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and Lower Respiratory Tract Infection in
Children Under Five Years of Age
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Abstract

Objective: This study aimed to evaluate serum 25-hydroxyvitamin D [25(OH)D] levels in chil-
dren aged 0-5 years presenting with lower respiratory tract infection (LRTI) and to investigate
the association between vitamin D deficiency and infection severity.

Methods: In this prospective controlled study, a total of 100 children aged 0-5 years were
enrolled. The study group consisted of patients diagnosed with LRTI, while the control group
included healthy children. Serum 25(OH)D, calcium, phosphorus, alkaline phosphatase (ALP),
C-reactive protein (CRP), and complete blood count parameters were measured in all partici-
pants. Vitamin D status was classified as severe deficiency, deficiency, insufficiency, or normal.
Statistical significance was set at p<0.05.

Results: Children diagnosed with LRTI had significantly lower serum 25(OH)D levels com-
pared to the control group (p<0.001). CRP and leukocyte levels were significantly higher in the
study group (p<0.001). A significant association was observed between vitamin D deficiency
and frequent infections as well as hospitalization rates. Inflammatory markers were higher in
the severe vitamin D deficiency group. Additionally, serum 25(OH)D levels decreased with
increasing age (p<0.001).

Conclusions: Low serum 25(OH)D levels appear to be associated with increased frequency
and severity of lower respiratory tract infections in early childhood. Early detection of vitamin
D deficiency and maintenance of appropriate supplementation strategies may represent an
important preventive approach to reducing infection burden.
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Introduction

l :espiratory tract infections represent
one of the most frequent infectious

conditions encountered in pediatric pop-
ulations. Among these, lower respiratory
tract infections (LRTIs) continue to con-
stitute a major contributor to global mor-
bidity and mortality, particularly during

infancy and early childhood."" Data from
the World Health Organization (WHO)
indicate that lower respiratory tract in-
fections account for over 700,000 deaths
each year among children younger who
are than five years, corresponding to
nearly 2,000 deaths per day, including
approximately 190,000 neonatal fatalities.
Notably, most of these deaths are regarded
as preventable.?
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Vitamin D exerts dual biological functions. First, it
acts locally within tissues through paracrine and au-
tocrine mechanisms, modulating immune responses in
a cytokine-like manner. Second, it functions systemically.
acting in the systemic circulation with hormonal effects
are biologically active metabolite of vitamin D is 1,25-di-
hydroxyvitamin Ds [1,25(0OH).Ds] is primarily synthe-
sized by monocytes and macrophages and regulates
host immune responses to microbial pathogens hrough
binding to the vitamin D receptor (VDR).®! Within the
inflammatory microenvironment, sufficient synthesis of
1,25(OH):Ds promotes interactions with T and B lym-
phocytes, thereby contributing to the regulation of adap-
tive immunity.

1,25(OH)2Ds is recognized as a potent immunomodu-
lator. Recent human studies have shown that the vita-
min D—cytokine pathway is essential for antimicrobial
peptide production through the monocyte-macrophage
system.! Early evidence of vitamin D’s immunological
significance emerged from reports suggesting that de-
creased serum 25(OH)D concentrations were associated
with increased susceptibility to Mycobacterium tuber-
culosis infection and experienced more severe disease
courses.¥

The 1,25(0OH):Ds-VDR complex is regulate the tran-
scription of antimicrobial genes. Consequently, the rela-
tionship is serum 25(0OH)D levels and susceptibility to
various infectious diseases has been extensively investi-
gated. Several studies have reported that upper respira-
tory tract infections occur more frequently during peri-
ods of when serum 25(OH)D levels are low, independent
of seasonal variation.’

When serum 25(OH)D values fall under 20 ng/mL (50
nmol/L) have been associated with impaired activa-
tion of monocyte and macrophage-mediated immune
responses. Recent evidence has shown that reduced or
insufficient vitamin D levels in children are associated
with a greater likelihood of hospitalization and a higher
occurrence of LRTIs.?!

Vitamin D deficiency appears to be linked with a height-
ened incidence of invasive pneumococcal infections,
meningococcal disease, and Group A streptococcal infec-
tions, particularly during winter months. Accordingly,
pharmacological vitamin D supplementation has been
proposed as a potential adjunctive strategy in the man-
agement of certain infectious diseases.[6] Indeed, multi-
ple studies have demonstrated that individuals with low
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vitamin D levels experience respiratory tract infections
more frequently.”

However, data evaluating the association between vi-
tamin D status and LRTIs in children under five years
of age remain limited and inconsistent. Therefore, this
study aimed to explore whether serum 25(OH)D sta-
tus correlates with levels and LRTI in children aged 0-5
years.

Materials and Methods

Study Design and Participants

This investigation utilized a prospective case—control
framework and was performed within the Department
of Pediatrics, including the Pediatric Outpatient Clinic
and Pediatric Emergency Unit of our hospital. Children
aged 0-5 years who attended the clinic within the study
timeframe were considered for enrollment. Participant
recruitment and sample collection were performed be-
tween January and June, encompassing both winter and
late spring seasons.

Ethical approval was granted by the Institutional Re-
view Board of Dr. Liitfi Kirdar City Hospital (Date:
18/01/2011, No: B104iSM4340029/1009/2), and in-
formed consent was secured in writing from the parents
or legal guardians before inclusion in the study.

Participants were divided into two groups: the lower
respiratory tract infection (LRTI) group and the healthy
(control) group.

LRTI Group

Children aged 0-5 years diagnosed with LRTI based on
clinical evaluation and/or respiratory system examina-
tion findings were included in the study group. Patients
were managed either as outpatients or hospitalized de-
pending on disease severity. Children with concomitant
acute or chronic systemic diseases other than LRTI were
excluded.

Control Group(CG)

Healthy children aged 0-5 years, matched for age, were
enrolled as the control group with no evidence of acute
infectious disease or chronic medical conditions at the
time of evaluation.

Data Collection
Demographic characteristics, clinical findings, and lab-
oratory parameters were recorded for all participants.
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Medical history included regular or irregular vitamin
D supplementation, history of recurrent infections, and
previous hospitalizations.

Laboratory Measurements

Peripheral venous blood samples were obtained from all
participants.Levels of calcium (Ca), phosphorus (P), and
alkaline phosphatase (ALP) in serum samples were an-
alyzed using a Roche DP Modular System (Roche Diag-
nostics, Mannheim, Germany) by a photometric method.

Circulating 25-hydroxyvitamin D [25(OH)D] concentra-
tions were assessed by means of a LIAISON® analyzer
(DiaSorin, Italy) via a competitive chemiluminescent im-
munoassay.

CRP quantification was carried out in serum samples
derived from plain collection tubes. Measurements were
conducted using a Dimension RXL automated system
(Siemens Healthcare Diagnostics, Newark, DE, USA)
based on the PETIA methodology and Dade Behring
RCRP assay reagents.

Complete blood count parameters, including leukocyte
count and differential, were measured from EDTA-anti-
coagulated blood samples using impedance and optical
scatter techniques.

Serum 25(OH)D concentrations were categorized ac-
cording to internationally accepted pediatric reference
thresholds as detailed below: Based on serum 25(OH)
D measurements, vitamin D levels were classified into
four categories: values below 10 ng/mL were defined as
severe deficiency; 10-19 ng/mL as deficiency; 20-29 ng/
mL as insufficiency; and levels =30 ng/mL as sufficient. .
These cut-off values were defined in accordance with es-
tablished clinical practice guidelines and widely adopted
pediatric criteria.

Statistical Analysis

Statistical analyses were performed using NCSS (Num-
ber Cruncher Statistical System) 2007 Statistical Software
(Utah, USA).

Descriptive statistics were expressed as mean + standard
deviation (SD). Independent samples t-test was used for
comparisons between two groups. One-way analysis of
variance (ANOVA) with Tukey post hoc test was applied
for subgroup analyses. Categorical variables were ana-
lyzed using the chi-square test, and odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated
where appropriate.
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A p-value <0.05 was considered statistically significant.

A post-hoc power analysis based on the primary out-
come variable (serum 25(OH)D levels) demonstrated
that the study had a statistical power exceeding 80% at
an alpha level of 0.05, indicating adequate sample size to
detect clinically meaningful differences between groups.

Results

The proportion of female participants was 34% in the
LRTI group and 46% in the control group. No statistically
meaningful differences were identified between groups
regarding age or sex characteristics (p>0.05).

The mean age was 34.0+30.0 months in the study group
and 29.7+26.8 months in the CG (p=0.453).

The LRTI group exhibited significantly reduced mean
serum calcium levels compared with the control group.
(9.840.6 mg/dL vs. 10.4+0.6 mg/dL, p<0.001). Similarly,
mean serum 25(OH)D levels were markedly lower in
the study group (18.4+11.2 ng/mL) than control group
(27.8+13.2 ng/mL), demonstrating a highly significant
difference (p<0.001).

A statistically significant decrease in serum phosphorus
values was observed among participants in the LRTI
group (p=0.018), whereas no significant difference was
observed in alkaline phosphatase (ALP) levels between
groups (p=0.508). Leukocyte counts and CRP levels were
significantly higher in the study group compared with
controls (both p<0.001) (Table 1). Independent samples
t-test was applied for continuous variables, and p<0.05
was considered statistically significant.

The overall prevalence of vitamin D deficiency was 94%
(n=47) in the study group and 78% (n=39) in the control
group. Severe deficiency and deficiency categories were
significantly more frequent in the LRTI group (p=0.013
and p=0.048, respectively). Total vitamin D deficiency
was significantly associated with LRTI (OR: 5.91; 95% CI:
1.25-28.24; p=0.044) A multivariate logistic regression
model adjusting for age and sex was performed. (Table
2).

A history of recurrent infections was reported in 92%
(n=46) of the study group and 30% (n=15) of controls,
representing a highly significant difference (p<0.001).
The risk of recurrent infections was 26.8-fold higher in
the LRTI group (OR: 26.8; 95% CI: 8.2-88.0).
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Table 1. Comparison of biochemical and infection parameters between the study and control groups

Parameter Study Group (Mean+SD) Control Group (Mean+SD) t p value
Calcium (mg/dL) 9.8+0.6 10.4+0.6 -5.12 <0.001
Vitamin D (ng/mL) 18.4+11.2 27.8+13.2 -3.85 <0.001
Phosphorus (mg/dL) 5.1+0.9 5.5+0.7 -2.41 0.018
ALP (IU/L) 217.3+61.3 207.9+79.2 -0.66 0.508
Leukocyte (mm3) 9.84+0.62 4.06+0.24 8.32 <0.001
CRP (mg/L) 10.9+0.3 1.24+0.43 -8.85 <0.001
Independent samples t-test was applied. Statistical significance was set at p<0.05.
Table 2. Distribution of vitamin D levels and comparison between study and control groups
Vitamin D Level Study Group n (%) Control Group n (%) OR 95% CI p value
Severe vitamin D deficiency 13 (26%) 5 (10%) 9.53 1.85-49.22 0.013
Vitamin D deficiency 16 (32%) 11 (22%) 5.33 1.20-23.66 0.048
Vitamin D insufficiency 18 (36%) 23 (46%) 2.87 0.70-11.85 0.240
Total vitamin D deficiency 47 (94%) 39 (78%) 5.91 1.25-28.24 0.044
OR: Odds Ratio; Cl: Confidence Interval. Chi-square test was applied. Statistical significance was set at p<0.05.
Table 3. Distribution of vitamin D levels by age and frequency when both groups were analyzed together

Severe Vitamin D Vitamin D Vitamin D (Insufficiency) Normal p

Deficiency Deficiency Deficiency

Age (months) 48.0+30.7 43.3+28.3 21.6+22.9 19.0+23.3 p<0.001
Cases 18% 27% 41% 14%

A history of hospitalization was absent in the control
group but present in 64% (n=32) of the study group
(p<0.001). The odds of hospitalization were markedly
increased in the LRTI group (OR: 177.43; 95% CI: 10.32—
349.3). Due to zero hospitalization events in the control
group, the OR estimate may be inflated and should be
interpreted cautiously.

When both groups were analyzed collectively, an inverse
relationship between vitamin D levels and age was ob-
served. The mean age was highest in the severe vitamin
D deficiency group (48.0+30.7 months) and lowest in the
normal vitamin D group (19.0+23.3 months), with a sta-
tistically significant difference among groups (p<0.001)
(Table 3).

The distribution of recurrent infections differed signif-
icantly across vitamin D deficiency groups (p<0.001).
Furthermore, CRP levels were significantly higher in
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the severe and moderate vitamin D deficiency groups

compared with the insufficiency and groups of normal
(p<0.05) (Table 4).

Discussion

This study, designed as a prospective case—control anal-
ysis. A significant decrease in serum 25(OH)D levels was
observed among children with LRTI compared with
healthy controls. The prevalence of severe and overall
was substantially higher in the LRTI cohort. Notably, low
vitamin D levels correlated with increased likelihood of
LRTI recurrent infectious episodes, and hospitalization,
suggesting that suboptimal vitamin D status may be
linked to both vulnerability and severity of illness.

Vitamin D plays a central role in both innate and adap-
tive immunity. The active metabolite 1,25(0OH):Ds regu-
lates antimicrobial gene transcription through interac-
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Table 4. Distribution of diagnosis, vitamin D supplementation, and infection characteristics by vitamin D level

Severe Vitamin D Vitamin D Deficiency Vitamin D Normal
Deficiency (Insufficiency) Deficiency
Diagnosis
Pneumonia 12 66.7% 12 44.4% 14 34.1% 2 14.3%
Bronchiolitis 5.6% 4 14.8% 4 9.8% 1 71% p=0.064
Control group 5 27.8% 11 40.7% 23 56.1% 1 78.6%
Vitamin D
Supplementation
Regular 4 22.2% 4 14.8% 15 36.6% 11 78.6%
Irregular 7 38.9% 19 70.4% 24 58.5% 3 21.4% p<0.001
None 7 38.9% 4 14.8% 2 4.9% 0 0.0%
Recurrent Infection
Yes 17 94.4% 21 77.8% 21 51.2% 2 14.3%
No 1 5.6% 6 22.2% 20 48.8% 12 85.7% p<0.001
Hospitalization
Yes 7 38.9% 8 29.6% 14 34.1% 3 21.4%
No 1 61.1% 19 70.4% 27 65.9% 1 78.6% p=0.737

tion with the VDR, leading to increased antimicrobial
peptide production within the monocyte-macrophage
system.!l Experimental and clinical data have demon-
strated that insufficient 25(OH)D concentrations in
serum are connected with impaired immune activation
and increased vulnerability to infectious diseases, in-
cluding Mycobacterium tuberculosis.”’ Serum levels 20
ng/mL have been linked to suboptimal monocyte and
macrophage responses,'” which may explain the higher
infection burden observed in vitamin D-deficient chil-
dren in our cohort.

The current data corroborate existing literature demon-
strating epidemiological and clinical studies demonstrat-
ing an correlation between vitamin D-deficiency and
respiratory tract infections. Several investigations have
reported increased frequency of upper and lower respi-
ratory tract infections in individuals with low 25(OH)D
concentrations.*? Furthermore, vitamin D deficiency
has been linked to invasive pneumococcal and meningo-
coccal infections, particularly during winter months.™!
The significantly higher CRP levels observed in children
with severe and moderate vitamin D deficiency in our
study further support the hypothesis that inadequate
vitamin D status may be associated with heightened in-
flammatory responses. An evident association emerged
between deficient vitamin D status and hospitalization in
our cohort aligns with reports suggesting that reduced
serum 25(0OH)D concentrations may be associated with
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a higher incidence of LRTI. disease severity.''! However,
the markedly elevated odds ratio for hospitalization
should be interpreted cautiously, as no hospitalization
occurred in the control group, which may have amplified
the calculated risk estimate.

A negative correlation was observed between age and
circulating 25(OH)D levels. was also identified. Older
children demonstrated lower vitamin D levels, poten-
tially reflecting reduced supplementation after infancy
and decreased sunlight exposure. Similar observations
have been reported in previous pediatric studies, ' high-
lighting the importance of sustained vitamin D monitor-
ing beyond the first year of life.['%!

The study design entails certain limitations; notably, the
small cohort size reduced the statistical power to per-
form multivariate logistic regression analyses addressing
confounding factors The study did not include a stan-
dardized measurement of seasonal fluctuations or indi-
vidual ultraviolet exposure. Third, causality cannot be
established due to the observational design. Neverthe-
less, the prospective structure, clearly defined vitamin D
categories, standardized laboratory measurements, and
consistent associations across multiple clinical outcomes
strengthen the validity of our findings."

In conclusion, Vitamin D deficiency emerged as a fre-
quent finding in this cohort among children with LRTI
and was significantly associated with increased infection
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frequency and hospitalization. These findings support
an increasing number of investigations suggesting that
maintaining adequate vitamin D status play a role in
reducing susceptibility to respiratory infections in early
childhood. Larger, multicenter studies with multivariate
modeling are warranted to further clarify the indepen-
dent contribution of vitamin D to LRTI risk.
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