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ABSTRACT

Goals: To verify whether the use of Vitamin D as parallel therapy to hospital and drug treatment
can be effective in the process of infectious reduction in hospitalized children. Data source: This study is a
systematic review and meta-analysis of randomized controlled trials, published between 2011 and the first
quarter of 2019, in the Cochrane Library, Medline, US National Library of Medicine and the National
Institute of Health (PubMed), Literature databases. Latin American and Caribbean Health Sciences (Lilacs),
Scopus and Web of Science. The studies were scored by the Down and Black scale associated with the
quality assessment method according to the Cochrane criteria (RCT). Summary of the data: Of the 1475
studies, 09 were included. There is a direct relationship between Vitamin D level and mortality rate in
hospitalized children with infections. Conclusion: This study highlighted that the vitamin D deficiency in
children under serum analysis during hospitalization triggers severe immunological changes.
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1. INTRODUCTION

Improvement in survival of hospitalized children and critics infected by viruses or bacteria
in the immune system in the hospital care and care process has been focused on the benefit of adjunctive
therapies such as Vitamin D [1,2]. It is recognized that Vitamin D deficiency is common in critically ill
hospitalized children, especially in intensive care [6,7]. Vitamin D is essential in bone structure and ideal
in cardiovascular system and innate immune function [32]. Vitamin D deficiency has been associated in
the last decade with an increased risk of progression of infectious diseases in the hospitalization process
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[7-11]. Patients with levels of 20 ng/ml are usually categorized as hypovitaminosis D and treatment is
started in children to prevent complications such as rickets [14-18]. Vitamin D deficiency is suggested by
decreased Vitamin D intake and decreased sun exposure in about 60% of Brazilian children and the
Brazilian child population has developed low Vitamin D (25(OH)D (<20 ng)
levels/ml)[30,31]characterizing an epidemiological indicator in 15% with Vitamin D deficit in the Brazilian
child population[18-21] this percentage increase in Vitamin D insufficiency in children has alarmed
Brazilian health professionals even though others have questioned the clinical importance of Vitamin D
insufficiency [22].

Increased Vitamin D deficiency has been associated with viral and bacterial respiratory
infections and especially sepsis in children [24-26]. Vitamin D supplementation (1200Ul) in the winter
period has shown a marked decrease in the infectious process of influenza in some countries [27, 42] it has
been previously shown that this deficit is related to the metabolization of Vitamin D (25 (OH) D) which
produces hCAP-18 catelicidine an antimicrobial peptide [14-37]. Children in the hospitalization process
under severe conditions such as sepsis have lower Vitamin D levels and are usually associated with lower
catelicidine levels. [34, 37].

Hospitalization has generally been associated with higher levels of severely admitted illness
in intensive care units (UTI) [22-38]. Low levels in the Vitamin D pre-hospitalization process and during
admission to intensive care units are associated with short- and long-term causes characterized by mortality
or bacteremia in children with severe conditions [22-30]. For this reason, this study aimed to verify
whether the use of Vitamin D as a preventive therapy can reduce the infectious process in critically ill
hospitalized children.

2. METHODS

2.1 PROTOCOL - This review was registered for publication in the International Prospective
Register of Systematic Reviews - PROSPERO whose code was: CRD42019121732.

2.2 ELIGIBILITY CRITERIA - Eligible studies were considered randomized controlled trials
that compared the use of Vitamin D in the infectious process in children in hospital treatment. The result
of interest was the effect on the immune system through the clinical improvement of the child according to
the Vitamin D supplementation dosage in the hospitalization process.

2.3 INFORMATION SOURCES - The research was conducted at the Cochrane Library, Medline
Library, US National Library of Medicine and the National Health Institute (PubMed), Latin American and
Caribbean Health Sciences Literature (Lilacs), Scopus, Web of Science, and Scientific Online Library
(SCIELO). The latest survey was conducted in February 2019.

2.4 SEARCHS STRATEGIES - We use the following strategy for US National Library of
Medicine and the National Institute of Health (PubMed)” Vitamin D” [MESH)] or “Vitamin D Deficiency”
AND “Infection” [MESH] And “Child” OR “Pediatrics” [MESH] OR “Child” AND *“Hospitalization” OR
“Inpatient” [MESH] OR “Supplementation AND Vitamin D”. Variations of these strategies were used
according to other sources required on certain platforms.
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2.5 STUDY SELECTIONS AND DATA COLLECTION - Five researchers (E.M.R, M.D.d.L,
G.G.F, J.E.C.G, C.A.S). Disagreements were resolved by consensus by a third reviewer (V.A.d.N). EM.R
performed data extraction and M.D.d.L confirmed extraction. For duplicate studies only the pre-cross-over
result was included to eliminate the risk of biasing the residual effects of the specific methods used. A data
extraction protocol was designed to collect relevant information from the studies used in this systematic
review and meta-analysis including country, population sampling type, study design, Vitamin D Blood
Serum dosage and key results. Some authors had to be contacted in order to obtain relevant information
not included in the published studies.

2.6 QUALITY ASSESSEMENTS — This systematic review and meta-analysis included only
studies that had comparison groups without systematic differences between the analyzed groups. Dosing
in the Vitamin D supplementation process was considered randomized to the method, an indicator of high-
quality study. If the groups were formed by other dosing means in Vitamin D supplementation, the baseline
dose characteristics (time and dosage) were evaluated to determine if there was selection bias wich could
favor any group. The study that did not meet quality control according to the established criteria was not
included in this systematic review and meta-analysis. A review of the follow-up procedures in the Vitamin
D supplementation process was performed at random to assess whether there was any performance bias in
the included study. Blinding of participants in the groups was considered for evaluative quality of the
studies, as these procedures are viable in experimental research.

2.7 DATA ANALYSIS — The primary outcome was standardization of Vitamin D dose differences
in the supplementation process. For a better interpretation of dose-related efficacy in the Vitamin D
supplementation process in hospitalized children, odds ratios were used (OR). The meta-analysis was
performed by the Mante-Haenszel random effects model for each outcome variable (Vitamin D3
supplementation, clinical improvement (humoral response) and were presented with a 95% confidence
interval (95% CI). Results heterogeneity was estimated by 12 and publication bias risk tests were assessed
by inspection of the asymmetric plotting funnel.

Table 01: Main features of the included studies.

Avrticle Study Study Population Average Main Results
Identification Identification/ Design Sampling Levelsin
Country Vitamin D
Year Serum

Rey C et | Randomize | 445 children. 19,2 ng/mL | Respiratory infection rates during

al./Espanha/2015. | d Study (02 hospitalization were less frequent
weeks) in Vitamin D3, deficient patients,
A whereas renal infections and

metabolic disorders were more

frequent in Vitamin D3 deficient

patients.
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Jian 4 et | Randomize | 400 children. 20 ng/mL Vitamin D3  has  several
B al./China/2018. d Study (16 immunomodulatory functions,
weeks) which include up-regulation of
antiviral peptides that are part of
innate immunity and can inactivate

viruses such as influenza.

Devi D et | Randomize | 146 children. | 20,0ng/mL | Vitamin D3 level rates were
al./India/2014. d Study (01 statistically significant in the
C weeks) period of hospitalization; there is
an efficiency of Vitamin D3 in the
period of hospitalization both in
the local and immune system.
Hospitalized children show a
significant drop in Vitamin D3

levels when hospitalized.

Raul B.B. et | Randomize | 90 children. 19,2 ng/mL | Children on admission with
D al./Chile/2016. d Study (37 Vitamin D3 deficiency showed
weeks) statistically significant elevation in

blood lactate and procalcitonin

Spenta K. et | Randomize | 97 children. 25 ng/mL Children in the hospitalization
al./Canada/2011. | d Study (24 period had elevated serum PTH in
E weeks) individuals ~ with insufficient

Vitamin D3. Vitamin D3
supplementation at doses of 800
1U to 1600 IU/day did not show an
increase in CD4. in infected
children. Vitamin D3
supplementation at 800 1U/day is

inadequate in HIV children.

Piyush G. et al./ | Randomize | 324 children. 12 ng/mL Administration of Vitamin D3
F India/2016. d  Study supplementation at a single oral
(24 weeks) dose of 10.000 units/week showed
no recovery from pneumonia,
hospitalization duration and fever

elimination time.

Joanna J. et | Randomize | 50 children. 20 ng/mL There was a  statistically
al./Pol6nia/2018. | d Study (12 significant change in induction of
G weeks) CD4 +, CD25+, Foxp3+. Vitamin

D3 promotes the production of

tolerogenic dendritic cells, which
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leads to the introduction of
Foxp3+ regulatory cells. Vitamin
D3 modulates active T-cell
proteins by suppressing Thl

secretion.

Duygu O.H. et | Randomize | 74 children. 12 ng/mL Children with optimal vitamin D3
al./Turquia/2016. | d Study (06 levels had a medium level
weeks) catelicidine in their urine. The
frequency of Vitamin D3 deficit
H was significantly higher in cases of
urinary tract infection. There is a
high dependency ratio between
Vitamin D3 deficit and ICU stay.
Vitamin D3 has been recognized
with effect on the urinary system,
with immunomodulatory ability
against Escherichia Coli infection.
Proper dosage of Vitamin D may
benefit the urinary tract during
infectious periods by inducing

catelicidine expression.

Galli E. et | Randomize | 89 children. 20 ng/mL The active form of Vitamin D3
I al./Italia/2015 d Study (24 induces the expression of
weeks) antimicrobial peptides that aid in

the infectious process of the skin
and immunosuppressive

properties of the skin.

3. RESULTS

A total of 1475 articles were retrieved and nine articles were included in our review. All studies
were randomized and placebo controlled which evaluated including 2693 children. The main features of
the studies are shown in Figure 03.

A. STUDY CHARACTERISTICS - 87 studies were removed because they were duplicate,
1388 were recovered. Based on the title and summary these 1388 studies were selected for possible
inclusion in the study, 375 were excluded for not reporting the presence of a placebo-controlled control
group during the Vitamin D, 450 studies used children and adults in the surveyed sample, 356 studies did
not use the dose of vitamin D supplementation in a randomized and informed manner, 188 studies did not
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report primary results with the use of vitamin D in the infectious process. Nine articles were included in
this systematic review and meta-analysis (TABLE 01).

B. QUALITY ASSESSEMENTS AND SIDE RISK - Quality assessment the result is shown in

Table 02. Five articles met the full quality of the evaluation criteria in the inclusion process in this
systematic review and meta-analysis (A, B, C, F, ). In all items analyzed, at least 70% of the studies had
low risk of bias (FIGURE 01).

TABLE 02 — Quiality risk of studies included according to Down and Black associated method according
to Cochrane criteria (RCT).

Article Reporting | External Internal validity | Confusion - bias of Power | Total

Identification | (0 - 10) validity (0-03) | —bias (0-07) selection (0 — 06) (0-5) score
10 03 04 05 01 23

B 09 02 04 03 02 20

C 10 03 05 05 01 24

D 08 02 04 04 02 20

E 09 03 09 06 01 24

F 10 03 06 05 01 25

G 09 03 05 05 01 23

H 10 03 04 05 02 24

| 10 03 05 06 02 26

SOURCE: SARA, H. D.; BLACK, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised and non-randomised

studies of health care interventions. J Epidemiol CommunityHealth.v.52. p.377-384. 1998.

Figure 01- Bias Risk Graph by type of bias assessed
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Figure 02 — Funnel graph with prevalence of chronic immunological severity (x-axis) by the standard error
of each study (y-axis). Demonstrating heterogeneity between studies analyzed according to the
effectiveness of Vitamin D3 and its relationship in the infectious process of hospitalized children.
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Figure 03 — Efficacy of clustering within confidence interval of risk ratio for Vitamin D3 dosage versus
immunological changes in children.
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The meta-analysis of the evaluated objectives (infectious process and supplemented dosage of
Vitamin D) are show in Figure 3. While the final results and medium term results favored the reduction of
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the infectious process with highs doses of Vitamin D as shown in Figure 02, the studies analyzed in this
systematic review and meta-analysis confirmed that Vitamin D3 supplementation generates na efficient
positive immune response in situations of hospitalization process. However, two studies [38-41] of Vitamin
D3 supplementation in the present meta-analysis have not shown satisfactory or immunological protection
outcomes during hospitalization [39,41].

Still in Figure 02, a total of 07 studies [A, B, D, E, F, G, H] reported a positive effect on immune
attenuation after Vitamin D3 supplementation and this sensitivity analysis revealed that five studies were
the contributors to these results [A, B, C, F, I] and no limitations in the quality assessment process were
found in the studies. Heterogeneity was found in the final analysis results (12 = 97%), OR estimates were
also statistically significant for incidence of improvement in the infectious process (OR = 0.35; Cl = 95%:
0.16-0.77) which indicates improvement in the immune system in the infectious process as increased
dosage in the Vitamin D supplementation process in hospitalized children compared to lower doses (OR=
7,86; 1C 95%: 4,01-15,42).

Despite the small number of studies included in this meta-analysis to be examined, the assessed
asymmetry of the funnel graph showed that there is no risk of publication bias (Figure 02).

4. DISCUSSION

Vitamin D3 supplementation had an effect on the total number of positive changes in immune
defense cells (increase) when compared to the control group and the effect was statistically significant (p<
0,00001) [32-34]. Thus, the present systematic review and meta-analysis study suggests that Vitamin D3
supplementation has a significant immunomodulatory effect on the production of body defense cells
(leukocytes, lymphocytes and plasma neutrophils for example) [34-41].

The articles reviewed in this systematic review and meta-analysis recently highlight that immune
system cells express Vitamin D3 receptors and portray intracellular mechanisms capable of converting 25
(OH) D3 into their active formulation, in this case, 1.25 (OH) 2D3, Vitamin D3 has immunomodulatory
function [36-42]. It can be seen from Graph 01 that in the studies analyzed in this systematic review and
meta-analysis [34-42] Vitamin D3 supplementation was predominantly applied to the treatment groups to
compare them with its application in control groups [42], therefor Vitamin D3 played na essential role in
adaptive and innate immunity [36-41].

This functionality in the immune system occurs due to Vitamin D3-mediated activation through
Toll-like receptors [36-42], where it increases resistance to human catelicidin antimicrobial peptide,
reducing vulnerability to bacterial infections [36]. When comparing the dosage below 20 nmol/L, the
selected studies showed an increase in the infectious process of the hospitalization period with an increase
in the frequency of death with an infectious process [34,42].

This meta-analysis through Graph 01 shows a significant reduction in infectious process
symptoms compared to children who did not supplement Vitamin D (Control Group) [34-42]. Graph 01
shows na increase in cell percentage baseline of CD4+, CD25+, and Foxp3+ during hospitalization in the
groups compared to placebo, changes due to Vitamin D3e levels due to Vitamin supplementation D3[34-
42].
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Vitamin D brings immunological improvement in the hospitalized child population by increasing
serum IgA and IgG immunoglobulin levels [36-42] with peripheral increase in serum IgM levels in Vitamin
D supplemented children. As well as na increase in serum catelicidin [36], an antimicrobial peptide
responsible for immune boosting due to Vitamin D3 supplementation and significantly reduced the
frequency of hospital complications such as pneumonia, sepsis or other infections [34-42].

In this systematic review and meta-analysis as shown in Figure 02, only a randomized, double-
blind, placebo-controlled study used Vitamin D3 supplemented at a weekly oral dose of 100.000 units for
children aged 6 months to 5 years.

In cases of respiratory infections and showed an increase in serum IgM levels in children
supplemented with Vitamin D3 and serum catelicidine, and due to high Vitamin D3 supplementation there
was an increase in na antimicrobial peptide which was responsible for the increase in reinforcement.
Immune with Vitamin D Supplementation [36-40].

In this systematic review and meta-analysis study Graph 01 shows a potential beneficial effect of
Vitamin D3 on CD4+ count, as the effects of Vitamin D3 include both immunostimulatory and
immunosuppressive effects which may raise questions regarding dosage in this case > 1600 1U/ day may
have unintended adverse consequences [34-42], so there is a need to continuously monitor active Vitamin
D3 serum levels and immune function in hospital-infected patients who are supplemented with Vitamin D
[34-40]

Graphic 1 — Monitoring of vitamin D3 serum levels in correlated supplementation in activation and immune
function of pediatric patients infected in the hospital process.
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This systematic review and meta-analysis study showed that a direct relationship between Vitamin
D3 level and mortality, in this case low Vitamin D3 levels at admission, was directly associated with
immunological worsening [34-42].
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This systematic review and meta-analysis reinforced that patients admitted to intensive care units
had a high incidence of hypovitaminosis D in all age groups, however the difference was statistically
significant in older age groups, in this case children from 08 years to 13 years [39-42].

This study highlights that Vitamin D supplementation above 50000 IU/week is safe and protective
against acute respiratory tract infections [34-42].

It is emphasized that VVitamin D has several immunomodulatory functions including the regulation
of antiviral peptides that are part of human innate immunity and may, for example, inactivate influenza
virus [42].

5. CONCLUSION

This systematic review and meta-analysis found that the insufficient high prevalence of serum
Vitamin D in a hospitalized infant patient triggers severe immune system changes, as well as decreased
bacterial defense sequelae and an association with increased length of hospital stay and infectious process
and a growing death toll.

However, Vitamin D supplementation shows evidence of improvement in clinical status and
immune response, with an increase in serum IgA and IgG Immunoglobulin levels, especially serum
catelicidin, reducing hospital complications such as pneumonia, sepsis and other infections.
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	ABSTRACT
	Goals: To verify whether the use of Vitamin D as parallel therapy to hospital and drug treatment can be effective in the process of infectious reduction in hospitalized children. Data source: This study is a systematic review and meta-analysis of randomized controlled trials, published between 2011 and the first quarter of 2019, in the Cochrane Library, Medline, US National Library of Medicine and the National Institute of Health (PubMed), Literature databases. Latin American and Caribbean Health Sciences (Lilacs), Scopus and Web of Science. The studies were scored by the Down and Black scale associated with the quality assessment method according to the Cochrane criteria (RCT). Summary of the data: Of the 1475 studies, 09 were included. There is a direct relationship between Vitamin D level and mortality rate in hospitalized children with infections. Conclusion: This study highlighted that the vitamin D deficiency in children under serum analysis during hospitalization triggers severe immunological changes.
	Keywords: Vitamin D, Deficiency, Supplementation, Pediatrics, Hospitalization.
	1. INTRODUCTION
	Improvement in survival of hospitalized children and critics infected by viruses or bacteria in the immune system in the hospital care and care process has been focused on the benefit of adjunctive therapies such as Vitamin D [1,2]. It is recognized that Vitamin D deficiency is common in critically ill hospitalized children, especially in intensive care [6,7].  Vitamin D is essential in bone structure and ideal in cardiovascular system and innate immune function [32]. Vitamin D deficiency has been associated in the last decade with an increased risk of progression of infectious diseases in the hospitalization process [7-11]. Patients with levels of 20 ng/ml are usually categorized as hypovitaminosis D and treatment is started in children to prevent complications such as rickets [14-18]. Vitamin D deficiency is suggested by decreased Vitamin D intake and decreased sun exposure in about 60% of Brazilian children and the Brazilian child population has developed low Vitamin D (25(OH)D (<20 ng) levels/ml)[30,31]characterizing an epidemiological indicator in 15% with Vitamin D deficit in the Brazilian child population[18-21] this percentage increase in Vitamin D insufficiency in children has alarmed Brazilian health professionals even though others have questioned the clinical importance of Vitamin D insufficiency [22]. 
	Increased Vitamin D deficiency has been associated with viral and bacterial respiratory infections and especially sepsis in children [24-26]. Vitamin D supplementation (1200UI) in the winter period has shown a marked decrease in the infectious process of influenza in some countries [27, 42] it has been previously shown that this deficit is related to the metabolization of Vitamin D (25 (OH) D) which produces hCAP-18 catelicidine an antimicrobial peptide [14-37]. Children in the hospitalization process under severe conditions such as sepsis have lower Vitamin D levels and are usually associated with lower catelicidine levels. [34, 37].
	Hospitalization has generally been associated with higher levels of severely admitted illness in intensive care units (UTI) [22-38]. Low levels in the Vitamin D pre-hospitalization process and during admission to intensive care units are associated with short- and long-term causes characterized by mortality or bacteremia in children with severe conditions [22-30].  For this reason, this study aimed to verify whether the use of Vitamin D as a preventive therapy can reduce the infectious process in critically ill hospitalized children.
	2. METHODS
	2.1 PROTOCOL – This review was registered for publication in the International Prospective Register of Systematic Reviews - PROSPERO whose code was: CRD42019121732. 
	2.2 ELIGIBILITY CRITERIA – Eligible studies were considered randomized controlled trials that compared the use of Vitamin D in the infectious process in children in hospital treatment. The result of interest was the effect on the immune system through the clinical improvement of the child according to the Vitamin D supplementation dosage in the hospitalization process. 
	2.3 INFORMATION SOURCES – The research was conducted at the Cochrane Library, Medline Library, US National Library of Medicine and the National Health Institute (PubMed), Latin American and Caribbean Health Sciences Literature (Lilacs), Scopus, Web of Science, and Scientific Online Library (SCIELO). The latest survey was conducted in February 2019. 
	2.4 SEARCHS STRATEGIES – We use the following strategy for US National Library of Medicine and the National Institute of Health (PubMed)” Vitamin D” [MESH] or “Vitamin D Deficiency” AND “Infection” [MESH] And “Child” OR “Pediatrics” [MESH] OR “Child” AND “Hospitalization” OR “Inpatient” [MESH] OR “Supplementation AND Vitamin D”. Variations of these strategies were used according to other sources required on certain platforms. 
	2.5 STUDY SELECTIONS AND DATA COLLECTION – Five researchers (E.M.R, M.D.d.L, G.G.F, J.E.C.G, C.A.S). Disagreements were resolved by consensus by a third reviewer (V.A.d.N). E.M.R performed data extraction and M.D.d.L confirmed extraction. For duplicate studies only the pre-cross-over result was included to eliminate the risk of biasing the residual effects of the specific methods used. A data extraction protocol was designed to collect relevant information from the studies used in this systematic review and meta-analysis including country, population sampling type, study design, Vitamin D Blood Serum dosage and key results. Some authors had to be contacted in order to obtain relevant information not included in the published studies. 
	2.6 QUALITY ASSESSEMENTS – This systematic review and meta-analysis included only studies that had comparison groups without systematic differences between the analyzed groups. Dosing in the Vitamin D supplementation process was considered randomized to the method, an indicator of high-quality study. If the groups were formed by other dosing means in Vitamin D supplementation, the baseline dose characteristics (time and dosage) were evaluated to determine if there was selection bias wich could favor any group. The study that did not meet quality control according to the established criteria was not included in this systematic review and meta-analysis. A review of the follow-up procedures in the Vitamin D supplementation process was performed at random to assess whether there was any performance bias in the included study. Blinding of participants in the groups was considered for evaluative quality of the studies, as these procedures are viable in experimental research.
	2.7 DATA ANALYSIS – The primary outcome was standardization of Vitamin D dose differences in the supplementation process. For a better interpretation of dose-related efficacy in the Vitamin D supplementation process in hospitalized children, odds ratios were used (OR). The meta-analysis was performed by the Mante-Haenszel random effects model for each outcome variable (Vitamin D3 supplementation, clinical improvement (humoral response) and were presented with a 95% confidence interval (95% CI). Results heterogeneity was estimated by I² and publication bias risk tests were assessed by inspection of the asymmetric plotting funnel.
	Table 01: Main features of the included studies. 
	Article Identification
	Study Identification/ Country
	Year
	Study Design
	Population Sampling
	Average Levels in Vitamin D Serum
	Main Results
	A
	Rey C et al./Espanha/2015.
	Randomized Study (02 weeks)
	445 children.
	19,2 ng/mL
	Respiratory infection rates during hospitalization were less frequent in Vitamin D3, deficient patients, whereas renal infections and metabolic disorders were more frequent in Vitamin D3 deficient patients.
	B
	Jian Z et al./China/2018.
	Randomized Study (16 weeks)
	400 children.
	20 ng/mL
	Vitamin D3 has several immunomodulatory functions, which include up-regulation of antiviral peptides that are part of innate immunity and can inactivate viruses such as influenza.
	C
	Devi D et al./India/2014. 
	Randomized Study (01 weeks)
	146 children. 
	20,0 ng/mL
	Vitamin D3 level rates were statistically significant in the period of hospitalization; there is an efficiency of Vitamin D3 in the period of hospitalization both in the local and immune system. Hospitalized children show a significant drop in Vitamin D3 levels when hospitalized.
	D
	Raúl B.B. et al./Chile/2016.
	Randomized Study (37 weeks)
	90 children. 
	19,2 ng/mL
	Children on admission with Vitamin D3 deficiency showed statistically significant elevation in blood lactate and procalcitonin
	E
	Spenta K. et al./Canada/2011.
	Randomized Study (24 weeks)
	97 children.
	25 ng/mL
	Children in the hospitalization period had elevated serum PTH in individuals with insufficient Vitamin D3. Vitamin D3 supplementation at doses of 800 IU to 1600 IU/day did not show an increase in CD4+ in infected children. Vitamin D3 supplementation at 800 IU/day is inadequate in HIV children.
	F
	Piyush G. et al./ India/2016.
	Randomized Study  (24 weeks)
	324 children. 
	12 ng/mL
	Administration of Vitamin D3 supplementation at a single oral dose of 10.000 units/week showed no recovery from pneumonia, hospitalization duration and fever elimination time.
	G
	Joanna J. et al./Polônia/2018.
	Randomized Study (12 weeks)
	50 children. 
	20 ng/mL
	There was a statistically significant change in induction of CD4 +, CD25+, Foxp3+. Vitamin D3 promotes the production of tolerogenic dendritic cells, which leads to the introduction of Foxp3+ regulatory cells. Vitamin D3 modulates active T-cell proteins by suppressing Th1 secretion.
	H
	Duygu O.H. et al./Turquia/2016.
	Randomized Study (06 weeks)
	74 children. 
	12 ng/mL
	Children with optimal vitamin D3 levels had a medium level catelicidine in their urine. The frequency of Vitamin D3 deficit was significantly higher in cases of urinary tract infection. There is a high dependency ratio between Vitamin D3 deficit and ICU stay. Vitamin D3 has been recognized with effect on the urinary system, with immunomodulatory ability against Escherichia Coli infection. Proper dosage of Vitamin D may benefit the urinary tract during infectious periods by inducing catelicidine expression.
	I
	Galli E. et al./Itália/2015
	Randomized Study (24 weeks)
	89 children. 
	20 ng/mL
	The active form of Vitamin D3 induces the expression of antimicrobial peptides that aid in the infectious process of the skin and immunosuppressive properties of the skin.
	3. RESULTS
	A total of 1475 articles were retrieved and nine articles were included in our review. All studies were randomized and placebo controlled which evaluated including 2693 children. The main features of the studies are shown in Figure 03.
	A. STUDY CHARACTERISTICS – 87 studies were removed because they were duplicate, 1388 were recovered. Based on the title and summary these 1388 studies were selected for possible inclusion in the study, 375 were excluded for not reporting the presence of a placebo-controlled control group during the Vitamin D, 450 studies used children and adults in the surveyed sample, 356 studies did not use the dose of vitamin D supplementation in a randomized and informed manner, 188 studies did not report primary results with the use of vitamin D in the infectious process. Nine articles were included in this systematic review and meta-analysis (TABLE 01).
	B. QUALITY ASSESSEMENTS AND SIDE RISK – Quality assessment the result is shown in Table 02. Five articles met the full quality of the evaluation criteria in the inclusion process in this systematic review and meta-analysis (A, B, C, F, I). In all items analyzed, at least 70% of the studies had low risk of bias (FIGURE 01). 
	TABLE 02 – Quality risk of studies included according to Down and Black associated method according to Cochrane criteria (RCT). 
	Article Identification 
	Reporting
	(0 – 10)
	External validity (0 – 03)
	Internal validity – bias (0 – 07)
	Confusion - bias of selection (0 – 06)
	Power
	(0 – 5)
	Total score
	A
	10
	03
	04
	05
	01
	23
	B
	09
	02
	04
	03
	02
	20
	C
	10
	03
	05
	05
	01
	24
	D
	08
	02
	04
	04
	02
	20
	E
	09
	03
	09
	06
	01
	24
	F
	10
	03
	06
	05
	01
	25
	G
	09
	03
	05
	05
	01
	23
	H
	10
	03
	04
	05
	02
	24
	I
	10
	03
	05
	06
	02
	26
	SOURCE: SARA, H. D.; BLACK, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised and non-randomised studies of health care interventions. J Epidemiol CommunityHealth.v.52. p.377–384. 1998.
	Figure 01- Bias Risk Graph by type of bias assessed
	Figure 02 – Funnel graph with prevalence of chronic immunological severity (x-axis) by the standard error of each study (y-axis). Demonstrating heterogeneity between studies analyzed according to the effectiveness of Vitamin D3 and its relationship in the infectious process of hospitalized children.
	/
	Figure 03 – Efficacy of clustering within confidence interval of risk ratio for Vitamin D3 dosage versus immunological changes in children. 
	/
	The meta-analysis of the evaluated objectives (infectious process and supplemented dosage of Vitamin D) are show in Figure 3. While the final results and medium term results favored the reduction of the infectious process with highs doses of Vitamin D as shown in Figure 02, the studies analyzed in this systematic review and meta-analysis confirmed that Vitamin D3 supplementation generates na efficient positive immune response in situations of hospitalization process. However, two studies [38-41] of Vitamin D3 supplementation in the present meta-analysis have not shown satisfactory or immunological protection outcomes during hospitalization [39,41]. 
	Still in Figure 02, a total of 07 studies [A, B, D, E, F, G, H] reported a positive effect on immune attenuation after Vitamin D3 supplementation and this sensitivity analysis revealed that five studies were the contributors to these results [A, B, C, F, I] and no limitations in the quality assessment process were found in the studies. Heterogeneity was found in the final analysis results (12 = 97%), OR estimates were also statistically significant for incidence of improvement in the infectious process (OR = 0.35; CI = 95%: 0.16-0.77) which indicates improvement in the immune system in the infectious process as increased dosage in the Vitamin D supplementation process in hospitalized children compared to lower doses (OR= 7,86; IC 95%: 4,01-15,42). 
	Despite the small number of studies included in this meta-analysis to be examined, the assessed asymmetry of the funnel graph showed that there is no risk of publication bias (Figure 02).
	4. DISCUSSION
	Vitamin D3 supplementation had an effect on the total number of positive changes in immune defense cells (increase) when compared to the control group and the effect was statistically significant (p< 0,00001) [32-34]. Thus, the present systematic review and meta-analysis study suggests that Vitamin D3 supplementation has a significant immunomodulatory effect on the production of body defense cells (leukocytes, lymphocytes and plasma neutrophils for example) [34-41]. 
	The articles reviewed in this systematic review and meta-analysis recently highlight that immune system cells express Vitamin D3 receptors and portray intracellular mechanisms capable of converting 25 (OH) D3 into their active formulation, in this case, 1.25 (OH) 2D3, Vitamin D3 has immunomodulatory function [36-42]. It can be seen from Graph 01 that in the studies analyzed in this systematic review and meta-analysis [34-42] Vitamin D3 supplementation was predominantly applied to the treatment groups to compare them with its application in control groups [42], therefor Vitamin D3 played na essential role in adaptive and innate immunity [36-41]. 
	This functionality in the immune system occurs due to Vitamin D3-mediated activation through Toll-like receptors [36-42], where it increases resistance to human catelicidin antimicrobial peptide, reducing vulnerability to bacterial infections [36]. When comparing the dosage below 20 nmol/L, the selected studies showed an increase in the infectious process of the hospitalization period with an increase in the frequency of death with an infectious process [34,42]. 
	This meta-analysis through Graph 01 shows a significant reduction in infectious process symptoms compared to children who did not supplement Vitamin D (Control Group) [34-42]. Graph 01 shows na increase in cell percentage baseline of CD4+, CD25+, and Foxp3+ during hospitalization in the groups compared to placebo, changes due to Vitamin D3e levels due to Vitamin supplementation D3[34-42]. 
	Vitamin D brings immunological improvement in the hospitalized child population by increasing serum IgA and IgG immunoglobulin levels [36-42] with peripheral increase in serum IgM levels in Vitamin D supplemented children. As well as na increase in serum catelicidin [36], an antimicrobial peptide responsible for immune boosting due to Vitamin D3 supplementation and significantly reduced the frequency of hospital complications such as pneumonia, sepsis or other infections [34-42]. 
	In this systematic review and meta-analysis as shown in Figure 02, only a randomized, double-blind, placebo-controlled study used Vitamin D3 supplemented at a weekly oral dose of 100.000 units for children aged 6 months to 5 years. 
	In cases of respiratory infections and showed an increase in serum IgM levels in children supplemented with Vitamin D3 and serum catelicidine, and due to high Vitamin D3 supplementation there was an increase in na antimicrobial peptide which was responsible for the increase in reinforcement. Immune with Vitamin D Supplementation [36-40]. 
	In this systematic review and meta-analysis study Graph 01 shows a potential beneficial effect of Vitamin D3 on CD4+ count, as the effects of Vitamin D3 include both immunostimulatory and immunosuppressive effects which may raise questions regarding dosage in this case > 1600 IU/ day may have unintended adverse consequences [34-42], so there is a need to continuously monitor active Vitamin D3 serum levels and immune function in hospital-infected patients who are supplemented with Vitamin D [34-40]
	Graphic 1 – Monitoring of vitamin D3 serum levels in correlated supplementation in activation and immune function of pediatric patients infected in the hospital process.
	/
	This systematic review and meta-analysis study showed that a direct relationship between Vitamin D3 level and mortality, in this case low Vitamin D3 levels at admission, was directly associated with immunological worsening [34-42].
	This systematic review and meta-analysis reinforced that patients admitted to intensive care units had a high incidence of hypovitaminosis D in all age groups, however the difference was statistically significant in older age groups, in this case children from 08 years to 13 years [39-42]. 
	This study highlights that Vitamin D supplementation above 50000 IU/week is safe and protective against acute respiratory tract infections [34-42]. 
	It is emphasized that Vitamin D has several immunomodulatory functions including the regulation of antiviral peptides that are part of human innate immunity and may, for example, inactivate influenza vírus [42]. 
	5. CONCLUSION
	This systematic review and meta-analysis found that the insufficient high prevalence of serum Vitamin D in a hospitalized infant patient triggers severe immune system changes, as well as decreased bacterial defense sequelae and an association with increased length of hospital stay and infectious process and a growing death toll. 
	However, Vitamin D supplementation shows evidence of improvement in clinical status and immune response, with an increase in serum IgA and IgG Immunoglobulin levels, especially serum catelicidin, reducing hospital complications such as pneumonia, sepsis and other infections. 
	6. DATA AVAILABILITY
	The data used to support the findings of this study are included within the article.
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