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Abstract

Background: Undernourishment occurs when the body is deficient in essen-
tial nutrients, which impacts growth and overall bodily functions. It can be
caused by an inadequate diet, poor nutrient absorption, economic challenges,
and illnesses. The function of the innate immune system is weaker in young
children compared to later stages of life, and building strong immunity is cru-
cial for safeguarding them against various diseases. Children with robust im-
mune systems are better equipped to fight infections and recover more quickly

from illnesses. Improving the nutritional intake of young children with a daily
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supplement that contains a prebiotic fiber- 5-glucan and iron, along with other
micronutrients, can significantly enhance the immunity, nutritional status as
well as iron status in children. Objective: This single-arm, open-label study
investigates the impact of gummies containing prebiotic fiber-$-glucan and
micronutrients on the innate immunity and iron status of children aged 3 to
6 years with haemoglobin concentration between 9 and 11 g/dL and a history
of at least two infections in the past three months. Method: Following in-
formed consent from parents or legally acceptable representatives, 44 subjects
were enrolled, with 38 completing the study. The intervention involved daily
consumption of three gummies over three months. Clinical evaluations were
conducted at baseline, one month, and three months. Primary outcomes in-
cluded innate immunity markers such as Natural Killer (NK) cell activity, in-
cluding CD3, CD3/CD (16 + 56), Absolute Neutrophil Count, Immunoglob-
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ulins IgA and IgE levels, and C-Reactive Protein. Secondary outcomes included
type and number of episodes of infection and the adapted KIDSCREEN QOL-
27 quality of life questionnaire. Iron status was also assessed through various
indicators. Results: The study found significant improvements in innate im-
munity markers, including increased NK cell activity, increased CD3 (Total
Cells) (%) (p value = 0.0213) and CD3/CD (16 + 56) (%) (p value = 0.0013)
counts at 3 months from baseline, increased IgA levels (p value = 0.0009), and
decreased CRP levels, indicating enhanced innate immunity. Additionally, a
significant reduction in episodes of cold, occurrences of runny nose, and com-
posite respiratory illness parameters such as all flu like respiratory symptoms
cold, cough, runny nose and fever were observed at month 1 and month 3
when compared against baseline using McNemar test p < 0.0001 for cold epi-
sodes, p value = 0.0020 for runny nose, and p < 0.0001 for composite respira-
tory illness parameters. Iron status indicators also showed significant im-
provement. Conclusion: Nutritional supplementation with prebiotic fiber-4-
glucan and other micronutrients can positively impact paediatric respiratory
health and iron status, enhancing innate immunity and reducing the frequency
of respiratory infections in children.

Keywords

Prebiotic Fiber, Nutritional Gummies, Innate Immunity, Immunity Markers,
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1. Introduction

Children are vulnerable to infections, hence, building their immunity is crucial to
a healthy childhood. The innate immune system, which includes neutrophils, mon-
ocytes, macrophages, and dendritic cells, acts as the first line of defense against
pathogens [1]. However, this system is underdeveloped in young children, and
with increased exposure to pathogens during the growing age, providing nourish-
ment to build immunity is critical. Children who are more susceptible to frequent
and severe infections tend to miss more school days and are at risk of chronic
health issues like acute respiratory distress syndrome (ARDS) [2].
Undernourishment, often due to poor diet or illness, impairs growth and weak-
ens immunity [1]. Iron deficiency anemia (IDA) is common in developing coun-
tries, affecting children’s energy, cognitive function, and infection resistance [3].
Picky eating leads to nutritional deficits, particularly iron deficiency, impacting
immunity and school performance [4]. A study found that 58.9% of children were
picky eaters, which affected eating habits and overall growth [4] [5]. Proper nu-
trition, including vitamins A, C, D, E, and minerals like zinc and iron, is crucial for
immune health [6]. Clinical research highlights the use of probiotics, prebiotics, and
F-glucans as effective in improving iron absorption and immune health [7] [8].
Clinically proven baker’s yeast S-glucan (S 1,3/1,6)-Wellmune®, enhances im-
munity by priming innate immune cells. It supports digestion, reduces sick days,
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and improves energy levels [9] [10]. Prebiotic fiber-S-glucan is an ingredient used
in foods, beverages, and supplements and is clinically proven to strengthen the
immune system, helping to maintain and enhance well-being. Baker’s yeast S-glu-
can is a naturally occurring polysaccharide derived from the cell wall of Baker’s
yeast (Saccharomyces cerevisiae) [11]. The beneficial effects of prebiotics are me-
diated primarily through fermentation in the colon by intestinal microflora by
producing short-chain fatty acids (SCFAs), which lowers the pH and facilitates
mineral (iron) absorption in the gut [12]. A-Glucans have been demonstrated to
have health benefits in children. The versatility of S-glucan is observed in allevi-
ating respiratory symptoms, enhancing immunity to help fight common illnesses,
reducing sick days, and improving gut health for better digestion. They also boost
overall energy levels and may reduce allergy symptoms by modulating immune
responses [13]. This proof-of-concept study aims to evaluate the effects of prebi-
otic fiber-#-glucan supplementation along with iron and other micronutrients on
immune function, quality of life, and iron status in 3 - 6-year-old children, high-

lighting its potential to enhance overall health and well-being.

2. Methodology
2.1. Study Participants

The study recruited children (=3 to 6.0 years) with haemoglobin concentration of
29 - <11 g/dl and who had experienced at least two episodes of infection in the
previous three months spanning from summer to the early rainy season. Subjects
were excluded if they had consumed iron or micronutrient supplements within 6
months, had blood transfusions, used probiotics or immune support products
within 30 days, had allergies to the investigational product, hematologic disorders,
recent gastrointestinal bleeding, severe infections, renal failure, encephalopathy,
malignancies, diabetes, comorbidities, acute infections, inflammatory conditions,
or hospitalization for infections within 4 weeks. Conditions affecting protein and
calorie absorption or participation in another clinical study within the last month,
were used as disqualification criteria. Investigational product was gummies with
prebiotic fiber-#-glucan fiber and other micronutrients like folic acid, Selenium,
Zinc, and Vitamins B6, C, A, D, and E. Subjects were screened only after receiving
the signed informed consent from parents or Legally Acceptable Representatives
(LARs), and eligible subjects were enrolled in the study.

The IMMUNO SHIELD TRIAL was conducted at Jehangir Clinical Develop-
ment Centre, Pune, India, approved by the Institutional Ethics Committee of Je-
hangir Clinical Development Centre and registered with the Clinical Trial Regis-
try of India under registration number CTRI/2023/03/050188. The study adhered
to the ethical guidelines outlined in the “Ethical Principles for Medical Research
Involving Human Subjects” as specified in the Helsinki Declaration.

2.2. Study Design

This was a single center, prospective, single arm, interventional, open label proof
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of concept study. The investigational product consisted of oral chewable immuno
gummies with prebiotic fiber-S-glucan (1000 mg) and other micronutrients such
as vitamin A (2500 mcg), D3 (2000 IU), E (50 mg), C (375 mg), B6 (5 mg), B12
(5.1 mcg), Sodium (134 mg), Folic acid (41 mcg), Iron (75 mg), Zinc (40 mg),
Selenium (100 mcg) and dietary fibre (fructooligosaccharide, 34 g)/per 100 g. One
serve (3 gummies) of nutrition supplement was consumed in the morning after
breakfast once daily for 3 months. The study consisted of three visits for the pur-
pose of clinical evaluation: Visit 1, called the Baseline visit, Visit 2 at 1 month and
Visit 3 at 3 months from baseline, respectively.

Anthropometric measurements included both height and weight. The primary
outcome variable assessed key markers of innate immunity viz., Natural Killer
(NK) Cells (CD3 and CD 16+56), Immunoglobulin levels (IgA, IgE), Absolute
Neutrophil Count (ANC), and C-reactive protein (CRP) levels at baseline and af-
ter three months of supplementation to ascertain the effect on immunity.

Conclusions on immunity status were also established by type and number of
episodes of infection and the adapted KIDSCREEN QOL-27 quality of life ques-
tionnaire covering 5 domains, such as physical well-being, psychological well-be-
ing, family and leisure, social relations and education, designed for children aged
8 - 18 years [11]. The questionnaire was adapted for the study age range or 3 - 6
years and was administered with the help of the subject’s parents/LAR while provid-
ing responses to the questionnaire. Additionally, blood was collected at Visit 1
(month 1) and Visit 3 (month 3) (approximately 12.0 ml at each prick) from the
subject. The study evaluated the impact on children’s iron status through assess-
ments including hemoglobin concentration, Absolute Neutrophil Count (ANC),
Serum total Iron, Serum Ferritin (SF), Serum Hepcidin (SH), Total Iron Binding
Capacity (TIBC), Transferrin Saturation, soluble Transferrin Receptor (sTfR),
and Erythrocyte Protoporphyrin Levels.

All the laboratory investigations were performed at a National Accreditation
Board for Testing and Calibration Laboratories (NABL) accredited and ISO
13485:2016 certified laboratory using validated methods as per laboratory stand-
ard operating procedures. Natural Killer (NK) Cells (CD3 and CD 16 + 56) esti-
mation was performed using Attune NxT Acoustic focusing flow cytometer and
Invitrogen antibodies kit. The measurement of immunoglobulin levels included
IgA, which was quantified using the Roche Cobas ¢311 system via the Immuno-
turbidimetric principle for in vitro testing. IgE levels were determined using the
Roche/Hitachi Cobas e411 system with the Electrochemiluminescence Immuno-
assay (ECLIA) method, based on the sandwich principle. The Absolute Neutro-
phil Count (ANC) was assessed using the principle of Electrical Impedance. C-
reactive protein (CRP) was quantitatively measured with the Roche Cobas c311
system using the particle-enhanced immunoturbidimetric assay. Hemoglobin
concentration was determined using the Yumizen H550 spectrophotometer, rely-
ing on the photometry principle. Serum total iron levels were quantitatively meas-

ured in vitro with the Roche Cobas c311 system, based on a colorimetric assay.
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Serum Ferritin (SF) was analyzed using the Roche Cobas E411 system and the
Electrochemiluminescence Immunoassay (ECLIA) method, based on the sand-
wich principle. Serum Hepcidin (SH) was measured using the Hepc GENLISATM
ELISA kit through the sandwich ELISA technique. Total Iron Binding Capacity
(TIBC) and Transferrin Saturation for Unsaturated Iron Binding Capacity (UIBC)
were quantified 7/n vitro using the VITROS 5600/250 system and Roche Cobas
c311 system, respectively, applying the direct determination method with Fer-
rozine. Soluble Transferrin Receptor (sTfR) was measured using the ELISA kit
through the ELISA method based on the sandwich principle. Erythrocyte Proto-
porphyrin was assessed using the EP GENLISATM ELISA kit, which employed
the sandwich ELISA technique.

2.3. Sample Size

Being a proof-of-concept study, a total of 44 subjects were enrolled to achieve 40
evaluable subjects for final data analysis. This convenience sample size of 40 was

selected on the basis of available data in a similar age group [14] [15].

2.4. Data Analysis

The data collected was analyzed using R Version 4.3.1, for effectiveness and safety
of the nutritional supplementation intervention. The results at baseline, 1 month,
and 3 months are derived from the same subjects, with only those having complete
data at all time points included in the analysis. All comparative analysis was based
on two-tailed tests with a significance level of a = 0.05. The study endpoints were
tested for statistical significance using a paired t test, Wilcoxon signed rank test,

and McNemar’s test as appropriate.

3. Result

In the screening phase, 70 participants were assessed, and 44 subjects were en-
rolled. About 38 participants completed the study and were considered for final
analysis. A total of 6 subjects discontinued their involvement, due to loss to fol-
low-up or gave the reason of lack of willingness to continue. The subjects con-
sisted of Indian children aged 3 to 6 years, comprising 27 girls (65.9%) and 14
boys (34.1%) with a mean age of 4.3 (£1.15) years. Anthropometric measurements
indicated average height and weight of 100.8 (+£10.54) cm and 14.05 (+3.00) kg,
respectively. Product compliance was high, with an overall compliance rate of 94%.
To ensure compliance, subjects maintained a diary to record IP consumption.
During site visits, the study team reviewed these diaries and verified compliance
by collecting used and unused product bottles and counselled the LARs to main-
tain the compliance. Additionally, to prevent misplacement of the product, only
the required amount was dispensed until the next scheduled visit. Additionally,
the average compliance to the prebiotic fiber- f-glucan being 94% indicates that,
on average, subjects adhered to the prescribed intake of the prebiotic fiber-S-glu-
can 94% of the time. The formula below was used for calculating IP compliance.
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Actual Consumption x100

Test product compliance = -
Expected Consumption

Primary outcome assessment revealed significant improvements in NK cell ac-
tivity as shown in Table 1, as evidenced by increased CD3 (Total Cells) (%) (p =
0.021) and CD3/CD (16 + 56) (%) (p = 0.001) counts at 3 months from baseline.
IgA levels significantly increased (p = 0.001), potentially contributing to improved
immunity. C-reactive protein levels decreased, indicating reduced inflammation.
Although IgE and Absolute Neutrophil Count (ANC) increased, statistical signif-

icance was not achieved.

Table 1. Impact of nutritional supplement on immunity markers for children.

Immunity Markers (Unit) o (;nDe;l " n’(ISHS; f CI p-value

Ch F
Baseline  Month 3 ange trom

Baseline
CD3 (Total Cells) (%), 41,621  36,70.1 5.8 0.021*
by Flowcytometry (15.65) (9.53) [0.9,10.77]
CD3/CD (16 + 56) (%), 41,53 36,7.9 2.9 0.00L*
by Flowcytometry (5.19) (4.96) [1.2,4.7]
Immunoglobulin (IgA) (g/L), 41,1.0 37,1.2 0.1
by Immuno turbidimetric (0.38) (0.49) [0.0,0.2] 0.001*
Immunoglobulin (IgE) (IU/ml), 41,358.53 37,418.2 41.9 0.234
by ECLIA (371.6) (417.0)  [-28.4, 112.3]
Absolute neutrophil count (/cumm), 41, 3507.1 36, 4212.0 624.6 0.131
by WBC-Electrical Impedance (1878.85) (1851.37) [-195.9, 1445.2]
C-reactive protein (mg/L), Immuno 41,2.1 37,1.6 -0.6 0.631
turbidimetric (7.9) (2.42) [-3.6,2.2]

Note: N = Total number of subjects in treatment arm, n = Total number of non-missing
subjects in specified category, SD = Standard Deviation, CI = Confidence Interval. Baseline
is defined as the last results obtained prior to IP, CFB = Change from Baseline, p-value has
been carried out using paired t-test, *Significant p-value, Efficacy direction = Greater is
better.

The results of the immune biomarkers for innate immunity were supported by
the findings of the secondary outcome of the frequency of episodes of infection.

Results presented in Table 2 compare the same subjects at baseline, 1 month
and 3 months. It demonstrates a statistically significant reduction in the incidence of
episodes of cold, occurrences of runny nose, and composite respiratory illness pa-
rameters at month 1 and month 3 when compared against baseline using McNemar
test (p < 0.0001 for cold episodes, p = 0.002 for runny nose, and p < 0.0001 for
composite respiratory illness parameters). Similarly, as per Table 2, no change
was noted in the number of episodes of diarrhoea at month 1 and month 3 com-
pared to baseline (n = 1). A statistically significant reduction was observed at
month 1 and month 3 in the frequency of episodes associated with composite res-
piratory illness parameters (p < 0.0001). Composite respiratory illness captures all
flu-like respiratory symptoms, including cold, cough, runny nose and fever con-
sidered together.
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Table 2. Summary of types and number of episodes of Infection.

n n (%)’ n (%)r
T f Episod
ype of Zpisodes (%) p-value® p-value®
Baseline 1 Month 3 Months
1 0 (0.0), 0 (0.0),
Diarrhoea (00) (00)
(2.4) 1 1
27 1(2.4), 1(2.4),
Cold (2.4) (2.4)
(65.9) <0.0001 <0.0001*
9 2 (4.9), 3(7.3),
Cough (4.9) (73)
(22.0) 0.065 0.146
4 3(7.3), 3(7.3),
Fever
(9.8) 1 1
10 0 (0.0), 0 (0.0),
Runny nose
(24.4) 0.002 0.002*
Composite for respiratory 41 5(12.2), 5(12.2),
illness parameters (100.0) <0.0001 <0.0001*
Number of Episodes  n, mean (SD) n, mean (SD) p-value®

Baseline 3 Months  Change from Baseline (CFB)
41, 0.0 41, (0.0),

Diarrhoea 1
(0.31) 0.00
C ite f irat 41, 3.0 41, (0.3),
OII.IPOSI e for respiratory (0.3) <0.0001*
illness parameters (1.50) 1.46

Note: Baseline is defined as the last results obtained prior to IP, N = Total number of sub-
jects in treatment arm, n = Total number of non-missing subjects in specified category, SD
= Standard Deviation, CFB: Change from Baseline, a = p-value has been carried out using
McNemar’s Test, b = p-value has been carried out using Wilcoxon Signed Rank test, Num-
ber of episodes = Number of times the episodes were reported in a month, *Significant p-
value.

This study also assessed the impact of nutritional supplementation on children’s
Quality of Life (QoL) using the adapted KIDSCREEN QOL-27 questionnaire (Ta-
ble 3). No significant changes were observed in composite domain levels at visit 3
compared to baseline.

The study also evaluated the impact of gummies with S-glucan, micronutrients,
and iron on hemoglobin concentration and iron status.

Table 4 shows a significant increase in hemoglobin at month 3 post-supple-
mentation. A statistically significant increase in serum total iron, ferritin, hep-
cidin, transferrin saturation, and erythrocyte protoporphyrin levels at month 3
compared to baseline suggests an improvement in iron status. Throughout the
study duration, no adverse events were reported, all vital signs and physical ex-
aminations remained normal, indicating a favorable safety profile. The baseline
and 3-month dietary recall data indicated a similar dietary pattern at both end
points, with the addition of micronutrients and S-glucan from the gummies. The
average energy, carbohydrate, protein, fat, and fibre intake at baseline was 1043 +
212, 145.89 + 30.98, 24.79 £ 4.67, 39.61 = 11.21, and 15.99 * 7.22, respectively.

The intake remained unchanged at Visit 3. The average energy, carbohydrate, pro-
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tein, fat, and fibre intake at Visit 3 was 1007 + 141, 142.7 + 22.7, 26.75 *+ 7.35,
39.987 + 10.76, and 17.033 £ 4.21, respectively.

Table 3. KIDSCREEN QOL-27 health questionnaire for quality of life at each composite domain level.

KIDSCREEN QOL-27 Health

n mean (SD n mean (SD CI -value
Questionnaire’s Domain Level (SD) (SD) PV
Baseline 3 Months Change From Baseline
-0.2
Physical activities and health 41 4.1 (0.69) 38 3.8 (0.53) (=0.5, ~0.0] 0.039*
_ 0.0
General mood and feelings about yourself 41 4.1 (0.39) 38 4.1 (0.35) (0.1, 0.2] 0.632
. . —0.1
Family and free time 41 3.9 (0.59) 38 3.9 (0.67) 0.168
[~0.2, 0.0]
. —0.1
Friends 41 3.8(0.67) 38  3.7(0.72) 0.174
[~0.3, 0.0]
. -0.2
School and learning 41 4.4 (0.60) 38 4.2 (0.56) (0.4, —0.0] 0.032%

Note: N = Total number of subjects in treatment arm, n = Total number of non-missing subjects in specified category, SD = Standard
Deviation, CI = Confidence Interval, Baseline is defined as the last results obtained prior to IP, CFB = Change from Baseline, p-
value has been carried out using paired t-test, Efficacy direction = Greater is better.

Table 4. Summary of iron status parameters.

= 41, = 36’ .
Haemogram Test (Unit), Method of analysis M:an (SD) M:an (SD) Difference [95% CI] p-value
h fi
Baseline 3 Months ¢ ange‘ rom
baseline
104 11.5 0.9
Haemoglobin (g/dl), by Spectrophotometric (0.78) (1.15) [0.64, 1.34] <0.0001*
=41, =37, )
Iron Status (Unit) M:an (SD) MZan (SD) Difference [95% CI] p-value
Baseline 3 Months Change from baseline
50.8 72.3 20.95
S total i dl), by Colorimetri 0.004*
erum total iron (ug/dl), by Colorimetric (32.033) (37.97) (7.3, 34.5]
19.4 33.7 15.1
S ferritin (SF /ml), by ECLIA 0.000*
erum ferritin (SF) (ng/ml), by (26.20) (24.24) (7.9, 22.3]
3.0 21.8 18.6
S hepcidin (SH 1), by ELISA 0.0001*
erum hepcidin (SH) (ng/ml), by (6.57) (8.07) (15.1,22.1] <
Total iron binding capacity (TIBC) (ug/dl), 409.9 374.0 -35.7 0.001%
by UIBC-FerroZine and TIBC-calculated (73.05) (65.88) [-55.4, -15.9] ’
Transferrin saturation (%), by UIBC-FerroZine 13.18 19.8 6.7 0.001*
and TIBC-calculated (9.56) (11.06) [3.1,10.3] ’
Soluble transferrin receptor (sTfR) (mg/L), 0.6 0.69 -0.0 0.634
by ELISA (0.59) (0.723) [-0.1,0.1] :
499.4 71.7
Eryth t hyri /ml), by ELISA 403.7 (328.95 0.002*
rythrocyte protoporphyrin (ng/ml), by ( ) (399.18) (278, 115.6]

Note: N = Total number of subjects in treatment arm, n = Total number of non-missing subjects in specified category, SD = Standard
Deviation, CI = Confidence Interval, Baseline is defined as the last results obtained prior to IP, CFB = Change from Baseline, p-
value has been carried out using paired t-test, *Significant p-value.
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4. Discussion

The study demonstrates the beneficial effects of a supplement containing prebiotic
fiber- B-glucan and other micronutrients on immune markers among Indian chil-
dren aged 3 to 6 years. The significant increase at 3 months from baseline in NK
cell activity and IgA levels suggests enhanced innate immunity and improved leu-
kocyte response to pathogens. NK cells are composed of heterogeneous subsets of
lymphocytes, whose roles are important in both innate and for facilitating an ap-
propriate adaptive immune response [14] [15] against pathogens. Findings con-
firm that supplementing with immuno gummies with S-glucan and other micro-
nutrients enhanced the gut-associated NK cells’ activity [14] [16] as well as leuko-
cytes’ ability to respond to bacteria by helping them locate infections faster and
activating the innate immune system’s defenses against non-self-cells [13]. The
decrease in C-reactive protein levels further supports reduced inflammation [17].
Use of immunogummies with f-glucan and other micronutrients may have aug-
mented IgA secretion and function. IgA is predominantly distributed in the mu-
cosa/lining tissues of intestine and oral and nasal cavities. Increase in IgA may assist
in protecting the barrier function of these linings [18], which may facilitate better
immunity [19]. Additionally, results show an increase in IgE and an increase in
Absolute Neutrophil Count (ANC). However, the change could not attain statis-
tical significance. It is noteworthy to state here that an increase in counts for IgA,
IgE and ANC is found to be within the clinically defined normal ranges. Hence,
this can be inferred as an improvement in immunity and not as a sign of infection.

On combining findings from Table 2 and Table 3 of biomarker levels and in-
cidences of infection, results suggest that supplementation with immuno gummies
was effective in enhancing the innate immunity, especially against respiratory in-
fections in paediatric populations [20], indicating a beneficial impact on respira-
tory health. The QOL questionnaire assessed the general well-being and subjective
health of the children. Since this is not an objective test, the statistical significance
needs to be interpreted cautiously.

As seen in Table 4, improvement in haemoglobin concentration and iron status
suggests a favorable increase in iron availability to tissues. Total iron and ferritin
levels reflect the amount of iron stored in the body [21], while transferrin satura-
tion indicates the percentage of iron-binding sites on transferrin that are occupied
[22]. Hepcidin is a key regulator of iron metabolism, and its increase suggests a
response to increased iron stores [23]. Lower erythrocyte protoporphyrin levels
are indicative of iron deficiency anemia [24], and the increase observed may sug-
gest a reversal of this condition. Additionally, a significant reduction in iron bind-
ing capacity was noted, suggesting increased iron availability in the blood. How-
ever, no significant difference was observed in soluble transferrin receptor levels.
Soluble transferrin receptor is reduced in conditions with decreased erythropoi-
etic activity, while it is increased in conditions with higher erythropoietic activity,
such as in hemolysis. Thus, the soluble transferrin receptor is a marker used to

evaluate the rate of erythropoiesis [25]. When there are changes in erythropoietic
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activity as well as iron status (as when supplementation is carried out), the inter-
pretation is difficult. Thus, sometimes the soluble transferrin receptor and other
iron parameters may not increase in the same way. These findings collectively sug-
gest a positive impact of the immunogummies on iron status markers, potentially
benefiting children diagnosed with iron-deficient anemia.

Opverall, the results of the clinical study indicate encouraging conclusions in chil-
dren aged > 3 to 6.0 years, the primary and secondary outcomes coupled with a
good safety profile as indicated by the absence of adverse events and normal find-
ings for vitals and physician examination throughout the study. These findings are
relevant to the findings of another study on children in the age group 1 to 4 years
and underscore the consistency and reliability of the observed outcomes [9].

This proof of concept, single-center study, while promising, is limited in its
generalizability due to a small sample size and lack of a control group. Only 38 of
40 participants completed the study, and the absence of a control group with sub-
jective symptom recording indicates a need for larger studies. Further multi-cen-
ter randomized control trials with objective biomarkers of immunity, a broader
age range including older children, and consideration of seasonal variations in
infection rates are needed to validate our findings. These enhancements will help
validate the observed benefits of S-glucan and micronutrient supplementation in
the IMMUNO SHIELD TRIAL and provide a deeper insight into their role in pe-

diatric immune health.

5. Conclusion

In conclusion, this interventional study with children aged =3 to 6.0 years showed
statistically significant improvements in innate immunity markers. The immuno
gummies with S-glucan and other micronutrients positively impacted gastroin-
testinal health, resulting in improvement in innate immunity. This is evidenced
by a significant reduction in episodes of flu-like symptoms such as cold, runny
nose and respiratory illnesses. The immuno gummies also showed benefits in im-
proving haemoglobin concentration and iron stores of the body, thus enhancing
efficacy outcomes. Thus, the findings support the potential effectiveness, safety,
and feasibility of incorporating the immuno gummies with f-glucan and other

micronutrients into children’s routines.

Acknowledgements

Authors are thankful to Dr. Arati Ranade and Ms. Neelambari Bhosale, Jehangir
Clinical Development Centre Pvt. Ltd., Pune, for designing the clinical study, con-
ducting the study, statistical analysis of the data and technical writing of the man-

uscript.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

DOI: 10.4236/fns.2025.166035

620 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.166035

A. Khadilkar et al.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]
(9]

(10]
(11]

(12]

(13]

(14]

(15]

Morales, F., Montserrat-de la Paz, S., Leon, M.]. and Rivero-Pino, F. (2023) Effects of
Malnutrition on the Immune System and Infection and the Role of Nutritional Strat-
egies Regarding Improvements in Children’s Health Status: A Literature Review. Nu-
trients, 16, Article 1. https://doi.org/10.3390/nul16010001

Jain, N. (2020) The Early Life Education of the Immune System: Moms, Microbes
and (Missed) Opportunities. Gut Microbes, 12, Article 1824564.
https://doi.org/10.1080/19490976.2020.1824564

Agho, K.E,, Chitekwe, S., Rijal, S., Paudyal, N., Sahani, S.K. and Akombi-Inyang, B.J.
(2024) Association between Child Nutritional Anthropometric Indices and Iron De-
ficiencies among Children Aged 6 - 59 Months in Nepal. Nutrients, 16, Article 698.
https://doi.org/10.3390/nul16050698

Kumar, K.P., Srikrishna, S., Pavan, I. and Chary, E. (2018) Prevalence of Picky Eating
Behavior and Its Impact on Growth in Preschool Children. International Journal of Con-
temporary Pedjatrics, 5, 714-719. https://doi.org/10.18203/2349-3291.ijcp20181036

Taylor, C.M., Northstone, K., Wernimont, S.M. and Emmett, P.M. (2016) Macro- and
Micronutrient Intakes in Picky Eaters: A Cause for Concern? The American Journal of
Clinical Nutrition, 104, 1647-1656. https://doi.org/10.3945/ajcn.116.137356

Maggini, S., Pierre, A. and Calder, P.C. (2018) Immune Function and Micronutrient
Requirements Change over the Life Course. Nutrients, 10, Article 1531.
https://doi.org/10.3390/nul10101531

Rusu, I.G., Suharoschi, R., Vodnar, D.C., Pop, C.R., Socaci, S.A., Vulturar, R., et al
(2020) Iron Supplementation Influence on the Gut Microbiota and Probiotic Intake
Effect in Iron Deficiency—A Literature-Based Review. Nutrients, 12, Article 1993.

https://doi.org/10.3390/nul12071993

https://clinicaltrials.gov/ct2/show/NCT03866837

Meng, F. (2016) Baker’s Yeast Beta-Glucan Decreases Episodes of Common Child-
hood Illness in 1 to 4 Year Old Children during Cold Season in China. Journal of
Nutrition & Food Sciences, 6, Article 1000519.
https://clinicaltrials.gov/study/NCT04194255

Puga, A.M., Samaniego-Vaesken, M.d.L., Montero-Bravo, A., Ruperto, M., Partear-

royo, T. and Varela-Moreiras, G. (2022) Iron Supplementation at the Crossroads of
Nutrition and Gut Microbiota: The State of the Art. Nutrients, 14, Article 1926.
https://doi.org/10.3390/nul14091926

Bhoite, R., Satyavrat, V. and Premasudha Sadananda, M. (2022) Clinical Benefits of
B-Glucan Supplementation in Children: A Review. Discover Food, 2, Article No. 37.
https://doi.org/10.1007/s44187-022-00038-0

Cox and Donald, J. Introducing Wellmune®, an Immune Health Ingredient. Kerry
Health and Nutrition Institute.

https://khni.kerry.com/wp-content/uploads/2017/03/Introducing-Wellmune-an-
immune-health-ingredient FINAL.pdf

Aziz, N. and Bonavida, B. (2016) Activation of Natural Killer Cells by Probiotics. Fo-
rum on Immunopathological Diseases and Therapeutics, 7, 41-55.

https://doi.org/10.1615/forumimmundisther.2016017095

Ferus, K., Drabinska, N., Krupa-Kozak, U. and Jarocka-Cyrta, E. (2018) A Random-
ized, Placebo-Controlled, Pilot Clinical Trial to Evaluate the Effect of Supplementa-
tion with Prebiotic Synergy 1 on Iron Homeostasis in Children and Adolescents with
Celiac Disease Treated with a Gluten-Free Diet. Nutrients, 10, Article 1818.

DOI: 10.4236/fns.2025.166035

621 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.166035
https://doi.org/10.3390/nu16010001
https://doi.org/10.1080/19490976.2020.1824564
https://doi.org/10.3390/nu16050698
https://doi.org/10.18203/2349-3291.ijcp20181036
https://doi.org/10.3945/ajcn.116.137356
https://doi.org/10.3390/nu10101531
https://doi.org/10.3390/nu12071993
https://clinicaltrials.gov/ct2/show/NCT03866837
https://clinicaltrials.gov/study/NCT04194255
https://doi.org/10.3390/nu14091926
https://doi.org/10.1007/s44187-022-00038-0
https://khni.kerry.com/wp-content/uploads/2017/03/Introducing-Wellmune-an-immune-health-ingredient_FINAL.pdf
https://khni.kerry.com/wp-content/uploads/2017/03/Introducing-Wellmune-an-immune-health-ingredient_FINAL.pdf
https://doi.org/10.1615/forumimmundisther.2016017095

A. Khadilkar et al.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

https://doi.org/10.3390/nul0111818

You, S., Ma, Y., Yan, B, Pei, W., Wu, Q., Ding, C., et al. (2022) The Promotion Mech-
anism of Prebiotics for Probiotics: A Review. Frontiers in Nutrition, 9, Article 1000517.
https://doi.org/10.3389/fnut.2022.1000517

Sproston, N.R. and Ashworth, J.J. (2018) Role of C-Reactive Protein at Sites of In-
flammation and Infection. Frontiers in Immunology, 9, Article 754.
https://doi.org/10.3389/fimmu.2018.00754

Takeuchi, T. and Ohno, H. (2022) IgA in Human Health and Diseases: Potential Reg-
ulator of Commensal Microbiota. Frontiers in Immunology, 13, Article 1024330.
https://doi.org/10.3389/fimmu.2022.1024330

Hansen, LS., Baeten, D.L.P. and den Dunnen, J. (2018) The Inflammatory Function
of Human IgA. Cellular and Molecular Life Sciences, 76, 1041-1055.
https://doi.org/10.1007/s00018-018-2976-8

Vlieg-Boerstra, B., de Jong, N., Meyer, R., Agostoni, C., De Cosmi, V., Grimshaw, K.,
et al. (2021) Nutrient Supplementation for Prevention of Viral Respiratory Tract In-
fections in Healthy Subjects: A Systematic Review and Meta-analysis. Allergy; 77,
1373-1388. https://doi.org/10.1111/all.15136

Devaki, P., Chandra, R. and Geisser, P. (2011) Effects of Oral Supplementation with
Iron (III) Hydroxide Polymaltose Complex on the Hematological Profile of Adoles-
cents with Varying Iron Status. Arzneimittelforschung, 58, 389-397.
https://doi.org/10.1055/s-0031-1296526

Higgins, V., Chan, M.K. and Adeli, K. (2017) Pediatric Reference Intervals for Trans-
ferrin Saturation in the CALIPER Cohort of Healthy Children and Adolescents.
EJIFCC, 28, 77-84.

Collins, J.F., Wessling-Resnick, M. and Knutson, M.D. (2008) Hepcidin Regulation
of Iron Transport. The Journal of Nutrition, 138, 2284-2288.
https://doi.org/10.3945/jn.108.096347

Serdar, M. (2000) The Role of Erythrocyte Protoporphyrin in the Diagnosis of Iron
Deficiency Anemia of Children. Journal of Tropical Pediatrics, 46, 323-326.
https://doi.org/10.1093/tropej/46.6.323

Beguin, Y. (2003) Soluble Transferrin Receptor for the Evaluation of Erythropoiesis
and Iron Status. Clinica Chimica Acta, 329, 9-22.
https://doi.org/10.1016/s0009-8981(03)00005-6

DOI: 10.4236/fns.2025.166035

622 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.166035
https://doi.org/10.3390/nu10111818
https://doi.org/10.3389/fnut.2022.1000517
https://doi.org/10.3389/fimmu.2018.00754
https://doi.org/10.3389/fimmu.2022.1024330
https://doi.org/10.1007/s00018-018-2976-8
https://doi.org/10.1111/all.15136
https://doi.org/10.1055/s-0031-1296526
https://doi.org/10.3945/jn.108.096347
https://doi.org/10.1093/tropej/46.6.323
https://doi.org/10.1016/s0009-8981(03)00005-6

	Enhancing Innate Immunity through Gummies Enriched with a Prebiotic Fiber (β-Glucan) and Micronutrients: IMMUNO SHIELD TRIAL, Proof of Concept, Single Arm, Open Label Trial in Children Aged 3 - 6 Years
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Participants
	2.2. Study Design
	2.3. Sample Size
	2.4. Data Analysis 

	3. Result
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

