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Abstract---Recurrent pneumonia may develop into severe pneumonia.
Many evidences showing that vitamin D supplementation can reduce
the risk of pneumonia, but the results are not yet definitive. We aim to
investigate and determine the effect of vitamin D supplementation on
the incidence of recurrent pneumonia in children. Data sources
published were searched from PubMed, Web of Science, Science
Direct, Scopus, and clinicaltrial.gov up to December 2021. This review
included the Randomized controlled trials (RCT) study which compare
vitamin D supplementation with placebo and/or non-intervention in
children with pneumonia under 18-years-old. We used Risk of Bias
(RoB) 2 tools to assessed the risk of bias. The results are combined
with a random effect or fixed-effect model, and sensitivity analysis was
conducted to explore potential factors. Seven RCT studies with a total
of 1852 participants met the eligibility criteria. There was a positive
correlation between vitamin D supplementation and the incidence of
recurrent pneumonia (RR 0.59; 95% Confidence Interval 0.40 — 0.89),
with a combined effect of 2.52. The heterogeneity test was 77%. The
results were statistically significant with a p-value of 0.01. Vitamin D
supplementation may reduce the incidence of recurrent pneumonia in
children and be considered an additional therapy.
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Introduction

Recurrent pneumonia is a common symptom that occurs in general pediatric
practice and is often referred to a pediatric respiratory specialist (Chen et al.,
2021; Hoang et al.,, 2021; Montella et al., 2017). Inappropriate or incomplete
treatment is considered to be the main cause of recurrent pneumonia (Yousif &
Elnazir, 20135). Pneumonia causes mortality of 1.1-1.4 million children every year
and for about 119% of all deaths in children under S5 years of age, mostly in
developing countries (Bhutta et al.,, 2013). Despite improvements in living
conditions, nutrition, and vaccinations, more than 700,000 children under 5
years of age have died from pneumonia globally (Marangu & Zar, 2019). The
incidence of recurrent pneumonia in children is still unclear (Yousif & Elnazir,
2015). Children with pneumonia will develop recurrent pneumonia about 7.7% to
9%, even in developed countries. More than 90% of children who develop
recurrent pneumonia have an underlying disease. One-third of children with
recurrent pneumonia will have severe attacks and about 75% will require
intensive care due to shock, respiratory failure, and multiple organ failure (Hoang
et al., 2021; Montella et al., 2017).

Recent epidemiology shows that vitamin D has an important role in adaptive and
innate immunity. Local innate defenses that quickly recognize pathogenic
microbes play an important role in preventing microbial colonization that can lead
to repeated infections (Bartley, 2010). Vitamin D’s ability to boost innate
immunity through its role in stimulating the production of several antibacterial
proteins, similarly to cathelicidin and pB-defensins has been well studied in
association with pneumonia (Pettifor, 2016). A study has identified an association
between inadequate vitamin D levels and respiratory infections in children
(Esposito & Lelii, 2015). There is currently ample evidence showing that replacing
vitamin D with supplementation can reduce the risk of acute respiratory
infections in patients with deficiency or insufficiency conditions (Bradley et al.,
2020), as stated by Chowdhury et al. who revealed that vitamin D reduced the
risk of recurrent episodes of pneumonia by 0.53 times compared to no vitamin D
or standard therapy alone (Chowdhury et al., 2021).

More economical alternatives are urgently needed to increase children's resistance
to respiratory infections and to reduce disease severity (Pettifor, 2016). New
strategies in prevention and management are needed for this problem. Giving
vitamin D supplementation has been shown to improve the outcome of children
with pneumonia, including reducing recurrent attacks of pneumonia (Jadhav et
al., 2021). From some previous evidence, vitamin D supplementation in children
with pneumonia is expected to be given in a comprehensive management in
dealing with recurrent pneumonia to prevent mortality and morbidity (Hoang et
al.,, 2021). The existence of evidence regarding the effect of vitamin D on
respiratory tract infections has prompted many intervention and observational
studies to investigate the effect of vitamin D supplementation on outcomes in
children with pneumonia, one of which is the incidence of recurrent pneumonia.
We aim to investigate the results of others studies and determine the effect of
vitamin D supplementation on the incidence of recurrent pneumonia in children.
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Method

Protocol and registration

The systematic review evaluation was written using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) checklist (Page et al., 2021).
The protocol in this study will be registered on the registration site for a
systematic review of either Cochrane or PROSPERO. This study also uses a
Systematic Literature Review (SLR) to review several literatures that identify,
assess and interpret all findings regarding the effect of vitamin D
supplementation on the incidence of recurrent pneumonia in children.

Search strategy and information resources

The literature search was carried out through a free search or through an
electronic database and was conducted by two people independently. The
electronic database in this research literature search used PubMed, Science
Direct, Web of Science, Scopus, and clinicaltrial.gov to identify relevant research.
Concepts and keywords that are expressed as synonymous keywords and index
terms, such as Medical Subject Headings (MeSH), must be combined using the
Boolean operators AND and OR. The search terms used were “vitamin D
supplementation” and “pneumonia” or “respiratory tract infection” and
“recurrent” or “frequency attack” or “repeat episode” and “children” or
“childhood”.

Data management and study selection

A search was conducted on published articles ranging from 2010 to December
31st, 2021. Eligibility articles in this review were the following: 1) English
literature; 2) Participants were pediatric patients with pneumonia under 18-year-
old; 3) Studies with intervention; 4) A Journal containing the full text; 5) Derived
from the Science Direct database, Web of Science, Scopus, PubMed, and
clinicaltrial.gov. We exclude articles based on non-research studies, for example,
conference papers, book chapters, case report/case series, and/or review articles
as well as incomplete research journals which only consist of abstracts and
duplication journals. In addition, in this systematic review, the preparation of
research questions uses population, intervention/issue, comparison/context, and
outcome (PICO). The population is children with pneumonia under 18-year-old.
The intervention/issue in this systematic review is vitamin D supplementation,
while the comparison/content is placebo and/or without vitamin D
supplementation. And lastly, the outcome is the incidence of recurrent
pneumonia in children.

Literature Quality Assessment

Data is collected and then managed according to PRISMA. All articles collected
were identified, screened, and included to determine the articles to be analyzed.
Risk of Bias 2 (RoB 2) is a tool that provides a framework for considering the risk
of bias in the findings of any type of randomized control trial (RCT). ROB2 refers
to interventions including experimental interventions and comparison
interventions, although the results may sometimes refer to a comparison of two
active interventions. The five domains for a RCT include: 1) bias due to
randomized process, 2) bias due to deviations from the intended intervention, 3)
bias due to lack of outcome data, 4) bias for outcome measurement, and 5) bias
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in selective report-ing results. The RoB 2 tool includes several questions to ensure
clarity on which interventions are referred to as experimental and which are
referred to as comparisons in the assessment (Sterne et al., 2019).

Data extraction

In the data extract process, we transfer the important information from the
selected literature into a specific table to identify the literature. We used a
modified data collection form (DCF) by Cochrane (The Cochrane Library). This
DCF consisted of the identity, methods, characteristics, and results of the study,
specifically to facilitate the analysis the literature reviewed and then presented in
tabular form to make it easier for researchers to analyze the characteristics of
study reviewed. Recorded data were the following: main author, year of study,
place of study, participants (including sample size, age, and sex), baseline
characteristics, intervention given (dose, route, and time of administration of
vitamin D), time of follow-up further, and study results.

Data analysis

The process of calculating data analysis and the outcome was performed using
the software Review Manager 5.4. The meta-analysis process includes calculating
the treatment effect incidence and 95% confidence interval (CI) in each study.
Overall effect size is also calculated as a summary of the results of the analysis.
Heterogeneity was calculated using the Chi-Square test with a limit of 50%, then
calculated the use of fixed-effects models or random-effects models. Sensitivity
analysis is done by eliminating several factors or low evidence, then looking at the
sensitivity results. The publication bias test was also identified using a funnel
plot. The funnel plot is used to see the distribution of articles that are combined
in the meta-analysis. If the distribution of articles is not symmetrical, then there
is a publication bias in the relationship between the variables being studied.

Discussion

Our search on December 31th, 2021 produced 27,782 articles regarding vitamin
D supplementation on the incidence of recurrent pneumonia in children identified
in the five literature search sources (Figure 1). This systematic review and meta-
analysis study included seven RCT studies to determine the effect of vitamin D
supplementation on the incidence of recurrent pneumonia in children. A total of
1852 children with pneumonia participated in the study. The seven studies
differed in terms of inclusion criteria, dose and method of administering vitamin
D supplementation, and duration of observation. Almost all studies reported a
reduction in the incidence of pneumonia in the intervention group although some
results were not significant, except for the study by Somnath et al. (Chowdhury et
al., 2021; Dhungel & Alam, 2015; Gupta et al., 2016; Jadhav et al., 2021;
Manaseki-Holland et al., 2010; Singh et al., 2019; Somnath et al., 2017).

All studies were assessed for quality using the RoB 2 tool due to the randomized
control trial design. Five domains are assessed in each study. The assessment of
all research quality and the assessment of each domain of each study are
summarized in Figure 2A. There are five studies with a low risk of bias and 2
other studies with an unclear risk of bias (same concerns) Figure 2B. We collected
data from the articles included: the main author, year of study, place of study,
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study sample (including sample size, age, and sex), baseline characteristics
(vitamin D deficiency, malnutrition, and incomplete immunization), the
intervention provided (dose, route, and timing of vitamin D administration),
follow-up time, and study results Table 1.
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Figure 1. PRISMA study selection diagram

From all studies included in this meta-analysis, it was found that vitamin D
supplementation could reduce the incidence of recurrent pneumonia by 59%.
Overall, the results of this study revealed that vitamin D supplementation can
reduce the incidence of recurrent pneumonia in children. Most of the studies were
conducted in low-income countries, four studies were conducted in India (Gupta
et al., 2016; Jadhav et al., 2021; Singh et al., 2019; Somnath et al., 2017), one in
Pakistan (Dhungel & Alam, 2015), one in Bangladesh (Chowdhury et al., 2021),
and the rest in Afghanistan (Manaseki-Holland et al., 2010). From 2000 to 2015,
India had the highest number of clinical pneumonia episodes (32% of all episodes
in developing countries) and a decrease of only 3% in the number of pneumonia
episodes over a 15-year period. (McAllister et al., 2019) Despite the dissemination
of preventive strategies and effective management, pneumonia remains a problem
in many low- and middle-income countries (Alamneh & Adane, 2020).
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Figure 2. A) Assessment of literature quality based on the RoB 2 framework; B)
The assessment of each domain is based on each research article.
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Figure 3. A forest plot estimated the effect of vitamin D supplementation on the
incidence of recurrent pneumonia in children
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RP = recurrent pneumonia; M = Male; F = Female; I = Intervention; C = Control;

NA = Not applicable; im = intramuscular;

* Measurement of vitamin D levels was carried out before the intervention; ** All
children are fully immunized; *** Serum vitamin D levels are normal in all
childrenThe administration of vaccines, especially the pneumococcal conjugate
vaccine can significantly reduce the number of treatments due to pneumonia in
children compared to children who do not get the vaccine (Zhu & Li, 2021). There
are only 3 studies that include the immunization status of research subjects
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(Gupta et al.,, 2016; Singh et al., 2019; Somnath et al., 2017). Almost all
participants in Somnath et al. study was not fully immunized in both study
groups (>90%) (Somnath et al., 2017), in contrast, Singh et al., had all
participants fully immunized (Singh et al., 2019). In research by Gupta et al. only
about 6-9% are not fully immunized. Oliwa and Marais stated that 5 simple
interventions have been recommended to reduce the incidence of pneumonia in
children, including 1) exclusive breastfeeding for six months and continuing
breastfeeding supplemented with nutritious solid foods until the age of two years;
2) routine vaccination against pertussis, measles, Haemophilus influenza type b
(HiB) and pneumococcal; 3) drinking water, sanitation and handwashing facilities;
4) improvement of cooking stoves to reduce indoor air pollution; and 5) effective
treatment including antibiotics and oxygenation (Oliwa & Marais, 2017). WHO
declare approximately 40 vaccine-preventable or potentially preventable diseases.
Routine vaccination for common childhood diseases is one of the most cost-
effective strategies to prevent death from pneumonia, the leading cause of
mortality in young children (Oliwa & Marais, 2017; Organization, 2018, 2021).

This meta-analysis was conducting by summarizing and comparing data on the
number and percentage of incidences of recurrent pneumonia in children who
were given vitamin D supplementation. Seven journals reported the results
regarding the effect of vitamin D supplementation on the incidence of recurrent
pneumonia in children with a combined effect magnitude of 2.52 and a Relative
Risk (RR) value of 0.59 (95% CI 0.40 — 0.89), whereas vitamin D supplementation
reduced the risk of recurrent pneumonia in children by 0.59 times (Figure 3).
Analysis of the results showed with a p-value of 0.01 which means that in this
study there is a significant relationship. The results of the heterogeneity analysis
showed a value of 77% where this study was heterogeneous, thus using a
random-effects model to combine the results. All studies in this meta-analysis
formed a symmetrical picture, so there was no publication bias in this study
(Figure 4).

Vitamin D has a regulatory role in various immune processes, including host
defense, immunity, inflammation, and epithelial repair. Patients with respiratory
disease more likely to experience vitamin D deficiency, implying that
supplementation may provide significant benefits to the patient. Respiratory
monocytes or macrophages and epithelial cells constitutively express the vitamin
D receptor. Vitamin D, acting through this receptor, plays an important role in
protection against respiratory infections. There are in vitro data on the role of
vitamin D in innate immunity, data on the extent of vitamin D deficiency in lung
disease, and the role of in vivo supplementation as protection against respiratory
tract infections in healthy individuals and patients with chronic respiratory
disease. Vitamin D as adjuvant therapy is suggested to increase its effectiveness
in the prevention and treatment of acute respiratory infections (Zdrenghea et al.,
2017).
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Figure 4. A meta-analysis of funnel plots

Loeb et al. conducted a study on whether vitamin D supplementation can reduce
the influenza virus and upper respiratory tract infections caused by other viruses.
A healthy children and adolescents aged 3 to 17 years were randomized to receive
either vitamin D supplementation at a dose of 14,000 IU/week or a placebo for 8
months in Vietnam. It can be concluded that vitamin D supplementation did not
reduce the incidence of influenza but did moderately reduce non-influenza
respiratory viral infections (Loeb et al., 2019). All studies in this meta-analysis did
not include comorbid or underlying diseases that could be a risk of recurrent
pneumonia incidence (Dhungel & Alam, 2015; Gupta et al., 2016; Jadhav et al.,
2021; Manaseki-Holland et al., 2010; Singh et al., 2019; Somnath et al., 2017).
Dhungel and Alam excluded patients with heart disease and chronic respiratory
diseases, such as asthma and TB. Manaseki-Holland et al. included heart or
kidney disease, meningitis, measles, malnutrition, and TB as exclusion criteria.
Children diagnosed with recurrent pneumonia mostly have an underlying disease.
The underlying disease can be confirmed in each case according to the clinical
characteristics and diagnostic tests (Barakat et al., 2021). A case-control study
describes the clinical characteristics, risk factors, and causes of recurrent
pneumonia in children. As many as 11.4% of them experienced recurrent
pneumonia due to a history of prematurity, low birth weight, and respiratory
distress at birth, which was significantly different between cases and controls.
Aspiration syndrome, gastroesophageal reflux, congenital heart disease, wheezing,
oro-motor incoordination, and asthma are the risk factors for recurrent
pneumonia (Baseer et al., 2020). Children with a history of underlying disease are
more susceptible to recurrent pneumonia and are more susceptible to resistant
microorganisms, have more severe disease, and poorer clinical outcomes (Chen et
al., 2021).
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Vitamin D supplementation is beneficial in the treatment and prevention of
pneumonia. Children with low serum vitamin D levels are at risk for pneumonia
compared to children with high vitamin D concentrations (Li et al., 2018). Four
studies measure serum vitamin D levels in patients before intervention
(Chowdhury et al., 2021; Gupta et al., 2016; Singh et al., 2019; Somnath et al.,
2017). Two other studies by Jadhav et al., and Dhungel and Alam excluded
children with normal serum vitamin D levels, meaning that the participants were
in a state of vitamin D deficiency, while Manaseki-Holland et al.(Manaseki-
Holland et al., 2010) did not include participants' vitamin D status but excluded
children who received high doses of vitamin D 3 months before the study as in the
case of the study. The acute inflammatory response may decrease serum vitamin
D concentrations through the use of 25 Hydroxyvitamin D (25(OH)D). This can
inhibit the immune response in children even though they take vitamin D
supplementation due to vitamin D deficiency that occurs. Beneficial effects of
vitamin D supplementation in children with adequate vitamin D levels suggest a
possible pharmacological effect independent of vitamin D adequacy (Chowdhury
et al., 2021). Patients with vitamin D deficient pneumonia with serum 25(OH)D
levels < 20 ng/mlL) had a significantly increased risk of pneumonia (OR 2.64; 95%
CI 1.00 - 2.67) and decreased serum vitamin D levels of 5.63 ng/mL (95% CI 9.11
- 2.14) was demonstrated in pneumonia patients. The findings of this meta-
analysis reported a correlation between vitamin D deficiency and an increased
risk of children with pneumonia (Zhou et al., 2019).

Recent recommendations in Europe continue to emphasize the need for vitamin D
supplementation for infants and adding recommendations for pregnant women,
but are reducing recommendations for adolescents and older children due to the
dubious results of RCTs on vitamin D supplementation and because of difficulties
in interpreting vitamin D status. The higher risk of vitamin D deficiency is a
consideration for recommending supplementation of 10 g/day (Taylor, 2020).
Elevated serum 25(OH)D levels have been compared either after oral or
intramuscular administration. In the general population or when vitamin D is
required, the oral route is preferred for maintenance. The two routes of
administration appear to be equivalent. The parenteral route of vitamin D
administration is effective and safe in patients with vitamin D deficiency caused
by severe intestinal malabsorption (Bilezikian et al., 2021). Vitamin D
supplementation is safe and may protect against overall acute respiratory
infections. Vitamin D supplementation did not affect the proportion of
participants who experienced at least one side effect (Bergman et al., 2013; Jolliffe
et al., 2021; Manaseki-Holland et al., 2010; Martineau et al., 2017).

When determining the appropriate dose of vitamin D supplementation, the
potential for toxicity must be considered. Damage is possible at concentrations of
25(0OH)D above the therapeutic dose range, but toxicity due to misuse or
accidental ingestion has been reported at doses of 6,000-112,500 g and results in
severe hypercalcemia. Overdose is a rare but potential risk. Education of parents
about proper giving is highly recommended (Taylor, 2020). Almost all studies
included high-dose of vitamin D (>100,000 IU) but no adverse events were
reported in any of these meta-analyses. Most studies that excluded comorbid or
underlying diseases from study participants were not included in the study,
which is a limitation in this systematic review and meta-analysis study. As
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previously explained, comorbidity is a risk factor for recurrent pneumonia and
thus can be a confounding factor.

Conclusion

Vitamin D supplementation can be given as adjunctive therapy to reduce
possibility of recurrent pneumonia in children. Vitamin D supplementation also
needs to be considered a supportive therapy. Health personnel should provide
precise and clear advice to parents regarding the right amount of daily dose and
when to give it to children. For this reason, further RCT studies on the provision
of vitamin D supplementation need to be carried out, especially in developing
countries with the most cases.

Acknowledgments

We would like to thank our Head of Department, Dr. Muhammad Faizi for giving
us the permission to do this study. We also would like to appreciate the help of
our colleagues for reviewing this manuscript.

References

Alamneh, Y. M., & Adane, F. (2020). Magnitude and Predictors of Pneumonia
among Under-Five Children in Ethiopia: A Systematic Review and Meta-
Analysis. J Environ Public Health, 2020, 1606783.
https://doi.org/10.1155/2020/1606783

Barakat, A. N., Hussein, M. M., Fouda, E. M., Zoair, A. M., & El-Razek, A. M. A.
(2021). The Underlying Causes of Recurrent Pneumonia in Children: A Two-
Center Study. Journal of Advances in Medicine and Medical Research, 33(6),
62-69. https://doi.org/ https://doi.org/10.9734 /jammr/2021/v33i630861

Bartley, J. (2010). Vitamin D, innate immunity and upper respiratory tract
infection. J Laryngol Otol, 124(5), 465-469.
https://doi.org/10.1017/s0022215109992684

Baseer, K. A. A., Mohamed, M., & Abd-Elmawgood, E. A. (2020). Risk Factors of
Respiratory Diseases Among Neonates in Neonatal Intensive Care Unit of Qena
University Hospital, Egypt. Ann Glob Health, 86(1), 22.
https://doi.org/10.5334 /aogh.2739

Bergman, P., Lindh, A. U., Bjérkhem-Bergman, L., & Lindh, J. D. (2013). Vitamin
D and Respiratory Tract Infections: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Plos one, 8(6), e65835.
https://doi.org/10.1371/journal.pone.0065835

Bhutta, Z. A., Das, J. K., Walker, N., Rizvi, A., Campbell, H., Rudan, 1., & Black,
R. E. (2013). Interventions to address deaths from childhood pneumonia and
diarrhoea equitably: what works and at what cost? Lancet, 381(9875), 1417-
1429. https://doi.org/10.1016/s0140-6736(13)60648-0

Bilezikian, J. P., Formenti, A. M., Adler, R. A., Binkley, N., Bouillon, R., Lazaretti-
Castro, M., . . . Giustina, A. (2021). Vitamin D: Dosing, levels, form, and route
of administration: Does one approach fit all? Rev Endocr Metab Disord, 22(4),
1201-1218. https://doi.org/10.1007/s11154-021-09693-7

Bradley, R., Schloss, J., Brown, D., Celis, D., Finnell, J., Hedo, R., . . . Steel, A.
(2020). The effects of vitamin D on acute viral respiratory infections: A rapid


https://doi.org/10.1155/2020/1606783
https://doi.org/10.9734/jammr/2021/v33i630861
https://doi.org/10.1017/s0022215109992684
https://doi.org/10.5334/aogh.2739
https://doi.org/10.1371/journal.pone.0065835
https://doi.org/10.1016/s0140-6736(13)60648-0
https://doi.org/10.1007/s11154-021-09693-7

2278

review. Adv Integr Med, 7(4), 192-202.
https://doi.org/10.1016/j.aimed.2020.07.011

Chen, L. L., Liu, Y. C,, Lin, H. C., Hsing, T. Y., Liu, Y. C, Yen, T. Y., . . . Chang, L.
Y. (2021). Clinical characteristics of recurrent pneumonia in children with or
without underlying diseases. J Formos Med Assoc.

https://doi.org/10.1016/j.jfma.2021.08.013

Chowdhury, F., Shahid, A., Tabassum, M., Parvin, 1., Ghosh, P. K., Hossain, M. L.,

. Chisti, M. J. (2021). Vitamin D supplementation among Bangladeshi

children under-five years of age hospitalised for severe pneumonia: A
randomised placebo controlled trial. Plos one, 16(2), e0246460.
https://doi.org/10.1371/journal.pone.0246460

Dhungel, A., & Alam, M. S. (2015). Efficacy of vitamin D in children with
pneumonia: a randomized control trial study. Janaki Medical College Journal
of Medical Science, 3(1), 5-13.
https://doi.org/https://doi.org/10.3126/jmcjms.v3il.15369

Esposito, S., & Lelii, M. (2015). Vitamin D and respiratory tract infections in
childhood. BMC Infect Dis, 15, 487. https://doi.org/10.1186/s12879-015-
1196-1

Gupta, P., Dewan, P., Shah, D., Sharma, N., Bedi, N., Kaur, I. R., . . . Madhu, S.
V. (2016). Vitamin D Supplementation for Treatment and Prevention of
Pneumonia in Under-five Children: A Randomized Double-blind Placebo
Controlled Trial. Indian Pediatr, 53(11), 967-976.
https://doi.org/10.1007/s13312-016-0970-5

Hoang, K. L., Ta, A. T., & Pham, V. T. (2021). Severe recurrent pneumonia in
children: Underlying causes and clinical profile in Vietnam. Ann Med Surg
(Lond), 67, 102476. https://doi.org/10.1016/j.amsu.2021.102476

Jadhav, S., Khanwelkar, C., Jadhav, A., & Seshla, S. (2021). Vitamin D
supplementation in the prevention of recurrent acute respiratory tract
infections in children aged <5 years. J Med Sci, 41, 129-133.
https://doi.org/10.4103/jmedsci.jmedsci_101_20

Jolliffe, D. A., Camargo, C. A., Jr., Sluyter, J. D., Aglipay, M., Aloia, J. F.,
Ganmaa, D., . . . Martineau, A. R. (2021). Vitamin D supplementation to
prevent acute respiratory infections: a systematic review and meta-analysis of
aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol,
9(5), 276-292. https://doi.org/10.1016/s2213-8587(21)00051-6

Li, W., Cheng, X., Guo, L., Li, H., Sun, C., Cui, X., . . . Song, G. (2018).
Association between serum 25-hydroxyvitamin D concentration and
pulmonary infection in children. Medicine (Baltimore), 97(1), €9060.
https://doi.org/10.1097 /md.0000000000009060

Loeb, M., Dang, A. D., Thiem, V. D., Thanabalan, V., Wang, B., Nguyen, N. B., . . .
Pullenayegum, E. (2019). Effect of Vitamin D supplementation to reduce
respiratory infections in children and adolescents in Vietnam: A randomized
controlled trial. Influenza Other Respir Viruses, 13(2), 176-183.
https://doi.org/10.1111/irv.12615

Manaseki-Holland, S., Qader, G., Isag Masher, M., Bruce, J., Zulf Mughal, M.,
Chandramohan, D., & Walraven, G. (2010). Effects of vitamin D
supplementation to children diagnosed with pneumonia in Kabul: a
randomised controlled trial. Trop Med Int Health, 15(10), 1148-1155.
https://doi.org/10.1111/j.1365-3156.2010.02578.x


https://doi.org/10.1016/j.aimed.2020.07.011
https://doi.org/10.1016/j.jfma.2021.08.013
https://doi.org/10.1371/journal.pone.0246460
https://doi.org/https:/doi.org/10.3126/jmcjms.v3i1.15369
https://doi.org/10.1186/s12879-015-1196-1
https://doi.org/10.1186/s12879-015-1196-1
https://doi.org/10.1007/s13312-016-0970-5
https://doi.org/10.1016/j.amsu.2021.102476
https://doi.org/10.4103/jmedsci.jmedsci_101_20
https://doi.org/10.1016/s2213-8587(21)00051-6
https://doi.org/10.1097/md.0000000000009060
https://doi.org/10.1111/irv.12615
https://doi.org/10.1111/j.1365-3156.2010.02578.x

2279

Marangu, D., & Zar, H. J. (2019). Childhood pneumonia in low-and-middle-
income countries: An update. Paediatr Respir Rev, 32, 3-9.
https://doi.org/10.1016/j.prrv.2019.06.001

Martineau, A. R., Jolliffe, D. A., Hooper, R. L., Greenberg, L., Aloia, J. F.,
Bergman, P., . . . Camargo, C. A., Jr. (2017). Vitamin D supplementation to
prevent acute respiratory tract infections: systematic review and meta-analysis
of individual participant data. bmyj, 356, i6583.
https://doi.org/10.1136/bm;j.i6583

McAllister, D. A., Liu, L., Shi, T., Chu, Y., Reed, C., Burrows, J., . . . Nair, H.
(2019). Global, regional, and national estimates of pneumonia morbidity and
mortality in children younger than 5 years between 2000 and 2015: a
systematic analysis. Lancet Glob Health, 7(1), e47-e57.
https://doi.org/10.1016/s2214-109%(18)30408-x

Montella, S., Corcione, A., & Santamaria, F. (2017). Recurrent Pneumonia in
Children: A Reasoned Diagnostic Approach and a Single Centre Experience. Int
J Mol Sci, 18(2). https://doi.org/10.3390/ijms 18020296

Oliwa, J. N., & Marais, B. J. (2017). Vaccines to prevent pneumonia in children -
a developing country perspective. Paediatr Respir Rev, 22, 23-30.
https://doi.org/10.1016/j.prrv.2015.08.004

Organization, W. H. (2018). Surveillance standards for vaccine-preventable

diseases. World Health Organization.
https://apps.who.int/iris/bitstream /handle/10665/275754 /9789241513920
-eng.pdf

Organization, W. H. (2021). Immunization, Vaccines and Biologicals. Retrieved
April 13 2022 from https://www.who.int/teams/immunization-vaccines-and-

biologicals/diseases

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C,,
Mulrow, C. D., . . . Moher, D. (2021). The PRISMA 2020 statement: an updated
guideline  for  reporting  systematic  reviews. bmyj, 372, n71.

https://doi.org/10.1136/bmj.n71

Pettifor, J. M. (2016). Vitamin D and its Role in the Management and Prevention
of Lower Respiratory Tract Infections in Infants and Young Children. Indian
Pediatr, 53(11), 965-966. https://doi.org/10.1007/s13312-016-0969-y

Singh, N., Kamble, D., & Mahantshetti, N. S. (2019). Effect of Vitamin D
Supplementation in the Prevention of Recurrent Pneumonia in Under-Five
Children. Indian J Pediatr, 86(12), 1105-1111.
https://doi.org/10.1007 /s12098-019-03025-z

Somnath, S. H., Biswal, N., Chandrasekaran, V., Jagadisan, B., & Bobby, Z.
(2017). Therapeutic effect of vitamin D in acute lower respiratory infection: A
randomized controlled trial. Clin Nutr ESPEN, 20, 24-28.
https://doi.org/10.1016/j.clnesp.2017.02.003

Sterne, J. A. C., Savovic, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron,
I., . . . Higgins, J. P. T. (2019). RoB 2: a revised tool for assessing risk of bias in
randomised trials. bmj, 366, 14898. https://doi.org/10.1136/bmj.14898

Taylor, S. N. (2020). Vitamin D in Toddlers, Preschool Children, and Adolescents.
Ann Nutr Metab, 76 Suppl 2, 30-41. https://doi.org/10.1159/000505635

Yousif, T. I., & Elnazir, B. (2015). Approach to a child with recurrent pneumonia.
Sudan J Paediatr, 15(2), 71-77.

Zdrenghea, M. T., Makrinioti, H., Bagacean, C., Bush, A., Johnston, S. L., &
Stanciu, L. A. (2017). Vitamin D modulation of innate immune responses to


https://doi.org/10.1016/j.prrv.2019.06.001
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1016/s2214-109x(18)30408-x
https://doi.org/10.3390/ijms18020296
https://doi.org/10.1016/j.prrv.2015.08.004
https://apps.who.int/iris/bitstream/handle/10665/275754/9789241513920-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/275754/9789241513920-eng.pdf
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s13312-016-0969-y
https://doi.org/10.1007/s12098-019-03025-z
https://doi.org/10.1016/j.clnesp.2017.02.003
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1159/000505635

2280

respiratory viral infections. Rev Med Virol, 27(1).
https://doi.org/10.1002/rmv.1909

Zhou, Y. F., Luo, B. A., & Qin, L. L. (2019). The association between vitamin D
deficiency and community-acquired pneumonia: A meta-analysis of
observational studies. Medicine (Baltimore), 98(38), el7252.
https://doi.org/10.1097 /md.0000000000017252

Zhu, X., & Li, X. (2021). Pneumococcal vaccine effect on hospitalisation rates of
pneumonia in children: A meta-analysis. Int J Clin Pract, 75(11), e14739.
https://doi.org/10.1111/ijcp.14739


https://doi.org/10.1002/rmv.1909

