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Abstract: Diarrhea remains a major cause of morbidity in children under five, and although current management
is mainly supportive, Vitamin D3 supplementation has emerged as a potential immunomodulatory approach whose
clinical efficacy requires further clarification. This study aimed to evaluate the effect of Vitamin D3 supplementa-
tion on clinical outcomes, specifically diarrhea frequency, duration, and neutrophil-to-lymphocyte ratio (NLR) in
children with acute diarrhea. This single-blind, randomized controlled trial employed a pre-post test control group
design involving 34 pediatric patients with diarrhea. Participants were allocated into two groups: one receiving
standard therapy alone (control) and the other receiving standard therapy plus oral Vitamin D3 supplementation
for 14 days. Outcome measures included diarrhea frequency, duration, and neutrophil-to-lymphocyte ratio (NLR),
evaluated pre-post intervention. Post-intervention analysis showed significant improvements in the intervention
group compared to controls: shortened diarrhea duration (p = 0.002), reduced diarrhea frequency (p = 0.000), but
no significant with NLR reduction (p = 0.124); however, the median delta NLR decreased more in the Vitamin D3
group (—2.57) than in the control group (—0.13) (p = 0.031). No significant differences in dehydration status were
observed between groups (p = 1.000). The intervention group also exhibited a marked increase in serum 25(0OH)D
levels post-supplementation (p = 0.000). However, after adjusting for baseline NLR using ANCOVA, the reduction
was no longer directly attributable to the intervention (p = 0.09), though a strong trend favoring the Vitamin D
group persisted. Vitamin D3 supplementation may serve as an adjunctive immunotherapy, as it demonstrated ben-
eficial effects on clinical outcomes in pediatric diarrhea, suggesting its potential through anti-inflammatory and
immunomodulatory properties.
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1. Introduction

Diarrhea remains one of the most common diseases affecting children and continues to be a significant global
health concern, including in Indonesia. According to the World Health Organization (WHO) and UNICEF, approx-
imately 1.7 billion cases of diarrhea occur annually, resulting in the deaths of 443,832 children under the age of
five and 50,851 children aged 5-9 years worldwide. Seventy-eight percent of these fatalities transpire in poor
nations, especially in areas of Africa and Southeast Asia. In low- and middle-income nations, each child under
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five years old endures an average of 3 to 4 episodes of diarrhea annually. The 2020 Indonesian Nutrition Status
Survey (SSGI) indicated a diarrhea prevalence of 9.8%. Based on the 2022 Indonesia Health Profile, diarrhea ac-
counts for 6.6% of deaths among children aged 29 days to 11 months, and 5.8% of deaths among children aged
12 to 59 months [1,2].

Current therapeutic approaches for diarrhea predominantly emphasize dietary adjustments for etiologies such
as osmotic diarrhea from lactose intolerance, alongside urgent rehydration therapy to prevent dehydration-related
morbidity and mortality [3]. One of the primary therapeutic approaches to avoid recurrent diarrhea is zinc sup-
plementation, which exerts its benefits partly by modulating the immune system [4]. This aligns with the concept
of immunotherapy, where the primary goal is to reestablish the immune system’s ability to prevent and combat
disease [5]. While this is an important therapeutic principle, the application of immunotherapy-based strategies in
pediatric diarrhea remains limited, with zinc being the sole widely implemented option. Given the immunomodu-
latory potential could provide additional clinical benefits in pediatric diarrhea [6,7].

Vitamin D is a fat-soluble vitamin that plays multiple essential roles in human physiology. Because of its
lipophilic nature, its intestinal absorption and systemic bioavailability depend greatly on the formulation and
delivery system used. Sustained-release or matrix-based oral formulations have been shown to maintain more
stable plasma concentrations and improve therapeutic consistency for lipophilic agents. Such delivery strategies
are particularly relevant for vitamin D, as they may optimize absorption and prolong biological activity. Beyond
its classical role in calcium and phosphorus homeostasis, Vitamin D also functions as a potent immunomodulator,
influencing both innate and adaptive immune responses [8-10]. Low levels of Vitamin D have been associated
with increased susceptibility to and severity of acute infections, as well as adverse outcomes in several chronic
infections [11,12].

Nevertheless, studies investigating the relationship between Vitamin D levels and diarrhea remain limited
[13,14]. Cojic et al. reported on the use of Vitamin D3 supplementation to reduce the incidence of diarrhea in
children, highlighting the pleiotropic nature of Vitamin D, particularly its ability to modulate immune function by
enhancing innate immunity, including the production of intestinal antimicrobial peptides. Given its association with
enteric immune function, the role of Vitamin D in diarrhea has become a subject of growing research interest. For
instance, several studies have found that low serum levels of 25-hydroxyvitamin D are associated with increased
diarrhea severity and poorer outcomes among young children in Bulgaria [15,16]. Conversely, other researchers
in Afghanistan reported that Vitamin D supplementation failed to reduce the risk of recurrent diarrhea in their in-
fant study population [17,18]. These mixed findings suggest that Vitamin D may be involved in the pathogenesis of
diarrhea.

In diarrhea, dysregulated immune responses can be reflected in biomarkers such as the neutrophil-to-lymphocyte
ratio (NLR), where elevated values often indicate inflammation [19]. Azim et al. reported a higher neutrophil percent-
age and lower lymphocyte percentage in children with diarrhea in Bangladesh [20]. Compared to other biomarkers,
the NLR may serve as a diagnostic tool due to its cost-effectiveness, accessibility, and ease of calculation from rou-
tine hematological tests. NLR plays a significant role in the diagnosis, differential diagnosis, assessment of disease
severity, and prognosis of various infectious diseases, including diarrhea [21]. Vitamin D may influence the NLR in
children with diarrhea through its immunomodulatory effects. NLR functions as a marker of systemic inflammation;
an increased NLR reflects elevated neutrophil activity and decreased lymphocyte levels, which are commonly associ-
ated with infection and inflammation [19].

Alarge randomized controlled trial by Aluisio et al. (2023) involving 3046 children aged 1 to 11 years investi-
gated the effects of quarterly high-dose Vitamin D3 supplementation (100,000 IU) on diarrheal outcomes. The study
reported no significant reduction in the time to first diarrheal episode or risk of recurrence between intervention
and control groups, though a reduction in overall diarrheal burden was observed. These findings highlight the com-
plexity of Vitamin D’s role in diarrheal disease and suggest that while Vitamin D supplementation may confer some
benefit, its effects on duration and recurrence remain uncertain. This inconsistency underscores the need for fur-
ther research to clarify the potential therapeutic impact and optimal supplementation strategies of Vitamin D3 in
pediatric diarrhea management [21]. Therefore, the present study was initiated due to the lack of prior research on
the role of Vitamin D3 supplementation in managing diarrhea. This study aims to determine the effect of Vitamin
D3 supplementation on diarrhea frequency, duration, and neutrophil-to-lymphocyte ratio (NLR) in children with
diarrhea.
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2. Materials and Methods
2.1. Study Design

This study is an experimental, randomized clinical trial with a single-blind, pre- and post-test control group
design. The study received approval from the ethics committee of Saiful Anwar General Hospital (Approval No.
400/076/K.3/102.7/2025), ensuring adherence to ethical standards. The study sample was divided into two groups.
Group 1 consisted of pediatric patients with diarrhea who did not receive Vitamin D supplementation (standard
therapy alone), while Group 2 included pediatric patients with diarrhea who received oral Vitamin D supplementa-
tion (standard therapy with Vitamin D). Both groups received standard therapy consisting of oral rehydration solu-
tion (ORS), zinc supplementation (20 mg/day), and dietary advice, in accordance with WHO and national guidelines
for diarrhea management.

The intervention and observation were conducted over 14 days for each research subject. The sample size for
each group (n) was determined using the clinical trial formula [22].

_ [Za + Zﬁ] 2
n= (m) Y
Y represents (1 — p) adjustment for data correlation. Based on prior studies and preliminary data, an effect size
(Cohen’s d) of approximately 0.8 was assumed, representing a large effect. An alpha level of 0.05 and a statistical
power () of 80% were set. The researchers established a type I error rate of 5% and a type Il error rate of 10%,
which determined the required sample size for each group. Thus, the required sample size for each group is 16.2
(fixed at 17), resulting in a total sample size of 34 participants.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria for this study were children aged 1 to 18 years diagnosed with infectious diarrhea by a pe-
diatric gastrohepatology consultant at Saiful Anwar General Hospital, Malang. Infectious diarrhea was defined as
diarrhea caused by viral, bacterial, or parasitic pathogens and confirmed using laboratory examinations. Confirma-
tion included complete blood count (leukocyte count and neutrophil-to-lymphocyte ratio/NLR) and complete stool
analysis, which supported the clinical diagnosis. Eligible participants had not received Vitamin D supplementation
for at least one month before the study and had provided informed consent through their parents or guardians.
Exclusion criteria included children who had taken Vitamin D or multivitamin supplements containing Vitamin D,
received steroid therapy, were diagnosed with non-infectious diarrhea, or had been administered antibiotics (even
a single dose) within one month before the study.

Dropout criteria involved children with diarrhea who missed a single dose of Vitamin D during the study and
showed poor compliance upon routine monitoring, failed to attend follow-up visits at the pediatric gastrohepatol-
ogy clinic, or died during the study period.

2.3. Randomisation and Blinding

A total of 34 participants were included in the study and allocated into groups using simple randomization
based on a randomization table. Each participant was assigned a sequential number according to the order of
enrollment and subsequently included as a research subject.

This study employed a single-blind design, in which the research subjects were unaware of the specific objec-
tives of the data collection process, the manner in which the data were processed, or the nature of the intervention
they received. However, the researchers and data analysts were fully informed regarding the intervention being
administered. To support this design, informed consent was obtained from participants, and a standardized sup-
plementation protocol was provided and explained to each patient. Participants received daily supplementation
according to their assigned group and duration, with daily follow-up conducted to monitor adherence. At the end
of the intervention, researchers confirmed whether the supplementation was taken completely and as prescribed.

2.4. Outcome Measure

The outcomes assessed in this study included diarrhea frequency, duration of diarrhea, and the neutrophil-
to-lymphocyte ratio (NLR) in pediatric patients with diarrhea who received Vitamin D3 supplementation as part
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of their treatment. Diarrhea frequency and duration were assessed based on parental recall using a structured
questionnaire. Diarrhea frequency was defined as the number of bowel movements per day, with diarrhea classified
as >3 loose or watery stools within 24 hours. The frequency was recorded in units of days. Diarrhea duration was
defined as the total number of consecutive days from the onset of diarrhea until the last diarrheal episode, also
recorded in units of days.

The data were analyzed in stages, beginning with univariate analysis to summarize categorical variables as
frequencies and numerical variables as mean + SD or median (min-max), based on normality (Shapiro-Wilk test).
Levene’s test assessed variance homogeneity. Associations between groups were tested using Chi-square, inde-
pendent t-test, or Mann-Whitney as appropriate based on the results of the normality test. To evaluate the effect
of Vitamin D supplementation, paired t-tests or Wilcoxon tests were used within groups, and independent t-tests
or Mann-Whitney between groups. Correlations between Vitamin D levels and diarrhea outcomes were assessed
using Pearson or Spearman tests, with significance set at p < 0.05, as determined by SPSS software, version 26.

2.5. Clinical Trial Procedure

Serum 25(0H) Vitamin D levels were measured using 2 mL of venous blood, with reference values defined as
follows: <20 ng/mL (deficiency), 20-29 ng/mL (insufficiency), 30-50 ng/mL (sufficiency), and >50 ng/mL (toxic).
According to national pediatric guidelines, Vitamin D3 supplementation is age-adjusted; however, since our study
population consisted exclusively of children and adolescents aged 1-18 years, the regimen applied uniformly was
4000 IU/day for 14 consecutive days. Supplementation was administered in the morning or afternoon with fat-
containing foods (e.g., eggs, fish, avocado, or olive oil).

Follow-up was conducted over 2 weeks, with laboratory tests performed at baseline and at week 2, including
complete blood count (CBC), serum Vitamin D, neutrophil-to-lymphocyte ratio (NLR), and complete stool examina-
tion, including fecal occult blood test (FOBT). Pre- and post-test values were compared to assess changes in Vitamin
D levels.

3. Results
3.1. Baseline Characteristics

This study involved 34 pediatric patients diagnosed with acute diarrhea who were hospitalized and followed
up at the Pediatric Gastrohepatology Outpatient Clinic of Saiful Anwar General Hospital, Malang. Group 1 consisted
of children with diarrhea who did not receive Vitamin D3 supplementation, while Group 2 received oral Vitamin Dy
supplementation.

Based on Table 1, which presents the characteristics of the participants, the Vitamin D3 supplementation group
consisted predominantly of females (70.6%), while the control group had more males (64.7%), indicating a significant
difference in sex distribution (p = 0.039). Both groups were mostly composed of children under 5 years old, with
no significant difference in mean age (p = 0.178). Nutritional status was similar between groups, with no significant
difference observed (p = 0.753). Diarrhea frequency differed significantly (p = 0.001): 94.1% of the supplementation
group experienced 4-6 episodes per day, whereas 58.8% of the control group had more than 6 episodes per day.
Most subjects in both groups had mild to moderate dehydration (p = 1.000). Respiratory tract infection was the most
common comorbidity in both groups, with no significant difference in diagnostic distribution (p > 0.05).

Based on Table 2, at baseline, serum Vitamin D3 levels were similar between groups. After Vitamin D3 supple-
mentation, there was a notable increase in serum levels in the intervention group, while the control group exhibited
a slight decline.

Table 1. Baseline characteristics.

Variable Intervention (n = 17) Control (n =17) Total (n = 34) p-Value
Sex

Male 5(29.4%) 11 (64.7%) 16 (47.1%) 0.039*
Female 12 (70.6%) 6 (35.3%) 18 (52.9%) '

Age (years), mean + SD 5.76 + 4.48 5.71+5.11 5.73 +4.73
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Table 1. Cont.

Variable Intervention (n = 17) Control (n=17) Total (n = 34) p-Value
Age category (years)

<5 9 (52.9%) 10 (58.8%) 19 (55.9%)

5-10 7 (41.2%) 3(17.6%) 10 (29.4%) 0.178

11-18 1 (5.9%) 4 (23.5%) 5 (14.7%)

Nutritional status

Normal 12 (70.6%) 12 (70.6%) 24 (70.6%) 0.753

Mild undernutrition 2 (11.8%) 2 (11.8%) 4 (11.8%)

Severe undernutrition 3 (17.6%) 2 (11.8%) 5 (14.7%)

Overweight 0 (0%) 1 (5.9%) 1(2.9%)

Diarrhea frequency (times/day)

<4 1 (5.9%) 0 (0%) 1 (2.9%) 0.001*
4-6 16 (94.1%) 7 (41.2%) 23 (67.6%)

>6 0 (0%) 10 (58.8%) 10 (29.4%)

Dehydration status

None 3(17.6%) 4 (23.5%) 7 (20.6%) 1.000

Mild - moderate 14 (82.4%) 13 (76.5%) 27 (79.4%)

Comorbid

Respiratory tract infection 12 (70.6%) 9 (52.9%) 21 (64.8%) 0.290

Malignancy 2 (11.8%) 2(11.8%) 4 (11.8%) 1.000

Urinary tract infection 2 (11.8%) 3(17.6%) 5 (14.7%) 1.000

Nephrotic syndrome 1 (5.9%) 0 (0%) 1(2.9%) 1.000

Dengue 1 (5.9%) 1 (5.9%) 2 (5.9%) 1.000

Congenital heart disease 0 (0%) 1 (5.9%) 1(2.9%) 1.000

Epilepsy 1 (5.9%) 1(5.9%) 2 (5.9%) 1.000

Rotavirus vaccination

Male 5(29.4%) 11 (64.7%) 16 (47.1%) 0.039*
Female 12 (70.6%) 6 (35.3%) 18 (52.9%)

Note: p values marked with * indicate statistical significance at the 5% level (p < 0.05).

Table 2. Serum Vitamin D levels in the intervention and control groups.

Timepoint Group N Mean (ng/mL) SD
Before Intervention Intervention 17 17.59 6.55
Control 17 18.36 6.63

. Intervention 17 25.31 9.62

After Intervention Control 17 17.09 6.42

3.2. Effect of Vitamin D Supplementation on Duration and Frequency of Diarrhea

Figure 1 demonstrates that the duration of diarrhea was shorter in the group receiving Vitamin D3 supplemen-
tation compared to the control group. Statistical analysis indicated that Vitamin D3 supplementation was associated
with a reduction in diarrhea frequency among pediatric patients.

3.3. Effect of Vitamin D; Supplementation on Serum 25-Hydroxyvitamin D Levels

Based on Table 3 and Figure 1, the median serum 25-hydroxyvitamin D [25(0H)D] level before Vitamin Dy
supplementation was 15.30 ng/mL, which increased to 21.40 ng/mL after supplementation. Wilcoxon test results
showed a statistically significant increase in Vitamin D levels following supplementation (p = 0.000). In the control
group, the median baseline 25(0H)D level was 16.40 ng/mL, which decreased to 14.80 ng/mL after the observation
period. The Wilcoxon test also showed a statistically significant decrease in Vitamin D levels in the control group
(» =0.000).
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Figure 1. Box plots illustrating the clinical effect of Vitamin D3 supplementation in children with diarrhea. Pan-
els show (a) Duration of diarrhea in days; (b) Frequency of diarrhea episodes per day; (c) Difference in 25-

hydroxyvitamin D levels between groups; (d) Neutrophil-to-lymphocyte ratio (NLR) before and after the interven-
tion period. Significant differences between groups are indicated.

Table 3. Comparison of 25(0H) Vitamin D Levels Between Groups (before and after intervention).

25-0H Vitamin D Levels*

Group Delta* p-Value
Before After
Intervention 15.30 (7.07-28.80) 21.40 (13.40-52.00) 5.9 (3.30-25.50) 0.000*
Control 16.40 (11.80-36.10 14.80 (10.90-35.80) —0.8 (—3.80-—0.20) 0.000*
Mann-Whitney (p-value) 0.654 0.003* 0.000*

Note: *Median (min-max).

Intergroup comparison revealed no significant difference in baseline 25(0H)D levels between the control and
intervention groups (p = 0.654). However, after the intervention, the median final 25(0OH)D level was significantly
higher in the Vitamin D3 group compared to the control group (p = 0.003). The delta change in 25(0H)D levels
was positive in the Vitamin D3 group (+5.90 ng/mL), indicating an increase, while the control group showed a
negative delta (—0.80 ng/mL), indicating a decrease. This difference in delta values between groups was statistically
significant (p = 0.000).

3.4. Effect of Vitamin D; Supplementation on Neutrophil-to-Lymphocyte Ratio (NLR)

Based on Table 4 and Figure 1, the median neutrophil-to-lymphocyte ratio (NLR) prior to Vitamin D3 supple-
mentation was 3.36 and decreased significantly to 1.36 after supplementation (p = 0.001, Wilcoxon test). In the
control group, the baseline median NLR was 1.28 and decreased slightly to 1.15, with no statistically significant
change (p = 0.236). Intergroup comparison showed a significantly higher baseline NLR in the supplementation
group compared to the control (p = 0.034). Post-treatment, the median NLR between the two groups was compara-
ble with no significant difference (p = 0.418). The median delta NLR showed a greater reduction in the Vitamin D3
group (—2.57) compared to the control group (—0.13), and this difference was statistically significant (p = 0.031).

135



Trends in Inmunotherapy | Volume 10 | Issue 01

Table 4. Comparison of NLR Levels Between Groups (before and after intervention).

NLR Levels*
Group Delta* p-Value
Before After
Intervention 3.36 (0.32-20.28) 1.36 (0.27-9.88) —2.57 (—-10.40-2.09) 0.001*
Control 1.28 (0.1-30.52) 1.15 (0.0-9.02) —0.13 (—22.50-2.66) 0.236
Mann-Whitney (p-value) 0.034* 0.418 0.031*

Note: *Median (min-max).

3.5. Correlation of Serum Vitamin D Levels with Diarrhea Frequency, Duration, and NLR in Pedi-
atric Patients Before and After Vitamin D; Supplementation

Based on Figure 2, a statistically significant negative correlation was found between serum 25-hydroxyvitamin
D [25(0H)D] levels and the duration of diarrhea following Vitamin D3 supplementation (p = 0.002; r = —0.522),
indicating a moderate inverse relationship. This suggests that higher serum Vitamin D levels were associated with
shorter duration of diarrhea. A very strong and statistically significant negative correlation was observed between
diarrhea frequency and serum 25(0H)D levels (p = 0.000; r = —0.801), indicating that increased Vitamin D levels
were associated with fewer episodes of diarrhea. Although the correlation between neutrophil-to-lymphocyte ratio
(NLR) and serum 25(0H)D levels was negative (r = —0.269), it did not reach statistical significance (p = 0.124), and
the strength of the relationship was weak.
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Figure 2. Scatter plots depicting correlations between serum 25-hydroxyvitamin D [25(0OH)D] levels and clinical
outcomes in pediatric diarrhea patients: (a) Correlation with diarrhea duration; (b) Correlation with diarrhea fre-
quency; (c) Correlation with neutrophil-to-lymphocyte ratio (NLR). Correlation coefficients (r) and p-values are
reported for each plot.

In this study, the majority of children in the intervention group experienced mild to moderate diarrhea (82.4%),
which was comparable to the control group (76.5%). Statistical analysis revealed no significant association between
Vitamin D3 supplementation and the degree of dehydration (p = 1.000).

Multiple linear regression analyses were conducted to evaluate the effect of Vitamin D supplementation on
diarrhea outcomes while controlling for potential confounders. Regression results for diarrhea duration showed
a significant reduction associated with the intervention (B = 1.63, p = 0.002), independent of sex and diarrhea
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frequency (Table 5). Similarly, frequency of diarrhea was significantly lower in the intervention group compared
to controls (B = 2.15, p < 0.001) when adjusting for sex (Table 6).

Table 5. Multiple Linear Regression for Duration of Diarrhea.

Predictor B p-Value
Group (Intervention) 1.63 0.002
Sex 0.32 0.29
Frequency 0.004 0.98

Table 6. Multiple Linear Regression for Frequency of Diarrhea.

Predictor B p-Value
Group (Intervention) 2.15 0.000
Sex 0.1 0.75

To further adjust for baseline differences in NLR between groups, an analysis of covariance (ANCOVA) was
performed. ANCOVA adjusting for baseline NLR, diarrhea frequency, and sex showed a non-significant trend toward
lower post-intervention NLR levels in the Vitamin D group compared to controls (F = 3.08, p = 0.090) (Table 7).
Baseline NLR and diarrhea frequency were significantly associated with post-intervention NLR (p < 0.001 and p
= 0.018, respectively). Sex was not significantly associated with NLR changes. These findings suggest that while
Vitamin D may reduce systemic inflammation, the effect was not statistically significant after controlling for baseline
inflammatory status.

Table 7. Analysis of covariance (ANCOVA) comparing post-intervention neutrophil-to-lymphocyte ratio (NLR) be-
tween Vitamin D3 supplementation and control groups, adjusted for baseline NLR.

Source F p-Value
Group (Intervention) 3.08 0.090*
NLR pre-intervention 55.33 0.000
Frequency of diarrhea 6.24 0.018
Sex 0.48 0.5*
Group Adjusted Mean NLR Post
Intervention 1.41
Control 2.94

Note: *not significant.

These findings collectively demonstrate the potential benefits of Vitamin D3 supplementation in reducing both
the frequency and duration of diarrhea episodes in pediatric patients. However, the impact on systemic inflam-
mation as reflected by NLR requires further investigation due to a lack of statistical significance after adjusting for
baseline values.

4. Discussion

This study has several limitations that warrant cautious interpretation of our findings. First, there were
baseline imbalances between the intervention and control groups regarding diarrhea frequency and neutrophil-
to-lymphocyte ratio (NLR), with the intervention group exhibiting higher initial severity and NLR values. These
differences could potentially confound the observed effects of Vitamin D3 supplementation. To address this, we
performed additional analyses, including multiple linear regression and analysis of covariance (ANCOVA) to ad-
just for baseline differences, which still demonstrated a consistent trend toward reduced diarrhea frequency,
duration, and systemic inflammation markers in the supplementation group. However, the small sample size
and baseline disparities limit the generalizability and robustness of the conclusions, emphasizing the need for
cautious interpretation and further studies with larger, more balanced populations.
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While acknowledging these limitations and the need for cautious interpretation, it is important to consider
the broader epidemiological context of diarrhea in pediatric populations. Diarrhea is more commonly observed in
children under the age of five due to a combination of biological, behavioral, and environmental factors. This age
group is particularly vulnerable to infections that cause diarrhea, thereby increasing morbidity and, in severe cases,
leading to mortality [23]. Deficiency of Vitamin D is commonly observed in children with diarrhea, and several stud-
ies have suggested that low serum Vitamin D levels may be associated with increased risk and severity of diarrheal
illness. A study by Hassam et al. (2019) involving 188 children under five years of age found that 53.7% had Vita-
min D deficiency, 34% had insufficiency, and only 12.2% had sufficient levels. There was a significant difference in
Vitamin D levels between children with and without diarrhea [24].

Vitamin D deficiency may be both a cause and consequence of diarrhea, especially in children. Diarrhea can
exacerbate or contribute to Vitamin D deficiency through several mechanisms: impaired absorption of fat-soluble
vitamins, reduced dietary intake, intestinal inflammation, decreased sun exposure, and increased fecal loss of Vita-
min D [25-29].

4.1. Effect of Vitamin D; Supplementation on Duration and Frequency of Diarrhea

The pharmacological impact of Vitamin D3 supplementation is also influenced by its formulation and delivery
characteristics. As emphasized in drug delivery research, sustained or controlled-release oral formulations can
optimize systemic bioavailability and maintain steady plasma concentrations over time, enhancing therapeutic ef-
ficacy [10]. Although the present study used a standard oral formulation, these pharmacokinetic considerations
are relevant for future clinical optimization. Analysis in this study showed that Vitamin D3 supplementation was
associated with reduced duration of diarrhea in children. Mechanistically, the active metabolite of Vitamin D, 1,25-
dihydroxyvitamin D3 (calcitriol), enhances innate immune responses by stimulating the production of antimicrobial
peptides like cathelicidin and -defensins, which are crucial for defending against enteric pathogens [30].

Similar to phytoconstituents and nutraceutical compounds that exhibit immunomodulatory and antimicro-
bial properties through modulation of innate immune pathways, Vitamin D3 exerts pleiotropic effects that rein-
force mucosal defense mechanisms [31]. Within the innate immune system, Vitamin D3 upregulates the transcrip-
tion of genes encoding antimicrobial peptides, notably cathelicidin (LL-37) and -defensins, which possess broad-
spectrum microbicidal activity against enteric pathogens. These peptides disrupt microbial membranes, neutral-
ize endotoxins, thereby accelerating pathogen clearance and reducing intestinal microbial load [32]. These im-
munomodulatory effects of Vitamin D3 are mechanistically analogous to those observed with several bioactive di-
etary compounds, such as curcumin and resveratrol, which also act through modulation of NF-kB signaling and
cytokine suppression to restore mucosal immune homeostasis [33,34].

Furthermore, it exerts a potent immunomodulatory effect by downregulating pro-inflammatory cytokines
such as TNF-a and IL-6 while promoting the expression of anti-inflammatory cytokines like IL-10, thereby mit-
igating the excessive inflammatory response characteristic of infectious diarrhea [35]. In the adaptive immune
system, Vitamin D; suppresses the production of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a), and interferon-gamma (IFN-y), while concurrently enhancing the differentiation
and expansion of regulatory T cells (Tregs) and promoting a balanced Th1/Th2 response. Thisimmunoregulatory
shift mitigates excessive mucosal inflammation, preserves epithelial barrier integrity, and prevents secondary tis-
sue injury [36-39]. This immunomodulation is mediated through the suppression of key signaling pathways, in-
cluding NF-xB and JAK/STAT, which are often upregulated during enteric infections. Inhibition of these pathways
contributes to the reduction of cytokine storms and prevents prolonged diarrhea [40]. Additionally, Vitamin D
regulates both innate and adaptive immunity [35,41-43].

Followingingestion or endogenous synthesis, Vitamin D3 undergoes sequential hydroxylation in the liver and
kidneys to yield its biologically active metabolite, 1,25-dihydroxyvitamin D [1,25(0H),D]. This active form binds
with high affinity to the Vitamin D receptor (VDR), a nuclear transcription factor expressed in a wide range of
immune cells, including macrophages, dendritic cells, and T lymphocytes. The 1,25(0H),D-VDR complex translo-
cates to the nucleus, where it interacts with Vitamin D response elements (VDRESs) in target gene promoters,
thereby modulating the transcription of genes involved in antimicrobial peptide synthesis (e.g., cathelicidin and
defensins), antigen presentation, cytokine production, and T-cell differentiation. Through these mechanisms, Vi-
tamin D; promotes a shift toward an anti-inflammatory immune profile, enhances mucosal barrier integrity, and
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suppresses excessive pro-inflammatory responses, collectively contributing to improved clinical outcomes in di-
arrheal disease [44-46].

Concurrently, Vitamin D is understood to support intestinal epithelial barrier function by upregulating the ex-
pression of tight junction proteins, including claudin, occludin, and Z0-1 [30]. This action helps preserve epithelial
barrier integrity, reduce intestinal permeability, and limit the translocation of microbes and antigens, which is a
key driver of systemic inflammation [47]. An additional indirect mechanism involves the modulation of the gut
microbiota; Vitamin D supplementation has been shown to promote the proliferation of beneficial bacteria (e.g.,
Lactobacillus and Bifidobacterium) while suppressing pathogenic species, contributing to overall gut homeostasis
and resilience [21].

It is important to note that the present study did not directly assess markers of mucosal integrity, such as
tight junction proteins or fecal markers of intestinal permeability, which are critical for conclusively demonstrating
improved gut barrier function. Instead, the systemic inflammatory condition was evaluated using the NLR as an
indirect biomarker. Therefore, the observed reduction in diarrhea duration and systemic inflammation (as reflected
by NLR) following Vitamin D3 supplementation is likely mediated through these proposed but not directly measured
immunomodulatory and barrier-strengthening pathways.

Future research incorporating direct measurements of mucosal integrity markers, such as tight junction pro-
tein expression or circulating gut barrier damage markers (e.g., zonulin, intestinal fatty-acid binding protein), is
essential to fully elucidate the mechanistic role of Vitamin D in enhancing gut barrier function and reducing sys-
temic inflammation in pediatric diarrheal diseases.

Comparable to Vitamin D3, several nutraceuticals and dietary bioactive compounds have been recognized for
their immunomodulatory and gut-protective properties. Phytoconstituents such as curcumin, resveratrol, and
quercetin have been shown to modulate the gut-immune axis by enhancing intestinal barrier integrity, regulating
proinflammatory cytokine expression, and promoting the production of antimicrobial peptides through Vitamin
D-dependent or convergent signaling pathways. These nutraceuticals act synergistically with host defense mecha-
nisms to maintain mucosal homeostasis and reduce enteric inflammation. Therefore, the immunonutrient role of
Vitamin D3 can be viewed within a broader spectrum of dietary immunomodulators that target epithelial defense,
offering a promising direction for integrative strategies in managing pediatric diarrhea [33,34].

Integrating Vitamin D; supplementation within broader dietary and nutraceutical frameworks may therefore
represent a promising adjunctive approach in pediatric diarrhea management. Future studies exploring combined
nutraceutical-Vitamin D formulations or delivery systems could provide further insights into synergisticimmunother-
apeutic effects.

Effect of Vitamin D; Supplementation on Neutrophil-to-Lymphocyte Ratio (NLR)

In the current study, Vitamin D3 supplementation did not demonstrate a statistically significant direct effect
on reducing NLR levels after adjustment for baseline differences and clinical severity via ANCOVA (p = 0.09). How-
ever, a strong and consistent trend favoring a reduction in NLR persisted within the intervention group, suggesting
the observed attenuation of systemic inflammation may be modulated by initial inflammatory status and clinical
severity at baseline rather than attributable solely to the Vitamin D intervention.

However, as is well established, neutrophils are the most abundant white blood cells, play a central role in
innate immunity, and typically increase during acute inflammation, bacterial infections, or tissue injury. In contrast,
lymphocytes are key components of adaptive immunity and may decrease during immunosuppression, chronic
illness, or stress. The neutrophil-to-lymphocyte ratio (NLR), calculated by dividing the absolute neutrophil count
by the lymphocyte count, serves as a simple biomarker for systemic inflammation and immune status [48]. Elevated
NLR indicates an imbalance favoring inflammation and immune suppression and has been associated with disease
severity in conditions such as sepsis, COVID-19, gastrointestinal infections, and cancer [21,49].

Recent clinical studies support Vitamin D’s role in modulating inflammatory responses as reflected by NLR. For
example, Jeyakumar et al. (2024) demonstrated in a meta-analysis that Vitamin D supplementation significantly low-
ered NLR and improved inflammatory cytokine profiles in children with infectious diseases [50]. Tabatabaeizadeh et
al. (2017) also reported reductions in pro-inflammatory cytokines and NLR following Vitamin D intervention in pe-
diatric inflammatory conditions [51]. However, variations in baseline inflammation and disease severity complicate
interpretations of NLR changes, underscoring the need for larger, well-designed trials to clarify Vitamin D’s effects
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on systemic inflammation and related hematological markers.

Despite the lack of statistical significance, a downward trend in NLR was observed in the Vitamin D-supplemented
group compared to controls, consistent with Vitamin D’s known immunomodulatory properties that modulate innate
and adaptive immune cells, suppress pro-inflammatory cytokines, and enhance regulatory T cell function, all poten-
tially contributing to lowered NLR. Overall, these findings imply that Vitamin D3 supplementation may contribute to
a downward trend in systemic inflammation as measured by NLR, but this pilot study, limited by sample size and
baseline imbalances, could not definitively establish a statistically significant anti-inflammatory effect.

Based on an immunotherapy perspective, Vitamin D3 acts as a pleiotropic biological modulator capable of
reestablishing immune competence, thereby enabling the host to more effectively prevent and eliminate infectious
agents. Compared to zinc supplementation, which remains the standard immunomodulatory adjunct in pediatric
diarrhea and primarily facilitates epithelial regeneration and maintenance of barrier integrity, Vitamin D3 exerts a
broader spectrum of immune regulation. In addition to promoting mucosal healing, Vitamin D3 orchestrates a coor-
dinated interplay between innate and adaptive immune responses, thus addressing both the underlying cause and
the downstream consequences of diarrheal disease. At the cellular level, Vitamin D3 can stimulate intestinal stem
cells within the crypts of Lieberkiihn to undergo proliferation, lineage-specific differentiation, and terminal mat-
uration into specialized epithelial cell types, including absorptive enterocytes, goblet cells, and Paneth cells. This
process accelerates the restoration of mucosal integrity, enhances the production and secretion of antimicrobial
peptides, and optimizes nutrient absorption. Furthermore, by strengthening epithelial-immune cell interactions
within the gut-associated lymphoid tissue (GALT), Vitamin D3 reinforces mucosal immune surveillance and con-
tributes to long-term intestinal homeostasis [30,52-55].

This study reinforces the pivotal role of Vitamin D as an adjunctive immunotherapeutic agent in pediatric di-
arrhea, functioning not only as a nutritional supplement but also as a regulator of both innate and adaptive im-
mune pathways. This study was conducted using a single-blind design, where investigators were aware of group
allocation while participants were blinded. This approach carries an inherent risk of performance and detection
bias, as knowledge of intervention status by investigators might influence patient management or outcome assess-
ment, potentially affecting the internal validity of the study. A placebo-controlled, double-blind design would have
been methodologically stronger to mitigate these biases. However, practical and ethical considerations constrained
our study design choices. We explicitly acknowledge this limitation and recommend that future research employ
double-blind protocols to enhance the rigor and reliability of findings regarding Vitamin D3 supplementation effects
in pediatric diarrhea.

5. Conclusions

This pilot study suggests that Vitamin D3 supplementation may be associated with improvements in diarrhea
frequency, duration, and systemic inflammation in children. These findings support the concept of Vitamin D3 as an
adjunctive immunotherapy, leveraging its dual role in enhancing mucosal barrier repair and modulating both innate
and adaptive immune pathways. However, due to the small sample size and baseline differences between groups,
these results should be interpreted cautiously. Larger, well-controlled studies are needed to confirm these preliminary
observations and better define the therapeutic potential of Vitamin D3 in pediatric diarrhea management.

Author Contributions

S.W. contributed to conceptualization, methodology, and validation; K.T.W. contributed to investigation and
writing original draft preparation; and N.A. contributed to writing review and editing. All authors have read and
agreed to the published version of the manuscript.
Funding

This study was supported by a grant from Universitas Brawijaya.

Institutional Review Board Statement

The study was authorized by Saiful Anwar General Hospital’s Institutional Review Board (IRB) (Approval No.
400/076/K.3/102.7/2025) and carried out in compliance with the ethical guidelines specified in the Declaration

140



Trends in Inmunotherapy | Volume 10 | Issue 01

of Helsinki. All procedures involving human subjects were guaranteed to comply with the strictest guidelines for
patient safety and study integrity, thanks to ethical clearance.

Informed Consent Statement

Informed consent was obtained from all subjects involved in the study.

Data Availability Statement

Due to institutional regulations, the datasets created and/or analyzed during this investigation are not publicly
available; however, they can be obtained from the corresponding author with the proper institutional approvals and
upon reasonable request.

Acknowledgments

We express our sincere gratitude to Satrio Wibowo for their valuable suggestions and continuous motivational
support. The authors also extend their appreciation to Universitas Brawijaya for providing the research grant that
supported this study.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Directorate General of Disease Prevention and Control (Ditjen P2P). Indonesian Nutrition Status Survey; Di-
rectorate General of Disease Prevention and Control: Jakarta, Indonesia, 2023.

2.  Bhutta, Z.A.; Saeed, M.A. Childhood Infectious Diseases: Overview. Int. Encycl. Public Health 2008, 620-640.
[CrossRef]

3. Shankar S.; Durairaj, E. Diet and Management of Diarrhea. Indian J. Pediatr. 2024, 91, 590-597. [CrossRef]

4. Liy,J; Ma, F; Degen, A,; et al. The Effects of Zinc Supplementation on Growth, Diarrhea, Antioxidant Capacity,
and Immune Function in Holstein Dairy Calves. Animals 2023, 13, 2493. [CrossRef]

5. Abbott, M.; Ustoyev, Y. Cancer and the Immune System: The History and Background of Immunotherapy.
Semin. Oncol. Nurs. 2019, 35, 150923. [CrossRef]

6. Legesse, B.T,; Wondie, W.T.; Gedefaw, G.D.; et al. Coutilisation of Oral Rehydration Solution and Zinc for Treat-
ing Diarrhoea and Its Associated Factors Among Under-Five Children in East Africa: A Multilevel Robust
Poisson Regression. BMJ Open 2024, 14, e079618. [CrossRef]

7. Kumar, AR, Aeila, A.S. Sustained release matrix type drug delivery system: An overview. World J. Pharm.
Pharm. Sci. 2019, 9, 470-480.

8. Bauza, V; Ye, W, Liao, ].,; et al. Interventions to improve sanitation for preventing diarrhoea. Cochrane
Database Syst. Rev. 2023, 1, CD013328. [CrossRef]

9.  Yazar ASS.; Guven, S.; Dinleyici, E.C. Effects of Zinc or Synbiotic on the Duration of Diarrhea in Children with
Acute Infectious Diarrhea. Turk. J. Gastroenterol. 2020, 27, 537-540. [CrossRef]

10.  Agarwal, G.; Agarwal, S.; Karar, PK; et al. Oral Sustained Release Tablets: An Overview with a Special Empha-
sis on Matrix Tablet. Am. J. Adv. Drug Deliv. 2017, 5, 64-76. [CrossRef]

11. Dhingra, U,; Kisenge, R.; Sudfeld, C.R.; et al. Lower-Dose Zinc for Childhood Diarrhea — A Randomized, Mul-
ticenter Trial. N. Engl. J. Med. 2020, 383, 1231-1241. [CrossRef]

12. Imdad, A.; Mayo-Wilson, E.; Herzer, K;; et al. Vitamin A Supplementation for Preventing Morbidity and Mor-
tality in Children from Six Months to Five Years of Age. Cochrane Database Syst. Rev. 2017, 3, CD008524.
[CrossRef]

13.  Yurdak, K. Vitamin A Supplementation in Acute Diarrhea. J. Pediatr. Gastroenterol. Nutr. 2000, 31, 234-237.

14.  Khalighi Sikaroudi, M.; Mokhtare, M.; Janani, L.; et al. Vitamin D3 Supplementation in Diarrhea-Predominant
Irritable Bowel Syndrome Patients: The Effects on Symptoms Improvement, Serum Corticotropin-Releasing
Hormone, and Interleukin-6 - A Randomized Clinical Trial. Complement. Med. Res. 2020, 27,302-309. [Cross-
Ref]

15.  Cojic, M,; Kocic, R;; Klisic, A.; et al. The Effects of Vitamin D Supplementation on Metabolic and Oxidative

141


https://doi.org/10.1016/B978-012373960-5.00568-2
https://doi.org/10.1007/s12098-023-04737-z
https://doi.org/10.3390/ani13152493
https://doi.org/10.1016/j.soncn.2019.08.002
https://doi.org/10.1136/bmjopen-2023-079618
https://doi.org/10.1002/14651858.CD013328.pub2
https://doi.org/10.5152/tjg.2016.16396
https://doi.org/10.21767/2321-547X.1000013
https://doi.org/10.1056/NEJMoa1915905
https://doi.org/10.1002/14651858.CD008524.pub3
https://doi.org/10.1159/000506149
https://doi.org/10.1159/000506149

Trends in Inmunotherapy | Volume 10 | Issue 01

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Stress Markers in Patients With Type 2 Diabetes: A 6-Month Follow-Up Randomized Controlled Study. Front.
Endocrinol. 2021, 12, 610893. [CrossRef]

Platts-Mills, J.A.; Houpt, E.R.; Liu, ].; et al. Etiology and Incidence of Moderate-to-Severe Diarrhea in Young
Children in Niger. J. Pediatric Infect. Dis. Soc. 2021, 10, 1062-1070. [CrossRef]

Mileva, S.; Galunska, B.; Gospodinova, M.; et al. Vitamin D3 Status in Children with Acute Diarrhea. Integr.
Food Nutr. Metab. 2014, 1, 98-99.

Mahyar, A.; Ayazi, P; Saffari Rad, M.; et al. The Correlation Between Vitamin D and Bacterial Diarrhea in
Children. Arch. Pediatr. Infect. Dis. 2019, in press. [CrossRef]

El-Desouky, A.L; El Shaffi, M.M.; Sharaf, S.M.; et al. Association Between Vitamin D Deficiency and Recurrent
Acute Diarrhea in Children. Egypt. J. Hosp. Med. 2020, 79, 538-543. [CrossRef]

Abd El-Azim, M.M.; Mousa, M.K.; Abdelmaaboud, R.M.; et al. Evaluation of the Role of Neutrophil-to-
Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and Mean Platelet Volume (MPV) Time Series
as Predictors of Diagnosis and Prognosis of Hemotoxic Snakebite. Biomarkers 2023, 28, 652-662.

Aluisio, A.R.; Maroof, Z.; Chandramohan, D.; et al. Vitamin D3 Supplementation and Childhood Diarrhea: A
Randomized Controlled Trial. Pediatrics 2013, 132, e832-e840. [CrossRef]

Dahlan, M.S. Determining the Sample Size Formula: Sample Size and Sampling Methods in Medical and Health
Research; Epidemiologi Indonesia: Jakarta, Indonesia, 2016; Vol. 1st ed., p. 151.

Workie, G.Y.; Akalu, TY.; Baraki, A.G. Environmental Factors Affecting Childhood Diarrheal Disease Among
Under-Five Children in Jamma District, South Wello Zone, Northeast Ethiopia. BMC Infect. Dis. 2019, 19, 804.
[CrossRef]

Hassam, I.; Kisenge, R.; Aboud, S.; et al. Association of Vitamin D and Diarrhoea in Children Aged Less Than
Five Years at Muhimbili National Hospital, Dar es Salaam: An Unmatched Case Control Study. BMC Pediatr.
2019, 19, 237. [CrossRef]

Lazarus, G.; Putra, [.G.N.S.; Junaidi, M.C,; et al. The Relationship of Vitamin D Deficiency and Childhood Diar-
rhea: A Systematic Review and Meta-Analysis. BMC Pediatr. 2024, 24, 125. [CrossRef]

Holick, M.E,; Chen, T.C. Vitamin D deficiency: a worldwide problem with health consequences. Am. J. Clin. Nutr.
2008, 87, 1080S-1086S. [CrossRef]

Garg, M.; Rosella, O.; Rosella, G.; et al. Evaluation of a 12 week targeted vitamin D supplementation regimen
in patients with active inflammatory bowel disease. Clin. Nutr. 2018, 37, 1375-1382. [CrossRef]

Misra, M.; Pacaud, D.; Petryk, A.; et al. Vitamin D Deficiency in Children and Its Management: Review of
Current Knowledge and Recommendations. Pediatrics 2008, 122, 398-417. [CrossRef]

Ahlawat, R.; Weinstein, T; Pettei, M.]. Vitamin D in pediatric gastrointestinal disease. Curr. Opin. Pediatr. 2017,
29,122-127. [CrossRef]

Sun, J.; Zhang, Y.-G. Vitamin D Receptor Influences Intestinal Barriers in Health and Disease. Cells 2022, 11,
1129. [CrossRef]

Singh, PA.; Tushir, S.; Hazra, S.; et al. Novel approaches for the extraction and identification of phytocon-
stituents from herbs and spices. Nat. Prod. J. 2025, 15, E060624230784. [CrossRef]

Dlozi, PN.; Ahmed, R.; Khoza, S.; et al. Vitamin D3 loaded polycaprolactone nanoparticles enhance the ex-
pression of the antimicrobial peptide cathelicidin in macrophages. Artif. Cells Nanomed. Biotechnol. 2025, 53,
207-219.

Xiong, Y.; Sharma, H.P; Goyal, R.K,; et al. Bioflavonoid combination attenuates diabetes induced nephropathy
in rats via modulation of MMP 9/TIMP 1, TGF 3, and GLUT 4 associated pathways. Heliyon 2024, 10, e33217.
[CrossRef]

Otayf, A.Y.; Agarwal, G.; Al Khairat, M.; et al. Fructose, the sweet culprit behind nonalcoholic fatty liver disease
and type 2 diabetes. Curr. Diabetes Rev. 2025, 22, e15733998336827. [CrossRef]

Beard, ].A.; Bearden, A.; Striker, R. Vitamin D and the anti viral state. J. Clin. Virol. 2011, 50, 194-200. [Cross-
Ref]

Dai, J.; Song, J.; Chen, X; et al. 1,25(0H),D3 treated mouse bone marrow derived dendritic cells alleviate
autoimmune hepatitis in mice by improving TFR/TFH imbalance. Immunopharmacol. Inmunotoxicol. 2025,
47,59-67.

Bishop, L.; Ismailova, A.; Dimeloe, S.; et al. Vitamin D and immune regulation: antibacterial, antiviral, anti-
inflammatory. J. Bone Miner. Res. Plus 2021, 5, e10405. [CrossRef]

Bui, L.; Zhu, Z.; Hawkins, S.; et al. Vitamin D regulation of the immune system and its implications for COVID
19: a mini review. SAGE Open Med. 2021, 9, 20503121211014073. [CrossRef]

Ragab, D.; Soliman, D.; Samaha, D.; et al. Vitamin D status and its modulatory effect on interferon gamma

142


https://doi.org/10.3389/fendo.2021.610893
https://doi.org/10.1093/jpids/piab080
https://doi.org/10.5812/pedinfect.84382
https://doi.org/10.21608/ejhm.2020.85234
https://doi.org/10.1542/peds.2012-3986
https://doi.org/10.1186/s12879-019-4445-x
https://doi.org/10.1186/s12887-019-1614-4
https://doi.org/10.1186/s12887-024-04599-0
https://doi.org/10.1093/ajcn/87.4.1080S
https://doi.org/10.1016/j.clnu.2017.06.011
https://doi.org/10.1542/peds.2007-1894
https://doi.org/10.1097/MOP.0000000000000451
https://doi.org/10.3390/cells11071129
https://doi.org/10.2174/0122103155293641240417072907
https://doi.org/10.1016/j.heliyon.2024.e33217
https://doi.org/10.2174/0115733998336827250114071627
https://doi.org/10.1016/j.jcv.2010.12.006
https://doi.org/10.1016/j.jcv.2010.12.006
https://doi.org/10.1002/jbm4.10405
https://doi.org/10.1177/20503121211014073

Trends in Inmunotherapy | Volume 10 | Issue 01

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

and interleukin 10 production by peripheral blood mononuclear cells in culture. Cytokine 2016, 85, 5-10.
[CrossRef]

Yang, ].; Tian, G.; Chen, D.; etal. 1,25 Dihydroxyvitamin D3 inhibits porcine epidemic diarrhea virus replication
by regulating cell cycle resumption in IPEC J2 porcine epithelial cells. Microb. Pathog. 2021, 158, 105017.
[CrossRef]

Tantawy, A.A.G.; Adly, A.A.M.; Atif, H.M.; et al. Abdominal lymphadenopathy in children with Gaucher disease:
relation to disease severity and glucosylsphingosine. Pediatr. Hematol. Oncol. 2022, 39, 304-317.

Zhao, P; Li, ].; Li, X; et al. The NLRP3 inflammasome recognizes alpha 2 and alpha 7.3 giardins and decreases
the pathogenicity of Giardia duodenalis in mice. Parasit. Vectors 2023, 16, 85. [CrossRef]

Zahorec, R. Neutrophil to lymphocyte ratio, past, present and future perspectives. Bratisl. Med. ]. 2021, 122,
474-488. [CrossRef]

Yang, L.; Fang, Y,; Zheng, ].; et al. Correlation between serum vitamin D level and acute invasive enteritis in
children. Immun. Inflamm. Dis. 2024, 12, e70024. [CrossRef]

Vagha, K.; Taksande, A.; Lohiya, S.; et al. Unlocking Vitality: a comprehensive review of vitamin D’s impact on
clinical outcomes in critically ill children. Cureus 2024, 16, e60840. [CrossRef]

Aggeletopoulouy, I.; Marangos, M.; Assimakopoulos, S.E; et al. Vitamin D and microbiome: molecular interac-
tion in inflammatory bowel disease pathogenesis. Am. J. Pathol. 2023, 193, 656-668. [CrossRef]

Uwaezuoke, S.N.; Odimegwu, C.L.; Mbanefo, N.R;; et al. Vitamin D3 supplementation as an adjunct in the man-
agement of childhood infectious diarrhea: a systematic review. BMC Infect. Dis. 2023, 23, 159. [CrossRef]
Sari, R.; Karakurt, Z.; Ay, M.; et al. Neutrophil to lymphocyte ratio as a predictor of treatment response and
mortality in septic shock patients in the intensive care unit. Turk. J. Med. Sci. 2019, 49, 1336-1349. [CrossRef]
Templeton, A.J.; McNamara, M.G.; Seruga, B.; et al. Prognostic role of neutrophil to lymphocyte ratio in solid
tumors: a systematic review and meta analysis. /NCI J. Natl. Cancer Inst. 2014, 106, dju124. [CrossRef]
Jeyakumar, A.; Bhalekar, P.; Shambharkar, P. Effect of vitamin D supplementation on the immune response to
respiratory tract infections and inflammatory conditions: a systematic review and meta analysis. Hum. Nutr.
Metab. 2024, 37,200272. [CrossRef]

Tabatabaeizadeh, S.A.; Avan, A.; Bahrami, A; et al. High dose supplementation of vitamin D affects measures
of systemic inflammation: reductions in high sensitivity C reactive protein level and neutrophil to lymphocyte
ratio (NLR) distribution. J. Cell. Biochem. 2017, 118, 4317-4322. [CrossRef]

Chowdhury, F; Shahid, A.S.M.S.B.; Tabassum, M.; et al. Vitamin D supplementation among Bangladeshi chil-
dren under five years of age hospitalised for severe pneumonia: a randomised placebo controlled trial. PLoS
One 2021, 16, e0246460. [CrossRef]

Posovszky, C.; Buderus, S.; Claen, M.; et al. Acute Infectious Gastroenteritis in Infancy and Childhood. Dtsch.
Arztebl Int. 2020, 117, 615-624. [CrossRef]

Black, R.E,; Perin, ].; Yeung, D.; et al. Estimated global and regional causes of deaths from diarrhoea in children
younger than 5 years during 2000-21: a systematic review and Bayesian multinomial analysis. Lancet Glob.
Health 2024, 12, €919-€928. [CrossRef]

Shi, R.; Wang, B. Nutrient metabolism in regulating intestinal stem cell homeostasis. Cell Prolif. 2024, 57,
e13602. [CrossRef]

Copyright © 2026 by the author(s). Published by UK Scientific Publishing Limited. This is an open access article
. under the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Publisher’s Note: The views, opinions, and information presented in all publications are the sole responsibility of the respective

authors and contributors, and do not necessarily reflect the views of UK Scientific Publishing Limited and/or its editors. UK

Scientific Publishing Limited and/or its editors hereby disclaim any liability for any harm or damage to individuals or property
arising from the implementation of ideas, methods, instructions, or products mentioned in the content.

143


https://doi.org/10.1016/j.cyto.2016.05.024
https://doi.org/10.1016/j.micpath.2021.105017
https://doi.org/10.1186/s13071-023-05688-2
https://doi.org/10.4149/BLL_2021_078
https://doi.org/10.1002/iid3.70024
https://doi.org/10.7759/cureus.60840
https://doi.org/10.1016/j.ajpath.2023.02.004
https://doi.org/10.1186/s12879-023-08077-3
https://doi.org/10.3906/sag-1901-105
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1016/j.hnm.2024.200272
https://doi.org/10.1002/jcb.26084
https://doi.org/10.1371/journal.pone.0246460
https://doi.org/10.3238/arztebl.2020.0615
https://doi.org/10.1016/S2214-109X(24)00078-0
https://doi.org/10.1111/cpr.13602

	Introduction
	Materials and Methods
	Study Design
	Inclusion and Exclusion Criteria
	Randomisation and Blinding
	Outcome Measure
	Clinical Trial Procedure

	Results
	Baseline Characteristics
	Effect of Vitamin D Supplementation on Duration and Frequency of Diarrhea
	Effect of Vitamin D3 Supplementation on Serum 25-Hydroxyvitamin D Levels
	Effect of Vitamin D3 Supplementation on Neutrophil-to-Lymphocyte Ratio (NLR)
	Correlation of Serum Vitamin D Levels with Diarrhea Frequency, Duration, and NLR in Pediatric Patients Before and After Vitamin D3 Supplementation

	Discussion
	Effect of Vitamin D3 Supplementation on Duration and Frequency of Diarrhea

	Conclusions

