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Abstract

Objective: This multicenter retrospective real-world data study aimed to evaluate
whether the use of a preparation containing polyphenol, vitamin D3, vitamin C, and zinc
in addition to antiviral therapy was associated with symptom duration and severity, time
to fever resolution, and functional recovery in children diagnosed with influenza. Mate-
rials and Methods: This was a five-center, multicenter, retrospective, comparative real-
world data analysis. A total of 128 patients aged 4-10 years with a clinical diagnosis of
influenza were classified into a control group receiving antiviral therapy alone (n = 64)
and a combined polyphenol group receiving, in addition to antiviral therapy, a prepara-
tion containing polyphenol, vitamin D3, vitamin C, and zinc (n = 64). Clinical data were
obtained from electronic patient records and parent-reported information. Symptom se-
verity (0-3 ordinal score), recovery time, and functional outcomes were assessed on Days
0, 3, 5, and 7. Continuous variables were compared using the independent-samples ¢ test,
categorical variables using the chi-square or Fisher exact test, and changes over time using
a repeated-measures general linear model. Statistical significance was accepted as a two-
sided p value of <0.05. Results: In this study including 128 pediatric patients, there were
no significant differences between the combined polyphenol and control groups in demo-
graphic or baseline clinical characteristics (p > 0.05). During follow-up, all symptom scores
improved more rapidly and markedly in the combined polyphenol group than in the con-
trol group. By Day 3, significant differences were observed between groups in fever,
cough, rhinorrhea, sore throat, fatigue, general condition, and physical activity scores (p
< 0.001 for all parameters). By Day 5, almost complete resolution of symptoms (score 0)
was observed in the combined polyphenol group, whereas symptoms persisted to a sub-
stantial extent in the control group (p < 0.001). The time to fever resolution was signifi-
cantly shorter in the combined polyphenol group (1.84 + 0.72 days vs. 4.5 + 1.36 days; p <
0.001). Similarly, time to return to school (3.21 + 0.9 days vs. 5.8 + 1.91 days; p <0.001) and
time for parents to return to work were significantly shorter in the combined polyphenol
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group (p <0.001). The need for additional healthcare visits and antipyretic use was mark-
edly lower in the combined polyphenol group (Day 3: 20.3% vs. 53.1%; Day 5: 0% vs. 15.6%;
p <0.001 for both comparisons). Repeated-measures analyses showed a significant time-
by-group interaction, indicating that the reduction in symptom scores occurred more rap-
idly and prominently in the combined polyphenol group (p < 0.001). Treatment was gen-
erally well tolerated in the combined polyphenol group; no serious adverse events were
reported, and parent-reported tolerability was high (9.39 + 0.7). Conclusion: This multi-
center retrospective real-world data study suggests that the use of a preparation contain-
ing polyphenol, vitamin D3, vitamin C, and zinc in addition to antiviral therapy was as-
sociated with shorter symptom duration, lower symptom severity scores, and faster func-
tional recovery in children diagnosed with influenza. These findings suggest that this
combination may represent a promising and well-tolerated adjunctive approach in the
management of pediatric influenza.

Keywords: Influenza; child; polyphenol; antiviral therapy

1. Introduction

Influenza is one of the most common acute respiratory tract infections in childhood
and causes substantial morbidity and increased healthcare utilization every year. The dis-
ease, characterized by symptoms such as fever, cough, sore throat, and fatigue, is clinically
important because of school absenteeism, parental work loss, and the risk of complica-
tions [1,2]. Antiviral treatments can reduce disease duration and the risk of complications,
particularly when initiated within the first 48 h after symptom onset; however, in some
cases, symptoms may be prolonged and the inflammatory response may persist despite
such treatment. This has increased interest in supportive and adjuvant treatment ap-
proaches [3,4].

Polyphenols are biologically active compounds with antioxidant, anti-inflammatory,
and antiviral properties that can modulate host responses during viral infections [5,6]. Mi-
cronutrients such as vitamin C, vitamin D3, and zinc are also involved in immune regulation
and respiratory infection responses [5,7]. However, clinical data evaluating combined for-
mulations containing these components in pediatric influenza remain limited.

From a pharmaceutical perspective, the evaluated preparation represents a standard-
ized multi-component formulation combining pomegranate peel-derived polyphenols
with vitamin D3, vitamin C, and zinc. Such formulations are of interest in pharmaceutics
because they aim to deliver bioactive compounds with complementary antioxidant, anti-
inflammatory, antiviral, and immunomodulatory properties within a single preparation.
The standardization of polyphenol content and the combined delivery of micronutrients
may be relevant for formulation development, therapeutic optimization, and real-world
evaluation of adjunctive pharmaceutical products used in respiratory viral infections.

However, evidence regarding standardized multi-component polyphenol-containing
formulations as adjunctive products in pediatric influenza remains limited, particularly in
real-world multicenter settings. Most available data focus on individual micronutrients or
in vitro antiviral mechanisms, whereas clinical data evaluating combined pharmaceutical
preparations containing polyphenols, vitamin D3, vitamin C, and zinc are scarce. Therefore,
real-world evidence may provide preliminary insight into the potential clinical relevance
and tolerability of such formulations in routine pediatric practice.

This study aimed to evaluate the effects of a polyphenol-based combination therapy on
the clinical course of children diagnosed with influenza using multicenter real-world data.
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2. Materials and Methods

This was a multicenter, retrospective, observational, comparative real-world data
study conducted in the pediatric outpatient clinics of five tertiary hospitals in Tiirkiye. The
study included children diagnosed with influenza between 12 February 2026 and 12 April
2026, and retrospective clinical and follow-up data were extracted from electronic medical
records and documented routine follow-up records. A total of 128 pediatric patients aged
4-10 years with a clinical and/or laboratory diagnosis of influenza were included.

Children aged 4-10 years were included because this age range represents the pedi-
atric outpatient population in which the investigated formulation was most commonly
used in routine practice and allows more reliable parent-supported symptom follow-up
compared with younger children.

Patients were divided into two groups: a control group receiving standard antiviral
therapy (oseltamivir phosphate) (n = 64) and an intervention group receiving, in addition
to antiviral therapy, a combined polyphenol formulation (e cean Polyphenols, o rzax
Medicine Inc., Istanbul, Tiirkiye) containing standardized pomegranate peel-derived pol-
yphenols (25 mg), vitamin D3 (400 IU), vitamin C (50 mg), and zinc (7.5 mg) per daily dose
(n=64).

As this was a retrospective real-world study, treatment allocation was not randomized.
The decision to prescribe the polyphenol-containing preparation was made by the attending
physicians according to routine clinical practice, individual clinical judgment, and family
preferences when applicable. Patients were subsequently categorized into study groups
based on the treatment documented in their medical records.

The decision to use the adjunctive formulation was made before retrospective data
extraction and was independent of the present study.

No predefined randomization procedure, allocation algorithm, or study-specific
treatment protocol was used. The decision to use the polyphenol-containing preparation
was based on routine outpatient clinical practice and may have been influenced by phy-
sician preference, family acceptance, product availability, perceived symptom burden,
and parental request.

Eligible patients were identified retrospectively from outpatient clinic records. A con-
venience sampling approach was used, and patients meeting the inclusion and exclusion
criteria were included until equal group sizes were obtained for the control and combined
formulation groups. No prospective sampling strategy was applied.

Inclusion criteria were as follows: age between 4 and 10 years; clinical and/or labora-
tory diagnosis of influenza A and/or B; receipt of oseltamivir therapy; availability of baseline
symptom data; and documented follow-up information on at least Days 3 and 5.

Exclusion criteria were hospitalization at diagnosis, chronic systemic disease, immu-
nodeficiency, chronic pulmonary disease, neurological disease affecting symptom assess-
ment, incomplete medical records, missing follow-up data, bacterial coinfection requiring
antibiotic therapy at baseline, and use of other immune-supportive supplements during
the observation period.

Clinical data were obtained from patient files, outpatient clinic records, and parent
feedback. Assessments were performed on the day of diagnosis (Day 0) and on Days 3, 5,
and, where available, 7. Symptom severity was assessed using 0-3 ordinal scores for fever,
cough, rhinorrhea, sore throat, and fatigue. General condition and physical activity level
scores, time to fever resolution, time to return to school, time for parents to return to work,
additional healthcare visits, and the need for additional treatments were also recorded. Ad-
verse events and treatment-related tolerability were evaluated separately. Follow-up infor-
mation was obtained from outpatient follow-up visits, electronic medical records, and doc-
umented parent feedback, including telephone-based follow-up when available. Therefore,
not all Day 3, Day 5, and Day 7 assessments required an in-person healthcare visit.
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Symptom Scoring

Symptom severity was evaluated using a 0-3 ordinal scale: 0 = absent, 1 = mild, 2 =
moderate, and 3 = severe. For fever, the ordinal score was assigned according to the high-
est documented body temperature and antipyretic requirement during the relevant as-
sessment period: 0 = no fever (<37.5 °C), 1 = low-grade fever (37.5-37.9 °C), 2 = moderate
fever (38.0-38.9 °C), and 3 = high fever (239.0 °C) or fever requiring repeated antipyretic
use. For other symptoms, including cough, rhinorrhea, sore throat, fatigue, general con-
dition, and physical activity level, scores were based on physician-recorded clinical notes
and documented parent-reported symptom severity during routine follow-up; therefore,
these assessments reflect real-world clinical documentation rather than a prospectively
validated symptom scale.

Scores were derived from physician-recorded clinical notes and structured parent
feedback documented during routine follow-up. Final data extraction and scoring were
performed retrospectively by the study investigators based on available records.

Treatment tolerability was assessed using physician documentation and parent-re-
ported tolerability scores on a 0-10 scale, where 0 indicated very poor tolerability and 10
indicated excellent tolerability.

Statistical analysis: Data were analyzed using SPSS version 26.0. Continuous varia-
bles are presented as mean + standard deviation and median (interquartile range), and
categorical variables as 11 (%). The distribution of continuous variables was assessed using
skewness and kurtosis coefficients. For between-group comparisons, independent-sam-
ples t tests were used for continuous variables and chi-square or Fisher exact tests for
categorical variables.

When expected cell frequencies were less than five or contingency tables contained
zero counts, Fisher’s exact test was used instead of Pearson’s chi-square test, as appropri-
ate. No formal adjustment for multiple comparisons was applied because the analyses
were considered exploratory. Accordingly, p values should be interpreted with appropri-
ate caution.

Changes over time and group effects were analyzed using a repeated-measures gen-
eral linear model (Repeated-Measures ANe VA) including time-by-group and time-by-
treatment initiation timing interactions. All tests were two-sided, and statistical signifi-
cance was accepted at p < 0.05. Chi-square or Fisher’s exact tests were used to compare
categorical symptom score distributions between groups at each individual assessment
time point, whereas repeated-measures ANe VA was performed to evaluate overall
within-group changes over time and time-by-group interactions. Therefore, these anal-
yses addressed different statistical questions and should be considered complementary
rather than redundant.

No multivariable regression model, propensity score matching, inverse probability
weighting, or other adjusted comparative analysis was performed. Therefore, the statisti-
cal analyses should be interpreted as unadjusted exploratory comparisons.

Effect sizes and confidence intervals were not calculated for all outcomes because of
the retrospective structure of the dataset and the exploratory nature of the analysis; this
was acknowledged as a limitation.

No formal correction for multiple comparisons was applied because the analyses were
exploratory. Therefore, statistically significant findings across multiple outcomes and time
points should be interpreted cautiously due to the possibility of inflated type I error.

Potential clustering by study center was not accounted for in the statistical models,
and no mixed-effects or center-adjusted model was applied.
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3. Results

A total of 128 pediatric patients were included in the study (combined polyphenol
group: n = 64; control group: n = 64). No statistically significant differences were found
between the groups in terms of age, sex, anthropometric measurements, influenza type,
diagnostic method, or time to treatment initiation (p > 0.05 for all variables). These findings
indicate that the groups were homogeneous at baseline.

Baseline demographic and clinical characteristics, including sex distribution, treat-
ment initiation timing, diagnostic method, and influenza type, were comparable between
groups (Table 1).

Table 1. Comparison of demographic and baseline clinical characteristics between the combined

polyphenol and control groups.

Group
Combined Control Total P
Polyphenol
n (0/0) n (0/0) n (0/0)
Age, years, mean + SD 7.00 +1.89 7.00 £1.90 7.00 £1.89 1.000
Sex Male 33 (51.6%) 35 (54.7%) 68 (53.1%) 0.723
Female 31 (484%) 29 (453%) 60 (46.9%)
Early treatment 19 (29.7%) 22 (34.4%) 41 (32%)
< .
Subgroup [Early treatment (<48 h); Late treatment (>48 h)] Late treatment 45 (70.3%) 42 (65.6%) 87 (63%) 0.705
4 . Rapid test 11 (17.2%) 16 (25%) 27 (21.1%)
D tic Method .
tagnostic Vietho PCR 53 (82.8%) 48 (75%) 101 (78.9%) 00
A 45 (70.3%) 45 (70.3%) 90 (70.3%)
Influenza Type B 8 (12.5%) 8 (12.5%) 16 (12.5%) 1.000
A+B 11(17.2%)  11(172%) 22 (17.2%)

Chi-square test

There were also no significant differences between groups in antiviral dose (52.73 +
8.01 vs. 53.20 = 7.99; t(126) = —0.332, p = 0.741) or time to antiviral treatment initiation (3.44
+1.51 vs. 3.14 £ 1.32 days; t(126) = 1.197, p = 0.239). Skewness and kurtosis values for con-
tinuous variables were within the range of -3 to +3, indicating that the assumption of nor-
mal distribution was met for all parameters.

When changes in symptom severity scores over the follow-up period were examined,
greater reductions in symptom scores were observed in all symptoms in the combined pol-
yphenol group compared with the control group. @ n Day 0, there were no significant dif-
ferences between groups in symptom scores (p > 0.05); however, by Day 3, significant dif-
ferences favoring the combined polyphenol group were found in all scores for fever, cough,
rhinorrhea, sore throat, fatigue, general condition, and physical activity level (p < 0.001 for
all parameters). In the Day 5 assessment, almost complete resolution of symptoms (score 0)
was observed in the combined polyphenol group, whereas symptoms persisted substan-
tially in the control group (p < 0.001). @ n Day 7, symptom scores were recorded as zero in
the combined polyphenol group, while residual symptoms, particularly fatigue and re-
duced physical activity level, persisted in the control group (Table 2).

Symptom score distributions across follow-up days are presented in Table 2.
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Table 2. Distribution of symptom severity scores on follow-up days according to the combined polyphenol and control groups.
Day (0) Day (3) Day (5) Day (7)
Group Group Group Group
Combined Combined Combined Poly- Combined Poly-
Polyphenol Control p Polyphenol Control phenol Control phenol Control p
1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%)
0 0 (0%) 0 (0%) 49 (76.6%) 0 (0%) 63 (100%) 31 (48.4%) 63 (100%) 55 (85.9%)
1 0 (0%) 0 (0%) 11 (17.2%) 4 (6.3%) 0 (0%) 10 (15.6%) 0 (0%) 2 (3.1%)
364 .001 .001 .
FeverScore ) 4 63%)  s@25%) P 4(6.3%) 40 (62.5%) <0.00 0 (0%) 19 (29.7%) <0.00 0 (0%) 7(109%) 003
3 60 (93.8%) 56 (87.5%) 0 (0%) 20 (31.3%) 0 (0%) 4 (6.3%) 0 (0%) 0 (0%)
0 1(1.6%) 0 (0%) 45 (70.3%) 3 (4.7%) 63 (100%) 38 (59.4%) 63 (100%) 55 (85.9%)
Cough 1 0 (0%) 0 (0%) 16 (25%) 4 (6.3%) 0 (0%) 7 (10.9%) 0 (0%) 4 (6.3%)
. . .001 .003
Score 2 6 (9.4%) 10 (15.6%) 0424 3 (4.7%) 40 (62.5%) <0.001 0 (0%) 16 (25%) <0.00 0 (0%) 5(7.8%) 0.00
3 57(89.1%)  54(%8.4) 0(%0) 17 (26.6%) 0 (0%) 3 (4.7%) 0 (0%) 0 (0%)
0 2 (3.1%) 0 (0%) 46 (71.9%) 6 (9.4%) 63 (100%) 43 (67.2%) 63 (100%) 56 (87.5%)
Rhinorrhea 1 0 (0%) 0 (0%) 16 (25%) 5(7.8%) 0 (0%) 7 (10.9%) 0 (0%) 6 (9.4%)
A4 .001 .001 0.006
Score 2 8(125%) 10 (15.6%) 0499 (3.1%) 40 (62.5%) <0.00 0 (0%) 13 (20.3%) <0.00 0 (0%) 2 (3.1%)
3 54 (84.4%) 54 (84.4%) 0 (0%) 13 (20.3%) 0 (0%) 1 (1.6%) 0 (0%) 0 (0%)
0 0 (0%) 0 (0%) 50 (78.1%) 6(9.4%) 63 (100%) 45 (70.3%) 63 (100%) 60 (93.8%)
Sore Throat 1 0 (0%) 0 (0%) 12 (18.8%) 4 (6.3%) 0 (0%) 6 (9.4%) 0 (0%) 2 (3.1%)
1. .001 .001 A1
Score 2 9 (14.1%) 10 (15.6%) 000 2 (3.1%) 47 (73.4%) <0.00 0 (0%) 12 (18.8%) <0.00 0 (0%) 2 (3.1%) 0-119
3 55 (85.9%) 54 (84.4%) 0 (0%) 7 (10.9%) 0 (0%) 1 (1.6%) 0 (0%) 0 (0%)
0 0 (0%) 0 (0%) 28 (44.4%) 2 (3.1%) 62 (98.4%) 3 (4.7%) 63 (100%) 18 (28.1%)
Fatigue 1 0 (0%) 0 (0%) 28 (44.4%) 4 (6.3%) 1(1.6%) 6 (9.4%) 0 (0%) 5 (7.8%)
. . .001 .001
Score 2 12 (18.8%) 13 (20.3%) 1.000 7 (11.1%) 53 (82.8%) <0.001 0 (0%) 52 (81.3%) <0.00 0 (0%) 41 (64.1%) <0.00
3 52(81.3%) 51 (79.7%) 0 (0%) 5 (7.8%) 0 (0%) 3 (4.7%) 0 (0%) 0 (0%)
coneral " 0 (0%) 0 (0%) 53 (82.8%) 8 (12.5%) 63 (100%) 39 (60.9%) 63 (100%) 54 (84.4%)
enera
. 1 0 (0%) 0 (0%) 11 (17.2%) 7 (10.9%) 0 (0%) 12 (18.8%) 0 (0%) 9 (14.1%)
. . . 0.002
Cosnc‘ilrt;"“ 2 18081%) 18(281%) 0% 0(0%) 48 (75%) <0.001 0 (0%) 13 (20.3%) <0.001 0 (0%) 1(1.6%)
3 46(7.9%) 46 (71.9%) 0 (0%) 1 (1.6%) 0 (0%) 0 (0) 0 (0%) 0 (0%)
Phvsical A 0 0 (0%) 0 (0%) 51 (79.7%) 9 (14.1%) 63 (100%) 41 (64.1%) 63 (100%) 52 (81.3%)
ysica C- o, 0, o, o ) o, ) o,
L 1 1(1.6%) 0 (0%) 13 (20.3%) 9 (14.1%) 0 (0%) 15 (23.4%) 0 (0%) 11 (17.2%)
.692 .001 .001 .001
“V‘;ZOLrZ"el 2 16@5%)  1997%) O 0 (0%) 46 (71.9%) <0.00 0 (0%) 8 (12.5%) <0.00 0 (0%) 16%) 000
3 47 (73.4%) 45 (70.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Pearson’s chi-square test or Fisher’s exact test, as appropriate.
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When clinical recovery indicators were evaluated, the time to fever resolution was
significantly shorter in the combined polyphenol group (1.84 + 0.72 days vs. 4.50 + 1.36
days; t(126) =-13.829, p <0.001). Time to return to school was also shorter in the combined
polyphenol group (3.21 +0.90 days vs. 5.80 + 1.91 days; t(126) =-9.813, p <0.001). Similarly,
the time for mothers to return to work (2.49 +1.22 days vs. 6.14 +1.97 days; t(126) =-12.602,
p <0.001) and the time for fathers to return to work (1.54 + 1.20 days vs. 5.05 + 2.22 days;
t(126) =-11.127, p < 0.001) were significantly shorter in the combined polyphenol group.

There were no significant differences between the combined polyphenol and control
groups in antiviral dose or time to treatment initiation (52.73 £ 8.01 vs. 53.2 +7.99; p = 0.741
and 3.44 + 1.51 vs. 3.14 + 1.32 days; p = 0.239, respectively). In the combined polyphenol
group, the start time was 3.44 + 1.51 days, and the mean duration of use was 5.89 + 1.48
days. In contrast, marked differences were observed between groups in clinical recovery
parameters; the time to fever resolution (1.84 + 0.72 vs. 4.5 + 1.36 days), time to return to
school (3.21 + 0.9 vs. 5.8 £ 1.91 days), time for mothers to return to work (2.49 + 1.22 vs.
6.14 + 1.97 days), and time for fathers to return to work (1.54 + 1.2 vs. 5.05 + 2.22 days)
were all significantly shorter in the combined polyphenol group (p <0.001 for all parame-
ters). These results suggest that combined polyphenol use was associated with better
symptom control and a lower functional burden of illness, as well as potentially reduced
socioeconomic impact on families. (Table 3).

Functional outcomes such as return to school and parental return to work should be
interpreted with caution, as they may be influenced not only by clinical recovery but also
by family circumstances, school policies, parental work flexibility, and physician or pa-
rental recommendations.

Table 3. Comparison of treatment characteristics and recovery process indicators between the com-

bined polyphenol and control groups.

Group
Combined Polyphenol Control Total 4
Mean +SD Median (Q25-Q75) Mean+SD Median (Q25-Q75) Mean+SD Median (Q25-Q75)
Antiviral Dose 52.73+8.01 52.5 (45-75) 53.2+7.99 60 (45-75) 5297 +7.97 60 (45-75) 0.741
Antiviral Start Time (day) 344 +151 3(1-7) 314132 3 (1-5) 329142 3(1-7) 0.239
Combined Polyphenol Start Time 3444151 3(17)
(day)
Duration of Combined Polyphe- 5.89 + 1.48 5 (5-10)
nol Use
Time to Fever Resolution (day)  1.84 +0.72 2(1-3) 45+1.36 5 (3-7) 3.18+1.72 3(1-7) <0.001
Time to Return to School (day) ~ 3.21+0.9 3 (2-5) 5.8+1.91 5 (3-10) 451+1.98 5 (2-10) <0.001
Time for Mother to Returnto g > 3 (0-5) 6.14+1.97 5 (3-10) 433+2.46 5 (0-10) <0.001
Work (day)
Time for Father toReturnto 5 4 5 1(0-5) 5.05+2.22 5 (0-10) 3.31+2.51 3 (0-10) <0.001
Work (day)

Independent-samples ¢ test. Values are presented as mean + SD and median (Q25-Q75).

In the assessment of healthcare utilization and the need for additional treatment, the
rate of additional healthcare visits on Day 3 was 20.3% in the combined polyphenol group
and 53.1% in the control group (p < 0.001). @ n Day 5, no additional healthcare visits were
observed in the combined polyphenol group, whereas such visits continued in 15.6% of
the control group (p = 0.001). The need for additional antipyretic therapy was significantly
lower in the combined polyphenol group, with a particularly marked difference on Days
3 and 5 (p < 0.001). No significant differences were found between groups in antibiotic or
antitussive use (p > 0.05).

The need for antipyretics on Day 3 was 15.6% in the combined polyphenol group and
93.8% in the control group, representing a dramatic difference (p < 0.001). By Day 5, the need
for antipyretics had completely disappeared in the combined polyphenol group (0%), whereas
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it persisted in 48.4% of the control group. These findings suggest an association between com-
bined polyphenol use and a lower need for symptomatic medication during follow-up.

The main effect of time was significant for all symptoms (p <0.001 for all parameters),
and symptom scores decreased markedly throughout follow-up. The time-by-group in-
teraction was significant for all symptoms (p < 0.001), indicating an association between
combined polyphenol use and earlier improvement in fever, cough, rhinorrhea, sore
throat, fatigue, general condition, and physical activity level scores during follow-up. In
the combined polyphenol group, symptom scores generally decreased dramatically by
Day 3 and disappeared completely in most parameters by Day 5, whereas recovery in the
control group was slower and some symptoms, particularly fatigue and restricted physi-
cal activity, persisted until Day 7. Although the time-by-early/late treatment interaction
was not significant for most symptoms, significance was observed for fatigue (p = 0.017),
general condition (p = 0.004), and physical activity (p = 0.035), indicating that early treat-
ment provided an additional advantage for some clinical parameters. The three-way in-
teraction (time-by-group-by-early/late treatment) was significant only for the fever score
(p = 0.006) and was not significant for other symptoms. These findings suggest an associ-
ation between combined polyphenol use and more rapid multidimensional clinical im-
provement.

In the repeated-measures general linear model analysis, the main effect of time was
significant for all symptom scores (p < 0.001), and the time-by-group interaction was sig-
nificant in favor of the combined polyphenol group (p < 0.001). These findings suggest an
association between combined polyphenol use and earlier symptom improvement during
follow-up.

The effect of time on fever score was significant (p < 0.001), and in the total sample,
the fever score decreased from 2.91 + 0.29 on Day 0 to 1.28 + 1.14 on Day 3, 0.47 + 0.86 on
Day 5, and 0.13 + 0.47 on Day 7. The time-by-group interaction was significant (p <0.001);
in the combined polyphenol group, the fever score decreased markedly by Day 3 and dis-
appeared completely from Day 5 onward, whereas it decreased more slowly in the control
group and persisted until Day 7. Although the time-by-early/late treatment interaction
was not significant (p = 0.119), the three-way interaction (time-by-group-by-early/late
treatment) was significant (p = 0.006), and fever was observed to last longer particularly
in late-treated patients in the control group. These findings suggest that fever resolution
was observed earlier in the combined polyphenol group.

In particular, the three-way interaction was significant for the fever score (p = 0.006),
showing that a rapid clinical response was achieved in the combined polyphenol group
even among patients treated late. Similarly, the time-by-group interaction was significant
across cough, rhinorrhea, general condition, and physical activity scores, supporting a po-
tential association between combined polyphenol use and multidimensional clinical benefit.

According to physician assessment, treatment tolerability was high, with 62.5% of
cases rated as “very good.” Parent-reported tolerability was also high, with a mean score
0f 9.39 + 0.7 on a scale of 0 to 10.

No serious adverse events were documented in either group, and no event requiring
treatment discontinuation was observed. A single participant in the combined polyphenol
group experienced mild transient nausea, which resolved spontaneously without medical in-
tervention (Table 4). No adverse events were reported in the control group. In the combined
polyphenol group, the median parent-reported tolerability score was 10 (9-10), indicating ex-
cellent treatment acceptability and a high potential for adherence in clinical practice.
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Table 4. Summary of safety outcomes and treatment tolerability in the combined polyphenol and

control groups.

Safety Outcome Combined Polyphenol (n = 64) Control (1 = 64) p-Value
Any adverse event, 11 (%) 1 (1.6%) 1 (1.6%) 1.000
Type of adverse event Mild transient nausea Mild transient nausea —
Serious adverse event, n (%) 0 (0%) 0 (0%) —

Treatment discontinuation due to AE, n

(%)

0 (0%) 0 (0%) —

4. Discussion

This multicenter retrospective real-world data study suggests that the use of a
preparation containing polyphenol, vitamin D3, vitamin C, and zinc in addition to
antiviral therapy was associated with more favorable clinical recovery parameters in
children diagnosed with influenza. In the present cohort, symptom scores declined more
rapidly, fever resolution occurred earlier, and functional recovery measures were shorter
in the combined polyphenol group than in the control group. However, because of the
retrospective, observational, and non-randomized design, these findings should be
interpreted as associations rather than definitive evidence of clinical efficacy. Potential
residual confounding, treatment allocation bias, and unmeasured differences between
groups may have contributed to the observed outcomes.

Although antiviral agents are effective in the treatment of influenza, particularly when
initiated early, it is known that symptoms may be prolonged because the inflammatory
response is not fully suppressed. Therefore, supportive approaches that can modulate the
immune response in addition to antiviral therapy have come to the forefront in recent years.
In addition to their antiviral effects, polyphenols may contribute to biological pathways of
viral infections by regulating oxidative stress and cytokine responses. In vitro and clinical
studies have shown that polyphenols can inhibit viral entry and replication and may shorten
symptom duration in upper respiratory tract infections [8,9].

The relevance of this study to the field of pharmaceutics also lies in the evaluation of
a standardized combination product rather than a single isolated compound. Polyphenol-
based formulations are pharmaceutically challenging because their biological activity
may be influenced by extract standardization, active compound composition, stability,
and delivery characteristics. In this context, combining pomegranate peel-derived
polyphenols with vitamin D3, vitamin C, and zinc may provide a formulation-based
approach aimed at supporting complementary biological pathways involved in
respiratory viral infections. Although the present study primarily evaluates clinical
outcomes, it provides real-world data on the clinical performance and tolerability of a
commercially available multi-component pharmaceutical preparation, which may be
relevant for future formulation development and translational research.

Among polyphenols, pomegranate peel extract is particularly noteworthy because of
its high concentrations of punicalagins, ellagic acid derivatives, and flavonoids, which
confer strong antiviral and anti-inflammatory properties. The total polyphenol content of
pomegranate peel has been shown to be substantially higher than that of other parts of
the fruit, and these compounds may inhibit viral entry and replication by binding to viral
surface proteins. In addition, pomegranate peel-derived polyphenols have been reported
to modulate the host inflammatory response by suppressing nuclear factor kappa-B (NF-
kB) pathways and proinflammatory cytokine responses [10-12].

In respiratory viral infections such as influenza, both reducing viral load and balancing
the excessive inflammatory response are critically important for accelerating clinical
recovery. In this context, the rapid symptom regression and early clinical response observed
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in our study may be associated with the multifaceted effects of highly bioactive
polyphenolic compounds, particularly pomegranate peel extract. These findings may
support the hypothesis that polyphenol-containing combinations could have adjunctive
clinical relevance; however, causal effects cannot be inferred from the present retrospective
design.

Furthermore, the effects of micronutrients such as vitamin C, vitamin D3, and zinc
on the immune system are well established. Vitamin C is known to enhance the interferon
response, vitamin D to regulate antimicrobial peptide expression, and zinc to play a
critical role in T-cell function and mucosal immunity [13-17]. When used in combination,
these components may theoretically support complementary immunological pathways.
However, the present study cannot determine whether the observed associations were
related to one specific component or to the combined formulation as a whole. The rapid
symptom regression and marked shortening of recovery time observed in our study may
be considered a clinical reflection of this synergistic effect.

o ne of the notable findings of our study was the marked decrease in symptom scores
during the early period in the combined polyphenol group and the near-complete
disappearance of symptoms by Day 5. The significant time-by-group interaction in
repeated-measures analyses shows that the combined polyphenol group not only reduced
symptom severity but also increased the speed of recovery. In addition, the marked
reduction in parents’ time to return to work and in additional healthcare visits suggests
that the treatment may also provide important benefits in terms of socioeconomic impact.

Study Limitations

Several limitations of this study should be acknowledged. First, the retrospective
observational design precludes causal inference and remains susceptible to residual
confounding despite similar baseline characteristics between groups. Second, treatment
allocation was not randomized and was determined according to routine clinical practice,
introducing the possibility of treatment allocation bias and selection bias. Third, some
clinical outcomes were based on parent-reported symptom assessments and recovery
measures, which may be influenced by reporting inaccuracies or subjective perceptions.
Fourth, no multivariable adjusted analyses, propensity score matching, or other statistical
methods to control for potential confounding factors were performed. Fifth, the
multicenter design may have introduced center-related variability due to differences in
clinical practice patterns, patient populations, and follow-up procedures among
participating institutions. Furthermore, because the investigated intervention contained
multiple active components, including polyphenols, vitamin D3, vitamin C, and zinc, the
individual contribution of each component to the observed associations could not be
determined. In addition, virological endpoints, inflammatory biomarkers, and long-term
clinical outcomes were not evaluated. Therefore, the findings should be interpreted with
caution, and prospective randomized controlled studies are required to confirm these
observations and clarify the specific contribution of each component.

Although the study included five centers, no formal analysis of between-center
heterogeneity was performed. Therefore, it remains unclear whether the observed
associations were consistent across all participating institutions.

In addition, parents who used an adjunctive preparation may have had different
expectations regarding recovery, which could have influenced subjective symptom
reporting.

The absence of center-adjusted or mixed-effects analyses limits the ability to evaluate
site-level variability and clustering effects.

Adverse event data were not systematically collected in the retrospective database.
Therefore, although no serious adverse events or treatment discontinuations were
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documented, quantitative comparisons of mild adverse events between groups could not
be reliably performed.

The absence of comprehensive effect size estimates and confidence intervals limits
the assessment of the magnitude and precision of the observed associations.

5. Conclusions

In this multicenter retrospective real-world dataset, the use of a polyphenol-, vitamin
D3-, vitamin C-, and zinc-containing formulation in addition to antiviral therapy was
associated with favorable exploratory clinical and functional outcomes in children
diagnosed with influenza. However, because of the observational, non-randomized
design and the possibility of residual confounding, treatment allocation bias, parent-
reported outcome variability, multiplicity, and center-related heterogeneity, these
findings should be interpreted cautiously. Prospective randomized controlled studies
with adjusted analyses and predefined endpoints are required to confirm these
observations.

Furthermore, because this was a retrospective observational study, residual
confounding and treatment allocation bias cannot be completely excluded despite
comparable baseline characteristics between the study groups. These methodological
limitations should be considered when interpreting the observed associations.
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