin D levels also promote immunoprotective NK-T cells and preserve epithelial junction
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integrity and vascular permeability, thus minimizing pulmonary damage and ARDS[37]. Based on our findings in this
study, the severity of COVID-19 increased in patients with low serum level of vitamin D.

A decrease in peripheral lymphocytes has been observed and associated with a severe clinical course of COVID-19. The
proposed mechanism is functional depletion of ACE2 expressing and SARS-CoV2- infected lymphocytes in the early
stages of the disease, which causes the impairment of viral immunity. It has also shown that the lymphocyte count
reaches the lowest values while the inflammatory cytokine levels are the highest on days 4 to 6. The latest study showed
that the clinically severe group with significantly lower vitamin D levels and lymphocyte count had significantly higher
inflammation markers[40,41]. Furthermore, the lower 25 (OH)D level was associated with higher inflammation
markers (CRP and fibrinogen) and a lower lymphocyte count. Therefore, vitamin D deficiency may have a role in
hyperinflammation and low lymphocyte count in COVID-19[22]35. Accoriding to our study, low vitamin D level exhibits
alower level of lymphocyte count, although not significant. There is an increase of clinical symptoms number of COVID-
19 pediatric patients within the low vitamin D group, such as fever, cough, anosmia, and fatigue, but it is not significantly
associated. At the same time, there is no correlation between ageusia and headache in the low-level vitamin D group.

5. Conclusion

Our meta-analysis showed that low serum vitamin D levels significantly affect the severity of COVID-19 pediatric
patients. Low serum vitamin D levels have a weak correlation with the incidence of fever, cough, anosmia, and fatigue.
Meanwhile, there is no correlation between the incidence of ageusia and headache with the low level of serum vitamin
D. Low serum vitamin D levels are not significantly associated with lower leucocytes and lymphocytes count in COVID-
19 pediatric patients. It is essential to mantain sufficient serum vitamin D levels, thus supplementation of vitamin D,
especially in deficienct and risk groups are indicated.
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