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Abstract

Background: Children and adolescents are pivotal in the transmission of influenza, and vac-
cination remains the most effective preventive measure. Cell-based influenza vaccines offer
advantages over traditional egg-based vaccines by reducing egg-adapted mutations and im-
proving antigenic match. SKYCellflu® quadrivalent influenza vaccine (QIV; SK bioscience,
Korea), the first cell-based QIV licensed in Korea for individuals aged 6 months and older,
offers potential advantages; however, its real-world effectiveness in the Korean pediatric
population remains limited. Objective: This study aimed to estimate the real-world effec-
tiveness of SKYCellflu® QIV, a cell-based QIV, in preventing laboratory-confirmed influenza
among children and adolescents aged 6 months to 18 years in Korea during the 2024–2025
influenza season. Methods: A multicenter, prospective, test-negative case–control study
was conducted from October 2024 to May 2025 across 25 institutions in Korea. Children
and adolescents aged 6 months to 18 years who presented within 7 days of the onset of
influenza-like illness (fever ≥ 38 ◦C and at least one respiratory symptom) were enrolled.
Influenza infection was confirmed using rapid antigen tests or polymerase chain reaction;
participants who tested positive were classified as cases, and those who tested negative
for influenza served as controls. All participants were further categorized as vaccinated or
unvaccinated based on receipt of SKYCellflu® QIV. Those who received other influenza
vaccines during the season were excluded. Vaccination status was verified through medical
records and the national immunization registry. Results: A total of 1476 participants
were included (751 cases, 725 controls). The overall adjusted vaccine effectiveness (aVE)
was 45.57% (95% CI, 29.38–58.04). The vaccine demonstrated the highest effectiveness in
children aged 6–35 months (aVE: 88.55%; 95% CI, 60.39–96.11). Effectiveness was higher
against influenza B (aVE: 61.28%; 95% CI, 35.76–76.30) than influenza A (aVE: 41.63%; 95%
CI, 22.55–56.01). The vaccine’s effectiveness in adolescents was not statistically significant
due to the small sample size in this age group. Conclusions: This multicenter test-negative
study provides the first real-world effectiveness of SKYCellflu® QIV in a Korean pediatric
population. The results suggest substantial protection in younger children, particularly
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against influenza B, and support the continued use of annual influenza vaccination in this
population. Further studies with larger adolescent cohorts are needed to confirm these
findings in older age groups.

Keywords: influenza; vaccine effectiveness; cell-based vaccine; pediatric; adolescent;
case–control study

1. Background
Influenza remains a major global public health burden, causing approximately 1 bil-

lion infections, 3–5 million cases of severe illness, and up to 650,000 respiratory deaths
annually [1]. Vaccination is the most effective strategy for preventing influenza and its
complications. Children experience higher rates of hospitalization and respiratory or
neurologic sequelae than adults and may rarely develop severe manifestations such as
influenza-associated acute myositis or myocarditis [2,3]. Pediatric vaccination additionally
provides indirect community protection by reducing viral transmission [4].

In Korea, the National Immunization Program (NIP) has provided free influenza
vaccination for children aged 6 months to 12 years since 2018, with expansion to 13 years
of age in 2020. According to recent data from Korea’s NIP, pediatric influenza vaccination
coverage has remained consistently around 70% over the past three years [5]. Recent
real-world data from Korea show that pediatric influenza vaccine effectiveness (VE) has
remained in the moderate range (approximately 30–50%). During the 2018–2019 season,
a test-negative study reported a VE of 36.4% (95% CI, 13.9–53.1) in children, including
35.6% (95% CI, 10.5–53.7) in those aged 6 months to 12 years and 47.8% (95% CI, 25.9–63.3)
among healthy children [6]. An earlier 2017–2018 analysis similarly estimated pediatric VE
at approximately 53% [7].

Post-licensure evaluation of influenza VE is essential because clinical trial findings
may not fully reflect performance under real-world conditions, and VE may vary across
seasons due to antigenic drift. However, evidence in pediatric populations remains limited,
as most VE studies have focused on adults or general populations.

As of December 2024, all influenza vaccines available in Korea are inactivated formula-
tions, comprising 11 egg-based split vaccines and a cell culture-based quadrivalent subunit
vaccine [8], cell-based vaccines, SKYCellflu®, may offer advantages over egg-based prod-
ucts, including avoidance of egg-adaptive mutations and potentially improved antigenic
match [9,10].

This study aimed to assess the real-world effectiveness of the cell-based quadrivalent
influenza vaccine (QIV) in preventing laboratory-confirmed influenza among children and
adolescents aged 6 months to 18 years [11,12].

2. Methods
2.1. Study Design

This study employed a test-negative case–control (TNCC) design, recommended by
the World Health Organization as a methodological standard for estimating influenza
vaccine effectiveness in observational studies [13]. TNCC is widely used for influenza and
other respiratory infections because it reduces bias related to healthcare-seeking behavior
and illness severity and allows efficient use of existing testing infrastructure [14]. In this
design, patients presenting with influenza-like illness (ILI) are tested for the influenza virus,
and vaccination status is compared between those who test positive (cases) and those who
test negative (controls).
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2.2. Setting, Population

This multicenter study was conducted across 25 sites in Korea, including 5 tertiary
hospitals and 20 clinics, from October 2024 through May 2025, corresponding to the
2024–2025 influenza season. Eligible participants were consecutively enrolled children
and adolescents aged 6 months to 18 years who presented to participating facilities within
7 days of symptom onset during the national influenza epidemic alert period with ILI and
had received at least one dose of SKYCellflu® QIV(SK bioscience, Seongnam, Republic of
Korea). Information on the number of vaccine doses and vaccination intervals was not
collected. Participants were excluded if they lacked laboratory confirmation of influenza.
Full eligibility criteria are presented in Supplementary Table S1.

Participants with influenza confirmed by rapid antigen test (RAT) or polymerase chain
reaction (PCR) were classified as cases; those testing negative were classified as controls.
Individuals who had received SKYCellflu® QIV were categorized as vaccinated, whereas
those who had not received any influenza vaccine were categorized as unvaccinated.

Vaccination history was verified through electronic medical records, official immu-
nization records, and the National Immunization Registry. Receipt of SKYCellflu® QIV was
considered valid when administered on or after 1 July 2024, and when ILI onset occurred
more than 14 days after vaccination. Participants with ILI onset within 14 days of vacci-
nation were classified as unvaccinated. Re-enrollment was permitted if a new ILI episode
occurred more than 30 days after the initial diagnosis and was confirmed to be caused by a
different influenza strain.

Baseline characteristics included age, sex, geographic region, timing of ILI onset and
specimen collection, type of healthcare facility, and interval since vaccination. ILI was
defined according to the Korea Disease Control and Prevention Agency (KDCA) criteria
as fever ≥ 38 ◦C plus at least one respiratory symptom (cough, sore throat, rhinorrhea, or
nasal congestion) [15].

2.3. Sample Size Calculation

The required sample size was estimated based on the influenza vaccination rate (88.2%
among controls) and VE (51.1%) among Korean children and adolescents aged 6 months to
18 years, as reported by the KDCA [16]. Using the absolute precision formula [17] with an
assumed precision of 0.3 and a case-to-control ratio of 1:3, a total of 1564 participants (391
cases and 1173 controls) were required.

2.4. Outcome

The primary outcome was the VE of SKYCellflu® QIV against all influenza types
during the 2024–2025 season. Secondary outcomes included (1) VE stratified by age
group—6 months to 13 years (the age group covered by the Korean NIP) [12], which was
further subdivided into 6–35 months and 36 months to 13 years—and 14 to 18 years; and
(2) VE by influenza type (A and B).

2.5. Statistical Analysis

Continuous variables were summarized using descriptive statistics, and categorical
variables were reported as frequencies and percentages. Between-group comparisons
of continuous variables were conducted using the t test when normality was satisfied;
otherwise, the Wilcoxon rank sum test was applied. For categorical variables, the chi-
squared test was used, and the Fisher exact test was applied when more than 20% of cells
had an expected frequency < 5.

Crude VE was calculated as (1 − odds ratio [OR]) × 100 with corresponding 95%
confidence intervals (CIs). Adjusted VE (aVE) was estimated using logistic regression,
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including age group, sex, geographic region, presence of underlying medical conditions,
and timing of specimen collection as covariates. All tests were two-sided with a significance
threshold of p-value < 0.05. Analyses were performed using SAS software version 9.4
(Enterprise BI Server; SAS Institute Inc., Cary, NC, USA).

2.6. Ethical Statement

Each of the 5 tertiary hospitals obtained approval from their respective institutional
review boards (IRB), and the 20 participating clinics without independent IRB were cov-
ered under the approval of an IRB-affiliated institution. Written informed consent was
obtained from legal guardians, and assent was obtained from children and adolescents
when appropriate, in accordance with the Declaration of Helsinki and national regulations.

3. Results
3.1. Baseline Characteristics of the Study Participants

A total of 1566 participants with ILI were screened for eligibility. After excluding
90 individuals who were ineligible (n = 77), withdrew consent (n = 1), or met other exclusion
criteria (n = 12), 1476 participants were included in the final analytic cohort. Among these,
751 had laboratory-confirmed influenza by RAT or PCR and were classified as cases, while
725 tested negative and were classified as controls (Supplementary Figure S1).

Participant characteristics are summarized in Table 1 and Supplementary Table S2.
Most participants were aged 6 months to 13 years (cases, 77.90%; controls, 82.34%), and
the sex distribution was comparable between groups (male: cases, 50.07%; controls,
49.93%). Among cases, ILI onset occurred predominantly in December (52.86%) and
January (36.22%), and specimen collection followed a similar temporal pattern (December,
51.40%; January, 37.55%). Controls showed analogous seasonal distributions, with the high-
est frequencies observed in January (30.48%) and December (28.00%). Most participants
were evaluated in outpatient settings (cases, 98.14%; controls, 97.79%). RAT was the pri-
mary diagnostic modality used (cases, 99.47%; controls, 98.90%). Among influenza-positive
specimens, influenza A predominated (82.96%), whereas influenza B accounted for 17.31%.
Among vaccinated cases, the majority (84.18%) had received vaccination 0.5 to less than
3 months before illness onset.

Table 1. Baseline characteristics of the study population.

Case, n (%)
(N = 751)

Control, n (%)
(N = 725)

Total, n (%)
(N = 1476) p-Value

Age Group 0.0324
6 months–13 years 585 (77.90) 597 (82.34) 1182 (80.08)
6 months–35 months 28 (3.73) 150 (20.69) 178 (12.06)
36 months–13 years 557 (74.17) 447 (61.66) 1004 (68.02)
14–18 years 166 (22.10) 128 (17.66) 294 (19.92)

Sex 0.9585
Male 376 (50.07) 362 (49.93) 738 (50.00)
Female 375 (49.93) 363 (50.07) 738 (50.00)

Region <0.0001
Seoul 148 (19.71) 268 (36.97) 416 (28.18)
Gyeonggi-do 484 (64.45) 373 (51.45) 857 (58.06)
Others 119 (15.85) 84 (11.59) 203 (13.75)

Type of visit 0.6367 *
Outpatient 737 (98.14) 709 (97.79) 1446 (97.97)
Emergency 3 (0.40) 6 (0.83) 9 (0.61)
Inpatient 11 (1.46) 10 (1.38) 21 (1.42)
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Table 1. Cont.

Case, n (%)
(N = 751)

Control, n (%)
(N = 725)

Total, n (%)
(N = 1476) p-Value

Test type <0.0001
RAT 747 (99.47) 717 (98.90) 1464 (99.19)
PCR 11 (1.46) 8 (1.10) 19 (1.29)

Influenza Strain N/A
Influenza A † 623 (82.96) - 623 (42.21)

Result of Influenza A ‡

Negative 129 725 854
Positive 629 - 629

Influenza B † 130 (17.31) - 130 (8.81)
Result of Influenza B ‡

Negative 627 725 1352
Positive 131 - 131

Time since vaccination N/A
0.5–<3 months 250 (84.18) - 250 (35.26)
3–<6 months 42 (14.14) - 42 (5.92)
≥6 months 5 (1.68) - 5 (0.71)

Abbreviations: RAT, rapid antigen test; PCR, polymerase chain reaction; N/A, not applicable. Others include
Chungcheongnam-do, Busan. * Fisher exact test. † Defined as participants with a positive result from either RAT
or PCR. Two participants were diagnosed with both influenza A and B. ‡ Indicates the number of RAT and PCR
test results (i.e., test counts), not the number of participants. Note: Percentages were calculated using the number
of participants in each group as the denominator; for “time since vaccination,” the denominator was the number
of participants who received vaccination.

3.2. Vaccine Effectiveness During the 2024–2025 Season

Overall, 297 of 751 cases (39.55%) and 412 of 725 controls (56.83%) were vaccinated.
Vaccination coverage was higher among children aged 6 months to 13 years (cases, 275 of
585 [47.01%]; controls, 399 of 597 [66.83%]) than among adolescents aged 14 to 18 years
(cases, 22 of 166 [13.25%]; controls, 13 of 128 [10.16%]).

VE estimates for the study period are summarized in Table 2. The overall aVE was
45.57% (95% CI, 29.38–58.04). Among children aged 6 months to 13 years, aVE reached
57.64% (95% CI, 44.41–67.73). Infants and young children aged 6 to 35 months demonstrated
the highest protection, with an aVE of 88.55% (95% CI, 66.30–96.11), whereas those aged
36 months to 13 years showed a lower aVE of 46.98% (95% CI, 28.90–60.47). In contrast,
adolescents aged 14 to 18 years had an aVE of 61.66% (95% CI, −270.51 to 29.47), which
was not statistically significant.

When stratified by influenza type, the aVE against influenza B was 61.28% (95% CI,
36.75–76.30), exceeding the estimate observed for influenza A (41.63%; 95% CI, 22.55–56.01).
This trend was consistent among children aged 6 months to 13 years, with aVE values
of 66.95% (95% CI, 45.35–80.01) for influenza B and 55.89% (95% CI, 40.89–67.08) for
influenza A.

Table 2. Crude and adjusted vaccine effectiveness.

Case, n (%)
(N = 751)

Control, n (%)
(N = 725) Crude VE %

(95% CI)
Adjusted VE %

(95% CI)
p-Value

No.
Vaccination Total No.

Vaccination Total

Overall 297 (39.55) 751 412 (56.83) 725 50.30 (38.85, 59.61) 45.57 (29.38, 58.04) <0.0001
Age group

6 months–13 years 275 (47.01) 585 399 (66.83) 597 55.98 (44.30, 65.21) 57.64 (44.41, 67.73) <0.0001
6 months–35 months 13 (46.43) 28 116 (77.33) 150 74.60 (41.44, 88.98) 88.55 (66.30, 96.11) <0.0001
36 months–13 years 262 (47.04) 557 283 (63.31) 447 48.53 (33.63, 60.09) 46.98 (28.90, 60.47) <0.0001
14–18 years 22 (13.25) 166 13 (10.16) 128 −35.15 (−179.92, 34.75) −61.66 (−270.51, 29.47) 0.2564
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Table 2. Cont.

Case, n (%)
(N = 751)

Control, n (%)
(N = 725) Crude VE %

(95% CI)
Adjusted VE %

(95% CI)
p-Value

No.
Vaccination Total No.

Vaccination Total

Influenza A
Overall 261 (41.89) 623 412 (56.83) 725 45.23 (31.98, 55.89) 41.63 (22.55, 56.01) 0.0002
6 months–13 years 243 (48.89) 497 399 (66.83) 597 52.52 (39.35, 62.84) 55.89 (40.89, 67.08) <0.0001
14–18 years 18 (14.29) 126 13 (10.16) 128 −47.44 (−215.32, 31.06) −197.23 (−779.27, −0.48) 0.0490

Influenza B
Overall 37 (28.46) 130 412 (56.83) 725 69.77 (54.53, 79.91) 61.28 (36.75, 76.30) 0.0002
6 months–13 years 33 (36.67) 90 399 (66.83) 597 71.27 (54.43, 81.89) 66.95 (45.35, 80.01) <0.0001
14–18 years 4 (10.00) 40 13 (10.16) 128 1.70 (−220.37, 69.84) 45.62 (−128.92, 87.08) 0.4061

Abbreviations: CI, confidence interval; VE, vaccine effectiveness. Adjusted for age, sex, region, presence of
underlying conditions, and month of specimen collection.

4. Discussion
This multicenter observational study evaluated the real-world effectiveness of the

cell-based influenza vaccine (SKYCellflu® QIV), during the 2024–2025 influenza season in
Korea. Significant overall VE was observed, with particularly strong protection in children
aged 6 months to 13 years, the age group covered by the Korean NIP [12].

In this study, the overall aVE of SKYCellflu® QIV was 45.57% (95% CI, 29.38–58.04).
Considering that most participants were outpatients, this estimate was comparable to those
reported in children and adolescent populations during the same 2024–2025 influenza sea-
son. In the United States (US), Centers for Disease Control and Prevention data for individ-
uals aged <18 years—including outpatients and encompassing all vaccine types—showed
overall aVE estimates ranging from 32% (95% CI, 1–54) to 60% (95% CI, 56–63) [18]. Sim-
ilarly, in the United Kingdom, an analysis of primary care patients aged 2–17 years, also
including all vaccine types, reported an aVE of 55.6% (95% CI, 48.7–61.5) [19]. Comparable
findings have been reported in studies evaluating the same inactivated QIV. A Japanese out-
patient study conducted during the 2015–2016 season among 4409 children aged 6 months
to <15 years reported an aVE of 49.0% (95% CI, 42.0–55.0) [20], whereas an Australian
inpatient study conducted during the 2017 season among 1268 children aged <16 years
found an aVE of 30.3% (95% CI, 2.6–50.2) [21]. Variations in the study season, population
characteristics (outpatient vs. inpatient), and vaccine formulation (QIV vs. all vaccine types)
may account for the observed differences across studies. Taken together, the aVE observed
for SKYCellflu® QIV in this Korean study appears broadly consistent with previously
reported influenza VE across diverse seasons and clinical settings.

Additional evidence from Korea supports this interpretation. A Korean study
conducted from 2014 to 2016 among children aged 6 months to <5 years reported an
aVE of 38.4% for seasonal influenza vaccines [22]. Another Korean study during the
2018–2019 season among children aged 6 months to <12 years found an aVE of 36.4%
(95% CI, 13.9–53.1) [6]. Although these studies evaluated all seasonal vaccine types rather
than exclusively egg-based or cell-based formulations, their estimates fall within a similar
range, further indicating that the VE observed in this study was consistent with previously
reported influenza vaccine performance in Korean pediatric populations.

The markedly higher aVE observed in children aged 6 to 35 months (88.55%; 95% CI,
66.30–96.11) exceeded estimates from comparable studies. In Guangdong Province, China
(2021–2024), aVE among children aged 6 to 35 months who received live-attenuated, triva-
lent, or quadrivalent inactivated vaccines was 32% (95% CI, 19–43), with a vaccine coverage
of only 10.3% [23]. Similarly, in Andalusia, Spain (2022–2023), an aVE of 54.0% (95% CI,
13.0–77.6) was reported for inactivated QIV against influenza-related hospitalization among
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children aged 6–23 months, with a vaccination coverage of 45.3% [24]. In contrast, in Korea,
children are routinely vaccinated under the NIP, with coverage reaching 80.6% among those
aged 1 to 5 years [25]. Variations in VE across studies may reflect differences in vaccine
formulation, population characteristics, and coverage levels.

Younger children generally exhibit higher influenza VE than older children or adults
because they have limited prior exposure to influenza viruses and therefore minimal im-
mune imprinting [26]. Their immune responses are shaped predominantly by current
vaccine antigens rather than by preexisting strain-biased memory B cells that can attenuate
VE in older age groups. Among children aged under 36 months, cell-based influenza vac-
cines may confer particularly high effectiveness because they avoid egg-adaptive mutations
and maintain closer antigenic similarity to circulating viruses [27]. In this influenza-naïve
age group, such improved antigenic fidelity likely supports robust de novo antibody
responses, contributing to the higher VE observed. Beyond immunological factors, devel-
opmental and behavioral factors may also influence age-specific VE. Infants have immature
immune systems with incomplete T-cell-independent B-cell activation [28], whereas older
children and adolescents experience hormonal changes and behavioral patterns that may
alter exposure risk and immune modulation [29]. These differences should be considered
when interpreting VE across age groups.

In this study, the aVE against influenza B was 61.28% (95% CI, 36.75–76.30), which was
significantly higher than that against influenza A (41.63%; 95% CI, 22.55–56.01). During
the 2024–2025 influenza season in Korea, two epidemic peaks were observed: an initial
wave dominated by influenza A in January, followed by a second peak with increased
influenza B detections in March [30]. Consistent with this pattern, most specimens in our
study were collected during the first peak, and most influenza-positive cases were type A
(82.96%); however, the aVE was nevertheless higher against type B. This finding may reflect
the intrinsic advantages of cell-based QIV, which avoids egg-adaptive mutations and thus
maintains higher antigenic fidelity with circulating B strains [10], as similarly demonstrated
in a US study reporting superior VE of cell-based vaccine against influenza B compared with
egg-based vaccines [31]. Lower VE for influenza A during A (H3N2)-dominant seasons has
also been attributed to host–virus interactions and prior antigenic exposures [32]. Korean
VE estimates from the same 2024–2025 season also showed markedly reduced effectiveness
against influenza A (0.4%; 95% CI, −33.2 to 25.5), supporting the possibility that strain
mismatch contributed to the lower A-type VE observed in this study [33].

In this study, the aVE among adolescents aged 14 to 18 years was not statistically
significant. This finding is likely attributable to the low vaccination coverage in this age
group. In Korea, influenza vaccination is included in the NIP and provided free of charge
to children aged 6 months to 13 years, with a reported coverage of 69.5% [5]. However,
coverage declines sharply during adolescence, reaching only 33.0% among those aged 15 to
18 years [25]. A similarly suboptimal coverage pattern has been reported internationally,
with rates of 50.8% among US adolescents aged 13 to 17 years [34] and 35.1% among
those aged 12 to 17 years in Hong Kong [35], indicating that insufficient vaccine uptake
in this population is a widespread challenge. In the present study, vaccination coverage
was even lower (13.25% [22/166] among cases and 10.16% [13/128] among controls).
Shinjoh et al. (2025) [36] likewise reported difficulty in estimating VE due to limited
vaccination uptake, noting that such low coverage levels may result in insufficient case
numbers and imbalanced sample sizes between vaccinated and unvaccinated groups,
thereby contributing to sparse data bias and limiting the ability to obtain statistically
robust estimates. Notably, epidemiological surveillance during the 2024–2025 season in
Korea identified school-aged children and adolescents as the main drivers of community
transmission [30]; in this context, the limited number of vaccinated adolescents observed in
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our study underscores the importance of considering this age group in influenza vaccination
policy discussions.

This study has several limitations. First, participants were recruited from selected
regions, introducing potential selection bias. Second, although the sample size was planned
assuming a 1:3 case–control ratio, most participants were enrolled during the first epidemic
peak—when influenza positivity exceeded 70% [30]—resulting in an actual ratio near 1:1
and reduced statistical power. Small sample sizes or low vaccination coverage in key
subgroups (particularly those aged 6–35 months and 14–18 years) further limited the
precision of VE estimates, as reflected by wide confidence intervals. Third, the lower
sensitivity of RAT compared to PCR may have introduced misclassification bias in the test-
negative design, potentially leading to an underestimation of VE. Thus, the VE estimates
should be interpreted as conservative. Despite these limitations, this study also has several
strengths. To the best of our knowledge, this is the first real-world evidence study in
Korea evaluating the effectiveness of a cell-based QIV among children and adolescents. By
focusing on these age groups—often difficult to recruit in conventional clinical trials—this
study provides VE estimates under a routine clinical setting. In addition, this single-season
analysis reflects the influenza season following epidemiological shifts associated with the
COVID-19 pandemic, offering insights into VE under contemporary circulation patterns.

5. Conclusion
This study represents the first real-world evidence evaluating SKYCellflu® QIV, a cell-

based QIV in children and adolescents in Korea, demonstrating clinically meaningful VE
during the 2024–2025 influenza season. These findings support the integration into broader
NIP strategies of cell-based influenza vaccines in children and adolescent populations and
highlight their potential value in guiding national immunization strategies and public
health policy.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vaccines14010070/s1, Figure S1: Flowchart of Participant Screening
and Classification; Table S1: Inclusion and Exclusion Criteria of study population; Table S2: Additional
Baseline Characteristics of the Study Population.

Author Contributions: Conceptualization, Y.Y., K.O., Y.J.C., H.M.K., J.Y.P., H.Y.K. and Y.-K.K.; data cu-
ration, K.O.; methodology, Y.Y., K.O., Y.J.C., H.M.K. and J.Y.P.; project administration, K.O.; resources,
H.Y.K. and Y.-K.K.; supervision, H.Y.K. and Y.-K.K.; validation, H.Y.K. and Y.-K.K.; visualization, Y.Y.
and H.S.J.; writing—original draft preparation, H.S.J. and Y.Y.; writing—review and editing, Y.Y.,
H.S.J., Y.J.C., H.M.K., J.Y.P., H.Y.K. and Y.-K.K.; funding acquisition, H.Y.K. All authors affirm the
content and ICMJE criteria for authorship, contributed significantly to the conception and design of
the study, participated in drafting or revising the manuscript for important intellectual content, and
approved the final version for submission. All authors have read and agreed to the published version
of the manuscript.

Funding: This study was funded by SK bioscience Co., Ltd.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Korea University Ansan Hospital
(IRB no. 2024AS0293: 12 November 2024), Korea University Anam Hospital (IRB no. 2024AN0556:
14 November 2024), Korea University Guro Hospital (IRB no. 2024GR0481: 5 December 2024), Pusan
National University Catholic Hospital (IRB no. BSM 2024-08: 28 November 2024), and The Catholic
University of Korea, Seoul St. Mary’s Hospital (IRB no. KC24OSDE0738: 22 November 2024).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
this study.

https://doi.org/10.3390/vaccines14010070

https://www.mdpi.com/article/10.3390/vaccines14010070/s1
https://www.mdpi.com/article/10.3390/vaccines14010070/s1
https://doi.org/10.3390/vaccines14010070


Vaccines 2026, 14, 70 9 of 10

Data Availability Statement: The data are not publicly available due to privacy and ethical restric-
tions, but are available on reasonable request from the corresponding authors.

Acknowledgments: We thank SK bioscience for its support throughout this study and express our
sincere appreciation to all participating hospitals and clinics for their collaboration and commitment
to data collection.

Conflicts of Interest: Hye Su Jeong, Kyeongmin Oh, and Hye Young Kim are employees of SK
bioscience, Korea. The others are investigators in this study funded by SK bioscience.

References
1. World Health Organization. Influenza (Seasonal). Available online: https://www.who.int/news-room/fact-

sheets/detail/influenza-(seasonal) (accessed on 26 September 2025).
2. Nair, H.; Brooks, W.A.; Katz, M.; Roca, A.; Berkley, J.A.; Madhi, S.A.; Simmerman, J.M.; Gordon, A.; Sato, M.; Howie, S. Global

burden of respiratory infections due to seasonal influenza in young children: A systematic review and meta-analysis. Lancet 2011,
378, 1917–1930. [CrossRef]

3. Fraaij, P.L.; Heikkinen, T. Seasonal influenza: The burden of disease in children. Vaccine 2011, 29, 7524–7528. [CrossRef]
4. Loeb, M.; Russell, M.L.; Moss, L.; Fonseca, K.; Fox, J.; Earn, D.J.; Aoki, F.; Horsman, G.; Van Caeseele, P.; Chokani, K. Effect of

influenza vaccination of children on infection rates in Hutterite communities: A randomized trial. JAMA 2010, 303, 943–950.
[CrossRef] [PubMed]

5. Ahn, S.W.G.; Hwang, H.; Lee, J.; Kim, M.; Kim, Y.; Lee, D. Immunization Program against Influenza in Korea, 2023–2024 Season.
PHWR 2024, 17, 1849–1859. [CrossRef] [PubMed]

6. Yoon, Y.; Choi, J.S.; Park, M.; Cho, H.; Park, M.; Huh, H.J.; Kim, Y.J.; Son, M.H. Influenza Vaccine Effectiveness in Children at
the Emergency Department during the 2018–2019 Season: The First Season School-aged Children Were Included in the Korean
Influenza National Immunization Program. J. Korean Med. Sci. 2021, 36, e71. [CrossRef] [PubMed]

7. Sohn, Y.J.; Choi, J.H.; Choi, Y.Y.; Choe, Y.J.; Kim, K.; Kim, Y.K.; Ahn, B.; Song, S.H.; Han, M.S.; Park, J.Y.; et al. Effectiveness of
trivalent inactivated influenza vaccines in children during 2017–2018 season in Korea: Comparison of test-negative analysis by
rapid and RT-PCR influenza tests. Int. J. Infect. Dis. 2020, 99, 199–203. [CrossRef]

8. Korea Disease Control and Prevention Agency. Current Status of Vaccines Distributed in Korea. Available online:
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=113 (accessed on 26 September 2025).

9. Pérez Rubio, A.; Eiros, J.M. Cell culture-derived flu vaccine: Present and future. Hum. Vaccines Immunother. 2018, 14, 1874–1882.
[CrossRef]

10. Rajaram, S.; Boikos, C.; Gelone, D.K.; Gandhi, A. Influenza vaccines: The potential benefits of cell-culture isolation and
manufacturing. Ther. Adv. Vaccines Immunother. 2020, 8, 2515135520908121. [CrossRef]

11. Korea Disease Control and Prevention Agency. National Vaccination Project for Children. Available online:
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=131 (accessed on 26 September 2025).

12. Korea Disease Control and Prevention Agency. 2025 National Vaccination Project Management Guidelines. Available online:
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=162 (accessed on 26 September 2025).

13. World Health Organization. Evaluation of Influenza Vaccine Effectiveness—A Guide to the Design and Interpretation of
Observational Studies. Available online: https://www.who.int/publications/i/item/9789241512121 (accessed on 17 December
2025).

14. Dean, N.; Amin, A. Test-Negative Study Designs for Evaluating Vaccine Effectiveness. JAMA 2024, 332, 163. [CrossRef]
15. Korea Disease Control and Prevention Agency. Influenza. Available online: https://health.kdca.go.kr/healthinfo/biz/health/

gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8
%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%
EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8
%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20
%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20
%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%
EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4 (accessed on 26 September 2025).

16. Korea Disease Control and Prevention Agency. Establishment of Surveillance System and Network for the Evaluation of Influenza
Vaccine Effectiveness and Estimation of Influenza Vaccine Effectiveness in Preventing Influenza; Korea University Industry-Academic
Cooperation Foundation: Seoul, Republic of Korea, 2019.

17. O’neill, R.T. On sample sizes to estimate the protective efficacy of a vaccine. Stat. Med. 1988, 7, 1279–1288. [CrossRef]
18. Centers for Disease Control and Prevention. Preliminary Flu Vaccine Effectiveness (VE) Data for 2024–2025. Available online:

https://www.cdc.gov/flu-vaccines-work/php/effectiveness-studies/2024-2025.html (accessed on 26 September 2025).

https://doi.org/10.3390/vaccines14010070

https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://doi.org/10.1016/S0140-6736(11)61051-9
https://doi.org/10.1016/j.vaccine.2011.08.010
https://doi.org/10.1001/jama.2010.250
https://www.ncbi.nlm.nih.gov/pubmed/20215608
https://doi.org/10.56786/phwr.2024.17.43.3
https://www.ncbi.nlm.nih.gov/pubmed/41333324
https://doi.org/10.3346/jkms.2021.36.e71
https://www.ncbi.nlm.nih.gov/pubmed/33724738
https://doi.org/10.1016/j.ijid.2020.07.032
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=113
https://doi.org/10.1080/21645515.2018.1460297
https://doi.org/10.1177/2515135520908121
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=131
https://nip.kdca.go.kr/irhp/infm/goVcntInfo.do?menuLv=1&menuCd=162
https://www.who.int/publications/i/item/9789241512121
https://doi.org/10.1001/jama.2024.5633
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://health.kdca.go.kr/healthinfo/biz/health/gnrlzHealthInfo/gnrlzHealthInfo/gnrlzHealthInfoView.do?cntnts_sn=5232#:~:text=%EC%9D%B8%ED%94%8C%EB%A3%A8%EC%97%94%EC%9E%90-%EC%9C%A0%EC%82%AC%EC%A7%88%ED%99%98%EC%9D%80%2037.8%E2%84%83%20%EC%9D%B4%EC%83%81%EC%9D%98%20%EB%B0%9C%EC%97%B4,%20%EA%B8%B0%EC%B9%A8,%20%EC%9D%B8%ED%9B%84%ED%86%B5%20%EB%98%90%EB%8A%94%20%EC%BD%A7%EB%AC%BC,%EC%9D%B4%EC%83%81%20%EA%B1%B8%EB%A6%AC%EA%B8%B0%20%EB%95%8C%EB%AC%B8%EC%97%90%20%EB%B0%94%EB%A1%9C%20%EA%B2%B0%EA%B3%BC%EB%A5%BC%20%ED%99%95%EC%9D%B8%ED%95%A0%20%EC%88%98%EB%8A%94%20%EC%97%86%EC%8A%B5%EB%8B%88%EB%8B%A4
https://doi.org/10.1002/sim.4780071208
https://www.cdc.gov/flu-vaccines-work/php/effectiveness-studies/2024-2025.html
https://doi.org/10.3390/vaccines14010070


Vaccines 2026, 14, 70 10 of 10

19. United Kingdom Health Security Agency. Influenza in the UK, Annual Epidemiological Report: Winter 2024 to 2025. Avail-
able online: https://www.gov.uk/government/statistics/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-
2025/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-2025 (accessed on 26 September 2025).

20. Sugaya, N.; Shinjoh, M.; Nakata, Y.; Tsunematsu, K.; Yamaguchi, Y.; Komiyama, O.; Takahashi, H.; Mitamura, K.; Narabayashi, A.;
Takahashi, T. Three-season effectiveness of inactivated influenza vaccine in preventing influenza illness and hospitalization in
children in Japan, 2013–2016. Vaccine 2018, 36, 1063–1071. [CrossRef]

21. Blyth, C.C.; Macartney, K.K.; McRae, J.; Clark, J.E.; Marshall, H.S.; Buttery, J.; Francis, J.R.; Kotsimbos, T.; Kelly, P.M.; Cheng, A.C.
Influenza epidemiology, vaccine coverage and vaccine effectiveness in children admitted to sentinel Australian hospitals in 2017:
Results from the PAEDS-FluCAN collaboration. Clin. Infect. Dis. 2019, 68, 940–948. [CrossRef]

22. Kang, Y.K.; Oh, H.L.; Lim, J.S.; Lee, J.A.; Kim, Y.K.; Eun, B.W.; Jo, D.S.; Kim, D.H. Evaluation of the field-protective effectiveness
of seasonal influenza vaccine among Korean children aged <5 years during the 2014–2015 and 2015–2016 influenza seasons: A
cohort study. Hum. Vaccines Immunother. 2019, 15, 481–486. [CrossRef]

23. Zhu, L.; Han, Y.; Lu, J.; Tan, J.; Liao, C.; Guo, C.; He, Q.; Qiu, Y.; Lu, H.; Zhou, Y. Evaluation of Influenza Vaccine Effectiveness
from 2021 to 2024: A Guangdong-Based Test-Negative Case–Control Study. Vaccines 2024, 13, 4. [CrossRef]

24. Palma-García, A.; Moreno-Pérez, D.; Rivera-Izquierdo, M.; Cardero-Rivas, M.; Del Diego-Salas, J.; Lorusso, N. Effectiveness of
Influenza Vaccination in Children Aged 6–59 Months during the Inaugural 2022–2023 Season in Andalusia, Spain. J. Pediatr. 2025,
282, 114558. [CrossRef]

25. Korean Statistical Information Service. Trend in Influenza Vaccination Coverage Among Children and Adolescents 2023. Available
online: https://kosis.kr/statHtml/statHtml.do?sso=ok&returnurl=https://kosis.kr:443/statHtml/statHtml.do?conn_path=I2
&tblId=DT_11702_N084&orgId=177& (accessed on 26 September 2025).

26. Gostic, K.M.; Bridge, R.; Brady, S.; Viboud, C.; Worobey, M.; Lloyd-Smith, J.O. Childhood immune imprinting to influenza A
shapes birth year-specific risk during seasonal H1N1 and H3N2 epidemics. PLoS Pathog. 2019, 15, e1008109. [CrossRef] [PubMed]

27. Liu, F.; Gross, F.L.; Jefferson, S.N.; Holiday, C.; Bai, Y.; Wang, L.; Zhou, B.; Levine, M.Z. Age-specific effects of vaccine egg
adaptation and immune priming on A (H3N2) antibody responses following influenza vaccination. J. Clin. Investig. 2021,
131, e146138. [CrossRef] [PubMed]

28. Semmes, E.C.; Chen, J.-L.; Goswami, R.; Burt, T.D.; Permar, S.R.; Fouda, G.G. Understanding Early-Life Adaptive Immunity to
Guide Interventions for Pediatric Health. Front. Immunol. 2021, 11, 595297. [CrossRef]

29. Hoffmann, J.P.; Liu, J.A.; Seddu, K.; Klein, S.L. Sex hormone signaling and regulation of immune function. Immunity 2023, 56,
2472–2491. [CrossRef] [PubMed]

30. Lee, N.J.; Rhee, J.E.; Woo, S.; Lee, J.; Kim, E.J. Seasonal Influenza Virus Activity during the 2024–2025 Season: Based on the
Republic of Korea’s National Pathogen Surveillance Data. PHWR 2025, 18, 1292–1300. [CrossRef]

31. Klein, N.P.; Fireman, B.; Goddard, K.; Zerbo, O.; Asher, J.; Zhou, J.; King, J.; Lewis, N. Vaccine effectiveness of cell-culture
relative to egg-based inactivated influenza vaccine during the 2017-18 influenza season. PLoS ONE 2020, 15, e0229279. [CrossRef]
[PubMed]

32. Skowronski, D.M.; Janjua, N.Z.; De Serres, G.; Sabaiduc, S.; Eshaghi, A.; Dickinson, J.A.; Fonseca, K.; Winter, A.-L.; Gubbay, J.B.;
Krajden, M. Low 2012–13 influenza vaccine effectiveness associated with mutation in the egg-adapted H3N2 vaccine strain not
antigenic drift in circulating viruses. PLoS ONE 2014, 9, e92153. [CrossRef] [PubMed]

33. Choi, Y.J.; Song, J.Y.; Wie, S.-H.; Lee, J.; Lee, J.-S.; Jeong, H.W.; Eom, J.S.; Sohn, J.W.; Choi, W.S.; Nham, E. Interim Vaccine
Effectiveness Against Influenza and Hospitalization, Republic of Korea, 2024–2025 (HIMM Network). Vaccines 2025, 13, 1100.
[CrossRef] [PubMed]

34. Centers for Disease Control and Prevention. Flu Vaccination Coverage, United States, 2020–2021 Influenza Season. Available
online: https://www.cdc.gov/fluvaxview/coverage-by-season/2020-2021.html (accessed on 26 September 2025).

35. Wong, W.H.-S.; Peare, S.; Lam, H.Y.; Chow, C.B.; Lau, Y.L. The estimated age-group specific influenza vaccine coverage rates in
Hong Kong and the impact of the school outreach vaccination program. Hum. Vaccines Immunother. 2022, 18, 1–5. [CrossRef]

36. Shinjoh, M.; Tamura, K.; Yamaguchi, Y.; Fukushima, H.; Kuremoto, N.; Tezuka, M.; Fukushima, N.; Yoshida, M.; Shimoyamada,
M.; Suzuki, N. Influenza vaccination in Japanese children, 2024/25: Effectiveness of inactivated vaccine and limited use of newly
introduced live-attenuated vaccine. Vaccine 2025, 61, 127429. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vaccines14010070

https://www.gov.uk/government/statistics/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-2025/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-2025
https://www.gov.uk/government/statistics/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-2025/influenza-in-the-uk-annual-epidemiological-report-winter-2024-to-2025
https://doi.org/10.1016/j.vaccine.2018.01.024
https://doi.org/10.1093/cid/ciy597
https://doi.org/10.1080/21645515.2018.1528832
https://doi.org/10.3390/vaccines13010004
https://doi.org/10.1016/j.jpeds.2025.114558
https://kosis.kr/statHtml/statHtml.do?sso=ok&returnurl=https://kosis.kr:443/statHtml/statHtml.do?conn_path=I2&tblId=DT_11702_N084&orgId=177&
https://kosis.kr/statHtml/statHtml.do?sso=ok&returnurl=https://kosis.kr:443/statHtml/statHtml.do?conn_path=I2&tblId=DT_11702_N084&orgId=177&
https://doi.org/10.1371/journal.ppat.1008109
https://www.ncbi.nlm.nih.gov/pubmed/31856206
https://doi.org/10.1172/JCI146138
https://www.ncbi.nlm.nih.gov/pubmed/33690218
https://doi.org/10.3389/fimmu.2020.595297
https://doi.org/10.1016/j.immuni.2023.10.008
https://www.ncbi.nlm.nih.gov/pubmed/37967530
https://doi.org/10.56786/phwr.2025.18.34.3
https://doi.org/10.1371/journal.pone.0229279
https://www.ncbi.nlm.nih.gov/pubmed/32101582
https://doi.org/10.1371/journal.pone.0092153
https://www.ncbi.nlm.nih.gov/pubmed/24667168
https://doi.org/10.3390/vaccines13111100
https://www.ncbi.nlm.nih.gov/pubmed/41295474
https://www.cdc.gov/fluvaxview/coverage-by-season/2020-2021.html
https://doi.org/10.1080/21645515.2021.1989916
https://doi.org/10.1016/j.vaccine.2025.127429
https://doi.org/10.3390/vaccines14010070

	Background 
	Methods 
	Study Design 
	Setting, Population 
	Sample Size Calculation 
	Outcome 
	Statistical Analysis 
	Ethical Statement 

	Results 
	Baseline Characteristics of the Study Participants 
	Vaccine Effectiveness During the 2024–2025 Season 

	Discussion 
	Conclusion 
	References

